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Abstract 
The decarbonisation of heat in buildings is central to the United Kingdom’s legal commitment to achieve net‑zero greenhouse gas emissions. Heat pump air‑source, ground‑source, and in specific cases, water‑source represent a key technology in replacing fossil‑fuel‑based heating systems. Despite recent growth, UK heat pump deployment remains well below the trajectory required for its Carbon Budgets, with challenges relating to retrofit suitability, consumer readiness, and installer capacity. This report first outlines current UK heat pump uptake using recent statistical data. It then examines the benefits of heat pumps, including improved energy efficiency, reduced operational emissions, lower running costs, and enhanced thermal comfort. To contextualise these advantages, global case studies from Germany, Japan, India, Brazil, South Africa, and the United States are presented, demonstrating measurable efficiency gains, cost reductions, and emissions benefits. The report then explores the barriers to retrofitting heat pumps in the UK, including building fabric limitations, increased electrical demand, skills shortages, and public awareness issues. International examples of retrofit challenges are used to illustrate how similar barriers appear worldwide, emphasising the need for coordinated policy, investment, and capacity building. The report concludes that while heat pumps are well‑proven globally, achieving widespread UK adoption requires addressing systemic retrofit obstacles and supporting homeowners and industry through targeted governance and funding measures.
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Heat Pump Uptake, Global Case Studies, Benefits & Challenges
[bookmark: _Toc225511529]1. Introduction 
Decarbonising the built environment is one of the UK’s major challenges in meeting statutory climate commitments under the Climate Change Act 2008 (as amended in 2019) (Burnett and Stewart 2024). Heating accounts for a large share of national emissions due to historic dependence on natural gas and an older, less efficient housing stock compared with much of Europe (Dunne, Gabbattis and Lempriere 2026). Transforming how heat is produced and delivered is therefore essential to meeting Carbon Budgets and achieving net zero by 2050.
Heat pumps—air, ground, and water source—have become central to this transition, offering low‑carbon, energy‑efficient heating. Despite strong policy signals and incentives such as the Boiler Upgrade Scheme (GOV.UK 2021), overall uptake remains limited, highlighting the need to better understand both opportunities and persistent barriers to integration, particularly in pre‑existing buildings (Climate Change Committee 2025).

[bookmark: _Toc225511530]2. Background Statistics on the Current Uptake of Heat Pumps in the UK 
The deployment of heat pumps across the United Kingdom has accelerated significantly in recent years. This has been driven by policy mechanisms, consumer awareness, and decarbonisation incentives. However, current uptake levels remain well below the target to align with the UK’s long‑term climate objectives. Recent research highlights how installation trends, regional disparities, and the influence of government support collectively shape market development, while pointing to persistent structural and readiness challenges that continue to limit (Lamb and Elmes 2024).
National installation figures show sustained year‑on‑year increases. In 2025, the UK recorded 51,886 retrofit heat pump installations, representing a 7% rise from the 48,677 installations reported in 2024 and more than four and a half times the 11,196 installations recorded in 2020 (Whitlock 2026). This growth demonstrates an expanding market, though still originating from a relatively low baseline when compared with UK decarbonisation targets. 
By mid‑2025, over 320,000 heat pumps had been installed across the UK since records began. More than 65,000 of those were fitted between January 2024 and May 2025 (Julia 2024) This shows that heat pumps are becoming more common, helped by government subsidies and continued interest from the public—especially during times when fossil fuel prices are high (Robinson 2025).
The year 2025 also marked a significant milestone, with approximately 250,000 heat pumps installed nationally, a substantial 35% increase compared with 2024’s figure of around 185,000 installations (Harris and Walker 2014). This rise in installations suggests there are now more trained installers available, better supply chains, and a growing public understanding of how heat pumps work. Despite the rapid increase, this level of deployment remains far below the UK Government’s ambition for 600,000 heat pump installations per year by 2028 (Harris and Walker 2014). 
