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Disclaimer
The HPT TCP is part of a network of autonomous collaborative partnerships focused on a wide range of 
energy technologies known as Technology Collaboration Programmes or TCPs. The TCPs are organised 
under the auspices of the International Energy Agency (IEA), but the TCPs are functionally and legally 
autonomous. Views, findings and publications of the HPT TCP do not necessarily represent the views or 
policies of the IEA Secretariat or its individual member countries.
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Message from the Chairman

Stephan Renz, Chairman of the Executive Committee

2022 was yet another challenging year for economic growth and the global 
supply of raw materials, merchandise and products. At the same time, the 
challenges of climate change were increasingly felt. The defossilization of 
the energy system must be accelerated, and the most efficient use of ener-
gy is a high priority. 

Heat pumps are considered the most important technology for defossilizing 
the heat demand of buildings and industrial processes. The IEA has already 
stated this in the Roadmap to NetZero in 2021 (tenfold increase in heat 
pump sales by 2050) and confirmed it with the special report "The Futur of 
Heat Pumps" in the fall of 2022. It is interesting to note that despite the in-
creased electricity prices and supply chain delays, for example, heat pump 
sales last year have increased by 38% in Europe. Compared to 2019, sales 
have even doubled. We could now say, " it's on, job done"; even in a complex environment, the heat 
pump is prevailing.

I think it is just the opposite. When thousands of heat pumps are installed, their efficiency and best in-
tegration and interaction with the energy system has a multiplied importance. Now more than ever, the 
efficiency of heat pumps must be improved. The importance of refrigerants with a low global warming 
potential increases, and the interaction of heat pumps with other energy systems, up to the flexibility is 
important. In addition, we must think about the mass production of heat pumps, the knowledge of plan-
ners and the skills of installers.

The environment analysis and the identification of opportunities and threats were the basis for our Strate-
gic Work Plan, which was part of the Request for Extension (RfE) of our program for the period 2023 - 2028. 
We have broadened our focus by selecting our projects not only by application areas but also by challeng-
es. These include system integration, value chains, extending operation range and applications, and new 
technologies and refrigerants. This is an important development, and it is gratifying that we have already 
been able to launch new projects (Annexes) that address these challenges. In this context, it is important 
that we coordinate our activities with other IEA Technology Collaboration Programmes and collaborate 
with them where possible. In addition to the heating sector, we must not forget the major challenges of 
building cooling. The IEA already declared this in 2018 in its Special Report "The Future of Cooling": The 
electricity demand for cooling will triple by 2050. Since 2018, we have only worked on one cooling project. 
This is where we need to step up. Maybe with a Comfort and Climate Box for hot and humid climates and 
in collaboration with new member countries from these geographic regions. I would be pleased.
 
Regarding the activities of our programme, I look back with pleasure on the past year. In May, in Oslo fi-
nally again an ExCo meeting onsite with interesting discussions until late at night. Highlights were also the 
development of the RfE (Request for Extension) and its approval, various webinars with Member Country 
Reports, in November in London another exciting ExCo meeting where we welcomed the Czech Republic 
as a new member, as well as the numerous ideas and proposals for new projects that contribute to the 
fulfillment of our strategy. The "crowning glory" was the IEA Report "The Future of Heat Pumps". 

All the successes I am proud to tell you about are only possible with a team of highly motivated and expe-
rienced people. Therefore, I thank the ExCo delegates, the operating agents and their experts in the An-
nexes, the Heat Pump Centre staff, and the IEA. I would also like to thank our member countries. Without 
their financial support, our activities would not be possible. 



HPT TCP ANNUAL REPORT 2022 5

New member country of HPT TCP 
In October Czech Republic formally joined the 
HPT TCP, and thereby the TCP has 18 member 
countries. The Czech delegates attended the 
spring ExCo meeting as invited guests and at-
tended the fall meeting as formal delegates.

Revision and approval of the strategic 
work plan for HPT TCP 2023-2028 
The HPT TCP worked very hard during the year to 
assess the outcomes and impacts of their work 
over the previous five years while also keeping 
track of changes in their environment in order 
to develop a new strategic work plan for the fol-
lowing five years, from 2023 to 2028. The output 
of this work was compiled in a request for an 
extension of the HPT TCP, which was submitted 
to IEA in early fall and presented to the End-Use 
Working Party (EUWP). 

The documentation included many successes 
and best practices. The work performed by the 
HPT TCP received an excellent review from the 
EUWP, and the request for an extension was 
approved by IEA’s Committee for Energy Rese-
arch and Technology (CERT) later in the fall. The 
revised strategic work plan for HPT TCP can be 
found on page 51.

Release of IEA’s special report “The Futu-
re of Heat Pumps” 
On November 30, IEA released their World En-
ergy Outlook special report “The Future of Heat 
Pumps” (see page 9). One of the key messages 
of this report is that heat pumps are the key so-
lution to reduce natural gas use for heating, sup-
port energy security, cut emissions and keep en-
ergy bills affordable. The community of HPT TCP 
were involved in providing input to and reviewing 
this report. When released, its messages were 
communicated in all the communication chan-
nels of HPT TCP.

Highlights 2022

Generation of the cross-TCP report “Tech-
nology and Innovation Pathways for Zero-car-
bon-ready Buildings by 2030." A strategic 
vision by IEA Technology Collaboration 
Programmes.  

At the beginning of the year, HPT TCP authored 
one of the subchapters titled “Installation of 
about 600 million heat pumps covering 20% of 
buildings heating needs required by 2030” in this 
report (see page 10), which was developed col-
laboratively between the IEA and several experts 
from the IEA TCPs and published in September. 
The representatives from the different TCPs re-
viewed and provided input to each other's contri-
butions.

Participation in IEA’s Future Buildings Fo-
rum Think Tank Workshop 
In October representatives from HPT TCP partici-
pated in the Future Buildings Forum Think Tank 
Workshop, which took place in Gatineau, Cana-
da. The theme for this workshop was “Existing 
buildings: Pathways to Net Zero carbon to 2035” 
and representatives from all the TCPs related to 
buildings participated in this workshop, hosted 
by EBC TCP.

HPT chairman Stephan Renz at Future Buildings Forum 
Think Tank Workshop, Gatineau, Canada 2022. 

https://www.iea.org/reports/technology-and-innovation-pathways-for-zero-carbon-ready-buildings-by-2030/tcps-strategic-vision-on-iea-net-zero-by-2050-s-buildings-milestones-to-2030
https://www.iea.org/reports/technology-and-innovation-pathways-for-zero-carbon-ready-buildings-by-2030/tcps-strategic-vision-on-iea-net-zero-by-2050-s-buildings-milestones-to-2030
https://www.iea.org/reports/technology-and-innovation-pathways-for-zero-carbon-ready-buildings-by-2030/tcps-strategic-vision-on-iea-net-zero-by-2050-s-buildings-milestones-to-2030
https://www.iea.org/reports/installation-of-about-600-million-heat-pumps-covering-20-of-buildings-heating-needs-required-by-2030
https://www.iea.org/reports/installation-of-about-600-million-heat-pumps-covering-20-of-buildings-heating-needs-required-by-2030
https://www.iea.org/reports/installation-of-about-600-million-heat-pumps-covering-20-of-buildings-heating-needs-required-by-2030
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Innovation and policy measures to solve 
the heat challenge – an inspiring side-event 
at the CEM113/MI7 meeting in Pittsburgh 
In September, a side event for inspiration and 
learning from each other was organized at the 
Global Clean Energy Action Forum, a joint conve-
ning of the 13th Clean Energy Ministerial and 7th 
Mission Innovation ministerial meeting (CEM-
13MI7) in Pittsburgh. HPT TCP, Global Alliance 
for Building and Construction’s (ABC’s) Clean 
Heat Forum, and Mission Innovation’s Innovation 
Community on Affordable Heating and Cooling 
of Buildings (MI#IC7) hosted the session. 

This session presented innovative technology 
and policy solutions that aim to reduce emis-
sions from the heating sector worldwide. The 
audience could learn how technologies like the 
breakthrough Comfort and Climate Box (CCB) 
can meet heating and cooling needs and be de-
ployed at scale and how national and subnational 
governments are developing technology, financi-
al, and energy policies supporting the rapid de-
ployment of clean heating.

Member Country Reports 
Three Member Country Report workshops were 
organized within the HPT TCP during the year. 
ExCo delegates, Operating Agents and Annex par-
ticipants were invited to the workshops. On each 
occasion, three to four countries presented the 
national status for (i) Market statistics, (ii) Policy, 
and (iii) R&D activities. Norway, South Korea, UK, 
Finland, Sweden, Austria, China, Denmark and 
Switzerland gave their presentations during the 
workshops. After the events, the presentations, 
as well as summarizing text, were uploaded to 
the HPT TCP website, and news were spread on 
Social Media. These events were well attended 
and appreciated by the audience, and facts and 
data from them have been included as input to 
IEA publications.

Panel discussion during GCEAF in Pittsburg, USA, 
September 2022.

Several finalized annexes
During 2022 the final reports from the work 
performed within the following Annexes were 
published on the HPT website
•	 Heat Pumps in Multi-Family Buildings for 

space heating and domestic hot water (An-
nex 50)

•	 Long-term performance measurement of 
GSHP Systems serving commercial, institu-
tional and multi-family buildings (Annex 52)

•	 Comfort and Climate Box – Speeding up 
market development for integrating heat 
pumps and storage packages (Annex 55)

The results from Annex 50 showed that the use 
of heat pump systems in apartment buildings 
is possible and already practiced, as shown by 
many good examples from several countries. 
Nevertheless, there is still no evidence of wider 
use of this solution for heat supply, the reasons 
being both of administrative and technical natu-
re. More standardized solutions are needed.

Ground-source heat pump (GSHP) systems for 
larger buildings provide renewable heating and 
cooling for a wide range of system applications. 
The conclusions from Annex 52 reveal that long-
term performance measurements from such 
systems are valuable tools for commissioning, 
fault detection, system optimization and compo-
nent development.

https://eur05.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cleanenergyministerial.org%2F&data=05%7C01%7Ccaroline.haglundstignor%40ri.se%7C0a1ea2f0956e468f00a508da8bfdb2f7%7C5a9809cf0bcb413a838a09ecc40cc9e8%7C0%7C0%7C637976219000727139%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=RWrsK%2BIpuX0nKKwKyLY6Bd2nm%2FWqNwk41YO%2Be%2FGFUjg%3D&reserved=0
https://eur05.safelinks.protection.outlook.com/?url=http%3A%2F%2Fmission-innovation.net%2F&data=05%7C01%7Ccaroline.haglundstignor%40ri.se%7C0a1ea2f0956e468f00a508da8bfdb2f7%7C5a9809cf0bcb413a838a09ecc40cc9e8%7C0%7C0%7C637976219000727139%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xlQWG3YYGO79gOTvvWkL%2BfJJF80rAmkZgaWW2IW8Vw4%3D&reserved=0
https://eur05.safelinks.protection.outlook.com/?url=http%3A%2F%2Fmission-innovation.net%2F&data=05%7C01%7Ccaroline.haglundstignor%40ri.se%7C0a1ea2f0956e468f00a508da8bfdb2f7%7C5a9809cf0bcb413a838a09ecc40cc9e8%7C0%7C0%7C637976219000727139%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xlQWG3YYGO79gOTvvWkL%2BfJJF80rAmkZgaWW2IW8Vw4%3D&reserved=0
https://globalabc.org/index.php/news/globalabcs-clean-heat-forum-accelerating-heating-decarbonization-buildings-launched-cop26
https://globalabc.org/index.php/news/globalabcs-clean-heat-forum-accelerating-heating-decarbonization-buildings-launched-cop26
https://globalabc.org/news/globalabcs-clean-heat-forum-accelerating-heating-decarbonization-buildings-launched-cop26
https://globalabc.org/news/globalabcs-clean-heat-forum-accelerating-heating-decarbonization-buildings-launched-cop26
http://mission-innovation.net/platform/innovation-community-ic7/
http://mission-innovation.net/platform/innovation-community-ic7/
http://mission-innovation.net/platform/innovation-community-ic7/
https://heatpumpingtechnologies.org/annex55/annex-55-comfort-and-climate-box-explained-in-a-simple-way/
https://heatpumpingtechnologies.org/market-technology/info-member-country-market/
mailto:https://heatpumpingtechnologies.org/annex50/?subject=
mailto:https://heatpumpingtechnologies.org/annex50/?subject=
mailto:https://heatpumpingtechnologies.org/annex52/documents/?subject=
mailto:https://heatpumpingtechnologies.org/annex55/?subject=
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The final outcomes from Annex 55 show that a 
Comfort and Climate Box (CCB) solution, which 
means an integrated combination of a heat 
pump, energy storage and control, is a key so-
lution for decarbonizing heating and cooling of 
buildings. It can satisfy consumer demands for 
comfort, reliability, and affordability while simul-
taneously fulfilling the needs of policy makers, 
utilities and grid operators concerning climate 
goals, energy security and grid stability.

Several New Annexes 
During 2022, work actively began in two new an-
nexes, Annex 59 Heat Pumps for Drying and An-
nex 60 Retrofitting Heat Pump Systems in Large 
Non-domestic Buildings. Annex 61 Heat Pumps 
in Positive Energy Districts officially started at the 
end of the year, while the active work is planned 
to begin in early 2023. At the end of the year, th-
ree countries each had joined Annex 59 and An-
nex 60, and five countries had joined Annex 61.

Publication of three Issues of the Heat 
Pumping Technologies Magazine 
HPT published three issues of the Heat Pumping 
Technologies Magazine in 2022 on the topics: 
•	 Refrigerants

•	 Control and monitoring of heat pump systems 
•	 Smart integration of heat pumps with electric 

storage and solar photovoltaics

14th IEA Heat Pump Conference 
During 2022 much preparation work for the 14th 

IEA Heat Pump Conference on the theme “Heat 
Pumps – Resilient and Efficient”, which will take 
place on May 15 -18, 2023, in Chicago took place. 
The call for abstracts was closed in June, and the 
submission of full papers were due in Novem-
ber. Thereafter the review process of the close 
to 200 submitted papers was initiated. Moreo-
ver, the call for Nominations for the Peter Ritter 
von Rittinger International Heat Pump Award 
2023, the highest international award in the heat 
pump, air conditioning and refrigeration field, 
was launched and closed during the year. The 
winners of the awards will be announced during 
the conference. 

https://heatpumpingtechnologies.org/annex59/
https://heatpumpingtechnologies.org/annex60/
https://heatpumpingtechnologies.org/annex60/
https://heatpumpingtechnologies.org/annex61/
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International Energy Agency

About the International Energy Agency (IEA)
The IEA is at the heart of global dialogue on energy, providing authoritative analysis, data, policy recom-
mendations, and real-world solutions to help countries provide secure and sustainable energy for all.  
The IEA was created in 1974 to help coordinate a collective response to major oil supply disruptions. 
While oil security remains a key aspect of our work, the IEA has evolved and expanded significantly since 
its foundation.

Taking an all-fuels, all-technology approach, the IEA recommends policies that enhance energy reliabil-
ity, affordability and sustainability. It examines the full spectrum of issues, including renewables, oil, 
gas and coal supply and demand, energy efficiency, clean energy technologies, electricity systems and 
markets, access to energy, demand-side management, and much more.

Since 2015, the IEA has opened its doors to major emerging countries to expand its global impact and 
deepen cooperation in energy security, data and statistics, energy policy analysis, energy efficiency, and 
the growing use of clean energy technologies.

About the IEA Technology Collaboration Programme
The Technology Collaboration Programme (TCP), a multilateral mechanism established by the Interna-
tional Energy Agency (IEA) 45 years ago, was created with a belief that the future of energy security and 
sustainability starts with global collaboration. Under this framework, over 6000 experts from govern-
ments, academia and industry from 55 countries are collaborating to enforce research, development 
and commercialisation of energy technologies.

The scope and strategy of each collaboration are in keeping with the IEA's Shared Goals of energy 
security, environmental protection and economic growth, as well as engagement worldwide. Individ-
ual technology collaborations working across several technology or sector categories involve: energy 
efficiency end-use technologies (in buildings, transport, industry and electricity), renewable energy and 
hydrogen, fossil energies, fusion power, and cross-cutting issues (equality in energy transition, energy 
system analyses).  

These technology collaborations are a critical, member-driven part of the IEA family, but they are func-
tionally and legally autonomous from the IEA Secretariat. The breadth of the analytical expertise in 
the Technology Collaboration Programme is a unique asset in the global transition to a cleaner energy 
future.  

The IEA works with 
governments and 
industry to shape 
a secure and 
sustainable 
energy future 
for all
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About the IEA’s work on heat pumps in 2022 
In the IEA’s Net Zero by 2050 Roadmap, released in May 2021, heat pumps have been identified as a 
central technology in the global transition to secure and sustainable heat in industry and buildings. In 
2022, several IEA reports further strengthened this message.

The Future of Heat Pumps  
This World Energy Outlook Special Report provides an outlook for heat pumps to 2030, identifying key 
opportunities and policy solutions to accelerate their deployments, overcoming major barriers and fully 
exploiting the benefits this technology can provide in terms of energy security, emission reductions, lower 
energy bills and employment.  

