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Abstract 
 

One of the European Union priorities is the promotion of electricity generated from 

renewable energy sources. This is due to reasons of security and diversification of energy 

supply, environmental protection, reducing external dependence of the European Union 

(EU) in its energy supply and economic and social cohesion. 

 

The members of the EU as a whole, constitute the major world power in what concerns 

the development and application of renewable energy. The Maastricht Treaty assigned 

the EU's objectives of promoting sustainable growth respecting the environment. 

Meanwhile the Treaty of Amsterdam incorporated the principle of sustainable 

development in the objectives of the EU. 

 

The price support system for renewable energy currently prevailing in the EU is the 

system Renewable Energy Feed-in Tariffs (REFIT). The geothermal energy is considered 

as one of these renewable energies, so, it gets benefits from this system. 

 

In the concrete case of Sweden, almost 40% of the energy used is represented by the 

residential and services sector. So, to maximize the usage of renewable energy in these 

sectors is a priority for the country. In this way, low enthalpy geothermal energy is the 

easiest way of using geothermal energy in residential buildings.   

 

In this project it is studied a block of flats in N. Kungsgatan 37-43 (Gävle), whose heating 

and tap hot water system are handled by a geothermal heat pump combined with district 

heating. The system has been analysed because the consumption of electricity was higher 

than expected and this is a problem when the energy saving is the objective. 

 

For the analysis, different elements of the installation have been checked to verify if they 

are working correctly. For example, if the temperature sensors are giving properly 

information to the controlling system and the effectiveness of heat exchangers is the 

correct. The whole installation has also been carefully inspected with a thermal camera 

to check possible liquid or heat leakages in the machines room. 

 

Finally, after study the heat pump, the conclusion is that the problem is in the geothermal 

part of the heat pump, because the probes are not able to supply the required heat to the 

system. This is due to the geothermal installation was designed for another heat pump 

which was installed in the building some years ago. However, when the new installation 

was done in 2010, the geothermal installation was not changed for the new heat pump 

installation. 
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1. Introduction 
 

In the last decades, the society has understood the importance of an environmentally 

respectful development and this feeling increases every year. Nowadays is a common 

statement that the only way for a sustainable future is to combine the technological 

development with environmental respect. However, energy usage grows annually with 

the social and technological development of mankind. Nevertheless, energy production 

involves a lot of different environmental problems like the large emission of greenhouse 

gases or the consumption of the non-renewable energy resources of the planet.  

 

It is also important to keep in mind that the environmental degradation is not the only 

problem. Due to the increased energy use and the depletion of fossil fuel reserves the 

price of energy is increasing. In addition to the environmental problem, there is an 

economical problem. To solve these issues is crucial to opt for the development and use 

of renewable energy.  

 

One of these renewable energies is geothermal energy, whose use has been increased in 

recent decades. In 2010, 438.071 TJ of energy from geothermal sources was used in the 

world [1], this quantity of energy means a saving of between 16 and 31 million tons of 

crude in comparison with the use of fuel for the same purpose. During the last 5 years 

after 2010, the electricity produced by geothermal media has grown a 3,6% and heat used 

directly from geothermal media has grown a 5,9% [2] which means a really high quantity 

of energy savings due to geothermal energy use. 

 

Most of geothermal energy is used by geothermal heat pumps [1] mainly for air 

conditioning and heating systems. In the concrete case of Europe, almost 40% of the 

energy used is represented by the residential and services sector [3]. So, rising the use of 

geothermal energy (which is perfectly profitable for residential use) is a really good way 

to reduce the fossil fuels consumption. 

 

However, geothermal installations are expensive and complex, but to get good savings 

thanks to geothermal energy, the geothermal installations have to work correctly. In this 

thesis, due to this premise, the heat pump installed in Norra Kungsgatan 37-43 (Gävle 

outskirts) is going to be analyzed because is using more energy than it should (according 

to design) and it has caused additional expenses to the company that owns the buildings. 

 

1.1 Motivation 
 

My personal motivation for this thesis is that I am really concern about the importance of 

the development of clean energies and another kind of environmentally friendly 

initiatives. This is really necessary if we want to preserve the Earth for future generations 

and even reverse the effects of pollution in the planet. 

 

I would like to contribute to this process learning and practicing methods to solve the 

problems that the implantation of renewable energies may generate. 
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1.2 Objectives 
 

The first objective of this thesis is to find out what is the problem. It may be in the heat 

pump installed in Norra Kungsgatan 37-43 or in the installation connected to the heat 

pump and necessary for the correct operation of the same. 

 

The heat pump installation in N.Kungsgatan combines district heating with a geothermal 

heat pump. It means that a lot of devices like sensors, controlling systems or heat 

exchangers in the installation are going to be checked to find the problem. 

 

For the analysis, as much information as it is possible to find should be analyzed with the 

objective to have enough data to find out the problem in a short period, as it is the first 

aim of the work, and even to extract conclusions for other installations. 

 

The second aim is to do a first analysis for early detection of problems in a heat pump, 

which may help to find and solve problems without the need of expend a great amount of 

time and instrumentation. 

 

1.3 Limitations and delimitations 
 

There are two main limitations in this project. The first one has to do with time, since the 

heat pump study period is short and takes place during the summer which is the period of 

the year when the heat pump works less, therefore, it is more difficult to study its 

behavior. The second limitation is the lack of previous data about the installation, that's 

why it is necessary performing a data collection to study behavior of the heat pump. 

 

The main objective of this project is to find out why the pump is failing and propose a 

solution, but studying the profitability of the possible solutions is not part of the project 
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2. Theory 
 

The case of study is a geothermal heat pump, so it is necessary to get an initial idea of 

what it means. Into the theory section is going to be explained what is a heat pump, what 

is geothermal energy and how both terms work together in a geothermal heat pump. 

 

Thermodynamics is the science that studies the relationship between heat and other forms 

of energy. Heat is energy in transit. Whenever there is a temperature gradient in a system 

or two systems at different temperature are in contact, energy is transferred between them. 

In the nature this energy, flows from high temperatures to low temperatures. However the 

heat pumps are designed to be able to reverse this process. Heat pumps may transfer heat 

from the surrounding areas at low temperature to areas at higher temperature such as 

domestic heating or drying for industry processes. A heat pump can extract the heat from 

the natural sources, ground in case of a geothermal heat pump, and transfer it to the place 

where is required using some amount of energy for the process. 

 

2.1 Geothermal energy 
 

The term geothermal comes from the Greek geo (earth) and thermos (heat), ie, "Heat of 

the Earth". Geothermal energy is defined as the set of industrial processes that try to 

exploit the thermal energy of the Earth to produce electricity and/or useful heat. 

Geothermal energy is defined as energy that can be obtained by the exploitation of the 

heat inside the Earth. 

 

2.1.1 Characteristics of the geothermal energy  

 

The geothermal energy is one of the most efficient renewable energy sources, but also 

one of the less known ones. It is an energy of continuous and manageable production. 

The geothermal energy is generated during the decay of radioactive isotopes present in 

the internal areas of the Earth whose disintegration release large amounts of energy and 

solar radiation. The use of this energy has been limited for a long time to geographic areas 

with very specific geological conditions. Technological advances and improvements in 

prospecting and drilling permit to exploit geothermal resources at lower temperatures. 

 

2.1.2 Types of geothermal energy  

 

In the Earth's crust there are stable areas with low heat flow and unstable areas with very 

high heat flow. Both situations define us the different types of geothermal energy [4]. 

 

Geothermal energy of high temperature or high enthalpy: It is the geothermal energy in 

the active zones of the Earth's crust, with temperatures between 150 and 400 °C can be 

used to produce electricity. Its exploitation is done by drilling very similar to oil 

extraction. Through that "drilling" installation, vapour is obtained in the surface. The 

vapour is used in a turbine to generate electricity. 

