s“g? sustainability

Article

Meeting 2030 Targets: Heat Pump Installation Scenarios

in Italy

Giovanni Murano *, Francesca Caffari !, Nicolandrea Calabrese ! and Marco Dall’Ombra 2

Academic Editor: Francesco Nocera

Received: 15 May 2025
Revised: 18 June 2025
Accepted: 20 June 2025
Published: 27 June 2025

Citation: Murano, G.; Caffari, F.;
Calabrese, N.; Dall’Ombra, M.
Meeting 2030 Targets: Heat Pump
Installation Scenarios in Italy.
Sustainability 2025, 17, 5938.
https://doi.org/10.3390/su17135938

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license
(https://creativecommons.org/license

s/by/4.0/).

1 Department Unit for Energy Efficiency (DUEE), Italian National Agency for New Technologies,
Energy and Sus-tainable Economic Development (ENEA), 00196 Rome, Italy;
francesca.caffari@enea.it (F.C.); andrea.calabrese@enea.it (N.C.)

2 [talian Association of HVAC System Manufacturers (Assoclima), 20161 Milan, Italy;
dallombra@assoclima.it

* Correspondence: giovanni.murano@enea.it

Abstract

The study examines the role of heat pumps (HPs) in achieving the targets set by the Italian
National Integrated Energy and Climate Plan (PNIEC) for 2030, using official data and
European-recognized calculation methodologies to quantify the renewable energy
produced. Starting from the current stock analysis—21 million HPs installed in 2022,
providing 39 GW of thermal capacity —the research outlines potential growth scenarios
based on installation trends from the past three years: Scenario A assumes 2.5 million
HPs/year, (b) 2.2 million/year, and (c) 1.6 million/year. Only Scenario A, the most
ambitious, achieves full compliance with 2030 targets by ensuring over 4723 ktoe of
renewable energy produced. An additional Scenario D is analyzed, based on the lowest
annual installed capacity observed in the past three years but with a modified technology
mix emphasizing air-to-water (A/W) and ground-source water-to-water (W/W) HPs. This
scenario still achieves the 2030 goals, reaching 66.04 GWw and 4859 ktoe of renewable
energy. The results confirm that technology choices will be strategic to meet the targets.
The study also highlights the importance of stable incentive policies, proper development
of the industrial supply chain, and a plan for the technological upgrading of the existing
systems stock.

Keywords: heat pump technology; fossil gas reduction; air-to-air heat pumps; energy
performance simulation; sustainable energy practices; National Integrated Energy and
Climate Plan (PNIEC; NECP)

1. Introduction

Heating and cooling account for approximately 50% of the total energy consumption
in the European Union (EU), with more than 70% of this energy still derived from fossil
fuels, primarily natural gas. In the residential sector, around 80% of the final energy
consumption is due to space heating and domestic hot water (DHW) production. In this
context, heat pumps (HPs) have emerged as a highly energy-efficient alternative to
traditional boilers, offering notable energy savings, lower greenhouse gas emissions, and
improved air quality [1].

According to the European Commission’s report on the competitiveness of clean
energy technologies [2], HPs are pivotal for decarbonizing the heating and cooling sector
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within the EU. The importance of HPs is reinforced by major EU initiatives, including the
European Green Deal, the “Fit for 55” package [3], and the REPowerEU plan [4], all aimed
at accelerating their adoption. Consistent with the EU Green Deal goal of achieving
climate neutrality by 2050, the REPowerEU plan aims to double the deployment rate of
HPs. The objective is to install 10 million units over the next five years and an additional
30 million by 2030. Moreover, there is a strong focus on incorporating HPs into district
heating networks, further supporting the decarbonization of urban infrastructure [1]. The
EU market for HPs is expanding rapidly: regarding HPs primarily used for heating
purposes, the European Heat Pump Association (EHPA) estimates that approximately 20
million units were installed by the end of 2022. A substantial annual growth rate is
observed, with sales reaching 3 million units in 2022 [5].

Research and innovation in the sector are increasingly focused on improving the
efficiency, compactness, and digital integration of HPs, as well as ensuring compliance
with EU regulations, including the use of low-GWP (Global Warming Potential)
refrigerants. The EU leads global innovation in this field, accounting for 48% of all HP
patents filed between 2017 and 2019 [6]. In 2020, the HP industry generated a turnover of
EUR 41 billion, employing approximately 318,800 individuals directly and indirectly.
However, the sector faces challenges, such as a shortage of qualified installers and the
need to scale up production capacity to meet domestic demand. Furthermore, the rise in
imports, particularly from China, has resulted in a growing trade deficit [6]. To address
these issues, the European Commission (EC) has proposed the creation of a “heat pump
accelerator” [7], a platform designed to foster collaboration among institutions, Member
States, and industry. This initiative aims to increase production capacity, improve
vocational training, and provide a stable regulatory framework while also increasing
public and private investments under the REPowerEU plan [1]. In 2023, the EC started
working on an HP action plan, which included funding for the acceleration platform. The
initiative aimed to foster sector growth across Member States and support the
development of a strategic framework [2]. Moreover, the Net-Zero Industry Act
underscores the importance of strengthening the EU’s manufacturing capacity in strategic
clean technologies, including HPs, to maintain European leadership in this field [8]. To
further advance their deployment, the EC has opened a public consultation to shape
policies that strengthen collaboration between Member States, industry stakeholders, and
institutions, ensuring a stable and supportive regulatory environment [9].

Several studies have explored the role of HPs in decarbonization strategies in
European and international contexts, highlighting the growth potential and the barriers.
For example, Pefaloza et al. [10] examined non-technical barriers to HP adoption across
the EU, identifying financial and regulatory challenges that vary by country. Singh Gaur
et al. [11] provided a global overview of the factors, trends, and barriers influencing the
adoption of HPs, with a focus on projections and targets set for 2030 across various
countries. The paper includes a detailed table summarizing policy measures from
European countries (Austria, Estonia, Finland, France, Ireland, Italy, the Netherlands,
Poland, Slovakia, and the UK) to support renewable heating in buildings. This table often
includes specific goals for HP installations or renewable energy shares in heating by 2030.
For instance, Austria aims for a 7.3% annual increase in air-source HPs, reaching 8% of
the market by 2030; Estonia has set a renewable energy target of 1400 GWh for HPs by
2030; Finland is targeting 7 TWh of energy from HPs; Ireland plans for 600,000 HPs in
residential buildings by 2030; the Netherlands aims for 5699 ktoe of energy from HPs; and
Slovakia has set goals of 50 ktoe from GS-W/W HPs and 94 ktoe from other renewable
HPs by 2030.

Fei Yu et al. [12] analyzed the techno-economic factors, user behaviors, and policies
influencing HP adoption in the EU. They highlight how electrifying heating systems with
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HPs can lower domestic heating costs and reduce reliance on natural gas. However, high
initial investment costs hinder widespread adoption. Financial incentives are decisive to
improve cost-effectiveness, particularly for high-efficiency HPs (A++ label). The study also
addresses challenges such as increased peak power demand and potential grid
congestion. Long-term technological improvements and the growing deployment of HPs
in China may help reduce costs in the EU.

McGuire et al. [13] argued that achieving climate targets, including the reduction in
greenhouse gas (GHG) emissions by at least 55% by 2030 compared to 1990 levels, as set
out in the European Green Deal, requires substantial changes in residential energy
consumption. In this context, HPs are presented as an important driver for decarbonizing
the residential sector. The study highlights Ireland’s target of installing 400,000 HPs in
homes by 2024 under the Climate Action Plan (CAP), demonstrating both strong political
commitment and a measurable goal for HP adoption, pointing to substantial growth by
2030. The article discusses Ireland’s “fabric-first” approach, which mandates high thermal
efficiency in buildings (measured by the Heat Loss Indicator—HLI) as a prerequisite for
HP subsidies, influencing the adoption of this technology. The study also explores
modifications to the HLI criteria and the potential for installing HPs with “sub-optimal”
performance as alternative strategies. The analysis suggests that incentive policies and
technical requirements will directly impact HP installation rates. According to the
authors, electricity prices and homeowners’ awareness are important for a cost-optimal
transition to residential HPs. Installation trends will depend not only on policies but also
on the perceived economic viability and consumer knowledge of the benefits of HPs.
Further within the Irish context, Hadush Meles and Ryan [14] focused on modeling and
simulating the adoption of HPs in the residential sector up to 2030. The study examines
the adoption and diffusion decisions of HPs for residential heating in Ireland using an
agent-based model and simulations until 2030. The study identifies three key factors that
affect the adoption of HPs: (a) economic factors (comparing annual costs between existing
heating systems and HPs, including initial costs, subsidies, and operational costs), (b)
psychological factors (based on the Theory of Planned Behavior, taking into account
attitudes, subjective norms, and perceived behavioral control towards HPs), and (c) social
factors (the influence of social interactions and the number of peers who have adopted an
HP). The survey reveals that respondents consider high initial costs, lack of awareness,
and uncertainty about performance as the main barriers, while energy savings, increased
home comfort, and environmental concerns are the main motivators. The base scenario of
the simulation predicts that approximately 15% of Irish households (about 260,000 homes)
will install an HP by 2030. The study mentions the Irish government’s goal of reaching
600,000 HPs by 2030 (including 400,000 in existing homes) and evaluates how the model’s
projection aligns with this goal.

