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Message from the Chairman

Stephan Renz, Chairman of the Executive Committee

Heat pumps have reached a high state of technical development 
and are used in large numbers throughout the world as highly ef-
ficient heating or cooling systems. Besides room heating, domestic 
hot water heat pumps meet an increasing amount of sales. The ne-
cessity to reduce the carbon footprint of heating appliances and the 
trend to low temperature district heating systems open opportuni-
ties for large heat pumps. On the other hand, one can observe an 
increasing worldwide demand for air conditioning. The only single 
technology that can fulfil this is the heat pumping technology. Ne-
vertheless, there are various challenges that have to be met and 
these lead to the demand for more research and development.

As the chairman of the Technology Collaboration Programme on 
Heat Pumping Technologies (HPT TCP) it is my pleasure that with 
the work and the findings in our Annexes we can contribute to 
this development on an international basis and are present in all 
the promising fields. In 2015 we launched four new Annexes and 
another two are prepared to be launched in 2016. The new Annexes cover topics like Hybrid Heat 
Pumps, Heat Pumps for Domestic Hot Water, Heat Pumps in District Heating and Cooling systems and 
Industrial Heat Pumps. Ideas for new Annexes are developed in a first step during the National Teams’ 
Meeting, which this year was held in Nuremberg, Germany. 

The important work of international collaboration can only be done with a good cooperation among 
the participating countries and the contributions from the delegates. It is important to know that in 
both of the Executive Committee Meetings in 2015 all fifteen participating countries were represented 
by their delegates or alternate delegates. The first meeting was held in May in Aarhus (Denmark) and 
the second in November in Basel (Switzerland). In conjunction with these meetings, workshops were 
organised by the host countries. The workshops are an important opportunity to present the work of 
HPT TCP and learn more about the market situation and research and development projects in the 
organising country. During 2015, one new country decided to join the HPT TCP Agreement, and we are 
happy to welcome Belgium!

Dissemination of information about heat pumping technologies and the outcomes of our Annexes is 
an important task of HPT TCP. The Heat Pump Centre fulfils a significant part of this. One example is 
this annual report with the aim to inform in a concentrated manner about the targets and new deve-
lopments in our work and most important findings from the Annexes. It is an ongoing duty to improve 
the means of communication. This is the reason why we developed an update of our communication 
strategy. A first result is the new format of the annual report. 

Looking back to my first year as the chairman of HPT TCP I must say that it is a pleasure to collaborate 
with the delegates in the Executive Committee, to see the efforts of the Operating Agents and their 
teams in the Annexes, and to be supported in all fields of activities by the staff of Heat Pump Centre. 
Many thanks to all of them.
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International Energy Agency

Established in 1974, the International Energy Agency (IEA) carries out a comprehensive programme 
of energy co-operation for its 29 member countries and beyond by examining the full spectrum of 
energy issues and advocating policies that will enhance energy security, economic development, en-
vironmental awareness and engagement worldwide. The IEA is governed by the IEA Governing Board 
which is supported through a number of specialised standing groups and committees. 

For more information on the IEA, see www.iea.org. 

The IEA Energy Technology Network
The IEA Energy Technology Network (ETN) 
is comprised of 6 000 experts participa-
ting in governing bodies and international 
groups managing technology program-
mes. The Committee on Energy Resear-
ch and Technology (CERT), comprised of  
senior experts from IEA member  
governments, considers effective ener-
gy technology and policies to improve  
energy security, encourage environmental protection and maintain economic growth. 
 
The CERT is supported by four specialised Working Parties: 

• Working Party on Energy End-use Technologies (EUWP): technologies and processes to improve 
efficiency in the buildings, electricity, industry, and transport sectors

• Working Party on Fossil Fuels (WPFF): cleaner use of coal, improvements in gas/oil exploration, 
and carbon capture and storage 

• Fusion Power Co-ordinating Committee (FPCC): fusion devices, technologies, materials, and 
physics phenomena 

• Working Party on Renewable Energy Technology (REWP): technologies, socio-economic issues 
and deployment policies 

Each Working Party coordinates the research activities of relevant IEA Technology Collaboration Pro-
grammes (TCPs). The CERT directly oversees TCPs of a cross-cutting nature. 

The IEA Technology Collaboration Programmes (TCPs)
The IEA Technology Collaboration Programmes (TCPs) are international groups of experts that enable 
governments and industries from around the world to lead programmes and projects on a wide range 
of energy technologies and related issues, from building pilot plants to providing policy guidance in 
support of energy security, economic growth and environmental protection. The first TCP was created 
in 1975. To date, TCP participants have examined close to 2 000 topics. Today, TCP participants repre-
sent more than 300 public and private-sector organisations from over 50 countries. TCPs are governed 
by a flexible and effective framework and organised through an Implementing Agreement. TCP activi-
ties and programmes are managed and financed by the participants. 

To learn more about the TCPs, please consult the short promotional film, the Frequently Asked Ques-
tions brochure, or the IEA website www.iea.org/tcp.

http://www.iea.org
http://www.iea.org/aboutus/standinggroupsandcommittees/cert/
http://www.iea.org/aboutus/standinggroupsandcommittees/cert/
http://www.iea.org/aboutus/standinggroupsandcommittees/cert/euwp/
http://www.iea.org/aboutus/standinggroupsandcommittees/cert/wpff/
http://www.iea.org/aboutus/standinggroupsandcommittees/cert/fpcc/
http://www.iea.org/aboutus/standinggroupsandcommittees/cert/rewp/
http://www.iea.org/media/impag/IEAFramework.pdf
http://tinyurl.com/zethue3
http://www.iea.org/media/impag/FAQs.pdf
http://www.iea.org/media/impag/FAQs.pdf
http://www.iea.org/tcp
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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 refrigera-
tion, commonly denoted as heat pumping technologies. 

Vision
The Programme is the foremost worldwide source of independent information and expertise on en-
vironmental and energy conservation benefits of heat pumping technologies (including refrigeration 
and air conditioning). The Programme conducts high value international collaborative activities to 
improve energy efficiency and minimise adverse environmental impact.

Mission
The Programme strives to achieve widespread deployment of appropriate high quality heat pumping 
technologies to obtain energy conservation and environmental benefits from these technologies. It 
serves policy makers, national and international energy and environmental agencies, utilities, manu-
facturers, designers and researchers.

Strategic Objectives
 » Energy and Environment

To quantify and publicise the energy saving potential and environmental benefits 
(local and global) of heat pumping technologies.

 » Market and Deployment
To develop and deliver information to support deployment of appropriate heat pumping technologies.

 » Technology
To promote and foster international collaboration to develop knowledge, systems and practices in heat 
pumping technologies through RDD&D (research, development, demonstration, and deployment).

 » Information Management
To provide effective flow of information to, from, and between stakeholders and other relevant entities.

 » Visibility and Status
To significantly improve the visibility and status of the Programme, and to be an outstanding Technology 
Collaboration Programme within the IEA.

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

Technology Collaboration Programme 
on Heat Pumping Technologies

HPT TCP MEMBER COUNTRIES 
Austria, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, the Netherlands, Norway, 
South Korea, Sweden, Switzerland, the United Kingdom, and the United States.
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Building Coordination Group Meeting
The IEA Building Coordination Group (BCG) 
consists of representatives from all building- 
related Technology Collaboration Programmes 
(TCPs), and holds annual meetings. A meeting 
was held in January in Paris, with participation 
from the HPT TCP. 

As at previous meetings, the meeting highlighted 
work and achievements by the different TCPs, in-
cluding ongoing and upcoming activities by the 
IEA. Another meeting focus was on improving 
co-operation, both between the TCPs and the IEA 
secretariat and directly between the TCPs. 

It was emphasized that cross-cutting contacts 
between TCPs are important. IEA representatives 
wanted to know what issues are missing at the 
IEA that the BCG group can address. 

Further, the IEA pointed out that they need data 
regarding energy efficiency, in a format that can 
be used for their analyses, for instance for the ETP 
publications; HPC is in close contact with the IEA 
regarding this issue.  Finally, the importance of 
awareness raising, especially directed towards 
policy makers was emphasized.

Executive Committee Meetings
Two meetings of the HPT TCP Executive Commit-
tee (ExCo) were held in 2015: 

 » May 5-6, in Aarhus, Denmark;
 » November 10-11 in Basel, Switzerland.

Workshops in Aarhus and Basel
Two workshops were held in conjunction with the 
Executive Committee meetings, in Aarhus on May 
4, and in Basel on November 9. 

The objectives of the workshops were to provide 
an overview of heat pump-related activities in the 
host country, presentations of plans and progress 
of some of the HPT TCP Annexes, together with 
an international overview of policy, market, and  
innovative applications, as well as of more speci-
fic research and development. 

Both of the workshops concluded with site vi-
sits; the Aarhus workshop with a tour of labs 
at the Danish Technological Institute (DTI), the 
Basel workshop participants visited the Energy  
Research Lab (ERL). 

Highlights 2015
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12th IEA Heat Pump Conference 2017
At the fall ExCo meeting in 2014 the bid for the 12th IEA Heat Pump Conference in 2017 was awarded 
to the Netherlands. The Conference will be held at the World Trade Centre in Rotterdam from 15 – 18th 
May. The theme of the Conference is: ‘Rethink Energy, Act NOW!’

This is a time of rethinking or a paradigm change. The era of heat pumps and other renewables is 
inevitable. The main solutions and choices will not be made purely on economics, but more on ex-
pectations on future energy systems and infrastructures becoming dependent on insecure suppliers 
and on electricity from renewable sources. Ecological concerns become key drivers for policy makers 
and consumers alike, and their choices are fundamentally altering the energy business landscape.

Renewable energy is inevitable because we still use more and more energy based upon fossil fuels that 
is not sustainable. Thus, from an environmental point of view, it is necessary for us to increase our use 
of renewable energy, in order to stop ‘the race to the cliff’, as evidenced by World Overshoot Day.