  

Medium temperature geothermal energy: It is one in which the reservoir temperature is 

between 90 and 150 °C.  
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Low temperature or low enthalpy geothermal energy: The reservoir temperature is not 

enough to produce electricity (30-90 °C). In this case the temperature difference between 

the underground earth and a near outside area of the earth's surface to carry out a heat 

exchange. 

 

Very low temperature geothermal energy: The temperature is below 30 °C and it is 

directly used with or without geothermal heat pump for heating or cooling. 

 

2.1.3 Applications of the geothermal energy in the infrastructures  

 

Geothermal energy has a large range of applications ranging from large buildings with 

high energy requirements (hospitals, office buildings, apartment buildings, hotels, etc...) 

to buildings with lower energy use (houses, houses field, houses, etc...).  

 

The main applications of geothermal energy are: 

Heating in homes, buildings and industrial buildings. 

Cooling. 

Production of Domestic Hot Water (DHW). 

Pool heating. 

Aquaculture. 

Livestock. 

Greenhouses. 

 

2.1.4 Advantages and disadvantages of geothermal energy  

 

ADVANTAGES 

 

The main advantages of geothermal energy are: 

 

It is a renewable and inexhaustible energy. 

Its use is permanent. Geothermal energy is not affected by seasonal changes or by weather 

conditions outside. 

Maintenance costs of geothermal installations are not expensive. 

These systems suppose a large energy and cost savings. 

Geothermal installations have more than 50 years lifespan. 

The waste produced is minimal and cause less environmental impact than fossil fuel 

waste. 

Geothermal installations are silent systems combinable with other renewable energies. 

Flexibility location. 

Aesthetic installation. Most of the circuit is underground. 
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DISADVANTAGES 

 

In open circuits groundwater there is a slight thermal pollution. 

So far, systems to transport the energy produced by geothermal means have not been 

developed 

High installation cost because a previous study is required and a lot of material is required. 

 

2.2 Heat Pump 
 

The heat pump is a heat engine originally used in air conditioning systems, due to the 

possibility of investing their operation. Heat pumps are currently used as heating systems 

in winter and as a cooling system in summer. 

 

Figure 1, represents the PV diagram for Carnot cycle in which is only used the adiabatic 

and reversible isothermal processes.  

 

The left part of the figure 1 shows a graph of pressure P versus volume V for a Carnot 

cycle. The pressure P is along the Y axis and the volume V is along the X axis. The graph 

shows a complete cycle A B C D.  

 

The path begins at point A, then it moves smoothly down till point B along the direction 

of the X axis. This is marked as an isotherm at temperature T sub h. Then, the curve drops 

down further, along a different curve, from point B to point C. This is marked as adiabatic 

expansion. The curve rises from point C to point D along the direction opposite to that of 

A B. This is also an isotherm but at temperature T sub c. The last part of the curve rises 

up from point D back to A along a direction opposite to that of B C. This is marked as 

adiabatic compression. The path C D is lower than path A B. Heat Q sub h enters the 

system, as shown by a bold arrow to the curve A B. Heat Q sub h enters the system, as 

shown by a bold arrow near C D.  

 

The right part of the Figure 1 shows an internal combustion engine represented as a circle. 

The hot reservoir is a rectangular section at the top of the circle shown at temperature T 

sub h. A cold reservoir is shown as a rectangular section in the bottom part of the circle 

at temperature T sub c. Heat Q sub h enters the heat engine as shown by a bold arrow; 

work W is produced as output, shown to leave the system, and the remaining heat Q sub 

c is returned back to the cold reservoir, as shown by a bold arrow toward it. 
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Figure 1: Carnot cycle [5]. 

 

2.2.1 Antecedents of the heat pumps 

 

Lord Kelvin William Thomson described the theoretical basis for the heat pump in 1852, 

based on the concepts of Carnot cycle [6] and reversibility established by Carnot in 1824, 

he could imagine its future as cooling system in residences, but not as a heating system. 

  

For a long time the use of heat pumps for air conditioning was very little widespread and 

were used only in small numbers in Europe and USA, but the widespread use of heat 

pumps for heating buildings has evolved a lot over time. William Thomson thus became 

a prophet in the field of domestic air conditioning, due to the large number of heat pumps 

and refrigeration that are manufactured every year according to the theoretical basis that 

he discovered. 

   

Because of the technological evolution of the last 50 years, heat pumps are now the main 

established technology for air conditioning installations in Europe and the US. In other 

regions, its use is increasing significantly. 

2.2.2 Operation of the heat pump 

 

The Figure 2 shows the easiest kind of operating heat pump, this is the compression cycle 

of a condensable fluid. In the picture is observed: the heat pump itself (in grey) and the 

two circuits, the input circuit (or cold) and output circuit (or heating). Through a heat 

exchanger, the heat which comes from different environmental heat sources such as air, 

the ground or water. This heat is transmitted to the evaporator (cold).  
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Figure 2: Heat pump schema [7]. 

 

The main components of a heat pump are the compressor, the expansion valve, the 

condenser and the evaporator which are connected in a closed circuit whereby coolant 

flows. 

 

The cycle in Figure 2, is compound by four steps which are going to be briefly explained 

below. 

 

Step 1. Evaporator. The temperature of the refrigerant has to be lower than the 

temperature of the heat source, so heat is allowed to flow to the evaporator from the heat 

source. This heat evaporates the refrigerant which flows through the evaporator. 

 

Step 2. Compressor. Typically, the compressor needs power to perform the compression 

of the vapour which come from the evaporator. After the compression, temperature and 

pressure of the vapour are notably higher than before. 

 

Step 3. In the condenser, heat is transmitted to the heating water, which is distributed 

outside the heat pump to the heating circuit. 

 

Step 4. Finally, the high pressure liquid which flows out of the condenser is expanded in 

the expansion valve and its temperature decreases, returning to its initial state and 

beginning the cycle again. 

 

2.2.3 C.O.P 

 

The value of the performance applied to machines which generate or transform energy, 

in accordance with the first law of thermodynamics, cannot exceed the unit. However, a 
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heat pump do not generate energy, a heat pump transport energy from a cold place to a 

warmer one using a small amount of energy for that purpose.  

 

In this task, yields greater than 100% are obtained. To avoid the confusion that this could 

mean, in these type of machines performance concept takes the generic name of 

efficiency. In case of the heat pump performance is called C.O.P. which means 

Coefficient of performance. C.O.P is defined as the ratio between the heating power given 

by a heat pump and electric power needed under specific temperature conditions to 

operate the compressor. 

 

CALCULATION OF THE COP IN A HEAT PUMP. 

 

Qhot: Heat transmitted to the hot focus. 

Qcold: Heat collected from the cold focus. 

W: power used by the heat pump. 

COPheating: COP when the heat pump is working in heating mode. 

COPcooling: COP when the heat pump is working in cooling mode. 

 

In a heat pump, the heat transmitted to the hot focus is the sum of the heat collected from 

the cold focus plus the power used by the heat pump, which is transmitted to the fluid. 

 

𝑄ℎ𝑜𝑡 = 𝑄𝑐𝑜𝑙𝑑 + 𝑊  (1) 
 

Since the effectiveness of a heat pump depends on its use, there are two different 

expressions of the COP. If the heat pump is being used to warm an area, the useful effect 

is the heat input. 

 

𝐶𝑂𝑃ℎ𝑒𝑎𝑡𝑖𝑛𝑔 =
𝑄ℎ𝑜𝑡

𝑊
=

𝑄𝑐𝑜𝑙𝑑 + 𝑊

𝑊
 

 

 (2) 

If the machine is being used as refrigerator, the practical effect is the heat extracted from 

the cold focus. 

 

𝐶𝑂𝑃𝑐𝑜𝑜𝑙𝑖𝑛𝑔 =
𝑄𝑐𝑜𝑙𝑑

𝑊
 

 (3) 

 

A modern heat pump, operating in heating mode, usually has a COP between two and six. 

The COP of a heat pump also depends on the difference between the temperatures of both 

focus. In cooling mode, the COP of a heat pump is lower than in heating mode, since the 

heat produced by the engine cannot be taken. 