Merkel et al. [15] highlighted that the target scenario, aimed at achieving ambitious
goals for primary energy reduction and increasing the share of renewable energy in the
German residential sector, envisions a remarkable technological shift towards HPs. In the
target scenario, there is an almost complete phase-out of gas and oil boilers by 2050 in
favor of HPs and solar thermal systems. Sensitivity analysis shows that a more ambitious
expansion of RES-E technologies in the electricity system leads to a considerable increase
in electricity consumption by HPs. The study notes that in the target scenario, the potential
of cogeneration systems is considerably reduced compared to the reference scenario,
mainly due to the dominance of HPs. It suggests that decentralized cogeneration could
serve as a transitional technology, with the greatest potential identified in the medium
term (around 2030), before the widespread adoption of HPs.

Similarly, Roth et al. [16] examined various scenarios for the expansion of
decentralized HPs in Germany by 2030, with a particular focus on the role of thermal
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storage. These scenarios project an increase in the number of HPs from 1.7 million in 2024
to 3, 6, or even 10 million units by the end of the decade. The study assesses the impact of
this growth on the energy sector, considering electricity demand, generation, and storage
capacity requirements, and the integration of renewable sources. It explores the
advantages of flexible HPs equipped with thermal storage in accommodating variable
renewable energy and reducing the need for conventional generation capacity and
electricity storage. Furthermore, the authors quantify the potential reduction in natural
gas consumption and CO: emissions resulting from large-scale deployment of HPs.

Fischer et al. [17] examined the potential flexibility offered by residential HPs
through a model-based approach. They highlighted the ability of HPs, when connected to
thermal storage, to adjust their operation based on renewable energy availability, variable
electricity prices, or local grid needs. This flexibility is seen as an important factor in the
further adoption of HPs, particularly for enhancing the integration of renewable energy.
The authors also discussed the growing implementation of the SG-Ready interface for
remote control of new HPs in Germany, noting that this capability allows for a more
adaptive response to grid requirements. They suggested that using SG-Ready signals
improves flexibility compared to simply shutting off the HPs, indicating the untapped
potential of this technology. With smarter controls, HPs could become even more
beneficial to the energy system, thus encouraging broader installation.

Thomafsen et al. [18] highlighted the electrification of heating, particularly through
HPs, as a key strategy for decarbonization and achieving renewable energy targets by
2030. The main challenges include high installation costs and the need to align building
codes, subsidies, and tax policies to make HPs competitive with gas boilers. HPs, by
providing flexibility in heating demand, can help balance the electricity grid, reducing the
need for storage. Additionally, the effectiveness of HPs depends on the energy efficiency
of buildings, with better performance in well-insulated ones. Projections show promising
adoption in countries like Sweden and Finland, which have introduced a carbon tax, with
the cost of heating for the end consumer being a key factor in driving adoption.

Saffari et al. [19] highlighted the importance of HP systems as a key tool in energy
policies aimed at reducing carbon emissions, suggesting that their installation will likely
increase to meet 2030 targets. The authors acknowledge that electric HPs may not be
suitable for all residential buildings, particularly in challenging retrofitting scenarios or
cold climates requiring high supply temperatures. In such cases, hybrid HPs (gas and
electric) could offer an alternative. This distinction is useful for analyzing market
segments with varying adoption rates for different types of HPs. The study shows that in
deep renovation scenarios, both hybrid and electric HPs achieve important reductions in
primary energy consumption (around 70%) and CO: emissions (around 70%) compared
to conventional oil boilers. The paper also points out that the slow pace of building stock
renewal in the EU could limit the rapid spread of HPs but emphasizes the need for
effective retrofit strategies, including HPs, to accelerate decarbonization.

Masternak et al. [20] emphasized that the number of HPs in the European market is
projected to triple by 2030. In 2021, the total number of HPs installed across Europe
reached 16.98 million, with air-source heat pumps (ASHPs) making up 90% of the market
share. Despite the growing adoption of HPs, natural gas boilers still account for 46% of
heating in the EU. The article compares the environmental impacts of ASHPs with those
of natural gas boilers (NGBs), highlighting ASHPs” potential to mitigate climate change
in various scenarios. It notes that the environmental benefits of ASHPs vary significantly
across 18 European countries, influenced by factors such as the local electricity grid mix
and building stock. Furthermore, the use of R290 refrigerant, as opposed to R32, is
identified as a key measure to reduce the climate and ozone depletion impacts of ASHPs.
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Fotiou et al. [21] employed the PRIMES-BuiMo model to formulate decarbonization
strategies for the EU’s building sector, offering valuable insights into energy consumption
trends, renovation frequencies, and equipment replacement dynamics. In the
decarbonization scenarios analyzed, the electrification of heating in EU buildings emerges
as a dominant trend even in the short term: electricity shares almost double by 2030
compared to 2020 across all decarbonization scenarios due to the growing adoption of
HPs. The study examines country-specific outcomes, such as Sweden, where households
are largely already equipped with HPs, and Greece, where there is still greater reliance on
fossil fuel boilers, making equipment replacement a more effective strategy.

Gradziuk et al. [22] provided a comprehensive analysis of HP adoption in Poland, a
country still heavily reliant on coal. Despite its relatively low market share, the number of
installations has increased more than twelvefold between 2011 and 2020. The focus of the
study is on rural areas in Poland, which have limited access to centralized heating
infrastructure and natural gas. In these regions, HPs offer a viable alternative to fossil
fuels, helping to reduce air pollution. The study evaluates the economic competitiveness
of HPs compared to electricity, LPG, and heating oil using the SPBT (Simple Payback
Time) and LCOH (Levelized Cost of Heat) methods.

Trypolska et al. [23] analyzed the potential for HP adoption in Ukraine within the
context of the transition to low-carbon energy sources, with a focus on the timeline
extending to 2030 and beyond. Based on the TIMES-Ukraine model, the study indicates
that lower investment costs for HPs could lead to their faster adoption compared to
biomass heating systems, especially in urban single-family residences and buildings
lacking centralized heating over the coming decade. The article devotes notable attention
to Poland’s experience, which has seen the highest growth in Europe in installed HP
capacity. The analysis of the factors driving this growth in Poland, such as incentive
programs (“My Electricity” and “Clean Air”) and rising fossil fuel prices, offers valuable
insights and parallels to predict trends in other European countries.

Campos et al. [24] examined the role of individual HPs and energy efficiency
strategies across four different scenarios, aiming to assess their effectiveness in delivering
cleaner and adequate heating in rural areas of Hungary. The study explores multiple
scenarios that merge energy retrofitting measures with the use of HPs, showing that this
combined strategy can significantly decrease both final energy demand and PM10
emissions. The analysis evaluates the flexibility of electricity demand by using individual
HPs paired with hot water storage. Four scenarios are projected through 2040, each
reflecting varying levels of energy retrofitting and HP deployment.

Watson et al. [25] evaluated the impact of large-scale adoption of electric compression
HPs on electricity demand in Great Britain (GB). Using a statistical model based on real-
world data from over 550 HPs installed in 2012, the study quantifies the additional load
on the power infrastructure (generation and distribution) under different climate
scenarios (current and future, up to 2050). For a cold year in the 2020s, full adoption of
HPs in GB’s existing building stock would lead to a peak electricity demand of 78 GW and
an annual demand of 189 TWh solely for HPs, doubling the peak demand and increasing
total annual demand by about 60%. Future scenarios are based on reasonable assumptions
about increasing the efficiency of heat pumps, future climate, and improving the efficiency
of the residential building stock. The analysis suggests that in the 2050s an 80% adoption
rate (without demand management) could reduce peak HP demand to 37 GW in a cold
year.

The macroeconomic implications of HP adoption in the UK have also been explored.
Gupta and Irvin [26] showed that large-scale deployment of HPs could significantly
reduce carbon emissions when accompanied by the simultaneous decarbonization of the
electricity supply, contributing to the UK’s 2050 goals. Katris et al. [27] further
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investigated the economic impacts, revealing how HP production and installation could
provide a stimulus to the economy, offsetting rising energy costs.

Lysenko et al. [28] analyzed the climate and health implications of large-scale
adoption of HPs and solar panels (photovoltaic, thermal, and hybrid photovoltaic-
thermal) within technological packages (TP) across the EU-27 by 2050. The study assesses
the economic valuation of these impacts in residential and commercial buildings, both
renovated and newly constructed. Scaling up TP adoption (14% by 2030 and 43% by 2050)
to replace conventional heating and cooling technologies would significantly reduce
emissions in most countries, with variations depending on national replacement rates and
baseline energy demand for heating and cooling. The authors predict that by 2050, TP
implementation could result in emission reductions of 25% for NOx, 48% for NMVOC:s,
51% for SOz, 30% for PM:s, and 35% for GHGs, on average. This would represent a 22%
greater reduction compared to the baseline scenario for 2050 and 11% more than the
projection for 2030. Efkarpidis et al. [29] emphasized the synergy between HPs and
renewable energy sources (RES) as fundamental for the decarbonization of the European
residential sector and a strong incentive for their future installation. The strategies they
propose are based on the concept of maximizing self-consumption. The evaluation of the
impact of Time-of-Use (ToU) tariffs on HP operations highlights how energy policies and
electricity pricing models can influence the cost-effectiveness and, consequently, the
adoption of HPs.

Moving to the United States context, Rao et al. [30] emphasized that the electrification
of homes through the adoption of electric heat pumps (EHPs) plays a key role in the
country’s decarbonization. According to the study, the U.S. government’s long-term
decarbonization strategy aims for HPs to account for 60% of heating appliance sales by
2030. The research highlights that individuals’ choices in heating technology are
influenced by various factors, with a considerable variation in cost considerations. Other
key aspects include comfort, reliability, demographic traits (such as being urban, young,
and educated), and perceptions of new technologies. The article identifies multiple
barriers to HP adoption, including high initial costs, a lack of familiarity with the
technology, and the potential need for modifications to existing buildings (such as
updates to heating systems, insulation, and electrical infrastructure).