The message of the Conference goes beyond the standard slogans like energy efficiency, renewables 
and environment.

In the area of heating and cooling systems, there is a great urgency to act now. Almost all current in-
vestments made in this sector will have a long-term effect on overall energy use. The renovation of a 
heating system will impact energy usage for the next 15 to 20 years. At the same time, almost all these 
measures to reduce energy emissions, whether implemented within the industrial, commercial or re-
sidential market, can be categorized as “no-regret options” and should be prioritized in a systematic 
policy approach.

Policy makers worldwide must give primary consideration to heating and cooling usage and look at 
the best available options. Here heat pumps play a key role as an already available and proven tech-
nology.

Progress in the Conference Organisation
The Conference is organized by the NOC in collaboration with the IOC. The International Organizing 
Committee has as chairman Mr Per Jonasson (Sweden) and two vice chairs, being Mrs Sophie Hosatte 
(Canada) and Mr Hiroshi Okumura (Japan). The National Organizing committee has a chairman, Mr 
Onno Kleefkens and vice chair, Mr Raymond Beuken.

An initial IOC meeting was held at the spring ExCo meeting in Aarhus and a second meeting at the fall 
ExCo meeting in Basel. All ExCo participating countries joined in the meetings. Good progress was 
made during these meetings on the development of the preliminary program for the Conference. This 
template program is used by the NOC as basis for the first Call for Papers which was opened on 1st 
December 2015.

IEA Heat Pump Conference

 

http://www.overshootday.org/
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Conference Program
The first day will start with the Annex related workshops. At the 
European Heat Pump Summit in Nuremberg the NOC-chair  
organized a special meeting for the Operating Agents of the  
Annexes. As the workshops on the first day of the Conference are 
an integral part of the Conference and marketed as such, an out-
line has been developed for the Annexes, where these will be pre-
sented as a coherent package. For example, HPT TCP Annexes with 
a focus on residential applications (Annexes 40, 45, 46, 47), those 
on industry and others like sorption. The Operating Agents from 
other IEA Technology Collaboration Programs have been invited 
to join, for instance Energy in Buildings and Communities (EBC). The NOC is looking into the possibility 
of having a workshop on heat pumps in combination with other technologies.

On the second day the Conference will be opened with a plenary opening session where high level 
speakers will give presentations in line with the theme of the Conference.

After the main plenary opening session the Conference will consist of three main sessions running in 
parallel tracks.

 » Residential heat pumps focusing on: Nearly Zero Energy Buildings; Technologies for Renova-
tion; Hybrid Heat Pumps; Domestic Hot Water Heat Pumps; Multi Family Buildings 

 » Non-residential heat pumps focusing on: Industrial Heat Pumps; Waste Heat Recovery; District 
Heating; Commercial Buildings; Greenhouses.

 » Innovation and R&D focusing on technology topics like: Ground sources; Advanced storage 
systems; Working fluids; Combination with other renewable technologies; Sorption technolo-
gies; Non vapour Compression; Smart grids/energy; Cold climate heat pumps; Air Conditioning; 
Gas driven heat pumps

These topics are listed in the first call for papers where authors are asked in detail to specify their topic. 
This is in order to simplify the selection of papers on contents and to make sessions consistent.

Each session will be opened by an invited keynote speaker with the goal to place the topic of the  
session in line with the theme of the Conference. ExCo delegates are asked to propose these speakers.

Communication and Promotion Strategy
A Communication Strategy has been developed to market the Conference consisting of:  

 » Conference Website: The website (www.hpc2017.org) is the foundation for all promotional ac-
tivities related to the meeting. It is custom designed to provide key information in a clear and 
concise manner, keeping potential participants updated and interested in all things connected 
with the conference. The website is optimized with Search Engine Optimization (SEO) to reach 
the highest possible ranking for searches on selected keywords in the leading search engines 
(Google, Yahoo and Bing) to gain high visibility on internet channels and reach a wide prospec-
tive audience.

 » Direct mailing – A series of 12 direct e-mailings are foreseen where a list of 3650 addresses is 
used with an increasing number of subscribers to this mailing.

 » Promotion Material – A first card has been printed and distributed at the European Heat Pump 
Forum in Brussels, the IIR Conference in Yokohama and at the European Heat Pump Summit in 
Nuremberg. A brochure designed for Abstract Submission has been printed as a flyer and distri-
buted at the ASHRAE Winter Conference. A Sponsor brochure has been developed as an on-line 
document and sent to a number of potential sponsors.

 » Multimedia – Videos and photos are particularly useful in attracting attention. Two videos of 
heat pump projects in Rotterdam are shown on the website and YouTube.

 » Promotion – For the promotion of the Conference, partners are found in EHPA, IIR and other 
organizations. 

http://www.hpc2017.org
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Heat Pump Centre

The Heat Pump Centre (HPC) plays a central role 
in the Technology Collaboration Programme on 
Heat Pumping Technologies (HPT TCP), disse-
minating factual and balanced information on 
heat pumping technologies and promoting HPT 
TCP activities. SP Technical Research Institute of 
Sweden has been appointed to manage the HPC. 

As for new members, contacts and discussions  
regarding membership are under way with seve-
ral countries, including China and Poland, as well 
as with the European Union. A Chinese delegation 
of fifteen people visited the HPC. 

During 2015, the HPC has put significant efforts 
in developing a new communication strategy, 
re-considering both goals and means. This has 
included, for example, discussions with the Task 
Force Group and ExCo on communication, and 
distribution and compilation of a communication 
survey among the ExCo delegates.  

HPC Newsletter 
One of HPC’s main activities is publication of the 
Heat Pump Centre Newsletter. Each issue covers 
a particular topic and contains articles, news and 
events, together with a contribution from a guest 
columnist. 

During 2015, the Newsletter has been available 
free of charge to HPT TCP member countries from 
the HPC website.

During 2015, a short version of the Newsletter, an 
e-newsletter, has been available free of charge to 
all countries, either by e-mail subscription or by 
downloading from the HPC website. The number 

of subscribers to the e-newsletter increased by  
approximately 6 % compared to 2014. In addition, 
the Newsletter is also disseminated through na-
tional teams in the member countries. 

Four articles from the Newsletter and the Con-
ference have been re-published in a Chinese 
journal, “HVAC Special”, which is a subsidiary of 
“Journal of HV&AC”.

Website 
Another important activity is the development 
and maintenance of the website, which is conti-
nuously updated with news, events, press relea-
ses and contact information. 

Descriptions of ongoing and completed HPT TCP 
Annexes are also available on the website, as well 
as HPT TCP publications, which are accessible via 
a database. 

Updates during 2015 include the addition of Fi-
nal reports and two-page summaries for three 
Annexes (Annexes 35, 36, and 38), as well as two 
Annex Executive summaries (Annexes 35 and 36). 
Further, all Conference Proceedings Papers from 
the IEA Heat Pump Conferences in 2014, 2011, 
2008, and 2005 have been made available for free 
downloading.

60 seconds 
During 2015, the Heat Pump Centre has  
continued to distribute the “60 seconds” e-mail. 
This is a monthly, brief, bullet-format information 
page, giving an overview of HPC activities during 
the last month. It is distributed to the ExCo, and 
those involved in annexes and national teams.
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Figure C-9: Traveling-wave heat pump Source: Brown (2010) Both types of thermoacoustic cycles can technically be run in reverse, meaning that they can also 

provide space heating. 
Technical Maturity and Current Developmental Status Currently, one thermoacoustic product is commercially available: a cryogenic freezer 
manufactured by Chart Industries (Garrett 2013). Most research to date has focused on 
refrigeration applications, rather than HVAC applications. DOE has funded thermoacoustics work for over thirty years, starting with research conducted at 

Los Alamos National Laboratory (Keolian and Poese 2013). DOE funded a thermoacoustic 

cooling project researched by Pennsylvania State University (PSU) through the ARPA-e 
program (ARPA-e 2013). Through their exclusive licensee, ThermoAcoustics Corporation, 

PSU’s lead researchers have partnered with Heatcraft Worldwide Refrigeration, a business 

segment of Lennox International, to develop and eventually commercialize a supermarket chiller 

for refrigeration applications using thermoacoustic technology. This ARPA-e grant was initially 

focused on developing a thermoacoustic window air conditioner with a net COP of 4.0 that 

would remain within certain volumetric restrictions. At the time, PSU researchers were unable to 

reach these targets, so they refocused on supermarket refrigeration, which they found better 

suited to the technology’s current strengths and the team’s experience, as PSU has built several 

working prototypes of thermoacoustic refrigeration products in the past (Garrett 2013). 
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Figure C-20: Solid desiccant wheel 

Source: Munters (2012) 

Without additional subsystems to cool the dried air stream, solid desiccant systems are only 

capable of meeting the latent load of incoming air and do not provide sensible cooling. Most 

solid desiccant systems will provide supplemental dehumidification or energy recovery 

capabilities to a vapor-compression air conditioners or chillers. Similar to liquid desiccant 

technology, solid desiccant air conditioners can incorporate several sensible cooling methods to 

serve as a complete air conditioning system, including many non-vapor-compression technology 

options. For example, solid desiccant systems can be enhanced through the use of chilled water 

from ground-coupled loops. See further details in Section C.3.6.

Technical Maturity and Current Developmental Status 

Solid desiccant wheels, as utilized in ERVs, have been commercialized in both residential and 

commercial applications for over two decades and are produced by many major HVAC 

manufacturers, including Munters, Lennox, and Honeywell. However, these products utilize 

solid desiccant technology for dehumidification or energy recovery to supplement a vapor-

compression system and therefore do not represent standalone solid desiccant air conditioners.

