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The abstract 
With the ever-growing energy demand that world is currently going through and the danger of 

climate change around the corner, wagering in renewable energy seems to be the right path to 

create a more smart and green future. 

Sweden has put great effort on decreasing its dependency on oil, in fact in 2012 more than 50 % 

of its electricity came from the renewable source and has a plan in making it 100 % in 2040. 

However, when it comes to heating systems Sweden depends greatly on district heating, and 

situations which buildings are located outside the district heating system’s reach is not 

uncommon, hence for those buildings, other options such as solar power or heat pumps are 

considered. 

Many buildings located in Skutskär suffer from the problem stated above. The particular building 

analyzed in this thesis uses electrical radiator and furnace as sources of heat, which implies high 

energy uses and financial expenses. For this reason technical and financial analysis of using each 

alternative system for a single family house located in Skutskär had been done. 

Using solar powered system is deemed to be quite ineffective, as Sweden has poor solar 

radiation. In order to compensate the poor sun hours during the winter, 51 photovoltaic (PV) 

panels or 19 solar thermal panels would be required. This high initial investment needs long 

period of time in order to be profitable, 15 years for solar thermal system and 21 years for solar 

PV system.   

On the other hand, the results from the heat pumps are quite satisfactory, the fastest payback 

period is around 4 years. This is achieved by using air source heat pump (ASHP), the annual 

saving in this case is three times higher than using solar photovoltaic panels, making the usage 

of ASHP more attractive than any solar energy system. However, when annual saving is 

concerned, the ground source heat pump (GSHP) system is capable of generating even higher 

saving, but the initial investment is significantly higher, extending the payback period to 6 years.      

 

Keywords: solar photovoltaic, solar thermal, heat pump, ground source, solar irradiance, 

economic analysis. 
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Nomenclature  
 

Latin  

Symbol Description Unit 

T Temperature K 

Q Heat flux W 

X Position  m 

A Area m2 

U Heat transfer coefficient   W·m-2·K-1 

H Heat transfer coefficient  W·m-2·K-1 

G Global solar irradiance  W·m-2 

B Direct solar irradiance W·m-2 

D Diffused solar irradiance W·m-2 

R Reflected solar irradiance  W·m-2 

 

Greek 

Symbol Description Unit 

Λ Material conductivity W·m-1·K-1 

θz Solar zenith angle ° 

θ Incident angle ° 

β Surface inclination angle ° 

ϒs Solar azimuth angle ° 

ϒ Panel azimuth angle ° 

ρ Foreground albedo No unit 

σ Boltzmann constant W·m-2·K-4 

 

 

 

 

 

 



IV 
 

Abbreviations and acronyms  

Letters Description   

PV Photovoltaic   

ASHP Air source heat pump  

GSHP Ground source heat pump  

GMD Global Monitoring Division  
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1. Introduction 

1.1. Background 

1.1.1. Energy use in Sweden 
In 2016, Sweden used around 569 TWh worth of energy, distributed in different sectors, main 

sources of power were nuclear, oil, biomass, and hydropower.   

Despite being one of the countries with highest energy consumption per capita, when it comes 

to greenhouse emission, Sweden is one of the lowest, emitting only 5.7 tons of CO2 per capita 

annually [1].  

The position of being one of the lowest CO2 emitters yet one of highest energy consumer that 

Sweden is currently enjoying can be attributed to its effort on using energy from a renewable 

source. Ever since 1970’s oil crisis, Sweden has made a great investment in renewable energy; 

the oil dependency went from 70 % to 20 % as seen Figure 1, mainly due to the reduction of oil 

usuage in the residential heating system, switching to district heating and electricity [2]. 

 

Figure 1. Total energy supply by energy commodity, from 1970, TWh  

Currently, the final energy that Sweden mostly depends on is electricity which represents 33 % 

of total energy use [3], followed by petroleum products and biomass, which represent 23 % each 

of them. 

The energy usage can be distinguished mainly into three sectors, residential and service, 

domestic transport and industry. The service and residential sector uses 40 % of Sweden’s 

energy usage, and 90 % of that share goes to household and non-residential buildings [4]. 

The final energy used in each sector varies, in industry, those are electricity and biomass, 

followed by oil and coal. The domestic transport sector is mainly composed of petrol, diesel and 

a small amount of biofuel, the latter while still small in comparison, has been growing greatly 

lately. And finally, the residential and service sector uses electricity as the main source of energy, 

followed by district heating, biomass, and ever-shrinking oil products.   
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1.1.2. Europe 2020 
The Europe 2020 is a 10 years initiative proposed in 2010 by European Commission to boost 

growth in smart and sustainable ways: 

 20 % cut in greenhouse gas emissions (from 1990 levels) 

 20 % of EU energy from renewables 

 20 % improvement in energy efficiency 

To achieve that, each country has its own national target assigned by EU commission depending 

on the initial condition. In Sweden, the bar set is quite high, in place of 20 %, the share of 

renewable energy Sweden had established to achieve is 49 % and instead of 20 % less of 

greenhouse gas emission compared to 1990, the national goal is 17 % less compared to 2005. 

Despite all the odds the goal was achieved 8 years prior to the expected date, as in 2012, the 

renewable energy reached 51.1 % of the total energy usage and has set goals to achieve 100 % 

renewable by 2040 [5]. 

 

1.1.3. Sweden electric system  
The Sweden electricity system is mainly based on hydroelectric power and nuclear power, with 

each of them making up 40 % of total electric production. While nuclear power’s future in 

Sweden is still uncertain, the small share that wind power represents is growing steadily, and 

it's expected to play a much large segment in the future. 

"Nuclear is quite an expensive energy source due to safety regulations and 

 funding for long-term nuclear waste management among other things" 

- Vadasz Nilsson- 

Regarding electricity usage in Sweden, in 2016 the total production was 140 TWh, from which 

8 % were lost during the distributing, 52 % of its total is used by residential and service, 35 % 

were used in industries and the rest in transport and some minor sectors, see Figure 2.  

From the 52 % of total energy consumption that was used in domestic and services uses, a third 

part is used in electric heating, 40 % goes to business electricity and the rest goes to domestic 

electricity.  

On the other hand, the industry that has the highest electricity demand is the pulp and paper 

industry, which uses 40 % of all the electricity used in the industry. Some other industries include 

metallurgic, chemical and mechanical engineering which represent 15 %, 12 %, and 11 % 

respectively. 
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Figure 2. Percentage of electricity used by sectors in 2015 

1.1.4. Heating system 
Sweden, despite its northern latitude, has a fairly mild climate, however, the weather change 

greatly depending on the geographic position.  

The domestic and service sector directs 29 % of its total electricity to heating, however, 

electricity alone does not cover the totality of the heating demand, the whole heating system is 

composed of district heating, electric heating, biomass, natural gas, and oil. While the 

percentage does indeed vary depending on the type of household, in 2016 around 21 TWh worth 

of electricity were used in heating, representing only 26 % of the total heating demand, and it’s 

mainly used in one and two dwelling building, alongside biomass representing 14 %. On the 

other hand, the district heating alone represent 56 % of total heating energy, used both in multi-

dwelling building and non-residential building [6]. 

 

1.1.5. District heating in Sweden   
Holding 56 % of its entire heating, district heating is currently the leading figure in heat supply 

in Sweden, being its major users the multi-families building and service sector's building,  

nevertheless, district heating is also used in unfamiliar building, industrial premises among 

others. In 2016, 57 TWh were consumed, from which 46 TWh were used in residential and 

service area [7].  

The basic premise of district heating consists of using heat waste generated in a nearby facility 

that in the situation of not being used would be lost. The facilities in question are usually 

combined heat power plant (CHP), waste disposal plant or any industrial grounds that generates 

heat.  

Whichever may be the heat source, the district heating supposes an overall increase in efficiency 

which can be translated to a reduction in fuel consumption and carbon dioxide (CO2) production. 

However, it also comes with its due inconvenient. As the district heating uses the excess heat to 

warm up water and then send it to the housing through a complex piping system, and due 

various factors such as installation and heat losses, the range this system can cover is limited. 
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In Skutskär, the place where the building to be studied is constructed, the source for district 

heating’s energy is supplied by a paper factory. Due to the limited range of its service, some 

buildings were left out, including the building where the analysis had taken places, hence an 

alternative system was installed in this building. The said heating system is a combination of 

direct electric heating and a furnace where the main fuel is wood.  

 

1.2. Literature reviews 
In order to accomplish the study, multiple scientific paper and journal were reviewed, the most 

crucial one will be looked over in this section. 

All literature was searched using google scholar searching engine. Literatures related to 

alternative energy system installation in Sweden were extracted from database Diva-portal, 

while general theory literature was taken from Science Direct, a database from Elsevier. Also, 

data for solar energy system analysis, data from eosweb (a NASA sponsored web) were used, 

and as for heat pump analysis, the temperature data were extracted from ASHRAE database. 

In Photovoltaic (PV) Systems for Swedish Prosumers [8], the study analyzed the feasibility of 

installing solar photovoltaic panel in Sweden, which conclude that without subsidy, the chance 

of having profitable return is rather low (8 %), while in the situation that subsidy is taken into 

full use, then chance raise to 97 %, and regardless having a subsidy or not, installing PV panel is 

a long term investment, having a return of investment that goes from 9 years to 25 years. The 

same study also state the importance of a good positioning of the panel and solar resources, 

since those are the most important factors to make it profitable.  While its position is fixed, the 

solar resource is a factor that can be optimized, hence analysis will be necessary. 

To furthermore enhance the importance of subsidy for PV panels, the study from KTH [9] also 

state the importance of financial incentives to encourage people to invest in solar PV panels. In 

the same study also shows that the low solar hours in Sweden during the winter can be can 

compensated with larger quantity of solar panels.  

However, it’s important to note that the issue regarding the necessity of subsidy for solar PV 

system is affecting to all country with low sunlight. The study from UCD Energy institute [10] 

shows that parallel to the case from [8], in Ireland the situation is quite similar, in the scenario 

that no subsidy is present, the payback period would be 22 years.  

Interesting enough, the study [11] from Ningbo University shows a complete different result, 

the payback period in this situation is only 6 years. This is mainly due to the fact that PV panel’s 

price in China is much lower, longer sun hours and the fact the analysis also concerns cooling 

during summer, which implies higher saving.   

On the other hand, when solar thermal system is concerned, the study [12] shows that the 

system is capable of saving up to 24 % of energy consumption, while the study [11] states that 

it would take around 20 years to payback the huge initial investment. 

Regardless the type of solar energy system is chosen, the study [13] shows that not only great 

improvement regarding environmental benefits is achieved, but also socio-economic benefits 

are obtained. 

According to study from Mid Sweden Study [14], the ASHP uses up to 35 % less electricity when 

compared to direct electric heating and 1500 to 4000 SEK of annual saving can be expected when 
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compared to district hating. On the other hand, another study from Seattle [15] states that 

energy saving obtained by using ASHP goes from 10 % to 40 % when compared to electric or oil 

heating system. This fact would be interesting to check, giving the fact that the building to be 

analyzed also uses wood as fuel other than direct electric heating.  

Regarding ground source heat pump (GSHP), the study [16] shows that in a depth of 5 m 

temperature of ground tends to vary very little through different seasons, another analysis [17] 

state that in Sweden the ground temperature varies from 2 to 9 °C in a depth of 10 m depending 

on the geographical position. The same study estimates that 20 % of Sweden single family 

houses are heated using GSHP and the main type of GSHP installed is shallow geothermal energy 

system as Sweden lacks geographical condition necessary for deep geothermal system 

installation. The power range of the installed GSHP goes up to 10 kW, but the most installed 

range from 7 to 10 kW. 

The analysis from [18] also indicates that the GSHP show a better outcome when it comes to 

efficiency, saving and environmental impact. While ASHP shows shorter payback period. 

When energy demand is concerned, the study from Lulea [19] expects the saving going from 64 % 

to 80 % when compared to direct heating, while another study from same university [20] affirms 

that GSHP is 23 % to 40 % more efficient than ASHP. 

The study [21] from Washington shows that the effectiveness of GSHP is more present in country 

with cold climate, as in most USA states, the saving is rather low, going form 21 % to 33 %. 

One of the most important topic about GSHP mentioned in the previous studies is the high initial 

investment, in special in study [22] and study [23], from USA and UK respectively. While not 

from Sweden, both studies state the need of subsidies to serve as incentive to install the GSHP 

system.  

