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Abstract 
This bachelor thesis investigates the market and technical potential of combining PV-T 

technology with ground source heat pumps for multi-family housings in Sweden. 

The basic idea is to first convert ordinary solar panels to solar panels that are cooled which 

reduces their resistance. This makes them more efficient efficient and increases their life 

expectancy. The heat extracted is then utilized to make the heat pump more efficient. This can be 

done in multiple ways. Different system setups are therefore considered and the most optimal one 

is modelled and evaluated.  

The model is created in Excel using weather data from Sweden. It calculates the borehole 

temperature, COP and simple payback time for the system, varying different interesting inputs.  

The conclusion is that the best system solution is to transfer the PV-T coolant heat to the 

borehole. The result also shows that the performance of the system is improved the most for 

buildings with low heat losses, but that the simple payback time is longer in those cases. 

The potential of a system like this is not promising due to the long simple payback time, more 

detailed modelling is required so that a more realistic result can be achieved to see if it becomes 

shorter. 
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Sammanfattning 
Detta kandidatexamensarbete undersöker möjligheten att kombinera hybrid-solceller med 

bergvärmepumpar för flerfamiljebostäder i Sverige. 

Grundtanken är att göra om vanliga solceller till solceller som blir kylda så att de blir effektivare 

samt att de får längre livslängd, för att sedan använda den värmen man extraherar från cellen till 

att göra bergvärmepumpen effektivare. Detta kan göras på flera olika sätt och olika 

konfigurationer konstrueras och den bästa lösningen blir modellerad. 

Modellen görs i Excel och med hjälp av väder- och solcelldata från Sverige kommer den nya 

borrhålstemperaturen, COP-värdet samt tiden det tar innan man har fått tillbaka investeringen att 

beräknas. Resultatet är att det bästa sättet att kombinera dessa två system är att leda värmen direkt 

ner i borrhålet. Resultatet säger även att tiden det tar innan man har fått tillbaka sin investering är 

som kortast vid byggnader som har höga energibehov. 

Potentialen för detta system ser i nuläget inte lovande ut eftersom tiden det tar innan man får 

tillbaka investeringen är alldeles för lång, utförligare beräkningar krävs för att uppnå mer exakta 

resultat för att se om återbetalningstiden blir kortare. 
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Nomenclature 
Defines variables and parameters. 
 

Title characters Unit 

Ground source heat pump 𝐺𝑆𝐻𝑃 - 

Coefficient of performance 𝐶𝑂𝑃 - 

Seasonal coefficient of performance 𝑆𝐶𝑂𝑃 - 

Photovoltaic 𝑃𝑉 - 

Photovoltaic thermal 𝑃𝑉 − 𝑇 - 

Voltage 𝑉 - 

Temperature 𝑇 °C 

Payback time 𝑡𝑝 year 

Electricity cost 𝑃𝑒 SEK/kWh 

Cost of new system 𝐶𝑛 SEK 

Power saved per year 𝑃𝑠 kWh/year 

Amount of heat from the PV-panel to the borehole 𝐸𝑝𝑣𝑡𝑡𝑜𝑏𝑜𝑟𝑒 kWh 

Heat drained from the borehole to the heat pump 𝐸𝑏𝑜𝑟𝑒𝑡𝑜ℎ𝑒𝑎𝑡 kWh 

Gained electricity due to lower cell temperature 𝐸𝑝𝑣𝑔𝑎𝑖𝑛 kWh 

Heat demand of the house 𝐸ℎ𝑜𝑢𝑠𝑒 kWh 
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Input radiation on the PV panel 𝐸𝑟𝑎𝑑 kWh 

Electricity demand of the circulation pump 𝐸𝑝𝑢𝑚𝑝 kWh 

Electricity gained from the PV-panel 𝐸𝑝𝑣 kWh 

Electricity demand of the heat pump 𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝 kWh 

Energy stored in the borehole 𝐸𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 kWh 

Energy drained or gained from the ambient ground to 
the borehole area 

𝐸𝑔𝑟𝑜𝑢𝑛𝑑𝑡𝑜𝑏𝑜𝑟𝑒 kWh 

Energy drained or gained from the ambient air to the 

borehole area 
𝐸𝑎𝑖𝑟𝑡𝑜𝑔𝑟𝑜𝑢𝑛𝑑 kWh 

Massflow of the fluid that cools the panels 𝑚𝑝𝑟𝑖𝑐𝑘 kg/s 

Fraction of input radiation that goes to the borehole 𝛽 - 

Increased efficiency per degree decreased  𝛼 - 

Heat pump efficiency 𝑛 - 

Temperature of the cell after it has been cooled 𝑇𝑎 °C 

Temperature outside in the ambient air 𝑇𝑜 °C 

Temperature inside the house 𝑇𝑖 °C 

Temperature in the ground 𝑇𝑔 °C 

Temperature from the heat pump 𝑇𝑑 °C 

Temperature of the cooling liquid to the cell 𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 °C 
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Temperature of the cell before cooling 𝑇𝑏𝑐 °C 

Temperature of the borehole 𝑇𝑏 °C 

Specific heat capacity of the PV-panel 𝐶𝑝𝑝𝑎𝑛𝑒𝑙 kWh/(kg K) 

Specific heat capacity of the borehole 𝐶𝑝𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 kWh/(kg K) 

Rho of the fluid that cools the PV-panel 𝜌𝑓𝑙𝑢𝑖𝑑 kg/𝑚3 

Velocity of the fluid that cools the PV-panel 𝑉𝑓𝑙𝑢𝑖𝑑 m/s 

Length of the piping on the PVT-panel 𝐿𝑝𝑖𝑝𝑒 m 

Price of the piping and heat exchangers  𝑃𝑝𝑖𝑝𝑒 SEK 

Price of the circulation pump 𝑃𝑝𝑢𝑚𝑝 SEK 

Price of the tank 𝑃𝑡𝑎𝑛𝑘 SEK 

Electricity price 𝑃𝑒 SEK/kWh 

Power of the circulation pumps 𝑊𝑝𝑢𝑚𝑝 W 

Time that the circulation pumps runs during a year 𝑡𝑝𝑢𝑚𝑝 s 

Area of the PV-panels 𝐴𝑝𝑎𝑛𝑒𝑙 𝑚2 

Surface area of the building excluding the bottom. 𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑚2 