 

When a heat pump is being designed, it is important to realize that the whole heating 

demand does not has to be covered. The extra heat, may be covered by some 

supplementary device and this way is cheaper than purchasing a heat pump for covering 

a higher percentage of the demand. 
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2.2.4 Geothermal heat pumps 

 

A geothermal heat pump [8], works like a normal heat pump (explained in Figure 2). The 

difference is that in a geothermal heat pump, the heat source is always the ground. 

Therefore it is called geothermal heat pump. The heat from the heat source arrives to the 

heat pump through the geothermal probes. 

 

 

The use of the geothermal energy for heat pumps is based on the following statement. 

Anywhere on the planet, the subsoil temperature is more constant than outdoor air 

temperature (at higher depth, fluctuations in the temperature are minor). The subsoil in 

winter will be warmer than the outside air and colder in summer. 

 

A system of geothermal heat pump operates in similar way to a domestic refrigerator, and 

can take advantage of the temperature differential (3-5 °C) that occurs when fluid is sent 

to the subsoil. With the energy exchange which occurs in the subsoil, the heat pump may 

get flow temperatures up 50 °C in heating and 7 °C in cooling. 

 

As it is shown in Figure 3, in the first 15 meters deep, the ground temperature varies 

depending on weather conditions, but from this depth, the temperature remains fairly 

constant throughout the year, rising about 3 °C per 100 m. 

 

 

 
Figure 3: Ground seasonal temperatures [9]. 

In northern Europe, starting from 20 m deep, a ground temperature of 10 °C is common. 

In countries with high levels of solar radiation, such as Spain, soil temperature is 

relatively high and stable and may reach 15 °C. The temperature of the subsoil depends 

on the season and environmental conditions. 

 

Systems with geothermal heat pump are widespread as heating system in Europe for more 

than thirty years ago, especially in northern countries. The economic savings with 

geothermal heat pump are generated by lower electricity consumption, low maintenance 

costs and longer useful life than other systems. It is estimated that energy savings 

compared to conventional heating and cooling systems (gas-oil, gas or electricity), may 

be between 30 and 70%. That is because electricity is only consumed to collect, 

concentrate and providing heat, not to produce the heat. Moreover, investment is 
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amortized over an estimated 6 to 12 years period, without any subsidies that may shorten 

this period. 

 

The COP in a geothermal heat pump is between 4 and 6, beating the more efficient air-

source heat pumps (the usual air conditioning consoles and hot air for air conditioning), 

whose estimated COP is between 2 and 3. This means that per unit of energy used in a 

geothermal system (in this case electricity) 4 or more units of energy are obtained in the 

form of heat or cold.  

 

There are two different kinds of geothermal heat pumps systems [10] which are shown in 

Figure 4. One of this kind of installations may be found in two different formats: 

 

Open loop geothermal systems: In an open loop geothermal system, the water used to 

extract the heat from the ground, is underground water. This water is pumped from a well 

or pond and then circulated through the system to extract the water heat. Finally, the water 

is returned to the well or pond. The main disadvantages of this kind of systems are that 

open loop geothermal systems have a more expensive installation and maintenance and 

natural underground water storage near the system is required to install it.  

 

Closed loop geothermal systems: In a closed loop geothermal system, the water circulates 

in a close pipes/probes circuit from the heat pump to the underground where the heat is 

extracted. The probes are filled with an anti-freeze liquid that helps transfer the ground 

temperature to the geothermal heat pump. A closed ground loop system can be installed 

either vertically or horizontally. 

 

Vertical installation: The probes in this kind of installation are installed vertically at a 

depth of between 100 and 150 metres. This kind of installation is more expensive and 

difficult to install. However, at depths greater than 15 or 20 meters ground temperature 

remains constant independently of outdoor temperature, so less space is required for the 

installation, because the heat supply is constant and greater. 

 

Horizontal installation: The probes in this kind of installation are installed horizontally at 

a depth of about 0,5 metres. This kind of installation is cheaper and easier to install. 

However, an area of around 1,5 or 2 times the size of the area which is going to be 

acclimatised is required to do the installation and it is not possible to build in that area. 

 

 
Figure 4: Geothermal heat pump installations [11] 

2.3 Combining geothermal heat pump and district heating 

 
The installation which is going to be studied, the heat pump installation in N. Kungsgatan 

37-43, combine a geothermal heat pump (VARMEPUMP in Figure 5) and district heating 
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water supply (FJV in Figure 5). The heat pump is a Greenline F model 70kW (Appendix 

5) which provides hot water to both systems, the tap hot water and heating system in N. 

Kungsgatan 37-43.  

 

 
Figure 5: Heat Pump Installation. 

 

2.3.1 Object description 

 

As it can be seen in Figure 5, the installation is "divided" in two parts, the right side 

provides hot water for the heating system and the left side provides sanitary hot water. 

The heat pump for heating turns on when the temperature of the water in the radiator 

system falls below the differential set point of the heat pump, and it stops when the set 

point is exceeded by the assigned differential connection of the heat pump. The controller 

calculates the switching differential in real time, which is normally between 2 and 8ºC. 

 

The district heating water, deals with most of the heat demand of the building, but when 

the temperature of the heating water drops under the nominal value more than 5ºC during 

more than 120 minutes, the heat pump is turned on to deal with the peak demands.  

 

The nominal temperature for the heating systems is climate dependent. Different sensors 

are installed to measure the outside temperature, as well as the inside temperature, to 

regulate the work of the heat pump. When outside temperature is colder, the water supply 
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temperature for heating needed is higher. This nominal temperature is set by the owner, 

as function of the outside temperature (see Appendix 2). 

 

The left side of the scheme is the sanitary hot water side, in this side the coil tank VVB 

(see in Figure 5) water is reheated by district heating to reach the nominal temperature 

for the tap hot water, which is 60ºC. However, when the temperature of the water in the 

coil tank drops below 45ºC, the actuator SV3 (see Figure 5) opens the valve which is next 

to him in the scheme. When the valve is open, the water from the heat pump loads the 

tank. Finally when the temperature in the coil tank is over 47ºC, the actuator SV3 closes 

the valve. 

 

The heat pump Greenline F model 70kW needs at least 8 geothermal probes to work 

correctly [12] and the ideal separation distance for the 8 probes is 20 metres. However 

when the heat pump was installed, the geothermal installation had already been done for 

the first ground heat pump installed there. This old installation had 20 probes that are used 

for the current installation.  

 

Looking closely the installation, it is possible to see that apart from water supplied by 

district heating and the heat pump, there are many more devices that are part of the 

installation and are necessary for proper operation. Then, the importance of analysing 

some of these elements to find the fault in the installation is going to be explained, as well 

as the theory used for analysis. These elements are the heat exchangers, the sensors, the 

pipes and the joints (to find leaks). 

 

2.3.2 Heat exchangers in the installation 

 

The heat exchangers in the installation are used to transfer heat from district heating water 

to the building water, without mixing the water of both flows. In Figure 5, VVX-VV are 

the heat exchangers for give off heat from district heating to the hot tap water circuit and 

VVX-VS is the heat exchanger between district heating and heating flows. 

 

The heat exchangers are brazed plates heat exchangers, whose effectiveness varies from 

0.86 to 0.99 [13] if they are filled with refrigerant or a little less if they are filled with 

water. The effectiveness of the heat exchangers is an important parameter which can be 

calculated to determine if the exchangers are working properly.  

 

A method to get the effectiveness of the heat exchangers is the MLDT method [13]. To 

calculate the effectiveness following the MLDT method the next parameters are used. 

 

�̇�ℎ 𝑎𝑛𝑑 �̇�𝑐: Mass flow of the hot and cold fluids respectively. 

ℎℎ,𝑖 𝑎𝑛𝑑 ℎℎ,𝑜: Specific enthalpy of the hot fluid (inlet and outlet respectively). 

ℎ𝑐,𝑖 𝑎𝑛𝑑 ℎ𝑐,𝑜: Specific enthalpy of the cold fluid (inlet and outlet respectively). 

