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1. 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. 
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1. Introduction 

Seemingly simple solutions are available for single family houses, but for collective systems solutions are more 
complex. This has to do with: 

• High temperature demands as a consequence of legislation for legionella; 

• Ownership of buildings by rental companies of housing corporations in relation to occupants; 

• Technical solutions in Multi Family Buildings are either collective or individual, or a mix of both; 

• Ownership of technical installations by Energy Service Companies, Energy Companies or privately owned. 

In general, based on the sum of all losses, individual solutions, where hot water is generated where it is 
needed, are the best solution.  
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2. Multi Family Buildings and other high rise buildings 
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2. Multi Family Buildings and other high rise buildings 

There is a great number of types of MFB and other large buildings with Hot Water systems: 

• Apartment buildings with a mix of families; 

• Apartment buildings for the elderly people; 

• Nursing homes; 

• Hospitals; 

• Hotels; 

• Apartment buildings for students; 

• Sports Centres 

• … 
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2. Multi Family Buildings and other high rise buildings 

 

There is a great number of types of Ownership of these buildings: 

• Private ownership of apartments; 

• Owned by housing corporations or City Councils; 

• Owned by private companies; 

• Owned by Medical institutions; 

• Owned by Government; 

• …... 
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The system for space heating and Hot Water is often centrally 

managed by a private company or Energy Company. 



3. Legionella 

 

The clear challenge in large collective systems (as is reported under Annex 46) is to avoid Legionella 

contamination. 
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Thermal sterilisation by raising the temperature of the collective hot 

water is the most used method to fight Legionella. The latest 

developments for heat pumping technology makes this very possible: 

• Products with optimised design for specific refrigerants.  

• Cascade systems with two separate refrigeration cycles.  

• Enhanced Vapour Injection (EVI).  

 

Thus temperatures over 70C can be achieved in the distribution system. 

 

 

But there are more solutions 



4. System Concepts with heat pumps 

In the market there are collective systems and individual systems for Hot Water. 

• Collective systems where the Hot Water for the end-user is generated centrally mainly appear in: 

• Apartment buildings for the Elderly People,  

• Nursing homes,  

• Hospitals  

• Hotels 

• In privately owned apartment buildings and corporate owned buildings occupied by individual families  

• Collective systems can distribute heated water to individual heat exchanger sets 

• Individual Heat Pump Water Heaters are installed 

• Or a mix of both 

Especially in the collective distribution systems higher temperatures must be generated than in individual 
systems. 
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4. System Concepts with heat pumps 

There is a clear split in hot water systems for large buildings 

• Collective systems, where the circulated water is directly used by the end-user have to deliver high 
temperatures. This occurs in systems for hospitals, hotels, senior nursing homes, sport centers, etc. There 
the thermal disinfection is of great importance.  

• Circulation systems where the hot water is used as ‘energy transport’ to heat up cold water when used 
individually per apartment by a heat exchanger.  Solutions can be found such as: 

• Volume Limitation Concept for DHW in apartment 

• Booster Heat Pump in collective space heating 

• Individual DHW Heat Pumps, examples as presented by Heinonen 

The low efficiency of collective DHW systems is well known by field practitioners. For many new residential 
building hot water delivery times and water waste have been getting steadily worse with newer buildings. The 
sources of inefficiency can be found in every one of the diverse phases entailed by DHW systems: from the 
design of the piping structure and the sizing of equipment to the selection of the applied control strategies.  
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https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/


4. System Concepts with heat pumps 

3,5 pipe distribution (HT and LT) 

The low temperature distribution is used for Space 
Heating and the high temperature for Hot Water. The 
return pipe is joined, seemingly leading to energy 
destruction because of mixing water with different 
temperatures. 

However energy can be saved during the heating 
season with a low demand for domestic hot water by 
injecting a small amount of HT water into the LT 
distribution grid 
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4. System Concepts with heat pumps 

Two pipe system 

Collective systems have a variety of piping systems for 
hot water distribution. 

The most simple system is a two-pipe system used 
where the hot water traditionally was generated 
individually and pipe system was only for space 
heating. 

With an additional heat exchanger hot water is 
generated at the location of the end user. 

The Volume Limitation Concept is based upon the idea 
that the individual part of the system is smaller in 
content than 3 litres. Thus the temperatures can be 
much lower. 
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4. System Concepts with heat pumps 

Booster Heat Pump 

A different distribution design assumes a central LT heat 
pump and individual booster heat pumps in the homes. 
The central LT heat pump feeds the floor heating in the 
houses, but at the same time the low temperature heat 
serves as a source for the booster heat pumps, which 
make hot water decentrally per apartment and store 
them in a tank. An advantage of this 'semi-central' 
system, the less complex distribution system, being a 
two-pipe system. One of the first examples is 
Sophiastaete in Henrik ido Ambacht. 

This type of heat pumps is also favored for large 4th 
Generation District Heating systems 
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4. System Concepts with heat pumps 

Individual air source heat pumps 

As being observed many room air conditioners are 
installed in warmer regions throwing the heat away! 

This can easily be used for generating hot water. 

But also in colder regions this is an option as already 
described by Janne Heinonen, Heat Pump Application 
recovering Exhaust Air Energy in large Apartment 
Buildings, Enermix Ltd, 11th IEA Heat Pump Conference 
Montréal 2014 

 

 

Modelling of DHW Systems in Multi Family Buildings 

https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/
https://heatpumpingtechnologies.org/publications/heat-pump-application-recovering-exhausted-air-energy-in-large-apartment-buildings/


5. Modelling and Energy Effects 

The capacity of Heat Pump Systems is calculated and designed by consultants, installers, building companies, 
manufactures, energy companies, Energy service companies, etc, based upon: 

• Hot Water Usage.  