Also, many studies regarding combining heat pumps with solar power were reviewed, the most 

popular option seems to be combining heat pump with solar thermal system, having the latter 

working as boost or as auxiliary element. 

The analysis from Queen’s university [24] states the using solar thermal panel to warm the 

ASHP’s evaporator during the coldest days provide substantial improvement even under limited 

sunlight. On the other hand, University of Chengdu analyzed a different combination involving 

solar thermal system and ASHP. In this case, the solar thermal system works similar to a backup 

system that stores thermal energy from day time and use it during the night when the air 

temperature dropped too much for ASHP to work properly. This study [25] states that comparing 

this combination with the traditional ASHP system, the electricity demand can be reduced up to 

33 %. 

A similar result was obtained by an analysis from Lund [26]. In this study, ASHP combined with 

solar thermal system were compared to a direct electric heating system, and estimate that 76.6 % 

to 79.5 % of electricity saving is expected. 

Other kind heat pump is also being analyzed, in a study from Switzerland [27] evaluated both 

ASHP and GSHP combined with solar thermal system as backup. This study affirms that an 

increase in the overall efficiency of the system can be expected when a solar thermal system is 

added. The same study also states the importance of geographic location for an optimum 

electricity saving, the best suited place should be cold (high heat demand) and yet high 

irradiance during the winter. 
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When it comes to solar PV system combined with GSHP system, the study from Poland [28] 

shows that in a well-designed building, the solar PV panel can cover up to 25 % of the total 

electricity required by the GSHP.    

In this thesis, those aspects will be taken into consideration and the result will be discussed. 

 

1.3. Aim 
The main objective of this thesis would be finding a suitable alternative system for the current 

heating system composed by electric radiators and furnace that the building possesses. 

The systems chosen for the analysis are the solar energies (both PV panel and solar thermal) and 

heat pumps (both ASHP and GSHP). The chosen system must be able to sustain the heating 

demand completely or partially, lessen the greenhouse emission and generate enough saving 

annually so the payback time is reasonable. 

Also due to economic, the analysis of different system will be done through simulation of an 

entire year, and due to time restriction the results were not validated using the actual 

equipment. 

A secondary aim of this thesis would be attainment of an energy certification through 

informatics program CE3X. 

 

1.4. Approach 
In order to carry out the analysis, multiple data were required including heat demand, the sun 

irradiance that the solar panels use and the air temperature that may affect the ASHP’s 

performance.  

The total heat demand would be acquired using IDA ICE modeling program. However, in order 

for the heat demand’s data to be valid, the difference between the total electricity uses from 

the same model and the actual invoice provided by the building’s owner must be less than 5 %.    

The solar irradiance will calculated for each roof present on the building, the information used 

for the calculation were obtained from the NASA Langley Research Center Atmospheric Science 

Data Center.   

Regarding the air temperature, same temperature data used in IDA ICE program will be used, 

and altogether with the sun irradiance, a capability analysis will be done using statistic program 

Minitab. 
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2. Theory 

2.1. Heat transfer 
Heat transfer physic dictates the transport of thermal energy in one object to another one, there 

are mainly two different approaches available for heat transfer physics: classical mechanical or 

the quantum physics. The classic mechanic physic separates the heat transfer into three 

branches: conduction, convection and radiation. Due to the nature of this thesis, the theory 

applied will be the classical mechanic [29].  

When working with heat transfer on macroscopic scale, the term temperature can be defined 

as macroscopic measurement of the average kinetic energy of particles that a system is made 

of. The temperature can quantify how hot an object or system is, having its minimum at 0 Kelvin 

degree [30]. 

 

2.1.1. Heat conduction 
Heat conduction involves heat transfer between solids or fluid at rest. The exact science to 

explain the heat transfer in an atomic level is still a mystery, but the closed explanation would 

be the random motion of particles carrying higher kinetic energy colliding with those with lower 

kinetic energy. In dielectric material and semiconductor, the main carrier is phonon (quantized 

lattice waves) and in metal, the main carrier is the electron [31]. However, to solve basic 

engineering problem the macroscopic approach would suffice. 

The science of heat conduction explains the relation between the heat flux and the temperature 

distribution in the system. And for an isotropic and homogeneous solid, the Fourier law is used: 

 �⃗⃗� = −𝝀 · 𝛁𝑻 (1) 

 

Where �⃗⃗�  is heat flux, [W·m-1]  

λ is conductivity constant, [W·m-1·K-1] 

∇T is the temperature gradient, [K·m-1]. 

The Fourier law can be simplified in one direction only and neglecting the k’s variation, the 

following expression can be obtained  

 
𝒒𝒙 = −𝝀 ·

𝒅𝑻

𝒅𝒙
 

(2) 

 

Where qx is the heat flux in direction x. 

And by integrating the equation (2) over the material’s total surface we obtain:  

 
�̇� = −𝝀 · 𝑨 ·

∆𝑻

∆𝒙
 

(3) 

 

 

A is the area that the object is transferring heat, [m2] 
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∆T the temperature difference between two ends, [K] 

∆x the position difference between two ends (distance), [m]. 

Quite often the building's wall is an object made of multiple layers of different materials, in this 

situation the equation (4) can be used.  

   

 �̇� = 𝑼 · 𝑨 · ∆𝑻 (4) 

 

Where U stands for heat transfer coefficient, [W·m-2·K-1] and can be calculated as: 

 
𝑼 =

𝟏

∑
∆𝒙𝒊
𝝀𝒊

 
(5) 

 

Where ∆xi stands for the thickness of each layer, [m]  

λi stands for heat conductivity for material in each layer, [W·m-2].  

2.1.2. Convection 
Similar to conduction, convection refers to the heat transfer that happens when a fluid on 

motion is involved. The most usual situation consists of a solid surface exchanging heat with a 

fluid on motion.  

The main difference between conductive heat transfer and convective heat transfer lies on the 

fact now the heat carriers have velocity other than their own random motion, and due to the 

additional velocity, the carriers also transport internal energy from one position to another [32].  

Convection can mainly be distinguished into two types: 

-Natural convection: when the fluid’s motion is not caused by an external force but the density 

gradient due to the temperature difference. 

-Forced convection: when the fluid motion is caused by some other means, such as pumps. 

As stated in Newton law of convection, the heat flux transfer can be represented as: 

 �̇� = −𝒉 · 𝑨 · (𝑻𝟐 − 𝑻𝟏) (6) 

 

Where �̇� is the heat transfer for unit of time, [W·m-2] 

h is the heat transfer coefficient, [W·m-2·K-1] 

A, the total area where the heat transfer is happening, [m-2] 

T2 and T1, the respective temperature of the object surface and the fluid temperature, [K].   
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2.1.3. Radiation 
Differing from both conduction and convection, the radiation does not require the existence of 

a medium to transfer heat. The energy, in this case, is carried by photons (quantized 

electromagnetic waves) [33]. 

The heat flux transferred during a radiation transfer can be express by Stephan-Boltzmann 

equation 

 𝑸𝟏−𝟐
̇ = −𝝈 · 𝑨𝟏 · 𝑭𝟏−𝟐 · (𝑻𝟏

𝟒 − 𝑻𝟐
𝟒) (7) 

 

Whereas 𝑄1−2
̇  the heat flux from surface 1 to surface 2, [W]. 

 σ the Stefan-Boltzmann constant, values 5.67·10-18 [W·m-2·K-4]. 

F1-2 the proportion of radiation that leaves surface 1 and arrives surface 2, no unit. 

T1 and T2, the respective temperature of surface 1 and surface 2, [K]. 

 

2.2. Solar energy 

2.2.1. Sun  
Sun is a ball of plasma in continuous fusion, its surface temperature reaches 6000 K. The main 

components of the sun are hydrogen and helium, their respective fractions are 74.91 % and 

23.77 % and the remaining 1.33 % are heavy elements [34]. Electromagnetic radiation that Earth 

receives from Sun is one of the key factors for life to exist, also responsible of most existing 

energy in earth including wind, hydro, biomass, solar and fossil energy.  

The most known technology to harvest solar energy would be using either solar thermal system 

or solar PV panel, as both technologies used it directly. 

In order to understand both technologies, it's important to understand how solar radiation 

impact on Earth, and what are their magnitude. For that purpose, the topic of solar irradiance 

must be introduced, as both technologies rely greatly on the incidence irradiance on the surface 

of the panel. 

 

2.2.2. Sun irradiance  
Irradiance refers to the power that Earth receives from Sun per square meter. The irradiance 

that impacts on the surface, can vary greatly depending on the position, orientation, and 

inclination of the panel, those three factors will determine the direct beam, diffused beam and 

reflected beam [35], a representation of each of them can be seen in Figure 3. The total 

irradiance can be calculated by equation (8): 

 𝑮𝝋 = 𝑩𝝋 + 𝑫𝝋 + 𝑹𝝋  (8) 

 

 

Where Gϕ is the total irradiance that impacts on the tilted surface that is composed by: 
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Bϕ, the portion composed by the direct beam, [W·m-2]. 

Dϕ, the portion composed by the diffused beam, [W·m-2].  

Rϕ, the portion composed by reflected beam, [W·m-2]. 

 

Figure 3. Different types of irradiation impacting on a tilted surface (reproduced from Gulin et al. [36]) 

 

2.2.2.1. Direct beam  

Can be described as the irradiance that traveled in straight line through the sun to the tilted 

surface, can be calculated directly through some geometrical equation [36]: 

 
𝑩𝝋 =

𝑩𝒉

𝐜𝐨𝐬 𝜽𝒛
𝐜𝐨𝐬 𝜽 

(9) 

 

Where Bh is the direct beam that impacts on a horizontal surfaces 

θz is the solar zenith angle  

θ is the angles between the sun direction and the surface normal direction. 

The cosines of θ angle can be calculated by using:  

 𝐜𝐨𝐬𝜽 = 𝐜𝐨𝐬𝜽𝒛 𝐜𝐨𝐬𝜷 + 𝐬𝐢𝐧𝜽𝒛 𝐬𝐢𝐧𝜷𝐜𝐨𝐬(𝜸𝒔 − 𝜸) (10) 

 

 

Where β is the surface inclination 
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ϒs is solar azimuth angle  

ϒ is the surface azimuth angle  

A visual representation of each angle can be seen in Figure 4. 

2.2.2.2. Diffused beam 

Diffused radiation is described as radiation that got dispersed during its travel to Earth by 

different particles in the atmosphere. There are many models to describe the diffused irradiance 

in a tilted surface, depending on how isotropic the sky is considered [37], and the model chosen 

in this thesis is Korokanis model, which describe the diffused irradiance that impacts on a tilted 

surface as: 

 𝑫𝝋 = 𝑹𝒅𝑫𝒉 (11) 

 

Where Dh is the diffused irradiance that impacts on a horizontal surface  

Rd is the diffuse transposition factor, and can be defined as: 

 
𝑹𝒅 =

𝟏

𝟑
(𝟐 + 𝐜𝐨𝐬𝜷) 

(12) 

 

2.2.2.3. Reflected beam  

The reflected beam refers to the sunlight that impacted on the ground surfaces and some of it 

redirected to the tilted surfaces. The expression that defines the reflected irradiance on a tilted 

surface can be expressed as: 

 𝑹𝝋 = 𝝆𝑮𝒉𝑹𝒉 (13) 

 

Where ρ is foreground‘s albedo, and Gh is global solar irradiance on a horizontal plane and Rh 

the transposition factor for ground reflection. The ground albedo sometime varies depending 

on the geographic position, but in most studies, it's considered as constant by a value of 0.2 [38]. 

The Gh can be determined by summing up the Dh and Bh. Rh, considering the process to be 

isotropic; can be determined as  

 
𝑹𝒉 =

𝟏

𝟐
(𝟏 − 𝐜𝐨𝐬𝜷) 

(14) 

 

The sum up of all three beam is the irradiance that falls on the solar panel. While not all solar 

related technology is capable of using all three, both solar-thermal technology and solar PV 

panel do. 
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Figure 4. Different angles involved in the solar irradiance calculation (reproduced from Gulin et al. [36]) 

 

2.3. Solar thermal system 
This technology uses sun radiation to obtain thermal energy. However, despite the enormous 

quantity of energy that Sun delivers to Earth, it's challenging to use it in a profitable way due to 

the fact that sunlight reaches Earth in low density and intermittently, and for this reason, it's 

important to collect and store solar energy efficiently. A simple description of how the solar 

thermal system works can be seen in Figure 5. 

