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1 Introduction

The Energy Performance of Buildings Directive (EPBD) emphasises the importance of smart buildings and
system integration for modernising buildings and supporting the decarbonisation of the building stock. The
modernisation of buildings with smart technologies is essential for accelerating the renovation of existing
buildings and their integration into the broader energy system by 2050. Smart technologies in buildings aim
to improve energy efficiency and overall in-use performance. Smart buildings can facilitate the integration
of renewable energy and enable demand response, contributing to grid stability.

Smart buildings and proper system integration and functioning, supported by digitalisation and automation,
make it possible to optimise energy use, reduce carbon footprints, and enhance occupant comfort. The EPBD
imposes the installation of Building Automation and Control Systems (BACS) in non-residential buildings to
ensure energy-efficient operation and effective follow-up. Similar requirements on continuous electronic
monitoring and control, previously voluntary, are now made mandatory, where feasible, for residential
buildings, new or undergoing major renovation. The use of smart technologies allows for real-time
monitoring and adjustment of heating, cooling, ventilation, and lighting, thereby reducing energy waste.

Additionally, the Smart Readiness Indicator (SRI), introduced by the EPBD in 2018, evaluates a building’s
capability to interact with its Technical Building Systems, occupants, and the energy grid. The SRl increases
awareness and promotes energy efficiency and renewable energy integration, while highlighting the value
of building automation and electronic monitoring in creating responsive, intelligent building environments.

2 Objectives

The work of Central Team 7 (CT7) on “Smart Buildings and System Integration” has focused on making the
connection between the technical possibilities offered by advanced smart technologies and the regulatory
and legislative framework. One of the main aspects addressed was the effective implementation of Building
Automation and Control Systems (BACS) requirements for non-residential buildings. Technical aspects,
communication activities and enforcement strategies related to the deadline that the concerned buildings
have to comply with Article 13(9) — 31 December 2024 - were key elements examined. CT7 also addressed
decarbonisation strategies connected to Technical Building Systems with heat pumps playing a central role.
Exploring synergies between Heating, Ventilation & Air Conditioning (HVAC) performance and overall
smart building policies, including the Smart Readiness Indicator (SRI), and examining building inspection
provisions with links to BACS, were also key activities. This report will analyse the insights from this work as
well as offer key lessons learnt and recommendations for future work.
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3 Analysis of insight

3.1 Further improving HVAC performance through smart building policies

The performance of Technical Building Systems (TBS) and HVAC systems has a significant impact on overall
building energy performance and typically represent a large untapped optimisation potential. Electronic
monitoring and automation of TBS, in particular for large and complex systems, can play an essential role in
this optimisation and can provide significant and cost-effective energy savings. Studies and standards are
mentioning possible energy savings by up to 15-30% compared to reference systems that are typically
installed! 2. The EPBD mandates the installation of BACS in certain non-residential buildings (Article 13(9) &
13(10)). Under the EPBD 2018, this applies to all non-residential buildings whose effective rated output for
heating systems, air-conditioning systems, combined space heating and ventilation systems, or combined air
conditioning and ventilation systems exceeds 290 kW, with 31 December 2024 as the deadline to comply.
EPBD 2024 lowered the power threshold of the non-residential buildings in scope to 70 kW and set a deadline
of 31 December 2029 to comply for effective rated outputs between 70 and 290 kW.

In addition, to these BACS requirements, several other EPBD provisions and national policies are related to
the HVAC performance, like the mandatory inspection of HVAC systems, energy performance requirements,
system requirements and other smart building policies like the SRI. Integrating or creating connections
between these policies will simplify their application, create valuable synergies, and minimise the
administrative burden on stakeholders. This in turn will amplify their acceptance and overall impact.

3.1.1 Elements of HVAC system performance - a policy perspective

Several steps have to be considered and optimised to guarantee the proper functioning of HVAC systems and
other TBS: design and dimensioning, installation, commissioning, operational use, including the control
systems and optimisation, and maintenance. Different policy instruments and supporting documents are
applicable to products, systems or even to TBS as a whole. Figure 1 below presents an overview from the
policy perspective. The red rectangle highlights policy instruments where synergies could be developed to
optimise the operational HVAC system performance. These elements are focusing on Building Automation

1Source: EN ISO 52120-1
2 Source: Waide Strategic Efficiency. (2021). EPBD impacts from building automation & controls — Executive Summary. Brussels:
eu.bac. https://eubac.org/wp-content/uploads/2021/03/Executive_Summary -

EPBD impacts from building automation controls.pdf
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and Control, including energy management systems and data analysis. They cover the commissioning phase,
the interaction with the control system and data-driven optimisation and maintenance.