Some of the key outcomes of the report highlight that the pace of heat pumps installations is growing 
rapidly and, if governments' announced energy and climate-related commitments are to be met in full 
and on time [Announced Pledges Scenario, APS], the share of heat pumps in total heating needs in 
buildings could jump from one-tenth today to nearly one-fifth in 2030. As a result, natural gas demand 
falls by 80 billion cubic metres (bcm), heating oil drops by 1 million barrels per day, and coal declines by 
55 million tonnes of coal equivalent. In aggregate, this means heat pumps account for nearly half of the 
global reductions in fossil fuel use for heating in buildings by 2030. The potential for heat pumps to cut 
dependence on natural gas for heating is particularly large in the European Union, where natural gas 
use could be reduced by 21 bcm in 2030, an amount equivalent to almost 15% of EU pipeline import 
from Russia in 2021. 

The accelerated deployment of heat pumps brings a range of benefits by creating jobs [heat pumps 
workers nearly triple to 2030, APS], lowering energy bills and shielding consumers from price shocks 
[savings in low-income households range between 2% and 6% of their household income in 2021], 
cutting emissions of greenhouse gases [global CO2 emissions decline by half a gigatonne by 2030, APS] 
and improving air quality. 

Accelerating the take-up of heat pumps to take advantage from all the benefits listed above requires 
overcoming a number of barriers. Chief among them are: the higher upfront cost of buying and in-
stalling the devices relative to other heating options; other non-cost deterrents to consumer adoption; 
manufacturing constraints; and potential shortages of qualified installers. Concerted action by govern-
ments, in partnership with the heat pump industry, and supported by international collaboration and 
research, is needed to address these hurdles and achieve higher deployment rates.

Figure 1. Heat pump capacity in buildings by country/region and scenario, 2021 and 2030. 

https://www.iea.org/reports/net-zero-by-2050
https://iea.blob.core.windows.net/assets/01324438-d634-4d49-95d8-3d08aaab00d5/TheFutureofHeatPumps.pdf
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Heat Pumps section of the 2022 edition of IEA’s Tracking Clean Energy Progress report
Tracking Clean Energy Progress assesses recent developments for 55 components of the energy system 
that are critical for clean energy transitions. Progress is assessed against short-term milestones of the Net 
Zero by 2050 Scenario (NZE), a scenario consistent with the global climate target of 1.5°C. Recommenda-
tions are provided on how the analysed components can get 'on track' with the NZE pathway by 2030. 
Heat pumps currently need “More effort” to be on track with this trajectory.  Heat pumps currently available 
on the market are three-to-five times more energy efficient than natural gas boilers, and installing heat 
pumps instead of a fossil-fuel based boiler significantly reduces greenhouse gas emissions in all major 
heating markets, even with the current electricity generation mix, an advantage that will increase further 
as electricity systems decarbonise. However, in 2021, heat pumps still met only around 10% of the global 
heating need in buildings.

Technology and Innovation Pathways for Zero-carbon-ready Buildings by 2030. A strategic vi-
sion by IEA Technology Collaboration Programmes. 
This report has been developed collaboratively between the IEA and several experts from the IEA TCPs. 
In the report, IEA TCPs present their vision on how their activities could help achieve some of the most 
impactful short-term milestones for the buildings sector outlined in the IEA’s Net Zero by 2050 Roadmap. 
The IEA HPT TCP published an article within this report entitled “Installation of about 600 million heat 
pumps covering 20% of buildings heating needs required by 2030”. The article highlights the role played 
by research and international collaboration for accelerating heat pumps deployment and overcoming 
some of the main barriers, as well as identifying short-term priorities in this direction.

Energy Technology Perspective 2023
The scale-up of heat pumps deployment in the years ahead requires a scale-up on heat pumps manu-
facturing capacity and has implications for the entire heat pumps supply chain and electricity infrastruc-
ture. This report presents the risks and opportunities surrounding the development and scale-up of heat 
pumps, as well as other selected clean energy and technology supply chains in the years ahead, viewed 
through the lenses of energy security, resilience, and sustainability. 

Heat pumps have shown to have a supply chain which is less concentrated and more robust compared to 
the one of other analysed mass-manufactured clean energy technologies. This links to the fact that they 
share components with other industries and appliances, and the demand for criticals materials is lower 
compared to other key technology areas such as wind, electrolyzers and solar PV. 

Heat pumps analysed in this report are those primarily used for (space and/or water) heating in buildings 
and those for which the heating function is just as important as the cooling capability, aiming to exclude 
as much as possible air-air reversible heat pump units used primarily for space cooling. Following such 
a definition, the report highlights that global heat pumps sales doubled over the last decade, and heat 
pumps manufacturing capacity reached around 120 GWth in 2021.  China holds 40% of global manufac-
turing capacity, followed by North America (30%) and Europe (15%). Looking at manufacturers, many 
of the largest manufacturers of heat pumps are headquartered in Japan, and Japan and China hold the 
majority of patents issued for heat pumps. 

Nonetheless, the global heat pump industry is facing some bottlenecks amid rapid growth, in part due to 
limited supplies of semiconductors. However, some manufacturers in the heat pump industry are confi-
dent that current shortages can be overcome within the next 12-18 months. The scope for raising produc-
tion at short notice varies among manufacturers, and some, particularly in Europe, are already operating 
at rates close to maximum capacity. The location and type of new manufacturing expansions might be 
impacted by the current location of existing production sites, and by environmental regulation – particu-
larly on F-gases. In addition, transportation costs and region-specific regulations also impact where heat 
pumps are manufactured, and today, most heat pumps are manufactured where they are sold. 

https://www.iea.org/reports/heat-pumps
https://www.iea.org/topics/tracking-clean-energy-progress
https://www.iea.org/reports/technology-and-innovation-pathways-for-zero-carbon-ready-buildings-by-2030/tcps-strategic-vision-on-iea-net-zero-by-2050-s-buildings-milestones-to-2030
https://www.iea.org/reports/installation-of-about-600-million-heat-pumps-covering-20-of-buildings-heating-needs-required-by-2030
https://www.iea.org/reports/installation-of-about-600-million-heat-pumps-covering-20-of-buildings-heating-needs-required-by-2030
https://iea.blob.core.windows.net/assets/a86b480e-2b03-4e25-bae1-da1395e0b620/EnergyTechnologyPerspectives2023.pdf
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While announcements of new heat pump factories are not frequent, in 2022, some of the major manufac-
turers, notably in Europe, have announced expansion plans. If realised in full, announced projects would 
grow global manufacturing capacity by around one-third. However, to meet the sales needed in the NZE 
Scenario, global manufacturing capacity would need to almost quadruple to around 460 GWth by 2030. 
See Figure. 2.

Lead times for new factories or expansions range from 1 to 3 years, and most of the heat pump industry 
appears confident that it will be able to ramp up output quickly if bottlenecks in component supplies 
(notably semiconductors and compressors) are avoided. USD 15 billion in cumulative investment together 
would be required by 2030 to remain on- track with the NZE Scenario, with a 5-fold increase in heat pumps 
installers (around 800 000 additional workers). 

Governments and industry have vital roles to play in addressing persistent market barriers and enabling 
heat pumps to play their full part in tackling today’s most pressing issues – energy security, energy af-
fordability, and rapid reductions in emissions. 

Notes: RoW = rest of world; NZE = Net Zero Emissions by 2050 Scenario. Announced capacity includes existing capacity.The 
manufacturing capacity needed to meet projected demand in the NZE Scenario (NZE demand) is estimated assuming a utilisa-
tion rate of 85%. NZE residual capacity, thus, represents the manufacturing capacity that would remain unused, on average, 
which provides some flexibility to accommodate demand fluctuations. Heat pump capacity (in GW) is expressed as thermal 
output capacity. By and large, Europe is the main region to have concrete public expansion plans from manufacturers in place.
terms of use: https://www.iea.org/terms

Figure 2. Heat pump manufacturing capacity by country/region according to announced projects and in the NZE 
Scenario.  
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Organised under the umbrella of the International Energy Agency since 1978, the Technology Collabo-
ration Programme on Heat Pumping Technologies (HPT TCP) is a non-profit organisation funded by its 
member countries. The scope of the Programme covers heat pumps, air conditioning and refrigeration, 
commonly denoted as heat pumping technologies. We continuously observe the development and re-
quirements of our energy system and revise our strategy every five years, according to the objectives of 
the IEA.   

STRATEGIC WORK PLAN 2018 - 2023 
Vision of HPT TCP*
Heat pumping technologies play a vital role in achieving the ambitions for a secure, affordable, high- 
efficiency and low-carbon energy system for heating, cooling and refrigeration across multiple applica-
tions and contexts. 
The Programme is a key worldwide player in this process by communicating and generating indepen-
dent information, expertise and knowledge related to this technology, as well as enhancing international  
collaboration.

Mission of HPT TCP
To accelerate the transformation to an efficient, renewable, clean and secure energy sector in our 
member countries and beyond by performing collaborative research, demonstration and data  
collection and enabling innovations and deployment within the area of heat pumping technologies. 

Strategic Objectives

	» Energy Security
•	 Heat pumping technologies are frequently demonstrated and deployed in appropriate  

applications 
•	 Heat pumping technologies are a key element in new cross-cutting, affordable solutions  

for heating and cooling

	» Economic Development
•	 The innovation rate for heat pumping technologies is increased
•	 Capacity building is improved
•	 Cost-effective solutions are identified, demonstrated and accepted by end users

	» Environmental Awareness
•	 More policy makers are aware of the potential of heat pumping technologies to fulfill the 

IEA’s mission

	» Engagement Worldwide
•	 HPT TCP has more member countries
•	 HPT TCP is an active player in, or partner to, other international initiatives and organizations

Technology Collaboration Programme 
on Heat Pumping Technologies

* IEA’s Technology Collaboration Programme on Heat Pumping Technologies (HPT TCP)
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Strategy
1.	 Advance the RDD&D* of heat pumping technologies through creation of research opportunities, 

networking possibilities and meeting places for academia, industry, private sector markets and 
policy makers to collaborate under new Annexes (projects) and activities within the HPT TCP.

2.	 Perform RDD&D activities within the areas of heating, cooling and refrigeration for the building, 
community, transport and industrial sectors while widening the scope to include to a larger extent: 

•	 	 Affordable and competitive technologies for heating 
•	 	 More efficient cooling and air-conditioning, especially in warm and humid climates 
•	 	 Flexible, sustainable and clean system solutions (e.g. in urban areas) using combinations 	

	 of heat pumping technologies with energy storage, smart grid, solar and wind energy,  
	 thermal networks, energy prosumers, etc. 

•	 	 Possibilities offered by the developments in the area of digitalization and Internet of Things. 
•	 	 New or special markets and applications, including automotive, industry and consumer 	

	 products (e.g. white goods) 
•	 	 New, alternative or natural refrigerants with lower global warming potential, high thermo	

	 dynamic potential and low toxicity for both new and existing applications 

3.	 Contribute to advanced and/or disruptive innovations through cross-cutting networking and  
collaboration with other TCPs and relevant organizations 

4.	 Communicate the results and impact from the RDD&D work, tailor the messages using appropriate 
channels to reach relevant target groups, including policy makers, national and international energy 
and environmental agencies, utilities, manufacturers, system designers, industry associations, 
researchers and end-users 

5.	 Provide IEA and standardization organizations with reliable and independent guidance, data and 
knowledge about heat pumping technologies, separately or in combination with other technologies 

6.	 Increase activities to attract new members, including IEA key partner and association countries

Activities
The activities of the Programme include a communication service, the Heat Pump Centre, with a  
Magazine, Newsletter and a website, international collaborative projects (Annexes), workshops, analysis 
studies and a triennial international conference.

HPT TCP MEMBER COUNTRIES 
•	 Austria
•	 Belgium 
•	 Canada 
•	 Czech Republic
•	 China
•	 Denmark
•	 Finland
•	 France
•	 Germany
•	 Italy 
•	 Japan 
•	 The Netherlands 
•	 Norway 
•	 South Korea 
•	 Sweden 

* Research, Development, Demonstration and Deployment



Monica Axell, General Manager
Monica has a long and extensive experience of heat pumping technologies. Through  
meetings and conferences for the HPC and others, she also has many contacts within  
not only this field but generally within the field of energy and beyond. 
monica.axell@ri.se
Caroline Haglund Stignor, Assistant Manager/Annex Manager
Caroline also has a long and extensive experience of heat pumping technologies. 
Together with Monica, she is often the face of the HPC, presenting and representing HPT 
TCP in current and future member countries and conferences. 
caroline.haglundstignor@ri.se

Christina D-Nordström, Coordinator/Administrator 
Christina is an experienced administrator, who is used to handling large and complicated 
projects. She is the person to contact for general issues regarding the HPT TCP and HPC. 
christina.d-nordstrom@ri.se

Metkel Yebiyo, Technical Expert and Editor
Metkel Yebiyo is a Researcher at RISE, working at the forefront of energy & sustainable 
built environment. At HPC, he is the editor of our prestigious Heat Pumping Technology 
Magazine and deals with annual reports, organising national expert meetings, and mem-
ber country reports.
metkel.yebiyo@ri.se 
Anneli Rosenkvist, Communication 
Anneli is an experienced marketing and communication professional with knowledge in 
planning, coordinating, and executing communication strategies. At HPC, she is responsible 
for and can offer support within graphical design, newsletter, website and social media.
anneli.rosenkvist@ri.se 

The work within the HPT TCP is organized in  sev-
eral interacting layers. The Executive Committee 
(ExCo) is the board of the HPT TCP. Meetings are 
held twice a year. At the meetings, each mem-
ber country has one vote. The meeting locations 
alternate between the member countries and 
regions. 

National Teams (NTs) are important for promo-
tion of the HPT TCP at the national level. The 
National Teams are experts on their countries' 
needs regarding industry, markets, deployment, 
research and development activities. It is a fo-
rum for discussion, networking and creation of 
new ideas. Thus, an interactive process where 
the National Team shares information with the 
ExCo delegates, the Heat Pump Centre, and oth-
er National Teams is highly important. 

Annexes are the cooperative projects within the 
HPT, and are a central activity of the HPT TCP. 

This is the HPC Staff :

Within these, new knowledge is elaborated 
through collaborative RDD&D work. They are 
conducted on a combination of cost-sharing and 
task-shaing basis by the participating countries. 
They are often conceived at the joint National 
Experts’ meetings.
 
The Heat Pump Centre (HPC) is the central com-
munication activity of HPT TCP. This involves in-
formation dissemination, for instance, regarding 
project reports, the HPT Magazine and the HPT 
Website; nowadays also social media such as 
LinkedIn and Twitter (@heatpumpingtech). 

The Heat Pump Centre also involves programme 
support to ExCo, NTs and Annex coordinators 
(called Operating Agents, OAs), as well as stim-
ulating and supporting the generation of new 
activities, arranging National Experts’ meetings, 
representing the TCP at IEA meetings, support-
ing IEA publications, and conducting outreach 
activities. 
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Organization of the HPT TCP
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Executive meetings
After two years of holding Executive Committee 
(ExCo) meetings online, the HPT TCP communi-
ty could finally meet up again – at hybrid online/
onsite meetings, since some people were still pre-
vented from travelling. The spring ExCo meeting 
took place in Oslo on 11-12 May. The day before 
the ExCo meeting on 10 May, the Norwegian ExCo 
delegate organized a national workshop where 
the international audience was informed about 
the policy and market situation for heat pumping 
technologies in Norway, alongside with informa-
tion about research activities within the country. 
At present, Norway is the country with the highest 
penetration of heat pumps per capita in Europe. 
The national audience was informed about the ac-
tivities performed within HPT TCP. 

The fall ExCo meeting took place in London on 9-10 
November as a hybrid meeting. However, this time 
most of the delegates attended in person. The day 
prior to the meeting, the ExCo delegate from the 
UK organized a national seminar. The ambitious 
plans to accelerate the roll-out of heat pumps in 

the UK in order to decarbonize the heating sector 
were presented together with information about 
national research, demonstration, development 
and deployment projects.
Czech Republic joined the HPT TCP in October. 
Representatives from the country attended 
the spring ExCo meeting as invited guests and 
as formal delegates at the fall ExCo meeting. 
During the meeting, they held a presentation 
about the present status of the energy transition 
and heat pumping technologies in their country. 

[Strategy point 2]

Digital workshops and webinars 
During the year, the HPT TCP organised several 
digital workshops and webinars, for example, 
three workshops when Member Country Re-
ports were presented and discussed on 16 June, 
7 September and 21 November. On 13 June, 
the team of Annex 52, “Long-term performance 
monitoring of GSHP systems for commercial, in-
stitutional, and multi-family buildings”, together 
with HPC, organized a very well-attended webi-
nar to present the final results from the work 
within the Annex, which had recently been fi-
nalized. Later during the year, on 24 October, 
the Operating Agent of the joint HPT Annex 55 /
ES Task 34 “Comfort and Climate Box” and HPC 
organzed a well-attended webinar, where the 
final results from this Annex were described. 
On 4 October, HPC invited openly to an online 
national experts meeting. During this meeting, 
ideas and proposals for new Annexes to be per-
formed within HPT TCP were presented and dis-
cussed (see page 50 Outlook into the future). 

[Strategy point 3]

Activities and Achievements

ExCo meeting in Oslo, Norway, May 2022.

