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Heat Pump Water Heaters 

Introduction 

Domestic Hot Water Heat Pumps are traditionally seen as a stand alone product, but the truth is more 
complex. 

The focus of the Annex has broadened as water heaters are one of the most complex product categories due to 
a large variety of product types, technologies, and fuels used for heating water. Not only ranging from 
individual to collective systems, but also introducing combined systems, hybrid systems and fresh water 
systems, with different terminology in different regions of the world. 

As new buildings become more energy efficient, CO2 emissions from hot water start to exceed those from 
space heating. As we move towards more energy efficient houses, a similar level of detail should be applied to 
hot water system design as to the building envelope and ventilation systems. 

The way in which most current building processes with the energy models consider hot water systems is too 
simplistic for newly build and deep renovation dwellings. 

 

 



Task 1 General report 

• Market developments and policy 

• Energy use vs water use 

• Technologies 

• Storage 

• Wrap around condensor 

• Internal condensor 

• External condensor 

• Fresh water System 

• Combination with solar 

• High temperature HP 

• Hybrid 

• District Heating – Booster HP 

• Smart storage systems 
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Future market developments 

Great diversity in markets, due to existing markets and cultural difference in hot water usage. 

• In Europe the pace is slacking down for the single DHW HP > Double function market is growing, especially in countries 
with a need for space heating 

• Japan with 10% of market is the other biggest market (in numbers), mainly ECO Cute 

• US has a large potential in replacing Electric and Gas DHW storage tanks (typically still a market of split systems)  

• Largest market is China (also for thermal solar) – 20% of DHW market (?) 

• Collective systems the biggest challenge (and District Heating in a number of European countries and Korea) 

 

Policy 

Drivers are: CO2, Energy Zero, Renewables, Polution, Water management, New Energy infrastructures, etc 

Common understanding: Without governmental guidance (through legislation) …? 
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Task 1 - Standards, Test Procedures & Quality labels 

It is important to have accurate procedures for standard assessment of the energy performance of DHW-
preparation. The question is whether the current (and future) Energy Performance Standards (that are widely 
used to evaluate applications) actually reflect the current applications.  

Standards are used for various purposes at legislative level and for other purposes: 

• Energy performance labelling, like European ECO label, TOP Runner (Japan), China Energy Label (CEL), Energy 
Star and Energy Guide labels in North America 

• In practice standards are also used for design purposes used in a number of (often commercial) calculation 
models. 

• Governmental information models, like the SAP and RdSAP models in the UK with which the EPC for the 
building is calculated 

If the standard does not reflect actual practice, this will likely have a negative impact on the stimulation of 
system innovation. It could even be the case that the standard selectively stimulates systems that are in 
practice non-optimal, and that optimal systems are not well acknowledged in the standard. 
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Quality labels 

Not harmonized 

Some mandatory, most mainly voluntary 
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Task 1 – Legionella 

One of the main reasons is that DHW is stored and distributed at 
temperatures above 55°C to avoid the risk of infection of the 
Legionella system. The desired usage temperature is however 30-
40°C. 

The need for high temperature heat pumps for hot water in 
collective systems is evident, thus effecting the overall system 
efficiency. 

Legal procedures 

worldwide 

are not harmonized.  
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Task 1 – Refrigerants 

Refrigerant most widely used in DHW HPs are R134a, R410A, both high GWP and being out-phased under the 
widely supported Montreal Protocol and Kigali Agreement. 

As alternatives refrigerants and technical solutions for high temperature DHW applications (>65oC) are in 
demand.  

Technical solutions can be cascade heat pumps and modifications to the refrigerant cycle such as Enhanced 
vapor injection.  

Alternative refrigerants are: 

• Natural refrigerants such as CO2 (R744) and Propane (R290) 

• Other low GWP refrigerants R152a, R1234yf and R1234ze(E) are interesting alternatives for DHW HP, not yet 
broadly in use but already tested in R&D projects , while R32 is strongly promoted by manufacturers.  

There is a load of literature available, yet much less on specific hot water heat pumps, but for Oakridge. 

 

 

 

‘no refrigerant fulfils all the 
ideal requirements at once’ 
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Task 2 – Modelling of systems 

As homes become better insulated, energy consumption for spatial heating is decreasing. It is therefore more 
important to have a clear picture of energy consumption: hot water heating. A basis for a good choice is an objective 
calculation model in which different concepts of systems can be juxtaposed. In the energy market many calculation 
models , often on commercial basis are available.  

