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What is a Heat Pump?
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What is a Domestic Hot Water Heat Pump?
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Function: 
It uses the thermal energy from the air 
to heat up the domestic hot water

Hot Water

water 
tank

air fan

Cold water

Heat pump
hot air 

in

cold air 
outcompressor

expansion valve

electric heating 
elements

condenser coil 
filled with hot 

refrigerant heats 
water in tank

hot air 
in

cold air 
out

evaporator
coils

(www.bgesmartenergy.com)
(www.oekoboiler.com)



Typical System Technologies
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DHW heat pumps in Swiss single family houses

(Source: Merkblatt für Planer, GebäudeKlima Schweiz, Juni 2017)

SplitCompact Combined with space heating

Floor

Radiator

Duct systems using fresh air

Air

Indoor air indoor air



Best Practice Example
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Domestic Hot Water supply with Heat Pumps 
in multi-family houses 
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Water quality regulation in Switzerland
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SIA 385/1: basic requirements for DHW systems 

SIA 385/2: calculation methods for the planning of 
DHW systems

Legionella prevention (in single and multiple family 
buildings, “low risk”):

DHW of 25°C to 50°C not used during the last 24 h 
must be thermally disinfected (recommendation is 1 
hour at 60°C)

The design of the DHW system requires: 

60°C at the storage tank outlet

55°C at the heat traced pipes

50°C at the tapping point
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Water quality topics, such as legionella, are regulated 
in the standards SIA 385/1 and SIA 385/2

Inhalation of 
contaminated 
aerosol during 

showering

European Technical Guidelines published 
in June 2017 as a draft (not yet harmonized)

https://ecdc.europa.eu/sites/portal/files/documents/Legionella%20GuidelinesFinal%20updated%20for%20ECDC%20corrections.pdf


Why using Domestic Hot Water Heat Pumps?
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In a policy towards “zero energy houses” 
domestic hot water becomes the dominant energy factor!
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Energy efficiency &
CO2 reduction 

(higher comfort, 
e.g. showering, 

bathing)

(better thermal 
insolation,

MINERGIE building 
standards)



Water consumption in Swiss households
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Average water consumption is 
about 162 liters per person per day
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47.7 L bathing, 

showering
19.6%
31.7 L

washing 
machine
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body care, 
hand 

washing, 
hygiene
12.8%
20.7 L

drinking 
water, 

cooking,
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15 %
24.3 L

watering 
flowers, 

aquarium, 
etc.
2.3%
3.8 L

dishwasher
2.2%
3.6 L

(Schweizerischer Verband des Gas und Wasserfaches SVGW, 2016, www.svgw.ch)

Rough estimation hot water:
+ bathing/shower (50% of 31.7)
+ dish washing by hand (50% of 24.3)
+ personal care (50% of 20.7) 
= 38.4 L/d per person

http://www.svgw.ch/


Domestic hot water consumption (field measurement data)
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Field measurement data in different buildings indicate 
about 35 to 45 L/d per person
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(Vetsch et al. 2012)

Hot water consumption profile

Hot water demands according to standard SIA 385/2

Morning consumers

Evening consumers

(Heim et al. 2012)

10 households
8 to 65 L/d

Mean value: 33.6 L/d



IEA HPT Annex 46
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International project on heat pumping technologies for 
Domestic Hot Water under the IEA Technical Collaboration 
Program for Heat Pumping Technologies (TCP-HPT)

Tasks & Objectives: 

Task 1 – Market overview

Task 2 – Systems and concepts 

Task 3 – Modeling

Task 4 – R&D

Task 5 – Example projects 

Task 6 – Communication

Canada (Natural Resources Canada)
France (EDF R&D) 
Japan (Waseda University)
Netherlands (Phetradico = Operating Agent)
South Korea (Korean Refrigeration and Air 
Conditioning Assessment Center)
Switzerland (NTB Buchs)
UK (Ulster University)
USA (Oakridge National Laboratories)
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Project start: 1st of January 2016
Project end: 30th of September 2019