Elements of HVAC system performance

A policy perspective
(data driven)

Installation (Commissioning) Control system Optimisation &
maintenance
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Building Automation & Control System
Product performance & continous electronic monitoring requirements

Ecodesign - CE marking EPBD 2024 —Art 13 (9-10-11-12) Energy Management System

System EP requirements Regular Inspection

EPBD 2024 - Art 13(1-2-6) EPBD 2024 — Art 23-24

Technical Building System requirements

EPBD 2024 — Art 13(3-4-5-7)

Energy-related standards Smart Readiness

EPBD 2024 — Art 15

Delegated + implementing regulations

2020/2155 —2020/2156
EEEE NN S S SN NN NN NN NN EEEEEEEEEEEEEEEEEE

Building Automation & Control
including Energy Management System & data analysis

CEN TC371 & CEN TC247

Specific national rules & regulations

Policy instruments & Supporting documents

Figure 1: Overview of the policy instruments and supporting documents related to the overall HVAC system
performance

3.1.2 The importance of standards

In transposing the BACS installation requirements, Member States must ensure that the capabilities of the
envisaged systems are in line with the EPBD requirements. The commission recommendation (EU) 2019/1019
on building modernisation, published in 2019, provides additional guidelines for the implementation of EPBD
2018, Annex 10 of Commission notice C/2025/6438% does the same for EPBD 2024. Particularly the BACS
requirement “identifying — for a given building — the available capabilities and how they correspond to
those provided for under the EPBD” is indicated to be challenging, and therefore a reference to the standard
EN 1SO 52120-1 (formerly EN 15232) was proposed as a method for mapping the capabilities of the BACS
services. Specifically, a reference to class B of this standard is suggested. This same standard was also used
to:

o form the basis of the first version of the Smart Readiness Indicator service catalogue (delegated and
implementing regulations 2020/2155-2020/2156) and

e evaluate the potential energy impact of BACS in the Energy Performance standards (CEN TC 371 —EN
ISO 52000 standard family).

3 COMMISSION NOTICE providing guidance on new or substantially modified provisions of the recast Energy Performance of
Buildings Directive (EU) 2024/1275
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Figure 2: Synergies between three main European instruments and policies related to Building Automation
and Control Systems can be further developed with the help of the EN ISO 52120-1 standard

Energy performance
standards
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Synergies can be developed by (1) fully exploiting the potential connections between and the policy
instruments and (2) enforcing the link of the standard with the building practice (in the text itself, through
additional supporting documents or both). A survey amongst the participants in a dedicated session of the
CA EPBD plenary meeting in Budapest (9-10 April 2025) with 21 respondents, suggests that including the
following elements in a future revision of the standard would help meet Member States’ needs: (1) practical
on-site data collection protocols (12 votes), (2) coverage of low-tech solutions (10 votes), (3) evidence-based
performance figures (7 votes), and (4) definition of BAC efficiency classes based on the specific ambition level
of owners or landlords (7 votes).

In 2024, several Member States were already actively working on optimising their regulations by developing
an integrated approach to their policies on TBS (art. 13). This includes aspects of inspection (art. 23), energy
audits, BACS requirements, evaluation of the smart readiness (art. 15) and promotion of energy flexibility.

Highlights Studies and standards as EN ISO 52120-1 indicate that effective BACS implementation can
of 3.1 reduce HVAC energy consumption by up to 20-30% compared to reference systems,
demonstrating the importance of system automation and regulatory alignment.