Barriers to Market Adoption 

By only addressing latent cooling loads, standalone solid desiccant air conditioners require 

additional sensible cooling systems to satisfy building space conditioning loads. Except in hot-

humid climates and buildings with high moisture loads (e.g., ice rinks, supermarkets) or 

specialized indoor air quality loads, standalone solid desiccant air conditioners typically pose 

unfavorable cost and complexity relative to energy or cost savings.  

Energy Savings Potential 

Potential Market and Replacement Applications 

Solid desiccant air-conditioning technology is technically applicable to space-cooling 

applications for residential and commercial buildings in hot-humid climate zones. As described 

above, solid desiccants typically supplement existing vapor-compression cooling systems. 

154

LDACs commonly use glycols or halide salt solutions (such as lithium bromide or lithium 

chloride) as their desiccants. LDACs have two main components (Dieckmann 2008): 
 A conditioner that exposes strong concentrations of liquid desiccant to the air, absorbs

water vapor from the supply airstream, and feeds weakened concentrations of liquid

desiccant to the regenerator.
 A regenerator that heats the desiccant, releasing water vapor to the exhaust airstream, and

returns the liquid desiccant back to the conditioner at strong concentrations.
LDACs heat the liquid desiccant solution in the regenerator using natural gas or low-grade 

heating sources such as waste, process heat, or solar-heated water. Many systems also gain some 

“free” regeneration by exchanging heat between the desiccants streams entering and leaving the 

regenerator. Solar-assisted LDACs can use a vat of liquid desiccant to store heat for cooling 

during darkened periods (Lowenstein 2008). 
Figure C-19 illustrates a complete LDAC dehumidification assembly with a conditioner, 

regenerator, and counterflow heat exchanger.  

Figure C-19: Design configuration for a liquid desiccant air conditioner 
Source: AIL Research (2011) Regenerator efficiency is partially dependent upon the number of regeneration stages that it 

utilizes. For example, a “single-effect” regenerator has only one stage: a boiler in which it uses 

the heat of steam to regenerate the desiccant, whereas higher-effect regenerators use downstream 

byproducts (e.g., hot water that has condensed after the boiling operation) to provide additional 

heat. 

LDACs can also be used to supplement existing vapor-compression systems, which can then 

provide additional sensible cooling downstream of the LDAC (Dieckmann 2008). 
127

Figure C-14: Schematic of adsorption chiller 

Source: Mayekawa (2009) 

Similar to absorption systems, adsorption heat pumps require an external heat source to drive the 

adsorption-desorption process. Adsorption systems can utilize various adsorbents, including: 

activated carbon, zeolite, silica gel, metal organic frameworks (MOF), metal hydrides and other 

combinations. These adsorbents can operate with a variety of working fluids, including water, 

and can be optimized for an available heat source or to achieve a specific adsorption-desorption 

cycle rate. Depending on the configuration, the adsorption heat pump can utilize a high-

temperature heating source, such as a gas burner, or available low-temperature (approx. 100°C) 

heating sources such as waste heat or solar heat. Unlike some absorption systems, adsorption 

working fluids pose little or no risk of crystallization if operating temperatures deviate from a 

narrow range.  Technical Maturity and Current Developmental Status 

Several manufacturers currently offer fossil-fuel-fired adsorption chillers for space-cooling 

applications in conjunction with combined heat and power applications or using solar thermal 

systems, including: Mayekawa/Mycom, HIJC/Nishyodo, SorTech, InvenSor, SolarNext, Power 

Partners, Weatherite, and others. Several manufacturers offer adsorption-based heat pumps for 

space and water heating, including Viessmann and Vaillant.  

Because of its attractiveness as a thermally activated heat pump, using water as a refrigerant, and 

moderate input temperatures, significant research in recent years has focused on improving 

performance and efficiency in adsorbent-bed design, working pairs, and novel applications 

(Yong 2007). Most systems currently use zeolite materials or silica gel as the adsorbent, but 

MOF materials could offer more compact adsorption beds, reducing the cost of adsorption heat 

pumps. Under an ARPA-e grant, researchers at PNNL, Power Partners, and Oregon State 
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Figure C-8: Standing-wave heat pump and heat engine 
Source: Brown (2011)

As shown in Figure C-8, once a standing wave is generated, a parcel of gas will move to the left, become compressed, and consequently heat up. Ultimately, the gas becomes hotter than the stack, so it rejects heat into the stack material and begins to move to the right, as shown in Figure C-9. The gas then expands and cools until it is cooler than the stack, at which point it absorbsheat and begins the cycle again. This repetitive action pumps heat from the cold heat exchangerto the hot heat exchanger.

Traveling-wave devices are similar to standing-wave devices except that they utilize a regenerator rather than a stack. The spaces in which gas oscillates within a regenerator are very small to promote good thermal contact with the gas.  

A traveling-wave device is shown in Figure C-9. In such a device, a parcel of gas is compressed adiabatically by the sound wave in the space outside the regenerator, causing it to heat up. The parcel is displaced through the regenerator and rejects heat to it, expanding and cooling on the opposite side of the regenerator. The sound wave then causes the gas to move backwards through the regenerator, absorbing the same amount of heat from the cold end of the regenerator as it had rejected into the hot end (Brown 2010). 
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Background 
Technology Description Magnetic cooling operates on the magnetocaloric effect, a phenomenon in which a paramagnetic 

material exhibits reversible temperature change when exposed to a changing magnetic field. A

magnetic cooling system applies a magnetic field to a paramagnetic material. This aligns 
randomly oriented electron spins in the paramagnetic material (AB in Figure C-1), an 
exothermic process that raises the material’s temperature and causes it to reject heat to its 

surroundings (BC). Upon removal of the magnetic field, the magnetic spins return to their 

randomized state, an endothermic process that cools the material (CD). The material then 

absorbs heat from the space to be cooled (DA). During this step, the paramagnetic material 

returns to its original state and the cycle starts again. 

Figure C-1: Magnetic cooling cycle Source: Goetzler et al. (2009) The temperature gradient and subsequent capacity of magnetic cooling systems varies with the 

strength of the applied magnetic field. Dieckmann et al. (2007) report that existing permanent 

magnets suitable for air-conditioning applications can only produce a magnetic-field strength of 

up to 2 tesla (T), yielding a maximum temperature change of only 9°F. Although stronger 

magnetic fields could induce greater temperature changes (e.g., 10 T could produce a 
temperature change of 45°F), obtaining such strong magnetic fields would require 
superconducting electromagnets that draw significant power. This parasitic energy consumption 

could negate some or all of the efficiency gains associated with magnetic cooling.  Therefore, some type of regenerative cycle is necessary for magnetic cooling cycle to be viable 

for space cooling. One approach to accomplish this is the active magnetic regenerator cycle 

prototyped by Astronautics Corporation of America. This cycle uses a bed of magnetocaloric 

materials layered with materials having progressively higher Curie temperatures.11 By
successively applying a magnetic field to the bed (and thus shifting the temperature gradient 11 The temperature above which a material’s permanent magnetism changes to induced magnetism

Heat Pumps -  A key technologyfor the future
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Figure C-3: Thermoelectric cooling module 

Source: Synder and Toberer (2010) 

The physical phenomenon that describes both the energy harvesting and thermal conditioning 

behavior of thermoelectric materials is the Seebeck effect. When placed within a thermal 

gradient, thermoelectric materials accumulate charge internally on both the hot and cold surfaces. 

If the temperature difference is great enough between the hot and cold surfaces, the buildup of 

charge on the opposite sides of the material creates a voltage difference resulting in a flow of 

current from the material. Conversely, when a voltage is placed across a thermoelectric material, 

the resulting current moves electrons from one surface to another. This phenomenon, which 

creates a thermal gradient, is known as the Peltier effect. Stacking multiple thermoelectric 

devices in series can increase the generated temperature difference.  

Ideal thermoelectric modules have low thermal conductivity and high electrical conductivity 

properties, but most materials feature both high thermal conductivity and high electrical 

conductivity. Scientists rate thermoelectric materials using a dimensionless figure-of-merit based 

on their physical properties and thermal performance. Known as ZT, this figure compares a 

material’s thermoelectric properties with its thermal conductivity and electrical resistivity in the 

following relationship: 

Newsletters 2015
The four 2015 newsletters and 
e-newsletters are available on the Heat 
Pump Centre website.
The topics were:

1. Quality installation / Quality 
maintenance

2. Space cooling
3. Ground source heat pumps
4. Innovative/alternative/non-

conventional HP technologies
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Activity Generation 
The Heat Pump Centre is also involved in the 
establishment of new activities within the HPT 
TCP. For example, it publishes descriptions of 
project proposals on the website in order to en-
courage initiation of new annexes. The HPC also  
maintains regular contact with the annexes’ Ope-
rating Agents, supporting them with legal text, 
formal participation letters, etc. 

The National Teams’ meeting was held in Nurem-
berg, Germany in October, with high attendance. 
The main focus of the meeting was to generate 
new activities in the form of Annexes and Annex 
ideas, and to discuss research needs and trends in 
the member countries. At the meeting four Annex 
ideas were discussed, of which two were decided 
to be taken further: Acoustic Signatures of Heat 
Pumps and Non-vapor-compression Technologies. 
Another idea which attracted interest was Ground 
Source Heat Pumps, which may be taken further. 
One idea discussed will not be taken further at 
the moment: Affordable, Reliable, Sustainable and 
Modern Energy for All.

Three Annex proposals were discussed at the 
ExCo meeting in Basel in November, all of which 
may be approved in the near future. These are 
Development of Precompetetive Open and Stan-
dardized Communication Protocols to Facilitate 
Commissioning and Re-commissioning (con-
tinuation of Annex 36), Heat Pumps in Multi- 
family Buildings, and Heat Pump Concept for  
Nearly Zero Energy Buildings (continuation of 
Annex 40). Another Annex proposal discussed at 
the ExCo meeting in November was Air conditio-
ning, which was decided to be taken further as a  
special task.