𝑐𝑝,𝑐 𝑎𝑛𝑑 𝑐𝑝,ℎ: Specific heat of the cold and hot fluid respectively. 

𝑇𝑐,𝑜 𝑎𝑛𝑑 𝑇𝑐,𝑖: Temperature of the cold fluid, outlet and inlet flows respectively. 

𝑇ℎ,𝑖 𝑎𝑛𝑑 𝑇ℎ,𝑜: Temperature of the hot fluid inlet and outlet flows respectively. 

 

According to this method the exchanged heat, ‘q’ is: 

 

𝑞 =  �̇�ℎ · (ℎℎ,𝑖 − ℎℎ,𝑜) =  𝑚𝑐̇ · ( ℎ𝑐,𝑜 − ℎ𝑐,𝑖)  (4) 
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In equation 4, h represents the specific enthalpy. If none of the fluid changes phase, its 

losses when passing through the exchanger are negligible and the value of its specific heat 

hardly varies with temperature, under this conditions ‘q’ is given by equation 5: 

 

𝑞 =  �̇�𝑐 · 𝑐𝑝,𝑐 ·  (𝑇𝑐,𝑜 − 𝑇𝑐,𝑖) =  �̇�ℎ · 𝑐𝑝,ℎ ·  (𝑇ℎ,𝑖 − 𝑇ℎ,𝑜)  
 

 (5) 

Equation 5 is a general expression for every kind of heat exchanger. 

 

Now, after calculating ‘q’, it is the time to get the effectiveness, to carry out this 

calculation it is necessary to use the ε-NTU method which says that the effectiveness ‘ε’ 

is: 

 

ε =
𝑞

𝑞𝑚𝑎𝑥
 

 

 (6) 

In the equation, ‘q’ is the real heat exchanged in the equipment and 𝑞𝑚𝑎𝑥 is the ideal 

(maximum) heat which may be exchanged. 𝑞𝑚𝑎𝑥 is given by the expression: 

 

𝑞𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛 · (𝑇ℎ,𝑖 − 𝑇𝑐,𝑖) 

 

 (7) 

In the equation, 𝐶𝑚𝑖𝑛 is the smaller heat capacity ‘�̇�𝑐𝑝’ between the two fluids. 

 

2.3.3 Sensors in the installation 

 

Different sensors are used in N.Kungsgatan heat pump installation to compare different 

parameters as pressures, flows or temperatures. Sensors are necessary because with the 

data obtained in real time by sensors, the controlling system of the heat pump is able to 

regulate the working parameters of the installation. It is important to know that if the 

parameters given by sensors are incorrect, the heat pump is going to work incorrectly. 

 

The sensors are going to be analysed because the electronic components are one of the 

main fault causes in complex systems in which these components are involved [14]. The 

reason is that electronic components are very vulnerable, as they are affected by the 

slightest changes from the initial design parameters.  

 

Sensor's main problems are [14]: 

Environmental conditions as humidity, temperature, external magnetic, vibrations, power 

interrupts, system responses as voltage spikes, overstress caused by the increase and 

decrease of the electric parameters near the limits of the components, repetitive changes 

in comparison with the nominal level of operation parameters and system overloads and 

the use of uncertified accessories create problems in circuits with respect to transients or 

operating frequencies 

2.3.4 Leaks in the installation 

 

Thermal and liquid leakages due to different causes are another important cause of fault 

in a hydraulic installations [14]. These kinds of leaks are going to be studied due to the 

fact that water also comes from district heating, small liquid leakages may originate 
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thermal losses without being striking enough for stop the installation and the same 

happens with thermal leakages.  

 

The most problematic type of small leak in the system would be liquid leaks, because 

liquid leaks will probably generate pressure and heat losses. 

 

Heat losses can be count as a kind of leak. These losses may generate overexertion in the 

system. This is because if some heat is lost in the circuit, the control system will order the 

heat pump to work harder than it is than required (without leaks) to replace lost heat. This 

extra consumption may be the problem in the heat pump. 
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3 Method and process 
 

In this section, the method and process followed to find out why the heat pump device in 

N. Kungsgatan 37-43 has been using more energy than it should be according to design 

during last years is going to be presented.  

 

This method is going to be divided in six steps. 

 

The first step of the analysis, is to receive as much information as possible about this kind 

of systems for get an idea about what are the correct parameters, how is the installation 

working and for be able of recognize possible malfunctions in case of find them. In the 

references about the basic heat pump working and designing, there are a lot of information 

about design parameters [15], expected efficiency with efficiency studies [16], numerical 

information about heat pumps studies and heat pumps designing [17]. In this papers is 

also explained what is geothermal heat pump and how it works. 

 

The second step is to understand how the heat pumps often fail, to use this information to 

verify what is failing after checking the system. Probably is not going to be easy to find 

information about failure modes and especially about how to start the failure analysis, for 

instance, what the most important parameters to check are or what kind of failure can 

demonstrate these parameters. This information may contribute with clues about the most 

common problems in heat pumps [18], may explain how to design a fault detection 

method [19] or how to start an investigation about malfunction following a guide or 

searching the most important parameters for an analysis [20] in heat pumps. 

 

After this information research, the third step is to do a visual recognition of the entire 

installation, testing if everything it is working correctly in first instance. In this step, it 

will also make a comparison between the actual installation and the plane of the same. 

The objective is to see if every element shown in the plane is properly installed and 

become familiar with the installation. 

 

After that, the heat pump installation is going to be reviewed as fourth step of the research. 

This review is going to be done, because the cause of the fault may be in the hydraulic 

circuit that combines heat pump and district heating. To check the circuit, it is going to 

be necessary to take some measurements, to do some calculations and to analyse the 

devices of the circuit. In this case the heat exchangers, the sensor and possible leaks. 

 

The fifth step is to study the geothermal heat pump itself, including the geothermal probes 

installation [21]. This review is going to be done because if the fault is not in the hydraulic 

circuit that combines heat pump and district heating the problem is probably in the heat 

pump. To check the heat pump, it is going to be necessary to take some measurements, 

to do some calculations and to analyse the operation of the heat pump. 

 

At the end, the sixth step is to extract conclusions of described research and to present 

them trying to extrapolate the results in case they were necessary for other devices. 

 

Until now, the objective of this research and the heat pump installation, where this work 

takes place have been presented, as well as a review of the background theory necessary 

to understand the research carried out in this work. This represents the first two steps 
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described above to carry out this thesis. Now, an explanation in depth of the four last steps 

of the research is going to be presented. 

 

3.1 Visual recognition of the installation of the heat pump 
 

This step for the resolution of the malfunction is to explore the installation, checking if 

everything is working correctly (at least apparently) and studying the different devices 

which compose the installation. The objective of this first exploration, is recognize the 

different elements shown in the plan (Figure 5), observing if any element visual 

appearance, may make evident its disrepair.  

 

As it can be seen in the Appendix 3, the whole installation has been checked, trying to 

find deterioration in some component which could show that the installation failure was 

caused for the trouble in the deteriorated component. 

 

The different elements of the installation have also been searched in the different 

catalogues and websites of their providers, with the objective of use the relevant 

information during later tasks of the work, if some information in the manual is required 

to find or to test possible failures. As the heat pump is the main part of the installation 

and provides a lot of information for the revision of different parameters, it is important 

to get the usage manual for the heat pump screen. Besides, the values shown by the screen 

have been used in posterior tasks of the work. 

 

3.2 Review of the heat pump installation 
 

It is not possible to confirm with the current data that SV3 is the real problem in the 

installation, so other devices should be checked.  

 

The failure modes to be checked are: the loss of effectiveness of heat exchangers, which 

could be due to corrosion, dirt or leaks [22]. Based on this idea [23] the facility has been 

reviewed to observe the possibility of liquid leakages, or heat leakage due to insulation 

failure. These leaks could cause loss of heat and pressure.  