Main outcomes of 3.1

To make the Smart Readiness certification successful, a harmonised regulatory framework integrating
BACS, smart readiness certification and TBS requirements could be put in place. Such a framework could
support broad acceptance, effective implementation, enforcement and compliance and long-term
sustainability, while maximizing energy savings and grid flexibility across Member States. In this context,
European standards — in particular those under CEN TC 247, like EN ISO 52120-1 — could play an
important central role. An update of existing standards, or the introduction of new standards, could e.g.
ensure the use of a common reference terminology, strengthen or create a link between different policy
instruments and facilitate the link with building practices through additional descriptions or practical
inspection protocols.
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3.2 The requirement to install Building Automation & Control Systems

Proper HVAC control is increasingly crucial for reducing operational energy demand, while ensuring indoor
environmental quality. Practical experience across Member States demonstrates numerous examples of
significant energy losses due to inefficient operation of HVAC systems, with losses up to 60% for non-energy-
efficient buildings 1. BACS can play a major role in improving this situation. Substantial energy savings can be
expected compared to standard systems usually used in buildings. In order to obtain and maintain these
savings, regular monitoring and maintenance of these systems is crucial.

The implementation of the requirements under art. 13(9) and art. 13 (10) of the EPBD (2024) must ensure
that Building Automation and Control Systems (BACS) are installed by 2025 in non-residential buildings where
the effective rated output for heating or air conditioning exceeds a certain threshold, and where this is
technically and economically feasible. BACS are a combination of HVAC controls and energy management
systems (hardware + software). One challenge with BACS is that they are typically a system, combining
different products, often from multiple manufacturers with a tailor-made integration to every single building.
As a consequence, EPBD compliant BAC systems form a combination of necessary products and installation
actions and are not available or proposed as such on the market.

The main challenges for an effective implementation of the BACS requirements are

e to identify the buildings that must comply (methodology and trigger points),

e to ensure that the requirements are met (compliance evaluation framework, sanctions and
enforcement) and

e to raise awareness and engage both the construction sector and the building owners.

3.2.1 Implementation in the Member States

The Member States have made big efforts to implement these EPBD provisions and communicate the
requirements. A questionnaire completed by 27 Member States in March 2025 shows that respondents auto-
evaluate a very advanced level of transposition of the provisions on articles 13(9) and 13(10) . However, their
approaches to transposing the various aspects of the provisions vary.

The great majority of Member States (18) have transposed articles 13(9) and 13(10) with an (almost) exact
copy of the Directive text, while 8 Member States refer to the EN ISO 52120-1 standard, and in some cases
also to the corresponding BAC efficiency classes (mainly class B), and 1 Member State refers to a national
standard. Not all Member States’ regulations designate clearly who is the main responsible party for
reporting compliance with the requirements in articles 13(9) and 13(10) to the government. Where such a
designation is included in the Member State’s regulation, the responsibility lies mainly with the building
owner.

Some Member States (6) anticipated the lowering of the 290kW threshold to install a compliant BAC system,
mandatory in 2029, by already introducing the requirement in their national regulation in case of new
construction of non-residential buildings with an installed power of 70 kW or more.

Eight Member States have developed national rules to interpret the exemption based on technical and
economic feasibility. Two refer to the EPBD guidance on this topic - (EU) 2019/1019. 11 Member States
introduced the exemption but did not adopt any rules yet and 7 did not transpose this exemption.
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3.2.2 Detecting the buildings that must comply - the 290kW threshold

The traditional EPBD TBS requirements are generally triggered by an event or an action - for example new
construction or (component) replacement - while the BACS requirements are triggered by a building
characteristic. Moreover, the installed power, which is compared to the 290kW threshold, is not necessarily
a single product data; this threshold must be determined by evaluating the relevant TBS installed in the
building. The rules to interpret the 290kW threshold included in the Directive were clarified by the European
Commission. However, these two aspects — a building characteristic (and not an action) as a trigger point and
the difficulty to determine the installed power to apply the 290kW threshold - are making the detection of
the buildings that must comply with the requirements challenging.

As a consequence, many Member States experience difficulties in detecting the buildings that must comply.
For instance, in 2023, 13 Member States did not yet have a view on the number of buildings impacted by the
BACS requirements while 15 did. Building owners are also not necessarily aware that the requirements apply
to their building. The questionnaire from March 2025 showed that Member States applied different
strategies to solve this issue. These strategies included: data collection connected to the EPC (in 13 Member
States), information included in the building permit in case of new construction (11 Member States) or in
case of renovation (6 Member States), a connection with the national inspection system (7 Member States),
self-declaration by the building owner (5 Member States) or a declaration by building professionals (5
Member States). 13 Member States have implemented a combination of these detection strategies (up to 4)
while 9 only adopted one and 6 do not have implemented strategy yet.