• This often the calculated based upon the floor area of the house/apartment, which is in fact not 
realistic related to the actual practice. 

• Temperature needs 

• Dictaded by the legionella prevention. 

• Energy System Losses 

• Dependent on the temperature in the distribution system 

Often the capacity is over dimensioned and the simultaneousness of hot water usage is a forgotten factor 
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5. Modelling and Energy Effects 

Models used for calculating the capacity are often using a 
demand of 11 – 14 GJ per house as average. In practice this 
is often much lower. 

Energy use seems to be at 7 – 9GJ in most European 
countries (exc UK) 

Hot water use is estimated at 40 – 50 litres per person per 
day at 60C (in Europe/US) 

When calculating the hot water use for a block of 
apartments profile based control mechanisms can optimize 
the system and reduce the energy losses in the system. 

 Hot water use in practice much lower than in models! 
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There is a lot of litterature on this topic where AIT has studied the effect of load profiles (Félix Iglesias and 
Peter Palensky, Profile-Based Control for Central Domestic Hot Water Distribution, Austrian Institute of 
Technology (AIT), IEEE Transaction on Industrial Informatics, Vol. 10, No. 1, February 2014). 

However in general it is clear that there are no good models for comparison of alternative DHW systems 

publically available. 
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There is a great number of studies available comparing different 
systems: 

• [01] – Bernard Vetsch, Warmwasserbereitstellung mittels 
Wärmepumpen in Mehrfamilienhäusern, NTB Interstaatliche 
Hochschule für Technik Buchs, BFE-Vertrags- und Projektnummer: 
SI/500574-01 

• [07] - Janne Heinonen, Heat Pump Application recovering Exhaust 
Air Energy in large Apartment Buildings, Enermix Ltd, 11th IEA Heat 
Pump Conference Montréal 2014 

• [10] - Jukka Yrjölä and Eetu Laaksonen, Domestic Hot Water 
Production with Ground Source Heat Pump in Apartment Buildings, 
Helsinki Metropolia University of Applied Sciences, Energies 2015, 
8(8), 8447-8466 

• [13] - Jan Sedlar, Heat pump for water preparation in block of flats, 
Czech Technical University in Prague, 12th IEA Heat Pump 
Conference Rotterdam 2017 
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https://www.mdpi.com/1996-1073/8/8/8447
https://hpc2017.org/wp-content/uploads/2017/05/O.1.7.3-Heat-pump-for-block-of-flats.pdf


6. Example projects 

At the Annex website a number of example projects are shown, 
mainly in large buildings: 

Japan -  Koraku Onyado Fujiginkei –  This hotel it built in Lake 
Kawaguchi Area at the foot of Mt. Fuji, now a registered world 
heritage site. When the refurbishment was done, they installed a low-
cost, environmentally friendly commercial Eco Cute, out of 
consideration for the environment and the continued development of 
the area. 

Netherlands – The Albus Hotel – Amsterdam – This renovation of the 
Albus hotel in Amsterdam became the first completely CO2-neutral 
hotel in Europe. The specially purchased state-of-the-art Mitsubishi 
Electric Multi R2 VRF system cools and heats all the rooms. In 
addition, it is also possible to heat the hotel’s hot water up to a 
maximum of 90°C with a Mitsubishi Eco Cute QAHV. Thus the hotel’s 
water is heated to more than 70°C in a sustainable manner. 
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6. Example projects 

• Switzerland – DHW Supply in MF Dwellings 

• France – Roquebrune Cap Martin in Nice 

• France – Renovation of 21 dwellings in Rennes 

• France – Renovation of domestic hot water production in 12 social dwellings in Soissons 

• France – New built private collective housing in Marseille with Solar HP 

• Nothern Ireland – St Thomas Hall apartments, Belfast – newly built MFB for facility catering. 

• Netherlands – Collective HT HP – Zeewaarts – IJmuiden – New MFB – monitored 

• Netherlands – Soendalaan – Leiden – Plug & Play renovation of block of flats with individual hp’s 

• Netherlands – DUWO Studenthouse – Leiden – Renovation of Water Heating system 

• Netherlands – Collective HT HP – Urlusplantsoen – Leiden – Renovation MFB 

• Netherlands – Leyhoeve – Tilburg –  New MFB for elederly people 
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http://www.hpt-annex46.org/wp-content/uploads/2018/04/France-Soissons-Annex-46-Best-Practice-Sheet.pdf
http://www.hpt-annex46.org/wp-content/uploads/2018/10/Fr-Novella-Marseille-Annex-46-Best-Practice-Sheet.pdf
http://www.hpt-annex46.org/wp-content/uploads/2018/10/Fr-Novella-Marseille-Annex-46-Best-Practice-Sheet.pdf
http://www.hpt-annex46.org/wp-content/uploads/2018/11/GDHV_Annex46-Doc-10.10.pdf
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7. Conclusions: 

Good models are needed for calculating and assessing systems for heating domestic water in buildings, as hot 
water becomes the dominant energy demand in future domestic applications.  

It has been analyzed under the Annex and concludes a number of missing  aspects to be worked on: 

• Many energy models for buildings use generic and old figures for the calculation, in which often flat-rate 
values are used, such as floor areas for the calculation of the use of tap water. 

• Calculation for chain efficiency is often not used to compare alternative systems, or if done often have the 
same deviations as the standard calculation models 

• Innovative concepts are often not in the models (fresh water, booster, solar combi, etc.) 

• A comparative calculation model for multi family buildings is missing, taking into account the strategic 
control options 
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