Monthly and quarterly performance indicators further illustrate the trajectory of UK uptake. In the first quarter of 2025, the UK reached a record 15,758 certified installations, driven by a particularly strong March, which recorded 5,605 installations, a 22% increase from March 2024. Such trends demonstrate momentum within the installer industry and the influence of strategic timing, with many homeowners opting for installations before winter periods or grant application deadlines. 
Air Source Heat Pumps (ASHPs) overwhelmingly dominate the UK market. By 2025, 99% of all retrofit heat pump installations were ASHPs, compared with just 92% in 2020 (Whitlock, 2026). This reflects their lower installation cost, broad suitability across housing types, and reduced need for extensive groundworks relative to Ground Source Heat Pumps (GSHPs). GSHPs remain more common in rural or higher‑value properties where outdoor space and long‑term energy performance justify higher upfront investment (Jodeiri, Romanov and Lygnerud 2026). 
Regional variations in uptake also highlight differing levels of readiness and consumer engagement. In 2025, the South East accounted for 15% of installations, followed by the South West at 14%, and Wales at 12% (Whitlock, 2026). Factors such as property type, installer availability, local authority programmes, and prevailing income levels contribute to these regional differences. 
Government support mechanisms, particularly the Boiler Upgrade Scheme (BUS), continue to shape the heat pump landscape. In 2024, 42,645 installations were either fully or partially funded through Department for Energy Security and Net Zero (DESNZ) schemes, with 98% of supported installations being air‑source systems (Barnes et al. 2024). The BUS grant, which currently offers £7,500 (Barnes et al. 2024) for ASHP and GSHP installations remains one of the strongest drivers of uptake, improving the affordability of heat pumps for homeowners and small businesses. 
Overall, while heat pump deployment in the UK is growing steadily and has reached record levels, the current rate remains insufficient to meet national climate commitments. Continued expansion of installer capacity, supportive policy environments, and consumer‑focused financial incentives will be necessary to sustain and accelerate this trajectory.
[bookmark: _Toc225511531]3. Benefits of Moving to Heat Pumps for Space Heating 
[bookmark: _Toc225511532]3.1 Environmental Benefits
Heat pumps deliver notable environmental benefits and are increasingly recognised as a central technology in the transition away from fossil‑fuel‑based heating. One of their primary advantages is the significant reduction in greenhouse‑gas emissions they can achieve when replacing gas boilers, particularly as national electricity grids continue to decarbonise. Evidence shows that heat pumps can reduce CO₂ emissions by up to 90%, depending on technology type and electricity mix (Agnieszka Żelazna and Artur Pawłowski, 2025). By operating on electricity rather than combustion, heat pumps reduce direct emissions at the point of use and contribute to lower overall carbon impacts. It is estimated, heat pumps are more energy efficient than gas boilers across major heating markets (IEA, 2022).
At a global scale, the potential environmental gains are substantial. Analysis based on recent energy‑system data demonstrates that replacing fossil‑fuel boilers with heat pumps significantly lowers emissions in all major markets, with benefits increasing as electricity systems decarbonise (IEA, 2022). This aligns with broader systematic reviews confirming that heat pumps deliver consistently lower life‑cycle greenhouse‑gas emissions across a range of climates and technologies (Zelazna & Pawłowski, 2025).
In addition to carbon reductions, heat pumps support wider environmental objectives by eliminating onsite combustion processes. This helps reduce pollutants such as nitrogen oxides, contributing to improved outdoor air quality and supporting broader public‑health and environmental‑protection goals (Ahmad, 2023).
[bookmark: _Toc225511533]3.2 Energy Efficiency  
Heat pumps provide a significant improvement in energy efficiency compared to traditional boilers and are increasingly recognised as a high‑efficiency option for both domestic and commercial applications. Their design allows them to transfer heat which enables them to deliver more heat output than the electrical energy they consume. This sets them apart from conventional heating technologies, which are limited by the efficiency of combustion processes (Tejani, 2021).
Modern heat pumps consistently achieve high efficiency levels throughout the year, maintaining effective performance even in colder conditions due to advances in technology (Hacker et al. 2023). These developments allow heat pumps to operate reliably and maintain stable efficiency profiles across varying outdoor temperatures.