 

Finally as part of the analysis of the peripheral elements, the sensors has been tested. To 

carry out this task, the temperature in different parts of the installation, where temperature 

sensors are placed, is going to be measured to compare it with the temperatures shown by 

the sensors.  The comparison is done because a mismatch in the measured temperature 

could interfere with the performance of the heat pump. 

 

These checks have been performed with a thermal camera (FLIR SYSTEMS 

ThermaCAM S60 [24])., although the camera is not the most accurate tool for the 

collection of some data, as the temperature in specific points of the installation, it has 

been considered as accurate enough to carry out these check-ups. Thanks to the versatility 

of the thermal camera it is possible to carry out the three preliminary studies with a single 

tool. If after ascertain the data from the preliminary study is considered as necessary, it is 

possible to proceed to a more exhaustive study of the device or devices detected as 

possible causes of the malfunction.  
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3.2.1 Review of heat exchangers 

 

The calculation of the effectiveness of the heat exchangers is done with the intention of 

compare the results with the effectiveness which is theoretically supposed for the kind of 

heat exchangers placed in the installation, in this case between 0.86 and 0.99. It is also 

necessary to keep in mind that the measurement method applied to get the temperature in 

the different flows of the heat exchanger it is not completely accurate. The effectiveness 

between 0.86 and 0.99, it is in case of use this brazed plate heat exchangers with a 

refrigerant thus an error of 5% at the lower limit of the supposed effectiveness it is going 

to be considered as acceptable. It means that if after the calculations, the effectiveness of 

the heat exchangers is between 0.817 and 0.99 the performance is going to be considered 

as correct. 

 

Before the calculations it is necessary to get the temperatures of the inlet and outlet flows 

for both, hot and cold liquids. The temperatures have been obtained with the thermal 

camera previously mentioned. In the Appendix 1 it is possible to see the process followed 

to calculate the effectiveness of the heat exchangers and thermal camera images. In this 

process the equations 5, 6 and 7 are joined to get equation 8 which is used to calculate the 

effectiveness of the heat exchangers.  

 

ε =
�̇�ℎ · (Tℎ,𝑖 − 𝑇ℎ,𝑜)

�̇�𝑚𝑖𝑛 · (Tℎ,𝑖 − 𝑇𝑐,𝑖)
 

 

 (8) 

 

3.2.2 Review of the sensors 

 

In this installation the main electronic components out of the heat pump are the sensors, 

controllers and actuators. Through these components, the heat pump controller gets the 

information needed for the controlling of the system and the variation of the working 

parameters, to adequate them to the outside temperature.   

 

To check if the sensors fail, the temperature indicated by the sensors has been compared 

to the temperatures measured on-site in the installation with a thermal camera. The 

measurement method is not 100% effective because the temperature has been measured 

in the outside of the pipe and although over time temperature outside and inside the pipe 

tends to equalize if working conditions remain constant, eventually, small variations 

could be produced. But it is a simple way for a measurement and it is not necessary to 

punch out the pipe to introduce a measurement instrument inside the pipe. It would be 

possible to use a pipe clamp probe to get the temperature outside the pipe but it have been 

considered that most of the different measurements could be done with the same 

instrumentation to simplify the work. 

 

Another important thing to keep in mind is that a thermal camera provides small 

variations in temperature depending on the temperature detected in different points of the 

measured component, so, several measurements have been done to reduce the possible 

variation caused by differences in the instant work parameters on the pump. 
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3.2.3 Search for leaks in the system 

 

To observe if there are some liquid leakages in the installation a visual observation have 

been done to the whole system. After the visual recognition, it is possible to confirm the 

inexistence of liquid leaks, because liquid leakage would originate the appearance of 

puddles or wet in the installation elements. There have not been such incidents, so there 

is no liquid leakage. 

 

To discard important or striking heat losses through the installation pipelines, devices or 

isolations, the thermal camera (FLIR SYSTEMS ThermaCAM S60) have been used 

following a similar method to [6]. The process has been carried out from lowest to highest 

level of detail [25]. First, taking thermal images of large areas of the facility, and then, 

approaching different elements of isolation or devices connections.  

 

The objective was to see more detailed images of different elements in the installation. 

Some heat leaks were appreciated, but only in the connection between different elements 

which cannot be isolated, in any case negligible losses in comparison with the size of the 

installation. 

 

3.3 Study of the geothermal heat pump  
 

After check the installation, even with the doubts generated by the disconnection of the 

actuator SV3, the problem have not been detected yet, so it is the moment to study the 

heat pump itself. Several measurements have been done in the process and with the data 

obtained some ascertainment are going to be done. 

 

First of all, the theoretical COP of the heat pump it is calculated according to the data 

(Appendix 5) provided by the reference sheet of the heat pump according to standard 

EN225. 

 

The real COP is not going to be the same because this standard provides the COP in 

specific and controlled conditions, but the real COP should be between the two different 

COPs provides by EN225. Table 1 shows the difference in COP when the heat pump is 

working in two different scenarios. In both scenarios the cold focus of the heat pump is 

at 0ºC and hot focus of the heat pump is 35ºC and 50ºC respectively, For this reason, the 

cases are called 0/35 and 0/50 in the table. The real COP should be between these two 

theoretical values. 

 
Table 1: COP curbe from data sheet. 

  Output 
heat (kW) 

Energy 
input kW 

COP 

0/35 67,8 16,7 4,06 

0/50 55,6 22,3 2,49 

 

Now, after calculate the theoretical COP some data is going to be collected in the 

installation to get the real COP and compare it with the theoretical one. This data is also 

going to be used to compare the behaviour of the heat pump with the expected one 

according to the temperatures curve given by the manufacturer. The Table 2 shows the 
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first data collection from the installation. Including the real and expected HVAC (heating, 

ventilating, and air conditioning) temperature provided by the heat pump to the building. 

 
Table 2: First data colection. 

Temperature 
in °C 

27-April 05-May  

Output T -4,4 19,6 Geothermal 
side Input T 4,9 21,4 

Output T 44,2 23,3 Heating 
side Input T 35,9 22,8 

Gas T 91,1 21,5  

HVAC 
expected T 

41 25  

HVAC real T 39,5 25,2  

Outdoor T 8,8 18,7  

 

During the data collection the heat pump was apparently not working because the meter 

was showing 0 as work, so it is not possible to calculate the instantaneous COP. However, 

it is possible to compare the behaviour of the heat pump with the expected one according 

to the temperatures curve given by the manufacturer. 

 

The heat pump is restarted to force heat pump works during the data collection, because 

it is going to be subject to overexertion during the restart. The restart is useful to get some 

data necessary to calculate the instantaneous COP of the heat pump and to have more 

information needed to find the problem. During the restarting period, it is going to be 

possible to check the evolution of the different parameters, creating a chart to verify if 

everything is working correctly. Table 3 shows the data collection in the heat pump during 

the restarting period. 

 
Table 3: Heat pump restart data. 

 5 May at 
13:32 

5 May at 
13:37 

5 May at 
13:57 

6 May at 
12:32 

7 May at 
18:33 

Geothermal side 
Output 
temperature ºC 

19,6 8,7 -4,5 18,1 20,8 

Geothermal side 
Input temperature 
ºC 

21,4 14,6 5,4 19,5 21,4 

Pump Output 
temperature ºC 

23,3 35,2 38,5 23,4 22,3 

Pump Input 
temperature ºC 

22,8 26,9 29,3 23,4 22 

Gas temperature ºC 21,5 66,2 81,6 21,4 21,6 

HVAC expected T ºC 25 25 38,2 24 20 

HVAC real T ºC 25,2 33,6 25 25,9 24,7 

Outdoor 
temperature ºC 

18,7 18,7 18,4 19,5 21,7 
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About one day and a half is necessary to restore the work conditions even with a hot 

climate for Gävle.  

 

With the Equation 2 and the data obtained from the counter (Table 5) during the restart 

of the heat pump, it is possible to calculate the instantaneous COP the day May 5 at 13:37 

and 13:57. The equation 9 is going to be used to get the value of Qhot in equation 2. 