ExCo Chairman Stephan Renz presenting at the UK 
National Seminar in London, November 2022.

ExCo meeting in Oslo, Norway, May 2022.

http://
http://
http://
mailto:https://heatpumpingtechnologies.org/news/1/57577?subject=
https://heatpumpingtechnologies.org/news/1/57757
mailto:https://heatpumpingtechnologies.org/news/1/58074?subject=
https://heatpumpingtechnologies.org/news/1/57794
https://heatpumpingtechnologies.org/news/1/57680/
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Request for Extension 
During 2022 a lot of effort was put into prepar-
ing for the Request for Extension for the next five 
years, 2023-2028, which was due to be submitted 
to IEA during the summer. The request involved 
compiling an End-of-Term report and revising the 
TCP's strategic work plan. Since the ExCo had per-
formed a mid-term evaluation, led by HPC, of the 
present strategic work plan (2018-2023) during 
2020 and at the beginning of 2021, the HPT TCP 
community was well prepared for a revision of 
the strategic work plan. On March 17, HPC orga-
nized an online strategy workshop with the ExCo 
delegates, and the output from this workshop 
formed the basis for the development of the 
revised strategic work plan. The draft strategic 
work plan, as well as the End-of-Term report, was 
discussed at the spring ExCo meeting in Oslo, 
and the final version of the documents were ap-
proved by ExCo before submission to IEA.

For many decades, the HPT TCP, as well as in-
dustry and business associations, have been 
fighting for recognition of the technology with-
in the IEA and among policy makers around the 
world. Now, in 2022, we can conclude that we 
have succeeded in many ways. The technology 
is well recognized by IEA as the future norm for 
heating of a decarbonized building sector and 
for contributing to the decarbonization of the 
industry sector. In addition, the legal framework 
in many regions of the world is well prepared 
for a large-scale roll-out of heat pumps; many 
countries have announced support schemes 
for end consumers investing in heat pumps and 
other measures are taken to support the value 
chain. Besides being an efficient and clean ener-
gy technology, in 2022, the role of heat pumps 
to decrease the reliance on Russian natural gas 
and strengthen energy security emerged as very 
important. Although the technology is available 
and works well and markets are growing, 
barriers for accelerated deployment of this clean, 
energy-efficient secure technology should be 

reduced and removed by different measures. At 
the same time, further research and innovation 
is needed to utilize the full potential of system 
integration, to ensure robust, sustainable and 
affordable value chains, and to expand the op-
erating range of heat pumping technologies. In 
addition, further research is needed to develop 
new technologies and adopt the technology for 
low or ultra-low GWP technologies. All these as-
pects were taken into account when developing 
the revised strategic work plan for 2023-2028, 
which is described on page 50. 

The request for extension, including the End-of-
Term report for 2018-2023 as well as the Strate-
gic Work plan for 2023-2028, was presented for 
IEA’s End-Use Working Party (EUWP) in Septem-
ber by the HPT TCP ExCo Chair. In October, the 
ExCo Chair received a very positive assessment 
of the submitted documents by EUWP as well 
as an approval of the request from IEA’s CERT 
(Committee on Energy Research and Technology).

Ongoing, new and completed annexes 
The international collaboration projects within 
the HPT TCP, the annexes, form the core of TCP 
activities. During 2022, the following eight an-
nexes were ongoing:
•	 Advanced Cooling/Refrigeration Technolo-

gies Development (Annex 53) 
•	 Heat pump systems with low GWP refriger-

ants (Annex 54) 
•	 Internet of Things for Heat Pumps (Annex 56) 
•	 Flexibility by implementation of heat pumps 

in multi-vector energy systems and thermal 
grids (Annex 57) 

•	 High-Temperature Heat Pumps (Annex 58) 
•	 Heat Pumps for Drying (Annex 59) 
•	 Retrofitting Heat Pump Systems in Large 

Non-domestic Buildings (Annex 60)
See further pages 23.

Reports from these finalized Annexes were pub-
lished on the HPT website during the year: 
•	 Heat Pumps in Multi-Family Buildings for 

Space Heating and DHW (Annex 50) 
•	 Long-term performance measurement of 

GSHP systems serving commercial, institu-
tional and multi-family buildings (Annex 52) 

•	 Comfort and Climate Box (Annex 55) 

During the two ExCo meetings and the online 
National Experts meetings arranged during the 
year, several ideas and proposals for potential 



HPT TCP ANNUAL REPORT 2022 17

new annexes were presented, discussed and fur-
ther developed. More information about these 
ideas and proposals can be found on page 50, 
Outlook into future. 

[Strategy point 2]

The IEA Heat Pump Conference 
During 2022 the preparations for the next coming 
IEA Heat Pump Conference, which will take place 
on 15-18 May 2023 in Chicago, (see page 20), 
increased in activity. The call for abstracts was 
open during the spring and closed in June. A large 
number of abstracts, spread over several topics 
and areas of applications for heat-pumping tech-
nologies, were received. During the second half 
of the year, reviewers to review the submitted 
papers were recruited by the regional coordina-
tors. The deadline for submitting full papers was 
in November, and thereafter the review process 
of the close to 200 submitted papers started. In 
parallel, during the summer, the call for nomi-
nations for the Peter Ritter von Ritteringer heat 
pump award was opened, and nominations were 
due at the end of November.  
[Strategy point 1]

HPT communications: magazine, news-
letter, website, social media and more 
One of the Heat Pump Centre’s (HPC) main activ-
ities is publishing the prestigious Heat Pumping 
Technologies Magazine. Each issue covers a specif-
ic topic and contains articles, news, events, and a 
contribution from a guest columnist. Three issues 
of the HPT Magazine were published in 2022 on 
the topics “Refrigerants”, “Control and Monitoring 
of Heat Pump Systems”, and “Smart Integration of 
Heat Pumps with Electric Storage and Solar Pho-
tovoltaics”. They were published together with an 
electronic newsletter with short versions of select-
ed articles. The prestigious Heat Pumping Tech-
nologies Magazine has played a significant role in 
expanding our research outreach, attracting new 
audiences, and sparking important discussions on 

the current energy challenges and the robust poli-
cy backing for heat pumping technologies. 

The HPT TCP website is continuously updated 
with news, information, new annex subsites and 
new publications. The Heat Pump Centre has 
been active on social media, publishing news and 
retweets on LinkedIn, Twitter and on the Chinese 
social media platform WeChat. It continuously 
follows the web traffic and number of readers 
on our communication channels and has noted 
a considerable increase in both from year to year.  

The Heat Pump Centre has continued to support 
the operating agents (project leaders for the an-
nexes) to improve and update annex pages on 
the website with new information, such as pub-
lications and links to webinars. This is important, 
as annex pages are the most visited ones on the 
HPT TCP site every month.  

During 2022 presentations and summaries from 
Member Country Report workshops have been 
published on the website. This offers website 
visitors a good source for information regarding 
market development and the present status and 
conditions for the deployment of heat pumps in 
different parts of the world. 

Heat Pump Centre (HPC) continued to send out 
the “HPC 60 seconds” e-mail, a monthly overview 
in bulleted format of HPC activities for people ac-
tively involved in the TCP. 

[Strategy point 4]

https://issuu.com/hptmagazine/docs/hpt_magazine_no1_2022
https://issuu.com/hptmagazine/docs/hpt_magazine_no2_2022
https://issuu.com/hptmagazine/docs/hpt_magazine_no2_2022
https://heatpumpingtechnologies.org/news/1/58024
https://heatpumpingtechnologies.org/news/1/58024
https://heatpumpingtechnologies.org/news/1/58024
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Collaboration with IEA 
Representatives from the HPT TCP and Heat 
Pump Centre have had a continuous dialogue 
with the IEA secretariat and participated in meet-
ings, most of them online. During the first half 
of the year, a cross-TCP project was elaborated, 
which resulted in an online article published on 
the website of IEA and promoted in their various 
communication channels at the beginning of 
September. In this article, a deep-dive was made 
for the building-related milestones of the IEA 
Net-Zero by 2050 Roadmap, published by IEA in 
May 2021 (see page 5 Highlights). 

In June, Caroline Haglund Stignor, one of the co-
leads of the Heat Pump Centre, was invited by IEA 
to be part of a fascinating panel discussion about 
heat pumps and what can be done to deploy 
the most efficient equipment quickly enough at 
a session titled “Super-efficient appliances pave 
the way to Net Zero” during the 7th IEA Energy 
Efficiency conference, which took place in Søn-
derborg in Denmark in June. During the discus-
sion, the audience could learn about the Electric 
Ireland Superhomes, a one-stop-shop for a home 
energy retrofit, challenges related to supply 
chains and the lack of components that manufac-
turers experience right now and that there is no 
lack of installers in Europe, maybe of heat pump 
installers, but installers could be retrained. It was 
also discussed how finance could be unlocked to 
enhance the energy efficiency, how to create in-
centives and that emissions should be controlled 
beyond reporting. 

A month later, Caroline Haglund Stignor was in-
vited by IEA to give a presentation about heat 
pumping technologies during a closed online 
workshop on the topic “Rollout of rooftop solar 
and heat pumps”. This workshop was part of a 
project funded by the Technical Support Instru-

ment of the European Union and implemented 
by the International Energy Agency in collabo-
ration with the Directorate-General for Struc-
tural Reform Support (DG REFORM) to provide 
multi-country advice on concrete measures to 
reduce dependency on Russian fossil fuels. 

During the fall, the HPT TCP network, coordinat-
ed by Heat Pump Centre, provided input of facts 
and figures and a review of the Special report 
Heat Pumps for the Future within the World En-
ergy Outlook series, which was published by IEA 
on 30 November (see page 9). In conjunction with 
the publication of the report, Heat Pump Centre 
communicated summaries and key messages of 
the report in all their communication channels. 

In parallel with the work to provide input to the 
report mentioned above, Heat Pump Centre col-
lected input from the HPT TCP network to IEA’s 
Energy Technology Perspectives 2023, which was 
published in early January 2023 (see page 11). 
Several meetings were organized with the IEA 
secretariat, and the report was reviewed by Heat 
Pump Centre as well as by the ExCo Chair. 
[Strategy point 5] 

Collaboration with other international 
organizations and other TCPs
In September, a side event on the theme “In-
novation and policy measures to solve the heat 
challenge” was organized by HPT TCP (through 
Heat Pump Centre), the Global Alliance for Build-
ing and Construction’s (ABC’s) Clean Heat Forum, 
and Mission Innovation’s Innovation Com-
munity (Challenge) on Affordable Heating and 
Cooling of Buildings (MI#IC7). The purpose of the 
side event was to inspire and learn from each 
other. The audience could learn how technolo-
gies like the breakthrough Comfort and Climate 
Box (CCB) can meet heating and cooling needs 
and be deployed at scale and how national and 
subnational governments are developing tech-
nology, financial, and energy policies supporting 
the rapid deployment of clean heating.

In October the Chair of HPT TCP, Stephan Renz, 
and Caroline Haglund Stignor, from Heat Pump 
Centre, participated in IEA’s Future Buildings Fo-
rum Think Tank Workshop, which took place in 
Gatineau, Canada. The theme for this workshop 
was “Existing buildings: Pathways to Net Zero 
Carbon to 2035” and it used the Cross-TCP arti-
cle (see page 5), which had been co-authored by 
several TCPs earlier during the year, as a start-
ing point. The objective of the workshop was to 
identify international collaborative RDD&D activ-
ities, needed to unluck deployment of low and 

Heat pump panel at the 7th IEA Energy Efficiency Con-
ference, Sønderborg, Denmark,  June 2022. 

https://heatpumpingtechnologies.org/news/1/58024
https://heatpumpingtechnologies.org/news/1/58024
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zero carbon technologies in existing housing and 
buildings and to identify areas and project where 
joint activities between the TCPs should be car-
ried out. Representatives from all the TCPs re-
lated to buildings participated in this workshop, 
which was hosted by EBC TCP. The HPT TCP Chair 
as well as Heat Pump Centre contributed actively 
to the preparation of this workshop and one of 
the sessions, "Technological Systems as Catalysts 
for Future Proofing Buildings” was led by HPT TCP 
Chair, Stephan Renz.

On December 15, Caroline Haglund Stignor from 
Heat Pump Centre was invited by IEA to mod-
erate a webinar, “Pump up the volume: Heat 
pumps for a decarbonised future”, organized by 
CLASP, where the RAP heat pump policy toolkit 
was presented, followed by a presentation by 
IEA of their special report “The Future of Heat 
Pumps”.

The Annex 55 Comfort and Climate Box was fi-
nalized during 2022 and further information 
about important outcomes from the project is 
described on page 35. This project is built on 
valuable interlinked collaboration between HPT 
TCP, Energy Storage TCP and Mission Innova-
tion’s Innovation Community on Affordable 
Heating and Cooling of Buildings (MI#IC7). 
[Strategy point 3]

Meli Stylianou, EBC TCP, opening IEA's Future Buildings 
Forum Think Tank Workshop, which took place in 
Gatineau, Candada.

Araceli P Fernandez, IEA, presenting at the side event 
at the Global Clean Energy Action Forum, a joint con-
vening of the 13th Clean Energy Ministerial and 7th 
Mission Innovation ministerial meeting (CEM-13MI7) in 
Pittsburgh (see page 6).

Main room IEA’s Future Buildings Forum Think Tank
Workshop, which took place in Gatineau, Canada.
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Welcome to the 14th IEA Heat Pump Conference, 
2023 “Heat Pumps – Resilient and Efficient”

Every three years, the IEA Technology Collabora-
tion Programme on Heat Pumping Technologies 
(IEA HPT TCP) convenes the IEA Heat Pump Con-
ference. The United States is proud to announce 
that it will be hosting the 14th IEA Heat Pump Con-
ference, which will be held in Chicago on 15-18 
May 2023.  The theme for the Conference is “Heat 
Pumps – Resilient and Efficient”. 

CONFERENCE GOALS 
Clean, efficient, and reliable energy systems are 
essential to meeting basic needs for comforta-
ble, secure, and environmentally friendly buil-
ding environments; food processing, transport, 
storage; and industrial processes. Many ana-
lysts estimate that achieving long-term climate, 
security, and energy goals will not be possible 
without increasing the use of renewable heating 
and cooling technologies in conjunction with 
large-scale refurbishment and renovation of the 
world’s existing buildings and industrial infra-
structure. Heat pumps, driven with renewable 
power sources, are the key technical solution for 
meeting these challenges. 

The upcoming 14th IEA Heat Pump Conference 
will serve as a forum to discuss the latest heat 
pumping technologies and applications, and 
exchange valuable knowledge in research, mar-

ket, policy, and standards information on rela-
ted technologies. Exhibitions will be held during 
the Conference to share heat-pumping products 
and technologies.  

CONFERENCE PROGRAM HIGHLIGHTS 
The National Organizing Committee (NOC), chai-
red by Brian Fricke, looks forward to providing 
conference attendees with an exceptional con-
ference experience, in keeping with the tradition 
of excellence established by all 13 of the prece-
ding conferences.  Conference program high-
lights include the following:
•	 High-level invited speakers for the opening 

plenary sessions 
•	 High-level invited keynote speakers leading 

each major conference oral technical ses-
sion 

•	 Poster presentation sessions associated 
with each oral technical session 

•	 Exhibition of equipment and information 
kiosks 

•	 Technical visits 
•	 Social and sight-seeing program

The Conference will start on Monday (15 May 
2023) with a series of Workshops on internatio-
nal collaborative projects (Annexes) within the 
IEA HPT TCP and other related topics. After the 
main plenary opening sessions on Tuesday mor-
ning (16 May 2023), the remaining two and one-
half days will consist of oral and poster technical 
sessions organized in parallel tracks, featuring a 
number of heat pump-related topics including, 
but not limited to, the following: 
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The Renaissance Chicago Downtown Hotel, USA.

•	 Residential and commercial building com-
fort conditioning, focusing on topics such 
as: space heating, air-conditioning, net-zero 
buildings, renovation, hybrids, domestic hot 
water, and multifamily buildings. 

•	 Non-residential applications, focusing on 
industrial heat pumps, waste heat, district 
heating, commercial refrigeration, and 
transport air conditioning and refrigeration. 

•	 Innovation and Research and Development 
(R&D), focusing on aspects such as ground 
sources, advanced storage systems, wor-
king fluids, sorption technologies, advanced 
vapor compression, non-vapor compres-
sion technologies, smart grids/energy, cold 
and hot climate applications, advanced air 
conditioning technologies, gas-driven heat 
pumps and combinations with other re-
newable technologies. 

•	 Policy topics and market status, trends, stra-
tegies, and future opportunities. 

CONFERENCE INFORMATION 
Those wishing to attend the Conference should 
visit the conference website: www.hpc2023.org. 
Detailed information, including registration and 
hotel accommodation forms, is available.