 

Figure 5. Schematic diagram of a thermal solar system (http://greenfieldspenrith.com)  

 

http://greenfieldspenrith.com/
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2.3.1. Collector 
As its name indicate, the collector transforms the solar power into the desirable energy, in this 

case, thermal energy. The principle which it is based on is that the collector works as a heat 

exchanger that captures the solar irradiance and then heat up the working fluid. The said fluid 

can be used directly or stored for later use. The collectors are mainly distinguished into 

concentrating and non-concentrating collector [39]. 

 

2.3.1.1. Concentrating collector 

Known for its usual concave shape that redirects all sunlight that impacts on its surface to a 

much smaller point, rising the heat flux. The most known one are heliostat field collector, 

parabolic dish collector and parabolic trough collector. However, concentrating collectors are 

usually used for a massive electric power plant and require a massive amount of surface. 

 

2.3.1.2. Non-concentrating collector 

The non-concentrating collectors are the ones that the very surface that receives the solar 

irradiance is the surface that absorb it. The heat flux in this situation is not as high as 

concentrating type, however, it neither requires the extensive surface demand, and it’s 

commonly used in a household. 

The most known non-concentrating collector are flat plate collector. Those are fixed in one 

position, hence the position, inclination, and orientation must be calculated before installing. 

The flat plate collectors are composed mainly of the glazed cover, absorber, insulation layer and 

recuperating tubes and some auxiliary elements.  

The glazed cover is characterized as being highly transmissive for short length radiation and 

lowly transmissive for long length radiation. The absorber is characterized to be black or dark 

colored for high heat absorption, and its heat will be transferred to the working fluid. The 

efficiency of each element can be altered by adding or varying certain component [40], like the 

material used for glazed cover, absorber color or recuperating tube's heat exchanger. 

2.3.2. Storage 
Heat demand and heat production don’t usually concur, hence using heat directly after its 

recollection is highly unlikely, and for this reason, a storage is required. 

2.3.2.1. Chemical  

The chemical process, through the usage of reversible endothermic reaction that the heat is 

used to separate the chemical substance, can recuperated the heat by making them react again. 

The thermochemical process, similar to the chemical process, thermochemical break the 

bonding water formed with some sorbent and evaporate it (endothermic). To recuperate the 

heat, water and the sorbent are bounded again (exothermic) [41]. 

2.3.2.2. Latent heat 

Store the medium in an isothermal container and use the phase changing heat of the medium 

to store the heat and to use it later. 
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2.3.2.3. Sensible heat 

The most used technology, store heat in form of internal heat of the medium by increasing its 

temperature. It’s simple, cheap and commonly used. The most usual medium is water due to its 

high heat capacity.  

Many variations of the same technology exist, but the most known are the water tanks, 

depending on the heat exchanger position [42], water tanks can be distinguished into: 

-Immersed exchanger: the heat exchange tends to be situated at the bottom of the tank. It tends 

to create a uniform temperature inside the water tank which is undesirable due to the fact that 

this limits the heat exchange rate when the tank’s capacity is close to be full [43]. 

-External exchanger: a cheaper tank and heat exchanger can be used, giving this option more 

flexibility than the previous one. Generally, the external exchanger system has two circuits, the 

primary circuit where the working fluid from the collector arrives to heat exchanger to deliver 

heat, and the secondary circuit where the water from tank came to absorb heat, in this situation 

the water are fairly stratified. 

-Mantle heat exchanger: the working fluid pass through the space between the outer wall and 

inner wall of the container to pass the energy to water. To use this kind of heat exchanger, a 

special container is required, hence the price is higher. However, the surface to perform the 

heat exchange is higher, hence more efficient [44]. 

In Figure 6, a scheme diagram of each type can be seen. 

 

Figure 6. Different kinds of water tanks depending on the heat exchanger (reproduced from Pinel et al. [44])  

  

2.4. Solar PV panel 
Solar PV panel is a method that allows direct transformation of solar light to electricity without 

involving generators. The principle used on solar PV panel consists in having photons in sunlight 

to impact the absorbent material and this release excited electrons. There are restrictions to 

take into account, such as the sunlight has to surpass a certain minimum in order to have the 

electron to be free. On the other hand, if the solar irradiance were to be too high, this would 

cause the temperature to rise and decline the efficiency. 

A PV cell is, in essence, a photodiode, the mentioned principle is called the photovoltaic principle, 

and the absorbent material are the semiconductors, mainly silicon crystal with certain impurities 

added. In one side we possess an N-type extrinsic semiconductor and on the other side a P-type 

extrinsic semiconductor.     
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 N-type semiconductor 

The N-type semiconductor (N stands for negatively charged), mean that the semiconductor is 

doped with donor impurities such as phosphorus making the main carrier the electrons.   

 P-type semiconductor 

The P-type semiconductor (P stands for positively charged), the impurity in this situation are 

acceptor such as gallium, making the main carrier the holes instead of electrons. 

The first structure ever used as the solar cell is silicon crystalline structure. Rather than being 

left out, is being constantly improved, many types exist, three will be mentioned here: 

 

2.4.1. Mono-crystalline 
The most commonly used, to manufacture it, a single silicon mono-crystal is cultivated and then 

cut into waffle of the desirable sizes [45]. The maximum efficiency ever detected is 23 % under 

lab conditions. The energy it creates with photons decrease when the wavelength increases. 

Moreover, a photon with high wavelength causes the cells to heat up, hence decreasing the 

efficiency [46]. 

 

2.4.2. Polycrystalline 
A cheaper but less efficient option, the polycrystalline cells are manufactured by solidifying the 

melted silicon to into multiple crystals that end up stuck together in rectangular ingot, then 

sliced to wafers of the desirable size [47]. Other than cheaper prices, during the manufacturing, 

the polycrystalline solar cells are melted into rectangles, hence no loss during the cutting like 

the mono-crystalline. 

The difference between two types of solar PV panels can be seen in Figure 7. 

 

2.4.3. Emitter wrap though  
Rather than modifying the material, in this occasion; in order to improve the efficiency, the 

design is improved by limiting the obscuration of the solar cell created by emitter and collector. 

There two variations: the back junk cell where both emitter and collection grid are in the back 

of the cell, and second variation where only the grid is placed back side (hole drilling is necessary) 

[48].      

Figure 7. Mono-crystalline and poly-crystalline solar cells (http://evergreensolar.com/)   

http://evergreensolar.com/
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2.5. Heat pumps  
The heat pump is a mechanism that allows heat transfer from a cooler point to another warmer 

point. To achieve that, the working fluid (refrigerant in this case) will change its phase several 

times. There are four main components necessary for this to work, the said components are a 

compressor, expansion valve and two heat exchangers that will work as evaporator and 

condenser, the role can be reversed depending on the demand, offering heat or cold, a simple 

scheme of its working process can be seen in Figure 8. 

   

2.5.1. Thermodynamic cycle 
As mentioned, the system can work as heat pump or refrigerator (air conditioner), in both case 

the working fluid absorbs heat from evaporator then raise its temperature with the compressor, 

then the working fluid dispels it in the condenser (delivering heat) and finally the expansion 

valve expands the fluid, starting the cycle again. The main differences lie in the position of the 

evaporator and condenser.  

When working as heat pump, the demand in this situation is heat, hence evaporator is the 

exchanger that is situated outside and the heat exchanger that’s indoor is the condenser (so it 

can deliver heat), if the position were to be reversed; the evaporator indoor and condenser 

outdoor, then it will work as refrigerator.   

One important difference to be taken into account would the source where the heat is extracted 

or rejected, two different insight would be explained. 

 

Figure 8. Simple scheme of a thermodynamic cycle that heat pump goes through 
(http://sunoba.blogspot.se/2011/12/beyond-Carnot-heat-pump.html) 

  

http://sunoba.blogspot.se/2011/12/beyond-carnot-heat-pump.html
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2.5.2. ASHP  
Using air as the source of heat is the most common option, due its availability. In this kind of the 

system, the heat is extracted or rejected from/to the air outside the building. It is highly efficient 

with COP up to 5 and with a reasonable price, however, it has the drawback of the correlation 

between COP and air temperature, which mean that the efficiency may drop drastically if the 

temperature is too high or low [49]. 

 

2.5.3. GSHP 
Similar to the previous case, but in this situation the heat is extracted or rejected to the ground 

soil, see Figure 9. With a depth of 5 m, the ground temperature varies insignificantly during the 

different seasons [8], eliminating the drawback that ASHP system has as this system does not 

depend on the air temperature. However, it requires higher investment for installation and an 

extensive surface.  

There are two kinds of GSHP, the vertical and horizontal. 

 Vertical GSHP, the earth connection (heat exchanger situated outdoor) are placed 

vertically in the ground, it requires less surface but deeper drilling. 

 Horizontal GSHP, the earth connection is placed horizontally, it requires more space. 

While the depth is less in comparison with vertical GSHP, it still requires a minimum to 

avoid ground temperature variation. 

The GSHP has many advantages toward ASHP, mainly more efficient and the annual saving 

would be higher [9], however, it also requires higher investment which usually means longer 

payback period.      

 

Figure 9. An example of horizontal GSHP (http://thermodynamicpanelsuk.com/ground-source-heat-pumps/)  

 

http://thermodynamicpanelsuk.com/ground-source-heat-pumps/
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3. Method  
The entire thesis’s analysis will be separated into three main parts, the simulation using IDA ICE 

to obtain the building’s annual heating demand, the availability analysis of the different 

alternative system and at last obtaining the energy certificate. 

 

3.1. Modeling and simulation with IDA ICE 
IDA Indoor Climate and Energy (IDA ICE) is building energy simulation informatics software which 

can evaluate and analyzes a building performance. It creates a mathematical model from which 

different types of simulation can be prepared. In this thesis, energy evaluation such as heating 

and cooling load will be simulated. 

In order for results from IDA ICE to be usable, it’s necessary for the error between the simulated 

energy usage and the real energy usage to be maximum ±5 %.  

Giving the fact that only electricity consumption is available, and the building’s owner has 

confirmed the occasional wood usage as fuel, the expression used to calculate the error would 

be: 

 
𝒆(%) =

𝑬𝒓 − (𝑬𝒔 − 𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 𝒘𝒐𝒐𝒅 𝒄𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏)

𝑬𝒓
· 𝟏𝟎𝟎 

(15) 

 

Where Er stand for the average annual electricity consumption 

Es means the simulated total energy consumption  

 

3.1.1. Modeling  
The building to be worked on is situated in Skutskär, and due to the old age, the CAD model 

wasn’t available, hence the model is built upon the drawings; in Appendix 5; that the building’s 

owner provided, in Figure 10, the modeling result can be seen. 

The entire building is constructed 0.5 m above the ground and has two floors and one attic. On 

first the floor, the entrance, living room, dining room, kitchen, store room, laundry room, back 

door entrance and stair to the second floor can be found. On the second floor bedroom, office, 

bathroom, and two storerooms, the room’s sizes can be found in Appendix 1. 

 

Figure 10. Reproduction of the building using IDA ICE 
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3.1.2. Opening  
There are two main types of opening in this building, the doors, and the windows. There are two 

doors facing outside and are made of wood, giving them a U-value of 1 W·m-2·K-2. On the other 

hand, the windows are double glazed and have U-value around 2.9 W·m-2·K-1. 

 

3.1.3. Wall  
The material used for the construction of the walls are mainly distinguished by two types, the 

one used for building external walls and the one used for building internal walls. The external 

walls are made of wooden planks with light insulation material in between them. The thickness 

varies depending on the floor and room. 

On the other hand, internal walls are made of wood alone and have a U-value of 0.7 W·m-2·K-1. 

Although just like external walls, its value change in the second floor by varying the wall's 

thickness. The complete list of wall's information can be in Appendix 2.  

 

3.1.4. Floor, ceiling, and roof 
The composition of base floor varies depending the room, the dining room’s floor is made of 

wooden slabs with coal powder and mineral wool in between them, the wood and mineral wool 

has a heat transfer coefficient around 0.05 W·m-1K-1 with some variation depending from which 

tree it came from, and coal powder’s heat transfer coefficient is around 0.14 W·m-1k-1. The 

thickness of wooden slabs are around 0.05 m each, and the total thickness of the layer of coal 

powder is 0.15 m and 0.05 m of mineral wool. 