 

𝑄ℎ𝑜𝑡 = �̇�𝑝 · 𝑐𝑝,𝑝 ·  (𝑇𝑜,𝑝 − 𝑇𝑖,𝑝)  (9) 

 

�̇�𝑝 = 𝑄 · 𝜌   (10) 

 

𝜌 = Water density = 1000 kg/m³. 

𝑐𝑝,𝑝 = Water Cp= 4,180 kJ/kg·K. 

Q = flow. 

𝑇𝑜,𝑝 = Outlet temperature of the heat pump. 

𝑇𝑖,𝑝 = Inlet temperature of the heat pump. 

 
Table 4: Table for instant COP. 

05-may hour: 13:37 hour: 13:57 

Input Energy (kW) 70 61,1 

Flow (l/h) 5736 5760 

P Output T (°C) 35,2 38,5 

P Input T (°C) 26,9 29,3 

 

To finish the study of the heat pump, the seasonal COP is going to be calculated with 

Equation 2 and the data from the installation counter. The seasonal COP is the media 

COP in a period of time, in this case is going to be calculated between days 7 to 24 of 

May and 7 to 29 of May. The Table 5 shows the data from the installation counter. 

 
Table 5: Table for seasonal COP calculation. 

  07-may 24-may 29-may 

Heat (heat pump) 
MWh 

971,77 975,37 976,75 

Work (heat pump) 
kWh 

342799 343950 344432 

 

Seasonal COP is going to be calculated twice to compare if it is a reasonable result 

between the ranges given by the manufacturer. This COP will be higher than the annual 

COP because it is going to be calculated in summer conditions. In summer, the heat pump 

is only working for heat the sanitary hot water if it is necessary and in winter the work 

conditions are more unfavourable because the system is also working for heating 

 

According to the geothermal heat pump supplier (IVT) and it report for N.Kungsgatan, 

the estimated power required by the building in the coldest days is 275,5 kW. The heat 

pump has an output of 70 kW ‘P’ and an operating time of 6880 hours ‘h’ indicated in 

IVT report (Appendix 4) ‘h’ to cover 25% of the power demand during the coldest days 

(IVT's report). This is not representative of the whole year, but the maximum power ‘MP’ 
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that the heat pump may deliver in a year may be calculated with this data with the next 

equation. 

 

P · h = MP = 481600 kWh/year  (10) 

 

The average energy used in last 6 years, since the heat pump installation is 658,215433 

MWh (Appendix 6). So, if the maximum power that the heat pump may provide in a year 

is 481,600 MWh/year, it represent 73,17% of this average energy (this is not 

representative of the whole year). 

 

It means that the heat pump in the maximum working conditions may cover 73,17% of 

the energy  required by the building. In winter, the energy covered by the pump is near 

73,17% but in summer most of the energy usage is covered by district heating. 

 

3.3.1 Study of the geothermal probes 

 

After study the installation and the heat pump it is the moment to explain the method used 

to study the geothermal installation. 

 

First of all, the power provided by the probes is going to be calculated to compare it with 

the average power required by the heat pump, because the geothermal installation was 

not designed for this heat pump. The installation has 20 probes ‘n’ installed in an area of 

about 1470 m². The probes have between 80 and 120 metres of depth ‘l’ to provide 

between 30 to 50 watts by linear meter ‘W/lm’ [26] each one.  

 

The equation to calculate the power provided by the probes ‘W’ is: 

 

W = W/lm·l·n  

 

 (11) 

Due to some factors required in Equation 12 vary in a range, ‘W’ is going to be calculated 

supposing different conditions: worse, average and better conditions. Table 6 shows this 

process. 

 
Table 6: Geothermal probes, different conditions. 

Conditions Worse Average Better 

Effect (W/lm) 30 40 50 

Length / depth (m) 80 100 120 

Number of probes 20 20 20 

Power (kW) 19,2 32 48 

 

This result is going to be compared with the heat required by the heat pump in maximum 

work conditions. This heat is going to be calculated using Equations 2, 12 and the 

different results obtained through this report. 
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4. Results 
 

This section shows the results reached following the process previously explained in the 

Method and process section. 

 

4.1 Results of the visual recognition of the installation 
 

After explore the installation, a really striking element has been found, the actuator SV3 

(see Figures 6 and 7) was disconnected. 

 

 
Figure 6: SV3 disconnected. 

 

This is something really striking, because SV3 (see Figures 6 and 7) according to the 

plans, regulates the switch which allows the pass of the flow from the sanitary hot water 

side to the heating side when the temperature conditions in the coil tank need to be 

regulated. The problem here is that the valve in SV3 (see Figures 6 and 7) has to regulate 

the temperature, but if SV3 is disconnected, the temperature in the coil tank cannot be 

regulated. 

 

In accordance with the system description, when the temperature in the coil tank is below 

45ºC, hot tap water flow and heating flow should be mixed to reach at least 45ºC in the 

coil tank. Then, it is possible to reach more than 60 ºC in the exchangers to avoid the 

formation of legionella in the water. In the other hand, when the sanitary hot water in the 

coil tank is above 47 ºC, the actuator SV3 (see Figures 6 and 7) closes the valve to stop 

the mixing of both flows (this is to prevent burns in case of a temperature above 60ºC 

appears in the sanitary hot water). 
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Figure 7: Heat Pump installation (SV3). 

 

After this finding, the person responsible for the heat pump was asked about why SV3 

was disconnected. He explained that it was not an error. He said that the disconnection of 

SV3 is done every winter. According to his explanation during winter the actuator is 

disconnected and the triple valve is placed in “winter position” (see Figure 8) and in 

summer the actuator is connected with the objective of place the valve in “summer 

position” (see Figure 8). 
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Figure 8: SV3 explanation  picture. 

 

As it is shown in Figure 8, in winter only the heat pump is working and the pipe between 

the coil tank and the heat pump is the closed one. In summer, the coil tank is working fed 

mainly by district heating, but, when it is required to maintain the design parameters, the 

heat pump also works to reach the required temperatures. 

 

4.2 Results of the heat pump installation review  
 

In this section, the results obtained in the calculation of the heat exchangers effectiveness, 

the review of the sensors and the leak inspection are going to be presented. 

4.2.1 Heat exchangers effectiveness  

 

The first exchanger is connected to the district heating and hot water. It is the SWEP 

brand, so hereinafter it is going to be named as SWEP1. 

 

The second exchanger is connected in with the first heat exchanger to the district heating 

and hot water. It is the SWEP brand, so hereinafter it is going to be named as SWEP2 

 

The third exchanger is connected with the heat pump and the other heat exchangers. It is 

the ALFA LAVAL brand, so hereinafter it is going to be named as ALFA LAVAL. 
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Table 7: Heat pump effectiveness. 

Heat exchanger Effectiveness (𝛆) 

SWEP 1 0,96 

SWEP 2  0,93 

ALFA LAVAL 0,93 

 

The effectiveness of all the heat exchangers is between 0.817 and 0.99, the range 

considered as correct in the method definition. 

4.2.2 Results of the sensors review 

 

The temperature and pressure in different points of the installation have been measured 

and compared with the data shown by the sensors. In the Appendix 3, it is possible to see 

some of the installation thermal images and some of the pressure measuring instruments. 

The following figure and explanation are an example of these measurements and 

comparisons. 

 

Figure 9 shows the thermal images provided by the thermal camera in the inlet pipe of 

district heating, where the sensor is installed (left) and in the outflow pipe of the heat 

pump (right), where another sensor is placed. 

 

 
Figure 9: District heating (left) and pump flows (right) sensor, thermal images. 

In the Figure 9, it can be seen that the temperature for the inlet water of district heating 

pipe is measured as 44 °C coinciding with the temperature observed by the sensor (see 

appendix 3) 44,15ºC. The return water temperature to the heat pump given by the thermal 

camera is 49 °C and the temperature indicated by the sensor (appendix 3) is 49,65 ºC. 