Meanwhile, Hlavinka et al. [31] emphasized the importance of financial incentives in
increasing HP adoption, particularly in the Pacific Northwest of the United States.
Similarly, Salimian Rizi et al. [32] discussed trends in the U.S. residential sector,
highlighting the need for stronger policy measures to support HP deployment as part of
a broader electrification strategy.

Adamo et al. [33] examined strategies for advancing high-temperature HPs (HTHP),
offering a detailed analysis of the policies implemented in some of the leading countries
for emissions worldwide. Their research reveals that in 2022, global HP installations
increased by 11%, with a 38% rise in Europe. In the United States, sales of HPs outpaced
those of gas boilers for the first time. The authors underscore the growing significance of
HPs, especially HTHPs and industrial HPs (IHPs), in industrial heating and district
heating networks, as well as their crucial role in facilitating the integration of RES into the
power grid. The study discusses various funding programs, tax incentives, and R&D
initiatives implemented by governments in countries such as Australia, Canada, China,
Japan, the European Union, and the United States to support HP development and
adoption. For instance, China’s plans include a building sector electrification rate of 55%
by 2025 and 65% by 2030, with a growth in HP capacity. The authors underline the
importance of electrical grid infrastructure and supportive regulatory frameworks for the
widespread adoption of HPs.



Sustainability 2025, 17, 5938

7 of 32

Abbeasi et al. [34], in a review article, explored the key challenges associated with the
adoption of HPs, highlighting issues such as high upfront investment, increased electricity
consumption and peak demand, the need to upgrade building envelopes to increase
thermal insulation, concerns over refrigerants, and both regulatory and social barriers,
including user experience and the risk of exacerbating energy poverty in the absence of
electricity price controls. On the benefits side, the review emphasizes the high energy
efficiency of HPs, their ability to utilize RES, the dual functionality of reversible systems
for both heating and cooling, their relatively low maintenance requirements, and the
potential for integration with complementary technologies such as thermal storage, solar
panels, and hybrid systems.

The studies cited above help contextualize the role of heat pumps within the
framework of both national and European decarbonization targets. While this paper
focuses specifically on the adoption of heat pumps, it is important to emphasize that their
deployment must be part of a broader strategy. Such a strategy necessarily involves the
parallel development of other technologies to achieve targets for increasing the share of
renewable energy in the heating and cooling sector. These include systems based on
bioenergy, solar thermal, geothermal, and hydrogen. Several studies have highlighted the
importance of integrating multiple systems—for example, combining HPs with solar
systems and thermal energy storage [11,16,17,24,28]. As highlighted in some of the
referenced studies, when paired with heat pumps, thermal storage proves particularly
effective in mitigating daily fluctuations in renewable energy generation. A forward-
looking strategy should also include building renovation plans aimed primarily at
reducing energy demand through improvements to the building envelope [13,34].

These considerations constitute implicit baseline assumptions of this study, as the
evaluation is based on the targets set out in Italy’s Integrated National Energy and Climate
Plan (PNIEC). Specifically, the share of renewable energy attributed by the plan to heat
pumps is calculated in relation to the expected contributions of other technologies, as well
as to the projected reduction in energy consumption resulting from the renovation of the
existing building stock. Furthermore, the study focuses exclusively on calculating the
share of renewable thermal energy produced, without considering the impact of heat
pumps on electricity demand, which would necessarily require an analysis of energy
storage solutions.

The study is structured into five main sections (Figure 1). First, it presents a detailed
analysis of the annual market data for HPs in Italy. Following this, the study undertakes
an estimation of the total stock of HPs in operation across the national territory. The third
part is dedicated to the territorial disaggregation of this stock to consider the climatic
specificities of the country. Based on these analyses, the fourth section focuses on the
calculation of ambient energy produced by HPs in the reference year 2022. Finally, the
fifth and concluding section presents the calculation of ambient energy projected in
various future scenarios, developed considering different installation rates, to verify the
potential achievement of the RES targets in the heating sector defined by the PNIEC by
2030.
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Figure 1. Research procedure adopted in the study.

2. Italian Goals

The Integrated National Energy and Climate Plan (PNIEC, June 2024 version [35])
outlines an increase in the share of renewable energy in the heating sector by 2030 (Table
1). Based on the PNIEC projections, this study aims to assess the contribution of ambient
energy generated by electric compression HPs and to estimate the number of new
installations required to achieve the growth targets. Despite the challenging objectives,
preliminary data published by the EHPA in March 2025 indicate a contraction of the
Italian HP market, estimated between 3% and 5% in 2024 compared to 2023 [36]. However,
this decline hides different dynamics among market segments. The residential A/A HP
sector, particularly split systems, experienced strong double-digit growth, driven by the
replacement of older units from 2004 to 2009 and uncertainty over the future of the
national incentive scheme in 2025, which boosted demand in late 2024 [36]. In contrast,
sales of residential A/W and W/W HPs fell sharply by an estimated 35-40% due to the end
of the “Superbonus” program (the “Superbonus” is an Italian measure, introduced in
2020, that provides a tax credit worth up to 110% of the cost of building renovations aimed
at improving energy efficiency.), bringing the market back to 2021 levels. Hybrid systems
were hit even harder, with an estimated 70% drop. HPs for DHW showed relative
resilience, with a decline of only 5% [36].

Table 1. The 2030 growth targets for the share of renewable energy in the heating sector (ktoe)
(Source: Table 13 of the PNIEC [35]).

Year 2021 2022 2025 2030
Numerator 11,061 10,626 12,490 17,634
Gross heat production from RES 373 373 519 537
Final RES consumption for heating and cooling 10,688 10,252 11,970 17,097
of which biomethane ® 0 0 996 3186
of which other bioenergy ™ 7477 6827 7018 7464
of which solar 247 263 494 699
of which geothermal 115 110 167 208
of which hydrogen 0 0 12 315
of which ambient energy 2849 3052 3284 5225

Denominator —final gross consumption in the
thermal sector
Renewable energy share (FER-C) (%) 19.40% 20.60% 24.50% 35.90%

57,068 51,538 50,884 49,159
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Possible contribution from waste heat and 450
renewable electricity (flexibility) @

Renewable energy share with flexibility (%) 36.50%

() The contribution refers to solid biomass, biogas (including biomethane), and bioliquids (including
biodiesel and bio-LPG) that meet sustainability requirements. @ Assumption of the cumulative
contribution from annual increases between 2021 and 2030 of renewable electricity used for heating

and waste heat recovered through district heating systems.

The PNIEC foresees that, between 2021 and 2030, ambient energy produced by HPs
will increasingly contribute to meeting RES targets, reaching over a quarter (26.7%) and,
by 2030, almost a third (30.6%) of final consumption for heating and cooling services
(Table 1). HPs represent one of the key technologies for achieving climate neutrality,
thanks to the progressive decarbonization of the electricity needed for their operation,
made possible by the expansion of RES. Their main strength lies in their high versatility,
making them suitable for buildings of all types, both new and existing, intended for
residential, commercial, industrial, or agricultural use.

The share of ambient energy considered in the PNIEC includes three main types of
HPs, classified according to the source from which thermal energy is extracted (outdoor
heat exchange):

e Air-source HPs: these extract thermal energy from the ambient air.

e Ground-source W/W HPs: these include systems that capture thermal energy from
the ground.

e  Hydrothermal HPs: these utilize thermal energy from water sources (groundwater,
lakes, etc.).

e  HPs can also be classified based on the type of fluid used for heat exchange within
the building (indoor heat exchange).

e Water-based: These transfer heat through a hydraulic circuit that powers hot water
radiators or underfloor heating systems. Examples include A/W-HPs and most GS-
W/W-HPs.

e Air-based: as the name suggests, these use a wall-mounted unit to circulate warm air
(or cool air if reversible).

3. Methodology for Estimating the Ambient Energy Produced by HPs

To calculate the share of renewable energy produced by heat pumps for different
technologies, we referred to the Commission Decision of 1 March 2013 [37]. This
establishes the guidelines that Member States must follow for the calculation, in
accordance with Article 5 of Directive 2009/28/EC of the European Parliament and Council
[38]. The document provides reference data for performing a “standard calculation” based
on “cold”, “average”, and “warm” climatic conditions as defined by Commission
Delegated Regulation 811/2013 [39]. These conditions correspond to the typical air
temperature and global solar radiation values for the cities of Helsinki, Strasbourg, and
Athens, respectively. Reference data are provided in Table 2.

Table 2. Climatic characteristics of the reference locations.

Climatic Reference  Average Annual Average Annual  Total Annual
Conditions  Location Temperature Solar Irradiance  Solar Irradiation
°C W/m? kWh/m?
Cold Helsinki 7.01 112.8 988
Average Strasbourg 114 139.5 1222

Hot Athens 18.1 203.9 1786
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Data processed by the portal: JRC Photovoltaic Geographical Information System
(PVGIS)—European Commission PVGIS-ERA5: 2005-2023 [40].

Table 3 presents the reference conditions established by the EC Decision regarding
the values of Hur and SPF (SCOPret) for electric HPs, in accordance with Commission
Delegated Regulation 811/2013 [37], as amended by the EU Official Journal (OJ) No. 8 of
January 2014, p. 32 (2013/114/EU). Based on these data, it is possible to estimate the
amount of renewable energy produced by HP technologies (Ers, Equation (2)) as a
function of the total usable heat (Qusabe, Equation (1)), estimated based on the heat
produced by the HPs. This value, expressed in GWHh, is calculated as the product of the
rated heating capacity Prated and the annual equivalent operating hours of the HPs (Hup),
according to the following formulas.