 

WHO SHOULD ATTEND? 
The wide variety of heat pump-related discus-
sions that will take place during the Conference 
is intended to attract a diverse group of atten-
dees, including: 
•	 Policy makers, government officials, energy 

efficiency program leaders 
•	 Executives and representatives from indu-

stry, utilities, and the public sector 
•	 Manufacturers, distributors, and technolo-

gy supporters 
•	 Designers and developers of heat pump 

systems and components 
•	 Researchers from industry, utilities, acade-

mia, and private and public R&D institutes

CONFERENCE VENUE 
The Renaissance Chicago Downtown Hotel is ex-
cited to welcome the 14th IEA Heat Pump Confe-
rence attendees, “Resilient and Efficient.”  Loca-
ted in the prime area of the Theater District, the 
venue provides attendees with easy access to 
Chicago’s vibrant cultural infrastructure, inclu-
ding a wide variety of traditional pubs, eclectic 
bars, and clubs.  Chicago is also home to a wide 
variety of restaurants satisfying almost any cu-
linary desire.  The Chicago O’Hare International 
Airport (ORD) and Midway International Airport 
(MDW) are international and domestic arrival 
hubs offering light rail service to downtown Chi-
cago, and ground transportation such as taxis 
and rideshare services are readily available.

http://www.hpc2023.org
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HPT TCP
Research Projects

The projects within the HPT TCP are known as annexes.  
 
Participation in an annex is an efficient way of increasing 
national knowledge, both regarding the specific project 
objective, but also by international information exchange. 

Annexes operate for a limited period of time, and  
objectives may vary from research to implementation of 
new technology. Market aspects are other examples of  
issues that can be highlighted in the projects.



HPT TCP ANNUAL REPORT 2022 23

HPT TCP Annexes
The Technology Collaboration Programme on Heat Pumping Technologies participating countries are: 
Austria (AT), Belgium (BE), Canada (CA), Czech Republic (CZ), China (CN), Denmark (DK), Finland (FI), France 
(FR), Germany (DE), Italy (IT), Japan (JP), the Netherlands (NL), Norway (NO), South Korea (KR), Sweden (SE), 
Switzerland (CH), the United Kingdom (UK), and the United States (US). 

Bold, red text indicates Operating Agent (Project Leader).  

NEW

Finalized 2022

HEAT PUMPS IN MULTI-FAMILY 
BUILDINGS FOR SPACE HEATING AND 

DHW 50 AT, CH, DE, DK, FR, IT, NL A

LONG TERM PERFORMANCE 
MEASUREMENT OF GSHP SYSTEMS 

SERVING COMMERCIAL, INSTITUTIONAL 
AND MULTI-FAMILY BUILDINGS

52 DE, FI, NL, NO, SE, US, UK A, B

ADVANCED COOLING/REFRIGERATION 
TECHNOLOGIES DEVELOPMENT 53 CN, DE, IT, KR, US B

HEAT PUMP SYSTEMS WITH LOW GWP 
REFRIGERANTS 54 AT, DE, FR, IT, JP, KR, SE, US F

COMFORT AND CLIMATE BOX 55 AT, BE, CA*, CH*, CN, DE, IT, NL, 
SE, TR*, UK, US A, B

INTERNET OF THINGS FOR 
HEAT PUMPS 56 AT, CH, DE, DK, FR, NO, SE D

FLEXIBILITY BY IMPLEMENTATION OF 
HEAT PUMPS IN MULTI-VECTOR ENERGY 

SYSTEMS AND THERMAL NETWORKS 57 AT, DE, DK, FR, NL, SE C

HIGH-TEMPERATURE HEAT PUMPS 58 AT, BE, CA, CH, CN, DE, DK, FI, 
FR, NL, NO, JP, E

HEAT PUMPS FOR DRYING 59 AT, CH, DK E

RETROFITTING HEAT PUMP 
SYSTEMS IN LARGE NON-DOMESTIC 

BUILDINGS 60 UK, AT, IT, NL A, B

HEAT PUMPS IN POSITIVE
 ENERGY DISTRICTS 61 AT, DE, JP, CH, US A, 

B,C

*) Participates from Energy Storage TCP

Letters A-F  in right column, indicates which of the selected RDD&D areas in the strategy of HPT TCP the Annex is 
linked to, see below.

Selected areas for RDD&D activities in HPT TCP (2023-2018) 
RDD&D-Research, Development, Demonstration and Deployment 
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ANNEX

50
HEAT PUMPS IN MULTI-FAMILY 

BUILDINGS FOR SPACE HEATING 
AND DHW

INTRODUCTION
The perception of heat pumps by the policy- and 
lawmakers has changed significantly in favour of 
heat pumps as a solution for the decarbonization 
of heating in the housing sector. New strategies to 
reach climate neutrality point to heat pumps as 
the key solution.  

Most heat pumps installed in Europe are dedi-
cated for single-family houses. Heat pumps must 
also be installed in multi-family buildings (MFB) to 
reach the goals mentioned in the previous para-
graph. The analyses completed within Annex 50 
show that a lack of knowledge is one of the major 
barriers of a broader application of heat pumps in 
multi-family buildings. Both on the side of owners 
of the buildings or apartments, as well as inves-
tors.  

The diversity of the multi-family buildings is sig-
nificantly higher than in the case of single-fam-
ily buildings. This results in more numerous and 
complex solutions which can be implemented for 
covering the heating demand and domestic hot 
water needs. Consequently, the choice of the most 
appropriate solution is a much more difficult task. 

MAIN OBJECTIVES
	» Enhancement of HP systems and/or HP com-

ponents for their adaptation in multi-family 
buildings

	» Categorization of possible concepts for the 
application of HP in all types of MFB with di-
verse energetical standard of the building en-
velope

	» Collecting and visualizing the realized projects  

PROGRESS AND KEY RESULTS  
The approach of the Annex 50 was to find the 
way to create a holistic (integrated) method of 
presenting its results, as well as to work on all 
Tasks simultaneously. The result of this approach 
is a “solutions matrix” (see Figure 1).

Each part of the matrix can be used or presented 
as a stand ing-alone component and is connect-
ed to a specific Task of the Annex.  
A general classification of heat pump solutions 
for multifamily residential buildings was elab-
orated. The solutions are described in a stan-
dardized way according to eight representative 
categories. Overall, 13 solutions were identified, 
ranging from a fully centralized system to a com-
pletely decentralized system. The solutions were 
grouped into five “families”, each grouping spe-
cific sub-solutions. The purpose of the solution 
matrix is to give guidance to designers, planners 
and installers.

The aim of the Annex was not only to classify 
and describe possible solutions of heat pumps 
in multi-family buildings but also to clearly show 
that heat pumps are already working in a signif-
icant number of multi-family buildings across 
participating countries. Parallel to the theoretical 
classification of the solutions, numerous case 
studies representing implementation of heat 
pumps in multifamily buildings were collected. 
The cases show a wide variety of possibilities for 
the use of heat pumps. To reflect the holistic ap-
proach and to illustrate the practice, each case 
study is connected to a corresponding solution 
in the solution matrix.

”“The use of heat pump sys-
tems in apartment buildings 
is possible and already prac-
ticed. Nevertheless, there is 
still no evidence of a wider 
use of this solution. More 
standardized solutions are 
needed.”  ”
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Project duration: 
January 2017 – June 2021

Operating Agent: 
Marek Miara, Fraunhofer ISE, Germany
marek.miara@ise.fraunhofer.de

Participating countries: 
Austria, Denmark, France, Germany, Italy, 
the Netherlands and Switzerland.

Further information:
www.heatpumpingtechnologies.org/
annex50

OUTLOOK  
The description of the proposed “solution ma-
trix” should rather be seen as a framework pre-
pared for further elaboration than as an accom-
plished task. Each description is a compromise 
between various views of the involved Annex 
partners. In some cases, a specific national per-
spective results in a different view on the topic. 
It is recommended to open the discussion about 
the characteristic of each concept to the broader 
audience.    

The case studies database should be regarded 
as a well-established tool with a large expanding 
potential. The collected cases explicitly show the 
applicability of heat pumps in multi-family build-
ings. The database should be further developed 
with more case studies in order to reach its full 
potential. 
The work of the Annex 50 will continue and build 

Figure 1. Main elements of the "solutions matrix", the holistic result of the Annex 50, Source: Annex 50.

upon the results already achieved in the frame of 
the new Annex 62, “Heat pumps for multi-family 
residential buildings in cities”. 

FINAL REPORTS  ANNEX 50
The following documents are available for free 
download on the IEA HPT Annex 50 website:

Miara, M. et al. 2022, Final Report Annex 50: Heat 
Pumps in Multi-Family Buildings for Space Heating 
and Domestic Hot Water, Technology Collaboration 
Programme on Heat Pumping Technologies (HPT 
TCP), Report no. HPTAN50- 1, 2022 

Executive Summary Annex 50: Heat Pumps in Mul-
ti-Family Buildings for Space Heating and Domestic 
Hot Water (DHW)

2-page summary Annex 50: Heat Pumps in 
Multi-Family Buildings for Space Heating and 
Domestic Hot Water (DHW)

mailto:marek.miara%40ise.fraunhofer.de%0D?subject=
http://www.heatpumpingtechnologies.org/annex50
http://www.heatpumpingtechnologies.org/annex50
https://heatpumpingtechnologies.org/publications/final-report-annex-50-heat-pumps-in-multi-family-buildings-for-space-heating-and-dhw/
https://heatpumpingtechnologies.org/publications/final-report-annex-50-heat-pumps-in-multi-family-buildings-for-space-heating-and-dhw/
https://heatpumpingtechnologies.org/publications/final-report-annex-50-heat-pumps-in-multi-family-buildings-for-space-heating-and-dhw/
https://heatpumpingtechnologies.org/publications/final-report-annex-50-heat-pumps-in-multi-family-buildings-for-space-heating-and-dhw/
https://heatpumpingtechnologies.org/publications/final-report-annex-50-heat-pumps-in-multi-family-buildings-for-space-heating-and-dhw/
https://heatpumpingtechnologies.org/publications/final-report-annex-50-heat-pumps-in-multi-family-buildings-for-space-heating-and-dhw/
https://heatpumpingtechnologies.org/publications/executive-summary-annex-50-long-term-performance-monitoring-of-gshp-systemsfor-commercial-institutional-and-multi-family-buildings/
https://heatpumpingtechnologies.org/publications/executive-summary-annex-50-long-term-performance-monitoring-of-gshp-systemsfor-commercial-institutional-and-multi-family-buildings/
https://heatpumpingtechnologies.org/publications/executive-summary-annex-50-long-term-performance-monitoring-of-gshp-systemsfor-commercial-institutional-and-multi-family-buildings/
https://heatpumpingtechnologies.org/publications/annex-50-2-page-summaryheat-pumps-in-multi-family-buildings-for-space-heating-and-domestic-hot-water-dhw/
https://heatpumpingtechnologies.org/publications/annex-50-2-page-summaryheat-pumps-in-multi-family-buildings-for-space-heating-and-domestic-hot-water-dhw/
https://heatpumpingtechnologies.org/publications/annex-50-2-page-summaryheat-pumps-in-multi-family-buildings-for-space-heating-and-domestic-hot-water-dhw/
https://heatpumpingtechnologies.org/publications/annex-50-2-page-summaryheat-pumps-in-multi-family-buildings-for-space-heating-and-domestic-hot-water-dhw/
https://heatpumpingtechnologies.org/publications/annex-50-2-page-summaryheat-pumps-in-multi-family-buildings-for-space-heating-and-domestic-hot-water-dhw/


HPT TCP ANNUAL REPORT 202226

ANNEX

52
LONG-TERM PERFORMANCE  

MEASUREMENT OF GSHP  
SYSTEMS SERVING COMMERCIAL, 

INSTITUTIONAL AND  
MULTI-FAMILY BUILDINGS

INTRODUCTION
Carefully instrumented and analyzed long-term 
performance measurements from large GSHP 
systems are highly valuable tools for research-
ers, practitioners and building owners. Analyses 
of good quality long-term performance measure-
ments of GSHP systems are sparse in the litera-
ture, and there is no consensus on key figures for 
performance evaluation and comparison. Within 
Annex 52, a bibliography on long-term measure-
ment of GSHP systems has been compiled, and 
the participants are measuring performance of a 
wide range of GSHP systems. Based on this expe-
rience, the annex has revised the current meth-
odology to better characterize the performance 
of larger GSHP systems.  These systems have a 
wide range of features and can be considerably 
more complex than single-family residential 
GSHP systems.  The case studies provided a set of 
benchmarks for comparisons of such GSHP sys-
tems around the world, using an extended sys-
tem boundary schema for calculation of system 
performance factors. This schema is a revised 
and extended version of the SEPEMO system 
boundary schema developed for non-complex 
residential heat pump systems.  

The outcomes from this annex will help build-
ing owners, designers and technicians evaluate, 
compare and optimize GSHP systems. It will also 
provide useful guidance to manufacturers of in-
strumentation and GSHP system components, 
and developers of tools for monitoring, con-
trolling and fault detection/ diagnosis. This will 
lead to energy and cost savings. 

 

OBJECTIVES
	» Survey and create a library of quality long-

term measurements of GSHP system per-
formance for commercial, institutional and 
multi-family buildings. All types of ground 
sources (rock, soil, groundwater, surface wa-
ter) are included in the scope.

	» Refine and extend current methodology to 
better characterize GSHP system perfor-
mance serving commercial, institutional and 
multi-family buildings with the full range of 
features shown on the market, and to pro-
vide a set of benchmarks for comparisons of 
such GSHP systems around the world.

RESULTS
Annex 52 finished in December 2021. 24 case 
study reports are completed and published on 
the Annex 52 website. An additional 6 reports, in-
cluding the Final Report, have been uploaded in 
2022. See Figure 1

Annex 52 finished in December 2021. 24 case 
study reports are completed and published on 
the Annex 52 website. An additional 6-10 reports 
have been uploaded in 2022.

Results for 26 projects with 119 years of data 
in total have been collated. Not all projects can 
measure at the same boundaries, but 12 proj-
ects with 59 years of data have measurements 
for boundary 2, which includes the ground heat 
exchanger and heat pump(s). Seasonal perfor-
mance factors within this boundary for heating 
and cooling together (SPFHC2) are in the range 
1.4-12.6, with an average of 4.6. 80% of the proj-
ect years have SPFHC2 of 3 or higher, and 34% 
of the project years have SPFHC2 of 5 or higher. 
One German building with 14 years of data that 
makes significant use of direct cooling from the 
ground has an average SPFHC2 of 8.2, and it has 
increased over time from an SPFHC2 of about 6 
to 12.8 for the last two years of measurements.

” All in all Annex 52 has resulted 
in 33 case study reports and 
other reports, seven journal 
papers and 14 conference 
papers. ”



HPT TCP ANNUAL REPORT 2022 27

Gehlin, S., Spitler, J.D. Witte, H., Andersson, O., 
Berglöf, K., Davis,M., Javed, S., Bockelmann, F., 
Turner, J., Clauss, J. (2022). Subtask 3 Report – 
Guide for analysis and reporting of GSHP system 
performance – system boundaries and key per-
formance indicators (KPI) – Final Document. IEA 
HPT Annex 52 – Long-term performance monitor-
ing of GSHP systems serving commercial, institu-
tional and multi-family buildings. 

Gehlin, S., Spitler, J.D. (2022). Subtask 1 Report – 
Annotated Bibliography – Final Document. IEA 
HPT Annex 52 – Long-term performance moni-
toring of GSHP systems serving commercial, insti-
tutional and multi-family buildings. 

Davis, M.J., Martinkauppi, I., Witte, H., Berglöf, K., 
Vallin, S. (2021). Guideline for Instrumentation 
and Data – Final Document. IEA HPT Annex 52 
– Long-term performance monitoring of GSHP 
systems serving commercial, institutional and 
multi-family buildings. 

Spitler, J.D., Berglöf, K., Mazzotti-Pallard, W., Witte, 
H. (2021). Guideline for Calculation of Uncertain-
ties – Final Document. IEA HPT Annex 52 – Long-
term performance monitoring of GSHP systems 
serving commercial, institutional and multi-family 
buildings. 

A number of case study reports from Annex 52 
can be found at the Annex website: https://heat-
pumpingtechnologies.org/annex52/documents/

2-pages summary of Annex 52 – Long-term per-
formance monitoring of GSHP systems for com-
mercial, institutional, and multi-family buildings

Project duration: 
January 2018 – December 2021

Operating Agent: 
Signhild Gehlin, Swedish Geoenergy Center, 
Sweden
signhild@geoenergicentrum.se

Participating countries: 
Finland, Germany, the Netherlands, Norway, 
Sweden, UK and USA

Further information:
www.heatpumpingtechnologies.org/an-
nex52

Two guideline documents, for instrumentation 
and data and for calculation of uncertainties, are 
published on the website. A third guideline for 
key performance indicators other than SPF and 
COP was completed at the beginning of 2022. 
The annotated bibliography that has been com-
piled within the Annex contains 82 publications 
describing more than 55 buildings where long-
term performance monitoring of larger GSHP 
systems have been performed, and some form 
of measured SPF has been reported. 

The final results from Annex 52 were presented 
at the IEA HPT Exco Meeting in Oslo in May 2022. 
A webinar presenting the overall results from 
Annex 52 was conducted in the spring of 2022, 
and the presentations and recording are avail-
able from the website. 