The rest of the rooms have its floor made of mineral wool and wooden slabs, the wooden slabs 

have the same thickness as the dining room’s floor. The thickness of mineral wool in the rest of 

the room is 0.2 m. Using equation (5), the U-value can be determined:   

𝑈𝑓𝑙𝑜𝑜𝑟 𝑑𝑖𝑛𝑛𝑖𝑛𝑔 =
1

0.05 · 2
0.05

+
0.15
0.14 +

0.05
0.05

= 0.246  

𝑈𝑓 =
1

0.05 · 2
0.05

+
0.2
0.05

= 0.1667 

The dining room's floor's U-value takes a value of 0.246 W·m-2·k-1 and the rest of the rooms’ floor 

has a U-value of 0.1667 W·m-2·k-1. 

The first floor’s ceiling is made of wood, just like inner walls with a U-value of 0.7 W·m-2·K-1. On 

the other hand, the second floor's ceiling is made of the same material as an external wall, but 

thinner. The U-value for the ceiling is around 0.35 W·m-2·K-1. 

The roofs are made of an unspecified material with its U-values detailed by Roland Forsberg. 

The left side of the roof has a U-value of 0.5 W·m-2·K-1 and the right side of the roof has a U-value 

of 1 W·m-2·K-1. The full roof description can be found in Appendix 2. 
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3.1.5. Heating system 
Due to the large distance between the building and the city center, the district heating is out of 

reach, and by this reason, the main source of heating in this structure is direct electric heating 

combined with a furnace. 

The direct electric heating is used for both room temperature comfort and hot sanitarium water. 

Information about radiator specs was not available, hence an ideal heater in each room was 

considered appropriate for the modeling. Rooms where heating were not necessary include 

entrance, storerooms and roof. 

Nevertheless, the owner of the house also mentioned the usage of wood during coldest days. A 

rough approximation of total wood consumption would be 10 kg daily during the winter, its 

consumption won't be constant during different months. 

It’s important to mention that the building does not possess any significant cooling system, but 

a small unspecified cooling system, its usage is focused only in summer and not constant. This 

information will be taken into consideration for the energy usage calculation later if necessary. 

 

3.1.6. Ventilation 
The building does not possess any mechanical ventilation apart from the one in bathroom, 

laundry room, and kitchen. 

According to Sweden Building regulation [50], when the room is occupied, it’s recommended to 

have 0.35 l·s-1·m-2 of air exchange to ensure the hygiene of the room. When the dwelling is 

unoccupied, the minimum air exchange required is 0.10 l·s-1·m-2. Assuming two hours of usage 

daily, the laundry room and bathroom would require an average of 0.12 l·s-1·m-2. 

For the kitchen, assuming that two hours are required for food preparation each day, and 

average small kitchen extractor has a maximum extraction power of 36.9 l·s-1, and taking into 

account that during the rest of the time the extractor is off, hence the ventilation is natural. 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 = 36.9 ·
2

24
= 3.079 𝑙 · 𝑠−1 

Giving the fact that the kitchen has a surface of 18.13 m2, the average ventilation rate would be 

0.169 l·s-1·m-2.  

As for the rest the building the ventilation is considered as natural ventilation, a renovation of 

0.7 building's volume each hour can be considerate, however, this value seems to cause way too 

much heat loss, resulting the model to be inaccurate with this value. A new ACH value has been 

adopted. Based on Swedish building regulation, any room with a free height of 2.5 m shall have 

at least ACH value of 0.5 while occupied [51].  

 

3.1.7. Water consumption 
The annual water consumption data is provided by the owner of the house, the average is 

calculated from the three year's data, and the daily use of water is around 267 l. An average 

individual's house uses around 40 % of the total water volume as hot water [52], which mean an 

average of 107 l hot water is being used. 
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3.1.8. Internal heat gains 
Most electric equipment provide heat aside from its main use. The equipment that mainly 

convert electricity into heat or radiation will be added to the list of internal gains as the result 

of functioning will bring heat to the building. The equipment are listed in Table 1: 

Table 1. The electronic components that are expected to be in the building 

Room Component Power [W] Time [hour/day] Energy [kWh/year] 

Bedroom Television 40 3 43.8 

Dining room Radio 5 1 1.83 

Living  Television 60 5 109.5 

Kitchen Fridge 90 24 788.4 
 

Cooker 500 2 365 
 

Oven 1000 0.71 260.71 

Office  Printer  160 3 175.2 
 

Computer 120 6 262.8 
 

Mobile charge 5 5 9.13 

Laundry room Iron machine  750 0.71 195.54 

Bathroom Hairdryer 300 0.3 32.85 

 

Those appliances that do not transform electricity into heat such as washing machine will not 

be added to inner gain. Its estimated electricity consumption will be added to the final energy 

consumption. 

 

3.1.9. Geographic position 
One of the most important parts of the simulation is the place where the house is located, in 

IDA ICE's database, Skutskär does not appear, and neither does Gävle. The nearest city is Uppsala, 

situated roughly 90 km South from Skutskär. For this reason, the simulation will be run using 

Uppsala as location. 

 

3.1.10. Data validation 
In order to determine the heat demand, it's necessary to determine how valid the build model 

is, the result from IDA ICE output shall be compared to the actual mean data provided by the 

house owner. The raw output data from IDA ICE is expected to be quite higher than the actual 

data since wood consumption was not taken into account and the hot water consumption is 

considered as constant. For the simulation will be considered as acceptable if the difference 

between the actual data and the output from simulation was equal or lower than ±5 %. 
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3.2. Incident solar irradiance 
To calculate the incident solar irradiance on each roof, the solar incident irradiance on a 

horizontal surface from eosweb were used.  

Looking at equation (8) to equation (13) it's possible to see that most of the elements are 

constant with the exception of the solar zenith angle θz and solar azimuth angle ϒs. To calculate 

hourly each day of an entire year is deemed to be quite difficult, and for this reason a tool from 

Global Monitoring Division (GMD), Noora Solar Calculator was used. 

The said tool use as input the date and the location’s coordinate to calculate most solar related 

parameter from which the zenith angle and solar azimuth angle were included. 

Once the solar zenith angle θz and solar azimuth angle ϒs were calculated, using equation (10) 

the angle θ was also calculated. Once the angle θ was obtained, the direct, diffused and reflected 

irradiance was calculated following the equation (9), (11) and (13) respectively.  

    

3.3. Viability analysis.  
The availability analysis will determine whether the technology in question is deemed fit to be 

used in the building and whether the option in question can be improved. 

For this purpose, two different type of analysis will be done: a capability analysis and economic 

analysis. 

 

3.3.1. Minitab 
An informatics program created in 1972 for the purpose of performing statistical analysis. 

Minitab is designed to perform both basic and advanced statistic functions including many 

methodologies for industrial improvement methodology like Six Sigma. It also features utilities 

such as graphical analysis, regressions, variance analysis, measurement system analysis, design 

of experiments, reliabilities analysis and quality tools.   

The most important tool to be used in this situation in this project would be the quality tool, in 

specific the capability analysis.  

 

3.3.2. Solar energy capability analysis 
For solar thermal system the restriction based on solar irradiance intensity is not as vital as for 

PV panel, while the efficiency may vary due to surface temperature variation there is no exact 

minimum requirement. On the other hand, the PV panel do possess one, and below certain 

intensity, the PV panel simply does not work. For this reason, it’s important to know how much 

time each panel will be inactive.        

There are two main factors that affect the result obtained with a solar panel, the total irradiance 

that impacts the panel and the panel efficiency. 

The total irradiance depends on the geographical position of the building (latitude and 

longitude), the panel's orientation and its inclination, while the panel’s efficiency depends 

mainly on how the panels are manufactured (monocrystalline or polycrystalline).  
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The geographic position used in the simulation is that of Gävle, the panel orientation would 

depend on the roof they're installed on and will have the same inclination that the roofs have 

(30°) in order to lessen the computational burden. 

The Irradiance information was obtained from NASA sponsored atmospheric and science data 

center [53]. 

The analyzed building’s roof can be separated into 5 parts, with different orientation and surface 

area each of them. Each roof with its surface’s area and orientation are listed in Table 2.   

Table 2. Orientation and area of each roof 

 Roof 
 

A B C D E 

Max Surface [m2] 16.44 18.35 6.18 7.85 18.97 

Orientation [°] 72 252 342 342 162 

 

Note that the part C and D belong to the same roof, but it's bisected by the other part of the 

building. 

The diffused and reflected irradiance that impacts in each surface is fairly the same, however, 

the direct irradiance varies greatly depending on the direction the roof is facing, because of this 

reason the global irradiance vary depending on the orientation of the panels.  

 

Figure 11. The average irradiance that impacts on a horizontal surface during the year [53]  

As can be seen in the Figure 11, the global irradiance that impacts on a horizontal surface varies 

depending the month and hour of the day, with its maximum during the summer’s month (May 

to July) and its lowest during the winter’s month (November to January).   

As mentioned previously, the panel efficiency depends on the incident irradiance, and below 

certain intensity, there will not be electricity production. The chosen panel’s efficiency for 

different irradiance intensity can be seen in the Table 3. 
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Table 3. The PV panel’s efficiency depending on the irradiance intensity [55] 

Irradiance 200 W·m-2 400 W·m-2 600 W·m-2 800 W·m-2 1000 W·m-2 

Efficiency 15.8 % 16.2 % 16.2 % 16.1 % 16 % 

 

3.3.3. Heat pump capability analysis  
Similar to solar PV panel, for heat pump the air temperature is important and similarly the drop 

of air temperature also influence the system efficiency as well as the maximum heating output. 

Air Temperature depends mainly on the geographical position where the building is located. The 

building’s air temperature information setting are for Uppsala which are provided by ASHRAE. 

Differents ASHP system will be analyzed, models used for the analysis were manufactured by 

NIBE, model F2040, with 6, 8, 12 and 16 kW of power in the nominal state. COP for each of them 

varies greatly depending on the temperature [56], as can be seen in Figure 12 and Fiure 13.  

  

Figure 12. ASHP models efficiency's variation with air temperature 

 

Figure 13. ASHP maximum output depending on air temperature  

So in the same way that PV panels were examined,  the capability analysis for minimum air 

temperature will be done for the heat pumps. 
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3.4. Economical analysis  
The economic analysis was based on how much each system cost compared to how much saving 

they can generate annually and then calculate the payback period in order to make a comparison 

of which system may be the most inviting one. 

For both cases supplying 100 % of the heating demand all the time seems to be quite inaccessible, 

for this reason, all system involved will be equipped with an auxiliary electric heating as back up, 

the said system will be used in the situation the heat production does not reach the demand. 

For this reason, an hourly analysis will be done, every fifteen minutes, the heat production and 

heat demand will be compared. The heat production is subject to efficiency, and efficiency 

depends on the sunlight or the air temperature (for solar panel or heat pump). 

In the situation where solar energy system is present, the methodology used would be; every 

fifteen minutes, the estimated energy generation and the simulated energy demand will be 

compared. The generated energy is composed of the energy that is produced during the said 15 

minutes and the energy available in the storage. If the generated energy is higher than the 

demand then the difference between them will be added to the storage. For this reason, one 

important aspect to take into account is the existence storing elements. Those elements vary 

depending on the system, it could be batteries or water tanks. And one of the most important 

aspect to take into account is the maximum capacity the storage system is capable to keep, so 

in the situation when the storage is full, and there is still excess of energy production, those will 

be considered as waste. For this reason, the choice of water tanks is one of the most important 

aspects.  

 

3.4.1. Solar thermal panel analysis 
In the solar thermal panel, the produced heating power will be sum up of all the panels 

production combined, hence the number of panels in each roof is a key factor.  

The function to determine the optimal answer has as objective to maximize the accumulative 

cash flux in 20 years. The variables that the function can use to obtain the said result are the 

number of panels on each roof and the amount of storage system, in this situation water tanks, 

installed. The system is subjected to a restriction which is total surface available on each roof, 

which cannot be surpassed.  

