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Abstract

Final energy consumption for space cooling in residential buildings tripled between 2010 and 2019 in the 19
euro-area countries, while households’ equipment rate in air conditioning in Europe rose from 14% in 2010 to
about 20% in 2019. Cooling alone accounts for around 4% of final energy demand in the EU, with 106 TWh for
space cooling and about 110 TWh for process cooling complemented by 0,6 TWh for district cooling. More
frequent and intense heat waves accelerate this trend, and contribute to peak loads, and even power cuts. Above
all, this represents a major risk for health, with over 70,000 excess deaths in Europe in 2003, and more than
60,000 in 2022. Heatwaves cause about 90% of fatalities related to climate-related extreme events.

Summer comfort is thus a major challenge for both, mitigation and adaptation policies. Policies for space cooling
may be too much focused on cooling technologies, overlooking solutions to avoid, or at least minimise, cooling
needs while ensuring summer comfort. Cooling demand is indeed influenced by various factors beyond cooling
devices' efficiency, including passive architecture building design based on bioclimatic principles, urban
environment (e.g. urban heat island) and behaviours.

This paper reviews how space cooling is addressed in the EU policy framework, including changes brought by
the fit-for-55 package. The paper then analyses policies and strategies of the five countries with the largest
cooling demand (Spain, France, Italy, Germany, Greece), focusing on national building regulations,
comprehensive assessments on heating and cooling, draft updates of National Energy and Climate Plans, and
National Adaptation Strategies and Plans. These analyses are crossed with a scouting of solutions for sustainable
space cooling, to discuss their coverage in the current EU policy framework. We conclude that a shift may be
needed in the policy framework to prioritise first measures that can minimise cooling needs, acknowledging that
their implementation implies a coordination between EU, national and local policies, as the local level can best
take into account local climate conditions and adapt urban planning.

Introduction

Final energy consumption for space cooling in residential buildings tripled between 2010 and 2019 in the 19
euro-area countries (Eurostat)?, while households’ equipment rate in air conditioning in Europe rose from 14% in
2010 to about 20% in 2019 (ODYSSEE). Cooling alone accounts for around 4% of EU final energy in 2016,
with 106 TWh for space cooling and about 110 TWh for process cooling complemented by 0.6 TWh for district
cooling (Gerard et al. 2022). More frequent and intense heat waves accelerate this trend, and contribute to peak
loads, and even power cuts such as in Italy in summer 20232, Above all, this represents a major risk for health,
with over 70,000 excess deaths in Europe in 2003, and more than 60,000 in 2022 (Ballester et al. 2023).
Heatwaves would cause about 90% of fatalities related to climate-related extreme events (Quefelec 2023).

Summer comfort is thus a major challenge for both, mitigation and adaptation policies. Lizana et al. (2022)
highlighted that policies for space cooling tend to be too much focused on cooling technologies, overlooking
solutions to avoid, or at least minimise, cooling needs while ensuring summer comfort. Cooling demand is
indeed influenced by various factors beyond cooling devices' efficiency, including bioclimatic architecture
principles in buildings’ design, urban environment (e.g. urban heat island) and behaviours.
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This paper summarises preliminary findings of the CoolLIFE project® (November 2022 — October 2025) about
policies for sustainable space cooling, with the aim to provide the ground for experience sharing and identify
how policies could be improved to ensure summer comfort in a sustainable way. The paper starts with reviewing
how space cooling is addressed in the EU policy framework, including changes brought by the fit-for-55
package. It then looks more specifically at the five countries with the largest energy consumption for space
cooling (Spain, Italy, France, Greece, Germany), analysing key national planning documents relevant to space
cooling and available for all Member States, and whether links are made between mitigation and adaptation
plans. This is then crossed with a scouting of solutions for sustainable space cooling, to discuss how a systemic
approach could be promoted, prioritising solutions to minimise cooling needs.

Space cooling in the EU policy framework

In this paper, we focus the analysis of the EU policy framework on its parts that include provisions specific to
space cooling. For example, we do not discuss policies for building renovation in general. More information and
analysis about financing schemes for building renovation can be found in (Conforto and Hummel 2024).

The 2016 heating and cooling strategy

The European Commission published in February 2016 an EU strategy on heating and cooling®, with the aim to
better integrate efficient heating and cooling into EU energy policies, especially in the Clean Energy for all
Europeans’ package. The strategy is not limited to space heating and cooling. It also covers industrial use of
heating and cooling, and refrigeration systems in services. Still, buildings represent a major sector of its scope.
The main axes highlighted about space heating and cooling include the renovation of buildings (especially
improving the building envelope), increasing and decarbonising heating and cooling systems, and increasing the
share of RES (Renewable Energy Sources) in the heating and cooling supply.

The analyses and recommendations are mostly focused on space heating, as it is the largest energy use in
buildings. The strategy mentions a few solutions for space cooling (well-designed street vegetation, green roofs
and walls, shading, innovative low energy cooling technologies). In terms of EU policies in place at that time,
the only ones that were specific (or strongly related) to space cooling were about cooling systems: the
Regulation (EU) 517/2014 on fluorinated greenhouse gases, and the ecodesign regulations for air conditioners
and comfort fans (Regulation (EU) 206/2012) and for cooling products (Regulation (EU) 2016/2281).

