
Manuscript ID: 995 
DOI: 10.18462/iir.icr.2019.0995 

NEW TAP WATER HEAT PUMP USING PROPANE 
REFRIGERANT 

Per Henrik Pedersen(a), Asbjørn Vonsild(b)

(a)Danish Technological Institute
Gregersensvej 2, DK-2630 Taastrup, Denmark, prp@teknologisk.dk 

(b)Vonsild Consulting
Grejsdalsvej 239, DK-7100 Vejle, Denmark, vonsild@vonsild-consulting.com 

ABSTRACT 
A Danish manufacturer of tap water heat pumps has been producing appliances with HFC-134a for 
more than two decades. 
After the implementation of the EU ecodesign criteria and the EU energy labelling scheme for 
water heaters in September 2015, the demand for heat pump water heaters has been increasing. 
The interest in high energy classes and products using natural refrigerants is increasing as well. 
Two sizes of new products have been developed; a small unit with a 166-liter water tank using 140 
grams of R290 and a bigger unit with a 270-liter tank using 350 grams of R290. 
This paper describes the construction of the heat pumps. Test results according to EN16147 are 
also provided. Moreover, the paper describes a method to handle the R290 refrigerant with a 
charge above 150 g. The method uses a ventilated enclosure in which the refrigeration system is 
placed. 
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1. INTRODUCTION
A Danish manufacturer of tap water heat pumps is producing around 10,000 units per year. Each 
heat pump is filled with 0.9 kg R134a. The product heats tap water for sanitary purposes for a 
family house and is equipped with a 270 l water tank. 
This type of tap water heat pumps takes energy from exhaust air from e.g. a bathroom and makes 
the ventilation of the house. 
The price for HFC refrigerant has been rising very fast in the past because of the limited availability 
caused by the EU F-gas regulation with phase down schedules and quotes. This is one of the 
reasons why a new generation of tap water heat pumps with natural refrigerants was wanted.  

1.1. Aim of the project and the project organisation 
The aim of the project was to: 

• Develop and test a new generation with natural refrigerant
• To increase the efficiency
• To develop a product that is competitive and reliable.
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are placed in the upper part. The condenser (point 13) is wrapped around the lower part of the 
water tank. Cold tap water inlet is point 12. The warm tap water outlet is point 19. The appliance 
can be delivered with two, one or no spiral pipes inside the tank. The spiral pipes can be used for 
supplying solar heating and/or a heat exchanger for heating a (small) toilet floor. 
 
Danish Technological Institute (DTI) was managing the project which also includes the 
manufacturer of hot water heat pumps, a global producer of fans and a consulting company with 
expertise in handling flammable refrigerants.  
The project was started in January 2016 and finalized in October 2018.  
The Danish Environmental Protection Agency (the “MUDP”-program) has been funding the project. 

2. DEVELOPING AND TESTING PROTOTYPES 

 
The first prototype was delivered for test at DTI in the summer of 2016, and the test was a little 
disappointing. Analysis showed that liquid refrigerant droplets were going to the compressor 
causing efficiency losses. 
After the test of the first prototype, a lot of tests were done to minimize the charge of refrigerant in 
the system by using smaller pipes etc. It was shown that it is possible to reduce the charge of 
R290 to 150 grams by using “flat” condenser pipes and other improvements. But this also showed 
to have an influence on the energy efficiency. The idea to use max.150 gram R290 was dropped, 
and the aim for the refrigerant charge was to use a limited charge ensuring a high energy 
efficiency. 
At the same time is was decided to develop a new small model for flats and to use max. 150 grams 
of R290 for this small model. 
The second normal size prototype was installed with an internal heat exchanger and charged with 
350 grams of R290. This model worked much better and had an efficiency of the same level as the 
HFC based unit. It turned out that there was a problem with the control of the unit. 
Therefore, a third prototype was built by the manufacturer and tested in an accredited laboratory at 
DTI after EN16147:2017 and the “XL”-tap program. 



 

The result of the test is COP = 3.52 which is 12 % better than the R134a-model. The sound level 
was measured to be within the EU Ecodesign criteria. 
A small model was built by the manufacturer and was tested in the accredited laboratory at DTI 
after EN16147:2017 at the “L” tap program, and the result is COP = 3,20 which is fine for such a 
small machine. The sound level was measured to be within the EU Ecodesign criteria. 
Both the normal size and the small model are in energy class A+ according to the EU energy 
labelling regulation for water heaters. 
The compressor is a NLU8.8 (8.8 cm3) for R290. The compressor for the small model is a DL6.5 
(6.5 cm3) for R290. 