The panel selected for the solar thermal analysis was model FKC-1, manufactured by BOSCH, the 

panel surface is 2.41 m2 with a price of 794 USA dollar (6669.6 SEK). The ratio between the 

irradiance input and heating output varies between 57.8 % and 44.4 % depending on the 

irradiance that impacts on the panel [57], for the analysis the efficiency taken into consideration 

was 54.58 % [58]. The installation cost for solar thermal panel varies depending on the country, 

in the Sweden, the cost of the installation is around 4550 euros, which translate to 46903 SEK 

[59]. The tank’s model taken into consideration were manufactured by the very same company, 

with two different model available, 300 l and 450 l of capacity. 

The overall addition of panel’s area must not surpass the total surface available in each roof. 

Also it is important to take into consideration that the heating system will not be able to fulfill 

the entire demand, and for this reason, electric back up will be considered, the electric back up 

will be considered to have 100 % efficiency and price for kWh would be 1.936 SEK [60]. 
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The calculation process involves an initial investment, which is the sum up of the total cost 

including the panels costs, the installation cost, and the water tank cost. Among those factor, 

only the installation cost is fix since the panel costs depend on the number of panels and the 

tanks cost depends on the required capacity. The tanks total capacity will determine the 

maximum amount of energy that the system will store. 

 

3.4.2. Solar PV panel analysis  
For instance, the solar PV panel chosen for the analysis is model Virtus II, manufactured by YHI. 

The panel's efficiency depends greatly on the irradiance that impacts on the panel's surface.   

The panel has a surface of 1.63 m2 and its price is 1599,20 SEK for each panel [61]. However, the 

installation of solar PV panel involve more elements such as inverters, cables and other auxiliary 

elements whose prices cannot be ignored. In the situation where batteries were used, the price 

for each watt installed will 13.5 SEK [8], and in the situation where batteries are considered 

unnecessary (like selling back to the grid), then the batteries cost will be subtracted from the 

initial investment. 

Similar to the solar thermal panel, the objective is to maximize the accumulative saving while 

subjected to the same kind of restriction that of the solar thermal panels. The main difference 

between PV panel and solar thermal would be the fact that in place of water tanks they use 

batteries to store energy as the energy produced by PV panel is electricity, and the possibility to 

sell the excess of energy back to the grid, hence its possible to obtain benefit during the summer 

(when heat demand is at minimum, and electricity production at it’s maximum). 

Vattenfall, the Sweden government owned electricity company, offer to buy the excess 

electricity with same price in NoodPool (see Table 4) plus 40 öre. Giving the fact that the hourly 

price varies each hour and days, the average of each month will be used for the analysis. Its also 

important to mention the fact that Sweden offers subsidy that covers 20 % of the panel 

installation, which will lessen the burden on initial investment [62]. 

Table 4. Market data from NordPool (https://www.nordpoolgroup.com/Market-data1/Dayahead/Area-
Prices/SE/Monthly/?view=table) 

 January February March April May June 

SEK/MWh 303.69 313.58 289.75 276.90 286.96 263.88 

 July August September October November  December 

SEK/MWh 295.85 321.14 347.36 293.71 314.69 304.47 

 

 

  

 

 

 

 

https://www.nordpoolgroup.com/Market-data1/Dayahead/Area-Prices/SE/Monthly/?view=table
https://www.nordpoolgroup.com/Market-data1/Dayahead/Area-Prices/SE/Monthly/?view=table
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3.4.3. Heat pump analysis  
Contrary to solar panels where the calculation of the number of panels to place in the building’s 

roof is calculated, in this case, the calculation is far more simple since for a single family building 

having more than one heat pump would be extremely strange and by using a heat pump there 

would be no energy generation, hence no storage is required. In this situation, the saving is the 

difference between current energy usage and the energy usage the house would have if a heat 

pump was to be installed. The analysis consists in choosing one of the models that will generate 

most saving in an extensive period of time.  

While it true that ASHP depends on the air temperature, the procedure to follow is the same as 

the computational simulation. 

 

3.5. Energy certificate  
This process consists in the attainment of the energy efficiency certificate, the said document 

indicate with a letter that goes from A to G, from the most energy efficient to most wasteful. 

The program CE3X do all the calculation,  the only thing required is adding data that involves 

similar data that were required for IDA ICE to do the simulation. 
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4. Result  

4.1. IDA ICE result discussion 

4.1.1. Energy output 
The value of used energy according to IDA ICE can be seen in Table 5, the energy usuage is 

classified depending on its end use. Viewing the graph, it’s clear that main consumption falls on 

electric heating. 

Table 5. Simulated monthly energy demand 

Month Lighting 
[kWh] 

Electric 
cooling [kWh] 

Electric 
heating [kWh] 

Equipment 
[kWh] 

Hot water 
[kWh] 

Total 
[kWh] 

January 24.7 0 2732 144.5 212.3 3113.5 

February 22.3 0 2126 130.6 191.8 2470.7 

March 24.7 0 1979 144.5 212.3 2360.5 

April 23.9 0 1159 139.8 205.5 1528.2 

May 24.7 8.3 395.7 144.5 212.3 785.5 

June 23.9 29.7 66.7 139.8 205.5 465.6 

July 24.7 27.5 0.5 144.5 212.3 409.5 

August 24.7 12.7 30.5 144.6 212.3 424.8 

September 23.9 0 620.6 139.8 205.5 989.8 

October 24.7 0 1340 144.5 212.3 1721.5 

November 23.9 0 2099 139.8 205.5 2468.2 

December 24.7 0 2934 144.5 212.3 3315.5 

 

The total delivered energy according to IDA ICE has a value of 20053.5 kWh, a value that is 

significantly greater than the annual average electricity consumption, which is 14475 kWh. This 

clear difference can be explained mainly due to two reason; the usage of electric boiler for hot 

water is not constant and the consumption of a large amount of wood during the winter. 

A comparison between simulated output and actual data can be seen in the Figure 14: 

 

Figure 14. Comparison between the real data and simulation 

In Appendix 4, it’s possible to see that despite the change, the difference wouldn’t be significant 

enough.  
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On the other hand the estimated consumption of wood is around 10 kg daily during winter days, 

however, the consumption is expected to not be constant but depending on the weather and 

heat requirement, and by this reason the wood usage will not be restricted in the winter alone, 

but distributed during the year where it seems fit, however, the total amount of wood used will 

remain 10 kg during 3 months. 

The used wood specification remain unknown, wood heat content varies depending on the 

lignite and cellulose content, as well as its density and its humility content. The oven-dry wood 

has a heat content in between 16.5 MJ/Kg and 20.5 MJ/Kg [54].  

The monthly result of subtracting thermal energy provided from burning wood from simulation 

output was calculated, and the average of its results from a different type of wood was also 

calculated and presented comparing it to the actual existing data. 

  

Figure 15. Comparison between simulated data and actual data after wood consumption had been extracted 

As shown in the Figure 15, the difference between two graphs is very small. 

In order to validate the model, the errors must be calculated, and for this reason, errors from 

the usage of all five type of wood were calculated. 

𝑒(%) =
𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑−𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛−𝑎𝑐𝑡𝑢𝑎𝑙 𝑑𝑎𝑡𝑎

 𝑎𝑐𝑡𝑢𝑎𝑙 𝑑𝑎𝑡𝑎
∗ 100  

And the result can be seen in Figure 17. 
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Figure 16. Absolute value of errors depending the type of Wood is used 

The error varies depending on the kind of wood that is considered, in summer when the wood 

consumption is zero, the errors do not vary. The average of the absolute value of the monthly 

error can be seen in Table 6. 

Table 6. The average of error in each month considering different kind of Wood used 

Error using 

undried Wood 

[%] 

Error using 

Willow [%] 

Error using 

Broadleaf wood 

[%] 

Error using 

coniferous Wood 

[%]  

Error using wood 

gross heat content 

[%] 

12.39 9.64 8.78 7.33 6.14 

 

It’s not entirely necessary that the error of each month being below 5 %, the coniferous wood 

will be considered as the wood used, as using it cause lower error value. 

Everything considered, the error between annual electricity demand and result from simulation 

will be calculated using equation (15). 

𝑒(%) =
14475 − (20053.5 − 5000)

14475
∗ 100 = −3.99 % 

The error has an absolute value of 3.99 %, below the margin of 5 % previously fixed, hence we 

can consider this model to be accurate enough to work with. 
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4.1.2. Comfort evaluation 
The set temperature for heating is 21 °C, the maximum dry bulb temperature and the minimum 

dry bulb temperature are registered in Table 7. 

Table 7. Maximum and minimum indoor temperature in the simulated model 

 
Tmin [°C] Tmax [°C]  Tmin [°C] Tmax [°C] 

entrance 15.98 27.88 stair 20.74 31.82 

living room 20.91 29.27 bathroom 20.88 31.3 

passage 20.81 29.06 office 20.87 35.25 

kitchen 20.81 29.2 second floor storehouse -1.465 31.33 

dining room 20.72 31.06 bedroom 20.86 31.12 

first floor storehouse 14.97 27.59 bedroom storehouse 2.268 34.15 

backdoor entrance 19.31 28.19 roof  -3.077 26.27 

laundry room 18.61 28.59 outdoor room -12.39 35.66 

 

It's clear that cooling system is insufficient, especially rooms situated in the second floor, where 

its temperature is out of first floor's only cooling system's reach, where the maximum 

temperature reaches 35 °C in the office. 

On the other hand, the minimum temperature, as can be observed in the Figure 18, is being 

controlled far better, with the exception of rooms where the heater was not available, the 

minimum temperature does not go below 15 °C. 

During winter the minimum temperature in the outdoor room can reach below 0 °C, while it 

seems to be alarming, the outdoor room does not possess any mean of heating, and the 

separation between main building and the said room is same as external wall, hence the outdoor 

room can be considered as outside, and by that reason having a negative temperature during 

winter can be expected.   

The IDA ICE calculated building comfort reference, the result can be seen in the Table 8: 

Table 8. Percentage of discomfort 

Percentage of hours when the operative temperature is above 27°C in worst zone 14 % 

Percentage of hours when the operative temperature is above 27°C in average zone 5 % 

Percentage of total occupant hours with thermal dissatisfaction 13 % 

   

As can be seen in the Table 8, there are 13 % of times where the resident would be dissatisfied, 

and judging the Table 7 the discomfort mainly came from the excessive amount of heat, caused 

by the lack of cooling system. The aim of the thesis is to substitute the source of the heating 

system, hence this discomfort will not be taken into consideration. 
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4.1.3. Transmission losses 
It’s important to know which part of the house is responsible for major energy losses, hence IDA 

ICE calculated the thermal transmission of its elements. 

 

Figure 17. The causes of heat loss by transmission  

  

It’s clear that wall and windows are mainly responsible of the energy loses present in the building. 

In the situation that a better heat isolation is desired, windows replacement may be considered.  
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4.1.4. Building’s heat demand. 
The main objective of this part is to estimate the monthly demand in order to study the 

possibility of using an alternative means to sustain the demand. Giving the fact that the model 

had been considered as acceptable, the simulated heat demand will be used as the actual heat 

demand. 

 

Figure 18. The heat and hot water demand in each month 

As can be seen the Figure 18, the building does not possess AHU energy usuage, the main heat 

demand is used for zone heating, and a small part of them of water heating The annual heat 

demand take value of 17127 kWh.   
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4.2. Solar irradiance 
In the Figure 19, the solar irradiance can be seen, it easy to see that the most frequent irradiance 

is in fact 0 kW·m-2, which is the irradiance that is present during the night. 

Roof C and roof D has very same irradiance as they both are positioned in the same place, facing 

same orientation and same inclination.    

 

Figure 19. The solar irradiance on each roof, represented by intensity vs frequency 

While roof A has access to irradiance up 0.65 kW·m-2, the frequency that this happening is rather 

low and compared to that, roof E seem to receive irradiance over 0.2 kW more frequently even 

though the intensity is lower. So at first glance, the roof E it's a prime candidate for installing 

panels. 

 

4.3. Capability analysis 

4.3.1. Solar irradiance  
As mentioned previously, the solar PV panel chosen for this thesis requires at least 0.2 kW to be 

able to produce electricity, hence the capability analysis was done using the Minitab software.  

Table 9. Percentage of times when the PV panel would be inactive 

Roof A B C D E 

Percentage [%] 85.12 87.50 90.43 90.43 80.72 

  

As can be seen in Table 9, all panel will spend most of the time inactive as the solar irradiance 

that impacts on it are too small. The panel situated on rood E will be working 20 % of the time, 

the highest among the all the roof present. So based on this information, the roof first to be 

filled with panels will be E and then A, B and C and D. However, the graph only shows the 

frequency during the entire year, and not the variation each of them receives at each moment. 