The bottom area of the building 𝐴𝑏𝑜𝑡𝑡𝑜𝑚 𝑚2 

Surface area of the borehole range excluding bottom 

and top 
𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝐺 𝑚2 

Bottom area of the borehole range 𝐴𝑏𝑜𝑡𝑡𝑜𝑚𝐺 𝑚2 
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Top area of the borehole range 𝐴𝑡𝑜𝑝𝐺 𝑚2 

Cross-section area of the pipes that cools the panel 𝐴𝑝𝑖𝑝𝑒 𝑚2  𝑚2 

Convection value between the ground and ambient air ℎ W/(𝑚2*K) 

Combined U-value for Asurface 𝑈𝑤 W/(𝑚2*K) 

U-value for Abottom 𝑈𝑓𝑙𝑜𝑜𝑟  W/(𝑚2*K) 
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1 Introduction 
Today, the society is in great need of developing a sustainable future. The world’s energy 

demand is steadily increasing and so must the energy production. A large factor of the total 

energy usage in Sweden comes from the building sector and thus it becomes interesting to 

investigate where improvements of efficiency and sustainability can be made. One way to 

improve the energy efficiency of buildings is to examine their heating system. In Sweden, a very 

common way of heating houses is taking energy from the earth’s crust, utilizing a heat pump. 

This system is effective but there are still potential for improvements. The heat pump itself is 

being pushed to its limits regarding efficiency and now a solution to combine the existing heat 

pump systems with PV-T is being proposed. 

This study analyses the possibilities and the effects for such a system, implemented in Sweden. 

Similar studies have already been done to smaller houses in Sweden but without discovering 

great potential. It has now been proposed to investigate the profitability of the systems for larger 

buildings since it would include larger storage volumes and potentially less percentile heat losses.  
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2 Problem and Objectives 
There are many different ways to utilize renewable energy for household heating and electricity. 

In this project, the concept of combining ground source heat pumps with PV-T panels is being 

studied in order to determine whether it can be made a viable source of energy for Swedish multi-

family housings. PV cells operate better at lower temperatures so transferring heat away is 

necessary. However, what to do with the heat is another question.  

One method is to have the PV-T panels use the excess heat for domestic water (Solimpeks, 

2010). This causes a problem during the winter, when the heat is needed, because there is not 

much heat to be extracted from the PV-T panels during that time of the year. Instead of heating 

the domestic water, the heat can be led directly to the borehole or directly to the heat pump via 

some sort of buffer tank. This might be a better idea since it would increase the efficiency of the 

heat pump and it would be possible to save the heat during the summer for use in the winter when 

the heating demand is higher. 

This integration of PV-T and GSHP can be done in many ways with different modifications and 

results. The different setups will have different technical and economical properties. The goal is 

to examine the current state of the Swedish GSHP and PV-T market and determine which setups 

would be most interesting to try and implement in the future. In addition, the simple payback 

time will be calculated for the chosen system. 

3 Background 
To understand the combined system as a whole, the different parts will first be described. 

3.1 Ground source heat pump 
Ground source heat pumps (GSHP) uses the earth’s crust as a heat source. The earth is 

constantly receiving energy from the sun and the earth can therefore be seen as an infinite 

heat source. There is a large interest for ground source heat pumps as a heat provider in 

Swedish properties. Annually, it is estimated that 11-12 TWh of renewable heating is 

produced from GSHPs across the country. This accounts for about 25% of total world geo-

energy usage and it constitutes the third-largest renewable energy source in Sweden (Björk 

et al.2013).  

How the most common version of the system works in Sweden will now be described. The 

first thing a GSHP needs is a waterborne heating system in the house. A vertical hole must 

be drilled in the ground, with a diameter of 115 or 140 mm and 80-250 meters deep, 

depending on the heating needs. In Sweden this is most common way but it also works 

having horizontal pipes that covers a large area underground. In the hole there is a U-pipe 

which is connected with the heat pump. The U-pipe is filled with heat conductive fluid (brine) 

that cannot freeze, and the purpose is to transfer heat from the ground to the heat pump.  

When the brine enters the heat pump, the heat from the fluid is transferred to a refrigerant in 
the evaporator. The refrigerant has low boiling temperature and it circulates in a closed 
system between an evaporator and condenser. In the evaporator the temperature is 
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increased to get the refrigerant to boil. Later on the vapor is led into a compressor that 
works as a pump for the process. Here the compressor increases the pressure which leads 
to increasing temperature. The hot refrigerant gas then moves into the condenser, which is 
where the heat from the refrigerant is emitted to the waterborne heating system, which is 
usually delivered at approximately 50-60 degrees Celsius. The temperature drop of the 
refrigerant transforms it back to fluid form, then the fluid returns to the evaporator through an 
expansion valve which controls its flow. The GSHP system is shown in figure 1.1. If the heat 
from the GSHP isn’t enough, there is a direct electric immersion heater which supplies peak 
loads.  
 

 

 
 

Figure 3.1 Principle of a GSHP (Elisabeth Kjelsson,2009). 

 

 

 

The concept is the same for single and multi-family housings. However, with the larger heat 

demand, more and/or deeper boreholes are required in addition to a more powerful heat pump. 

While an average villa may require a single borehole of around 150 meters depth, multiple-family 

housings boreholes can come in hundreds, ranging from 100 to 300 meters depth. Adequate 

spacing between boreholes is also required to prevent them from cooling each other. 