3. STANDARDS AND RISK ASSESSMENT 

Vonsild (ref 11 and 12) describes the standards covering small domestic heat pumps. Figure 2 
shows the relation between these standards and the EU legislation. The relevant safety directive is 
the Low Voltage Directive. 
 

Figure 2: Relation between the standards and EU legislation. 
 
Mechanical Ventilation Within the Appliance Enclosure  
EN and IEC 60335-2-40 use the term “mechanical ventilation within the appliance enclosure” to 
cover a box surrounding the refrigerating system which is ventilated through a ventilation duct to 
the outside and prevents air from moving from the refrigerating system to the room outside the box.  

Figure 3: Illustration of ventilated enclosure from IEC 60335-2-40. 
The reason for using this ventilated enclosure is that leaking refrigerant is much less dangerous if 
ventilated to the outside, and the system builder is rewarded by being allowed 5 times larger 
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flammable refrigerant charges than would normally be allowed indoors in very large rooms. This is 
enough to cover most heat pump applications. 
To ensure that the refrigerant doesn’t leak out of the enclosure, the standards require that the 
ventilation needs to create a negative pressure of at least 20 Pa, and the ventilation rate needs to 
be high enough to remove the total refrigerant charge within 1 minute, but not less than 2 m3/h. 
The ventilation needs to be monitored, and if the ventilation fails, then the compressor needs to be 
switched of.  
From a practical point of view, todays energy efficiency requirements make continuous ventilation 
difficult. Even for sanitary hot water heaters and heat pumps doing heat reclaim where ventilation 
air is feed through the heat pump, it can be difficult to maintain ventilation when heating is not 
needed.  
This leads to look at alternatives with a risk assessment for evaluating that the amount of 
refrigerant charge is safe. 
For ventilated enclosures the risk assessment approach can for instance be used if the required 
ventilation rate or the required negative pressure cannot be achieved without too large an impact to 
the energy efficiency or cost of the system. 

3.1. Risk assessment 
The system contains 350 g of R290 refrigerant. It has a machinery compartment which houses the 
compressor and evaporator, and a pipe coil which is wound around a vessel containing water to be 
heated. 
When the compressor runs there is a fan which pushes air from the machinery compartment out of 
a ventilation outlet. The ventilation outlet is to be connected to a ventilation duct leading to the 
outdoors.  
From the machinery compartment also runs a pipe to a drain to transport compensated water 
away. This pipe is fitted with a drain trap. 
The electrical control box, which could potentially contain ignition sources, is placed outside the 
machinery compartment. The cables are lead through holes in the machinery compartment, and 
these holes are placed below the electrical control box. 
 
Realistic worst case leak size 
For simulating the consequences of leaked refrigerant, it is necessary to have values for the range 
of leak sizes which are relevant. Both the largest foreseeable leak and the smallest leak which is 
large enough to potentially create an intolerable risk. 
The largest leak which is to be expected from the system has been estimated: Traditionally human 
comfort systems have been assumed to be able to leak the entire charge in 4 minutes under worst 
case conditions. Although this is much higher that what is usually possible to get out of a system. 
But it was agreed to since there was consensus that it is highly unlikely that a leak gets any larger. 
With a 350 g charge the leakage rate from a 4 minutes leak is 1,46 g/s. 
Very small leaks do not present a risk. For instance, a very small closed volume of 5 m3 needs 190 
g of R290 to have a whole room flammable, and with one air change per hour and only 350 g 
R290, a flammable atmosphere can be maintained for less than 2 hours, after which the system 
the system would be empty.  
In the proposal for the 7th edition of IEC 60335-2-40 the highest leak, which is still small enough to 
be safe, is calculated based on the historical acceptance of 150 g of flammable refrigerant, 
combined with a leak at 2,2 m and the hole charge leaking in 4 minutes: (2,2m/0,6m) × 
(150g/240s) = 0,17 g/s. For lower heights than 2,2 m it is proposed to scale the leak down with 
falling installation height, but not lower than 0,6 m.  
A test evaluates whether this leak rate is safe for this specific application: A leak was created from 
the system through a 0,2 mm diameter whole, which at 20 bar (equivalent to 60 C) would create a 
leak of 0,17 g/s gas. The leak was at room temperature, but contained a mix of gas and liquid, so it 
was probably larger than 0,17 g/s. However, the leak leads to 130 % of LFL in a 5 m2 airtight room 
(with 2,2m to the sealing), indicating that the real “largest safe leak” may be a factor smaller than 
0,17 g/s due to the installation in a very small room, but it is not a factor 10 lower. This means that 
any leak taking more than 4 hours to empty the system is too small to worry about. Note that the 
installation room is required to be somewhat greater than 5 m2, so the test does not directly show 
that the system is unsafe. 
The leaks that the manufacturer actually sees in the field are smaller than the 4 hour leak, except 
for leaks occurring during transport. Leaks during transport occur in very large rooms or in the 