Qusable = Hup * Prated (1

1
Eres = Qusable * (1 - ﬁ) (2)

The SPF factor in the formula corresponds to the net seasonal performance coefficient
in active mode (SCOPret) for electric HPs or the net seasonal primary energy index in
active mode (SPERnet) for thermal HPs.

The analysis considers only HPs with an SPF greater than 1.15 - 1/n. Assuming an
energy system efficiency (n) of 45.5%, the minimum SPF for electric HPs (SCOPnet)
included in the calculation of the share of energy from renewable sources under the
directive is 2.5.

Table 3. Reference values for different types of HPs [37].

Climatic Conditions

Cold Average Warm
. yer ks . SPF SPF SPF
HP Energy Source Energy Source Distribution Medium Hze SCOPuat Hur SCOPuat Hur SCOPuut
air/air 1970 2.5 1770 2.6 1200 2.7
air/water 1710 2.5 1640 2.6 1170 2.7
Air-source energy air/air (reversible) 1970 25 710 2.6 120 2.7
air/water (reversible) 1710 2.5 660 2.6 120 2.7
exhaust air/air 600 2.5 660 2.6 760 2.7
exhaust air/water 600 25 660 2.6 760 2.7
Geothermal energy ground/air 2470 3.2 2070 3.2 1340 3.2
ground/water 2470 3.5 2070 3.5 1340 3.5
water/air 2470 3.2 2070 3.2 1340 3.2
Hydrothermal heat water/water 2470 35 2070 35 1340 35

4. Climatic Classification of Italian Locations

The Commission Decision of 1 March 2013 [37] stipulates that, in the presence of
heterogeneous climatic conditions within a country, the estimation of the installed
capacity of HPs should be carried out separately for each climatic zone. In Italy,
Presidential Decree No. 412 of 26 August 1993 [41] currently divides the territory into six
climatic zones (A, B, C, D, E, and F). This decree [41] also sets specific limits on the
maximum daily operating hours and the overall duration of the heating season, based on
the climatic zone. Starting from this classification, Italian locations were grouped into the
three categories outlined by [37]: cold climate, average climate, and warm climate, which
refer to the temperature conditions characteristic of the cities of Strasbourg, Helsinki, and
Athens, respectively.
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Using heating degree days provided by EUROSTAT (average 2019-2023) [42], the
absolute deviation from the three reference values (Helsinki, Strasbourg, and Athens) was
calculated for each provincial capital city in Italy. Additionally, a supplementary rule was
adopted: if, according to national legislative ref. [41], the majority of municipalities in the
area of a provincial capital fall into climatic zones E (Heating Annual Degree Days
between 2101 and 3000), and more than 25% fall into climatic zones F (Heating Annual
Degree Days exceeding 3000), the capital was automatically classified under the cold
climate cluster.

This methodology allowed for a comparison between the climatic conditions of
national locations and those of the reference locations, enabling the classification of the
Italian territory according to the classification outlined in ref. [37].

This approach was preferred over another methodology, mentioned in ref. [43],
which follows a different logic, classifying the Italian provincial capitals exclusively based
on heating and cooling annual degree days (average 2010-2019). This method also divides
the provincial capitals into the three climatic categories (“warm”, “average”, and “cold”),
but the classification follows the following rule: provincial capitals with less than 2000
annual heating degree days (HDDs) are considered “hot climate”, those with a value
between 2000 and 3000 HDDs are classified as “moderate climate”, while capitals with
more than 3000 HDDs fall into the “cold climate” category. However, the Italian climatic
reality is significantly more complex and diverse, as within the same provincial capitals,
there can be notable variations in HDDs between different municipalities. In fact, even
within the same municipality, some locations may have different HDDs due to differences
in altitude or microclimatic characteristics.

According to the assumptions adopted for this study, Table 4 shows the distribution
of provincial capitals and their population across the 20 Italian regions. Additionally, the
number of provincial capitals and their population are distributed in the three climatic
condition areas (cold, average, and warm). The data reveals that most of Italy’s population
lives in areas with a warm (50.9%) or average (37.9%) climate, while a smaller proportion
is found in cold zones (11.2%). Similarly, the distribution of the capitals follows the same
pattern, with 51.8% in warm areas, 36.4% in average areas, and 11.8% in cold areas.

Table 4. Distribution of provincial capitals in each Italian region and their resident population [44]

across Italian regions, classified by climatic conditions.

Climatic Conditions

. . Cold Average Warm
Italian Region — ; — " — ;
Provincial Populatio Provincial Populatio Provincial Populatio
Capitals n Capitals n Capitals n
Abruzzo 0 0 1 301,910 3 1,020,337
Basilicata 0 0 0 0 2 570,365
Calabria 0 0 0 0 5 1,965,128
Campania 0 0 0 0 5 5,839,084
Emilia-Romagna 1 448,899 8 3,999,942 0 0
Friuli Venezia 1 531,466 3 686,406 0 0
Giulia
Lazio 0 0 1 157,420 4 5,740,704
Liguria 0 0 1 850,071 3 715,236
Lombardy 2 1,050,296 10 8,968,510 0 0
Marches 0 0 2 515,501 2 648,973
Molise 0 0 1 85,805 1 224,644
Piedmont 5 3,379,048 3 1,013,478 0 0
Apulia 0 0 0 0 6 4,063,888
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Sardinia 0 0 0 0 8 1,653,135
Sicily 0 0 0 0 9 5,056,641
Tuscany 0 0 3 996,924 8 3,119,094
Trentino-South » 1,062,860 0 0 0 0
Tyrol
Umbria 0 0 1 660,690 1 228,218
Aosta Valley 1 126,883 0 0 0 0
Veneto 1 205,781 6 4,701,748 0 0
Total 13 6,805,233 40 22,938,405 57 30,845,447
Percentage 11.8%  112%  364%  37.9%  51.8%  50.9%
distribution

5. Heat Pump Installations Based on Market Analysis

The number of HP technology systems/devices in operation for heat generation was
estimated based on research conducted by AssoClima and edited by the Anima Research
Office on the market for climate system components for the period 2008-2022 [45]. It was
assumed that the Italian revenue, including both domestic production and imports,
reflects the equipment effectively installed and operating in Italy.

As stated in ref. [37], “In warmer climates, reversible heat pumps are primarily
installed for indoor cooling, although they can also provide heating in winter. These
systems can be integrated into existing heating installations. In such cases, the installed
capacity reflects the cooling demand rather than the heating provided. Since in these
guidelines the installed capacity is an indicator of heating demand, this results in an
overestimation of the actual amount of heat supplied. Therefore, an appropriate
adjustment is necessary”. For this reason, in the case of mono- and multi-split systems, it
was necessary to adjust the nominal heating capacity (Prad) of the national stock. The
EHPA Heat Pumps Barometer 2024 [46] has updated the calculation method for A/A-HP
sales mainly intended for heating by adopting new adjustment factors to exclude those
primarily used for summer cooling. The new factor for 2023 is 11.3% for Italy, compared
to the previous 9.5%, which was based on a 2013 Italian market survey.

From the data analysis (Tables 5 and 6), it emerged that as of 2022, a total of 21,087,668
HP units were in operation, with a total thermal capacity used for heating of 39.04 GW.
Furthermore, it was found that most of these units (20,172,558) are intended for residential
use, with a nominal heating capacity of 17.40 GWw recorded in this sector.

In the non-residential sector, on the other hand, there are 915,109 units, with a total
thermal capacity of 21.63 GWu, reflecting the difference in the type of systems used.

The year 2022 was chosen as the baseline for the analyses, as it constitutes the most
recent year with available recorded data in the PNIEC [35].

Table 5. HPs in operation as of 2022 (corresponding to sales from 2008 to 2022).

tit
Qu:;;)l y Total Installed Thermal Capacity

Units GWun

(110.31)

TOTAL 21,087,668 39.04 **
— (88.68) *
Residential 20,172,558 17.40 **
(80.36) *

A/A-HP 19,352,532 9.08 **

A/W-HP 810,975 8.14

W/W-HP 9051 0.19
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Not residential 915,109 21.63
A/A-HP 872,537 15.22
A/W-HP 39,071 5.79
W/W-HP 3501 0.62

* Actual data. ** For mono-split and multi-split units intended for residential use, the data is

obtained by applying an adjustment factor of 11.3%.

Looking at the spread of system typologies, A/A-HPs are by far the most common,
representing 95.9% of the total with 20,225,070 units (Table 6). Despite this wide
prevalence, their contribution to the thermal capacity used is 24.3 GWw, which accounts
for 62.3% of the total. This is because they are primarily used for summer cooling. A/W-
HPs, while only constituting 4.0% of the installed units (850,046 units), have a significant
impact on the thermal capacity used, with 13.9 GWu, or 35.7% of the total. W/W-HPs,
although they represent just 0.1% of the installed units (12,552 units), contribute 0.8 GWin
to the overall thermal capacity, or 2.1% of the total.

Table 6. Summary overview of HPs in operation as of 2022 (corresponding to sales from 2008 to

2022).
Unit in Prated,eff Prated,adj
Type Operation % GWm % GWmn %
A/A-HP 20,225,070 95.9% 95.6 86.60% 24.3 (*) 62.30%
A/W-HP 850,046 4.0% 13.9 12.60% 13.9 35.70%
W/W-HP 12,552 0.1% 0.8 0.70% 0.8 2.10%
Total 21,087,668 100.0% 110.3 100.00% 39.04 100.00%

Prated,eft = actual thermal capacity [GWin]; Prawed,aqj = adjusted thermal capacity (used in the scenarios)
[GW]. (*) The adjustment factor has been applied to A/A-HPs (mono-split and multi-split) used in

residential settings.