Hence its possible that while some panels are not receiving sunlight, the other is. The complete 

analysis can be seen in Appendix 3. 
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4.3.2. Temperature capability analysis  

 

Figure 20. Capability analysis of the air temperatures 

 The air temperature also plays a rather big role in the system functionality, and below a certain 

point, the heat pump system will malfunction and for this reason, electrical back up system will 

be required. The minimum temperature below which the heat pumping system will not work is 

minus 20 °C, so is prudent to understand to which extent this will affect the system. It's also 

worthy to mention that even the situation that the heat pump is under a proper working 

condition, the electrical back up, will also be necessary, since the heating demand  may be higher 

than the maximum output that heat pump can give away.  

For temperature study, a mere capacity analysis would suffice to see which percentage would 

fall out of the working range. 

The most important factors in a capability analysis are the LSL and USL, those values represent 

the lower acceptable limit and upper acceptable limit. In this analysis the upper limit does not 

exist, hence only the lower limit (-20 °C) will be considered. 

As can be seen in the Figure 20, only 0.34 % of times the ASHP would malfunction due low 

temperature. On the other hand, the maximum power is also dependant on temperature, so a 

capability analysis may be inaccurate, for this reason, the limitation toward the maximum output 

will be added to the economic analysis. 
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4.4. Economical analysis  

4.4.1. The solar thermal analysis 
  

The optimum option calculated base on the previously stated condition in section 3.4.1 is shown 

in the Table 10 and Table 11.  As can be seen in the Figure 21 below, it takes 15 years to pay 

back the investment.  

In Table 10, the optimum amount of solar panel to be installed in each roof is presented. It can 

be seen that both roof B and E is full (no more panel can be installed), and roof C  has only one 

panel installed. The reason for this can be explained because of energy production of panels on 

each roofs is different. The panels installed on roof E have the highest energy production rate, 

and the one installed on roof C has the lowest energy production rate, see Apendix 6. 

Table 10. The optimum amount of solar panel on each roof 

Roof  Maximum surface [m2] n panel  Installed surface [m2] 

A 16.44 4 9.64 

B 18.35 7 16.87 

C 6.18 1 2.41 

D 7.85 0 0 

E 18.97 7 16.87 

 

On Table 11, the choice for the water tanks can be seen. For an optimum result, two SOL-

RET120 water tank were chosen. 

Table 11. The optimum amount of water tanks 

Tank   capacity [L] Capacity [KWh/tank] Amount Capacity [kWh] Cost [SEK] 

SOL - RET80 300 24.4 0 0 0 

SOL - RET120 450 36.6 2 73.2 38774.4 

 

According to this analysis, the total energy that the solar thermal system is capable to produce 

is 27504 kWh, higher than the current heat demand (17127 kWh). However, the actual useful 

energy that panel deliver to the house 9264 KWh, roighly a third part of the total production. 

That can be explained by the fact most the energy is produced during the summer whe the heat 

demand is at its lowest, see Apendix 6.   

The annual saving in this situation is 14483 SEK, and it will take 15 years in order to pay the back 

the investment.  
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Figure 21. Payback period of the solar-thermal system 

 

4.4.2. The solar PV analysis 
The result from analysis using condition stated in the section 3.4.2 can be seen in Table 12 and 

Table 13. 

As can be seen in Table 12, the roofs are completely covered by solar PV panels. Similar to solar 

thermal panels, the panels installed on roof E are the one that produce most energy, and the 

panels installed on roof B and C are the lowest in energy production, see Apendix 7. 

Table 12. The optimum amount of PV panel to be installed 

Roof  Maximum 

surface [m2] 

Panel [m2] Cost [sek/panel] Installed 

surface [m2] 

Total cost [sek] 

A 16.44 9 1590 14.85 14310 

B 40.55 24 1590 39.6 38160 

C 6.18 3 1590 4.95 4770 

D 7.85 4 1590 6.6 6360 

E 18.97 11 1590 18.15 17490 

 

Table 13. Optimum amount of batteries 

Model Capacity 

[kWh] 

Amount Unit cost 

[SEK] 

Total capacity 

[kWh] 

Total cost [SEK] 

6CRV220 1.32 0 2184 0 0 

2CRP2030 2.8 0 6594 0 0 

12CRV8D 2.88 7 4233.348 20.16 29633.436 
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By using batteries for storing electricity or selling the excess energy back to the grid, the amount 

of panel to install does not change as can be seen in the Table 13. and in the situation of using 

batteries, the model that best suit is 12CR8D, manufactured by the same company.  

The total energy that panels are capable to produce is 10750 kWh of electricity annually. 

However, the useful energy while using batteries is 4617 kWh of electricity. The reason is the 

same problem solar thermal panels had, the season of maximum electricity production matches 

with the season lowest heat demand, hence most of the produced energy is lost, see Apendix 7. 

In the situation that the batteries were to be excluded,and all excess energy were sold back to 

grid,  then the useful energy in this case would be 2455 kWh and the rest of produced eletricty 

would be sold back to grid (8295 kWh), see Apendix 7.  

 

Figure 22. Comparison between the payback period of using batteries or selling it back to the grid  

The option of selling electricity back to grid seems to be more attractive than using batteries as 

there would be no energy loses and benefits during the summer, however, when payback period 

is concerned, as can be seen in the Figure 22, is 24 years for the system that sell the excess 

energy back to the grid, while in case of using batteries, it will take around 21 years. This can be 

explained by the difference between the cost of buying and selling electricity, as the cost of 

buying include taxes and distribution cost among others, making it much more expensive than 

selling it back. For this reason, the option of using batteries has faster pay back period despite 

having a higher initial investment. 

 

4.4.3. ASHP  
Differentiating from solar energy system, the ASHP system does not generate energy but 

reduce the total electricity demand by having a high COP. Energy saving generated for each 

model take value of 8278 kWh, 8843 kWh, 9063 kWh and 8992 kWh for model NIBE 2040-6, 

NIBE 2040-8, NIBE 2040-12 and NIBE 2040-16 respectively.  

The models from NIBE with its price (all required components included) and total initial 

investment required [63] are presented in Table 14.   
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Table 14. ASHP models [64] 

Model  Price [SEK] Total investment [SEK] 

NIBE 2040-6 34617.58 61617.58 

NIBE 2040-8 41954.26 68954.26 

NIBE 2040-12 50226.93 77226.93 

NIBE 2040-16 66181.36 93181.36 

 

 

Figure 23. Comparison between payback periods of different ASHP models 

As can be seen in the Figure 23, when payback period is concerned, the model NIBE 2040-6, is 

the one that seems to be the most successful option and the model NIBE 2040-16 seems to be 

the worst one with a quite big difference between them. However, is important to note that the 

reason for NIBE 2040-6 to have the shortest payback period is because of it's lower initial 

inversion since when it comes to annual saving, the NIBE 2040-6 has the lowest. A good midpoint 

would be model NIBE 2040-8. 

 

Figure 24. Annual saving of each ASHP model 
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As can be appreciated in the Figure 24, the model NIBE 2040-12 has the highest annual saving, 

however, it's also the second highest when it comes to initial investment. So the best option 

would depend on how long the system would function, see Apendix 8. 

 

Figure 25. Accumulative saving in 20 years for each ASHP model 

  

In the Figure 25, if the analysis is extended to 20 years, then the accumulated saving generated 

by NIBE 2040-12 would be the same than the one generated by NIBE 2040-8, in fact in 21 years, 

the saving generated by model NIBE 2040-12 overpass those generated by model NIBE 2040-8. 

 

4.4.4. GSHP 
Just like the previous situation, different models were used for analysis in hope to find the most 

suited option. 

Each model’s COP, maximum output and cost can be seen in the Table 15. The main difference 

between a standard heat pump and a GSHP is the fact the latter has evaporator/condenser 

(depending the season) buried underground, and for this reason, a bigger initial investment is 

required [65]. 

The energy saving in this situation is 12092 kWh, 12461 kWh, 12615 kWh, 12841 kWh and 12616 

kWh for model F1245-5, F1245-6, F1245-8, F1245-10 and F1245-12. 

Table 15. Maximum output, the cold climate COP and the initial inversion necessary 

MODEL Output [kWh] COP  Cost [SEK] Investment [SEK] 

F1245-5 5 3.4 55755 139755 

F1245-6 6 3.6 54125 138125 

F1245-8 8 3.3 56990 140990 

F1245-10 10 3.9 62590 146590 

F1245-12 12 3.7 62390 146390 
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The investment required for the installation is significantly higher than the standard one, and 

the main cost goes to the excavation and installation cost. Another big requirement for the 

installation would be the availability of enough surface to built and bury the required component. 

Similar to the analysis done to the standard heat pumping system, the annual saving will be 

calculated, and based on that, so will the payback period. 

 

Figure 26. Annual saving generated by each GSHP model 

As can be seen in the Figure 26, the model with highest annual saving is model F1245-10, 

however, the difference in comparison with other are not great, the difference between the 

saving generated by F1245-5 and F1245-10 is around 1500 SEK annually. This lack of difference 

between the models can be explained by the fact that median of the required power (the usage 

during summer is neglected) is 3.065 kW and by doing a capability analysis we can see that if 

model F1245-5 is used, only 6,07 % of time the back up system will be required (see Figrue 27), 

and if others option were used, 1.17 %, 0.01 %, 0.00 % and 0.00 % for Model F1245-6, F1245-8, 

F1245-10 and F1245-12 respectively. The overall percentage of time that back up system is used 

is small, even for the less powerful system, which means that what really is significant would be 

COP of each system. 
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Figure 27. Capability analysis of heating demand vs maximum output 

 

Figure 28. Comparison between payback periods of each model of GSHP 

Due to the similarity between the invested cost and the almost nonexistential difference in 

saving, all fives option have a quite similar payback period, all them within a period of 6 years 

(see Figure 28). And for this reason, the best option would be choosing the model F1245-6, the 

cheapest one in initial investment . 
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4.4.5. Combined technology analysis 
 

Heat pump presents a much lower payback period, which makes them a great resource to use, 

so it's interesting to see whether is possible to create much more saving by apply solar PV panel 

to sustain the heat pump and which one is the best suited.  

For this situation, the amount of solar panel is the one in the Table 17, and the chosen heat 

pump is the air to water NIBE 2040-8. 

In this situation, the electricity demand that the ASHP require is 7946 kWh annually and the total 

electricity that the panels produce is 9280 kWh, higher than the demand. However, despite the 

higher electricity production, 734 kWh are being used by the heat pump, and the rest sold back 

to the grid. The rest of the produced energy are sold back to the grid, see Appendix 8.    

Table 16. Optimum amount of PV panel if a heat pump is present 

Roof  Maximum surface [m2] Number of  panel Installed surface [m2] 

A 16.44 9 14.85 

B 40.50 21 34.65 

C 6.18 0 0 

D 7.85 0 0 

E 18.97 11 18.15 

 

 

Figure 29. Payback period of the combined system 

As seen in Figure 29, the entire system has a payback period of 9 years, and the annual saving 

of 19017 SEK, while it's true that the payback period is longer in comparison with ASHP, the 

annual saving is also higher.  
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4.4.6. Comparison 
With everything considered, the best option for each system can be seen in Table 18, with ASHP 

being the fastest to have investment return and GSHP is the one with highest annual saving. 

Table 17. Comparison between all the candidates 

 Solar 

thermal 

Solar PV 

using 

batteries 

Solar PV 

without 

batteries 

ASHP GSHP Combined 

solar-heat 

pump  

Inversion 

[SEK] 

212400 121176 91543 68954 138125 181770 

Annual 

saving 

[SEK] 

14483 5594 3876 17152 24157 19018 

Payback 

period 

[years] 

15 21 23 4 6 9 
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4.5. Energy certificate  

 

Figure 30. Classification overview of energy efficiency in buildings. © Property118 2018 

An energy certificate or energy declaration is basically a description of how much energy a 

building uses. An energy certificate usually contains information about the building’s heated 

area, how energy is being used and possible suggestions for a reduction in energy uses. 

The buildings are classified from A to G as seen Figure 30, depending on the building’s energy 

usage (BEU). For an A, the energy usage is low, and G for stands for high. To obtain the energy 

certification BEU is compared to energy requirement of a new building (RNB) [66]. The way that 

a building is classified depending on its BEU can be seen in Table 19. 