 

outdoors and do not present a risk. Although large leaks are not seen in the field, it is still prudent 
to consider the effects if they should happen.  
The tests supporting this report have all been done by simulating leaks into the machinery 
compartment from a bottle of R290. 
 
Leak testing 
Several leakage tests were carried out with a leak into the machinery compartment. The flow 
patterns of leaked refrigerant were investigated outside the machinery compartment by measuring 
the concentration. Sometimes manually by moving the gas detector around. 
Refrigerant concentration was measured at the electrical box multiple times during testing, and the 
concentration never exceeded LFL and generally only started to increase after the leak started 
mixing in the room. The concentration was also measured below the electrical box, and the 
measurements clearly show that the refrigerant leaks from the machinery compartment through the 
wire conduit holes below the electrical box behind the front cover of the heat pump. The leak flows 
down from these holes and not up to the electrical box. The baffles behind the front panel force the 
leaked refrigerant to exit through the holes in the front panel. This is a process driven by gravity 
and it leads to an increasing refrigerant concentration at the floor. 
The conclusion is that the worst case concentration will be at floor level. It is known that the 
concentration at floor level is likely to be very even and that the electrical box is not where leaked 
refrigerant flows or accumulates. 
 
Leak in system with fan on and the outlet connected to the outdoors 
This scenario is included in EN 378-2 as the concept of ventilated enclosure and in IEC 60335-2-
40 as mechanical ventilation within the appliance enclosure. In both standards, 4,94 kg R290 is 
allowed in these types of applications. More than 10 times the amount in the system covered by 
this work. 
If a leak happens, the air flow will force the leak refrigerant to the outdoors, where it will be diluted 
below any hazardous levels. 
To verify that the system will be safe when the fan is on at the lowest speed and the outlet is 
connected to the outdoors, a test was carried out with the system in a 1 m2 tent: The system was 
placed in a corner of the laboratory and a 1 m2 tent was created around the system. See figure 4 
below. 
The tent was made tight with duct tape, just as for the other tests in this report. However, a 10 x 10 
cm hole was cut above the unit to allow make-up air to replace what the fan blows out of the 
exhaust. 
The air intake was deliberately placed above the unit since all tests and theoretical knowledge 
show that leaked refrigerant will flow down and accumulate near the floor. Having the make-up air 
come from above the unit is therefore seen as the worst case.  
 
 
 



 

 
Figure 4: System placed in a 1 m2 tent with the 10 x 10 cm air intake cut above the unit and the 
exhaust pipe on the upper right. The box on the right is not associated with the test. 
 
The concentration was measured at floor level while leaking 350 g R290 gas into the unit from a 
bottle. In the first couple of minutes the gas is leaked at a rate equivalent to leaking all the charge 
in 4 minutes, but after the 3rd minute the bottle was not able to keep the flow rate as the rapid 
release requires liquid to boil in the bottle lowering the temperature and pressure in the bottle. This 
causes the total leak to take 5 minutes, which is still much faster than any expected leak. The 
concentration at floor level was measured every 15 seconds until the leak stopped, at which point 
the concentration stopped increasing: The maximum concentration measured was 20 % of LFL at 
floor level, showing that a small amount does leak out from the system, even with the fan on at 
lowest speed. However, the amount is very small and not enough to cause a hazardous 
atmosphere. 
It should be noted that 20 % of LFL is equivalent to 7,6 g of R290 per m3, and in a 1 m2 room the 
unit takes up the majority of the volume, leading to the conclusion that the amount of refrigerant 
leaking out of the unit is just a few grams.  
The conclusion is that the system will be safe in this scenario regardless of the room size. 
 