Website: www.hpt-annex46.org

http://www.hpt-annex46.org/


What can Switzerland learn from the IEA Annex 46 ?
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European markets: Trend to combined systems (space heating and hot water) and 
reduction of the energy consumption (zero energy houses), integration of heat pumps in 
smart-grids (SG-Ready)

Scandinavian countries: Low-temperature district heating systems with local booster
heat pumps to increase the temperature to 60 to 65°C to prevent legionella

UK: Major housing stock supplied by central heating systems fired by natural gas or oil

North America: Split systems for space heating/cooling and hot water heating, both gas 
fired and electrically heated

Asia: Very diversified markets, strong growth in China of both solar heated and heat 
pump heated DHW systems

Korea: still at the start for DHW heat pumps, promising market in district heating

Japan: CO2 heat pump water heater (ECO Cute) is leading the Japanese market (since 
market introduction in 2001 > 5 Mio units shipped), Japanese bathing culture: average 
water consumption 300 L/d per person, hot water consumption (at 40°C) is about 110 
L/d per person

Heat pump manufacturers are aware of the refrigeration challenges due phase-down 
of R134a. Potential replacement refrigerants are: R290 (propane, GWP=4, highly 
inflammable A3), R1234yf (HFO, GWP=20, lightly inflammable A2L)

Lessons learned so far
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Swiss Market
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Heat pumps are key technology in the energy transition
Domestic Hot Water Heat Pumps: 5’746 units in 2017
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Energy source (2017):
 69% Air/Water Heat Pumps
 29% Brine/Water
 2% Water/Water

 240’000 heat pumps in operation
 80% of new homes are equipped 

with heat pumps

+



Market Data of Switzerland
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Hot water heat pump boiler
Air/water heat pump boiler

Description Range Average
value

COP at A20/W10-55 3.2 to 4.0 3.6
COP at A15/W10-55 2.9 to 3.6 3.2
Sales price 2’850 to 5’400 CHF 3’733 CHF
Noise level 50 to 67 dB 60 dB
Storage volume 200 to 450 Liter 277 Liter
Electrical backup heating 1.0 to 3.0 kW 1.7 kW

(Cipag AG) (Styleboiler / 
Tobler)

Air

Buffer 
storage

(Vailland Schweiz GmbH)

Commercially available heat pump boilers

(31 suppliers and 78 models, 
www.topten.ch, Oct. 2016)
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Refrigerant: R134a 
(WPZ, 2017)

Outdoor unit of split-system Test results 

http://www.topten.ch/


System Technologies - COPs

15

Efficiency (COP) comparison of a DHW heat pump with 
heat pumps with integrated boilers and an electroboiler

(Data from the WPZ heat pump 
test center at NTB Buchs)

COP

Withdrawal
profile

Withdrawal
quantity
[kWh]

A
Heat pump 

with integrated boiler
(175 L)

B
Heat pump 

with integrated boiler
(260 L)

C
DHW

heat pump
(270 L)

D
Electroboiler

(300 L)

S 2.1 1.17 0.84 1.50 0.68
M 5.8 1.91 1.16 2.60 0.85

Praxis 1 6.8 2.00 - - -
L 11.7 2.61 1.68 - -

XL 19.1 - - 2.98 0.94
Heat losses [W] 42 60 27 63

(Eschmann, 2015)
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DHW heat pump is
3x more efficient 

than an 
electroboiler



Replacement of electroboilers
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The EFFIBOILER  program of “Energie Zukunft Schweiz” promotes the 
replacement of old electroboilers to new heat pump boilers with a 
contribution of 450 CHF. 

For example, in the canton St. Gallen the contribution is even 1’000 CHF.

The program is supported by the promotional program ProKilowatt
under the direction of the Swiss Federal Office of Energy.

