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Abstract: The goal of this paper is to minimalize the gap between the heat pump’s compressor COP and the system COPs. A water-water 

heat pump was installed in a family house without piped floor heating, with 13 radiators, together with a 300 litres thermal storage and 200 

litres hot water storage tank. Some measurements are published, taken before and after the system optimisation. The measured compressor 

COP is compared with theoretical data published by the device producer. The results show that the power consumption was decreased by 15 

percent after the system optimisation. The influence of the equithermal curve settings and the power of the submersible pump are analysed 

and the results are presented. The seasonal COP (SCOP) for Bratislava area is calculated. for the system under consideration. 
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1. Introduction 

A heat pump is an ecological and economical heat source. 

Because of high starting investment for families, it is cofinanced by 

many European countries to decrease CO2 and other harmful gases 

emissions caused by heating. The principle of a heat pump is in 

Fig.1. The heat pump uses the solar energy accumulated in a cool 

space (heat from ambient) like air, ground or water and pumps it to 

a warm space, while usually using an electrically driven vapor-

compression cycle.  In the heating systems, we usually use water for 

energy transmission between the heat pump and the heated space, 

where floor, wall, ceiling heating or radiators are installed.  

 

Fig. 1 Water-water heat pump principle 

The source of ambient heat may be water (water-water system), 

ground (ground-water system) or air (air-water system). In the 

central circuit is the compressor, the expansion valve, the condenser 

and the evaporator. There is a suitable refrigerant in the central 

circuit pipes (e.g. R410a). Between the compressor, condenser and 

the expansion valve is a high pressure and the refrigerant condenses 

to liquid, while losing its thermal energy, which is transferred to the 

heating system via a heat exchanger. The expansion valve is 

computer controlled in high-tech devices. The refrigerant pressure 

between the expansion valve, evaporator and the compressor is 

relative low and therefore the refrigerant evaporates and changes its 

state to gaseous in the evaporator, thereby cooling the heat transfer 

medium in the heat exchanger. 

A real advantage of the heat pump heating is high coefficient of 

performance (COP) factor, which is, for the compressor itself, more 

than 6.0 for some systems, under some conditions. The system COP 

factor COPS may be much lower than compressor’s COP. In the 

system COPS, not only the energy consumption of the compressor, 

but also energy consumption of all other pumps and devices, 

associated in the heating system, are taken into account. The final 

relative low COPS may be a disappointment for an investor. We 

define the COPS factor as: 

COPS=
Q

ES , 

where Q is the heat produced by the system [kWh] and ES is the 

energy consumption of the heat pump and all with the heat pump 

associated systems [kWh]. Fortunately, very high COP factor is not 

as important as many investors think. The energy saving from the 

heat pump implementation is:  

E S= Q− ES= Q− Q

COPS

= Q⋅(1− 1

COPS
)

 

 

Fig. 2 Relationship between the system COP and energy saving in 

comparison with an electrical boiler  

The relationship between the system COP and energy saving ES is 

in Fig. 2. We can state some consequences for a reasonable 

investment strategy: 

1) It makes no economic sense to increase the COPS over 

3.5, if high additional investments are required (e.g. a 

much more expansive heat pump with an inverter driven 

compressor [1], in a water-water or ground-water system 

makes a sense only if there is no space for a storage tank) 

2) A bivalent system (with additional electric boiler used 

during very cold days), with lower investment cost for the 

energy source and the heat pump, may be more economic. 

In case of ground-water and water-water systems, some 

decrease of COPS during cold days may be compensated 

also with higher COPS during not so cold days (most of 

heating season). 

Therefore, before installing the heat pump, a proper system 

analysis with a project is inevitable for an optimal heat pump 

service. This paper will help potential investors with some ideas.  

2. System descriptiom 

In [2] authors analyzed the behavior of an air-water system, in 

[3] a ground-water system. In this paper, the behavior of a water-

water system installed in a family house is analyzed and optimized. 