Stategies to detect buildings > 290 kW-threshold
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Figure 3: Strategies employed by Member States for detecting buildings over the 290 kW-threshold (CT7
questionnaire, 2023)

Several Members States also developed a rule of thumb based on the floor area to facilitate the identification
of the buildings which have to comply, while maintaining the original 290kW power threshold criteria.
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3.2.3 Communication organised by the Member States

The questionnaire from March 2025 showed that information, communication or training actions regarding
the BACS requirements had been organised in the majority of the Member States (16) and included the
development of check-lists, updated technical guidance documents, notification letters, stakeholder
consultations, seminars and conferences as well as the dissemination of information via social media and
dedicated websites. In early 2023, only a few good examples of BACS implementation were available in the
Member States (9) or made publicly available (only 1 Member State).

The readiness of the building sector to properly implement these provisions was evaluated by the Member
States. This readiness has increased over the last years. However, important efforts to prepare the building
sector effectively are still needed in a majority of the Member States.

Highlights | BACS are a combination of HVAC controls and energy management and can typically be
of 3.2 considered as a system and not a product as such. These systems can provide essential
functionalities for HVAC system management and thus improve operational energy
performance of buildings. BACS-driven energy analysis also gives building
owners/managers and authorities more useful insights into actual energy performance.
Substantial energy savings can be expected compared to standard systems usually used in
buildings. In order to obtain and maintain these savings, regular monitoring and
maintenance of these systems is crucial.

Main outcomes of 3.2

The EPBD TBS requirements are generally triggered by an event or action while the BACs requirements are
triggered by a building characteristic. Member States have developed different strategies to detect the
buildings that must comply. Information and communication actions about this requirement have been
organised in a majority of Member States. Despite these efforts, obtaining a fully compliant building stock
with this relatively new requirement remains a big challenge in most countries.

3.3 Decarbonisation of TBS and the central role of heat pumps

There is an urgent need for decarbonisation of the EU building sector. From this perspective, it is necessary
to phase out the local use of gas and oil in buildings in favour of biomass or performant electricity-based
systems like heat pumps. This comes forward in several European policies like EPBD, the Energy Efficiency
Directive®, the European Green Deal® and the 'Fit for 55' initiative, notably reinforced by the REPowerEU®
plan and the Heat Pump Action Plan’.

The REPowerEU plan aims to double the current deployment rate of individual heat pumps, resulting in a
cumulative 10 million newly installed units by 2027. This topic is well-known and often applied in new
buildings but still raises many questions when considering a general rollout at the whole building stock level.

4 Energy Efficiency Directive (EU/2023/1791)

5 European Green Deal

6 RePowerEU

7 Heat pumps — action plan to accelerate roll-out across the EU



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ%3AJOL_2023_231_R_0001&qid=1695186598766
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/topics/energy/repowereu_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13771-Heat-pumps-action-plan-to-accelerate-roll-out-across-the-EU_en
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Robust technical solutions must be available, sufficient skilled professionals are needed, efficient and
adapted products must be accessible, and the regulatory and supporting context must follow.
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3.3.1 Situation in the Member States

In 2024, heat pumps accounted for a market share of 28%32 of all sold heating generators in the EU. However,
the market share varied greatly between Member States (from 12% in Hungary to 94% in Sweden)®. For
existing buildings, the number of buildings equipped with heat pumps is still limited but is higher for
residential applications. Air-to-water heat pumps represent the biggest share in the residential sector and
air-to-air heat pumps are most often installed in the non-residential sector. Local conditions, like for instance
the climate, play an important role in this adoption. A wealth of experience and information exists in the
Member States. Many local policies such as subsidy schemes or legislative requirements are in place. While
the transition to non-fossil fuel heating poses many challenges, especially in existing buildings, there is
substantial European experience in overcoming these barriers.