Finally, two new Annexes were started in 2015, 
Hybrid Heat Pumps (Annex 45) and Heat Pumps 
for Domestic Hot Water (Annex 46), and two more 
were approved, Heat Pumps in District Heating  

and Cooling Systems (Annex 47) and Industrial Heat 
Pumps, Second Phase (Annex 48).

Contributions/Support for IEA Publications and 
Activities 
The IEA continues its series of publications  
Energy Technology Perspectives (ETP). This was  
previously a bi-annual publication, but is now 
published annually.  The HPT TCP reviewed and 
commented on a draft of part of the ETP 2016, ‘Buil-
ding sustainable urban energy systems’. The HPT  
TCP also gave input to the outline of the ETP 2017.

International Collaboration and Promotion 
The HPT TCP and the HPC have excellent relations 
with a number of national and international organi-
sations, including EHPA, IIR, ASHRAE, AHRI/AHRTI, 
and China Energy Conservation Association (CECA). 

Examples of interactions during 2015 include parti-
cipation, by invitation, and presentations at the IEA 
Energy Conservation though Energy Storage (ECES) 
Greenstock conference (Beijing, China), at the 2015 
China Heat Pump Alliance Annual Conference 
and 4th Asia Air Source Heat Pump Forum (both in  
Nanjing, China), and at the National Heat Pump  
Symposium organized by the Flemish Heat Pump 
Association (Belgium), and at the European Heat 
Pump Symposium (Nuremberg, Germany), as well  
as exhibition at the ICR2015 - the 24th IIR Internatio-
nal Congress of Refrigeration  (Yokohama, Japan).

Member Country Reports 
Using the template that has been developed, 
and material received from the countries, mem-
ber country reports or draft reports have been  
compiled for three countries. 

Heat Pump Centre
www.heatpumpcentre.org

Contact
Dr Monica Axell 
Tel. +46 10 516 55 19
hpc@heatpumpcentre.org



Ongoing 
Research Projects

The projects within the HPT TCP are known as Annexes.  
 
Participation in an Annex is an efficient way of increas-
ing national knowledge, both regarding the specific 
project objective, but also by international information 
exchange. 

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

OUTLOOK IN THE FUTURE
For more information regarding Annex proposals,  
Annex ideas and Special tasks, see Activity Generation on 
page 12.



HPT TCP ANNUAL REPORT 201514

Ongoing Annexes

The Technology Collaboration Programme on Heat Pumping Technologies participating countries are:  
Austria (AT), Belgium (BE), Canada (CA), 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).  
All countries are members of the IEA Heat Pump Centre (HPC). Sweden is the host country for the Heat Pump 
Centre.

Bold text indicates Operating Agent     

Domestic Hot Water Heat Pumps 46 FR, NL, JP, KR, UK

Hybrid Heat Pumps 45 FR, NL, DE, UK

Performance Indicators for Energy 
Efficient Supermarket Buildings 44 DK, NL, SE

Fuel-Driven Sorption Heat Pumps 43 AT, DE, FR, IT, UK, US

Heat Pumps in Smart Grids 42 AT, CH, DE, DK, FR, KR, NL, UK, US

Cold Climate Heat Pumps  
(Improving Low Ambient Temperature 
Performance of Air-Source Heat Pumps) 41 AT, CA, JP, US

Heat Pump Concepts for Nearly Zero-
Energy Buildings 40 CA, CH, DE, FI, JP, NL, NO, SE, US

A Common Method for Testing and 
Rating of Residential HP and AC 
Annual/Seasonal Performance 39 AT, CH, DE, FI, FR, JP, KR, NL, SE, US

Demonstration of Field 
Measurements of Heat Pump 
Systems in Buildings 37 CH, NO, SE, UK
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The aim of this project has been to demonstrate 
and disseminate the economic, energy and en-
vironmental potentials of heat pumping techno-
logy. The focus was on best available technology, 
and results from existing field measurements 
were used to calculate energy and cost savings 
and CO2 reductions. In order to draw the right 
conclusions, it is most important that the quality 
of the measurements is assured to be sufficiently 
good. The criteria for good and assured quality of 
both the heat pump performance and field mea-
surement installation were defined in the project.

OBJECTIVES
Therefore, Annex 37 was to present examples of 
domestic heat pump systems with good perfor-
mance, and to give guidance on what could be 
considered good performance. The objectives of 
the Annex 37 were to:

 » Demonstrate the potential with heat 
pumping technology for all types of  
domestic buildings from existing field 
measurements. The focus was on the 
best available technology. The electri-
city consumption and energy savings,  

There is a need to be able to demonstrate the po-
tential for energy savings and CO2 reduction with 
heat pumping technology. There is also a need 
among the public for increased knowledge of the 
efficiency of heat pumps in real installations, es-
pecially concerning heat pump systems for com-
bined operation including heating, cooling and 
domestic hot water production. 

Demonstration of heat pump systems would be 
an efficient way of communicating the potenti-
al of the technology, promoting top-of-the-line  
heat pump systems and also improving existing 
guidelines for selection, design and installation 
of systems. Demonstration of best available heat 
pump technology is a way to achieve further ac-
ceptance for the technology and, in that way, to 
increase take-up in new markets.

Demonstration of Field Measurements 
of Heat Pump Systems in Buildings

ANNEX 37

Figure 1. Site descriptions

International Energy Agency, Heat pump programme 
Annex 37:  Demonstration of field measurements of heat pump systems in buildings 
 Good examples with modern technology 
 

Heat pump ground/water – Sweden 
  

 
 
 
 
 
 
 

 Building type 

• Heated surface: 185 m2 (86 kWh heat/m2) 

• Occupants:  4 (2 adults, 2 children) 

• Construction year:    2009 

• Construction:   new 

 Heating system features 

• Installation year: 2009 

• Rated heating output: 6 kW 

• Heat source:     vertical borehole      exhaust air 

• Use of heat:    space heating & domestic hot water 

• Heat distribution:   underfloor heating & radiators 

• Heating provision:   electric heater 

 Operational benefits 

 

 

 

 

 

0 1 000 2 000 3 000 4 000 5 000 6 000 7 000 8 000

Oil heater
Electric heater, EU grid mix

HP, EU grid mix
Electric heater, SE grid mix

HP, SE grid mix

CO2 emissions (kg/yr) 

0 500 1 000 1 500 2 000 2 500

Oil heater
Electric heater

Heat pump

Operating costs (€/yr) 

City:  Markaryd Average outside temp:  7.4°C 

Country:  Sweden Average inside temp:  24.1°C 

Measurement period:  June 2010 – May 2011 

Electricity 
3’500 kWh/year 

Renewable energy 
12’500 kWh/year 

Heat  
16’000 kWh/year 

Heat 
pump 

Out of 1 kWh electricity, the heat 
pump produces 4.6 kWh of useful 
heat (yearly average, SPF3). 

” There is a need to be able to  
demonstrate the potential for 
energy savings and CO2 reduc-
tion with heat pumping tech-
nology. 

There is also a need among 
the public for increased know-
ledge of the efficiency of heat 
pumps in real installations, 
especially concerning heat 
pump systems for combined 
operation including heating,  
cooling and domestic hot water  
production. ”
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most relevant when comparing to other 
heating systems.

3. Heat pumps can reduce CO2 emissions. 
In Sweden and Switzerland, where the 
carbon content of electricity is low (0.04 
kg CO2/kWh, 2009 figures), using a heat 
pump resulted in average CO2 savings of 
more than 5 tonnes as compared to an oil 
boiler for the evaluated sites. In the UK, 
the default fuel is gas and the carbon con-
tent of electricity is considerably higher 
(0.49 kg CO2/kWh), but the average saving 
was still 1.25 tonnes CO2/year.

compared to alternative ways of heating, 
should be calculated. 

 » Improve the understanding of key pa-
rameters influencing the reliability and  
efficiency of heat pump systems.

HIGHLIGHTS from the Annex 37 deliverables

1. As one of the main conclusions from this 
project, air-source systems should be 
considered as good systems if they have 
an SPFH3 value (see Figure 2) of 2.8 - 3.2 
and above. The corresponding values for 
ground source systems is 3.3 - 3.9 and 
above (see Table 1). 

Table 1. Threshold values to be regarded as a good 
system.

Project duration: 
May 2011 – December 2015

Operating Agent: 
Roger Nordman, SP Technical Research In-
stitute of Sweden, Sweden 
roger.nordman@sp.se

Participating countries: 
Sweden, Switzerland, and the United King-
dom

Further information:
www.heatpumpcentre.org

ASHP, 
new

ASHP, 
retrofit

GSHP, 
new

GSHP, 
retrofit

SPFH3 3.2 2.8 3.9 3.3

Figure 2. System boundaries for electrically driven heat pump 
systems applied in this Annex.

2. It is important to clearly communicate 
system boundaries for the field measure-
ment results. SPFH4 is probably the most 
relevant to house owners, but SPFH3 is the 

mailto:roger.nordman%40sp.se?subject=
http://www.heatpumpcentre.org
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countries. The question has been highlighted in  
the European countries after the RES Directi-
ve was approved. Also in Japan the existing 
standards need to be updated, and a common  
methodology is desired.

In order to achieve an excellent working heat 
pump system, the right type of heat pump must 
be selected and installed with a matching heat 
distribution system. For this reason, it is impor-
tant to have reliable information on both the 
heat pump itself and how it is influenced by the 
surrounding system and the climatic conditions 
under which it operates. 

A common method for determining the Seasonal 
Performance Factor (SPF) would be important for 
a fair comparison between different types of heat 
pump systems, as well as for a fair comparison 
with other competing technologies, e.g. those 
using fossil fuels.

Presently a large number of national standards for 
both testing and calculation of SPF exist around 
the world. There is a request from manufactu-
rers to have globally common testing methods 
and common SPF methods, since this would 
simplify the export of heat pumps to different  

A Common Method for Testing and Rating of Resi-
dential HP and AC Annual/Seasonal Performance

ANNEX 39

Figure 1. Scope for Annex 39, compared to the EU project SEPEMO.