GSHP is widely used because of its low operation cost and minimal required maintenance. It 

doesn’t require a lot of space in the garden because the hole goes straight down. It almost works 

independent of the weather and season because of the stable temperature so deep into the ground. 
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The downside is that it is very expensive to install the system, especially drilling the hole and 

purchasing the heat pump.  

The coefficient of performance (COP) of a heat pump is the ratio between delivered heat and the 

input electricity, which describes the efficiency of the heat pump. The seasonal coefficient of 

performance (SCOP) describes the average COP of a heat pump over time. For example, for a 

COP of three, for every kWh electricity that goes in three times more comes out in the form of 

heat. The COP is related to the source and sink temperatures. If the ground temperature was 

higher, and the heating system remains the same, the electrical demand would decrease. The 

growing popularity of GSHP has driven improvements over recent decades, which has resulted in 

the SCOP rising from 2.5 in 1980 to up to 4 in 2012 (Björk et al.,2013).  

 

3.2 Photovoltaic 

Solar panel, also known as photovoltaic (PV) panel is a power system which converts 

electromagnetic radiation into electricity. PV cells are semiconductors and are often made out of 

silicon. Semi conductive means that the electrons are bound to the core (as opposed to a good 

conductor where they are free to move). Once a sun ray hits the core of the atom, the electrons 

are “unshackled” and as they start to move an electric flow is created. In a grid connected system, 

an inverter converts the direct current (DC) into utility frequency alternating current (AC). One 

PV cell is approximately 1 dm² and produces a 0.5V current. This means that you need to chain 

several cells together to reach a practical voltage. For off grid systems it is common to have a 

panel consisting of 33 or 36 cells which gives 12V. For in grid connected systems which is 

relevant for this thesis, there are usually 60 cells which gives 30-36V (Ivarsson J,2011). 

A characteristic for common PV modules is that the panels usually get hot when it’s a sunny day, 

which leads to lower efficiency due to increased resistance. For every 1°C that the temperature 

rises, the efficiency of the panel decreases with 0,5% (“PV/Thermal”,2014). One method of 

removing heat from the PV module is with active cooling, known as a photovoltaic thermal 

module (PV-T). This type of module in this case has a liquid system that collects the heat from 

the back side of the PV panel and transports it away so that the heat can be used for other 

purposes like heating domestic water. 

3.3 Earlier work 

There have been similar projects in this area. A study from Elisabeth Kjellson from the university 

of Lund (2009) concluded that the best way of combining solar collectors with GSHP was to 

charge the borehole during wintertime and heat domestic water during summertime. This study 

was done for single-family houses with single boreholes and she didn’t use PV-T, so this project 

is different in that regard. Multiple boreholes will spread their heat to each other and thus it might 

be a better solution to charge the borehole even during summertime. 

In a study in 2012, GSHP was combined with PV-T and the heat from the PV-T was directly led 

to the heat pump. The conclusion was that the SCOP increased by 0.31 the first year and by 0.51 

for the 20th year of operation. (Bertram et al., 2012)  



 

15 

 

 

 

 

 

  



 

16 

 

 

4 Method 
The method of the project consists of several steps. Step one is producing different system 

combinations of GSHP and PV-T panels. Step two is eliminating systems that have economical 

or technical limitations. This means for instance taking into account that the integration of the 

system may not be too costly or ineffective. Lastly, efficiency is calculated for the remaining 

systems and for the old one and they are compared and analyzed. The efficiency will be measured 

in terms of electricity demand to reach a given indoor temperature, for a given time frame. If 

electricity is saved for the new system then a simple payback time will also be calculated. The 

result should give either: 

a) one system that is superior to now used systems and should be further researched in more 

detail. 

b) it is deducted that no system combination is interesting in an practical/economical point of 

view. 

4.1 Technical limitations 

The system integration takes into account limitations that are too costly or too impractical to 

change. The first aspect examined is whether the system can be physically implemented. This 

requires: 

● The solar panels are located in the sun. 

● The water circulation in the U-pipe can be made without having to dig more boreholes. 

● There is enough space for the solar panels and eventual tanks. 

4.2 System setups 

Five different system setups are suggested. In the figures below you can see their schematics. The 

above technical limitations have been taken into consideration when producing these. (Some of 

the pictures are credited to Nelson Sommerfeldt). 
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Figure 4.1. System 1. 

 

The heat from the PV-T panel is directly transferred to the borehole. The heat pump takes the 

heat from the borehole. 

 
Figure 4.2. System 2. 
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The heat from the PV-T panel goes into a tank that then supplies the heat pump directly on 

demand, together with the borehole. The tank works as a booster that increases the heat to the 

heat pump. 

 
Figure 4.3 System 3.  

 

Same setup as above but with one added feature, the tank that is supplied with heat from the solar 

panel heats up the domestic water supply when the heat pump does not require extra heat. In this 

way the heat in the tank is used instead of radiating away when the heat pump is idle. 
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Figure 4.4. System 4 

 

Same setup as above but with one difference, instead of giving extra heat to the heat pump, the 

heat from the PV-T goes down into the borehole. Seasonal regulations can be made to switch the 

PV-T from supplying the DHW and the borehole. 

 
Figure 4.5. System 5. 

 

The heat from the PV-T panel enters a buffer tank that is heating the borehole or increasing the 

input temperature to the heat pump. 

 

4.3 Picking system 

The five different systems have different pros and cons. Below follows an explanation for why 

each system may or may not be a viable alternative. 

4.3.1 System 1 

System one utilizes the output heat from the PV-T directly to heat the borehole. Since most 

existing boreholes have one U-pipe inside them this method would require at least two boreholes 

to work and effectively taking one of them out of use for the heat pump since it is dedicated to 

transferring heat from the PV-T to the borehole. 

4.3.2 System 2 

This system works fine during the summer when it is possible to extract heat from the PV-T to 

boost the input temperature to the heat pump. This would mean less heat has to be taken from the 

borehole. However, during the winter there is basically no heat extracted from the PV-T and thus 

the only advantage to the already existing heat pump system is the regeneration of the borehole 
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coming from the less heat extracted of the borehole. This is superior to the current system but 

only slightly since there is not much heat extracted from the borehole during summer time 

anyway. 