The strategy included a few recommendations to Member States (e.g. about addressing split incentives or energy
poverty). Most of the actions suggested at EU level were related to the legislative proposals made in the Clean
Energy for all Europeans’ package. Some could contribute to reduce energy consumption for space cooling,
mostly through boosting building renovations. Only few provisions were specific to space cooling.

In terms of planning and implementation at national level, the strategy made the link with the upcoming National
Energy and Climate Plans (NECPs) that were part of the proposal for the Governance Regulation of the Energy
Union. The strategy mentioned that the NECPs should integrate the heating and cooling sector.

The strategy was complemented with an accompanying document in two parts. The first part provided a detailed
analysis of energy consumption for heating and cooling, and an overview of heating and cooling technologies. It
estimated the energy consumption for space cooling in EU buildings at that time: 18.6 TWh for the residential
sector and 100.6 TWh for the services sector. It discussed a possible exponential growth based on recent trends,
also pointing to the large uncertainty about future cooling demand. The second part included a focus on cooling
technologies, pointing out the expected increase in the sales of residential air conditioning units from about 3
million units per year in 2010, to 4.5 million by 2030. Italy, Spain, Greece and France together accounted for the
majority of sales in the EU. However, this growth in the equipment rate was expected to be compensated by
energy efficiency improvements from the ecodesign requirements and energy labels.

The accompanying document raised the issue that improved building insulation may lead to higher indoor
temperatures in summer, generating higher cooling demands. Which can be mitigated by a building design or
renovation taking into account local climate conditions (e.g. with a better integration of natural ventilation).

The document also pointed out the development of summer peak load, with the examples of Spain in July 2015
where very high temperatures created a surge of 8% in electrical demand due to air conditioning, and Italy where
since 2006 the summer daily peaks in electricity demand were higher than winter peaks. Examples of measures

3 https://coollife.revolve.media/
4 COM(2016) 51 final: https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1575551754568&uri=CELEX:52016DC0051
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to address these summer peaks were mentioned from Australia that required the inclusion of a demand-response
enabling device in all household air-conditioners sold since 2011, and the development of a standard for
demand-response interface for air-conditioners, facilitating the reception and response to energy utilities’ signals
that provide an incentive to consumers who accept the remote control of their air conditioner in case of peaks.

The document mentioned a few examples of national plans or strategies for heating and cooling. It is noticeable
that all were heat plans or strategies, with only minor aspects related to space cooling (if any). When data or
provisions about space cooling were included, this was often due to the comprehensive assessment required by
the Energy Efficiency Directive (EED).

The EU strategy on heating and cooling has not been revised. But the Commission has published several studies
providing updates about developments and possible future pathways (see for example Braungardt et al. 2023).

From the equipment to the building level and supply efficiency

Two key issues at the equipment level: their energy efficiency and the refrigerants they use

About energy efficiency, the EU legislation ensures the information of consumers through the Energy Labelling
Directive, that established the first energy labels for room air conditioners in 2003, with minimum requirements
on energy labelling of air conditioners coming into force in 2011 (cf. Regulation (EU) No 626/2011). Minimum
energy performance requirements for small air conditioners and comfort fans were first introduced in 2012 by
the ecodesign regulation (EU) No 206/2012, further updated in 2014 and 2018. This regulation was expected to
save 11 TWh/year by 2020. Larger air conditioners (capacity larger than 12 kW) are covered by the ecodesign
regulation on air-heating and cooling products ((EU) 2016/2281). A joint revision of the energy labelling and
ecodesign regulations for air conditioners and comfort fans was on-going in 2023, with an adoption of the new
regulations planned for 2024°. This revision aims, among other objectives, at increasing consistency between
both regulations and making it easier for consumers to compare products, improving the method to calculate
products’ energy efficiency and remove the least efficient products from the market (Huang et al. 2018).

The Energy Performance of Buildings Directive (EPBD) also includes requirements for cooling systems, once in
use, with mandatory regular inspections for large air-conditioning systems, and provisions for the installation of
building automation and control systems and devices that regulate temperature at room level.

About refrigerants, the major concern is due to their very high Global Warming Potential (GWP), that can be
from 1000 to 10000 times the one of CO,. The EU Regulation 842/2006 thus introduced requirements to reduce
leakages of HFCs from refrigeration and air-conditioning systems, for example with mandatory training of
technicians and mandatory leak testing of large systems. This regulation was repealed by the EU Regulation
517/2014 (F-gas regulation) setting the ground for an overall phase-down of the quantity of HFC refrigerant that
can be sold in the EU (79% decrease by 2030) and bans on certain refrigerants in specific applications. The new
regulation was meant to stimulate a progressive shift to low GWP alternatives.

The energy labelling, ecodesign and F-gas regulations are directly imposed in the Member States. According to
the review of the energy labelling and ecodesign regulations for air conditioners and comfort fans done in 2018
(Huang et al. 2018), there is therefore no other major legislation at national level about energy requirements for
air conditioners. This review mentions that some countries have previously implemented alternative ecolabels
and different taxes to limit the use of fluorinated greenhouse gases.

Space cooling not very visible in the energy performance requirements and renovation of buildings

The EPBD is the key European legislative framework for boosting the energy performance of buildings,
considering five main end-uses that include space cooling and ventilation, through a broad range of policies and
support measures aiming to the decarbonisation of the EU building stock by 2050. The EPBD requires that
Member States set cost-optimal minimum energy performance requirements for new buildings (that must be
nearly zero-energy buildings), for existing buildings undergoing major renovation and for the replacement or
retrofit of building elements, including for heating and cooling systems, roofs and walls. The EPBD does not set
requirements specific to space cooling. Each Member State is free to set such requirements in its building
regulations. The new recast of the EPBD keeps this flexibility but highlights more explicitly the need to consider
summer comfort (see more details below about space cooling in national regulations).