Calculation models can be defined in (at least) two categories: 

• calculation for the energy performance of a building in relation to legislative procedures, like the SAP and RdSAP 
models in the UK with which the EPC for the building is calculated 

• calculation for designing the optimal system, used by consultants, building constructors, architects, installers, etc 

These models have a number of characteristics: 

• Impossible to compare different system concepts 

• Innovative concepts are often not in the model 

• Domestic hot water is often a secondary part of the energy system, based upon flat rate values 

• Economical 

More specifically for the Annex, this also means that a model must be set up that can be used for the different 
countries participating in the Annex. 
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Task 3 – Heat Pump Modelling 

EDF has developed a model which is available as ZIP file to the participants. 

The model assembly is a stratified tank coupled with a constant speed air source heat pump, a standard 
hysteresis controller and an auxiliary backup electric heater. Assembly of an air to water constant speed heat 
pump heating up a multi-nodal stratified water tank adapted for MHX (mantle heat exchanger) condenser heat 
transfer. Possible use of the model: 

•     Simulation of heat pump water heater performances according to climate and draw-off profiles; 

•     Electric power curve of a set of HPWH; 

Other models are available for wrap around condensors. 

Research by Oakridge showed that other choice of heat exchangers can give a better performance. 

Next to these are the Eco-Cute heat pumps with CO2 as refrigerant and the ‘fresh water’ systems having totally 
different dynamics. 
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Task 3 – Heat Pump Modelling 

It must be admitted that much research is undertaken by manufacturers thus there is not much public 
knowledge at this moment which type of heat exchanger has a better performance for domestic hot water 
heat pumps. The questions to be answered which storage tank / condenser configuration has a better 
performance: 

• better stratification and thus a better energy efficiency 

• less heat losses 

• cost effectiveness 

In the next phase of the Annex the 

Operating Agent proposes to have this 

analyzed further in relation to the 

refrigerant choice.  

 

Heat Pump Water Heaters 



Task 4 – R&D 

Reports on R&D have been delivered by participating countries and Workshop has been held at Waseda University. 

A general feeling of the participants was that: 

• Manufacturers are very well aware of the refrigeration challenges and are ‘working on it’ as a consequence of world 
wide regulation after the Kigali agreement 

• Regional and cultural differences are demanding for different solutions. 

• End-users are not aware of the advantages on the long term and will traditionally go for the cheapest solution. 
Without clear governmental legislation the market will not develop in itself towards a wider application of DHW Heat 
Pumps 

• The traditional installer is not really capable (on a large scale needed for a market transition) to give consumer advice 
and install the best option. Often oversizing is the case to avoid complaints. 

• Grid operators are interested in the storage capacity of DHW Heat Pumps, although the capacity is smaller than with 
direct resistance heating and alternative storage technologies are coming on the market an are being researched. 

Basically an R&D program for the further development of heat pumping technologies has to be based upon the actual 
needs and fit to the application boundaries of the existing and future markets. A good example is the Austrian 
Roadmap. 

Based upon these findings a Roadmap is being developed. 
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Status presentation for HPT-ExCo Brussels 2018 

Task 6 – Communication 

The Annex communicates at different levels through publications in Scientific Journals and at a number of 
Conferences, presentations at Workshops and presentations at Working Meetings. The Operating Agent also 
focuses on inviting experts from non-participating countries. 

• Papers by Annex participants have been published at the 12th IEA Heat Pump Conference, while other 
papers were presented at Purdue or published in the IIR Journal and other Journals 

• In April 2018 a Workshop was held at the Waseda University on Tokyo Japan. Presentations  were held on 
R&D on Heat Pumps for Water Heating. 

• At the regular Working Meetings participants exchange information in a number of presentations. 

These are all available and published at the website. 

At 25th IIR Conference ICR 2019 from 24th – 30th August 2019 held at Palais de Congrès de Montréal a special 
workshop will be organized by the Annex 46 on Domestic Hot Water Heat Pumps. The focus will be on R&D and 
future developments. 

It is further proposed to issue a special Heat Pumping Technologies Magazine on Heat Pump Water Heaters. 

http://www.hpt-annex46.org/published-papers-participants/
http://www.hpt-annex46.org/workshop-rd-domestic-hot-water-heat-pumps/
http://www.hpt-annex46.org/task-6-publications/
https://icr2019.org/
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Task 6 – Communication(IIR Conference) 

At 25th IIR Conference ICR 2019 from 24th – 30th August 2019 held at Palais de Congrès de Montréal a special workshop will 
be organized by the Annex 46 on Domestic Hot Water Heat Pumps. The focus will be on R&D and future developments. 