Table 18. Calculation required for energy certification 

A BEU/RNB ≤ 0.5  

B BEU/RNB ∈ (0.5, 0.75] 

C BEU/RNB ∈ (0.75, 1] 

D BEU/RNB ∈ (1, 1.35] 

E BEU/RNB ∈ (1.35, 1.80] 

F BEU/RNB ∈ (1.80, 2.35] 

G BEU/RNB ≥ 2.35 

    

The RNB is 130 kWh for m2 annually [67], taking into account the fact that the building consumes 

20053.5 kWh, and the building has 135 m2 of Atemp (all rooms indoor where the temperature is 

intended to be higher than 10 °C) [68]. The BEU/RNB obtained is 1.142, which made this building 

classified as D.  

It was made clear in section 4.1.3 that windows and walls are the two source of leakage of heat. 

If in place of having double gazed windows, triple gazed windows were used, the annual energy 

usuage would be 19004.3 kWh. The BEU/RNB in this case would be 1.08, while it’s better, it’s 

still classified as D.    
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Table 19. Energy certification for using each of the alternative energy system 

Alternative energy system Annual energy uses [kWh] BEU/RNB Classification 

Solar thermal 12572.6 0.72 B 

Solar PV with batteries 17164.0 0.99 C 

Solar PV selling back to grid 18051.4 1.03 D 

ASHP 11194.0 0.64 B 

GSHP 7575.7 0.43 A 

Combined 10230.1 0.59 B 

 

In Table 20, the new certification that the building would have depending on the system chosen 

is displayed. It’s clear to see that systems that involve heat pump show much better results in 

comparison with the others. In specific, the GSHP reduce the energy consumption greatly, 

receiving an A classification. 
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5. Discussion  
In the article in Green Building Advisor [69]; a web specialized in construction advises regarding 

usage of green energy; described the solar thermal panel as an already dead technology that 

will eventually be overtaken by solar PV panel. However, in this analysis, the result obtained 

does not agree with the statement mentioned there, in the first place the payback period 

calculated for the solar thermal panel is 15 years, lower than the payback period for solar PV 

panels.  

Nevertheless, it’s vital to note that the payback period in this thesis is calculated based on the 

fact that saving is generated as the difference between the initial electricity consumption and 

the estimated energy consumption. Giving the fact the web is mostly based in the US, lower heat 

demand and higher solar irradiance can be expected, making the solar PV panel being a more 

attractive alternative than in this thesis is certainly possible.    

In [8] it was stated that depending the subsidy and solar resources, it would take between 9 to 

25 years for the solar system to be profitable, in this thesis, despite using subsidy the calculated 

period is 21 and 24 years. The bad result can be attributed to lack of solar resource and bad 

positioning of the building. 

On the other hand, when solar thermal system is concerned, instead of 20 years mentioned in 

[11], in this thesis the payback period is around 15 years and in place of 24 % calculated in [12], 

the energy saving in this situation is up to 46 %. The main reason for the difference is that the 

building analyzed in both situation is different. The building analyzed in [11] is a senior residence, 

which mean an installation bigger than the one analyzed in this thesis is expected. On the other 

side, in [12] the building analyzed is a public building with much higher heat demand than a 

single family house. And that’s why despite being located in a place with much higher sun hours, 

the percentage of energy saved by using solar thermal system is lower in comparison. 

Regarding the environmental improvement mentioned in [13], it’s clear to see in section 4.5 that 

whichever the choice is taken, there is improvement when it comes to energy efficiency, and by 

consequence increasingly more ecofriendly. 

When it comes to ASHP, the energy saving obtained is 52 %, higher the result from Mid Sweden 

Study [14] and result from Seattle [15], and the annual saving take value of 17152 SEK much 

higher than 4000 SEK. There are two reasons for the difference between this thesis’s result and 

the one from [14]. The first one would be the initial heat demand, the Mid Sweden Study 

consumes around 30000 kWh worth of energy in heat, much higher the one obtained in this 

thesis. The second reason is that the saving calculated in based on district heating’s price instead 

of electricity price. 

Regarding the difference between this results and the one from Seattle, the answer would be 

the difference in initial demand. The locations analyzed in [15] are fairly warmer than Sweden, 

hence less initial heat demand is required.   

Also comparing the result obtained from ASHP and GSHP, the statement from [18], can be 

confirmed as the GSHP is certainly more efficient and generate more saving, however, due to 

the immense initial inversion it became a less attractive option, which affirm the statements 

given in the study [22] and [23].  

Energy saving wise, the analysis from Lulea [19] is quite similar to the one obtained from this 

analysis, the energy saving is 73 %, and saves 29 % more energy than ASHP. This result falls 
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between the ranges predicted in another study from the same university [20]. This also serve as 

reaffirmation for the result from [21], where it states that GSHP is better suited for cold climate 

country such as Sweden than for warmer location, the saving may went down drastically, and 

being unable to payback its initial investment.  

When comes to combined tech, the PV system combined with ASHP analyzed in this thesis shows 

PV system is capable of providing 9 % of the electricity demanded by the ASHP, despite being 

able to produce up to 116% of the demanded energy. The reason for this is that the season 

which the solar panel’s electricity production is at its maximum is summer, when the heat 

demands is at its minimum.  
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6. Conclusion 
From all result obtained (see Table 16) it's clear to see that if the desired result consists in having 

the shortest payback period, then the most obvious option would be the standard heat pump, 

the investment can be paid back around 4 years with a fairly good annual saving. 

If the desired option is to having highest annual saving, then GSHP is deemed to be the most 

logical.  

The solar energy does not quite fit in this situation, especially because Sweden is not exactly 

famous for its abundance in solar resources during the winter (when energy demand is highest). 

Nevertheless, if solar energy is a desirable option then it can be combined with a heat pump. 

The initial investment would be 3 times bigger than installing a standard heat pump, and the 

saving is not exceptionally higher, creating that way a payback period that's double the 

conventional heat pump one.  

 

6.1. Future work 
This thesis has proved the inefficiency of using solar energy in this household. However, there 

are few factors not taken into consideration during this thesis. 

Firstly, the effect of snow during the winter. It’s possible that the accumulated snow on the solar 

panel block the sunlight completely, rendering it useless during the period of maximum heat 

demand. 

One important thing to notice in this thesis would be the fact that when PV panels are concerned, 

the entire roof is covered with it at utmost limit, which may indicate that in situation that more 

surface were to be available, better result is possible. However, while it’s true that the 

household possess more free space on ground level to install more panel, shadow created by its 

own building may be taken into consideration.  

On the other hand GSHP has proven to be quite interesting option, however, it’s important to 

do a deeper research regarding the ground surrounding the building in order to determine the 

best option (vertical or horizontal GSHP). 

 

6.2.  Perspectives  
Depending on the chosen system, 10 % to 65 % increase in renewable energy usuage in the 

single house can be achieved. Those result can be extrapolated to other single family building 

around Sweden and reduce the burden generated by the heat demand, hence a more 

sustainable form of heating is possible to attain.   

Reducing the energy demand on heating by using alternative energy source, the carbon 

footprint is also reduced, bringing near the goal of using 100 % renewable energy by 2040 that 

Sweden has set to achieve. 
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Appendix 1 Rooms measurements  
Name Floor 

height 

[m] 

Room 

height[m] 

Floor 

area, 

[m2] 

Heat 

setp. 

[°C] 

Cool 

setp. 

[°C] 

AHU 

entrance 0.5 2.47 7,461 21 25 No central AHU 

living room 0.5 2.47 21 21 25 No central AHU 

passage 0.5 2.47 5.309 21 25 No central AHU 

kitchen 0.5 2.47 18.13 21 25 Return air only  

dining room 0.5 2.47 15.67 21 25 No central AHU 

first floor 

storehouse 

0.5 2.47 1.976 21 25 No central AHU 

backdoor 

entrance 

0.5 2.47 3.743 21 25 No central AHU 

laundry room 0.5 2.47 3.885 21 25 Return air only  

stair 3.27 2.40 8.414 21 25 No central AHU 

bathroom 3.27 2.40 9,428 21 25 Return air only  

office 3.27 2.40 14.09 21 25 No central AHU 

second floor 

storehouse 

3.27 2.40 5.986 21 25 No central AHU 

bedroom 3.27 2.40 22.44 21 25 No central AHU 

bedroom 

storehouse 

3.27 2.40 5.77 21 25 No central AHU 

roof 5.87 2.60 72.58 21 25 No central AHU 

garden 0.5 2.47 20.22 21 25 No central AHU 
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Appendix 2 Building’s surfaces information 
Surfaces 

     

Name Type Wetted 

area, 

[m2] 

Connected to Slope, 

Deg 

Construction 

Entrance Floor Ext. 

floor 

7.461 Building 

body.Crawl 

space 

0 [Default] floor 

1 

Entrance Ceiling Int 

ceiling 

7.461 bathroom; stair 180 [Default] 

ceiling/floor1 

Entrance Wall 1 Ext. 

wall 

6.62 Building 

body.f4b 

90 [Default] 

external 

wall/floor 

Entrance Wall 2 Int. wall 4.876 passage 90 [Default] roof 

U1 

Entrance Wall 3 Int. wall 3.82 living room 90 [Default] roof 

U1 

Entrance Wall 4 Ext. 

wall 

5.077 Building 

body.f4a 

90 [Default] 

external 

wall/floor 

living room Floor Ext. 

floor 

21 Building 

body.Crawl 

space 

0 [Default] floor 

1 

living room Ceiling Int 

ceiling 

21 office; 

bathroom 

180 [Default] 

ceiling/floor1 

living room Wall 1 Int. wall 9,007 passage; 

entrance 

90 [Default] roof 

U1 

living room Wall 2 Int. wall 9,453 dining room; 

kitchen 

90 [Default] roof 

U1 

living room Wall 3 Ext. 

wall 

9,222 Building 

body.f3c 

90 [Default] 

external 

wall/floor 

living room Wall 4 Ext. 

wall 

10.85 Building 

body.f4a 

90 [Default] 

external 

wall/floor 
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Passage Floor Ext. 

floor 

5.309 Building 

body.Crawl 

space 

0 [Default] floor 

1 

Passage Ceiling Int 

ceiling 

5.309 stair 180 [Default] 

ceiling/floor1 

Passage Wall 1 Ext. 

wall 

3.932 Building 

body.f4b 

90 [Default] 

external 

wall/floor 

Passage Wall 2 Int. wall 4.969 kitchen 90 [Default] roof 

U1 

Passage Wall 3 Int. wall 4.715 living room 90 [Default] roof 

U1 

Passage Wall 4 Int. wall 4.869 entrance 90 [Default] roof 

U1 

Kitchen Floor Ext. 

floor 

18.13 Building 

body.Crawl 

space 

0 [Default] floor 

1 

Kitchen Ceiling Int 

ceiling 

18.13 bedroom; 

second floor 

storehouse 

180 [Default] 

ceiling/floor1 

Kitchen Wall 1 Int. wall 

[88%], 

Ext. 

wall 

[12%] 

7.216 garden; Building 

body.f4b 

90 <mixed> 

Kitchen Wall 2 Int. wall 

[89%], 

Ext. 

wall 

[11%] 

7.482 backdoor 

entrance; first 

floor 

storehouse; 

Building 

body.f2a 

90 <mixed> 

Kitchen Wall 3 Int. wall 9.566 dining room 90 [Default] roof 

U1 

Kitchen Wall 4 Int. wall 7.582 passage; living 

room 

90 [Default] roof 

U1 

dining room Floor Ext. 

floor 

15.67 Building 

body.Crawl 

space 

0 ceiling/floor2 
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dining room Ceiling Int 

ceiling 

15.67 bedroom 

storehouse; 

bedroom 

180 [Default] 

ceiling/floor1 

dining room Wall 1 Int. wall 9.507 kitchen 90 [Default] roof 

U1 

dining room Wall 2 Int. wall 

[87%], 

Ext. 

wall 

[13%] 

8.235 laundry room; 

Building 

body.f3b 

90 <mixed> 

dining room Wall 3 Ext. 

wall 

8.988 Building 

body.f3c 

90 [Default] 

external 

wall/floor 

dining room Wall 4 Int. wall 6.835 living room 90 [Default] roof 

U1 

first floor storehouse 

Floor 

Ext. 