Low thermal performance and poor building quality can contribute to overheating risks and uncontrolled
increasing energy consumption for cooling. Most of the EU’s building stock was constructed before thermal
standards were introduced, and nearly 75% of the stock is energy inefficient. In 2020, between 5% and 39% of

5 https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13358-Energy-efficiency-ecodesign-
rules-for-air-to-air-conditioners-air-to-air-heat-pumps-and-comfort-fans-review- _en
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the population, depending on the Member State, lived in dwellings with leaking roofs, damp walls, floors or
foundations, or rot in window frames or floors, according to Eurostat. Newly constructed or renovated buildings
can also overheat, even if they are well insulated.

The EPBD includes provisions for long-term renovation strategies (LTRS), now Building Renovation Plans
(BRP), for the transformation of existing buildings into nearly zero-energy buildings, which implicitly covers the
same end-uses as for building regulations (i.e. including space cooling). The LTRS or BRP provisions do not
include specific requirements for renovation schemes to address space cooling or summer comfort, nor to
consider future climates (despite a short reference to health). Similarly, the Commission’s communication on the
Renovation Wave (COM(2020) 662 final) has one of its three focus areas about decarbonising heating and
cooling. But it is in practice mostly about decarbonising heating, as cooling is mostly supplied from electricity.
The impact thus mostly depends on how electricity is produced in each country. The communication includes
“high health and environmental standards” among its key principles for building renovations, dealing among
others with protection against climate-related hazards. The actions listed in the annex to the communication
indeed include “supporting the development of climate-resilient building standards”. The conclusion of the
communication mentions that roofs and walls can contribute to improve the urban climate, for example by
increasing their green surface. However, nor the EPBD as amended in 2018 nor the Renovation Wave’s
documents discuss the risk that renovation may worsen summer (dis)comfort, and thereby increase cooling
needs, if it is not planned with both winter and summer comfort in mind.

Energy efficiency in the cooling supply and decarbonisation of cooling

The EED addresses efficiency in heating and cooling supply, especially by requiring Member States to prepare
comprehensive assessments about heating and cooling. These assessments have been more detailed about
heating than cooling. But it may contribute to identify the potential for district cooling. Member States are
required to implement measures to support the development of district heating and cooling, where relevant.

The EED recast adopted in 2023 reinforced slightly only the link between the comprehensive assessments and
the LTRS, by referring to the LTRS as inputs to be considered when assessing future energy demand. In parallel,
the EED recast introduced new requirements for regional and local authorities to prepare local heating and
cooling plans. This could be an opportunity for more integrated approach and a better consideration of local
conditions, also thanks to a participatory process encouraged by the EED recast.

The EED recast strengthened the links between the EED comprehensive assessments and the assessments about
potentials for renewable energy sources (required by the Renewable Energy Directive, RED), as both are now
due as part of the NECP. In line with the Renovation Wave, there is also an obligation for Member States to
design policies and measures for the decarbonisation of heating and cooling, including through district heating
and cooling. But unlike heating, cooling typically does not involve the direct use of fossil fuels and currently
99% of cooling is electricity-driven. The key drivers for the decarbonisation of space cooling include first the
reduction of space cooling demand, then the transformation of the electricity sector, increasing the share of
cooling technologies using renewable heat or waste heat or cold, and thermal energy storage.

The definition and calculation methodology of renewable cooling has not yet been established due to so far
relatively low statistical weight of cooling in overall EU energy consumption (even if in specific countries this
share can be significant). The RED sets requirements and targets for increasing the share of renewable energy in
cooling. This part of the policy framework goes beyond the scope of this paper.

The emerging link with adaptation

The EU framework on adaptation stressed the importance of considering climate resilience for buildings

As part of a larger plan to lessen and prepare for climate change effects, the European Union has created a
thorough policy framework that addresses climate adaptation. The relationship between cooling adaptation and
the EU policy framework is varied, with a number of directives, initiatives, and papers, including the European
Green Deal, 2030 Climate Target Plan, and EU Climate Law. Despite the efforts to mitigate climate change, the
latest publications by the Intergovernmental Panel on Climate Change (see e.g., IPCC 2023) confirm that climate
change effects are inescapable, including rising temperatures, increasing frequency and intensity of heat waves.

The European Commission adopted a new EU strategy on adaptation to climate change on 24 February 20218,
reminding among other aspects that heatwaves are the “deadliest” of the climate disasters, and that creating more
green spaces can reduce their impacts. But this type of solutions is “lagging behind”. Therefore, one of the key
objectives of the strategy is to accelerate the rollout of adaptation solutions and to reduce climate-related risks.

6 COM/2021/82 final: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2021:82:FIN
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More specifically about buildings, the Commission pointed out the need to “prepare Europe’s building stock to
withstand the impacts of climate change”, making the link with the Renovation Wave. Examples include the use
of green roofs and walls to reduce the effects of Urban Heat Islands (UHI), integrating climate resilience
considerations in the revision of the EPBD and in procurement criteria for public buildings.