Based on ref. [46], reversible A/A-HPs continue to represent the majority of sales, with
Italy being the leading reference market for this technology. According to statistical surveys
of ref. [45] on the market for climate system components, it also emerges that mono-split and
multi-split air-cooled condensing systems are entirely imported, with no national production.

Figures 2 and 3 show annual data from 2004 to 2023 regarding the number of HPs
and the total annual thermal capacity, respectively. The increase in A/W-HPs is a sign of
the gradual replacement of boilers, which were used together with split systems in the
same households until 2010. Figure 4 presents a comparative chart of the overall data for
the period 2008-2022, referring to the residential and non-residential sectors.
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Figure 2. Number of HPs from 2004 to 2023.
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Figure 3. Annual total thermal capacity from 2004 to 2023 [MWu].
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Figure 4. Distribution of total thermal capacity in GWw (a) and HPs (b) as of 2022 (count referring
to the years 2008-2022).

Based on the data analysis, regarding the residential sector, the following factors are
believed to have contributed to the increase in installations of mono-split and multi-split
systems (A/A-HPs):
¢  Growth in demand and post-COVID context: The growing demand for residential

air conditioners began in the post-COVID period and was further strengthened by
increasingly hot summers, which led many users, even those who previously did not
have an air conditioning system, to proceed with installation. The analysis of pre-
and post-pandemic trends shows a clear increase in installations, confirming that
changes in living habits and altered thermal comfort needs have significantly
influenced this development.

e Impact of economic incentives: In recent years, for the purchase and installation of
mono-split and multi-split systems, the most used financial incentives have been the
so-called “Bonus Casa” and “EcoBonus”, which provide a 50% or 65% discount in
the form of tax deduction. These incentives have provided good coverage of
investments for A/A-HPs, especially considering their relatively low cost.
Consequently, the driving effect of the so-called “Superbonus”, providing tax
deductions of up to 110%, was marginal, highlighting how less costly incentives had
a greater impact in supporting this kind of technology in the residential sector.
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Replacement of existing split systems: It is estimated that around 5.2 million mono-
split systems (under 7 kW) installed between 2004 and 2008 have reached their end-
of-life, defined by regulations as 15 years, in recent years, forcing new installations.
At the same time, only 3.9 million units were installed in the following five years
(2009-2014). This suggests that, in the coming years, the replacement of existing
systems now reaching the end of their life could have a moderate impact on the
volume of new installations. It is therefore expected that in the next few years, the
impact of replacing existing systems, which have reached the end of their life, will
gradually decrease. Ref. [36] outlines the trends in the Italian HP market for 2024 by
segment.

e  Residential A/A-HPs (split systems): This segment experienced double-digit growth
in 2024. The increase is mainly attributed to the replacement of older units installed
between 2004 and 2009, as well as uncertainty regarding the future of the incentive
schemes in 2025, which stimulated purchases towards the end of 2024.

e  Residential A/W-HPs and W/W-HPs: Sales in this category have decreased by
approximately 35% to 40%. The primary reason for this drop appears to be the end
of the so-called “Superbonus” program, which had previously supported the market,
bringing it back to 2021 levels. This highlights the strong dependence of this segment
on government incentives.

e Hybrid systems: this segment experienced an even sharper decline, with an
estimated drop of 70%, suggesting a potential loss of appeal following regulatory or
incentive changes.

e HPs for DHW: this segment remained relatively resilient, with only a limited decline
of 5%.

e  Commercial sector (VRF, A/W-HPs, and W/W-HPs): Unlike the residential sector
(excluding A/A-HP systems), the commercial sector continued to show growth,
supported by stable demand from businesses and industries, largely independent of
incentives. This confirms the different market dynamics between the residential
sector and specific segments of the non-residential market.

Despite the revised Energy Performance of Buildings Directive [47] foreseeing the
cessation of financial incentives for the installation of single fossil fuel-powered boilers
starting from 1 January 2025 [48], preliminary data for 2024 show a negative trend in the
sales of A/W-HPs, a technology considered central for replacing traditional boilers. This
slowdown in the HP market, particularly in the residential A/W-HPs segment [36], raises
questions about its ability to replace fossil fuel boilers in a timely and large-scale manner
in the absence of specific incentives and in a context of potential regulatory uncertainty.

6. Territorial Breakdown: Climatic Location of the HP Stock

The location of the HP stock for heating systems in climatic areas is essential to ensure
that the results are as close as possible to the actual territorial reality. The assignment was
made by integrating two sources of information: (a) the distribution of the population
residing in Italian regions (Table 4); (b) data on the diffusion of HPs across the national
territory, provided by Assoclima and limited to hybrid systems by Assotermica.
Assoclima represents a fundamental data source, as it conducts an annual statistical
survey on the market for components used in air conditioning systems [45]. Each year, the
survey provides insights into the overall market trends, focusing on product families with
the highest revenue and market share. Over 40 companies contribute data on the
production, import, export, and Italian market of products like monobloc and split air
conditioners, VRF systems, roof top units, air treatment units, air- and water-cooled
refrigeration units, HPs, terminal units, and A/A systems.
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The integration of data has enabled an estimation of the geographical and climatic

distribution of HP systems.

Table 7 shows the geographic distribution of HP technologies available on the

market, broken down by region, technology type, and usage sector (residential and non-

residential).

Table 7. Distribution of HP stock (Sources: Assoclima and Assotermica for Hybrid Systems).

Stock (A)

Stock (B)

0.0%

5.8%

14% = 1.7%
7.7% 91%
0.2% « 0.2%
85% % 8% 4
: 0.2% 1.1%
2.1% 4.2%
2.5% 1.7%
4.3% 3.7%
Application Type and size Application Type and size
A/A-R. Mono-5Split (Pratea< 7 kWin) A/A-R. Multi-Split
A/A-N.R. Mono-Split (Pratea> 7 kWin) A/W-R. Hydronic HP (Pratea < 17 kWin)
A/A-N.R. Roof Top and Package A/A-N.R. VREF (Prated < 16 kW)
A/W-R. A/W (18 > Prated > 50 kW) A/A-N.R. VREF (Prated > 16 kW)
A/W-N.R. A/W (Prated > 50 kWin) A/W-R. Hybrid Systems (Gas boiler + HP)
W/W-R. W/W (GS-W/W-HPs) (Prated < 17 kW)
Legend: R—residential; NR—not residential; A/A—air to air; A/W —air to water; W/W —water to

water.
Table 8 presents the results concerning the final distribution of the HP stock by
climate severity area, as described in the previous sections.

Table 8. Percentage distribution of the HP stock by type and climate area.

Climatic Conditions

Stock Distribution Cold Average Warm
Stock (A) 10.6% 50.7% 38.7%
Stock (B) 12.8% 48.5% 38.8%

7. Scenarios for Achieving the PNIEC Objectives

Before proceeding with the definition of the scenarios, further baseline assumptions
were established concerning the operational lifespan of the systems. The standard EN
15459-1:2018 [49], in Annex D (informative), specifies that for economic evaluations, the
lifespan of HP systems ranges between 15 and 20 years. In the Italian Greenhouse Gas
Inventory 1990-2021 [50] ISPRA provides the table “Average lifetimes and recovery at
decommissioning for the Stationary air conditioning equipment”, shown below as Table
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9, indicating a varying lifetime of the technology depending on the type of equipment

considered.

Table 9. Expected average lifetime by equipment type.

Type of Equipment

Average Lifetime

[Years]
Room air conditioner 12
Mono-split, multi-split, VRF 15
Packaged, roof top 18
Precision air conditioning 22
Only cooling chiller 25
HP chiller 20
Hybrid machines 25

For the purpose of simplifying the analysis, this study assumes that all HP systems

have a lifetime of 15 years, regardless of the technology type. Table 10 presents the results

related to the estimation of the renewable energy (Ers) produced by HP technologies,

according to ref. [37].

Table 10. Estimate of the share of gross final consumption for heating thermal energy covered by
renewable sources in 2022 (stock from 2008 to 2022).

Type Scope Technology Prated,eft [kKWin]  Eres [GWh] HP Units
AIR-AIR R. Mono-Split pP<7 2267 14,864,192
R. Multi-Split n.a. 1196 4,488,341
AIR-WATER R A/W P<10 2152 325,550
R. A/W 11<P<17 1963 190,591
R. Hybgli C(S;slljg;ler " na. 1727 238,288
R. AW 18 <P <50 1526 56,546
WATER- W/W (ground source
WATER R included) p<17 84 5599
R, W/W(groundsource o g 162 3452
included)
AIR-AIR N.R. Mono-Split P>7 5675 563,784
N.R. VRF P<19 1207 93,835
N.R. VRF 20<P <30 2211 96,436
N.R. VRF P>30 4021 101,847
N.R.  Roof Top and Package P<29 39 1731
N.R.  Roof Top and Package 30<P<72 228 4723
N.R.  Roof Top and Package 73<P <120 317 3689
N.R.  Roof Top and Package P>120 1083 6492
AIR-WATER N.R. AW 51 <P <100 1415 21,124
N.R. A/W 101 <P <200 1459 10,887
N.R. AW 201 < P <350 1074 4308
N.R. AW 351 < P <500 647 1670
N.R. AW 501 < P <700 440 819
N.R. A/W 701 <P <900 138 185
N.R. A/W 901 <P <1.200 71 78
WATER-
WATER N.R. W/W 51 <P <100 141 1425
N.R. W/W 101 <P <200 228 1162
N.R. W/W 201 <P <350 212 587
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N.R. W/W 351 < P <500 103 189
N.R. W/W 501 < P <700 67 86
N.R. W/W 701 < P <900 36 35
N.R. W/W 901 < P <1.200 23 17
Total [GWh] 31,911 -
Total [ktoe] 2744 -
Total (units) - 21,087,668

The estimate made is consistent with the data reported by GSE in 2022 [51], which
states 2744 ktoe of ambient energy for heating and DHW and 308 ktoe of ambient energy
for cooling, for a total of 3052 ktoe.