4.3.3 System 3 

Much like system two, this system works the same except for the added flexibility of boosting not 

only the input temperature to the heat pump, but also the domestic water. The same disadvantage 

as system two exist here. 

4.3.4 System 4 

System four uses the energy from the PV-T to heat the borehole or transfers its energy to the 

domestic water. During the winter when the liquid tank from the PV-T can be colder than the 

temperature of the borehole, it is possible to just close that circuit and not get negative impact on 

the input temperature to the heat pump. 

4.3.5 System 5 

This system can heat the borehole during the summer but during the winter if the isolation is not 

good enough the tank that stores the liquid from the PV-T may lower the input temperature to the 

heat pump. Depending on season or temperatures it can be regulated between boosting the input 

temperature to the heat pump and charging the borehole. 

4.3.6 Conclusion 

The first three systems have big disadvantages to the remaining. The first system cannot be 

physically implemented without needing many boreholes to use their U-pipe to transferring the 

heat from the PV-T into the borehole. This would sacrifice the performance of the thermal 

storage. The other two systems do not give any less energy demand of the heat pump during 

winter time which is when the heat pump is needed the most. The two most interesting systems 

are system four and five. System five has a big limitation since the liquid from the borehole must 

go through the tank that exchanges heat with the PV-T. It is assumed that this tank cannot be 

sufficiently insulated and thus will be affected from the surrounding outdoor temperature. That 

means that during the winter the liquid tank will cool the liquid that comes from the borehole into 

the heat pump. Due to these reasons, system four has been chosen to be simulated with energy 

calculations. 

4.4 Model plan 

A model is set up for calculating the energy demand for a building with the PV-T/heat pump 

configuration of system four. The energy demand that is calculated is compared to that of the 

same building but with a regular PV/heat pump configuration. The installation cost that turns the 

regular configuration into that of system four is approximated and thus the payback time can be 

calculated. The model is created in Microsoft Excel. 

The inputs of the model will be the outdoor temperature as well as the incoming sun radiation and 

temperature for an already existing solar panel in Stockholm, for different hours for a complete 

one-year period. These values can be found in the excel sheet (Appendix 1). For longer time 

frames than a year, the first year is taken multiple times. The output will be: 
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a) The electricity (kWh) saved per year for the new system. 

b) The borehole temperature, since it is directly related to the electricity saved by the heat pump 

and it is interesting to obtain information of an eventual new/different steady state for the 

performance of the heat pump. 

c) The payback time which tells what kind of long or short term investment the system really is. 

d) The new COP value of the system. 

4.5 Setting up the model 

The full model can be found in Appendix 1. Data of the Input radiation, hourly energy, cell 

temperature and ambient temperature is received for a one-year time frame in Stockholm. Below 

is the equations and formulas used for each piece in the model. 

4.5.1 PVT hybrid 

The energy extracted by cooling the PVT-panel is assumed to be transferred to the borehole 

without energy losses. The amount of energy extracted from the panel every hour can be 

calculated with the following formula: 

                                                       𝐸𝑃𝑣𝑡𝑡𝑜𝑏𝑜𝑟𝑒 = 𝐸𝑟𝑎𝑑 ∗ 𝛽                                                        (4.1) 

Where 𝐸𝑟𝑎𝑑 is the input radiation per hour and 𝛽 is the fraction of the input radiation that the 

coolant absorbs. The temperature difference of the cell before and after it is cooled then gives the 

extra energy gained every hour by cooling the cell, using this relationship:    

                                                   𝐸𝑃𝑣𝑔𝑎𝑖𝑛 = 𝛼 ∗ (𝑇𝑏𝑐 − 𝑇𝑎) ∗ 𝐸𝑃𝑣                                             (4.2) 

Where 𝛼 is the fraction extra gained electricity for every 1 C degree lower cell temperature, 𝑇𝑏𝑐 is 

the temperature of the cell before cooling, 𝑇𝑎 is the temperature of the cell after cooling and 𝐸𝑃𝑣 

is the hourly electricity gained from an uncooled PV-system. 

The maximum mass flow that is required for the heat exchange between the cell and the coolant 

is calculated by (Yunus et al.,2011): 

                                   𝑚𝑝𝑟𝑖𝑐𝑘 = 𝐸𝑃𝑣𝑔𝑎𝑖𝑛/((𝑇𝑏𝑐 − 𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔) ∗ 𝐶𝑝𝑝𝑎𝑛𝑒𝑙 ∗ 3600)                        (4.3) 

Where 𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 is the temperature of the fluid that cools the panel,𝑇𝑏𝑐 is the temperature of the 

cell before cooling and 𝐶𝑝𝑝𝑎𝑛𝑒𝑙 is the Cp-value of the PV-panel. Since the energy output varies 

but the output temperature is constant, the mass flow is the variable that changes. It will be 

checked that it is a reasonable value given a reasonable flow velocity. The cross section area of 

the pipe can now be calculated using the formula (Yunus et al.,2011): 

                                                      𝐴𝑝𝑖𝑝𝑒 = 𝑚𝑝𝑟𝑖𝑐𝑘/(𝜌𝑓𝑙𝑢𝑖𝑑 ∗ 𝑉𝑓𝑙𝑢𝑖𝑑)                                      (4.4) 

Where 𝜌𝑓𝑙𝑢𝑖𝑑 is the density of the fluid and 𝑉𝑓𝑙𝑢𝑖𝑑 is the velocity. 