The European Climate Law (Regulation (EU) 2021/1119, Article 5(4)) requires Member States to adopt and
implement National Adaptation Strategies and Plans (NAS/NAP), and to report about their implementation every
two years. But there is no mandatory template for these NAS/NAP, and the list of information on adaptation
actions set in Annex VII1I of the Governance Regulation of the Energy Union remains very general.

Likewise, the mandatory template for the NECPs (see Annex | of the Governance Regulation) includes only a
very short reference for Member States to include adaptation goals “if available”. In practice, Member States’
reporting on mitigation and adaptation is usually done separately: the NECPs are mostly focused on mitigation,
while adaptation is addressed in the NAS/NAP. At the opposite, the Long-Term Strategies (LTS) about
achieving carbon neutrality are supposed to include information on policies and measures for both mitigation
and adaptation (see Annex IV of the Governance Regulation). But the template for the LTS is indicative, and the
first LTS reported by Member States vary significantly in terms of levels of details and quality.

Overall, the importance to consider climate resilience and to develop actions to reduce the effects of heat waves
is well acknowledged in the EU framework for adaptation. But in practice, the linkage between mitigation and
adaptation policies and measures relevant to space cooling and summer comfort is still to be done.

Points relevant to space cooling and summer comfort in the National Adaptation Strategies and Plans

A review of Member States’ NAS/NAP (Lionggo et al. 2023) showed that climate hazards and key topics of
adaptation measures can be summarised in seven clusters, one being ‘temperature variability’ that includes heat
waves. Each country has been analysed according to whether they include or exclude references to measures and
actions for each cluster. All but one (Germany) of the countries analysed in this paper reported measures or
actions to address heatwaves. Typical examples of linkage between adaptation measures and measures to reduce
space cooling demand include adding provisions about green walls in building regulations, or introducing
requirements that a minimum share of the building areas should be converted to green areas.

Another example from the review of national adaptation actions in 2023 is Austria’s reporting that climate
change and climate vulnerability, along with a decrease in heating energy consumption and an increase in
cooling energy demand, are likely the causes of fluctuations in its energy demand. Austria also anticipated
changes in the number of degree days for heating and cooling. France emphasised that uncontrolled air
conditioning development may lead to new summer demand peaks. Portugal stated that in choosing mitigation
strategies, the effects of climate change must be considered.

An indirect link with sustainable space cooling is that it is anticipated that there may be variations in the
availability of RES (wind, solar, biomass, and hydropower) as a result of extreme weather events including
floods, storms, and heavy precipitation, as well as decreased water availability, particularly during the summer
(as stressed in the reporting of Austria, Greece, Spain and Sweden). As electricity is the main energy source for
space cooling technologies, this may be an issue to ensure that space cooling consumption can be met with RES.

The EU framework mostly addresses space cooling as a technical or technological issue
Lizana et al. (2022) pointed five main factors of the dominance of air-conditioners to meet cooling needs:

¢ building energy policies based only on energy efficiency

e air-conditioning considering only temperature rather than other thermal comfort parameters

e building-centric design instead of occupant-centric design

e businesses guided exclusively by product sales

e lack of innovation beyond the standard operational phase of incumbent technology

Some of the barriers and issues raised by Lizana et al. are addressed by the EU framework, such as the GWP of
F-gases or removing the least efficient devices from the market. However, the EU framework does not really
address other barriers or issues that are either not related to technology (e.g. user behaviour, other thermal
comfort parameters than temperature), or about prioritising passive measures (usually related to adaptation) and
complementing with actives measures (usually related to mitigation) when needed only. More generally, the EU

framework is focused on regulating markets for products (e.g. air-conditioners) or buildings: it does not address
conditions for the development of the market of cooling as a service (or thermal comfort as a service).



Policies in the five Member States with the largest space cooling
demand

Space cooling demand in the EU27

The confluence of escalating temperatures, transformative shifts in building design, and an expanding inclination
towards optimal thermal comfort has precipitated a surge in the demand for space cooling, reflecting the ever-
increasing reliance on space cooling technologies for maintaining comfortable indoor environments. According to
Pezzutto et al. (2022), the cumulative final energy consumption for space cooling, encapsulating both the
residential and service sectors indicate for an aggregate annual consumption of 106 TWh in 2016. Cooling is
currently 99% electricity-driven (vapor compression systems and heat pumps), such that unlike heating, cooling
typically does not involve the direct use of fossil fuels. Only 1% is supplied by gas or heat driven cooling generators
(absorption cooling) used mainly in industry and district cooling systems. The figure below shows final energy
consumption for space cooling per country. It reveals a notable concentration within a small number of countries,
meaning an uneven distribution of space cooling demand across the continent.

40

w
n

w
S

[
>

o

=)

0

Figure 1. Space cooling demand per country (in TWh/year) in the residential and service sectors in 2016 (EU27).

More specifically, Spain, Italy, France, Greece, and Germany contribute altogether to over 86% of the total energy
consumption for space cooling. This concentration underscores the influence of regional variations in climate,
population density, and economic activities on the demand for space cooling solutions. In contrast, the remaining
22 Member States account for the remaining ca. 14%, reflecting a lower but still significant level of demand. This
data underscores the imperative for policymakers and energy planners to consider these variations in formulating
targeted strategies aimed at sustainable space cooling solutions in the diverse landscape of EU Member States.