The seasonal efficiency of heat pumps also supports wider decarbonisation efforts by reducing overall energy consumption associated with heating. As heating represents a substantial share of total building energy use, improving efficiency at the system level can contribute meaningfully to national and organisational energy‑reduction targets and long‑term sustainability strategies. 
[bookmark: _Toc225511534]3.3 Lower Running Costs
Heat pumps can offer lower running costs compared to conventional fossil‑fuel heating systems, particularly when replacing gas or oil boilers. Their reliance on electricity rather than fuel combustion provides a degree of price stability, reducing exposure to fluctuations in global gas and oil markets (Rosenow et al., 2025). In many regions, this has made heat‑pump operation comparatively economical over the long term, especially where electricity pricing structures or off‑peak tariffs are supportive of low‑carbon heating technologies.
In addition, heat pumps can help reduce ongoing energy expenditure by making more effective use of electricity across the heating season (GOV.UK, 2024). This contributes to more predictable operating costs, which can be advantageous for both households and organisations seeking to manage long‑term budgets and reduce financial uncertainty associated with heating demand.
The potential for lower running costs becomes more pronounced as electricity grids decarbonise and policy frameworks increasingly encourage the adoption of electric heating (Rehman et al., 2025). Government incentives, carbon‑pricing mechanisms, and the gradual shift away from fossil‑fuel‑dependent infrastructure further strengthen the economic case for heat pumps, positioning them as a cost‑effective option for long‑term heating provision.
[bookmark: _Toc225511535]3.4 Improved Comfort and Performance 
Heat pumps offer enhanced comfort and dependable performance by delivering consistent and controllable indoor conditions throughout the year (Carroll, Chesser and Lyons, 2020). Unlike traditional fossil‑fuel heating systems, which often operate in short, high‑temperature bursts, heat pumps provide a more continuous and even distribution of warmth. This helps maintain stable indoor temperatures with fewer fluctuations, contributing to a more comfortable living or working environment.
Modern heat pump systems also offer strong performance across a wide range of weather conditions(Harris and Walker, 2014). Advances in system design, refrigerants, and control technology enable many units to operate effectively even in colder climates, ensuring reliable heat output during periods of low outdoor temperatures. This adaptability allows heat pumps to meet diverse heating and cooling requirements without relying on combustion‑based systems.
In addition to stable temperature control, many heat pumps can provide both heating and cooling through a single integrated system (Hu and Shen, 2025). This dual‑function capability supports year‑round comfort while simplifying system management. With the ability to respond quickly to changes in indoor conditions and user preferences, heat pumps contribute to an overall improvement in comfort and thermal stability across different seasons.
[bookmark: _Toc225511536]4. Global Case Studies Demonstrating These Benefits 
Heat pump technology is now used widely across industrial, commercial, and residential sectors worldwide, delivering clear environmental, economic, and operational benefits. International case studies show how different countries have applied heat pumps to cut emissions, improve energy performance, and advance national decarbonisation goals, demonstrating both the versatility and scalability of the technology in diverse global markets.
[bookmark: _Toc225511537]4.1 Germany – Automotive Manufacturing Facility
Germany’s automotive sector, known for its stringent production standards and high energy demands, has increasingly turned to heat pump technologies to support industrial heating and cooling processes (Giampieri et al., 2020). One notable facility introduced a hybrid system combining air source and water source heat pumps to meet complex thermal requirements across its manufacturing lines. These installations supported functions such as parts washing, paint curing, and climate‑controlled assembly spaces.
The results demonstrated the substantial potential of heat pumps in energy‑intensive industries. The facility achieved 35% total energy savings and a 40% reduction in CO₂ emissions (Q, 2024), significantly reducing its environmental footprint while also strengthening its long‑term operational resilience. These improvements illustrate the capability of heat pumps to integrate into large‑scale industrial systems without compromising process quality or reliability. 
Germany’s experience in this sector has since influenced broader industrial decarbonisation strategies (Semb, Bäuerle and Sagvosdkin, 2026), highlighting heat pumps as a viable substitute for gas‑based systems traditionally used in manufacturing.