8. Results

To assess the market’s ability to achieve the PNIEC targets, four possible annual HP
installation scenarios were defined until 2030. These scenarios are based on historical
installation data, considering market trends and the effectiveness of incentive policies.
Referring to three different years (2022, 2021, and 2020), the scenarios differ not only in the
number of units installed annually but also in the average capacity of the HPs (Table 11) and
the technology mix (Figure 5). Preliminary data from 2024 [36] suggest that the Italian HP
market is undergoing a transitional phase, with strong growth in some segments offset by
significant declines in others, particularly following the removal or reduction of incentives.

e Scenario A (2022): This scenario assumes an installation rate equal to that recorded
in 2022, approximately 2.5 million units per year. This represents the highest
installation level reached so far and is considered an ambitious goal but achievable
with appropriate support policies. If maintained consistently until 2030, this pace
would exceed the PNIEC target, ensuring 31.81 million HPs installed and an adjusted
thermal capacity of 69.82 GWin.

e Scenario B (2021): This scenario considers an installation rate of 2.2 million units per
year, with an adjusted thermal capacity of 58.53 GW. This growth level would be
sufficient to meet the PNIEC targets until 2025, but it would be insufficient for 2030,
where an additional 4 million units are required to meet the goal. To bridge the gap
and reach the final target, an increase in the installation rate would be necessary from
2027 onward, with installations reaching approximately 3.2 million units per year in
the last four years of the reference period.

e  Scenario C (2020): This is the most conservative scenario, based on an annual
installation rate of 1.6 million units, in line with the 20162020 average, and an
adjusted thermal capacity of 49.85 GW. This scenario would only meet the PNIEC
targets for 2025 but would create a gap for the 2030 target, requiring about 8.9 million
units. To catch up, the installation rate would need to nearly double from 2026
onward, reaching about 3.4 million units annually in the last five years.

e Scenario D (2020, with a different distribution of HPs): This additional scenario has
been developed based on the assumption of a total installed heating capacity equal
to the minimum value recorded in the three years preceding 2023, but with a different
technological mix of HPs used in the residential sector. Specifically, the scenario
involves a partial replacement of A/A units with A/W and W/W models while
maintaining the same total heating capacity. Even under this configuration, the
targets set for 2030 are achieved. It should be noted that, unlike for A/A systems,
thermal capacity for A/W and W/W HPs has been fully considered without any
adjustment, which facilitates the achievement of the targets. A detailed breakdown
of the number of machines used by technology is provided in Appendix A.
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The results show that the most aggressive scenario (A) can ensure full achievement
of the PNIEC targets by 2030, while the other two scenarios (B and C) would require
significant acceleration in the second half of the decade. An additional scenario (D), based
on the same overall heating capacity (Pratedett) as Scenario C but with a different
distribution of HP technologies installed in residential settings, also reaches the 2030
targets. In fact, in Scenario D, the strategy involves the partial replacement of A/A-HPs
with A/W-HPs and W/W-HPs. This shows that the type of HPs used is just as important
as the total number installed. The latter scenario, as shown in Figure 5, further highlights
the strategic importance of promoting technological advancement and the deployment of
A/W-HP and W/W-HP systems to fully exploit the installed thermal capacity for the
achievement of renewable heating targets of the PNIEC.

Prated,eff [thh] P rated,adj [thh]
180 165.6 200
160 150.5 180
140 137.1 137.1 160
Z120 £ 140
2 2 120
O 100 <)
& =S 100
380 2 80 69.8 66.0
% 60 3 58.5
o ar 60 49.8
40 40
20 20
0 0
Scenario A Scenario B Scenario C Scenario D Scenario A Scenario B Scenario C Scenario D
HA/A BA/W EW/W HA/A BA/W = WW

Figure 5. Total thermal capacity in the considered scenarios.

Another source of uncertainty is the market and industrial supply chain’s ability to
sustain such a rapid increase in installations.

In 2022, the HP industry in Europe directly hired about 161,632 individuals, with
roughly 80,000 working in installation-related tasks [6,52]. The estimated total number of
heating system installers in Europe is around 1.5 million [6]. Industry associations
estimate that by 2030, an extra 500,000 to 750,000 skilled workers will be necessary, with
around 50% of the existing workforce needing retraining [31]. Based on the IEA’s
Announced Pledges Scenario [1], the worldwide need for installers may increase fourfold
by 2030, nearing 850,000 [53]. According to the REPowerEU goals, the quantity of certified
installers within the IEA framework is anticipated to increase from 40,000 in 2019 to
110,000 by 2030 [53]. In addition to the numerical lack of employees, the industry
encounters obstacles related to deficiencies in HP-specific skills within educational
programs and the absence of mutual recognition of qualifications.

Therefore, it will be necessary to carefully plan incentive policies and develop support
measures for installers and manufacturers to ensure stable and sustainable growth.

Table 11 provides a summary of data derived from the simulated scenarios.

Table 11. Summary of results from the scenarios.

Total E Eres hﬁ’f:;?:lat;ip
. Million  Number Puated  Pratedad " PNIEC _ . oom& %
Scenario 2030 ar. [ktoe] Units to Achieve
[HPs/Year] [Million [GWwn] [GWmul] [ktoe]
Units] (*) %) the PNIEC Goal
[Million Units]

A—2022 25 31.81 165.60 69.82 5029 -
B—2021 2.2 29.76 150.51 58.53 4168 4723 3.96

C—2020 1.6 25.72 137.07 49.85 3505 8.94
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(*) Eres considers the ambient energy associated with heating and DHW services, while it does not
consider the ambient energy for cooling. (**) The PNIEC forecasts, for 2030, an Eres of 5225 ktoe,

including the ambient energy destined for heating, DHW, and cooling. In the present analysis, the
ambient energy for cooling has been excluded on a lump-sum basis, estimating it at 9.61% of the
PNIEC goal. This share was determined by calculating the average of the data collected by GSE
from 2021 to 2023, thereby adjusting the goal for heating and DHW alone to 4723 ktoe. This is an
assumption, and this share could vary over time. (***) The scenario considers the same effective Pratcd

as in Scenario C, but with a different distribution of HP units in the residential sector.

Figure 6 provides a dynamic graphical representation of the estimated evolution over
time of the renewable energy (Eres) produced by HPs in Italy, projected through to 2030
based on the four installation scenarios simulated in the study.

Historical data Scenario data

2021

2022 2023 2024 2025 2026 2027 2028 2029 2030

Year

Scenario A (2022, ~2.5 mIn units/year) Scenario B (2021, ~2.2 mIn units/year)

Scenario C (2020, ~1.6 mIn units/years) = =— PNIEC Objectives

'''''' Scenario D (2020, ~1.3 mIn units/years)

Figure 6. HP system installation scenarios (growth of ambient energy associated with heating

service in ktoe).

Figures 7-10 detail the evolution of total heating capacity by HP type across the four
scenarios, highlighting differences in growth trajectories between 2023 and 2030.

Scenario A—2022 (Figure 7) represents the most ambitious outlook in terms of HP
deployment, reflecting a context in which supportive public policies, targeted economic
incentives, and technological innovation converge to drive a rapid transformation of the
heating sector. In this scenario, the capacity associated with A/A-HP systems increases
from 24 to 33 GWm (+35%) between 2022 and 2030, following a steady upward trend. The
growth in A/W-HP technology is even more pronounced, with capacity rising from 14 to
36 GW (+161%) over the same period, an increase of 20 GWm in just seven years. The
W/W-HP segment remains constant at about 0.8 GWw throughout the entire time frame.
As a result, the total installed heating capacity reaches approximately 70 GWu by 2030,
marking an increase of over 79% compared to 2022. In this context, A/W-HP technology
surpasses A/A-HP in terms of installed capacity, confirming its role as the primary driver
of future growth due to its higher seasonal efficiency and compatibility with low-
temperature hydronic heating systems.
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Figure 7. Evolution of total heating capacity in Scenario A.

Scenario B—2021 (Figure 8), by contrast, outlines a more moderate but consistent
growth trajectory. A/A-HP systems increase from 24 to 32 GW (+31%) between 2022 and
2030, while the A/W-HP segment expands from 14 to 26 GWwu (+87%). The W/W-HP
capacity again remains stable at about 0.8 GWw. Total heating capacity in this scenario
reaches approximately 59 GWu by 2030, reflecting a more balanced development across
the main technologies and a gradual narrowing of the gap between A/W-HP and A/A-HP
systems.
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Figure 8. Evolution of total heating capacity in Scenario B.

Scenario C—2020 (Figure 9) presents the most conservative evolution, characterized
by slow growth and an early stabilization of values. A/A-HP systems grow only slightly,
from 24 to 28 GWm (+17%) between 2023 and 2030, while A/W-HP systems increase from
14 tojust 21 GWm (+48%) over the same period. The W/W-HP segment remains unchanged
at about 0.8 GWwm. Consequently, total installed capacity reaches only 50 GWw in 2030,
depicting a scenario in which the adoption of HP technologies slows and stabilizes, likely
due to the absence of strong enabling policies or structural changes in the heating market.
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Figure 9. Evolution of total heating capacity in Scenario C.