• Prof. Kiyoshi Saito, Waseda University, Japan: History and latest trends of domestic hot water heat pump technologies 

• Prof. Neil Hewitt, Ulster University, UK: Advanced vapour compression and/or sorption heat pumps with minimum 
compact thermal storage for DHW. 

• Prof Emilio Navarro Peris, Universitat Politècnica de València, Spain: Evaluation of different heat pump systems for sanitary 
hot water production using natural refrigerants. 

• Dr. Pavel Makhnatch, KTH Royal Institute of Technology, Sweden: Easy LCCP analysis for Domestic Hot Water Heat Pumps. 

• Dr. Kashif Nawaz, Oak Ridge National Laboratory: The roadmap of refrigerants for heat pump water heating- Challenges 
and Opportunities. 

• Prof. Pedro G. Vicente Quiles, Universidad Miguel Hernández, Spain: Heat Pumps supported by Photovoltaics for Sanitary 
Hot Water Production 

• Onno Kleefkens MSc., Phetradico: Roadmap for R&D on Domestic Hot Water Heat Pumps. 

 

https://icr2019.org/


Status presentation for HPT-ExCo Brussels 2018 

Task 6 – Communication(IEA Heat Pump Conference 2020) 

WORKSHOP ‘Modelling heat pump (and solar) water heaters’ 

Modelling heat pump and solar water heaters is undertaken by a large number of Universities and Institutes in 
order to optimize the system. Next to that manufacturers are designing and developing new concepts based 
upon these methodologies.  

A number of experimental, analytical and numerical studies is focused on the performance evaluation of 
HPWHs, efficient gas coolers, and thermal stratification of the water storage tank in relation to the behaviour 
of refrigerants and the draw-off profiles. In these studies publically available calculation models are often used. 

There is a strong relation between heat pumping technologies and solar technologies as has been shown in a 
number of SHC and HPT Annexes. Especially the link with Photovoltaics and the relation with smart energy 
systems brings a new perspective. 

The workshop is aiming to bring together experts in order to exchange ideas, experience, make contacts and 
discuss the way forward.  
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Published papers 

A number of papers have been published by participants in the Annex and authors invited by the Operating Agent. 

• [01] - Kashif Nawaz, Bo Shen, Ahmed Elatar, Van Baxter, Omar Abdelaziz, R1234yf and R1234ze(E) as low-GWP refrigerants for 
residential heat pump water heaters, Building Equipment Group, Oak Ridge National Laboratory, International Journal of 
Refrigeration. 82. 10.1016/j.ijrefrig.2017.06.031 

• [02] - Kashif Nawaz, Bo Shen, Ahmed Elatar, Van Baxter, Omar Abdelaziz, R290 (propane) and R600a (isobutane) as natural 
refrigerants for residential heat pump water heaters, Building Equipment Group, Oak Ridge National Laboratory, Applied Thermal 
Engineering 127 (2017) 870–883 

• [03] - , Kashif Nawaz, Bo Shen, Ahmed Elatar, Van Baxter, Omar Abdelaziz, Feasibility Analysis of a Commercial HPWH with CO2 
Refrigerant, Building Equipment Group, Oak Ridge National Laboratory, Report for the US Department of Energy under contract DE-
AC05-00OR22725, July 2017 

• [04] - Kyle Gluesenkamp, Viral Patel, Omar Abdelaziz, Bracha Mandel, Valmor de Almeida, High Efficiency Water Heating Technology 
Development – Final Report Part II: CO2 and Absorption based Residential Heat Pump Water Heater Development, Oak Ridge 
National Laboratory, report Report for the US Department of Energy under contract DE-AC05-00OR22725 

• [05] - Kashif Nawaz, Bo Shen, Ahmed Elatar, Van Baxter, Omar Abdelaziz, Performance optimization of CO2 heat pump water heater, 
Building Equipment Group, Oak Ridge National Laboratory, Oak Ridge,TN 37831 - International Journal of Refrigeration 85 (2018) 
213–228 

• [06] - Deutz, Kevin, Cauret, Odile, Rullière, Romuald, Haberschill, Philippe. (2016). Modeling and Experimental Study of a Heat Pump 
Water Heater Cycle 16th International Refrigeration and Air Conditioning Conference at Purdue, July 2016, USA. 