Since 2009, electroboilers are forbidden in Switzerland

(GebäudeKlima Schweiz, 2012)

Hot water temperature 55°C Unit Electroboiler
(300 L)

Heat pump
Water heater

Annual energy consumption kWh/a 4’500 1’500
Investment costs CHF 2’000 4’500
Amortization (15 years) CHF 133 300
Interest rate 4% CHF 40 90
Operating costs (0.14 CHF/kWh) CHF 630 210
Annual costs CHF 803 600
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Cost comparison: Electroboiler vs. Heat pump water heater



DHW heat pumps (heat pump boilers) with FWS certification 
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36 heat pump suppliers and >120 models identified
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Source (in alphabetic order): www.fws.ch/wp-
content/uploads/2018/10/Guetesiegelliste_Warm
wasser-WP.pdf

, BWP 261 (S), BWP 262 V4A
, DHW400+

, DHW400+

, CVBE WP 300, 400, CMBE WP 260

Meier Tobler AG

http://www.fws.ch/wp-content/uploads/2018/10/Guetesiegelliste_Warmwasser-WP.pdf
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Wärmepumpen-Testzentrum Buchs (WPZ)

Heat Pump Test Centre certified according to EN 17025 
– Testing at high quality
Air/Water Heat Pumps: 

2 x 50 kW and 2 x 25 kW at 
A2/W35 (EN 14511)

founded 1993

Temperature: -25°C to +45°C (air)

Acoustic measurements are possible
(EN 12102 and ISO EN 9614)3.8 m x 7.8 m x 4.0 m

4.0 m x 4.0 m x 3.2 m

30th October 2018

Climate chambers www.wpz.ch, E-Mail: wpz@ntb.ch

Brine/Water Heat Pumps:

2 x 100 kW at B0/W35 (EN 14511)

Domestic Hot Water Test Benches

Tap profiles S to XXL (EN 16147 and 
ErP-Standards

http://www.wpz.ch/
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Test Procedure and minimal COP requirements

The heat pump test center WPZ follows the testing 
standard EN 16147 for DHW heat pumps 
Measurements at 2°C (colder), 7°C (average), 14°C (warmer), and 20°C (indoor air)

30th October 2018

A: Filling and heating up time

B: Standby period (min. 48 h), to determine standby 
power input

C: COP measurements at defined water draw-offs
(min. 24 h) (e.g. hand washing, bathing, dish 
washing, etc.)

D: Mixed water at 40°C, determination of the reference 
hot water temperature and quantity of usable hot water

Minimal COP requirements for DHW 
heat pumps at different tap profiles

Minimal COP at air 
source conditions

Storage 
volume in 

liter

Tap
profiles 

to

to

and higher

A20/W10-55 A7/W10-55

A B C (min. 24 h) D



Product energy label for Domestic Hot Water Heat Pumps
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Mandatory in Europe since 2015
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It guarantees homeowners optimum planning and 
construction of heat pump systems up to approx. 15 kW 
heating capacity for new buildings and renovations 
(incl. installation and maintenance).

Swiss quality label:

Rated heat output at 
different climate zones

Supplier and model
Heating

Energy class heating

Scale of efficiency classes
(up to A++ for space heating)

Sound power level indoors

Sound power level outdoors

Hot water profile used

Energy class hot water
(up to A)



Research Trends
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New compressor technologies, installer-focused 
technologies, and shift to natural refrigerants

Miniature turbo compressor for heat pump 
applications (feasibility confirmed with R134a, 
isentropic efficiency of 0.8, gas bearings, high speed up 
to 240’000 rpm, oil-free, small weight, low noise)

Size comparison
(Turbo vs. Scroll 

compressor)

20 mm impeller

Scroll
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Compact decentralized DHW supply
system with small heat pump for 
front-wall installations of bathrooms
(THERMOS from Swissframe AG)

Heat pumps with natural refrigerants
(CO2, hydrocarbons) and low charge
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Thank you
for your attention
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Contact details:

Cordin Arpagaus

Dr. sc. techn., Dipl. Verfahrensing. ETH
Dipl. NDS ETHZ in Betriebswissenschaften

Senior Research Engineer

NTB University of Applied Sciences of 
Technology Buchs, Institute for Energy 
Systems, Werdenbergstrasse 4
9471 Buchs, Switzerland

Tel:  +41 81 755 34 94
cordin.Arpagaus@ntb.ch

http://www.ntb.ch/mitarbeiter/cordin-arpagaus
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