Therefore, the temperature sensors are working properly. 

 

All comparisons made between the data collected by the sensors and the measures taken 

at the facility have matching results. 

4.2.3 Leaks inspection 

 

At first, the existence of moisture or puddles on the installation that might indicate leaks 

was reviewed without finding any of those things. Then, the analysis of heat losses with 

the thermal camera was done. In Appendix 3 can be seen much of the thermal images 
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taken. In these images it is shown that the boards of the installation are the only place 

where appreciable losses occur, but compared to the size of the installation are negligible. 

 

4.3 Results of the geothermal heat pump study  
 

In this section are going to be presented the results obtained in the geothermal heat pump 

study, the instantaneous instant and seasonal COP obtained and the geothermal probes 

study.  

 

First of all, in Figure 10 is possible to compare the temperatures curve provided by the 

manufacturer and shown in Appendix 2 (curves red and blue) with the real data  from the 

first data collection (Table 2) from the installation (curves green and purple). 

 

In Figure 10, Y axis is outside temperature (below 20 ºC) and the temperature of water 

provided by the heat pump (above 20 ºC). X axis represents the different points where the 

manufacturer provides information for the curve.  

 

For example, the point 2 in X axis means that for an outside temperature of 10 ºC, the 

heat pump has to warm the water until 36 ºC according to the manufacturer information. 

The data collected here shown an outside temperature of 8,8 ºC and a temperature of the 

water provided by the heat pump of 39,5 ºC. The data has only been collected until point 

2 of the X axis because is the temperature range of Gävle during the measurement period.   

 

 
Figure 10: Temperatures curbe, comparisson with data. 

 

4.3.1 Instantaneous COP calculation 

 

With the data collected in Table 3, a graph (Figure 11) showing the evolution of the 

different parameters during the restart of the heat pump is going to be built. In addition, 

with data from Table 4, the instantaneous COP of the heat pump is going to be calculated 

to compare it with the theoretical COP. 

 

In the chart in Figure 11 is possible to observe that the first value is before restart the 

pump and it is a normal working value. When the pump is restarted, the cold temperature 
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immediately decreases, and the HVAC real temperature decreases until lower values than 

HVAC expected temperature. The outlet temperature of the heat pump (P output 

temperature) is striking higher than the heat pump inlet temperature (P input temperature) 

because during disconnection, the HVAC heat has decrease. This is because the outlet 

temperature of the heat pump should restore the heat lost during restart. 

 

 
Figure 11: Restart chart. 

Table 8 show the instantaneous COP calculation result to compare it with the theoretical 

COP. 

 
Table 8: Instantaneous COP. 

 Instantaneous COP 

𝑪𝑶𝑷𝟏𝟑:𝟑𝟕 0,79 

𝑪𝑶𝑷𝟏𝟑:𝟓𝟕 1 

Theoretical COP 2,46-4,06 

 

These results are really striking as COP in a heat pump. 

4.3.2 Seasonal COP calculation 

 

To finish the study of the heat pump, the seasonal COP is going to be calculated with 

Equation 2 and the data Table 6. Table 9 show the seasonal COP calculation and results 

to compare it with the theoretical COP. 

 
Table 9: Seasonal COP. 

  days (7 to 24) days (7 to 29) Theoretical COP 
COP calculation (975,37 − 971,77)

(343,95 − 342,799)
 

(976,75 −  971,77)

(344,432 − 342,799)
 

is the range shown 

below  

COP 3,13 3,05 2,46-4,06 

 

Both results are in the range of theoretical COP but COP = 3,13 is going to be used for 

future calculations. 
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4.3.3 Results of the study of geothermal probes 

 

In this chapter the heat required from the probes is going to be calculated 

 

The first step to calculate the heat required by the heat pump from the probes is to 

reorganize the Equation 2 in equation 12 to obtain the compressor work.  

 

𝑄𝑝𝑢𝑚𝑝 =
𝑄ℎ𝑒𝑎𝑡

𝐶𝑂𝑃
=

481,600

3,13
= 153,865 𝑀𝑊ℎ 

 (12) 

 

Then, the reorganized Equation 1 is used to get the heat annually required from the probes 

in Equation 13. 

 

𝐵𝑜𝑟𝑒ℎ𝑜𝑙𝑒𝑠 ℎ𝑒𝑎𝑡 = 481,6 − 153,9 = 327,73 𝑀𝑊ℎ  (13) 

 

Finally in Equation 14, with the Equation 10 applied to the probes and knowing the 

maximum required heat for the probes and the total working hours for the heat pump, 

which is provided by the manufacturer (Appendix 4). It is possible to obtain the heat 

required by each borehole. 

 

𝐵𝑜𝑟𝑒ℎ𝑜𝑙𝑒𝑠 𝑃𝑜𝑤𝑒𝑟 =
327,7

6880
= 0,0476 𝑀𝑊 =  47,6 𝑘𝑊 

 (14) 

 

47,6 kW is the energy required from the boreholes for a correct performance in maximum 

work conditions. 

 

Figure 12 shows a comparison between the heat contributed by the probes and heat 

required of them. The blue line represents the heat supplied by the probes varies from 

worse to better working conditions. The red dot is the heat required from the probes if 

they are working in conditions of maximum requirement. 

 

 
Figure 12: Boreholes study chart, from results in Table 6 and Equation 14. 
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5. Discussion 
 

5.1 Analysis of the installation reconnaissance 
 

The disconnection of the SV3 actuator was the only important finding in this part of the 

report. After ask to the worker in charge of heat pump, he said that he had done it on 

purpose to change the actuator between summer and winter position. However, it is 

assumed that the actuator should work automatically regulating the heat pump. So, if the 

first year the installation worked correctly and the actuator worked automatically that year 

during summer time and the installation and testing time, it is possible to think that if the 

change between summer and winter positions in the actuator started from the second year 

it may be the cause of failure or at least aggravate the failure. 

 

5.2 Peripheral installation study analysis 
 

Now it is the moment to talk about the peripheral installation devices review. 

 

The first of these devices are the heat exchangers, all the calculated effectiveness are in 

the range estimated as correct in method and theory sections. So, it is possible to deduct 

that the heat exchangers are not the problem in the installation. 

 

The next device checked are the sensors; explain the motivation for this kind of checks 

was considered more important than shown every comparative (between sensors and 

measurements) image of the process. The measures of the sensors in the installation were 

compared with the thermometers in the installation, with the different temperatures 

obtained with the thermal camera, with the data from the counters and with the technical 

specifications (pump pressures and flows with their data sheets and so on) of the different 

elements of the installation to verify that everything was working into correct conditions. 

After these comparisons, no discordance between the measures taken and the sensor 

information was found. So, the final conclusion in this section is that the sensors are not 

the problem in the installation. 

 

The peripheral installation analysis conclusion ends with leakages section. The 

conclusion for the leaks detection are similar than the conclusions of the sensors section. 

The motivation behind the leaks search has already been shown in Theory and Method. 

During the investigation a lot of thermal images have been taken (Appendix 3) and a 

careful visual recognition has been done but there are not leaks in the installation and 

pressure remain in correct levels, so there are not motivations to think that leaks are the 

problem. 

 

5.3 Analysis of the geothermal heat pump study 
 

Finally, the most important part of the analysis is the heat pump study. After the first data 

collections, it is possible to realise that the heat pump is, in general, providing enough 

heat to the installation. This is due to the measured temperatures in the heat pump closely 

match with the temperatures shown by the manufacturer for the pump. However, the data 

have been taken in a good weather period for Gävle, because both outside temperatures 

are higher than Gävle average temperature (5º) and even in good conditions may be 
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appreciated that the temperatures difference between inlet and outlet streams are higher 

than recommended. 

In this point, the pump was restarted to check the behaviour of the pump during startup, 

and the instant COP for two different points of the restart were calculated (Table 8). 