[bookmark: _Toc225511538]4.2 Japan – Electronics Manufacturing Plant
Japan’s electronics industry, also recognised for its precision manufacturing standards, requires exceptionally tight temperature control to ensure product quality and process stability. In one leading facility, air source heat pumps (ASHPs) were installed to maintain both ambient temperatures (Hamayashiki, Mukai and Kaida, 2023) and high‑temperature process streams reaching up to 120°C levels that historically required gas‑fired systems.
The heat pumps delivered consistent and precisely regulated temperatures, contributing directly to improved production quality by minimising thermal fluctuations that can affect sensitive electronic components (Hamayashiki, Mukai and Kaida, 2023). The reliability and stability provided by the system also reduced the risk of material defects, helping maintain continuous output and reinforcing quality control measures. 
Japan’s use of heat pumps in precision manufacturing demonstrates the adaptability of the technology for high‑demand environments requiring exact thermal regulation showing that heat pumps can support not only general heating and cooling, but also highly specialised operational needs.
[bookmark: _Toc225511539]4.3 India, Brazil, South Africa – Emerging Economies 
Heat pump adoption is rising rapidly in emerging economies, driven by both energy‑security considerations and national decarbonisation goals.
India has been a notable early mover. A large‑scale retrofit programme covering 15,000 commercial buildings (Sharma et al., 2024) demonstrated that widespread deployment of heat pumps could significantly reduce energy consumption in hotels, hospitals, and retail spaces. The initiative created a replicable national model that enhanced system efficiency and contributed to lower long‑term operating costs across the sector. 
Brazil experienced a 28% increase in residential heat pump installations (Peng, 2026), supported by targeted government incentives and public awareness campaigns. The expanding market reflects the suitability of heat pumps for Brazil’s varied climate zones and the growing appetite for alternatives to electric resistance heating. 
South Africa, meanwhile, strengthened the business case for heat pumps through the introduction of a national carbon tax (Rennkamp et al., 2026). This policy shift encouraged both commercial and industrial users to transition away from high‑emission systems. Industrial heat pumps became particularly attractive for processes involving hot water and waste‑heat recovery, helping organisations lower carbon‑related costs while improving sustainability performance. 
[bookmark: _Toc225511540]4.4 United States – Geothermal Heat Pump Installations
The United States has conducted extensive evaluations of geothermal heat pump (GHP) systems across different climate zones from cold northern states to warmer southern regions (Yu et al., 2017). A broad review of 19 case studies highlighted that GHP installations consistently delivered substantial energy savings, particularly in buildings with year‑round heating and cooling requirements. 
These projects also reported noticeable improvements in indoor thermal stability, reinforcing the value of ground‑source systems in environments subject to large seasonal temperature swings (Yu et al., 2017). The findings support continued federal and state‑level investment in geothermal heating and cooling as part of long‑term building‑sector decarbonisation strategies.
[bookmark: _Toc225511541]4.5 Global Market Trend
The global momentum behind heat pump adoption is reflected in growing sales and market transformation. In 2024, worldwide heat pump sales exceeded gas boiler sales by 30%, (Martinez-Gordon, Delmastro and Dou, 2025) marking a significant shift in consumer preference and industry direction. This trend demonstrates the increasing recognition of heat pump benefits across environmental, economic, and performance dimensions. 
As more countries strengthen policies supporting electrified heating, this growth is expected to continue, positioning heat pumps as a cornerstone of global building‑sector decarbonisation.
[bookmark: _Toc225511542]5. Drawbacks and Challenges Heat Pumps 
Although heat pumps play a central role in global decarbonisation strategies, their widespread adoption still faces several challenges (Brown, Hampton and Fawcett, 2024). The following subsections outline the key drawbacks and constraints associated with heat pump deployment, highlighting the structural, economic, and behavioural factors that affect market growth and system performance.