Field 

Dimensioning 

Lab 

SPFHP 

SPFSYS 

SPF – IEA Annex 39 projectSEPEMO

Overall goal: 
Lab, Dimensioning and 
Field measured SPF’s 
should be the same. 

” In order to achieve an excellent 
working heat pump system, 
the right type of heat pump 
must be selected and installed 
with a matching heat distribu-
tion system. 
 
For this reason, it is important 
to have reliable information on 
both the heat pump itself and 
how it is influenced by the sur-
rounding system and the cli-
matic conditions under which 
it operates. ”

OVERALL GOAL
Lab, Dimensioning and Field 
measured SPF´s should be 
the same.
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Therefore, a matrix of test conditions 
could include the necessary test points, 
and voluntary test points that need to 
be tested for certain markets (e.g., in 
cold climates, one -15 °C point should be  
included).

2. As simulations become more and more 
accepted to define building integrated 
heating performance, there should be 
very transparent models for buildings, 
heating systems, as well as regarding  
climatic data. 

For each equation or other relation of 
a model, the operating range for each  
parameter should be clearly defined. 
Otherwise, there is a risk that the final 
performance numbers are compromised 
by uncertainties in simulations models.

OBJECTIVES
The objectives of the Annex 39 were to:

 » Establish common calculation methods 
for SPF, using a generalised and transpa-
rent approach. 

The focus is on a fair comparison between 
different heat pump types, but also 
on comparison between heat pumps 
and  various competing technologies, 
such as pellet boilers, gas boilers, etc. 

 » Establish comprehensive test methods 
based on further development of existing 
test standards. The test standards should 
include test conditions needed for future 
SPF calculations.

 » Develop a method to evaluate additio-
nal heat pump performance, e.g. Carbon 
Footprint, Primary Energy Savings or En-
ergy Savings.

HIGHLIGHTS from the Annex 39 deliverables

1. Test points should be harmonised, so 
that a similar set of test points are tested 
in the test labs. 

There must be room for local (national, 
regional) variations, especially regarding 
climatic conditions and building demand 
profiles. 

Project duration: 
September 2011 – December 2015

Operating Agent: 
Roger Nordman, SP Technical Research In-
stitute of Sweden, Sweden 
roger.nordman@sp.se

Participating countries: 
Austria, Finland, France, Germany, Japan, 
the Netherlands, South Korea, Sweden, Switzer-
land,  and the United States.

Further information:
www.heatpumpcentre.org

Figure 2. Balanced ambient room-type calorimeter.

mailto:roger.nordman%40sp.se?subject=
http://www.heatpumpcentre.org
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Nearly Zero Energy Buildings (nZEB) are the  
political target for new buildings after 2020. Even 
though the time schedule in the EU is quite tight, 
only a limited number of nZEB have been built so 
far, and no common definition of an nZEB is yet in 
place.

In order to achieve an nZEB consumption a good 
building envelope and on-site renewable ener-
gy generation are combined. In existing nZEBs 
heat pumps already play an important role in 
HVAC systems, since they have some favourable 
features for nearly zero energy buildings. They 
are highly efficient in combination with adapted 
systems of low supply temperatures, which can 
be installed in buildings with high performance  
envelopes and low space heating loads.  
Moreover, heat pumps offer multi-functional 
operation for different building services, and  
integration options of heat pumps with other 
building technologies can be a further advantage 
of the heat pump application in nZEB. Thereby, 
the energy demand is covered very efficiently, 

which reduces the need for on-site generation 
to meet the balance. On the other hand, by the 
on-site generation in nZEB, the building is no 
longer only a consumer, but becomes a prosu-
mer. In this context, heat pumps enable local load 
management by storing electricity surplus from 
on-site generation as space heating and cooling 
energy in connection with storage, using the buil-
ding´s thermal mass or in a seperate storage. In 
this way, heat pumps can link electrical to ther-
mal infrastructure, a concept called power2heat. 
This aspect may become more important with 
a broad introduction of nZEB requirements in  
building codes intended for the years 2020 – 2030 
in countries around the world.

Heat Pump Concepts for  
Nearly Zero-Energy Buildings

ANNEX 40

Figure 1. First MINERGIE-A® certified building in canton Zurich with mixed residential and office use. The building 
has been monitored and optimized within the framework of Annex 40.

” nZEBs are highly efficient 
in combination with adap-
ted systems of low supply  
temperatures, which can be 
installed in buildings with high  
performance envelopes and 
low space heating loads. ”
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evaluated. Results include lab-testing 
and field monitoring of prototypes cove-
ring different building functions.

3. Field monitoring of heat pumps in nZEB 
confirm the good performance and re-
maining optimisation potential in true 
operation. Field monitoring results also 
comprise the first evaluations of heat 
pumps in Nordic nZEB, in Norway.

4. Demand-response has been evaluated 
in field monitoring of heat pumps for re-
sidential and office use with e-mobility. 
Evaluations show a reduction of grid- 
interaction by the load shift options with 
the heat pump.

OBJECTIVES
Therefore Annex 40 was to assess and further 
develop heat pump concepts for nearly Zero En-
ergy Buildings. 

The objectives of Annex 40 are to:
 » characterise the state-of-the-art of the 

application of heat pumps in existing ne-
arly Zero Energy Buildings and assess sys-
tems with heat pumps;

 » develop and lab-test new integrated heat 
pumps in the nZEB capacity range and 
combinations with other technologies, 
such as solar generators and storage;

 » evaluate the heat pump performance in 
nZEB by field monitoring in order to ve-
rify the nearly zero energy balance and 
characterise integration into the energy 
system.

HIGHLIGHTS from the Annex 40 deliverables
1. Case studies and technology comparison 

for HVAC systems in nZEB across different 
countries and regions in Europe, Canada 
and Japan regarding system performan-
ce and cost confirm that heat pumps 
range among the most energy-efficient 
and cost-effective system solutions.

2. Prototype developments of integra-
ted heat pump solutions and combina-
tions with other generators have been  

Project duration: 
July 2012 – December 2015

Operating Agent: 
Carsten Wemhoener, Institute of Energy 
Technologies, HSR University of Applied 
Science, Switzerland
carsten.wemhoener@hsr.ch

Participating countries: 
Canada, Finland, Germany, Japan, the Nether-
lands, Norway, Sweden, Switzerland, and the 
USA

Further information:
www.annex40.net

Figure 2. Case study of heating systems for nZEB in Switzerland. Heat pumps range among the most energy- 
efficient and cost-effective systems. Results of other case studies in Nordic countries in HPT TCP Annex 40 show 
similar results.

mailto:carsten.wemhoener%40hsr.ch%20?subject=
http://www.annex40.net
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conventional electric heat pumps or even electric 
resistance heating systems.

Electric vapor-compression cycle based ASHPs 
generally have the lowest installation cost of all 
heat pump alternatives. They also have the most 
significant cold climate performance challeng-
es, given their inherent efficiency and capacity 
issues at cold outdoor temperatures. Traditio-
nal single-stage ASHPs suffer significant loss of 
heating capacity (and efficiency) as the outdoor 
temperature drops. Figure 1 illustrates the capa-
city problem. While the heat pump space heating 
capacity is falling, the building space heating load 

In 2012, Annex 41 was established to investigate 
technology solutions to improve performance 
of heat pumps for cold climates. The primary 
technology focus is electrically driven air-source 
heat pumps (ASHPs), with air or hydronic heating 
distribution systems. Some novel ground-sour-
ce heat pump (GSHP) approaches are also being 
investigated by some of the participants. The 
main outcome of this Annex is expected to be in-
formation-sharing on viable means to improve 
ASHP performance in cold climate locations. For 
purposes of the Annex, cold climate locales are 
loosely defined as those with a significant num-
ber of hours having ambient temperatures < -7 °C. 
Availability of ASHPs with improved low ambient 
performance would help bring about a much 
stronger heat pump market presence in cold  
areas. Such areas today rely predominantly on 
fossil fuel heating systems or, where natural gas is 
not readily available, on propane or oil furnaces,  

Cold Climate Heat Pumps
Improving Low Ambient Temperature Performance of Air-Source Heat Pumps

ANNEX 41
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Nominal rated heating capacity
@ 8.3 °C (47 °F)
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Target CCHP space heating capacity goals (relative to rated capacity)

Typical space heating load line, well-insulated home

Typical space cooling load line, well-insulated home

Avoided back-up
space heating

Typical single-stage ASHP, SPFh = 2.2 W/W (HSPF = 7.5 Btu/Wh)

Figure 1. Space heating capacity vs. ambient temperature for target Cold Climate Heat Pumps (CCHP) and typical 
single-stage air-to-air ASHP compared to typical load lines for a reasonably well insulated house

The main outcome of this  
Annex is expected to  
be information-sharing on  
viable means to improve  
ASHP performance in cold  
climate locations. ”
”
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including single-stage, multi-stage, and 
oil-flooded compressor systems

A common characteristic to note about all the 
various system configurations is the added  
complexity required in order to achieve significant 
improvement in the low ambient temperature hea-
ting capacity and efficiency for an ASHP, compared 
to conventional single-capacity ASHPs.  Additional 
compressor capacity (via a variable-speed drive, 
multiple compressors, or multi-stage compres-
sors, etc.) or novel compressor approaches, cycle  
enhancements (ejectors or vapor injection), or  
incorporation of supplemental renewable energy 
sources may be necessary. These enhancement  
measures will come at the expense of more complex 
(and costly) systems, compared to conventional  
single-capacity ASHPs.