Scenario D—2020 (Figure 10) presents a strategic shift in the technological mix of
HPs, where the annual total heating capacity remains aligned with that of Scenario C (8.7
GWnhu), but with a different distribution of HP technologies. In this scenario, A/A-HP
systems show a modest increase, from 24.3 GWw in 2022 to 26.4 GWw in 2030 (+8.6%). This
represents a stable, incremental growth in line with historical trends, suggesting that A/A-
HP systems continue to dominate the market, even at a slower pace. The A/W-HP systems,
on the other hand, experience growth, from 13.9 GWi in 2022 to 38.9 GWi in 2030 (+179%).
This increase reflects a marked shift towards more energy-efficient technologies, with
A/W-HP systems overtaking A/A-HP in terms of installed capacity by 2030, much like in
Scenario A. The rapid expansion of A/W-HP systems shows their increasing role in the
heating market. The W/W-HP segment, however, remains largely stable in 2030. As a
result, the total installed heating capacity in Scenario D reaches 66 GWw by 2030, marking
an increase of approximately 69.2% from the 2022 baseline. This total capacity increase
reflects the substantial adoption of A/W-HP technology, which becomes the primary
driver of growth within this scenario.
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Figure 10. Evolution of total heating capacity in Scenario D.
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9. Impact of HP Type in Future Scenarios

In Italy, in 2022, the majority of installed HPs were A/A-HPs units (95.9% of the total).
Although A/W-HPs represented a smaller share (4.0%), they contributed significantly to
the thermal capacity used for space heating (35.7%). W/W-HPs (including GS-W/W-HPs)
remained much less widespread.

To facilitate the achievement of the PNIEC targets, two additional future scenarios
could be considered, each emphasizing the increased adoption of specific HP
technologies:

e In this scenario, an increase in the installation of A/W-HPs is assumed, replacing
traditional boilers. This would have a direct impact on the decarbonization of both
space heating and DHW production. A/W-HPs use hydronic heating systems
(radiators, underfloor heating), offering a more seamless transition for users already
accustomed to such systems. Furthermore, when properly sized for local climatic
conditions, they can operate efficiently even in average and cold climates. A higher
number of installed A/W-HPs, particularly when replacing fossil fuel boilers, would
lead to a more substantial reduction in CO2 emissions in the residential sector, thus
making a contribution to the PNIEC’s decarbonization objectives.

e  This scenario promotes the installation of W/W-HPs, paired with low-enthalpy
geothermal systems. These HPs take advantage of the more stable temperature of the
ground or water sources, generally achieving higher Seasonal Performance Factors
(SPFs) compared to A/A-HPs, especially in colder climates. Although their current
adoption is limited, a wider deployment of this technology could significantly
increase the share of renewable energy used for heating without requiring additional
electricity consumption. However, their installation often entails higher initial
investment costs and may require site-specific interventions. Despite recent national
regulatory simplifications, large-scale adoption of this technology will require
additional incentives and the removal of existing administrative and informational
barriers.

A gradual transition toward a higher share of A/W-HPs and W/W-HPs in the
installed base could represent an effective strategy to move beyond the current reliance
on A/A-HP systems, often primarily used for cooling, and maximize the contribution of
HPs to the PNIEC’s renewable heating targets.

Another important factor to consider in achieving the targets is the geographical
location where HPs will be installed. In colder climate zones, A/W-HPs and W/W-HPs can
offer better performance for space heating, especially when integrated with low-
temperature heating systems such as underfloor heating or low thermal inertia radiators,
and when installed in buildings with good thermal insulation. GS-W/W-HPs, thanks to
the stable temperature of the ground, can ensure high efficiency even during the coldest
periods. In mild and warm climate zones, A/A-HPs have been widely adopted, often for
summer cooling. However, A/W-HPs can also represent an efficient solution for winter
heating and DHW production, replacing traditional gas boilers and contributing to
decarbonization. Therefore, an effective strategy should include differentiated incentives
based on HP type and climatic zone, promoting the installation of the most suitable and
efficient technologies for the specific heating needs of each geographical area. For
example, greater incentives could be allocated for W/W-HPs in colder regions or for high-
efficiency A/W-HPs replacing old boilers across all climate zones.

10. Discussion

The results presented in the previous sections highlight both the opportunities and
the challenges on the path toward the decarbonization of the heating sector in line with
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the objectives of the PNIEC. It is essential to interpret our findings in the broader context
of European trends and policies. As highlighted in other research [18], the electrification
of the heating sector through HPs is recognized as a promising route for decarbonization
across the EU. However, the adoption rate and specific goals vary significantly among
Member States. For example, while some Nordic and Eastern countries may initially show
lower electrification rates, they foresee acceleration in the future, even replacing biomass
and district heating.

The analysis of policies adopted in countries like Germany, with the Smart-Grid-
Ready interface for HPs [17], or Ireland, with its support schemes and specific targets
[11,14], can provide valuable insights for refining Italian strategies.

The growth of heat pumps must be considered within the broader context of the
simultaneous development of multiple technologies. In Italy, the PNIEC assigns heat
pumps a crucial role while also highlighting the need to increase the deployment of other
solutions. As shown in Table 1, the 2030 scenario aims to promote the use of biomethane
to reduce reliance on natural gas. Additionally, solar thermal energy is expected to play
an increasing role in integrated systems for efficient and renewable heat production, also
supported by the promotion of seasonal thermal storage. In contrast, the installation of
biomass heating systems is expected to be limited, prioritizing those with high
environmental standards and efficiency. Finally, although still limited, hydrogen use is
projected to increase, particularly in hard-to-abate industrial sectors [35].

Despite growing interest, the large-scale adoption of HPs in Italy faces several
barriers. In addition to the high initial costs often cited [30], there are structural challenges
related to the suitability of existing buildings for low-temperature heating systems.
However, it is important to note that while low-temperature systems optimize the
seasonal performance of HPs, they are not the only option. High-temperature HPs, which
can be paired with radiators, also offer competitive COP values and can serve as a viable
alternative in these contexts. As highlighted by Roca Reina et al. [54], high-temperature
HPs and hybrid HPs were specifically developed to address the challenge of avoiding
extensive building renovations or adjustments to existing hydronic systems. Operating at
temperatures compatible with traditional radiators, these technologies can support the
decarbonization process, offering significant potential for reducing energy consumption
and CO: emissions (ranging from 40% to 70%, depending on the European region).
However, their specific performance, such as COP, may vary when compared to low-
temperature HP systems.

Information gaps between consumers and installers regarding the benefits and
operation of HPs, as well as the shortage of qualified installers, represent further
challenges. Compared to the Irish experience [14], it emerges that some factors other than
just economic ones, such as social networks and consumer characteristics, play an
important role in adoption decisions. The Italian regulatory and political context must
evolve to create more favorable conditions, such as through updated building regulations
and effective fiscal incentives.

The transition to electrified heating will inevitably lead to an increase in electricity
demand [16,18]. Therefore, it is essential to consider the impact on the Italian electricity
grid and the need for infrastructure investments to ensure the stability and adequacy of
the system. At the same time, HPs offer potential for demand-side management (DSM)
and flexibility of the electricity system, especially when combined with thermal storage
systems [24]. Leveraging this flexibility, for example through dynamic tariffs and price
signals, can help optimize grid use and the integration of intermittent renewable sources.

The technological landscape of HPs is diverse, including A/W-HPs, A/A-HPs, GS-
W/W-HPs, hybrid, and high-temperature systems [11]. In Italy, characterized by
considerable regional climate variability, it is important to promote the technology best
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suited to each specific context. For example, G5-W/W-HPs, while offering high levels of
efficiency [11], may be underutilized due to regulatory or informational barriers.

Cost and incentive analysis are central to understanding the speed and scope of HP
adoption. Financial incentives, such as those mentioned for various European countries
[11,35], prove to be essential tools for overcoming the barrier of high initial investment. It
is important to consider the adoption of targeted, long-term mechanisms, also taking into
account the total life cycle costs of HPs compared to fossil alternatives.

Although our analysis primarily focused on the residential and commercial sectors,
it is important to highlight the growing potential of HPs in the industrial sector,
particularly for processes requiring low- and medium-temperature heat. Further research
is needed to assess in detail the specific opportunities and challenges for the Italian
industry.

11. Limitations of the Study

The study considers four growth scenarios for the installation of HPs: Scenario A
(reference year 2022), Scenario B (reference year 2021), Scenario C (reference year 2020),
and Scenario D (reference year 2020, with a different technology mix). While these
scenarios provide a structured representation of potential market developments, they are
based on historical data and fixed assumptions and therefore may not reflect possible
future changes in policy, technological innovation, supply chain dynamics, or user
behavior. Moreover, the study does not account for ongoing climate change, which could
significantly alter heating and cooling needs over time, nor does it consider the
implications of using different climate data sources (e.g., EUROSTAT, IEA, ERA5) with
varying methodologies and temporal coverage.