A conference paper with results from five years 
of measurements from the Studenthuset build-
ing in Stockholm was presented at the Clima 
2022 conference in May, a paper concluding 
the entire Annex 52 work was presented at the 
European Geothermal Congress 2022 in Octo-
ber, and a paper comparing the results from a 
centrialized and a distributed GSHP system was 
presented at the IGSHPA Conference Research 
Track 2022. A summarizing paper about the An-
nex 52 work was submitted to HPC 2023 in 2022. 
Two technical articles about Annex 52 results 
have been published in Rehva Journal and Energi 
& Miljö in 2022 and a follow-up article in Energi & 
Miljö will be published in early 2023. 
All in all Annex 52 has resulted in 33 case study 
reports and other reports, seven journal papers 
and 14 conference papers.

FINAL REPORTS FROM ANNEX 52
Gehlin, S., Spitler, J.D. (2022). Final report. IEA 
HPT Annex 52 – Long-term performance mo-
nitoring of GSHP systems serving commercial, 
institutional and multi-family buildings. 

Gehlin, S., Spitler, J.D. (2022). Case Study Summa-
ry Report. IEA HPT Annex 52 – Long-term perfor-
mance monitoring of GSHP systems serving com-
mercial, institutional and multi-family buildings. 

https://heatpumpingtechnologies.org/annex52/wp-content/uploads/sites/60/2022/04/kpiguidesubtask-3-reportfinal.pdf
https://heatpumpingtechnologies.org/annex52/wp-content/uploads/sites/60/2022/04/kpiguidesubtask-3-reportfinal.pdf
https://heatpumpingtechnologies.org/annex52/wp-content/uploads/sites/60/2022/04/kpiguidesubtask-3-reportfinal.pdf
https://heatpumpingtechnologies.org/annex52/wp-content/uploads/sites/60/2022/04/kpiguidesubtask-3-reportfinal.pdf
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
https://doi.org/10.23697/dzpy-yp81
mailto:signhild%40geoenergicentrum.se?subject=
http://www.heatpumpingtechnologies.org/annex52
http://www.heatpumpingtechnologies.org/annex52
https://doi.org/10.23697/xsbr-xn83
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ANNEX

53
ADVANCED  

COOLING/REFRIGERATION 
TECHNOLOGIES DEVELOPMENT

INTRODUCTION                                                                                                      
It is widely acknowledged that air conditioning 
(AC) and refrigeration systems are responsible for 
a large share of worldwide energy consumption 
today, and this demand is expected to increase 
sharply over the next 50 years absent action to 
ameliorate the increase. IEA projects that AC en-
ergy use by 2050 will increase 4.5 times over 2013 
levels for non-Organization of Economic Coordi-
nation and Development (OECD) countries and 
1.3 times for OECD countries). Worldwide action, 
both near-term (e.g., increase deployment of cur-
rent “best” technologies) and longer-term (RD&D 
to develop advanced, higher efficiency technol-
ogy solutions), is urgently needed to address 
this challenge.  HPT Annex 53 was initiated in 
late 2018 and focuses on the longer-term RD&D 
need. Technologies under investigation include 
the vapor compression (VC) based systems and 
non-traditional cooling approaches. Advanced 
VC R&D underway by participant teams includes 
a combined absorption/VC/thermal storage con-
cept, a large chiller based on water (R-718) as 
refrigerant, a novel pressure exchange (PX) con-
cept for expansion work recovery, and enhanced 
source and sink stream matching using zeotropic 
refrigerants. Significant efforts are also under-
way aiming at advancing state of development 
of cooling systems based on the magneto caloric 
(MC), elastocaloric (EC), and electrocaloric effect 
(ECE) cooling cycle concepts. This includes work 
on identifying materials with improved fatigue 
performance, etc., for MC, EC and ECE concepts.

OBJECTIVES
Annex 53’s main objective is longer-term R&D and 
information sharing to push the development of 
higher efficiency and reduced greenhouse gas 
(GHG) emission AC/refrigeration focused HP tech-
nologies. Specific areas of investigation include but 
are not limited to the following:

	» Advance the technology readiness level (TRL) 
of non-traditional cooling technologies and 
alternative compression technologies;

	» Independent control of latent and sensible 
cooling and tailoring systems for different 
climates (e.g. hot dry or hot humid);

	» Advances to VC-based technologies, both 
conventional and non-traditional.

MEETINGS
	» 23-24 February 2022, virtual meeting – Prog-

ress to-date on Task 2 activities summarized. 

	» 1 December 2022, virtual meeting – Prog-
ress to-date on Task 2 and Task 3 activities 
summarized. 

PROGRESS HIGHLIGHTS
Korea’s Annex 53 team has been developing a 
membrane heat pump system which includes 
two major processes, dehumidification and 
refrigeration. The dehumidification system 
consists of two parallel chambers separated by 
the membrane and a vacuum pump that assists 
in removing the moisture. The water vapor of 
wet air in the feed chamber is transported to 
the permeate chamber through the membrane, 
driven by the vapor concentration gradient due 
to the vacuum pump connected with the per-
meate chamber. 

The membrane used in this experiment is a 
hydrophobic polyurethane (PU)-based dense 
membrane which has a non-ionic water vapor 
channel composed of silica particle clusters. Si-
lica particle with 150 nm in size is surface-mo-
dified with a Silane coupling agent to control 
dispersion in the PU membrane. The mem-
brane contains 4.8 wt% of silica particles, and 
its thickness was about 10 micron. The water 
vapor transport rate according to the ASTM-E96 
method (Desiccant method, 38°, 90%) is measu-
red to about 150 g/m2h.

The Korean team has measured the outlet hu-
midity and the water vapor transport rate, the 
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mass of vapor permeated through the mem-
brane, under various experimental conditions 
of different feed flow rates and feed chamber 
heights. In addition, a theoretical analysis, com-
bining mass transport theory and volume con-
servation of an infinitesimal control volume, has 
been established to estimate the outlet humidi-
ty and the water vapor transport rate. The ex-
perimental data are entirely consistent with the 
behaviour predicted by theory.

China’s Annex 53 team at Tsinghua Universi-
ty developed an ultra-efficient air conditioner 
using multi-stage compression, smart evapo-
rative cooling ventilation, and a photovoltaic 
panel.. A rotary compressor with triple suction 
ports was used to achieve the three-stage com-
pression. For the condensers, water is pumped 
and sprayed on the fin-and-tube condenser, and 
outdoor air flows through the fin-and-tube heat 
exchanger and the microchannel heat exchang-
er. For the evaporators, the high-temperature 
evaporator handles part of sensible heat, while 
the low-temperature evaporator absorbs the re-
maining sensible and latent heat. A mechanical 
ventilation fan with a wet-membrane humidifier 
was used to provide fresh and cool air to the 
indoor environment. In addition, a photovoltaic 
(PV) panel is integrated into the system to provi-
de auxiliary energy to the compressor.

The air conditioner prototype was designed to 
meet the Indian energy standard. Through a 
typical 10-day lab-simulated year-round per-
formance test, the calculated annual power 
consumption of the prototype air conditioner 
was 746.2 kWh, which was 82.8% lower than 

that of the baseline prototype.
The US Annex 53 team at the University of Mary-
land has been advancing elastocaloric (EC) cooling 
technology. On-going research aims to develop a 
device that can achieve 50-100 K total temperature 
gradient and provide up to 100 W of cooling capaci-
ty for every 200 g of elastocaloric material. To date 
the research team has made significant efforts on 
two EC systems. The first is a nearly 1 kg setup that 
is under development (Figure 1). Model estimates 
suggest that it can provide both significant useful 
cooling and cooling capacity.

The other EC system boasts a modular multi-stage 
design with a 50 x 50 mm footprint (Figure 2). Simu-
lation suggests temperature lifts of up to 37 K for 
a four-stage device, and currently 27.2 K has been 
achieved experimentally for a three-stage prototy-
pe.

The US Annex 53 team at Ames Laboratory has been 
developing magnetocaloric (MC) cooling technolo-
gy, which has the potential to be as much as 30% 
more energy efficient than vapor compression (VC) 
systems. By focusing on using magnetic fields that 
are easily produced with simple permanent magnet 
arrays and operating at frequencies exceeding the 
typical 1-4 Hz to boost cooling power density, the 
system developed by the Ames Laboratory resear-
ch group demonstrated the potential to meet or ex-
ceed design and cost targets. In the demonstration 
cooling system, a spinning magnet produces alter-
nating magnetic fields on the AMR beds and fluid 
flow is coordinated with the magnetic field profile 
so that the regenerator absorbs heat from a load at 
the cold heat exchanger and expels heat to the hot 
side heat exchanger.

Figure 1: (Left) Elastocaloric single and double reciprocating schematic; (Right) Simulation results of cooling capacity and 
useful temperature lift generated by different EC configurations
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as predicted. The additional investigation will 
be conducted continuously. 

The US team at the AMES national laboratory 
used models team used models and hardware 
to demonstrate system-level performance of 
high–power density MC devices using gadoli-
nium-based MC materials. Models and limited 
experiments show MC cooling achieves more 
than 500 W/kg power density based on MCM 
material mass at a 10 K temperature span. Most 
recently, we compared system-level cooling 
power density of our device and scaled-up MC 
devices to off-the-shelf compressors. MC devi-
ces showed equivalent or higher power density 
up to ~500 W and, with future advances in MC 
materials and active regenerators, are projec-
ted to meet the power density of compressors 
up to nearly 10kW.

The progress from the team at CITY HONG 
KONG University can be summarised as fol-
lows:Various absorption thermal energy stora-
ge cycles were comprehensively compared. 
The compression-assisted cycle achieved a 
maximum energy storage efficiency of 1.53, 
the double-effect cycle obtained a maximum 
energy storage density of 365.4 kWh/m3, the 
basic cycle yielded a maximum exergy stora-
ge efficiency of 0.61. Novel CO2/ionic liquids 

Figure 2: (Left) Model of a two-stage active elastocaloric regenerator; (Top Right) Simulated results for single and multi-stage 
EC devices; (Bottom Right) Experimental results for one-stage, two-stage, and three-stage prototypes at 3% and 4% applied 
strain

The full system hardware has been assembled 
and measurements of the magnetic field have 
been made. Next steps in characterizing the sys-
tem are to fill with heat transfer fluid and mea-
sure no-load temperature spans. These initial 
tests will be used to verify that the valves and 
fluid flow timing are operating as expected. Full 
characterization of the system with different lo-
ads and ambient temperatures will be perfor-
med to validate model results and demonstrate 
the technical feasibility of a high-power density 
system and, therefore, economic feasibility of 
magnetocaloric cooling technology.

The progress from the chinese team at the Tsin-
ghua university can be summarised as follows: 
An integrated construction method of vapor 
compression cycle and heat exchanger network, 
named GraPHsep, was developed to automati-
cally realize selecting the refrigerant, construc-
ting the refrigeration cycle, and constructing the 
medium heat exchanger network. It could be an 
AI tool for the optimization design of thermal 
systems with multiple heat sources and heat 
sinks. The perfect-temperature-matching vapor 
compression systems based on zeotropic refri-
gerants, concentration adjustment, and evapo-
rating pressure improvement were proposed, 
simulated, and experimentally tested. The re-
sults showed a performance increase but not 
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were investigated in transcritical absorption 
heat pumps, with CO2/[OMIM][Tf2N] identi-
fied to maximize the cycle performance after 
pressure optimization. Equipping an expander 
further improved the COP by 11.9%. A micro-
channel membrane-based desorber using H2O/
LiBr was experimentally studied. Heat transfer, 
mass transfer, and pressure drop were correla-
ted with prediction accuracies improved by 39%, 
63%, and 78%.

The progress from the team at FRAUBHOFER In-
stitute Germany can be summarised as follows: 
A previously published model for first-order 
magnetocaloric materials was adapted to elas-
tocaloric materials. Based on this material mo-
del, the maximum attainable efficiency of a calo-
ric cooling system can be estimated, assuming a 
carnot-like thermodynamic cycle and neglecting 
heat losses. This model was then incorporated 
in system simulations of the active elastocaloric 
heat pipe, enabling the quantification of thermal 
losses in a cooling system and thus giving the 
chance for further optimization. Besides this, 
the concept of latent heat transfer for caloric 
cooling was successfully also demonstrated for 
an electrocaloric system (publication in prepara-
tion).

The progress from the Chinese team at Xian Ji-
atong University can be summarised as follows: 
In 2022, we have demonstrated an electroca-
loric tubing refrigerator. The EC material were 
made into a shape of tube, with metalized inner 
and outer wall. Heat exchange fluid can running 
inside the tube in one direction. The heated and 

cooled fluid during the heating and cooli proces-
ses of the EC tube was accumulated in separated 
pools as heat sink and heat source, respectively. 
The EC capillary tube exhibited a maximum DT 
of 3.53 K under the applied electric field of 108.7 
MV/m. The cooling capillary tube continuously 
flowing silicone oil achieved a maximum Tspan 
of 1.5 K.

The mechanical driven elastocaloric refrigerator 
prototype has been upgraded to two-stage ar-
chitecture using NiTi plates instead of NiTi wire 
assembly. The system was expected to achieve 
up to 24 K temperature span and maximum 3 
W cooling at zero span. 2. A single-stage tubular 
elastocaloric regenerator was assembled and 
tested using 3 mm NiTi tubes. The regenerator 
featured 25.4 K maximum temperature span 
and 9 W cooling at zero span. Two-stage and th-
ree-stage regenerators have been assembled. 3. 
The heat driven elastocaloric cooling prototype 
was finalized after eight versions of trials over 
the past two years. The actuator consisted of th-
ree independent NiTi actuator wires and a single 
superelastic NiTi wire was used as refrigerant. At 
100°C driving temperature, the refrigerant wire 
achieved 5 K temperature change. The tempera-
ture span between the heat sink and low-tem-
perature heat source will be tested soon.

The progress from the US team at University of 
Maryland can be summarised as follows: Elas-
tocaloric solid-state refrigerants have a lower en-
vironmental impact compared to conventional 
vapor compression refrigerants, but they requi-
re significant advancements to gain widespread 
implementation. We conducted experimental 
tests with a single-stage device and identified 
fluid-solid ratio, cycle time, and applied strain 
as key factors affecting thermal response. Test 
results for the regenerator yielded a maximum 
steady-state temperature span of 16.6 K at 4% 
strain and under zero load conditions, over two 
times larger than the baseline value. The tubes 
also withstood over 30,000 cycles without failure.

” Global action, both short-
term and long-term, is ur-
gently needed to encourage 
the development of high-ef-
ficiency and low-GWP AC 
and refrigeration heat 
pump (HP) technologies.

Project duration: 
October 2018  – December 2022

Operating Agent: 
Reinhard Radermacher 
University of Maryland, USA
raderm@umd.edu
Operating Agent: 

Reinhard Radermacher

Operating Agent: 
Brian Fricke, Oak Ridge National Laboratory, 
frickeba@ornl.gov

Participating countries: 
China, Germany, Italy, South Korea and USA

Further information:
www.heatpumpingtechnologies.org/an-
nex53/ 

Brian Fricke

”
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ANNEX

54 HEAT PUMP SYSTEMS WITH  
LOW GWP REFRIGERANTS

INTRODUCTION
Low-GWP refrigerants are considered long-term 
solutions for environmentally friendly heat pump 
systems. Considerable studies have shown that 
design modifications are necessary to optimize 
low-GWP refrigerants. In particular, system-lev-
el design, analysis, and optimizations are much 
needed. Annex54 aims to address the challenge 
via 1) a comprehensive review of recent R&D 
progress on component- and system-level de-
sign, analysis, and optimization using low GWP 
refrigerants, 2) in-depth case studies of sys-
tem-level optimization, which can provide design 
guidelines and real-world experiences, 3) review 
of design optimization and advancement impacts 
on LCCP reduction, and 4) outlook for 2030.  All 
the efforts are accomplished by academic and in-
dustrial participating countries. The work can be 
a valuable reference for researchers, engineers, 
and policymakers across the HVAC industry. It is 
of particular interest to those to dive deep into 
the R&D of heat pump systems. 

OBJECTIVES
Annex 54 promotes the application of low-GWP 
refrigerants to air-conditioning and heat pump 
systems with the following objectives:  

	» A comprehensive review of recent R&D prog-
ress on system-level design, analysis, and 
optimization using low-GWP refrigerants 
(fulfilled), 

	» In-depth case studies of system-level opti-
mization, which can provide design guide-
lines and real-world experiences (partially 
fulfilled),  

	» Optimization of heat pump systems for low-
GWP refrigerants (partially fulfilled), 

	» Analysis of the LCCP impacts by the current 
design and optimized design with low-GWP 
refrigerants (partially fulfilled), and 

	» Making an outlook for heat pumps with low-
GWP refrigerant for 2030 (partially fulfilled) 

MEETINGS 			 
Workshop
Annex 54 hosted two workshops on 1) June 13 
during the 15th IIR-Gustave Lorentzen Confer-
ence, 2) October 10 during the Chillventa Con-
ference. During the workshops, experts from  
Annex 54 participating member countries pre-
sented low-GWP refrigerants utilizing technol-
ogies for residential heat pumps (air-to-air, wa-
ter-to-water, and ground source heat pumps), 
and heat pump water heaters.  Details of work-
shops presentation materials are available from 
the Annex 54 website.

Business meeting 
Annex 54 hosted one onsite meeting and one 
online business meeting through email commu-
nications. In the communications, we discussed 
the overall Annex schedule, 2022 and 2023 tasks, 
and future workshops. 