 A circulation pump, tank and piping to the PV-panels that meets the requirements has to be 
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chosen and bought, which is a one-time cost that is called the installation cost, which is 

calculated with this formula: 

                                             𝐶𝑛 = 𝐴𝑝𝑎𝑛𝑒𝑙 ∗ 𝐿𝑝𝑖𝑝𝑒 ∗ 𝑃𝑝𝑖𝑝𝑒 + 𝑃𝑝𝑢𝑚𝑝 + 𝑃𝑡𝑎𝑛𝑘                            (4.5) 

Where 𝐴𝑝𝑎𝑛𝑒𝑙 is the area of the PV-panels, 𝐿𝑝𝑖𝑝𝑒 is the length of the piping for each 𝑚2  panel, 

𝑃𝑝𝑖𝑝𝑒 is the cost of the piping, labour work and heat exchanger per meter, 𝑃𝑝𝑢𝑚𝑝 is the cost of the 

circulation pumps and 𝑃𝑡𝑎𝑛𝑘 is the cost of the tank. In addition to the installation cost there will 

be an electricity demand that the circulation pumps needs, which can be calculated with this 

formula: 

                                                               𝐸𝑝𝑢𝑚𝑝 = 𝑊𝑝𝑢𝑚𝑝 ∗ 𝑡𝑝𝑢𝑚𝑝                                           (4.6) 

Where 𝑊𝑝𝑢𝑚𝑝 is the power of the pumps and 𝑡𝑝𝑢𝑚𝑝 is the time that the pumps needs to be 

switched on per year. 𝑊𝑝𝑢𝑚𝑝 data is obtained from the pump manufacturer which can be found in 

Appendix 2. The costs will be used later for the payback time calculation. 

4.5.2 House load 

The house load is calculated to know how much energy that has to be taken from the ground and 

how much electricity the heat pump needs. To calculate the house load, some properties has to be 

determined. These are; the temperature inside the house which is fixed, the temperature outside, 

the temperature in the ground, the thermal transmittance (U-value) of the house, the surface area 

of the house that is in contact with the air and the surface area that is in contact with the ground. 

All of these properties can be found in Appendix 2. The house load can then be calculated using 

the formula (Yunus et al.,2011):  

              𝐸ℎ𝑜𝑢𝑠𝑒 = (𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒 − 𝐴𝑏𝑜𝑡𝑡𝑜𝑚) ∗ (𝑇𝑜 − 𝑇𝑖) ∗ 𝑈𝑤 + (𝐴𝑏𝑜𝑡𝑡𝑜𝑚 ∗ (𝑇𝑔 − 𝑇𝑖) ∗ 𝑈𝑓𝑙𝑜𝑜𝑟)   (4.7)                                         

Where 𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒 is the total surface area of the building (including windows and doors), 𝐴𝑏𝑜𝑡𝑡𝑜𝑚 

is the surface area that is against the ground, 𝑇𝑜 is the temperature outside, 𝑇𝑖 is the temperature 

inside 𝑈𝑤 is the U-value of the wall (which is a simplification), 𝑇𝑔 is the ground temperature and 

𝑈𝑓𝑙𝑜𝑜𝑟 is the U-value for the floor. 

When the total heat demand of the house is known, the total energy taken from the ground to the 

the heat pump can be calculated with the following formula (Björk et al.,2013):  

                                                 𝐸boretoheat = 𝐸ℎ𝑜𝑢𝑠𝑒 ∗ (1 − 1/𝐶𝑂𝑃)                                      (4.8) 

Where 𝐸ℎ𝑜𝑢𝑠𝑒 is the load of the house (which you can see above) and 𝐶𝑂𝑃 is the coefficient of 

performance of the heat pump and is calculated using the relationship (Björk et al.,2013):  

                                                        𝐶𝑂𝑃 = 1 + 𝑇𝑏/(𝑇𝑑 − 𝑇𝑏) ∗ 𝑛                                            (4.9) 

Where 𝑇𝑑 is the output temperature of the heat pump (which is assumed constant), 𝑇𝑏 is the input 

temperature to the heat pump from the borehole (which is assumed to be the same temperature as 

the borehole at that time) and 𝑛 is the heat pump efficiency. 

The Electricity need of the heat pump is calculated with this formula (Björk et al.,2013):  
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                                                        𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝 = 𝐸ℎ𝑜𝑢𝑠𝑒/𝐶𝑂𝑃                                               (4.10) 

4.5.3 Borehole  

The borehole area is modelled as a cylinder made up of the borehole range, with homogenous 

temperature. The amount of heat stored in the borehole can be calculated with following formula 

(Yunus et al.,2011): 

                                             𝐸𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 = 𝑚𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 ∗ 𝐶𝑝𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 ∗ 𝑇𝑏                                      (4.11) 

Where 𝑚𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 is the mass of the earth that is span by the boreholes, 𝐶𝑝𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 is the Cp-value 

for the material that the borehole consists of and 𝑇𝑏 is the temperature of the earth cylinder. The 

energy gained or lost by the borehole cylinder to the surrounding ground per hour is calculated in 

following way (Yunus et al.,2011): 

                           𝐸𝑔𝑟𝑜𝑢𝑛𝑑𝑡𝑜𝑏𝑜𝑟𝑒 = (𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝐺 + 𝐴𝑏𝑜𝑡𝑡𝑜𝑚𝐺) ∗ (𝑇𝑔 − 𝑇𝑏) ∗ 𝑘𝑔𝑟𝑜𝑢𝑛𝑑                 (4.12) 

Where 𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝐺 is the surface area of the cylinder excluding the top and bottom, 𝐴𝑏𝑜𝑡𝑡𝑜𝑚𝐺 is the 

bottom area of the cylinder,𝑇𝑔 is the temperature of the ground, 𝑇𝑏 is the temperature in the 

borehole and 𝑘𝑔𝑟𝑜𝑢𝑛𝑑 is the conductivity of the ground. It will also gain or lose energy to the 

ambient air from the top which is obtained using the formula (Yunus et al.,2011): 

                                            𝐸𝑎𝑖𝑟𝑡𝑜𝑔𝑟𝑜𝑢𝑛𝑑 = 𝐴𝑡𝑜𝑝𝐺 ∗ ℎ ∗ (𝑇𝑜 − 𝑇𝑏)                                          (4.13) 

Where 𝐴𝑡𝑜𝑝𝐺 is the top area of the cylinder, ℎ is the convection coefficient between the ground 

and ambient air, 𝑇𝑜 is the temperature of the ambient air and 𝑇𝑏 is the temperature in the 

borehole. 