• [07] - K. R. Deutz - Optimisation des chauffe-eau thermodynamiques, 6ème Congrès Français des Pompes à Chaleur INPAC, Paris, 
France. 

• [08] - Kevin Ruben Deutz, A. D'Angelo, O. Cauret, R. Rullière, Ph. Haberschill – Performance Evaluation of a Heat Pump Water Heater 
by means of Thermodynamic Simulation, paper at 12th IEA Heat Pump Conference 2017, May 15-18 2017, Rotterdam – Netherlands 

• [09] – Jacob van Berkel, Onno Kleefkens, Felix Lacroixc, Solar Heat Pump Standard Assessment Model, paper at 12th IEA Heat Pump 
Conference 2017, May 15-18 2017, Rotterdam – Netherlands 

• [10] - Onno Kleefkens, Jacob van Berkel, Charles Geelen, Martijn Bos, Booster Heat Pump, development of test procedure and 
calculation methodology in order to estimate the energy performance in various domestic applications, paper at 12th IEA Heat Pump 
Conference 2017, May 15-18 2017, Rotterdam – Netherlands 

• [11] - N.J. Hewitt, M.J. Huang, N.N. Shah, Vapour Compression Heat Pump Technologies for Domestic Hot Water Heating, Centre for 
Sustainable Technologies, Ulster University, Newtownabbey, BT37 0QB, UK, 12th IEA Heat Pump Conference 2017, Rotterdam, 
Holland. 

• [12] - N.N. Shah, N.J. Hewitt- Ulster University, S. Patton, Glen Dimplex, Overview of Domestic Hot Water Heat Pump: 
Advancements, Policy and Challenges, United Kingdom, 12th IEA Heat Pump Conference 2017, Rotterdam, Netherlands 

• [13] - Alan Abela, Performance Testing of Domestic Hot Water Heat Pumps, BRE, United Kingdom, 12th IEA Heat Pump Conference 
2017, Rotterdam, Netherlands 

• [14] - Vishaldeep Sharma, Bo Shen, Patrick Geoghegan, Chris Keinath, Michael Garrabrant, European Regional Climate Zone 
Modeling of a Commercial Gas Absorption Heat Pump Hot Water Heater, Oak Ridge National Laboratory, Stone Mountain 
Technologies Inc., United States, 12th IEA Heat Pump Conference 2017, Rotterdam, Netherlands  

• [15] - Martin Kegel, Justin Tamasauskas, Daniel Giguère, Roberto Sunyé, Heat pump water heaters in the Canadian residential 
market, Natural Resources Canada, Canada, 12th IEA Heat Pump Conference 2017, Rotterdam, Netherlands 

• [16] - Chul Woo Roh, Gilbong Lee, Young-Jin Baik, Hyungki Shin, Beomjoon Lee, Junhyun Cho, Korea Institute of Energy Research, 
Minsung Kim, Chungang University, Thermodynamic performance and economic feasibility of booster heat pumps in low-
temperature district heating, Korea South, 12th IEA Heat Pump Conference 2017, Rotterdam, Netherlands 

• [17] - Stephen Harrison, The Potential and Challenges of Solar Boosted Heat Pumps  for Domestic Hot Water Heating, Solar 
Calorimetry Laboratory, Dept. of Mechanical and Materials Engineering, 12th IEA Heat Pump Conference 2017, Rotterdam, 
Netherlands 

• [18] - Krystyna Dawson, Residential PV replacements offer an opportunity that heat pumps should not miss, Krystyna Dawson, 
BSRIA, United Kingdom, 12th IEA Heat Pump Conference 2017, Rotterdam, Netherlands 

• [19] - Brian Fronk, Oregon State University, Christopher M. Keinath, Stone Mountain Technologies Inc., Comparison of Primary 
Energy Consumption of Vapor and Non-Vapor Compression Natural Refrigerant Heat Pumps for Domestic Hot Water Applications , 
12th IEA Heat Pump Conference 2017, Rotterdam, Netherlands 

• [20] - Cordin Arpagaus, Daniel Gstöhl, Stefan Bertsch, IEA HPT Annex 46: Domestic Hot Water Heat Pumps, Gut zu Wissen, 
planer+installateur 06/07-18 
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