In 2023 a questionnaire completed by 25 Member States indicated that the large-scale deployment of heat
pumps was generally viewed positively with respect to product availability. However, aspects related to
workforce capacity and the management of technical issues - such as system integration and electrical power
connections - were assessed as a moderate challenge. According to the respondents, significant challenges
regarding homeowner acceptance and financial feasibility remain. Opinions on the potential impact on
electricity grids diverged: while some countries did not consider it a major concern, others reported
difficulties and technical barriers, already on the grids of today and/or in the future with a broader roll-out.

3.3.2 Subsidy scheme and technical and legislative provisions for heat pumps

The financial issues of high upfront costs are typically dealt with by setting up subsidy schemes. These are in
place in a large majority of Member States (22/25). Most of those Member States (19/22) base the subsidy
on performance criteria and of those, in about 90% of the cases, those performance criteria are checked
using data certified by the manufacturer. In five countries, additional certified data must be provided (e.g.
information on noise production) to get a grant.

8 European Heat Pump Market and Statistics Report 2025
9 European Heat Pump Market and Statistics Report — Executive Summary
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Figure 4: Subsidy schemes and criteria for heat pumps in the Member States — situation in 2023.

The price ratio between electricity and the original energy carrier (generally gas) strongly determines the
local economic rentability of the switch to heat pumps. Assuming an SPF (Seasonal Performance Factor, an
indicator of the performance of a heat pump throughout the year) of 3, operating a heat pump remains
cost-effective as long as the price of electricity does not exceed three times the gas or oil price’. A
significant spread in this ratio is observed between Member States, ranging from less than 1 to more than
4. This makes widespread adoption of heat pumps strongly dependent on the national context.

In nearly half of the countries surveyed, supporting documents exist to facilitate heat pump adoption.
These documents take various formats, including guides and tools, standards and regulations. Examples
include codes of best practice and guidelines for proper dimensioning and installation of heat pumps,
helping to tackle the technical issues or supporting the training of workforce. In approximately 60% of the
countries that responded to a survey in October 2023 organised in preparation of a CA EPBD Plenary
Meeting in November 2023 (25 respondents), there are provisions in national building codes or similar
rules or legislation that limit the possibility of installing heat pumps in certain cases. These limitations can
be linked to noise, fire safety, minimal efficiency requirements, urban planning and heritage buildings or
drilling permit issues.

Highlights | The adoption rate of heat pump technology varies significantly across the EU. The number
of 3.3 of existing buildings equipped with heat pumps is still limited but is higher for residential
applications. Air-to-water heat pumps are most often installed in the residential sector and
air-to-air heat pumps in the non-residential sector.

10 Toleikyte, A., Roca Reina, J.C., Volt, J., Carlsson, J., Lyons, L., Gasparella, A., Koolen, D., De Felice, M., Tarvydas, D., Czako, V.,
Koukoufikis, G., Kuokkanen, A. and Letout, S., The Heat Pump Wave: Opportunities and Challenges, Publications Office of the
European Union, Luxembourg, 2023, doi:10.2760/327528, JRC134045.
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Main outcomes of 3.3

is substantial European experience on all aspects in overcoming these barriers.

The level of readiness to broadly implement heat pumps was positively evaluated by the Member States
in terms of the availability of products. On workforce and technical issue management (e.g. connection
and proper interaction with the existing system, electrical power connection), the level of readiness was
evaluated as being average, while a lot of challenges remain regarding owner acceptance and financing.
While the transition to non-fossil fuel heating poses many challenges, especially in existing buildings, there

4 Main outcomes

through smart
building policies

requirements and Smart
Readiness certification
should be reinforced
creating potentially strong
synergies and simplification
for the end-user.

policy instruments that
promote wider uptake of
smart technologies (such
as the BACS-requirements
and SRI) could improve
efficiency, ensure
compliance and support
long-term sustainability
while maximising energy
savings and grid flexibility
across Member States.

Topic Main discussions and Conclusion of topic Future directions
outcomes

3.1 Improving A harmonised regulatory Creating synergies Several Member States

HVAC framework integrating BACS, | between the Technical are seeking a better

performance Technical Building System Building System and the integration of their

policies, going beyond
the strict EPBD
requirements. These
examples are a source of
inspiration for all
Member States. In this
context, European
standards and their
future revision can play
an important and
facilitating role.