RESULTS
In 2022, we achieved considerable progress in the 
following two areas: 1) Task 2: case studies and de-
sign guidelines for optimizing heat pump systems 
using low GWP refrigerants. 2) Task 3: a review of 
design optimization and advancement impacts on 
life cycle climate performance (LCCP) reduction. 
The work can be a valuable reference for research-
ers, engineers, and policymakers across the HVAC 
industry. The progress accomplished by participat-
ing countries is described below. 

” Significant progress has been 
made on case  
studies and design guide- 
lines for optimizing heat pump 
systems using low GWP refrig-
erant, review of design opti-
mization, and advancement 
impacts on life cycle climate 
performance (LCCP) reduction.

”
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The research groups in the U.S.A. reported the 
activities related to flammable refrigerants and 
heat exchanger optimization.  Wang (AHRI, 2022) 
reported leakage and ignition testing from PTAC 
and mini-split systems with R-290 and R-452B in 
a whole room scale, which was conducted un-
der the AHRTI’s Flammable Refrigerant Research 
Project 9007. Nawaz (ORNL,2022) experimen-
tally investigated the performance of the R-290 
in a heat pump water heating application and 
concluded that R-290 is a feasible alternative for 
residential HPWHs. Aute (University of Maryland, 
2022) provided the next-generation heat ex-
changer design framework and summarized 5.3 
kW condenser optimization works for R-32 and 
R-454B and concluded that shape-optimized flow 
channels have the potential to reduce the size/
weight of heat exchangers by 25%, and refriger-
ant charge by 30%. 

Several research groups in German collaborative-
ly summarized the heat pump market survey; in-
tegrated fluid screening and evaluated the SCOP 
of HCs, HFOs, and mixtures. Oltersdorf (2022, 
Franhofer ISE) reported the most recent findings 
on the heat pump (HP) market development in 
Germany, technical trends, and characteristics 
of the market-available HPs. Hoges (2022, RWTH 
Aachen Univ.) investigated HCs and HC mixtures 
in residential heat pumps and concluded that 
the HC mixture was only beneficial in the inter-
nal heat exchanger cycle. Vering (2022, RWTH 
Aachen Univ.) provided an overview of suitable 

heat pumps depending on the refrigerant (from 
the bottom), and SCOP evaluation. 

Azzolin (2022, University of Padova, Italy) report-
ed a 5 kW capacity solar-assisted heat pump wa-
ter heater working with CO2. The heat pump was 
experimentally evaluated with a finned coil evap-
orator and with three PV-T evaporators.  Using a 
finned coil evaporator was beneficial for the high 
compressor speed, and three PV-T evaporators 
were beneficial for the low compressor speed. 

Codella (2022, Chemours, Italy) compared energy 
efficiency, emission, and cost aspects of R410A 
alternatives: R32, R454B, and R454C for residen-
tial heat pump applications.  HFO refrigerants 
(R-454B and R-454C) showed higher energy effi-
ciency, lower electrical energy consumption, low-
er annual cost and lower direct emission (-92,9%) 
and indirect emission (-15,3%) than R-410A. 

Palm (2022, KTH, Sweden) provided the details of 
the Swedish heat pump market, from smaller res-
idential units to larger residential and commer-
cial units.  He also shared case studies and design 
guidelines for the optimization of components 
and systems, including a geothermal R290 heat 
pump for multifamily buildings (EBOX), a CO2 
system for heating and cooling the commercial 
building, and an R290 heat pump and chiller for 
the process cooling and heating.  He also shared 
his experiences using automotive compressors 

Figure 1: Principle of EBox-Geothermal R290 Heat Pump.  
(Source: https://megawattsolutions.se) 



HPT TCP ANNUAL REPORT 202234

Project duration: 
January 2019 – December 2023

Operating Agent: 
Yunho Hwang, University of Maryland, USA
yhhwang@umd.edu

Participating countries: 
Austria, France, Germany, Italy, Japan,  
South Korea, Sweden and USA

Further information:
www.heatpumpingtechnologies.org/an-
nex54/

for stationary applications with hydrocarbon re-
frigerants.  The research was focused on charge 
distribution and charge minimization. 

Zach et al. (2022, Austria) identified low GWP re-
frigerants and provided an overview of the Aus-
trian heat pump market and examples of low 
GWP refrigerants in applications other than do-
mestic heat pumps.  Verdnik et al. (2022, Austria) 

provided design guidelines for optimization of 
components and systems of R-290 heat pumps. 
Zach F. et al. (2022, Austria) made an estimation 
for the developments of the Austrian heat pump 
market until 2030 with a focus on residential 
and commercial heat pumps. It can be seen that 
the heat pump market will increase from about 
31,000 systems in the heating sector in 2021 to 
about 80,000 to 100,000 systems in 2030.  

mailto:%20yhhwang%40umd.edu?subject=
https://heatpumpingtechnologies.org/annex54/
https://heatpumpingtechnologies.org/annex54/
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ANNEX

55 COMFORT AND CLIMATE BOX

INTRODUCTION
The pace and scale of the global clean energy tran-
sition is not in line with climate targets. Energy-re-
lated carbon dioxide (CO2) emissions rose again 
in 2018 by 1.7%. The buildings sector represented 
28% of those emissions. The growing global need 
for thermal comfort is a large contributor to emis-
sions of greenhouse gases worldwide, and the 
transition to renewable energy is too slow.

Technology can reduce buildings emissions while 
improving comfort and energy services. Multiple 
cost-effective technologies unleash average en-
ergy savings of 500 Mtoe per year in the build-
ings sector worldwide between 2020 and 2050. 
To meet the needs of the future, new innovative 
thermal comfort solutions need to be developed. 
Heat pumps cut typical energy use for heating by 
four or more. Integrated systems consisting of 
heat pumps and storage are an important tech-
nological option in order to accelerate the use of 
renewable energy for heating and cooling. By com-
bining heat pumps and storage, several issues are 
addressed, such as: 

	» Balancing and controlling electricity grid loads.

	» Capturing a large (or larger) share of renew-
able (local/regional) power input (e.g., solar 
thermal, solar PV).

	» Optimizing economics, CO2 emissions, total 
fuel use over time.

	» Providing optimal supply security to buildings

This was the first Annex to integrate the work from 
the TCPs Heat Pumps (HPT) and Energy Storage 
(ES), building upon the earlier work in the fields of 
Heat Pumps and Storage systems.  

COMFORT & CLIMATE BOX (CCB)
The central concept in Annex 55 was the Comfort 
and Climate Box (Figure 1), a concept that denot-

ed the combined package, consisting of a Heat 
Pump, an Energy Storage Module and Controls. 
This package formed an actual physical unit but 
also consisted of separate modules that formed 
an integrated ‘virtual package’, where all com-
ponents of the CCB had been designed to work 
together in a modular fashion and should be op-
erated under a dedicated and optimal integrated 
control strategy. 

OBJECTIVES
The objectives of Annex 55 were to accelerate the 
market development of Climate and Comfort box 
solutions. The technical challenge was the smart 
combination of different technologies in one sys-
tem. Specialists from various fields of technology 
are required and needed to cooperate in order 
to accelerate product development and market 
introduction of combined heat pump/storage 
packages: The Comfort and Climate Box (CCB). 
The goal was to develop nearly market-ready sys-
tems, including, as a minimum, a heat pump and 
a storage system. 

KEY FINDINGS
	» Comfort & Climate Box (CCB) developments 

has shown the differences in market status, 
technical boundary conditions and priorities 
in quality criteria in the participating coun-
tries. From this, we can conclude that a one 
size fits all approach for CCB’s will not work. 

	» In research projects and field trials, there 
seems to be a shift away from efficiency 
toward other quality criteria that are indica-
tors for the game changers for the local re-

To achieve a good match 
between optimized CCBs 
and market conditions, 
it is important for policy 
makers to consider which 
goals are to be met.

”
”
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quirements like compactness, affordability 
and flexibility. The latter making an integrat-
ed-box-type solution, its integration in the 
grid a promising type of technology. 

	» The gaps in current standardization and 
testing procedures that could benefit the 
up-scaling of integration of CCB’s are iden-
tified, and solutions are proposed. A road 
map for policy makers and other stakehold-
ers has been presented. 

	» The development of energy modules by 
more than ten different companies in the 
Netherlands shows that it is technically and 
commercially viable to bring integrated solu-
tions to the market that offer other benefits 
than purely efficiency. In the near future, we 
hope to see more local developments like 
these that answer the local demand for in-
tegrated comfort and climate box solutions.

FINAL REPORTS FOR HPT ANNEX (ES TCP 
TASK 34)
IEA HPT Annex 55 Final Report – Comfort & Cli-
mate Box – towards better integration of heat 
pumps and storage

Project duration: 
April 2019 – September 2021 (Final  
delivery has been postponed to January 2022).

Operating Agent:
Peter Wagener / Paul Friedel,  Business  
Development Holland b.v., the Netherlands
wagener@bdho.nl

Participating countries: 
Austria, Belgium, Canada, China, France,  
Germany, Italy, the Netherlands, Sweden,  
Switzerland, Turkey (from Energy Storage TCP), 
UK 
and USA.

Further information:
https://heatpumpingtechnologies.org/ 
annex55/

Figure 1. The possible components of a CCB

IEA HPT Annex 55 Executive Summary – Comfort 
& Climate Box – towards better integration of 
heat pumps and storage

IEA HPT Annex 55 2-page Summary – Comfort & 
Climate Box – towards better integration of heat 
pumps and storage

Final Report Part 2 IEA HPT Annex 55 – Market 
Status in Participating Countries

Final Report Part 3 IEA HPT Annex 55 – Field Trial 
Results

Final Report Part 4 IEA HPT Annex 55 – Technical 
Boundary Conditions in Participating Countries

Final Report Part 5 IEA HPT Annex 55 – Research 
Projects

Final Report Part 6 IEA HPT Annex 55 – Standards

Final Report Part 7 IEA HPT Annex 55 – Roadmap
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ANNEX

56 INTERNET OF THINGS FOR 
HEAT PUMPS

INTRODUCTION 
Today, more and more devices are connected to 
the Internet and can interact due to increasing dig-
italization – the Internet of Things (IoT). In the ener-
gy transition, digital technologies are intended to 
enable flexible energy generation and consump-
tion in various sectors, thus leading to greater use 
of renewable energies. This also applies to heat 
pumps and their components. 

The IoT Annex explores the opportunities and 
challenges of connected heat pumps in household 
applications and industrial environment. There are 
a variety of new use cases and services for IoT-en-
abled heat pumps. Data can be used for preven-
tive analytics, such as what-if analysis for opera-
tion decisions, predictive maintenance, fine-tuning 
of the operation parameters and benchmarking. 
Connected heat pumps allow for demand re-
sponse to reduce peak load and to optimize elec-
tricity consumption, e.g. as a function of the elec-
tricity price. Digitalization in industry can range 
from automated equipment, advanced process 
control systems to connected supply value chains. 
IoT-enabled heat pumps allow for integration into 

the process control system and a higher-level en-
ergy management system, which can be used for 
the overall optimization of the process. 
Each level of participation of a heat pump in a 
connected world (Figure 1) is also associated to 
different important risks and requirements to 
connectivity, data analysis, privacy and securi-
ty for a variety of stakeholders. Therefore, this 
Annex has a broad scope looking at different as-
pects of digitalization and will create a knowledge 
base on connected heat pumps. The Annex will 
provide information for heat pump manufactur-
ers, component manufacturers, system integra-
tors and other actors involved in IoT.

Figure 1. Heat pumps as a part of the Internet of Things (source: AIT Austrian Institute of Technology GmbH)

In the energy transition, di-
gital technologies are inten-
ded to enable flexible energy 
generation and consump-
tion. 

”
”
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OBJECTIVES
	» Provide guidance, data and knowledge about 

heat pump technologies with respect to IoT 
applications

	» Review the status of currently available 
IoT-enabled heat pumps, heat pump compo-
nents and related services

	» Identify requirements for data acquisition 
from newly designed or already implement-
ed heat pump systems considering types of 
signals, protocols and platforms for build-
ings and industrial applications and related 
privacy issues and ongoing standardization 
activities

	» Evaluate data analysis methods and appli-
cations (digital twins), including machine 
learning, semantic models, hybrid models, 
data-driven models and soft sensors

	» Analyse business models for IoT enables 
heat pumps (strengths, weaknesses, oppor-
tunities, threats)

	» Evaluate market opportunities created by 
IoT-enabled heat pumps and identify suc-
cess factors and further demands to soft-
ware and hardware infrastructure. 

MEETINGS
	» 02.02.2022, online meeting with 6th Deep 

Dive Session on Hardware in the loop and 
digital twins, outlook on heat pumps of the 
future in France, interactive group work on 
SWOT analysis for business models 

	» 28.04.2022, online meeting with 7th Deep 
Dive Session on Safety and security for con-
nected heat pumps, work on task on State 
of the Art and on Interfaces and protocols 

	» 21.06.2022, online meeting with 8th Deep 
Dive Session on Digital Twins, group discus-
sion on all tasks to align activities 

	» 4.10.2022, online meeting with 9th Deep 
Dive Session on digital operation analysis 
and digital building twin, another expert 
presentation on cyber security, interactive 
group work on SWOT analysis for business 
models, further work on all tasks 

Project duration: 
January 2020– December 2022

Operating Agent: 
Veronika Wilk, Center for Energy
Sustainable Thermal Energy Systems,  
Austria
Veronika.Wilk@ait.ac.at

Participating countries: 
Austria, Denmark, France, Germany, Norway, 
Sweden, Switzerland

Further information:
https://heatpumpingtechnologies.org/ 
annex56/

	» 29.11.2022 – 30.11.2022, meeting at Fraun-
hofer ISE in Freiburg, 10th Deep Dive Ses-
sion on Intelligent Buildings, group work on 
communication protocols and interfaces, 
lab tour and further work on all tasks

RESULTS
State of the Art: More than 25 examples of IoT 
applications, projects and services have been 
collected and were described in dedicated fact 
sheets. The Danish team has submitted a large 
number of cases. A survey has been conducted 
among Austrian manufacturers to evaluate the 
general sentiment on the relevance of intercon-
nected heat pumps, state-of-the-art use cas-
es, market availability and selected technology 
trends. It indicates significant progress in technol-
ogy implementation.  
Business Models: A SWOT (Strengths, Weak-
nesses, Opportunities and Threats) analysis was 
carried out in an interactive group work with the 
participants of the IoT Annex project. Three IoT-
based heat pump business models were com-
pared to the traditional, non-connected business 
models:

	» Predictive maintenance vs Fixed Interval / 
on-demand maintenance

	» Heat as a service (outcome-based) vs tradi-
tional model

	» Providing flexibility with heat pump pooling 
vs using a heat pump as an autonomous 
component in a building

For each pair of business models, the analysis 
was carried out for the most important stakehold-
ers, such as consumers, heat pump manufactur-
ers, vendors, installers, aggregators, suppliers, 
etc. The analysis will be published in the Task 4 
report, together with insights into IoT-based busi-
ness models and services that are already imple-
mented.  
Networking: We reached out to related annex-
es in other technology collaboration programs, 
such as to IEA SHC Task 68 (Efficient Solar District 
Heating Systems) and IEA DHC Annex TS4: Digital-
isation of District Heating and Cooling (Optimised 
Operation and Maintenance of District Heating 
and Cooling systems via Digital Process Manage-
ment).  

 
 

mailto:Veronika.Wilk%40ait.ac.at?subject=
mailto:carsten.wemhoener%40hsr.ch%20?subject=
https://heatpumpingtechnologies.org/annex56/
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ANNEX

57
FLEXIBILITY BY IMPLEMENTATION 

OF HEAT PUMPS IN MULTI-VECTOR 
ENERGY SYSTEMS AND THERMAL 

NETWORKS

INTRODUCTION
Since the start of 2022, the need and interest 
regarding flexibility and smart control of heat 
pumps have been growing rapidly, as the imple-
mentation rate has increased very fast due to 
the accelerated phase-out of gas in Europe. The 
energy prices have grown in this period, but also 
the variation in the hourly spot market price for 
electricity is changing a lot. This means that the 
consumers are trying to move the electricity con-
sumption away from the peak price hours very 
fast.  

The high implementation rate regarding heat 
pumps in Europe means that the need for mov-
ing consumption has increased, both due to elec-
tricity price variation but also due to the need to 
minimize grid constraints  

Annex 57 focuses on coming technologies, and 
the possibilities of heat pumps to increase the 
flexibility in energy systems with different sourc-
es such as PV, wind-power, and biomass and 
where end users can be consumer or prosumer 
or both (Multi-Vector). Individual heat pumps, as 
well as heat pumps in a district or local grid, can 
increase the flexibility.

The CO2 reduction goals mean the need for using 
excess heat from industries, the commercial sec-
tor and other sources are growing. Heat pumps, 
combined with District Heating, are a way to make 
these energy sources available in buildings. At the 
moment, the interest in heat pumps for district 
heating and processes is growing. District heat-
ing, in general, and heat pumps connected to the 
grids, in particular, are predicted to play a key role 
in the energy grid and supply for the future. With 
the implementation of district heating, it is possi-
ble to cover up to 50% of the heating demand in 
Europe, and heat pumps can deliver around 25 % 
of the energy to the district heating grid. The Heat 
Roadmap Europe 4 scenarios, with a larger share 
of district heating in the energy system, show that 
CO2 emissions can be reduced by more than 70 % 
compared to today’s situation.  