The total energy transferred to or from the borehole is the sum of equation (4.1), (4.8), (4.12) and 

(4.13). The new borehole temperature can then be calculated in following way: 

              𝑇𝑏 =
(𝐸𝑝𝑣𝑡𝑡𝑜𝑏𝑜𝑟𝑒+𝐸𝑏𝑜𝑟𝑒𝑡𝑜ℎ𝑒𝑎𝑡+𝐸𝑔𝑟𝑜𝑢𝑛𝑑𝑡𝑜𝑏𝑜𝑟𝑒+𝐸𝑎𝑖𝑟𝑡𝑜𝑔𝑟𝑜𝑢𝑛𝑑+𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝−1

)

𝑚𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒∗𝐶𝑝𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒
− 273,15         (4.14)                                                 

Where 𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝−1
  is the heat stored in the borehole one timestep (hour) earlier. 

The starting temperature of the borehole is obtained by running the system for different starting 

temperature values and see when the start and end temperature is the same. At this point, steady 

state has been reached and it would represent the temperature of the borehole of a house that has 

had a heat pump already for some time. This process is done for the borehole without PV-T.  

4.5.4 Simple payback time 

The installation cost of the system is the cost to create the system if a heat pump with boreholes 

and PV panels are already installed. It is calculated under 4.5.1 PVT hybrid. 

There is also an energy cost to drive the circulation pump during the operation time of the PV-T, 

which is also calculated under 3.5.1 PVT hybrid. When the installation cost is known the 

money/energy saved by the new system compared to the old is calculated. This is done by 

calculating how much energy is saved by the heat pump becoming more effective because of the 
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new borehole temperature. This is added to the extra energy gained from the PV-T due to 

increased efficiency when cooled to 15 C. The energy saved are then translated into SEK. The 

extra energy from the PV-T will most likely be during summer time when the heat pump is not 

operating at high frequencies so it is assumed for simplified purposes that it is sold back to the 

grid. 

The payback time 𝑡𝑝 is then calculated: 

 

𝑡𝑝  =
𝐶𝑛

𝑃𝑠∗𝑃𝑒
                                       (4.15) 

 

Where 𝐶𝑛 is the cost of the new system installation, 𝑃𝑒 is the electricity price and 𝑃𝑠 is the power 

saved compared to the old system minus the running energy cost of the circulation pump, which 

is calculated with the following formula: 

                                    𝑃𝑠 = 𝐸𝑝𝑣𝑔𝑎𝑖𝑛 + 𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝 − 𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝−1
  − 𝐸𝑝𝑢𝑚𝑝                              (4.16) 

Where 𝐸𝑝𝑣𝑔𝑎𝑖𝑛 is amount extra gained energy from the PVT-panel due to lower cell temperature, 

𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝 is the energy demand of the heat pump when system four is used, 𝐸ℎ𝑒𝑎𝑡𝑝𝑢𝑚𝑝−1
is the 

energy demand of the heat pump before system four is used and Epump is the energy demand of 

the circulation pump. 

4.6 Sensitivity analysis 

A sensitivity analysis is made for critical values in the model. These are the Beta-value (how 

much of the input radiation that is stored in the borehole), the electricity price and the U-value of 

the house (to differentiate between newer (well insulated) and older (not as good insulated) 

buildings). The indicators will be the payback time and the borehole temperature, which is 

directly related to the COP of the heat pump as well as the electricity saved per year. 
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5 Results 
Borehole temperature has been plotted against time for an 18 year period with and without PV-T. 

18 years was chosen for the time resolution since it is around that time that the temperature has 

reached steady state.  

The starting temperature is in both cases the steady state temperature of the borehole without PV-

T which has been obtained by running the model for different starting temperature until the start 

and end temperature are equal and it is reasonable to assume a steady state has been reached. 

Below there are figures of the performance of the PVT system. The constants described can be 

found in Appendix 1. 

 

Figure 5.1. Borehole temperature 

Figure 5.1 shows the borehole temperature is plotted against years of operation for the old system 

(red) using a simple heat pump and PV, and the new PV-T/heat pump system (blue). This is for a 

house that is considered new, represented with a low thermal transmittance value of U=0,25. The 

value of 𝛽 (PV-T heat efficiency) is 0,35 in this case which means that 35 % of the incoming sun 

radiation is converted into usable heat transferred from the PV-T to the borehole. 
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Figure 5.2 The simple payback time.  

Figure 5.2 shows the simple payback time for a new house with a PV-T heat efficiency of 35 %. 

  

Figure 5.3 The electricity demand of the heat pump. 
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Figure 5.3 shows the electricity demand of the heat pump as a function of time. This is for a new 

house and PVT heat efficiency of 35 %. After steady state has been reached the heat pump works 

with 11 % more efficiency and therefore the heat pump needs 11% less electricity, but it is only 

about 1% the first year. 

 

 

Figure 5.4 The COP value of the heat pump. 

Figure 5.4 shows the COP value of the heat pump which is related to the borehole temperature. 

This is corresponding to the new house with a PVT heat efficiency of 35 %. 

5.1 Sensitivity analysis 

The result of the sensitivity analysis can be seen in the graphs below. The first two plots are with 

a higher transmittance value of U=0,5 which represents an older house that isn’t as well insulated 

as the newer.  
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Figure 5.5 Borehole temperature 

Figure 5.5 shows the borehole temperature for an older house plotted against years of operation. 

The amount of used heat from the incoming sun radiation is 35%.  

 

Figure 5.6 The simple payback time. 

Figure 5.6 shows the simple payback time for the older house with a PVT heat efficiency of 35 

%. 