[bookmark: _Toc225511543]5.1 Building Fabric and Energy Efficiency Limitations
Heat pumps operate most effectively in buildings with low heat‑loss characteristics. In regions with older or poorly insulated housing such as the UK (Harrington, 2023), which is frequently cited as having one of the least energy‑efficient building stocks in Europe heat pumps may struggle to maintain steady indoor temperatures without significant heat loss through walls, windows, and roofs (Harrington, 2023).
Where heat demand is high due to poor insulation, heat pumps may need to operate at higher output temperatures, which can reduce performance and increase electricity consumption (Terry and Galvin, 2023). While this does not prevent installation, it means heat pumps may not achieve their intended environmental or operational benefits unless building fabric standards are sufficiently high.
[bookmark: _Toc225511544]5.2 Eligibility vs. Readiness Gap
Across many markets, there is a measurable gap between buildings that are technically eligible for heat pump adoption and those that are truly ready for installation. Research shows that while subsidy programmes often classify a large proportion of properties as eligible, a much smaller share meets the technical requirements for optimal performance (Lamb and Elmes, 2024). For example, only around 11% of homes in certain UK studies are considered “heat pump ready,” compared to roughly 50% (Lamb and Elmes, 2024) that could qualify for financial support. 
Readiness issues typically include:
· inadequate insulation
· heating distribution systems (e.g., radiators) not suited to low‑temperature heating
· limited electrical capacity for higher peak loads
This eligibility–readiness gap slows deployment and can create consumer frustration when incentives do not translate into straightforward installation.
[bookmark: _Toc225511545]5.3 Increased Electricity Demand & Grid Pressure
Heat pumps rely entirely on electricity, and when deployed at scale they contribute to higher electricity demand—especially during winter peaks (Cárdenas et al., 2025). Academic research notes that widespread uptake can place additional pressure on:
· local distribution grids
· supply transformers
· national‑level generation capacity
As electrification of heating accelerates, grid operators may need to invest in upgrades, reinforcement projects, and long‑term capacity planning (Cárdenas et al., 2025). 
Although heat pumps enable large‑scale decarbonisation, they also require coordinated energy‑system planning to avoid bottlenecks, local overloads, and reliability issues during periods of high demand (Agrawal and Wallom, 2025).
[bookmark: _Toc225511546]5.4 Installer Capacity and Skills Shortages
Heat pump deployment is heavily constrained by the availability of competent installers. In many countries, the installer market is dominated by small and medium‑sized enterprises (SMEs) (Cretu et al., 2022), and only a minority currently specialise in heat pump technology. Studies point to a shortage of skilled workers, with many heating engineers trained primarily on gas or oil systems rather than electrical or low‑temperature heating technologies. 
Skills shortages are exacerbated by:
· inconsistent training pathways
· policy uncertainty that discourages workforce investment
· slow consumer uptake, which reduces demand for specialist installers
· the need for detailed heat‑loss assessments and system design knowledge
These constraints can lead to long lead times, regional disparities in availability, and concerns about installation quality in emerging markets (Webb, 2025).
[bookmark: _Toc225511547]5.5 Poor Consumer Awareness
Consumer understanding of heat pumps remains limited in many regions. Surveys consistently show that homeowners often do not fully understand how heat pumps operate, underestimate the importance of appropriate system design and often overestimate system complexity (Lamb and Elmes 2024). In addition, consumers often feel there is a lack clarity on expected running costs and they remain unaware of available financial support mechanisms (UK Parliament, 2024). This means many are reluctant to pursue heat pump installation without clear guidance, trusted advice, or government-backed information. 
Misconceptions, such as the belief that heat pumps are unsuitable for cold climates or incompatible with certain building types continue to hinder market growth. This highlights the need for improved awareness campaigns and accessible technical explanations.
[bookmark: _Toc225511548]5.6 Importance of Retrofit Sequencing
The performance of heat pumps is highly dependent on correct system design and installation sequencing. A fabric‑first or systems‑first approach remains essential (Eyre et al., 2024): without proper heat‑loss assessment, appropriately sized emitters, and suitable system controls, heat pumps may deliver lower performance, higher running costs, and inconsistent indoor temperatures. 