The system is described in Fig. 3.  

The source of energy is the source well (1) with a water level 

7.73 meters under the ground level. The water level does not falter - 

there is enough water throughout the year. A submersible pump (2) 

pumps the water through the water-to-refrigerant heat exchanger in 

the heat pump Mastertherm Aquamaster AQ22Z (3) to the 

collection well (4) placed 16 meters from the source well (1) in the 

direction of the underground water flow.  

A circulating pump (5) is an accessory of the heat pump and was 

chosen to be high effective. It circulates the hot water between the 

head pump (3) and the 300 liters water tank (6). It has power 

consumption up to 150 Watts and water flow 0.6 l/s. The water tank 

(6) is installed to reduce heat pump on-off cycles. The heating water 

circulating pump Wilo Jonos Pico 25/6 (7) pumps the hot water into 

13 radiators (8). The total amount of water in the heating system 

(including the wa ter tank and the heat pump) is 560 liters. The ex- 

pansion vessel (9) is necessary for the safety of the system.  
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Fig.3 Described heating system with a heat pump  

 

The system includes also a three-way valve and another water tank 

with a heat exchanger for hot water production (10). This is not 

depictured in Fig.3, because the hot water preparation is not the 

subject of this paper. We will consider only the heating system.  

The system includes also a space terminal (11) with a user interface, 

thermometer and digital communication with the heat pump.  

The described system is monovalent. The house is well insulated 

and the heat pump power is sufficient for house heating during all 

season.  

3. System optimisation 

Let us optimize some system components. The first component 

to optimize is the submersible pump (2). Its role is to supply the 

heat pump with the heat from underground water. In our system is 

its temperature between 13 °C (in winter and spring) and 14 °C 

(summer and autumn). To increase the compressor COP factor, the 

temperature gradient in the heat pump, between the “hot” water 

from the source well and the cold water returning to the collection 

well, should be as low as possible, which requires a high flow of 

water. On the other side, higher water flow means greater pressure 

losses on the pipeline and higher electricity consumption of the 

submersible pump (2) (Fig.3). We can see from Fig.4 that the 

pressure loss on the pipeline is a quadratic function of the water 

flow and better is to use thicker pipes. The pipe must not be coarse. 

To minimize the power consumption, thick plastic pipes with 5/4” 

diameter were used between both wells and the heat pump. Our heat 

pump requires minimal water flow 0.52 l/s, recommended is 0.61 

l/s. The first pump tested in our system was Calpeda 4SDF 22/10 

(Fig.5). The measured water flow was 0,85 l/s (which is much more 

than recommended 0,61 l/s), which corresponds with the total 

pressure loss 2,1 bar in our system. 

The measured power consumption of both submersible pump (2) 

and circulating pump (5) was 939 Watts. In the second test, a lower 

power pump Calpeda 4SDF 16/9 was used (Fig.6). The measured 

water flow was 0,65 l/s and the measured power consumption of 

both submersible pump (2) and circulating pump (5) was 542 Watts, 

which is 397 Watts less. More important than the power 

consumption of the submersible pump is the total system consump- 

 

Fig.4 Pressure loss on plastic pipeline with different pipe diameters as a 

function of water flow 

 

Fig.5 Power curves of Calpeda 4SDF22/10 pump 

 

 
Fig.6 Power curves of Calpeda 4SDF16/9 pump 

tion, including the heat pump. This depends on the temperature of 

the heating water. We will use the heat’s pump output temperature 

T0 (in the circulating pump (5)). The results are in Fig. 7. Blue line 

is the measured system power consumption with the more powerful 

pump 4SDF 22/10, the red line is with less power 4SDF 16/9 pump. 

The difference in electrical power consumption between both 

pumps in our system is 397 Watts, but in total power consumption 

(with the heat pump) it saves 350 – 380 Watts. 