OBJECTIVES & DELIVERABLES
 » Each participant completes surveys of pre-

vious R&D results and literature pertaining 
to cold climate heat pump applications

 » Country reports and Annex interim and final 
reports covering analyses and evaluations 
of CCHP system design options (analyses 
and tests) and energy savings estimates

 » Short summary document(s) for policy ma-
kers and technology stakeholders

PROGRESS TOWARD DELIVERABLES, TO DATE
 » Prior literature and R&D survey reports sub-

mitted by all participants
 » Interim report completed and posted to  

Annex web site
 » Final report submission to ExCo expected 

by July 2016

it is required to meet is rising, causing the heat 
pump to rely on a backup system (usually electric 
resistance for air-to-air heat pumps using air dist-
ribution systems, or an electric or fuel-fired boiler 
for air-to-water heat pumps using hydronic distri-
bution systems) to make up its capacity shortfall. 

The figure also illustrates the impact that frosting 
and defrosting of the outdoor air heat exchang-
er (OHX) has on single-stage system heating ca-
pacity at moderately low outdoor temperatures 
(between about -5 °C to 7-8 °C; see the downward 
notch in the red curve). 

One specific technical target for CCHPs driving the 
R&D of the Annex 41 members is to achieve ASHP 
solutions that have space heating capacity at  
-25 °C (-13 °F) ≥ 75 % of nominal rated capacity 
(e.g., the ”Target” capacity line in Figure 1), thus 
greatly reducing reliance on back up heating (see 
the shaded area in Figure 1).

Another is to achieve an “in field” heating Seaso-
nal Performance Factor (SPFh) > 2.63 W/W (US Hea-
ting Seasonal Performance Factor or HSPF > 8.97 
Btu/Wh).

PRINCIPAL ACTIVITIES
Principal activities being undertaken by each par-
ticipant are as follow: 

 » Austria – analyses of alternative vapor  
compression cycle concepts for cold climate  
ASHPs, as well as experimental investi-
gation of the frosting performance of  
advanced OHXs

 » Canada – field tests of existing ASHPs in Ca-
nadian climatic conditions; evaluation of 
ASHP performance standards; lab/analyti-
cal investigation of novel direct expansion 
GSHP system using CO2; lab/analytical in-
vestigation of solar assisted slurry-ice-sour-
ce heat pump system

 » Japan – lab/analytical evaluation of fros-
ting phenomena on a range of OHX fin 
geometries; investigation of an Air Source 
Heat Pump Water Heater (ASHPWH) sys-
tem concept using desiccant-coated heat 
exchangers to minimize frosting/defrosting 
impacts; development of heat pipe geo-
thermal heat exchanger concept for GSHP 
systems

 » U.S. – analyses and lab/field testing of im-
proved vapor compression cycle ASHP 
concepts for cold climate applications, 

Project duration: 
2012 – 2016

Operating Agent: 
• Van Baxter, Oak Ridge National La-

boratory, USA, 
vdb@ornl.gov

• Prof. Eckhard Groll, Ray W. Herrick 
Laboratories, Purdue University,  
USA
groll@purdue.edu

Participating countries: 
Austria, Canada, Japan, and the USA

Further information:
http://web.ornl.gov/sci/ees/etsd/btric/usnt/QiQmAnnex/
indexAnnex41.shtml

Van Baxter

mailto:vdb%40ornl.gov?subject=
mailto:groll%40purdue.edu%20?subject=
http://web.ornl.gov/sci/ees/etsd/btric/usnt/QiQmAnnex/indexAnnex41.shtml
http://web.ornl.gov/sci/ees/etsd/btric/usnt/QiQmAnnex/indexAnnex41.shtml
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More widespread use of heat pumps in energy sys-
tems in the build environment will significantly 
increase the possibility to adjust user-consump-
tion to production from varying sustainable en-
ergy sources. Besides investigating the potential 
of heat pumps related to smart grids with regard 
to equalizing peak loads in the electricity system, 
it is also necessary to investigate absorbing the 
electricity from intermittent sources into domes-
tic housing.

Figure 1 shows the grid loads on the coldest day 
in 2013 and the coldest day in 2030 in an avera-
ge Dutch municipality with 13 000 houses. What 
is visualized are the significant consequences 
for an electricity network when the numbers of 
heat pumps and electric vehicles are predicted 
to grow considerably during the coming years. 

This growth in penetration of heat pumps and 
electric vehicles makes smart grids a necessi ty, 
but at the same time it offers an opportunity to  
absorb renewable electricity from intermittent 
sources.

OBJECTIVES & SCOPE
Annex 42 is to contribute to a reduction in the 
use of fossil energy and also a reduction of 
CO2 emissions. These two goals will be met by  

increasing the implementation of heat pumps 
in smart grids while handling the increasing 
production of sustainable electrical power. 

DELIVERABLES
 » Knowledge dissemination between the 

participants;
 » Leaflet style 5-6 pages report for policy 

makers;
 » Scientific summary 2 pages;
 » Main summary of 40 – 50 pages, with as 

much visualized information as possible;
 » Background data and information: all the 

task and country reports preferably ac-
cessible online on the Annex 42 website.

 » The ExCo and national policy makers will 
be advised regarding the needs for fur-
ther projects or annexes on heat pump 
implementation in smart grids.

Heat Pumps in Smart Grids

ANNEX 42

Figure 1. Grid loads on the coldest day in 2013 (left) and 2030 (right) in a typical Dutch municipality
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” More widespread use of heat 
pumps in energy systems in the 
built environment will signifi-
cantly increase the possibility 
to adjust user-consumption 
to production from varying  
sustainable energy sources. ”
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hybrids. The district network 
operator wants to find out 
how much load can be shifted.  

 » Switzerland: The whole pool will res-
pond to price as one entity if housings 
with a heat pump are connected to the 
grid by means of a virtual power plant 
(VPP). This means that the coinciden-
ce factor goes up, compared to heat 
pumps that are not pooled in a VPP. 
VPP responding to price is good for the 
end consumer, but bad for the grid load. 

 » Switzerland and Germany: There is a 
cultural aspect that beats any monetary 
based business case: the intrinsic thrive 
for autonomy. An individual house can 
fulfil its own energy need and become 
less dependent from the distribution sys-
tem operator (DSO). This cultural aspect 
could be driven by the level of trust the-
re is in the electricity grid of DSO’s in ge-
neral. In countries with a lower uptime 
of the e-grid, people will have higher 
interest in the possibility of autonomy. 

 » Austria: The project had a two step app-
roach. Within the first step, an expanded 
model was developed for simulations 
of individual heat pump behaviour in a 
modelled house. A simplified model will 
be derived from this that will be used to 
make a pool of housings with heat pumps 
and which will simulate the behaviour of 
the whole pool.

Due to the availability of the results from the si-
mulation studies, the Annex will run (inclusive 
production of the summary reporting) until De-
cember 2016.

PROGRESS OF THE ANNEX
During 2015 we have focussed on developing the 
approach of case scenarios and simulation (on 
flexibility, performance, comfort) programs to 
a further stage. Simulations should, where pos-
sible, including thermal storage options. Since 
it seemed very difficult to find a common app-
roach for doing this, it was decided in 2014 that 
each country will do their own calculations or 
simulations in their own way.

Three main aspects and outcomes shall be used 
as a general guideline for all countries. 

1. How large is the problem or challenge 
each country is facing?

2. How much of that problem can you solve 
with the various case scenarios? 

3. What is the price to pay for this solu-
tion(s)? 

In 2016, implementation barriers for implemen-
ting the suggested systems in the case scenarios 
will be the main subject of the group. Further-
more, a roadmap that tries to stipulate the chal-
lenges to be overcome will be drafted for smart 
con nected heat pumps.

MOST REMARKABLE NEWS/DEVELOPMENTS IN 
2015

 » The Netherlands: The introduction of 
flexible tariffs for end users, based on 
15 min intervals, is to be tested soon. 
This development was expected as a 
rather far future development, but if 
the test runs successfully, it will be-
come available nationwide in 2018. 

 » Germany: EEbus standards, as deve-
loped in Germany, can communica-
te with most other existing standards.  
Information can be found on EEbus.org. 

 » The United Kingdom: In Manchester a 
smart grid trial has been run, with 600 
heat pumps, mostly all-electric, some  

Project duration: 
May 2013 – December 2016

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

Participating countries: 
Austria, Denmark, France, Germany, the 
Netherlands, South Korea, Switzerland, 
the United Kingdom, and the USA

Further information: 
http://www.annex42.nl

HORIZON 2020 – WORK PROGRAMME 2014-2015 
The Technology Readiness Levels (TRL) – level 1 up 
to level 9 – as used within the Horizon 2020 program 
can be applied to the varying development stages 
of heat pumps in smart grids in the participants’ 
countries. This ladder-wise approach gives a com-
prehensive overview of the current status of each 
country, and which technology readiness level, e.g. 
knowledge level, that can be expected.

mailto:wagener%40bdho.nl%20?subject=
http://www.annex42.nl
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The heat pump market is dominated today by 
electrically driven compression technology.  
After a period of stagnation, thermally driven 
sorption technology was “rediscovered” at the 
end of the 20th century, mainly for thermally 
driven cooling. In recent years, gas fired sorp-
tion heat pumps were identified as an efficient 
solution for space heating and sanitary hot wa-
ter preparation, mainly in existing buildings.  
Consequently, a number of products had 
already entered the market. These are 
seen as a complementary technology to 
electrically driven heat pumps with a po-
tential to reduce the requirements on the 
electricity grid and to balance the overall  
energy consumption in a future energy mix by using  
different sources (e.g. biogas, power-to-gas) and 
the existing infrastructure. The technology is  
efficient especially in existing buildings and is  
often seen as the next generation of efficient  

condensing gas boilers with a significant usage of  
renewable energy.