When calculating the renewable energy produced by HPs (Ers) to assess the
achievement of the PNIEC objectives, the study excludes the energy used for cooling,
which is a simplification that could affect the overall results. The use of reference values
for Heating Performance Coefficient (Hur) and Seasonal Performance Factor (SPF, or
SCOPret) provided by the EC for various types of HPs further represents a generalization.
The actual performance of HPs installed in Italy may differ from these standard values
due to specific technical characteristics, installation conditions, and user habits.
Furthermore, the calculation we use is of a standard type and does not account for the real
performance characteristics of the HP units, instead relying on reference values from the
applicable standards. The study also assumes a 15-year lifespan for all HP systems for
simplicity. However, this assumption may not be entirely accurate, as there is variability
in the average lifespan based on the type of equipment. A further element of uncertainty
is represented by the adjustment factor (11.3%) applied to A/A-HPs in order to estimate
the capacity actually used for heating, thereby excluding units used solely for cooling.

These limitations should be considered when interpreting the study’s findings and
considering their implications for energy policies.

12. Conclusions

The analysis highlights the key role that HPs can play in Italy’s energy transition and
in achieving the goals set by the PNIEC for 2030. However, meeting these targets requires
a comprehensive strategic plan that includes economic support measures, regulatory
simplification measures, and adequate training for sector operators.

The study has shown that the incentive policies implemented in recent years have
placed Italy on the right path. The PNIEC requires that, by 2030, HPs contribute 4723 ktoe
of renewable energy. At an annual installation rate of 2.5 million units, the number sold
in 2022, the 2030 targets would not only be met but exceeded. Under this scenario, the
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installed HP stock in Italy would correspond to a total heating capacity of 69.82 GWw and

renewable energy production of 5029 ktoe. Assuming a shift in the market over the
coming years, characterized by a decline in small A/A-HP installations and a rise in A/W-

HPs, an annual installation rate of only 1.3 million new units would be sufficient to meet
the 2030 targets.

The presented scenarios show that achieving the objectives depends both on the

volume of installations and the type of technology installed. Additional factors must also
be taken into account, first of all the continued availability of incentives to ensure

economic feasibility. The following points outline the key elements to be addressed to

enable strategic development:

The continuity of incentives will be necessary to support market demand. Tax
deductions have proven effective in stimulating the adoption of HPs, but policy
uncertainty over their maintenance has unsettled the market. The scenarios
presented have highlighted that, with the incentives foreseen in the 2025 financial
law (covering the period until 2027), the goals can only be met up to the end of 2025.
However, starting from 2026, a revision of support measures will be essential, with
planning extended until 2030. Stable and long-lasting measures will therefore need
to be implemented. To ensure the effectiveness of future policies, it will be necessary
to implement stable, predictable, and diversified support mechanisms. In addition to
tax deductions, alternative or complementary incentives could include direct grants,
low-interest loans, and income-based subsidies, which are already widely used
across the EU. For example, France applies a reduced VAT rate of 5.5% to a range of
HP technologies and complements this with subsidies and targeted support. Italy
could consider adopting similar fiscal measures to reduce upfront costs and ensure
broader access to HP technologies. Moreover, rebalancing the tax burden on
electricity bills and introducing flexible electricity tariffs—especially for users
adopting renewable or smart systems—could improve the long-term economic
appeal of HPs. Promoting flexible use (e.g., operation during off-peak hours) would
also help consumers reduce costs and support grid efficiency.

The evolution of regulations could play a decisive role. The European Green Deal
and the directives on the decarbonization of the building sector are pushing toward
the adoption of more efficient and environmentally friendly technologies. A
significant impact on the HP sector is also expected from Regulation (EU) 2024/573
[55] on fluorinated greenhouse gases, which provides for the gradual phase-out of
high-GWP HFCs, commonly used as refrigerants in these systems. The regulation
also promotes the adoption of natural or low-climate-impact refrigerants, with
important implications for the design, manufacturing, and installation of heat pump
technologies. Adapting the Italian regulatory framework in line with these trends
will be essential.

The demand for electric HPs is expected to grow significantly in the coming years,
particularly in the residential sector. In Italy, there are about 6 million non-
condensing boilers, and replacing them with electric HPs would represent a strategic
choice in the short to medium term for decarbonization. As stressed by [56], special
attention should be given to the segment of HPs with capacity below 18 kWi for the
residential sector. To avoid losing competitiveness and market share to countries that
have already implemented support programs, it is essential to incentivize targeted
investments and policies to support domestic production. A timely and effective
intervention can foster the growth of this segment and strengthen the role of the
Italian industry in the European energy landscape.

The role of the industrial supply chain cannot be underestimated. In fact, national
production accounts for around 59% of the main components used in HPs sold in
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Italy, while EU production covers around 90% of the European Union. However,
focusing on HPs below 18 kW, which are essential for the decarbonization of the
residential sector, Italian production represents less than 30% of units sold in the
country. This limited national share highlights a strategic weakness in a sector that is
expected to see significant expansion, as shown by our scenarios [56]. Furthermore,
Italy’s dependence on industry is particularly pronounced for compressors, a key
component recognized as a significant bottleneck in the supply chain for domestic
systems (p < 50 kW). Increasing production and improving the availability of
components and materials will be decisive to support the growth of installations
without creating bottlenecks.

e Awareness and training are key elements in promoting the adoption of HPs. Many
end users and sector operators are still not fully aware of the benefits of these
technologies, making informational campaigns and professional development
programs necessary.

e The results of Scenario D have demonstrated that achieving the PNIEC objectives is
possible not only through a high total volume of installations (as in Scenario A) but
also by focusing on a technological mix that prioritizes A/W-HPs and W/W-HPs.
These technologies, due to their higher effective contribution to renewable heat
production per installed unit, can compensate for a lower overall number of units
installed, still ensuring the achievement of the objectives.

¢ Encouraging greater use of G5-W/W-HPs is also essential. Despite the simplifications
introduced by the Italian Ministerial Decree of 30 September 2022 [57], this
technology continues to be underutilized and struggles to find widespread adoption.

Looking beyond 2030, it will be important not only to achieve the set goals but also
to ensure a sustainable growth trajectory that can lead Italy toward a gradual reduction
in emissions in the heating sector. The evolution of technologies and the improvement in
the efficiency of HPs can further contribute to this process, consolidating the role of these
solutions within the national energy mix.

Achieving the PNIEC goals is possible, but it requires coordinated effort among
institutions, industry, and consumers. A long-term strategy, based on targeted incentives,
technological innovation, and awareness, will be essential to driving the energy transition
in the heating and cooling sector.
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Abbreviations

Prated,eff = Actual thermal capacity [GWu];

Prated,adj = Adjusted thermal capacity [GWw]. The adjustment factor has been applied to A/A-HP
(mono-split and multi-split) used in residential settings.

A/A-HP Air-to-Air Heat Pumps

A/W-HP Air-to-Water

ASHPs Air Source Heat Pumps

DHW Domestic Hot Water

EC European Commission

EHPA European Heat Pump Association
GS-W/W- Ground-Source Air-to-Water Heat Pumps
HP

GWP Global Warming Potential

HDDs Annual Degree Days

HTHP High-Temperature Heat Pumps

LCOH Levelized Cost of Heat methods

NGBs Natural Gas Boilers

PNIEC Italian National Integrated Energy and Climate Plan
RES Renewable Energy Sources

RT&P Roof Top and Package

SPBT Simple Payback Time

SPFs Seasonal Performance Factors

W/W-HP  Water-to-Water Heat Pumps

Appendix A

Table Al (Scenario D) compared to the 2020 reference scenario, anticipates an important
transformation in the technological mix of HPs installed in residential buildings. Specifically, it
projects a 40% reduction in both mono-split and multi-split units. At the same time, the scenario
estimates an annual increase of 217,836 A/W-HPs with a capacity of up to 10 kW, 90,772 A/W-HPs
with a capacity between 10 and 17 kWw, and a 5% increase in W/W-HPs, including ground-source
systems, with a capacity of up to 17 kWin.

Table A1. Number of HPs and technology mix assumed in Scenario D

Annual .
Type Scope Technology Prated,eft Eres Installation Total HP Units
kWi GWh Units Units
AIR-AIR R. Mono-Split P<7 2362 669,726 14,784,643
R. Multi-Split 1084 211,134 4,505,136
AIR-WATER R. A/W P<10 13,512 243,251 2,043,680
R. A/W 11<P<17 9609 105,698 939,133
R. Hybrid * 2872 18,618 396,429
R. A/W 18 <P <50 1762 3739 67,737
WATER-WATER R. W/W ** P<17 103 559 6487
WATER-WATER R. W/W ** 18 <P <50 130 165 2726
AIR-AIR N.R. Mono-Split P>7 5516 34,103 591,206
N.R. VRF P<19 1622 7529 120,576
N.R. VRF 20<P <30 2901 7264 117,393
N.R. VRF P>30 5091 7643 123,295
N.R. RT&P P <29 43 128 1837
N.R. RT&P 30<P<72 221 255 4540
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N.R. RT&P 73<P<120 300 190 3519
N.R. RT&P P>120 1139 399 6593
AIR-WATER N.R. A/W 51<P<100 1972 1971 30,070
N.R. A/W 101 <P <200 2008 884 14,556
N.R. A/W 201 <P <350 1545 352 6086
N.R. A/W 351 <P <500 940 136 2368
N.R. A/W 501 <P <700 721 86 1329
N.R. A/W 701 < P <900 205 17 278
N.R. AW 901 < P <1.200 59 0 65
WATER-WATER N.R. W/W 51 <P <100 123 69 1278
N.R. W/W 101 <P <200 214 62 1132
N.R. W/W 201 <P <350 267 52 750
N.R. W/W 351 <P <500 103 12 184
N.R. W/W 501 <P <700 82 10 108
Total [GWh] 56,506 -
Total [ktoe] 4858.7 -
Total (units) - 1,314,052 23,773,134

* Gas boiler + Electric HP; ** GS-W/W-HP included.
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