(COP1=0,79 and COP2 = 1) 

 

These results, are really striking, COP in a heat pump, even more in a geothermal one 

should be higher than one, between 3 and 4 for modern geothermal pumps. That striking 

results may be possible in really short periods during restart conditions, but it is unlikely, 

so the error of these results may be in the data collection. In the collected data it is possible 

to realize that the flow in the heat pump seems really low, in comparison with the nominal 

flows in the heat pump reference sheet. The nominal flow, which is in the reference sheet, 

is 1,73 l/s (see Appendix 5) and in bad conditions, such as the study ones, the flow should 

at least be equal to the nominal flow or even overcome it, but in both cases it is lower 

than the nominal flow. The low flow may be one of the causes for the overconsumption 

as it can be seen in Equation 15. 

 

𝑞 =  �̇� · 𝑐𝑝 ·  (𝑇ℎ − 𝑇𝑐) 

 

 (15) 

After that, the comparison between the maximum heat requirements of the heat pump and 

the possible heat contributed by the geothermal boreholes which has been done in Figure 

12. 

 

As ilustrated in Figure 12, if the heat pump is working in harsh conditions, the probes 

only can contribute heat enough in really favourable conditions for the boreholes. The 

real conditions of the probes are probably worse than these ones as it is going to be 

explained now. 

 

The geothermal installation of 20 probes in a small space was in the building before the 

actual heat pump installation. However, the ideal conditions for the heat pump are 8 

probes with a separation of 20 metres between them. Under these conditions, the probes 

are very close to each other but the quantity of heat in an area is a fixed amount, which is 

not higher because there are more probes. The excess of probes makes some of them 

subtract energy to others. It means that the probes are not working in perfect conditions 

so the energy extracted by the probes must be nearer of 30 W/m than of 50 W/m. 

 

In figure 13, the phenomenon explained in the previous paragraph is illustrated. An image 

like the Figure 13 cannot be taken in the installation, but Figure 13 shown the typical real 

distribution of heat in a field of geothermal probes 5 years after the installation. In the 

picture, it is possible to see that the high concentration of probes decreases the energy 

that everyone can take. To solve the problem, installing some extra probes in a near area 

can help as well as some extra flow in the heat pump, because more flow means more 

heat exchange. 
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Figure 13: Temperatures distribution in a field of geothermal probes [27]. 

5.4 Secondary objective: preliminary analysis scheme for heat pumps 
 

It is also think that the secondary aim of the study, to be a first analysis for malfunction 

causes in a heat pump have been compliment. With the possibility of follow similar steps 

in future work. 

 

To close the analysis, it is important to say that the geothermal probes are the cause of the 

malfunction according to the study, but this is a hypothesis because like some estimation 

have been done it is not possible to know if some errors have been committed. Moreover, 

the time for the study was not so long, and most of the work has been done in summer 

when the main problem of the pump is in winter period.  

 

As recommendation for future works, it would be a good idea to perform the analysis in 

winter when the problem is probably higher and the COP is lower, other recommendation 

is take more days to calculate the seasonal COP and try to study the geothermal 

installation more precisely way as well as the installation between the probes and the 

pump including filters. 

 

Other idea is to study the thermal loses of the building and the energy use previsions 

study, to check if the problem is there and not in the pump. 
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6. Conclusions 
 

In this section are going to be briefly explained the two conclusions of the report. 

 

Firstly, the insufficient flow in the heat pump may be one of them but a most carefully 

study should be done to insurance if it can be changed.  

 

The second problem, which seems to be as the real one, is the geothermal probes 

installation because in most of the conditions, according to the study are not able to supply 

heat enough to the pump. Figure 14 show the outside of the probes. 

 

 
Figure 14: Out side of the probes (thermal image). 

 

It is also thought that the secondary aim of the study, which is to be a first analysis for 

malfunction causes in a heat pump, have been compliment. This gives the possibility to 

follow similar steps in future works. 

 

Finally as request, in case of continuing with a future study, perform it in winter would is 

recomended. 
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8. Appendixes 
 

Appendix 1: Heat exchangers. 
 

Figures 15 to 18 show normal and thermal photographs of the first heat exchanger which 

is connected to the district heating and hot water. It is the SWEP brand, so hereinafter it 

is going to be named as SWEP1. Its effectiveness will be calculated in detail and then 

photographs and results are displayed for the remaining exchangers 

 

 
Figure 15: Top, SWEP1 exchanger. 

 
Figure 16: Top, SWEP1, thermal image. 
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Figure 17: Bot, SWEP1 exchanger. 

 
Figure 18: Bot, SWEP1, thermal image. 

 

The calculation is going to be done with the equation 8. In this case, both flows are 1,12 

l/s and 1,09 l/s and the 𝑐𝑝 are almost the same in both flows, so ṁmin (Lower mass flow 

between hot and cold fluids)is the lower flow. The equation is: 

 

ε =
�̇�ℎ · (Tℎ,𝑖 − 𝑇ℎ,𝑜)

�̇�𝑚𝑖𝑛 · (Tℎ,𝑖 − 𝑇𝑐,𝑖)
=

1,12 · (54,6 − 51,4)

1,09 · (54,6 − 51,2)
= 0,96 

 

 (16) 

 

Following the same steps, it is possible to calculate the effectiveness of the other heat 

exchangers. 

 

Figures 19 to 22 show normal and thermal photographs of the second exchanger which is 

connected with the first heat exchanger to the district heating and hot water. It is the 

SWEP brand, so hereinafter it is going to be named as SWEP2. 
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Figure 19: Top,  SWEP2 exchanger.. 

 

 
Figure 20: Top,  SWEP2 thermal image. 
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Figure 21: Bot,  SWEP2 exchanger. 

 

 
Figure 22: Bot,  SWEP2 thermal image. 

Figures 23 to 27 show normal and thermal photographs of the third exchanger which is 

connected with the heat pump and the other heat exchangers. It is the ALFA LAVAL 

brand, so hereinafter it is going to be named as ALFA LAVAL. 
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Figure 23: Top, ALFA LAVAL exchanger. 

 

 
Figure 24: Top, ALFA LAVAL thermal image (steel). 

 
Figure 25: Top, ALFA LAVAL thermal image (copper). 
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Figure 26: Top, ALFA LAVAL exchanger. 

 

 

 
Figure 27: Bot, ALFA LAVAL thermal image (copper). 

 

𝑞 =  �̇�𝑐 · 𝑐𝑝,𝑐 ·  (𝑇𝑐,𝑜 − 𝑇𝑐,𝑖) 

 

SWEP2 exchanger. Cp1 ≈ Cp2.  

 

ε =
Tℎ,𝑖 − 𝑇ℎ,𝑜

Tℎ,𝑖 − 𝑇𝑐,𝑖
=

67,3 − 48,1

67,3 − 46,8
= 0,93 

 

ALFA LAVAL exchanger. Cp1 ≈ Cp2. 

 

ε =
𝑄ℎ · (Tℎ,𝑖 − 𝑇ℎ,𝑜)

Q𝑚𝑖𝑛 ·  (Tℎ,𝑖 − 𝑇𝑐,𝑖)
=

1,2 · (62,7 − 30)

1,09 · (62,7 − 24)
= 0,93 
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Appendix 2: Photos of heat pumps display. 
 

 
Figure 28: Heat pump deviation. 

 

 
Figure 29: Heat pump curve 1. 
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Figure 30: Heat pump curve 2. 

 

 
Figure 31: Heat pump curve 3. 
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Appendix 3: Photos of the installation and photos of the thermal camera. 
 

 
Figure 32: District heating sensor 

 

 
Figure 33: Heat pump sensor. 
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Figure 34: Thermal image 1. 

 

 
Figure 35: Thermal image 2. 
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Figure 36: : Thermal image 3. 

 

 
Figure 37: Thermal image 4. 
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Figure 38: Pressure and temperature measurments tools. 
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Appendix 4: IVT report (N. Kungsgatan). 
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Appendix 5: Heat pump technical data. 
 

 
Figure 39: Greenline F model 70kW. 
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Appendix 6: Energy since new heat pump was installed. 
 

 
 