3.2 The
requirement to
install Building
Automation &
Control Systems

The EPBD Technical Building
System requirements are
triggered by an event or
action while the BACS
requirements are triggered
by a building characteristic.
Detecting the buildings that
must comply is not
straightforward. Member
States have developed and
are applying several
strategies to solve this issue.
Information and
communication actions have
been organised in a majority
of Member States.

The BACS requirements
look simple, but are
complex in
implementation. Member
States have organised
many actions to
implement this
requirement.

Despite these efforts,
obtaining a fully compliant
building stock with this,
relatively new,
requirement remains a big
challenge in most
countries.

The BACS requirement
took effect in 2025.
Evaluating the results of
this policy (enforcement
and compliance) will
highlight best practices.
While BACS can achieve
significant savings,

maintaining performance

requires regular
monitoring and
maintenance. This issue
will gain increasing
attention in the future.
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Decarbonisation
of TBS and the
central role of
Heat Pumps

assessed the readiness to
implement heat pumps in
terms of product availability.
However, workforce
capacity and technical issue
management were rated as
average, while significant
challenges remain regarding
owner acceptance and
financial aspects. Despite
these obstacles, Europe has
extensive experience in
addressing and overcoming
such barriers in the building
sector.

used in buildings. In 2024,
heat pumps accounted for
a market share of 28% of
all sold heating generators
in the EUS,

The electricity-to-gas price
ratio is a key factor in
their economic rentability,
varying significantly across
Member States. As a
result, large-scale
adoption depends heavily
on national contexts.

Topic Main discussions and Conclusion of topic Future directions
outcomes
3.3 Member States positively Heat pumps are widely Especially, but not-only in

case of renovation,
robust technical solutions
must be available,
sufficient skilled
professionals are needed,
efficient and adapted
products must be
accessible, and the
regulatory and
supporting context must
follow.

5 Lessons learnt and recommendations

The performance of Technical Building Systems (TBS) and HVAC systems has a significant impact on overall

building energy performance and there is still a large optimisation potential to be realised. Building

automation and electronic monitoring of technical building systems, in particular for large and complex

systems, can play an essential role in this optimisation and can provide significant and cost-effective energy

savings. To obtain and maintain these savings, regular monitoring and maintenance of the TBS including the

control systems themselves are crucial, so this will become an important point of attention in the near

future.

In practice, improving the TBS and HVAC system performance is not straightforward from the technical,

regulatory and enforcement point of view. Showing the multiple benefits for the end user and good

examples of such systems will increase both awareness and market confidence and lead to a higher interest

and demand. In turn, the demand for such systems will rise, facilitating their roll-out and the compliance

with the related EPBD requirements.

12



Legal Disclaimer

The sole responsibility for the content of this report lies with the authors. It does not necessarily reflect the
opinion of the European Union or CINEA. Neither CINEA nor the European Commission are responsible for
any use that may be made of the information contained therein.

The Concerted Action for the Energy Performance of Buildings Directive (CA EPBD) was launched in 2005 to
foster exchange of information and experience among Member States and other associated countries
(Norway) with regard to the implementation of the Energy Performance of Buildings Directive.

CA EPBD is co-funded by the European Union's LIFE CET 2021 programme under grant agreement N2
101102078. For further information please visit www.ca-epbd.eu or contact the CA EPBD Coordination
Team at caepbd6@ens.dk

Co-funded by
the European Union

CONCERTED ACTION
, ENERGY PERFORMANCE
l OF BUILDINGS


http://www.ca-epbd.eu/
mailto:caepbd6@ens.dk

	Table of contents
	1 Introduction
	2 Objectives
	3 Analysis of insight
	3.1 Further improving HVAC performance through smart building policies
	3.1.1 Elements of HVAC system performance – a policy perspective
	3.1.2 The importance of standards

	3.2 The requirement to install Building Automation & Control Systems
	3.2.1 Implementation in the Member States
	3.2.2 Detecting the buildings that must comply – the 290kW threshold
	3.2.3 Communication organised by the Member States

	3.3 Decarbonisation of TBS and the central role of heat pumps
	3.3.1 Situation in the Member States
	3.3.2 Subsidy scheme and technical and legislative provisions for heat pumps


	4 Main outcomes
	5 Lessons learnt and recommendations
	Legal Disclaimer