OBJECTIVES
	»  Task 1: Energy market analysis – Future de-

velopments and sector coupling.  

	» Task 2: Best practice examples – Description 
of existing projects with flexible solutions 
with heat pumps in thermal grids 

	» Task 3: Concepts – development of represen-
tative and promising solutions  

	» Task 4: Flexibility – Assessment and Analyses 
of different options 

	» Task 5: Business models – Development and 
evaluation of innovative concepts  

	» Task 6: Dissemination
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MEETINGS
Meetings: We have had online meetings regular-
ly: 4 times in 2022 and a physical in Aarhus on 
November 22-23.  

Workshop: Preparation and coordination of a 
workshop at the IEA Heat Pump Conference in 
Chicago in May.

RESULTS AND RECENT PROGRESS
France joined in 2022, and the participating 
countries are, at the moment, Austria, Sweden, 
Germany, The Netherlands, France and Den-
mark. Flexibility from individual heat pumps has 
been integrated into the annex.  

	» Task 1 is still in progress. National reports 
from Austria and Sweden are finalized. We 
are expecting a report from Aalborg Univer-
sity this year; they are conducting simula-
tion studies regarding flexibility for different 
countries.  

	» Task 2 is in full progress. 32 cases are in our 
case list, and 11 of these are regarding indi-
vidual heat pumps; the templates are made 
with both a short description and a detailed 
description; we expect to finalize the descrip-
tions within a month. 11 Cases are described 

	» Tasks 3: The frame and content of the report 
is made. 

	» Task 4 and 5: The frame and content is sta-
ted.

Project duration: 
January 2021 – December 2022

Operating Agent: 
Mr. Svend Pedersen, Danish Technological 
Institute
svp@teknologisk.dk

Participating countries: 
Austria, Denmark, France, Germany,  
the Netherlands, Sweden

Further information:
www.heatpumpingtechnologies.org/an-
nex57

Figure 1. Integrated energy sytems in EnergyLabs Nordhavn

mailto:svp%40teknologisk.dk?subject=
http://www.heatpumpingtechnologies.org/annex57
http://www.heatpumpingtechnologies.org/annex57
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ANNEX

58 HIGH-TEMPERATURE HEAT 
PUMPS

INTRODUCTION
Heat pump-based heat supply at high tempera-
tures has considerable potential for decarbon-
izing the industrial process heat supply but is 
often facing various challenges. Exploiting the 
full potential of high-temperature heat pumps 
(HTHP) requires a common understanding of the 
technology, its potentials, and its perspectives 
at a variety of stakeholders. High-temperature 
heat pumps are considered a key technology 
for decarbonizing industrial process heating to-
wards 2030, while a successful wide-scale im-
plementation of the technology will require the 
consideration of technologies that are currently 
approaching the market and still under develop-
ment. 

Therefore, this Annex gives an overview of avail-
able technologies and close-to-market technol-
ogies and outlines the need for further RD&D 
developments. In order to maximize the impact 
of high-temperature heat pumps, this Annex also 
looks at process integration by developing con-
cepts for heat pump-based process heat supply, 
and the implementation of these concepts see 
Figure 1. 

This will be achieved by the following sub- 
objectives: 

	» Provide an overview of the technology, in-
cluding the most relevant systems and com-
ponents that are commercially available and 
under development (Task 1 – Ongoing). 

	» Identify technological bottlenecks and clarify 
the need for technical developments regard-
ing components, working fluids and system 
design (Task 1 – Ongoing). 

	» Present best practice system solutions for a 
range of applications to underline the poten-
tial of HTHPs (Task 2 – Ongoing). 

Figure 1. Overview of activities in Annex 58.

” Exploiting the full potential 
of high-temperature heat 
pumps requires a common 
understanding of the tech-
nology, its potentials, and its 
perspectives at a variety of 
stakeholders. ”



HPT TCP ANNUAL REPORT 202242

	» Present strategies for the transition to heat-
pump based process heat supply (Task 3 – 
Planned). 

	» Enhance the information basis about indus-
trial heat pumps, potential applications and 
potential contribution to the decarboniza-
tion of the industry (Task 1, 2 & 3 – Ongoing). 

	» Develop guidelines for the handling of indus-
trial heat pump projects with a focus on the 
HP specifications and the testing of these 
specifications (Task 4 – Planned). 

	» Disseminate the findings to various stake-
holders and add to the knowledge base for 
energy planners and policy makers (Task 5 – 
Ongoing). 

 MEETINGS
The Annex work was organized by various online 
working meetings with the national representa-
tives from each participating country. During the 
last year, the following working meetings were 
held:

	» 6th Status Meeting, 18.01.2022, Online 
Teams Meeting 

	» The meeting was used to coordinate the 
work on Tasks 1 and 2. 

	» 7th Status Meeting, 28.02.2022, Online 
Teams Meeting   

	» The meeting was used to coordinate the 
work on Tasks 1 and 2 and to plan the An-
nex 58 session at the HTHP Symposium and 
the 8th status meeting, which will be physi-
cal in Copenhagen. 

	» 8th Status Meeting, 31.03.2022, Copenha-
gen, Denmark   

	» The meeting was used to finalize the report 
of Task 1, to proceed with Task 2 and kick 
off Task 3. 

	» 9th Status Meeting, 08.07.2022, Online 
Teams Meeting   

	» The meeting was used to coordinate the 
work on Tasks 1 and 2, and 3. 

	» 10th Status Meeting, 21.09.2022, Online 
Teams Meeting   

	» The meeting was used to coordinate the 
work on Tasks 1 and 2, and 3. 

	» 11th Status Meeting, 03.11.2022, Online 
Teams Meeting  

	» 12th Status Meeting, 15.12.2022, Online 
Teams Meeting 

These working meetings were supplemented by 
various online Deep Dive sessions, which com-
prised presentations from selected speakers 
focusing on a specific topic. These Deep Dive 
sessions were open to all participants from the 
national support groups represented in the An-
nex.

Deep Dive about heat-driven HTHP technolo-
gies, 03.11.2022, Online Teams Meeting 
The Deep Dive included presentations from the 
University of Ghent, DLR, and ORNL on general 
principles and ongoing R&D activities, as well as 
a presentation from QPinch, focusing on their 
state-of-the-art equipment and the commercial 
perspective. 

Deep Dive about the application potential of 
high-temperature heat pumps, 15.12.2022, 
Online Teams Meeting 
The Deep Dive started with a presentation from 
the IEA with a focus on the results related to in-
dustrial heat pumps from the “Net Zero by 2050 
– A Roadmap for a Global Energy Sector” and the 
report “The Future of Heat Pumps”. Furthermore, 
there were presentations from TNO and OST 
about studies on the estimation of the applica-
tion potential. Finally, we concluded the Deep 
Dive with a comment from Thomas Nowak, EHPA. 

RESULTS
High-temperature heat pumps (HTHP) are at-
tracting growing interest and are considered a 
key technology for decarbonizing industrial pro-
cess heating. The recently published IEA report 
“Net Zero by 2050 – A Roadmap for the Global 
Energy Sector” outlined the importance of indus-
trial heat pumps and concluded that heat pumps 
should cover 15 % of the process heat demand 
of light industries at temperatures up to 400 °C, 
while this share should increase to 30 % by 2050.

This corresponds to a required installation capac-
ity of 500 MW per month over the next 30 years. 
The majority of these systems are expected to 
have supply temperatures above 100 °C and are 
accordingly considered high-temperature heat 
pumps.  

The relevance of high-temperature heat pumps 
is confirmed by the large interest in the Annex 
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58. Ten countries have already confirmed their 
participation, and in total, up to twelve partici-
pating countries are expected to join the Annex. 
The national support groups comprise R&D in-
stitutes and universities, technology suppliers, 
consultants, and others and are accordingly sup-
plemented with knowledge from various national 
and international R&D projects. 

As part of Task 1, the activities focused on sum-
marizing the state of the art, including available 
and close-to-market technologies. In this activi-
ty, information about supplier technologies and 
demonstration cases were collected using review 
templates. In the general perception of the in-
dustrial heat pump industry, supply tempera-

Figure 2. Two-page information brochures of high-temperature heat pump systems.

Project duration: 
January 2021 – December 2023

Operating Agent: 
Benjamin Zühlsdorf, Danish Technological 
Institute
bez@dti.dk

Participating countries: 
 Austria, Belgium, Canada, China, Denmark, 
France, Finland, Japan, Germany, Netherlands, 
Norway, South Korea, Switzerland, USA

Further information:
www.heatpumpingtechnologies.org/an-
nex58/ 

tures of commercially available equipment seem 
to be limited to around 100 °C, while first tech-
nologies are becoming commercially available 
for higher temperatures. In order to communi-
cate the availability of technologies, the Annex 
has collected information about supplier tech-
nologies and demonstration cases in informative 
two-page brochures, as shown in Figure 2. 

By now, 33 supplier technologies were described, 
while information could be gathered for 14 
demonstration cases. These descriptions are 
published on the Annex 58 homepage and pub-
licly accessible while the report is in preparation.

https://heatpumpingtechnologies.org/annex58/task1/
https://heatpumpingtechnologies.org/annex58/task1/
mailto:bez%40dti.dk?subject=
mailto:www.heatpumpingtechnologies.org/annex58/%20?subject=
mailto:www.heatpumpingtechnologies.org/annex58/%20?subject=
https://heatpumpingtechnologies.org/annex58/task1/
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ANNEX

59

INTRODUCTION
Drying processes are widely used in industry, in-
cluding the food, paper, chemicals, and ceramics 
industries, as well as in commercial laundries and 
in household applications, such as white goods. 
The Handbook of Industrial Drying describes 
at least 15 different dryer types and identifies 
more than 20 different industrial drying sectors, 
making it challenging to generalize about drying 
technologies.

Drying processes make a significant contribution 
to energy consumption, accounting for 10-25% 
of industrial energy consumption. To this day, 
drying continues to be the main process used 
in industrial preservation for a large number of 
products. Industrialization has helped to optimi-
ze drying processes, which are conducted under 
varying, but controlled conditions. However, the 
basic principle of drying remains the same as it 
was thousands of years ago, with convective dry-
ers continuing to be the most commonly used 
type of dryer.

Industrial convective drying plants are main-
ly operated by burning fossil fuels and product 
waste. The moisture extracted from the material 
to be dried is, in most cases, released into the en-
vironment in pure gaseous form or with a drying 
medium (e.g. air, steam).  This exhaust air conta-
ins high amounts of energy, which is often only 
partially utilised by heat recovery. Modern indu-
strial drying processes are either an open loop 
system using heated ambient air, or closed loop 
systems that re-circulate the drying air.

Heat pumps offer an opportunity to utilize a heat 
source at low temperatures (at the evaporator) and 
supply a heat sink at a higher temperature (con-
denser). In the case of a closed loop drying system, 
the combined heating and cooling load is used for 
the recovery of drying energy, which is essentially 
the latent heat from the water evaporation, retur-
ning this energy back into the drying process in the 
form of dehumidified and re-heated drying air.

OBJECTIVES
The use of heat pumps in drying processes show 
great energy savings potential for the numerous 
industries reliant on drying processes. Annex 59 
will thus explore and evaluate the potential that 
can be unlocked in a range of applications. Fur-
thermore, the Annex shall seek to undertake the 
following:

	» Collate relevant data of the state of the art of 
drying processes equipped with heat pumps 

	» Analyse drying processes at a theoretical le-
vel to find the optimal process design (e.g. 
lowering temperatures), in-process opera-
tion (drying time) as well as in heat pump de-
sign and integration.

	» Gather experience from demonstration pro-
jects through monitoring and simulation of 
the entire drying system

	» Make recommendations regarding the de-
sign of heat pump drying systems, taking 
into account performance compared with 
conventional dryers

	» Highlight and review the most promising dry-
er concepts that can integrate heat pumps

MEETINGS 
The Annex just finished its kick-off phase. In sum-
mer, the national kickoff in Austria has been held 
together with the Austrian partner institution 
AEE – INTEC. On November 7 in 2022, we had the 
international definition meeting/kickoff with the 
countries which already handed in a participation 
letter (Austria, Germany, China, USA) and also 

HEAT PUMPS FOR DRYING

With the help of the 
work in the Annex, we 
get insight into the the 
drying process and thus 
the data basis for pro-
cess optimization.

”
”
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Project duration: 
January 2022 - December 2024

Operating Agent: 
Dr Michael Lauermann,  
michael.Lauermann@ait.ac.at

Participating countries: 
Austria, China, Germany, USA

Further information:
https://heatpumpingtechnologies.org/an-
nex59/  

with Switzerland, Norway and Belgium which are 
interested and/or in preparation of getting natio-
nal funding.

RESULTS
The Annex is reschedueld for 1 year deviation in 
order to have the full three years of “living” pro-
ject time. However, activities so far were concen-
trated on national level (Austria). AIT was working 
together with the national partner AEE – INTEC 
on putting together templates for the overview of 
drying processes (Task1). 
Further, modular and robust numerical models 
have been developed for the drying itself and 
also the dryer component (air flow, heat pump 

integration, etc.). These models will be validated 
and prepared for further exploitation within the 
Annex. In parallel, drying kinetics experiments of 
industrial product samples were performed at the 
Thermo-Physics-Laboratory of the AIT. The aim of 
these drying experiments was to gain a better un-
derstanding of the products drying behavior under 
lab conditions but also to provide the database for 
the implementation of the drying kinetics in the sub-
sequent detailed system simulations of the dryer. 
One challenge was to translate the drying kinetics of 
the individual product – single kibble or crumb/sing-
le droplet - from the laboratory experiments to the 
situation in the dryer, which is ranging from packed 
bed situation to spray regimes.

mailto:michael.Lauermann%40ait.ac.at?subject=
http://www.heatpumpingtechnologies.org/annex61  
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INTRODUCTION 
The objective of this Annex is to increase the 
take-up of heat pumps in existing large non-do-
mestic buildings by demonstrating the success of 
retrofit projects to building owners and their tech-
nical advisors and by providing guidance on the 
selection of appropriate heat pump systems for 
their specific needs. This is important because the 
non-domestic sector contributes substantially to 
carbon emissions, but there is less experience of 
or guidance on retrofit heat pump systems than 
for dwellings. 

Non-domestic buildings can vary widely in func-
tion, provision of energy services and built form. 
As the number of installed systems in each coun-
try is low, it can be difficult to locate local examp-
les that demonstrate particular combinations of 
retrofit system and building. As a result, it is not 
always easy to identify which of the many types of 
heat pump system designs are most suitable for 
particular situations. 

The Annex focuses on providing straightforward, 
high-level guidance for building owners and other 
decision-makers. It will provide guidance that hel-
ps building owners and their advisors with make 
decisions based on experience from working 
systems. It will compile an accessible database 
of working systems which will be complemented 
by an options support tool that provides links to 
summaries of the existing installations that most 
closely resemble users’ circumstances. The tool 
will also provide generic advice that reflects the 

experience of designers and researchers. 
The immediate target users are building owners 
and their advisors, with the aim of reassuring 
them that their system choices reflect previous 
relevant experience. This should encourage the 
take-up of appropriate heat pump systems and 
accelerate carbon savings. 

The outcomes should also be of value to policy 
makers and to the heat pump industry by iden-
tifying areas where there is substantial evidence 
of successful application and also those where 
experience is limited. 

The key stages are the identification and acqui-
sition of information from installed systems, the 
construction of the database and options sup-
port tool and the delivery of useful information 
to the target users.

OBJECTIVES				  
	» Provide evidence of the practical feasibili-

ty and satisfactory operation of a range of 
installed retrofit systems in large non-do-
mestic buildings in a number of countries, 
together with insights into the thinking that 
led to the choice of system.  

	» Deliver simple-to-use, accessible advice to 
support the initial selection of system op-
tions for specific circumstances, signposted 
to evidence and summaries of the relative 
strengths of each option. 

RETROFITTING HEAT 
PUMP SYSTEMS IN LARGE 

NON-DOMESTIC BUILDINGS60
ANNEX
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Figure 1.  Schematic diagram of annex process.

Operating Agent: 
Roger Hitchin, 
EA HPT Alternate Delegate
roger.hitchin@hotmail.com  

 

Operating Agent: 
Oliver Sutton,
UK Department for Energy 
Security and Net Zero
Oliver.sutton@beis.gov.uk  

Participating countries: 
United Kingdom, Austria, Canada, Italy, 
The Netherlands,  

Further information: https://heatpump-
ingtechnologies.org/annex60/ 

INTERMEDIATE TASKS 
	» Review of existing relevant information. 

	» Development and population of database of 
case studies. 

	» Development, testing and application of op-
tions support tool.

MEETINGS  
	» Kick-off meeting. 26th-27th September 2022 

in London and online. Participants and po-
tential participants described and discussed 
their anticipated activities within the Annex. 
Several potential participants still had to con-
firm financing.  

	» In-person meeting - 26-27th April 2023, Bel-
fast, UK.

PROGRESS 
The Annex has begun and has started to map out 
its activities. Participants have already identified 
several case studies. Coordination with the EBC 
TCP has been established.