Improper sequencing, such as installing a heat pump before assessing heat demand or compatibility of existing distribution systems, can lead to incorrect sizing of units, higher than expected energy use and reduced system lifespan (Welford, 2025).
For heat pumps to operate effectively at low flow temperatures, careful design is essential to ensure that the system aligns with the thermal characteristics of the building.
[bookmark: _Toc225511549]6. Global Case Studies Illustrating These Challenges 
While heat pumps offer clear environmental and operational advantages, global deployment has revealed a range of challenges that are also relevant to the UK retrofit landscape (Brown, Hampton and Fawcett, 2024). Evaluating international experiences helps illustrate recurring themes related to funding, skills, infrastructure, and public engagement—highlighting areas where strategic planning and policy support are critical.

[bookmark: _Toc225511550]6.1 India – Early Retrofit Difficulties
India’s wider commercial‑building retrofit initiatives, supported by national agencies such as the Bureau of Energy Efficiency (BEE) and The Energy and Resources Institute (TERI) (Sharma et al., 2024), illustrate both the potential and the complexity of deploying high‑efficiency technologies such as heat pumps at scale.
Across India’s retrofit landscape, several recurring challenges have emerged. Many building owners face financing barriers, as large‑scale energy‑efficiency upgrades often require substantial upfront capital (Das et al., 2026). 
In addition, electrical infrastructure constraints have limited the ability of existing buildings to accommodate more efficient but electricity‑dependent technologies(Das et al., 2026). Workforce capacity is another issue India faced; retrofits frequently depend on specialist skills, and shortages in trained technicians can hinder both installation quality and project timelines.

[bookmark: _Toc225511551]6.2 Brazil – Market Awareness and Behaviour Barriers
Although Brazil introduced supportive policy measures to encourage heat‑pump adoption, uptake remained limited during the early phases due to low consumer awareness and behavioural hesitancy (Mordor Intelligence, 2025). Many households were unfamiliar with the technology, leading to low confidence in switching away from established heating methods. This reflects similar trends in the UK, where public understanding of heat pumps remains a key barrier to widescale adoption.

[bookmark: _Toc225511552]6.3 South Africa – Infrastructure Gaps
South Africa’s experience highlights the importance of infrastructure readiness. Heat pump uptake was restricted by concerns around grid stability and technical constraints, particularly in industrial settings with high heat‑demand processes (Kivevele and Huan, 2026). These challenges underscored the need for coordinated grid planning and technical standards before mass adoption—a lesson directly applicable to the UK’s need for local network reinforcement and integrated planning. 

[bookmark: _Toc225511553]6.4 United States – Geothermal Barriers
A review of U.S. geothermal heat pump (GHP) case studies revealed persistent challenges associated with high upfront costs (Yu et al., 2017), site‑specific drilling limitations, and the need for a sufficiently skilled installation workforce. These barriers often deter potential adopters and mirror difficulties within the UK, where ground‑source heat pump 

[bookmark: _Toc225511554]7. Conclusion 
Heat pumps are a core technology in global building decarbonisation, delivering clear environmental, economic, and operational benefits. Although UK installation rates are rising, uptake remains well below what is needed to meet long‑term climate commitments. International evidence shows that heat pumps can achieve substantial carbon reductions, higher efficiency, and improved comfort across diverse climates and sectors from industrial sites in Germany and Japan to commercial buildings in India and homes in Brazil. These cases demonstrate the versatility and scalability of heat pump systems when supported by strong policy, skilled labour, and coordinated infrastructure planning.
Global experience also highlights persistent barriers mirrored in the UK, including inadequate building fabric, gaps between eligibility and practical readiness, grid capacity constraints, and installer shortages. Low consumer awareness continues to slow adoption, especially in retrofit‑focused markets. International lessons indicate that widespread success depends on integrated policy, long‑term financial certainty, and effective public engagement. Addressing these structural issues will be essential for the UK to accelerate deployment and fully realise the environmental and economic benefits of heat pump technologies.
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