The next four plots are for the original house (newer) but with a changed 𝛽- value. The first two 

plots are for one 𝛽- value and the second two are for another 𝛽- value.  
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Figure 5.7 The borehole temperature.  

Figure 5.7 shows the borehole temperature plotted against years of operation. This is for a new 

house but the PV-T heat efficiency has been set to 10 %. 

 

Figure 5.8 The simple payback time. 

Figure 5.8 shows the corresponding simple payback time for the new house with a PV-T heat 

efficiency of 10 %. 
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Figure 5.9 The borehole temperature. 

Figure 5.9 shows the borehole temperature plotted against years of operation. This is also for a 

new house but now the amount of used heat from the incoming sun radiation (𝛽- value) is 50 %. 

 

Figure 5.10 The simple payback time. 

Figure 5.10 shows the simple payback time for the new house with 50% PV-T heat efficiency. 
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6 Discussion  
Combining PV-T with ground source heat pumps may be of interest for multi-family housings. 

For larger storage volumes (more boreholes) less energy in the borehole that comes from the PV-

T is lost to the ambient ground which gives the new system better performance. One thing 

regarding the borehole that has not been taken into consideration in this model is that neither the 

borehole nor the ambient ground has homogenous temperature. In reality, it can be imagined that 

the temperature inside the actual borehole is higher and then becomes lower the further you move 

away from it, instead of a homogenous temperature in the entire range. This could either improve 

or deteriorate the performance of the system. This would require more complex models which 

could not be created in the available time. 

The specific heat capacity of the ground has been chosen as that of typical rock in Sweden but for 

different places different humidity and other properties of the earth it may bring different results. 

Regarding the heat exchanges in the system, the coolants flowing out of the borehole or the PV-T 

have been set to have the same temperature as the borehole or PV-T respectively and are constant 

every hour. No heat losses are taken into consideration when the fluid is transferred between the 

systems.  This is again a simplification that was made because it would be too difficult and take 

too much time to start focusing on different temperatures on different seasons and so on.  In 

reality the outgoing temperature is a bit lower than what is being cooled and the fluid is being 

cooled as it goes from the PV-T to the borehole. The difference this makes is something that is 

outside the research scope for this project but it is suggested that this is taken into consideration 

for further work. 

The energy model that was built includes a lot of simplifications in order to be made on this 

smaller project scale, but nonetheless the model has determined that there is potential for a 

system like the suggested to be implemented. When it comes to energy systems, large time 

windows have to be considered but the 100 year payback time is too long since the lifetime of a 

pv panel can be estimated to be around 20-30 years. It will last longer, becoming more durable 
with decreased resistance, but nowhere near 100 years. 

The house load has been approximated taking into account only heat losses due to heat transfer 

between the wall and ambient air and earth. The domestic hot water consumption has not been 

taken into consideration, nor heat gains from solar radiation or from other appliances.  

The transmittance value of the house has been set to reasonable values of new (well insulated) 

and older (not as good insulated) buildings and even though the newer house has higher 

electricity demand improvement efficiency at around 11 %, the older one with 9 % improvement 

pays for itself earlier. This is explained later in the discussion.  

The model used shows that there is an energy gain per year so eventually the initial investment is 

paid for within a certain timeframe. This timeframe however, is way too long to attract any 

investor. The concept of the idea can be improved upon and there are many areas of the 

modelling that require deeper understanding and more complex calculations to give a good 
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representation of reality. Another aspect that has not been shown in the calculations is that the life 

expectancy of the PV-T panel increases as the resistance gets lower as it is cooled. 

The picture of the system four shows the possibility of transferring heat from the PV-T to the 

domestic heated water supply, but for simplification it has not been considered in the calculations 

but is rather something that can be researched upon further in other projects. Something that has 

been left out that was being considered during the early days of the project is the fact that 

depending on season, different utilizations of the extracted energy from the PVT would be 

optimal. Therefore the results can be different if the utilizations of the energy extracted is 

changed. 

From result of the sensitivity analysis it can be seen that the payback time is very sensitive to 

electricity price, 𝑃𝑠 and the heat demand of the building. Increasing any of these three variables 

will lead to shorter payback time. Since it is known that the higher the borehole temperature 

results in better the heat pump performance, the borehole temperature is a good indicator for the 

system performance given different inputs. When talking about profitability however, it is 

dependent on how much actual money that can be saved every year. In the case with the old and 

the new house, the electricity demand is higher for the older one and thus the money returned 

might be greater even though it will have a worse performance due to lower borehole 

temperature. An example is that if you have a total annual electricity consumption of 40 MkWh, 

8 percent of that is greater than 10 percent of 35 MkWh. This means that the payback time is not 

always a good indicator for how well the system performs and whether it should be invested in. 

Here is where the borehole temperature comes in as an indicator for the system. To clarify, this 

means there is one economic indicator (the simple payback time) and a few technical ones like 

the borehole temperature, COP and electricity saved (these are all closely related). The 

economical indicator falls short, being longer than the life expectancy of the system, but the 

technical ones show potential by outperforming the existing system. Improvements that make the 

installation or components cheaper might therefore in the future make the investment worth. 
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7 Conclusion and future work 
If both βand the electricity price is fixed for a household, the most profitable scenario is a 
building with high heat demand, which can be an old house where much heat is lost to the 

ambient due to poor isolation or a big building. 

The payback times are very long regardless of using reasonable but optimal input values, but with 

more detailed modelling they might change for the better. With the current model for reasonable 

electricity prices it is longer than the lifetime of a PV-T panel and it can be concluded that more 

detailed research and investigation is needed to determine whether the idea of combining PVT 

with heat pump is worth investing into for multi-family buildings. The general concept works and 

there is a total efficiency gain for the new system but how much is the determining factor. A 

more detailed research should require is: 

 Model the heat storage that is made up by the borehole range with more detail. This 

would require a 3D model with heat gradients depending on location and also the ambient 

ground temperature depending on depth and season. This would mean that the heat 

transferred to the borehole would be properly modelled as coming into the middle of the 

actual boreholes. 
 Many of the heat transfers in this thesis has been approximated using only basic energy 

equations. More realistic results would be produced if the temperature as a function of 

time would have been considered. For example, when extracting heat from the PV-T, the 

temperature of the cell gets colder with time, which means that the output coolant from 

the PV-T should reflect this. 