The following sections focus on the five Member States with the most substantial cooling requirements: France,
Germany, Greece, Italy and Spain. This review looked at contents about space cooling and summer comfort in the
main strategic documents about energy planning and adaptation that are (1) relevant to space cooling and (2)
systematically available for all Member States: national building regulations, comprehensive assessments on
heating and cooling, draft NECP update, National Adaptation Strategies and Plans (NAS and NAP).

Space cooling in the national building regulations

While the EPBD does not addresses space cooling separately, space cooling is included among the typical
energy needs and the associated energy uses for the calculation of the energy performance of a building’, a
concept that applies both to heating and cooling. Thus, well-insulated buildings allow for more thermal comfort
and lower energy consumption for both heating and cooling. More specifically about space cooling and summer
comfort, national regulations may include:

e Specific definitions about space cooling or summer comfort: this is the case for France, Italy and
Germany (no clear definition in Greece’s and Spain’s regulations that refer to thermal comfort in general).

e Space cooling considerations in the calculation methodology, and minimum energy performance
requirements in terms of maximum allowed cooling demand or related to space cooling or summer
comfort, for new and existing buildings: in line with the EPBD, space cooling is always included in the
methodology for energy performance calculation for both residential and non-residential buildings, in terms

7 space heating, space cooling, domestic hot water, ventilation, lighting and other technical building systems.



of global energy performance, without specific requirements on space cooling alone. Likewise, the
minimum energy performance requirements are usually set in total energy demand, which includes cooling.
Greece’s regulation includes minimum efficiency requirements for cooling systems for new buildings and
major renovations. France’s regulation for new buildings set requirements to limit summer discomfort,
defined by the number of degree-hours above a base temperature that should not be exceeded (per year).
France’s regulation for major renovations also includes cooling-related provisions (e.g. about sun shading).

e Standard values about the use of space cooling (e.g. indoor temperature setpoint): most countries set
(mandatory or indicative) minimum temperature setpoints not to exceed (see table below).

Table 1. Standard values about the use of space cooling in the national building regulation for the five
countries with the largest cooling demand (Spain, France, Italy, Germany, Greece).

Spain France Italy Germany Greece

High and low Mandatory Mandatory minimum temperature Unclear Indicatively 26°C for
setpoint minimum not to exceed (27°C) with 2°C residential and 20-26°C for
temperatures (°C) temperature notto  tolerance (so real limit is 25°C), for non-residential (depending
for different months exceed (26°C) non-residential buildings on building usage)

The recast of the EPBD states in a new recital® that “priority should be given to strategies which enhance the
thermal performance of buildings during the summer period, through measures which avoid overheating, such
as shading and sufficient thermal capacity in the building construction, and further development and application
of passive cooling techniques, primarily those that improve indoor environmental quality, the micro-climate
around buildings and the urban heat island effect”. The upcoming revision of the national building regulations
to align with the EPBD recast will be an important opportunity to ensure that cooling needs are thoroughly
addressed for both, new buildings and renovation of existing buildings.

Space cooling in the comprehensive assessments of national heating and cooling potentials

The review of the first comprehensive assessments (CAs) due by Member States in 2015 highlighted that the
level of detail in describing the cooling demand was much lower than for heating demand. Nine reports even
contained no description of cooling demand and 3 contained partial descriptions only. Nine countries only
included cooling demand into the Cost-Benefit Analysis (CBA) (Jakubcionis et al. 2018). The review also
stressed that information provided about policies and measures was mostly related with CHP and district heating.
The amending EED adopted in 2018 and the complementary Commission’s Recommendation (EU) 2019/1659
provided a clearer basis for the CAs due by Member States in 2020. The contents partly overlap with the
requirements for NECP, first due in 2019 (e.g. about targets and policies and measures). Hence some Member
States referring to the NECP in their CA. From 2024, the CAs should be part of the NECP which may solve this.

Looking at France, Germany, Greece, Italy and Spain, targets mentioned in the CAs are most often the general
ones from the NECP, sometimes with an assessment of what share of the targets is expected to come from
improvements in heating and cooling, but never setting targets specific to space cooling (nor even cooling®).
About overall strategies, none of the CAs analysed refers to a national heating and/or cooling strategy. Instead,
they refer to the NECP (or other national overall planning or climate law), sometimes also making the link with
the long-term renovation strategy, previous National Renewable Energy Action Plan and/or National Energy
Efficiency Action Plan (or similar national plans for RES and energy efficiency). This shows that the measures
relevant to heating and cooling are integrated in the overall energy and climate planning and strategy. This may
also be due to the absence of formal targets specific to heating and cooling.

Cooling demand is more frequently assessed in the second CAs than in the first CAs. But the focus is still on
heating, especially when describing policies and measures, and even for the five countries with the largest
cooling demand. This may be explained by the prominent weight of space heating compared to space cooling in
the final energy consumption. Another explanation may be that cooling is not a direct challenge for
decarbonisation (as mostly supplied from electricity), whereas heating remains a major source of direct CO,
emissions. Data scarcity about cooling can also be an issue for estimating the demand, but should not be an
argument for neglecting cooling in the policies and measures.