During the work in Annex 34 “Thermally Driven 
Heat Pumps for Heating and Cooling” there was 
a rising interest in the area of fuel driven sorp-
tion heat pumps as more and more products 
came closer to market. Therefore, a new Annex  
“Fuel-Driven Sorption Heat Pumps” started 
with the aim to support the technology at this 
early stage through the cooperation of experts 
from the industry and the academia. The Annex  
interacts with other stakeholders in this field like 
the working group “thermally driven heat pumps” 
of the EHPA.

Fuel-Driven Sorption Heat Pumps

ANNEX 43

Figure 1. Field test of a gas driven heat pump under cold climate conditions

” The heat pump market is do-
minated today by electrically  
driven compression technolo-
gy. ”
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companies gave an insight view of their plans for gas 
driven heat pumps. More information can be found 
at www.sorptionfriends.org 

Furthermore, a full session on gas driven heat 
pumps was given by Annex 43 members at the “Eu-
ropean heat pump summit 2015” October 20th in Nu-
remberg, Germany. In front of approx. 200 experts in 
the heat pumping business the state of the art of this 
technology was presented as well as recent news on 
performance evaluations, field test results and mar-
ket expectations. Several questions from the audi-
ence showed the great interest in this technology.

A round robin test of a gas driven adsorption heat 
pump among for labs across Europe was started to 
compare different measurements procedures, e.g. 
(EN 12309 and VDI 4650-2) and their usability to cal-
culate SPFs based on this measurements compared 
to field tests data. In the first lab a hybrid adsorp-
tion heat pump was tested according to EN 12309 
and VDI 4650-2. These results will be compared to 
more laboratory tests in different partner countries 
in 2016.

SCOPE
The scope of the work is the use of fuel- 
driven sorption heat pumps in domestic and 
small commercial or industrial buildings and 
applications. If applicable, the additional pos-
sibility of supplying cooling may be consi-
dered. The main goal is to extend the use of  
fuel-driven heat pumps by accelerating technical 
development and market readiness of the tech-
nology, as well as to identify market barriers and 
supporting measures. 
 
DELIVERABLES

 » A report on generic systems and a standar-
dized system classification methodology. 

 » A report on state of the art in fuel driven 
heat pumps and novel materials, compo-
nents and promising new system designs 
developed during the Annex.

 » A market potential study and technology 
roadmap based on a simulation study

 » A standard to monitor and measure per-
formance of installed fuel driven heat 
pumps, taking   into account different sys-
tem boundaries, fuel quality and auxiliary 
energy consumption, field test reports.

 » A comparision between different test  
standards on gas driven heat pumps and 
possibly propose a new one.

PROGRESS
In 2015, a first proposal for a standardised mo-
nitoring procedure for gas driven heat pumps 
was sent to the participants and is planned to be  
tested in the future.

Simulation models for gas driven heat pumps 
have been set up, boundary conditions for a  
simulation study have been discussed and first 
results showed promising performance for gas 
driven heat pumps under different conditions.

Several component developments (adsorbers, 
evaporators) have been performed in projects re-
lated to this annex and discussed with this group.

In September 2015 an international conference 
about sorption heat pumps with more than 100 
participants from all over the world was organi-
sed by Annex 43 members in Milazzo, Sicily, Italy. 
The topics ranged from new working pairs for gas 
driven heat pumps over recent component deve-
lopment to field test results.  A highlight was the 
session “Systems and applications” where four 

Project duration: 
July 2013 - June 2017

Operating Agent: 
Peter Schossig, Fraunhofer Institute for 
Solar Energy Systems ISE, Germany
peter.schossig@ise.fraunhofer.de

Participating countries: 
Austria, France, Germany, Italy, South 
Korea, the United Kingdom, and the USA.  
(Observers: Poland, Sweden)

Further information:
 www.annex43.org

Figure 2. Annex structure.

http://www.sorptionfriends.org
mailto:peter.schossig%40ise.fraunhofer.de?subject=
http://www.annex43.org
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There is a clear trend that more and more mo-
nitoring systems measuring e.g. temperatures 
(typically to secure and validate food quality) 
and energy are installed in supermarkets. Mea-
surements are taken and stored, and energy cost 
data is available, but still in many cases there is 
no knowledge about the supermarket’s energy 
efficiency compared to other supermarkets in the 
same chain, or to competing supermarkets. 

Performance indicators are needed to transform 
available measurement data into knowledge of 
the energy efficiency of a supermarket building. 
Such indicators are e.g. the supermarket size, the 
opening hours, and the outdoor climate. When 
the energy use is related in the correct way to the 
supermarket size, its opening hours, and other 

performance indicators, it becomes possible to 
appreciate the energy use of the supermarket:  
is it relatively high, normal, or relatively efficient? 

In this Annex, performance indicators are defined 
that will allow the evaluation of energy efficien-
cy of existing single supermarkets, supermarkets 
within one chain, supermarkets across different 
chains and even supermarkets in different regi-
ons or countries. In the previous Annex 31, data 

Performance Indicators for Energy  
Efficient Supermarket Buildings

ANNEX 44

Figure 1. Data points for analysis of the annual energy consumption of 100 supermarkets from the Netherlands 
2013, with electrical energy intensity (kWh/m2) plotted against the sales area (m2). Contrary to expectations, no 
dependency between energy intensity and sales area appears.
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” The results of this Annex are 
of particular interest to super-
market owners and supermar-
ket chains, as well as to policy 
makers. ”
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DELIVERABLES
The following deliverables are defined in the  
Annex work plan: 

 » A mapping report on existing energy  
systems in supermarkets

 » An annex report containing suitable  
performance indicators

 » A methodology for evaluation of the  
energy performance of a supermarket 
building

PROGRESS
In 2015, the intermediate results of the Annex 
work were presented at an international confe-
rence in Yokohama, Japan. 

The result of the work so far is that conventional 
parameters such as sales area cannot fully ex-
plain differences in energy intensity. Therefore 
there has been a shift of attention to include a 
new area of non-conventional performance indi-
cators, such as staff training and system dyna-
mics. 

In the course of the year, Denmark has joined the 
Annex, and an extension of the Annex duration 
by one year has been granted. 

During the course of 2015, the following  
meetings have been held for Annex 44:

• Project meeting in Stockholm, Sweden in 
February

• Annex 44 workshop (open to interested 
3rd parties) in Yokohama, Japan, in August

• Project meeting in Stockholm, Sweden, in 
October.

was collected and analysed for Sweden, USA and 
Canada; now data for the Netherlands has also 
been analysed. 

The results of this Annex are of particular interest 
to supermarket owners and supermarket chains, 
as well as to policy makers

OBJECTIVES
The objectives of the work in Annex 44 are to: 

 » Define system boundaries for evaluation 
of the energy performance of supermar-
ket buildings;

 » Define performance indicators that will 
allow the evaluation of energy efficiency 
of existing single supermarkets as well as 
in relation to other supermarkets;

 » Describe monitoring systems for energy 
performance and related parameters cur-
rently used in supermarkets.

Project duration: 
2013 – 2017

Operating Agent: 
Sietze van der Sluis, Saint Trofee, The Ne-
therlands
s.m.vandersluis@gmail.com

Participating countries: 
Denmark, Sweden, and the Netherlands

Further information:
www.heatpumpcentre.org

mailto:s.m.vandersluis%40gmail.com?subject=
http://www.heatpumpcentre.org
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Retrofit and boiler replacement markets are the 
most important markets for heating and domes-
tic hot water (DHW) production in the residential 
and light commercial sector in Europe at this mo-
ment, due to the low level of new construction. 
The technical lifespan of heating devices is 15-20 
years, as an average. In many cases, no changes 
on the heat distribution system are made and 
frequently high supply temperatures (> 50 °C) are 
needed. 

Insulation measures retrofitted during the  
lifespan of the building allow a decrease in the 
heating supply temperature, which makes such  
buildings interesting for an efficient imple-
mentation of heat pump technology for a  
substantial part of the heating season, since heat 
pumps function optimally at low supply tempe-
ratures. 

On the other hand, both installers and customers 
seem to be rather conservative and reluctant to 
change with regard to the energy carrier they are 

used to – in many markets this is natural gas or 
even oil. In this context, heat pump and gas/oil 
boiler hybrid systems can, beside solar thermal 
and photovoltaic power generation (PV), be intro-
duced and quickly increase the usage of renewa-
ble energy in strongly conservative markets. 

An example of how the penetration of heat 
pumps, including hybrid heat pumps, can deve-
lop in a country such as the Netherlands is shown 
in Figure 1.

Accordingly, this offers a chance to increase 
CO2 emissions reduction. Not least through the  
‘hybridizing’ of running installations by adding a 
heat pump to an existing boiler, which can help 

Hybrid Heat Pumps
Heat Pump and Fossil Fired Boiler as Hybrid Heat Pump Systems

ANNEX 45

Figure 1. Spread of technologies - Annual numbers installed. Development scenario for heating devices in the 
Netherlands (Source: DHPA, BDH)

” The Annex will show a perspec-
tive on the possibilities for im-
plementation of hybrid heat 
pumps in potential markets. ”
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 » Simulation of various systems in a wide 
range of operating conditions (climates, 
applications, energy scenarios etc.);

 » Sensitivity analysis and application 
matrix.

Task 4: Standardized field test procedures and 
evaluation

 » Development of a standardised monito-
ring/field test procedure;

 » Reach a common definition on system 
boundaries and performance evaluation 
figures;

 » Collection and analysis of measurement 
data;

 » Definition of best practice.

Task 5: Knowledge dissemination and market 
support

 » Provide information to a broad audience 
spectrum on the results;

 » Website and dedicated Wikipedia page;
 » Workshops for target groups such as in-

stallers and planners;
 » Final report.