As we can see from Fig.7, the lowest power consumption and 

highest COP factor can be reached at low temperatures. Therefore 

we can achieve the best results with a floor heating, where the 

temperature To is up to 35 °C. In our system radiators are used and 

higher temperatures are necessary during cold days. To keep the 

temperature as low as possible, a balance must be found between 

the delivered output power from the heating and the thermal loss of 

the object. The heating water with optimal temperature circulates in 
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Fig.7 Power savings after the submersible pump exchange. 

radiators, which ensures nearly the required temperature in the 

house. This is named eqithermal regulation [4]. A temperature 

sensor must be placed outside on the shadow wall at the height of 2 

meters over the ground. In family houses and other objects, the 

room temperature may change also for reasons other than changing 

the outside temperature. Therefore the equithermal regulation is 

completed with an internal temperature sensor ((11) in Fig.3) in a 

reference temperature room. Such regulation is then called the 

equithermal regulation corrected to the reference temperature. The 

heat pump software heats the water in the water tank (6) according 

to the temperature from a equithermal curve, which was set by the 

user (Fig.8). The real equithermal curve refines the heat pump 

software, while utilizing also the observed system dynamics. The 

hysteresis is set to ±2.5 °C, which means the compressor switches 

on when the temperature of water in the water tank is 2.5 °C lower 

than temperature found from the equithermal curve and switches off 

when the temperature of water in the water tank is 2.5 °C higher 

than temperature found from the equithermal curve. The role of user 

is set the two points in Fig.8 optimally. In terms of heat pump 

consumption, the optimum mode is when the circulating pump (7) 

runs non-stop. The heat pump control software is able to increase or 

decrease the temperature of the heat water up to ±5 °C difference 

from the equithermal curve, according to room temperature 

measured by the space terminal, to compensate the system 

dynamics. The temperature in the reference room should be close to 

the temperature set by the user (22 °C in our case). It should not 

exceed 22,5 °C, else the heat pump control unit switches off the 

circulating pump (7). If this happens often, the heating water 

temperature is too high and COP factor is not optimal. The 

temperature in the reference room should not sink too much because 

of cold heating water, because the thermal comfort were disturbed. 

To learn more about the COP and heating efficiency, an experiment 

with measurement of four temperatures (water from the source well 

with temperature TS, water returning to the collection well TC, 

output heating water TO and water returning from radiators Tr) has 

been done. Two thermometers Extech EA, each with two calibrated 

contact temperature sensors, were used. The sensors were in contact 

 

Fig. 8 The equithermal curve – temperature of returning heating water Tr as 
a function of the outside temperature TOUT. Both are in oC. 

 

Fig. 9 Comparison of compressor COP according to Matertherm 

catalogue and measurement, real system COPs (COPsyst), excluding the 
heating water circulating pump.  

with cupper pipes under thermal insulation. The power consumption 

of the heat pump system Pi (without the heating water circulating 

pump, which was switched off during the COP measurement), the 

output heating power Po was measured, COP and COPs were 

calculated. The results are in Fig. 9. Unfortunately, the measured 

heat pump’s compressor power consumption is, according to our 

measurements, about 350 Watts higher than expected.  

The heating water circulating pump Wilo Jonos Pico 25/6 (7) 

was also chosen to be effective and its power may be set by the user 

between 4 and 40 Watts. To optimize its behavior, two questions 

should be answered:  

1. How much can be decreased the power of the circulating 

pump without significant compressor’s COP decrease? 

2. Is really optimal, if the circulating pump is running non-

stop? Is the energy saved by better compressor COP 

higher than the power consumption of the circulating 

pump? 