8 Recital 52 of the public version from the provisional agreement between the Council and Parliament:
https://data.consilium.europa.eu/doc/document/ST-16655-2023-INIT/en/pdf

% In the scope of the CAs, cooling is broader than space cooling and includes cooling processes in industry,
refrigeration for wholesale and retail, etc.
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About policies and measures, most of the CAs analysed cover a broad scope, for example including measures for
energy efficiency in buildings (building codes and schemes for building renovation), promotion of RES (mostly
for heating) and development of district heating (sometimes also district cooling). The link with space cooling is
rarely explicit, except for some references to energy labelling and regulations for air conditioners or cooling
products, measures to promote district heating and cooling (when district cooling is clearly mentioned), and
measures for RES for cooling (mostly about geothermal). When discussing measures for building renovation, the
focus is usually on reducing the heating demand, the possible impact on the cooling demand being rarely
mentioned (the same for shading for example). The description of the renovation schemes mentions that actions
related to space cooling are eligible only for one Spanish programme (National Housing Plan 2018-2021), where
efficient air conditioners and connection to district cooling can be eligible. Spain’s CA also mention a specific
tax on fluorinated gases. It should be reminded that the information reported in the CAs do not necessarily
reflect the whole policies and measures in place nor their details. For example, France mentioned its white
certificates scheme, but without pointing that the catalogue of standardised actions eligible to this scheme
includes action types about space cooling. Similarly for Italy and its tax credit where sun shading is eligible.

None of the CAs analysed made an explicit reference or link to adaptation strategy, plan or measures. Likewise,
issues related to heat waves or urban heat islands are not mentioned. These points were not included in the
Commission’s Recommendation (EU) 2019/1659.

Looking forward, only a few of the announced new or planned measures had an explicit link with space cooling:
update of the national regulation for thermal energy systems for buildings (Spain), measures to develop district
cooling (France, Greece and Italy), specific consideration about the possible introduction of new limits on the
use of cooling systems to be evaluated by defining restrictions related to the climate zone of reference (ltaly).

Space cooling in the National Energy and Climate Plans

The mandatory NECP template includes few points about cooling, and always jointly dealing with heating,
except for the data of number of Cooling Degree Days. The other points are: target, trajectory and measures for
RES for heating and cooling, possible energy efficiency objectives for heating and cooling, assessment of the
necessity to build new infrastructure for district heating and cooling produced from renewable sources, and
current potential for the application of high-efficiency cogeneration and efficient district heating and cooling
(both related to the comprehensive assessments). The Commission’s guidance (2022/C 495/02) for the update of
the NECP due in June 2023 (draft) and June 2024 (final) does not include further elements about space cooling,
except clarifying that the final NECP update should include the updated comprehensive assessment.

Consequently, the draft NECP updates do not include specific sections on cooling, and overall little information
about space cooling and related objectives and measures, apart from the RES target for heating and cooling and
possible measures to develop district heating and cooling that are also the few points on cooling in the
Commission’s EU-wide assessment of the draft NECP updates (COM(2023) 796 final)*°.

We focus here our findings from the targeted review of the draft NECP updates of France, Germany, Greece,
Italy and Spain, on other examples of analysis or measures dealing with space cooling or summer comfort. The
first one is common to the five countries, about the role that heat pumps could play to meet the cooling needs
while contributing to the RES target. Most of the countries also refer to the F-gas regulation. France mentions a
new tax to reduce the use of HFCs (but postponed to 2025). The analysis and details about the schemes for
building renovation sometimes remind that they can contribute to reduce the space heating and cooling needs,
and thereby the achievement of the RES target. But this analysis is likely more about space heating than space
cooling (e.g. Italy’s report). Then the draft NECP updates rarely include the actions related to space cooling and
that could be eligible (case for the two main renovation schemes of Germany where ventilation systems and the
replacement of windows and external doors to improve summer thermal insulation are eligible).

Another group of analysis or measures is about behaviours. France’s energy sufficiency plan has been updated in
June 2023 to take better account of summer comfort and promote 26°C as minimum temperature setpoint for air-
conditioning. Interestingly, this is also the minimum setpoint mentioned in the building regulation. This
communication thus implicitly acknowledges that usual behaviours are not in line with the assumptions of the
building regulations. Italy’s report briefly highlights the importance to raise consumer awareness and active role
using, for example, home automation, network digitalisation and smart metering technologies.

Except Germany, the four other draft NECP updates include some discussions related to adaptation. France
mentions that its new building regulation (RE2020) considers the need to adapt living and working space to
future climatic conditions and especially for summer comfort. Italy’s requirements for nearly zero energy

10 https://eur-lex.europa.eu/legal-content/EN/TXT/?2uri=COM:2023:796:FIN
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buildings include a criterion on "summer equivalent solar area per useful floor area”, and the next revision of the
building regulations may consider introducing new limits on the use of cooling systems according to the climate
zones (e.g. about days of use, times, temperature setpoints). Similarly, Greece mentions the need to revise the
building regulations and to adapt urban planning considering the already occurring impacts of climate change,
speaking of the thermal environment in cities. Greece refers to sound urban and architectural bioclimate planning
and the use of sustainable materials in bioclimate planning (cool materials, shading structures, vegetation),
mentioning examples such as urban green areas (e.g. green routes and urban green canyons). The issue of higher
summer energy needs is also raised due to the importance of the tourism sector in the Greek economy. More
generally, the analysis of the risk to the electricity system due to increasing summer peak loads is highlighted in
Italy’s report, mentioning the risks of black-out. A link can then be found between the expected increase in
summer peak load and the development of measures for demand-side management that covers space cooling
(often among other end-uses). A measure under consideration in France is for example economic incentives or
regulatory obligations for the piloting of new equipment (including air-conditioning systems).