Leak in system with fan off 
If a leak occurs inside the machinery compartment when the fan is off, then the leak can get 
through the cracks of the enclosure and flow to the outside. 
When the fan is off, the compressor is also off, since the compressor is switched off before the fan. 
This means that there are no moving parts or airflow inside the machinery compartment, therefore 
no vibrations in the system to create a leak. The machinery compartment is encapsulated in a PU 
foam shell which prevents mechanical impacts from the outside. This means that holes in the 
refrigerating system can only occur through corrosion or stress caused by temperature variations.  
The manufacturer has not seen this type of leak but has seen leaks through bad soldering 
connections. These leaks are estimated to take 3-5 years to cause the system to leak enough 
refrigerant to malfunction. Therefore, the leak rate is much too low to create a dangerous situation. 
The lack of airflow means that a leak can flow to the outside of the unit and potentially create 
flammable gas pooling at the floor. 
To simulate a very small leak, a leak was created from the system through a 0,2 mm diameter hole 
(0,03 mm3), and the refrigerant was leaked from the system through an on/off valve into the 
machinery compartment. The room size was 5 m2 with a ceiling height of 2,2 m. 
Two tests were conducted: 

1) During the first test the leak created a haze in the machinery compartment, indicating that it 
was a mix of liquid and gas leaking out and that it is most likely pure refrigerant at the inlet. 
The haze could, however, also be oil mist from the lubricant of the system. During this test, 



 

the concentration at the floor reached a flammable level after 3 ½ minute and kept 
increasing after that and topping at 130 % of LFL. The rapid increase of the concentration 
at floor level also indicates that the refrigerant is in liquid state at the inlet of the leak hole, 
because a liquid leak gives much higher mass flow than a gas leak. 

2) The test was repeated with a small modification. The compressor was switched on for 5 
minutes before the test to ensure that the leak would be refrigerant in gas phase. This also 
heats the oil which reduces the amount of refrigerant being retained in the system when it 
leaks. Also during this test, the concentration reached a flammable level at the floor. This 
time after 7 ¼ minute and it kept increasing until topping at 124 % of LFL after 20 minutes 
and falling below the lower flammability limit after 45 minutes. 

 
Figure 5: Plot of concentration at floor level in % of LFL from a refrigerant leak in a 5 m2 room. 
 
Since the floor concentration will be equally distributed across the floor, and the room is only 5 m2, 
increasing the room volume a little will scale the floor concentration down linearly. I.e. from the first 
test a room of 1,3 x 5 m2 = 6,5 m2 can be expected to reach a floor concentration of 130 % / 1,3 = 
100 %.  
Based on these tests it is concluded that the system will be safe in this scenario if installed in a 
room with at least 7 m2 area. It is however noted that the type of leak considered is hard to imagine 
and never seen in practice, but the conservatism ensures safety. 
 
Leak without drain trap 
A test was conducted with a 4-minute leak, that is around 1,5 g/s, and the fan off. The tests show 
that the leak is lead through the drain pipe down to the floor and creates a high R290 concentration 
on the floor within seconds. 
This allows the R290 to pool on the floor creating a flammable atmosphere. This is a situation that 
should be avoided since dilution of the pool can be slow and there is a risk of ignition sources at 
floor level. A drain trap is required to prevent leaks to lead to pooling at floor level. 
A detailed report has been made with the risk assessment for the specific hot water heat pump 
(Vonsild, 2018). 

CONCLUSIONS  

A new generation of tap water heat pumps has been developed and tested. A “big” model with 270 
liters water tank has the energy efficiency COP = 3,52 which is 12 % better than the similar HFC-
model. This model uses 350 grams R290. 
A “small” model for apartments  with a water tank of 166 litters has been developed and tested, 
and the energy efficiency is COP = 3,20. This model is charged with 150 grams R290. 
Risk assessments for the big model tell us that the heat pump is safe in all reasonably foreseeable 
scenarios, under the conditions that: 
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• The system installed in a 7 m2 room or larger, and 
o common best practices are used during service as mandated by European 

legislation, and 
o a drain trap is installed, and 
o installing the outlet duct is not required for the system to be safe. 

Or, alternatively: 
• The system is installed in a room of any size, and 

o common best practices are used during service as mandated by European 
legislation, and 

o a drain trap is installed, and 
o the fan is running continuously at the lowest speed or higher, and 
o the outlet duct is installed. 

 
The manufacturer is now working for commercialization of the two new products. 
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