Operating Agent: 
Andre Neto-Bradley,
UK Department for Energy
 Security and Net Zero
andrepaul.netobradley@beis.gov.uk   

Project duration:
September 2022 - December 2024

mailto:roger.hitchin%40hotmail.com%20?subject=
mailto:Oliver.sutton%40beis.gov.uk%20?subject=
https://heatpumpingtechnologies.org/annex60/ 
https://heatpumpingtechnologies.org/annex60/ 
mailto:andrepaul.netobradley%40beis.gov.uk?subject=
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ANNEX HEAT PUMPS IN POSITIVE
 ENERGY DISTRICTS61

INTRODUCTION 			 
Ambitious climate goals require transitioning to a 
renewable and high-performing energy system, 
with the built environment being a crucial sector 
for rapid emission reduction. For example, buil-
dings account for 36% of the emissions in the EU, 
making the transformation of the building sector 
essential to achieving ambitious climate targets. 
Heat pumps are viewed as the future heating sys-
tem in many scenarios and are expected to meet 
50% of global heat demand by 2045.

The large-scale integration of heat pumps into 
the energy system is a future challenge and op-
portunity to create a highly performant and CO2-
free energy system. Positive energy districts are 
an ambitious objective to facilitate the urban 
energy transition, with heat pumps effectively 
coupling different thermal and electric loads in 
districts at high performance. The integration of 
electric and thermal loads also provides flexibility 
to the connected grids.

Annex 61 will investigate heat pump applications 
in building clusters and districts for both new 
and retrofit districts on a technical, economic, 
and ecological basis. The study will derive system 
concepts for the heat pump integration, which 
will be characterized regarding benefits and li-
mitations based on a state-of-the-art analysis of 
heat pumps in clusters of buildings and positive 
energy districts.

Different integration options up to a centralized 
HP heating/cooling system will be documented 
as generic concepts based on decentralized HP 
on individual building level. Favourable system 
concepts will be analyzed in more detail using 
techno-economic analyses via simulation. The 
focus will be on integrating the heat pump with 
other technologies, such as on-site PV electricity 
generation and thermal/electric storage, as well 
as on design and control of the heat pump, also 
regarding energy flexibility potentials.

The simulations will be accompanied by real 
performance evaluations through monitoring 
heat pump operations in building clusters and 
districts. The monitoring results will show opti-

mization potentials and will be used to verify the 
modeling and simulation results. The monitoring 
systems will be documented as best practice sys-
tems.

The results will be utilized by building system 
technology designers, urban planners, and buil-
ding companies to achieve ambitious energy 
targets in districts. Utilities and ESCOs looking 
for new fossil-free business opportunities will 
also benefit. Based on the results, heat pump 
manufacturers can tailor and further develop 
their products for building clusters and district 
applications. Policy makers will also have access 
to evaluations to shape future ambitious energy 
targets.

OBJECTIVES	 				  
Characterisation and cross-comparison of heat 
pump application in positive energy districts in 
the participating countrie
•	 Development of generic system concepts for 

the integration of heat pumps in districts
•	 Techno-economic analyses of promising 

concepts by simulation
•	 Evaluation of the real performance of heat 

pumps in districts by monitoring projects
•	 Dissemination of interim and final results by 

workshops, articles, conference paper and 
the final report

MEETINGS
•	 Annex 61 online meeting on March 14, 2022. 

Half-day online preparation meeting to en-
quire about the interest and contributions of 
possible participants.

•	 Annex 61 meeting at the Univ. of Innsbruck 
on July 4/5, 2022. A face-to-face meeting to 
present contributions and prepare the state-
of-the-art analysis and generic system con-
cepts

•	 Annex 61 meeting at the Eurosun 2022 on 
September 29, 2022. Half-day meeting of 
conference attendees from AT, CH and DE 
to present an update on the state oft he art 
analysis and conduct further work planning.
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PROGRESS
The Annex 61 is a new Annex officially started 
in September 2022 in order to investigate heat 
pump integration as well as design and control 
in positive energy building clusters and districts. 
In 2022 three meetings were organised where 
the first results of the state-of-the-art analysis 
were presented. Positive energy districts proved 
to be an ambitious energy target, and only a few 
districts in the participating countries are realised, 
yet, although further districts are in the planning 
phase. On the EU level, the joint programming 
initiative (JPI) Urban Europe supports the objec-
tive of 100 positive energy district demonstrators 
built by 2025. On the national level, however, dif-
ferent definitions, boundary conditions and crite-
ria exist, e.g. the 2000-W-certification for districts 
in Switzerland also includes the embodied ener-
gy and the building-induced mobility in the balan-
ce, while in other countries and definitions, the 
focus is on operational energy. With respect to 
the methodology, it was discussed to evaluate 
what level of plus energy districts can be reached 
or what deficit has to be overcome if the plus en-
ergy balance is not reached. This also applies to 
strategies to move existing districts closer to a 
positive energy or net zero emission balance on 
the district level.

Another focus of the Annex is the derivation of 
generic system concepts for the heat pump in-
tegration in districts. A categorisation from a de-

central integration on the individual building level 
in different steps to a centralised integration has 
been discussed. The easiest connection among 
buildings in a cluster is a purely electric connec-
tion enabling higher self-consumption and ener-
gy flexibility. 

A further option is a thermal integration on the 
source side by a collective heat source. Moreo-
ver, a decentralised and centralised integration 
can be combined, e.g. based on different building 
services as central heating and decentralised do-
mestic hot water. A district heating station repre-
sents an entirely central integration of the heat 
pump for all building services. The different cate-
gories will be further detailed by system configu-
rations of the respective integration. The evalu-
ation of the different integration options is also 
accompanied by field monitoring projects, which 
deliver real data and can also be used to verify si-
mulation models of the heat pump application in 
districts. Figure 1 depicts the integration options 
linked to field monitoring projects contributed by 
the Annex 61 participants.

Project duration: 
September 2022 – December 2025

Operating Agent: 
Carsten Wemhoener, OST - Eastern 
Switzerland University of Applied 
Sciences, Campus Rapperswil, 
carsten.wemhoener@ost.ch

Participating countries: 
Austria, Germany, Japan Switzerland and USA. 

Further information:
www.heatpumpingtechnologies.org/annex61/ 

 

”

Figure 1. Integration options of heat pumps in clusters of building and districts and corresponding monitoring projects in 
Annex 61

Heat pumps in districts 
can unlock higher system 
performance and energy 
flexibility by combining 
different buildings loads 
to reach the ambitious 
target of positive energy 
districts. 

”

mailto:carsten.wemhoener%40ost.ch%0D?subject=
http://www.heatpumpingtechnologies.org/annex61/ 
http://www.heatpumpingtechnologies.org/annex61  
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STRATEGIC WORK PLAN FOR HPT TCP  2023-2028

VISION 
Heat pumping technologies are the cornerstone for a secure, affordable, high-efficiency, clean and net-zero 
emission energy system for heating, cooling and refrigeration. We are the key worldwide independent actor 
to achieve this vision across multiple applications and contexts. We generate and communicate information, 
expertise and knowledge related to heat pumping technologies as well as enhance international collabora-
tion. 

MISSION 
To accelerate the transformation to an efficient, renewable, clean and secure energy sector in our member 
countries and beyond by performing collaborative research, demonstration and data collection and enabling 
innovations and deployment within the area of heat pumping technologies. 

STRATEGIC OBJECTIVES 2023-2028 -   those prioritized during 2023 are marked in blue

Accelerated deployment 
The deployment rate is accelerated for efficient heat pumping technologies in different applications-
buildings, industry, transport, electric and thermal energy systems – to keep pace with the milestones 
set out in the IEA Roadmap towards Net Zero Emissions by 2050. 
Innovations related to heat pumping technologies are brought to the market, contributing to fulfilling 
the net zero emission targets. 

Energy security 
Integrated, affordable solutions for heating and cooling, where heat pumping technology is a key 
element, are explored, through collaboration with other TCPs, enabling energy savings, flexibility 
and responsiveness in the energy system and improving the security of supply. 

Economic growth of secure and sustainable solutions 
The HPT TCP contributes to removing gaps and overcoming barriers in the sustainable value 
chain of heat-pumping technologies. 

Environmental protection 
More decision-makers (policy, investors, utilities, real estate actors, industry, users etc.) ac-
knowledge the multiple benefits of heat pumping technologies as a sustainable, clean, en-
abling, connecting, and affordable heating and cooling solution to reach the climatic ambitions 
and strengthen energy security. Decisions which promote heat pumping technologies are im-
plemented. 

Engagement worldwide 
HPT TCP has more member countries representing the largest economies, different parts of the world 
facing different contexts, IEA key partner and association countries.  
HPT TCP is an active player in, or partner to, IEA, other TCPs, other international initiatives and organisa-
tions related to secure and sustainable heating and cooling and flexible energy solutions for everyone. 

A

B

C

D

E

F

G

Outlook into the Future

In 2023 HPT TCP will start to implement their newly revised and approved strategic work plan for 2023-2028 
(see below). Some objectives and initiatives will be in focus during 2023. Below these are marked in blue.
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STRATEGIC INITIATIVES 2023-2028 - those prioritized during 2023 are marked in blue 

1.	 Advance the RDD&D of heat pumping technologies through the creation of research opportunities, 
networking and meeting places for academia, industry, markets actors, investors and policy makers 
to collaborate under new Annexes (projects/tasks) and other activities (e.g. workshops) within the 
HPT TCP, see priority areas for RDD&D below. 

2.	 Contribute to advanced and/or disruptive innovations through cross-cutting networking and col-
laboration with other TCPs, IEA, Mission Innovation and other relevant organisations, attracting 
new actors representing other relevant areas of knowledge. 

3.	 Communicate the results and impact from the RDD&D work, tailor the messages and the dialogue 
using selected channels to reach relevant target groups, including policy makers, energy and envi-
ronmental agencies, investors, utilities, manufacturers, city and building planners, system designers, 
architects, industry associations, installers, researchers and end-users. Arrange a high-quality con-
ference about heat pumping technologies at least every third year, and establish this conference as 
the most important networking place. 

4.	 Providing and enlarging a dialogue platform to share and report back experiences to those stake-
holders and actors who could benefit from such knowledge. 

5.	 Provide IEA, standardisation organisations and regional or national policy makers with reliable 
and independent guidance, data and knowledge about heat pumping technologies, separately or 
in combination with other technologies. 

6.	 Increase activities to attract new members, including IEA key partners and association countries.

System Integration Robust, sustainable 
and affordable value 

chains

Extending operation 
range and applications

New technologies and 
refrigerants

Sector coupling, energy 
efficiency, flexibility, 
recilience, storage, 
digitalization, positive 
energy districts.

Improving affordability, 
securing value cha-
ins, circular economy, 
removing barriers from 
mass deployment.

To fulfill demands from 
all climate zones, new 
markets, new applica-
tions, and new de-
mands. Refrigeration in 
emerging countries. 

Non-traditional heat 
pumping technologies 
(for heating and coo-
ling). Refrigerants (low 
GWP, safety ect).

•	 The role of heat 
pumps in integrated 
energy systems on 
building, district 
and city levels 

•	 Heat pumps as 
enabler for sector 
coupling

•	 Methods for evalu-
ating smart, flexible 
heat pumps 

•	 Systems for circular 
economy for heat 
pumps

•	 New business 
models

•	 Easy to install pro-
ducts (plug and play 
and self commisso-
ning 

•	 Standardization for 
scaling

•	 Using bahaviour/
acceptance of HPT 
comfort and flexi-
bility

•	 Heat pumps for in-
dustrial application

•	 Heat pumps for 
district heating and 
cooling applications

•	 Heat pumps for re-
trofitting of existing 
buildings with speci-
al requirements

•	 Heat pumps/AC for 
cooling, dehumidifi-
cation and drying

•	 Cold climate heat 
pumps

•	 Non-vapour com-
pression techno-
logies

•	 Other areas that 
need low TRL level 
research

•	 Efficient operation, 
components ans 
systems for Low 
GWP refrigerants 

•	 Saftey meassurens 
for operating with 
low GWP refrige-
rants

RDD&D PRIORITY AREAS 2023-2028
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SELECTED TARGETS FOR HPT TCP FOR 2023
During the first half of 2023, a considerable part of the HPT TCP’s work, especially that of the Heat Pump 
Centre and the conference committees, will be aimed at preparing for the 14th IEA Heat Pump Confer-
ence, which will take place in Chicago, USA, on May 15-18.  

The targets for HPT TCP for 2023 are: 

•	 A successful 14th IEA Heat Pump Conference as a meeting place for a widened audience (representing 
market, research, industry, policy and investors), including representatives from other TCPs. 

•	 Strategic relations/partnership with individuals and organisations within our prioritized target groups 
and new member countries (investors, broader network, policy, new member countries – also focus 
on Eastern Europe) 

•	 New ideas and proposals for Annex according to the new HPT TCP SWP 2023-2028 
•	 Investigation on how to improve the conditions for increased investment in RDD&D 
•	 Investigation on how to renew the HPT TCP website (during 2024).

Based on the work to develop the revised strategic work plan for the next five-year period 2023-2028, the 
prioritized areas for ongoing and future research, development, demonstration and deployment (RDD&D) 
projects within the HPT TCP should be (i) system integration, (ii) robust and sustainable and affordable val-
ue chains, (iii) extending operating range and applications and (iv) new technologies and refrigerants. The 
schematics below show the ongoing and recently started projects (annexes) in blue text and the proposals 
and ideas for new annexes under different stages of development in red.

System Integration Robust, sustainable 
and affordable value 

chains

Extending operation 
range and applications

New technologies and 
refrigerants

•	 Annex 62: IoT for 
Heat Pumps

•	 Annex 57: Heat 
Pumps in Mul-
ti-Vector Energy 
Systems

•	 Annex 61: Heat 
Pumps in Positive 
Energy Districts 
NEW

•	 CCB for warm and 
humid climates

•	 Sector coupling - 
survey of practical 
examples

•	 Digital services 
for heat pumps

•	 Using data to im-
prove technology

•	 Annex 63: Place-
ment Impact on 
Heat Pump Acous-
tics NEW

•	 Heat pumps in 
circular economy

•	 New or alternative 
business models for 
heat pumps

•	 Annex 60: Retrofit 
of Heat Pumps in 
Larger Non-Domes-
tic Buildings

•	 Annex 58: High 
Temperatur Heat 
Pumps

•	 Annex 59: Heat 
Pumps for Drying

•	 Annex 62: Heat 
Pumps in Residen-
tial Multi Family 
Buildings in Cities 
NEW

•	 Annex 54: Heat 
Pump Systems with 
Low GWP Refrige-
rants

•	 Safety Measures 
for Flammable 
Refrigerants

ONGOING AND PLANNED ANNEXES WITHIN THE PRIORITY AREAS FOR RDD&D 2023-2028

Ongoing and recently started annexes (blue) 
Ideas and proposals for new annexes (red)



HPT TCP ANNUAL REPORT 2022 53

In early 2023 two new annexes started. One of them is Annex 62, “Heat pumps for multi-family residen-
tial buildings in cities”, as a continuation of the previously performed Annex 50. This Annex will focus 
on heat pump solutions for multi-family houses in high-density cities. New buildings and retrofit will be 
considered, as well as buildings with higher specific heating demand. The case studies database and the 
tools developed in the previous Annex shall be further developed. Moreover, the work will focus on the 
following not yet sufficiently addressed topics – heat sources, standardized solutions, central vs decentral 
solutions, quarters solutions, cooling and urban heat and cold islands.

The other new one is Annex 63, “Placement Impact on Heat Pump Acoustics”. The work within this annex 
will build upon the achievements in the previously performed Annex 51. However, this project puts focus 
on the Placement Impact on Heat Pump Acoustics with some special topics of heat pump acoustics (se-
lected applications and refined methods). The overall aim of this Annex is the same as for the previous 
one – to further remove acoustic barriers to establish heat pumps as the first choice as a renewable and 
efficient option for HVAC in buildings and industrial applications.

During 2023 some more new annexes will start. The first in line is Annex 64 “Safety measures for flam-
mable refrigerants”. The ultimate goal of the Annex is to contribute to a broader safe use of flammable 
refrigerants. Another annex, which is close to start, has the title “Heat pumps in circular economy” and 
will provide analysis and share experiences with material efficiency and other circular economy aspects in 
domestic heat pumps. In addition the progress in the development on a new annex on the topic “Comfort 
and Climate Box solutions for warm and humid climates” is advanced and a start during the 2023 is likely 
to be realized. The primary objective is to explore the possibilities to develop integrated combination of 
air-conditioning, energy storage and control, possibly in combination with sanitary hot water heating and 
solar PV, dedicated for warm or warm and humid climates. The solutions should be efficient, affordable, 
applicable, and scalable. This annex is developed in collaboration with Energy Storage TCP. Moreover, 
several more ideas for new annexes are in the development phase, see Table above.

In 2023 we will continue the work performed in earlier years to explore the field of investors’ role in 
accelerating the energy transition. The most important types of investors for stimulating accelerated de-
ployment of heat pumping technologies will be identified, alongside with information about what would 
create awareness among them, which type of facts they would need to take investment decisions and in 
which channels and networks we could reach them.
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