The draft NECP updates are not comprehensive about all measures or initiatives relevant to space cooling. First
because they cover all dimensions of the Energy Union and cannot therefore provide details about all issues:
they focus on the main measures to meet the EU obligations and targets. Second because they tend to focus on
government-led and national measures. They rarely inventory measures of local authorities, or accompanying
measures developed by public agencies or other stakeholders. The European project CoolLIFE is therefore
collecting good practices about measures for sustainable space cooling, to fill the gap about experience sharing
in this field. One example of good practice not included in the draft NECP updates is the online platform ‘Cooler
my city’ developed by ADEME in France*.

Actions and measures relevant to summer comfort in the NAS/NAP

Following the identification of priority areas, Member States incorporate their adaptation methods into more
comprehensive national policies. NAS/NAP consists of specific actions and adaptation strategies, such as
climate-resilient infrastructure in the building sector and sustainable land-use planning techniques.

In France, special attention is given to collective buildings to prevent the penetration of solar radiation, mostly
from glass window facades. Potential tax incentives, such as tax credits, have been considered for contributing to
enhancing summer thermal comfort in residential and commercial buildings through the use of energy-efficient
devices such as blinds, green rooftops, and vertical gardens. France's heat wave action plan ("Plan Canicule"*?) is
a comprehensive approach designed to protect vulnerable populations during hot periods. It has a four-level
colour-coded alarm system based on temperature thresholds. The measures include campaigns for public
awareness, house calls, public cooling centres, healthcare readiness, and data tracking. Several cities in Italy,
Germany and Portugal are following France’s step to keep track of citizens vulnerable to heatwaves and promote
solidarity networks to ensure no one is left behind. Greek cities are adapting urban planning to improve the
thermal environment by updating the building regulations (K.Ev.A.K.*%). The plan includes appropriate
architectural redesign of spaces and the integration of greenery into existing structures (ceilings, vertical
surfaces, etc.) as a priority.

Spatial cooling measures have also been implemented in Spain, where Northern Spain utilises the 'right to the
sun' methodology, employing specific relationships with the sun to design buildings, streets, and vegetation. The
transformation towards the integral improvement of buildings and the establishment and maintenance of
adequate habitability conditions requires diverse resources and solutions to make buildings more climate-proof.

Beyond the five countries with the largest cooling needs, another interesting example is Austria, which aims to
implement structural measures to ensure thermal comfort by utilising alternative cooling technologies to improve
thermal efficiency. Anticipating a rise in demand for cooling, the Austrian government implemented the so-
called passive cooling strategies as one of the construction measures, as well as optimising building orientation
to enable natural ventilation. Austria put in place numerous support schemes to encourage the construction and
restoration of environmentally efficient and climate-friendly buildings. Efficient energy use, building cooling,
thermal rehabilitation (including shade systems), and information and awareness-raising campaigns, including
health aspects and guidance for individuals at higher risk of heatstroke, are all important aspects of adaptation.

11 platform in French, meant to support local authorities: https://plusfraichemaville.fr/
12 France’s heatwave action plan: https://www.gouvernement.fr/risques/se-preparer-a-une-situation-durgence
13 See: https://www.kenak.gr/
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Is the current policy framework suitable for promoting sustainable
cooling solutions?

Overview of sustainable cooling solutions

Air-conditioning systems relying on vapour compression technology represent almost the only cost-efficient
systems on the current market. Only a very small part of the market (about 1%) is made of thermally-driven heat
pumps (Elnagar et al. 2023). Elnagar et al. also provide a comprehensive understanding of the most promising
solutions to supply space cooling. Although there are many alternative technologies with a large range of
capacities and promising higher (even very higher) energy efficiency, their work show that these technologies
still have either technological scalability or cost-efficiency barriers to unlock before challenging the current
technologies. Nevertheless, over the next decade, vapour compression technologies could undergo profound
changes as a result of developments in European regulations on fluorinated gases (European Parliament, 2024).

Among active measures that aim at mitigating space cooling demand, advanced technological measures, such as
smart-glazing, active shading devices and adaptive fagades, have investment costs that prevent them from being
widely used, particularly in existing buildings (Duplessis et al. 2024). In contrast, as long as cooling demand is
not excessive, ceiling or room fans demonstrate superior adaptability and suitability for supplying cost-effective
thermal comfort in summer, especially when passive measures like (manual) shading devices and/or natural
ventilation strategies are implemented by the room occupants (Hurtado-Verazain et al. 2023). Other passive
measures are still under development or require a significative change in structure to be implemented in existing
buildings.

Duplessis et al. (2024) have also assessed the costs and benefits of a set of measures and technologies supplying
space cooling. Their work highlights that the relevant solution for space cooling supply strongly depends on the

building environment and the urban context, as well as the occupants’ sensitivity to discomfort. In this way,
defining an optimal cooling strategy is definitively a challenge that requires further research, taking greater
account of the diversity of occupants, building types and their environment.

Crossing the set of solutions and the set of policies

The table below summarises the current coverage of the main solutions or issues relevant to space cooling, by
the EU policy framework.

Table 2. Current coverage of the space cooling solutions by the EU policy framework.

Solutions or issues

EU legislation and initiatives

Vapour compression
systems and heat
pumps

Fluorinated gases

Alternatives to F-gas
systems
Ceiling or room fans

Active measures to
mitigate cooling
demand and other
passive measures.
Risk of renovations
worsening summer
comfort

Behavioural
measures
Solutions to reduce
urban heat islands

District cooling

Energy labelling and ecodesign regulations aim at removing most inefficient systems from the
market and promoting the most efficient ones. Updated regulations to be adopted in 2024.