TARGET AUDIENCE
The target audiences of this Annex are the ma-
nufacturers of hybrid heat pumps, engineers, 
planners, housing corporations, installers, (go-
vernmental) policy makers, research scientists, 
and normative bodies.

open up hidden opportunities for a far more  
significant usage of renewable energy. An  
increasing number of companies already offer 
hybrid systems – mainly consisting of a combina-
tion of a condensing gas boiler and an air-source 
heat pump.  One would assume that this type of 
heat pump already would have found its way to a 
broad market usage, but reality proves different-
ly. A whole array of issues remain to be addressed 
before we can speak of a technology strong and 
mature enough to run on its own.

SCOPE
The Annex will show a perspective on the possi-
bilities for implementation of hybrid heat pumps 
in potential markets, and will focus on combina-
tions between the (electrical or gas driven) heat 
pump (air, ground, water, exhaust air) and fossil 
fuel driven boilers (oil or gas) in the residential 
sector and light commercial sector, packaged in 
a configuration or integral unit. 

STRUCTURE OF ANNEX 45
Task 1: Market overview and system classifica-
tion

 » Country Reports: Market structure, mar-
ket players, products, available systems 
and configurations, legislation, energy 
supply scenarios etc.;

 » Product (system) analysis and classifica-
tion;

Task 2: Performance evaluation and quality as-
sessment

 » Assessment and further development of 
laboratory test methods at system level;

 » Package solutions or which type of sys-
tem configuration;

 » Comparison of testing experience among 
participants;

 » Technology comparison with other heat 
pump configurations on the market;

 » Recommendations for quality insurance 
measures;

Task 3: Modelling and simulation of compo-
nents and systems

 » Collection of existing and development of 
new models (validated, where possible);

 » Definition of standardised boundary con-
ditions;

Project duration: 
September 2015 – July 2018

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

Participating countries: 
Austria, France, Germany, Italy, the Nether-
lands, and the United Kingdom. 
Still open for new additional participants

Further information:
www.annex45.com

Peter Wagener

mailto:wagener%40bdho.nl?subject=
http://www.annex45.com
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Domestic Hot Water Heat Pumps (DHW HPs) are 
heat pumps designed for the production of hot 
water only, traditionally used for bath/shower and 
kitchen. These types of heat pumps have been a 
growth engine for the European heat pump mar-
ket during the last two years, growing to the tune 
of 30 % per year against a trend of slight decline in 
the wider heat pump market. While the residential 
market may be satisfied with standardised pro-
ducts and installations for space heating, this is not 
the case for Domestic Hot Water. Within a growing 
market in many of the IEA countries for Domestic 
Hot Water Heat Pumps, there is still a large poten-
tial for energy optimisation, conservation and re-
duction of CO2 emissions, which are overlooked in 
policy papers and do not get market attention.

In combination with solar photovoltaics, DHW HPs 
are overtaking and out-phasing the market for 
solar thermal systems in Germany. However, for 
low energy housing, solar thermal systems can be  

excellently combined with DHW HPs. In the domes-
tic space heating and cooling market, the combi-
nation with DHW in one combi heat pump is a state 
of the art application in Europe. In these cases it is 
not a question of an individual DHW HP, but of a 
combi heat pump with a storage tank.

In choosing the right DHW system, a high perfor-
ming and efficient hot water generator is the basis. 
However, the overall system efficiency depends 
on more than the efficiency of the generator alo-
ne. Especially in multi-family buildings and district 
heating systems, the heat distribution system tra-
ditionally gives high losses, while excellent innova-
tive domestic hot water heat pumps are available 
to avoid these.

OBJECTIVES & SCOPE
The objective of the Annex is to analyse the in-
formation on DHW-heat pumping technologi-
es and structure it to the market - ranging from 
end user to consultant, building constructor, and  
policy maker - in a way that leads to better  
understanding of the opportunities, and im-
plementing them in order to reduce the use of  
primary energy consumption and CO2-emissions 
and lower energy costs.

DELIVERABLES
In addition to a validated modelling tool, one of 
the important deliverables will be a reference gui-
de describing presently available domestic hot 
water heat pump systems together with their app-
lications; also software tools, their application and 
users’ experience.

Domestic Hot Water Heat Pumps

ANNEX 46

” While the residential market 
may be satisfied with standar-
dised products and installa-
tions for space heating, this is 
not the case for Domestic Hot 
Water. ”
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the energy transition model. The goal is to have 
a presentation at the 12th IEA Heat Pump Confe-
rence in Rotterdam 2017.

The goal of Task 3 is to simulate the further deve-
lopment of the market by modelling this techno-
logy. In modelling, stratification in the tank is the 
core of the process, where several models exist. 
Participation of experts in this field is still being 
sought.

TASK STRUCTURE
 » Task 1 – State of the art market overview
 » Task 2 – Systems and concepts in compa-

rison to alternatives
 » Task 3 – Modelling calculation and econo-

mic models
 » Task 4 – R&D
 » Task 5 – Example projects and monitoring
 » Task 6 – Communication and training

PROGRESS IN THE ANNEX
After the Annex had been agreed upon by the 
ExCo in October, a Kick-Off meeting was held 
in Nürnberg with the participation of 18 partici-
pants from 10 countries. In the first stage after 
the meeting, four countries sent in their partici-
pation letters. In the Kick-Off meeting at least se-
ven other countries announced their interest in 
participation, these being the United Kingdom, 
Sweden, Switzerland, Germany, Canada, Austria 
and China. These potential participants are invi-
ted to all meetings in the first year of the Annex 
as observers.

The Operating Agent has been actively increa-
sing the number of participants at the start of 
the Annex through face to face meetings with 
potential participants in the United Kingdom 
and Sweden and has planned to do so also for 
the Asian participants (South Korea, Japan and 
China).

A first working meeting has been planned (and 
held) in February 2016 where the Tasks were dis-
cussed and Task Leaders appointed. The main 
first body of work will focus on Task 1 and Task 3, 
where a special meeting is planned.

The primary goal of Task 1 is to obtain insights in 
the differences in the energy systems of the dif-
ferent countries and to set potential CO2 reduc-
tion goals when implementing DHW heat pump 
systems. The analyses under Task 1 will generate 
future energy scenarios for DHW Heat Pumps in 

Project duration: 
January 2016 – July 2018

Operating Agent: 
Onno Kleefkens, Consultant on Renewa-
ble Heating and Cooling, the Netherlands 
onno@phetradico.com

Participating countries: 
France, Japan, the Netherlands, South 
Korea,  and the United Kingdom.
Still open for new additional participants

mailto:onno%40phetradico.com?subject=


In the following list on the next pages you can find the 
contact information to your national Executive Committe 
delegate in the Technology Collaboration Programme on
Heat Pumping Technologies.

Programme 
Contacts
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Executive Committee Delegates

AUSTRIA
Dr Hermann Halozan
Consultant
Tel. +43 316 422 242
hermann.halozan@chello.at

Ms Sabine Mitter (Alternate)
Energy and Environmental 
Technologies, Austrian Federal 
Ministry for Transport,
Innovation and Technologies
Tel. +43 171 162 652 915
sabine.mitter@bmvit.gv.at

BELGIUM
Mr Jan Lhoëst
President Flemish Heat Pump 
Association
ODE Vlaanderen vzw
Tel. +32 2 218 8747
jan.lhoest@ode.be

Flemish Region  
Mr Martin Dieryckx (Alternate)
Assistant Director
Environment Research Centre
Daikin Europe nv
Tel. +32 59 55 86 14
dieryckx.m@daikineurope.com

Walloon Region 
Mr Marc Frere (Alternate)
Professor
University of Mons
Faculté Polytechnique de Mons
Tel. +32 65 374 206
marc.frere@fpms.ac.be

Brussels-Capital Region 
Mr Patrick Hendrick (Alternate)
Prof. Dr.
Université Libre de Bruxelles 
(ULB)
Department Aero-Thermo- 
Mechanics (ATM)
Tel. +32 2 650 2658
patrick.hendrick@ulb.ac.be

FRANCE
Mr Paul Kaaijk 
ADEME 
Engineer International Actions 
and Survey
Tel. +33 4 93 95 79 14
paul.kaaijk@ademe.fr

Ms Michèle Mondot (Alternate)
CETIAT
Thermodynamic Systems
Direction of Development and 
Partnerships
Tel. +33 4 72 44 49 20
Tel. +33 6 75 00 95 21
michele.mondot@cetiat.fr

Mr François Durier (Alternate)
CETIAT
Director of Development and 
Partnerships 
Tel. +33 4 72 44 49 34
Tel. +33 6 07 33 24 16
francois.durier@cetiat.fr

GERMANY
Dr Claus Börner
Division ERG
Project Management Organisa-
tion Jülich (PTJ)
Forschungszentrum Jülich 
GmbH
Tel. +49 2461 613816
c.boerner@fz-juelich.de

Dr Rainer Jakobs (Alternate)
Informationszentrum Wärme-
pumpen und Kältetechnik – 
IZW e.V. (Information Centre on 
Heat Pumps and Refrigeration) 
Tel. +49 6163 5717
Dr.Rainer.Jakobs@T-Online.de
Jakobs@izw-online.de

CANADA 
Dr Sophie Hosatte
CanmetENERGY
Natural Resources Canada
Tel. +1 450 652 5331
sophie.hosatte-ducassy@
canada.ca

DENMARK
Mr Svend Pedersen
Senior Consultant
Danish Technological Institute
Refrigeration and Heat Pump
Technology
Tel. +45 72 20 12 71
svp@teknologisk.dk

Mr Troels Hartung (Alternate)
Special Adviser
Ministry of Climate, Energy 
and Buildings
Danish Energy Agency
Construction and Energy Effi-
ciency
Tel. +45 33 92 78 16
trh@ens.dk

FINLAND
Mr Jussi Hirvonen
Finnish Heat Pump Association
SULPU ry
Tel. +358 50 500 2751
jussi.hirvonen@sulpu.fi

Dr Arto Kotipelto (Alternate)
TEKES (Finnish Funding Agency 
for Innovation)
Tel. +358 44 712 4138
arto-kotipelto@tekes.fi
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