The goals of the project was to examine whether there was technical and market potential and the 

short answer is that there may be potential for the idea but further research is required first. 
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Appendix 1 
The excel sheet with all the calculations can be given if requested. The sheet includes all 

calculations and data generated by SAM, system advisor model using TMY2 weather data from 

Stockholm-Arlanda. The software can be found on the following link: 

https://sam.nrel.gov/content/sam-publications 

Specifications of the system from which the data was collected are:  

● Peak module power: 285 W 

● Number of modules: 336 

● Peak system power: 96.755 kW dc 

● Module area: 563.5 m2 

● Tilt from horizontal: 20 deg 

● Azimuth from north: 180 deg 

 

  

 

 

 

  

https://sam.nrel.gov/content/sam-publications
https://sam.nrel.gov/content/sam-publications
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Appendix 2 
To all calculations there has to be input values. Some of them are fixed, physical constants and 

some needs to be estimated.  

                                  

Input: Value: Source: 

𝐸𝑟𝑎𝑑 Depends on hour. See 

Appendix 1 

Data generated by SAM 

𝛽 0,35 (35%) Approximated from 

(“PV/Thermal”,2014). 

𝛼 0,005 (0,5%) Approximated from 

(“PV/Thermal”,2014).. 

𝑛 0,5 (50%) Approximated from (Björk et 
al.,2013). 

𝑇𝑎 15 C This value was set to be 

fixed. It is an estimation to 

simplify the calculations. 

𝑇𝑜 Depends on hour. See 

Appendix 1 

Data generated by SAM 

𝑇𝑖 22 C Approximated, constant 

indoor temperature. 

𝑇𝑔 7 C The ambient ground to the 

borehole was approximated 

to be constant independent of 

time and depth. 

𝑇𝑑 50 C The temperature that the 

house receives from the heat 
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pump can be set to a constant 

value(Björk et al.,2013). 

𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 0 C The water that flows into the 

pvt to cool the cell is 

assumed to be 0 degrees. 

This value is only used to 

calculate the minimum mass 

flow required and is 

therefore not of great impact 

to the model. 

𝐶𝑝𝑝𝑎𝑛𝑒𝑙 0,8/3600 kWh/(kg*K) A pvt panel is mostly made 

of glass and a thin layer of 

silicon. The Cp therefore is a 

little lower than that of glass. 

𝐶𝑝𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 2/3600 kWh/(kg*K) The Cp value for the 

borehole storage is estimated 

to be that of the common 

earth in Sweden. 

𝐸𝑝𝑣 Depends on hour. See 

Appendix 1 

Input radiation a solar panel 

receives for every hour. Data 

generated by SAM. 

𝜌𝑓𝑙𝑢𝑖𝑑 998 kg/m^3 The fluid is a water-glycol 

mix with density assumed to 

be the same as for water. 

𝑉𝑓𝑙𝑢𝑖𝑑 5 m/s The velocity in the pipes 

cooling the pvt is set to this 

constant value, which is 

reasonable for pvt cooling. 

From: 

http://bob.tingleff.com/pvcoo

ling.pdf 

𝐿𝑝𝑖𝑝𝑒 1000 m 2 meter pipe for every square 

meter of sun panel has been 

chosen to cool the pvt panel. 
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𝑃𝑝𝑖𝑝𝑒 1400 SEK/m Estimated cost for piping, 

heat exchanger and 

manpower per meter pipe. 

𝑃𝑝𝑢𝑚𝑝 10000 Information of the pump and 

the required heat exchanger 

can be found on the 

manufacturer's website: 

https://www.jula.se/catalog/b

ygg-och-farg/vatten-och-

sanitet/vattenpumpar/drankb

ara-pumpar/drankbar-pump-

731102/ 

𝑃𝑡𝑎𝑛𝑘 10000 A tank required to bring the 

heat down from the pvt to the 

borehole. Can be seen in the 

system picture. 

𝑃𝑒 1 SEK/kWh The approximated cost of 

electricity in Sweden. 

𝑊𝑝𝑢𝑚𝑝 2400 W Three pumps, 800 W each. 

𝑡𝑝𝑢𝑚𝑝 2085100 s The duration the pump is 

used per year at full 

efficiency. 

𝐴𝑝𝑎𝑛𝑒𝑙 563,5 m^2 Data from Appendix 2. 

𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒 3300 m^2 The estimated surface area of 

the building excluding the 

bottom. 

𝐴𝑏𝑜𝑡𝑡𝑜𝑚 900 m^2 The bottom area of the 

building. 

𝑚𝑏𝑜𝑟ℎ𝑜𝑙𝑒  The mass of the borehole 

area, the values, for example 

radius is taken from (Sol och 

bergvärmesystemet, 1999) 
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𝐴𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝐺 11309,7 m^2 The surface area of the 

cylindrical borehole area, 

excluding top and bottom. 

𝐴𝑏𝑜𝑡𝑡𝑜𝑚𝐺 314,16 m^2 The bottom area of the 

cylindrical borehole area. 

𝐴𝑡𝑜𝑝𝐺 314,16 m^2 The top area of the 

cylindrical borehole area. 

ℎ 0,5 The heat transfer coefficient 

for the convection between 

the top of the borehole area 

and the air above it. 

𝑈𝑤 0,25 and 0,5 The thermal transmittance 

for the walls. This has two 

different values, one lower 

representing a newer 

building and one higher 

representing an older 

building. 

𝑈𝑓𝑙𝑜𝑜𝑟 0,5 The thermal transmittance 

for the floor. 

 

 

 