EU Heat Pump Action Plan to be adopted in 2024

F-gas regulation (EU 517/2014) aims at overall phase-down of the quantity of HFC refrigerant.
Revision of the F-gas regulation now adopted and to be published soon.

Alternatives to the use of fluorinated gases encouraged by the F-gas regulations. EU research and
innovation programmes may be used to develop them. But no flagship initiative in this field.
Energy labelling and ecodesign regulations aim at removing most inefficient systems from the
market and promoting the most efficient ones. Updated regulations to be adopted in 2024.

For new buildings, in theory encouraged by energy requirements, but in practice often no specific
requirement on space cooling. Further support measures may be needed.

Rarely considered in renovation schemes. Further analyses could be helpful to identify when
additional costs can be reduced, according to the type of renovation projects.

Issue raised in the 2016 EU strategy on heating and cooling. But it is not explicitly covered in the
EPBD provisions nor in the Renovation Wave’s communication. The former mentions the issues of
‘inadequate ventilation’ and ‘healthy indoor climate conditions’ (about energy performance
requirements). The latter considered the development of climate-resilient building standards.

The EED and EPBD include general provisions on consumer information. Measures specific to
space cooling and summer comfort may be implemented at national or local level.

Briefly mentioned in the 2016 EU strategy on heating and cooling, in the Renovation Wave’s
communication and now in the EPBD recast, but no measure or provision at EU level to promote
them. These solutions may however be part of national adaptation strategies and plans, required by
the EU Climate Law.

The provisions of the EED about efficiency in cooling supply specify a definition for efficient district
heating and cooling, and require Member States to assess potential for district cooling and adopt
supporting measures when relevant.



RES for cooling The RED set a target and requirements to increase the share of RES in heating and cooling. In
practice, this mostly applies to heating (due to space cooling being mostly electrified).

Conclusion and discussion

The shift to an integrated reporting of all the dimensions of the Energy Union means that the main national
planning document reported in the EU context (NECP) does not enter into the details of each and every topic,
and particularly of topics such as space cooling that, despite its growth, represents a small share of most Member
States’ final energy consumption, and is already almost fully electrified (so not a major direct challenge for
decarbonisation, apart from that of electricity production itself). Still, space cooling is already an important issue
for security of electricity supply in a few countries (e.g. Greece, Italy and Spain) already facing significant
increases in summer peak loads. National adaptation strategies and plans also often raise increasing summer
temperatures and heat waves as major changes to anticipate, emphasising the impacts on health as well as
economic activity (e.g. tourism). More integrated approaches for summer comfort would be needed.

The EU framework covers the dominant space cooling technologies (vapour compression systems) with
regulations to remove the least efficient devices from the market, inform consumers about the efficiency and
consumption of the devices, and plan the phase out from fluorinated gases (due to their very high GWP).
Updates of these regulations should soon be adopted to strengthen the requirements and stimulate the
developments of more efficient and climate-friendly alternatives. A recent review of space cooling technologies
however showed that these alternatives are rarely ready to be massively deployed. Policy measures to
complement the regulations may therefore be needed.

At building level, while space cooling is assumed to be included in the energy performance calculations and
requirements due to the EPBD, the way it is addressed in national building regulations may vary among
countries. The EPBD recast emphasises the need to consider summer comfort. Its transposition could be an
opportunity to enhance the requirements to minimise cooling needs in new buildings, and to ensure that major
renovations do not worsen the conditions for summer comfort. The development of climate-resilient building
regulations could help to address these issues.

At urban level, the EED promotes the development of district cooling which remains rare so far. But going
beyond the building level is above all relevant to address urban heat islands, and more generally to adapt urban
planning and make use of nature-based solutions. Ensuring summer comfort and other cooling needs in a
sustainable way indeed implies the consideration of current and future changes in local climate conditions, and
therefore an integrated approach from both the mitigation and adaptation sides. This should start with
minimising cooling needs through urban planning and building design or renovation, and enabling occupants to
meet their comfort expectations in simple and efficient ways.

In the EU framework, the main requirements applicable to space cooling have mostly been focused on cooling
devices, district cooling and developing the share of RES in heating and cooling. This technical focus did not
favour the development of integrated approaches. The changes from the fit-for-55 package may improve this, for
example with the EPBD recast emphasising more the importance of summer comfort, and the EED recast
introducing an official EU definition of energy poverty, clarifying that adequate cooling is part of the basic
levels and decent standards of living and health.

Member States may implement measures to address urban heat islands, promote efficient behaviours in case of
heat waves or include passive measures in construction or renovation schemes. But due to the focus of the EU
requirements, these types of measures are rarely described in Member States’ reporting to the EU obligations
(e.g. comprehensive assessments, draft NECP updates). This makes experience sharing in this field more
difficult. The soon available CoolLIFE tool will contribute to fill this gap by making data about cooling needs,
sustainable space cooling solutions and related policies easily available. The analysis of the EU framework
presented in this paper shows that space cooling is a topic that illustrates well the need to consider more
integrated approaches, beyond siloed technical solutions, and addressing jointly mitigation and adaptation. This
work is currently complemented with gathering good practices of national measures, to show how it can be done.
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