To answer these questions, the dependency between heating water 

temperature and radiated power by radiators must be known, for 

different powers of the circulating pump. The goal is to maximize 

the power radiated at given temperature of heating water, which 

depends on the temperature gradient between the radiator’s input 

and output water. The temperature gradient between radiator’s 

inflowing and outflowing water should be minimal (up to 5°C), 

therefore the circulating pump power should be sufficient. To 

measure the system cooling, water in the water tank and radiators 

was heated to the maximum temperature To=44,4°C (this is not the 

maximal output temperature of the heat pump. This temperature is 

limited by the maximal output power of the heat pump and power 

radiated by radiators). Then the compressor was switched off, the 

circulating pump (7) runs and the time dependency of the heating 

system cooling was measured for two different powers of the 

circulating pump (7) – 40 Watts (full power) and 30 Watts. The 

measured dependency is in Fig. 10 (blue cooling, also the heating 

curve was added). No significant change in radiated power was 

observed. The power radiated by radiators as a function of 

temperature is in Fig.11. We can see that there is no significant 

difference between both curves for 40 Watts and 30 Watts power. 

After some experiments the minimal acceptable power of the 

circulating pump (7) 22 Watts was found. The circulating pump is 

rather noisy at 40 and 30 Watts, the power 22 W minimized the 

acoustic discomfort in the house rooms. Lower power of the 

circulating pump leads to significant radiated power decrease, 

which increases required temperature of heating water and 

decreases heat pump’s COP. Taking into account the circulating 

pump runs all the time during the heating season, decreasing its 

power from 40 to 22 Watts means up to 90 kWh annual energy sa- 
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Fig.10 Heating cooling the heating system. Circulating pump (7) is on, 

Compressor is off while cooling, compressor is on while heating. 

 

Fig.11 Radiated power as a function of radiator’s temperature for 

different powers of the circulating pump. 

vings. 

To solve the second question, we must know the dependency of 

system power consumption as a function of output heating water 

temperature T0 which is in Fig.12. Five degree increase of heating 

water means approximately 220 Watts power consumption increase, 

during the time the compressor is running. Five degree increase of 

heating water means also increase of radiated power by 1.6 factor 

(Fig.11). If we compare 220 Watts power consumption increase by 

the compressor and optimized 22 Watts of circulating pump power 

consumtion, switching off the circulating pump (7) brings some 

savings only if the compressor runs less than 10 % of time. This is 

at heating water temperature less than 25oC. This is too low 

temperature for our heating system. An impulsive mode of 

switching the circulating pump between the full power and zero 

power would bring better results (other simulation required) but this 

would be disturbing for acoustic discomfort and also bad for 

lifetime of the circulating pump. Therefore the best option for the 

circulating pump is to choice a high efficiency, low noise pump and 

optimize its power consumption for non-stop traffic. An important 

question for an investor is the seasonal COPS factor (SCOPS). It is 

defined as overall useful energy output to overall driving energy 

input [5]. In Table 1 are monthly temperatures for Bratislava region 

Tm, heating water return temperature Tr found from Fig.8, output 

temperature T0 calculated as T0 = Tr + 4,7 oC, and system COP 

found from Fig. 9. According to the Table 1 the SCOPS factor 

equals 4,32, which is not bad for a system with radiators. According  

 

 

Fig.12 The system power consumption (excluding the circulating pump (7) 

as a function of output heating water temperature T0 

to Fig.2, the system brings 77 % of energy savings with comparison 

to a classical electrical boiler. 

Table 1: Seasonal COP for Bratislava region 

 

3. Conclusion 

The system with a water-water heat pump was optimized. 

Considering the mean annual traffic of the compressor is 1200 

hours, we saved 432 kWh of energy while choosing a submersible 

pump (2) with appropriate power. Optimizing the power of the 

circulating pump (7), we saved additional 90 kWh of energy. 

Improper installation was solved by adding a temperature sensor to 

the water storage tank (6), which saved 55 kWh. Additional 600 

kWh a year could be saved changing the radiators heating for 

underfloor heating. Better results would be achieved with another 

heat pump with lower heating power (and bivalent system) and a 

lower power submersible pump. The problem is a small assortment 

of good quality low power submersible pumps and heat pumps. The 

last but not least is the possibility of looking for the reason of 

probably gap between the catalogue COP and the real compressor 

COP performance (about 420 kWh a year).  
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