floor 

1.976 Building 

body.Crawl 

space 

0 [Default] floor 

1 

first floor storehouse 

Ceiling 

Roof 1,976 Building 

body.Roof.r7 

180 [Default] roof 

U0.5 

first floor storehouse Wall 

1 

Ext. 

wall 

4.248 Building 

body.f2b 

90 [Default] 

external 

wall/floor 

first floor storehouse Wall 

2 

Ext. 

wall 

2.838 Building 

body.f2c 

90 [Default] 

external 

wall/floor 

first floor storehouse Wall 

3 

Int. wall 2.748 backdoor 

entrance 

90 [Default] roof 

U1 

first floor storehouse Wall 

4 

Int. wall 2.838 kitchen 90 external 

wall/floor 

backdoor entrance Floor Ext. 

floor 

3.743 Building 

body.Crawl 

space 

0 [Default] floor 

1 

backdoor entrance Ceiling Roof 3.743 Building 

body.Roof.r7 

180 [Default] roof 

U0.5 
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backdoor entrance Wall 1 Int. wall 2.724 first floor 

storehouse 

90 [Default] roof 

U1 

backdoor entrance Wall 2 Ext. 

wall 

3.823 Building 

body.f2c 

90 [Default] 

external 

wall/floor 

backdoor entrance Wall 3 Int. wall 2.624 laundry room 90 [Default] roof 

U1 

backdoor entrance Wall 4 Int. wall 3.407 kitchen 90 external 

wall/floor 

laundry room Floor Ext. 

floor 

3.885 Building 

body.Crawl 

space 

0 [Default] floor 

1 

laundry room Ceiling Roof 3.885 Building 

body.Roof.r7 

180 [Default] roof 

U0.5 

laundry room Wall 1 Int. wall 2.624 backdoor 

entrance 

90 [Default] roof 

U1 

laundry room Wall 2 Ext. 

wall 

5.137 Building 

body.f2c 

90 [Default] 

external 

wall/floor 

laundry room Wall 3 Ext. 

wall 

4.224 Building 

body.f3aa 

90 [Default] 

external 

wall/floor 

laundry room Wall 4 Int. wall 5.612 dining room 90 external 

wall/floor 

Stair Floor Int. 

floor 

8.414 passage; 

entrance 

0 [Default] 

ceiling/floor1 

Stair Ceiling Int 

ceiling 

8.414 roof 180 [Default] 

ceiling/floor1 

Stair Wall 1 Ext. 

wall 

9.748 Building 

body.f4b 

90 [Default] 

external 

wall/floor 

Stair Wall 2 Int. wall 3.067 bedroom; 

second floor 

storehouse 

90 [Default] roof 

U1 
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Stair Wall 3 Int. wall 2.853 office; 

bathroom 

90 [Default] roof 

U1 

Stair Wall 4 Int. wall 2.192 bathroom 90 [Default] roof 

U1 

Stair Wall 5 Int. wall 6.257 bathroom 90 [Default] roof 

U1 

Stair Wall 6 Ext. 

wall 

2.575 Building 

body.f4a 

90 [Default] 

external 

wall/floor 

Bathroom Floor Int. 

floor 

9.428 living room; 

entrance 

0 [Default] 

ceiling/floor1 

Bathroom Ceiling Int 

ceiling 

9.428 roof 180 U35 

Bathroom Wall 1 Int. wall 5.964 stair 90 [Default] roof 

U1 

Bathroom Wall 2 Int. wall 2.122 stair 90 [Default] roof 

U1 

Bathroom Wall 3 Int. wall 1,308 stair 90 [Default] roof 

U1 

Bathroom Wall 4 Int. wall 4.169 office 90 [Default] roof 

U1 

Bathroom Wall 5 Int. wall 7.272 office 90 [Default] roof 

U1 

Bathroom Wall 6 Ext. 

wall 

7.947 Building 

body.f4a 

90 [Default] 

external 

wall/floor 

Office Floor Int. 

floor 

14.09 living room 0 [Default] 

ceiling/floor1 

Office Ceiling Int 

ceiling 

14.09 roof 180 U35 

Office Wall 1 Int. wall 7.838 bathroom 90 [Default] roof 

U1 

Office Wall 2 Int. wall 4.44 bathroom 90 [Default] roof 

U1 

Office Wall 3 Int. wall 1,346 stair 90 [Default] roof 

U1 
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Office Wall 4 Int. wall 3.331 bedroom 90 [Default] roof 

U1 

Office Wall 5 Int. wall 7.037 bedroom 

storehouse; 

bedroom 

90 [Default] roof 

U1 

Office Wall 6 Ext. 

wall 

8.873 Building 

body.f3c 

90 [Default] 

external 

wall/floor 

Office Wall 7 Ext. 

wall 

5.928 Building 

body.f4a 

90 [Default] 

external 

wall/floor 

second floor storehouse 

Floor 

Int. 

floor 

5.986 kitchen 0 [Default] 

ceiling/floor1 

second floor storehouse 

Ceiling r4@Building body 

Roof 5.642 Building 

body.Roof.r4 

149.9 [Default] roof 

U0.5 

second floor storehouse 

Ceiling ceiling 

Int 

ceiling 

0.229 None 180 [Default] 

ceiling/floor1 

second floor storehouse 

Wall 1 

Ext. 

wall 

8.073 Building 

body.f4b 

90 roof U1 

second floor storehouse 

Wall 2 

Ext. 

wall 

2.816 Building 

body.f2a 

90 [Default] 

external 

wall/floor 

second floor storehouse 

Wall 3 

Int. wall 11,33 bedroom 90 [Default] roof 

U1 

second floor storehouse 

Wall 4 

Int. wall 

[90%], 

Ext. 

wall 

[10%] 

1,217 stair 90 <mixed> 
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Bedroom Floor Int. 

floor 

22.44 dining room; 

kitchen 

0 [Default] 

ceiling/floor1 

Bedroom Ceiling Int 

ceiling 

22.44 roof 180 [Default] 

ceiling/floor1 

Bedroom Wall 1 Int. wall 11,34 second floor 

storehouse 

90 [Default] roof 

U1 

Bedroom Wall 2 Ext. 

wall 

9.405 Building 

body.f2c 

90 [Default] 

external 

wall/floor 

Bedroom Wall 3 Int. wall 9.738 bedroom 

storehouse 

90 [Default] roof 

U1 

Bedroom Wall 4 Int. wall 9.402 office; office; 

stair 

90 [Default] roof 

U1 

bedroom storehouse 

Floor 

Int. 

floor 

5.77 dining room 0 [Default] 

ceiling/floor1 

bedroom storehouse 

Ceiling ceiling 

Int 

ceiling 

3.621 None 180 [Default] 

ceiling/floor1 

bedroom storehouse 

Ceiling r2@Building body 

Roof 2.483 Building 

body.Roof.r2 

150 [Default] roof 

U0.5 

bedroom storehouse Wall 

1 

Int. wall 9.723 bedroom 90 ceiling/floor1 

bedroom storehouse Wall 

2 

Ext. 

wall 

2.756 Building 

body.f3b 

90 [Default] 

external 

wall/floor 

bedroom storehouse Wall 

3 

Ext. 

wall 

[93%], 

Int. wall 

[7%] 

7.956 Building 

body.f3c 

90 <mixed> 

bedroom storehouse Wall 

4 

Int. wall 

[92%], 

Ext. 

wall 

[8%] 

2.754 office 90 <mixed> 
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Roof Floor Int. 

floor 

61,03 bedroom; 

office; 

bathroom; stair 

0 U35 

Roof Ceiling r1@Building 

body 

Roof 

[99%], 

Int 

ceiling 

[1%] 

18.97 Building 

body.Roof.r1 

149.5 <mixed> 

Roof Ceiling r3@Building 

body 

Roof 

[87%], 

Int 

ceiling 

[13%] 

7.855 Building 

body.Roof.r3 

149.4 <mixed> 

Roof Ceiling r4@Building 

body 

Roof 

[89%], 

Int 

ceiling 

[11%] 

18.35 Building 

body.Roof.r4 

150 <mixed> 

Roof Ceiling r2@Building 

body 

Roof 

[96%], 

Int 

ceiling 

[4%] 

16.44 Building 

body.Roof.r2 

150 <mixed> 

roof.Ceiling.r5@Building 

body 

Roof 6.168 Building 

body.Roof.r5 

149.5 [Default] roof 

U0.5 

Roof Wall 1 Ext. 

wall 

3.776 Building 

body.f4b 

90 [Default] 

external 

wall/floor 

Roof Wall 2 Ext. 

wall 

3.892 Building 

body.f4eb 

90 [Default] 

external 

wall/floor 

Roof Wall 3 Ext. 

wall 

3.776 Building 

body.f3c 

90 [Default] 

external 

wall/floor 

Roof Wall 4 Int. wall 1,586 None 90 [Default] roof 

U1 

Garden Floor Ext. 

floor 

20.22 Building 

body.Crawl 

space 

0 [Default] floor 

1 
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Garden Ceiling Roof 20.22 Building 

body.Roof.r6 

180 [Default] roof 

U0.5 

Garden Wall 1 Ext. 

wall 

0.9542 Building 

body.f4dbb 

90 [Default] 

external 

wall/floor 

Garden Wall 2 Ext. 

wall 

9.082 Building 

body.f4eb 

90 [Default] 

external 

wall/floor 

Garden Wall 3 Ext. 

wall 

7.258 Building 

body.f2a 

90 [Default] 

external 

wall/floor 

Garden Wall 4 Int. wall 5.771 kitchen 90 [Default] roof 

U1 

Garden Wall 5 Ext. 

wall 

7.266 Building 

body.f4c 

90 [Default] 

external 

wall/floor 

Garden Wall 6 Int. wall 0.04693 None 90 [Default] roof 

U1 
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Appendix 3 Building’s roofs capability analysis 

 

 



69 
 

 

 



70 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



71 
 

Appendix 4 Hot water consumption’s correction 
 

According to a study in Denmark [70], the variation of hot water consumption varies each month, 

depending on the season they are. In Table 19. the amount of hot water consumption compared 

with the average is present. 

Table 20. Comparison between hot water consumption in each month 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

AVG 1.11 1.19 1.17 1.02 1.06 0.96 0.59 0.80 1.03 1.04 1.14 0.94 

 

Using information available in Table 20. the new water consumption is calculated, not much 

difference is present. 

 

Table 21. The estimated correction of hot water consumption 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

hot water 

consumption 

[kWh] 

212.3 191,8 212.3 205.5 212.3 205.5 212.3 212.3 205.5 212.3 205.5 212.3 

corrected 

hot water 

consumption 

[kWh] 

231,2 247.9 243.7 212.5 220.8 200.0 122.9 166.7 214.6 216.7 237.5 195.9 
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Appendix 5 The building’s drawings  
 

 

 

 

Figure 31. The first floor drawing 
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Figure 32. The second floor drawing 
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Figure 33. The section view 

 

Figure 34. The east side view 
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Figure 35. The front view 

 

 

Figure 36. The west side view  
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Figure 37. The back side view 
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Appendix 6 Solar thermal economic analysis 
 

The roof E, as mentioned in section 4.2 is the prime candidate for solar panels installation, 

followed by roof B, then roof A and finally roof C and D. In Table 23 the total annual thermal 

energy production can be seen.   

It interesting to notice that despite the fact that panels installed on roof B generate more 

energy than those installed on roof A, during summer panes installed on roof A generate more 

energy than panels installed on roof B, see Figure 38. However, giving the fact that during the 

summer the heat demand is at its lowest, having high production during the summer would 

only mean more energy loses. For this reason, it’s more profitable if the panels were to be 

situated on roofs that can generate heat during the winter time, which explain the reason for 

installing 1 panel on roof despite roof A is not full, as during November to January, the heat 

production of panels situated on roof C are higher than those situated on roof A.     

 

Table 22. Annual thermal energy production of individual solar panel on each roof  

 

As can be seen in the Figure 38, the maximum energy production happens during the summer 

months and lowest production during the winter months. While the heating demands is at its 

highest during winter and nearly zero during the summer. This unfortunate combination is the 

explanation to the fact that despite the high energy production the solar panel is capable of, is 

not enough to entire satisfy the house’s heat demand. 

 

Figure 38. Thermal energy production of individual solar panel on each roof    

On Figure 39, the comparison between the heat demand and heat production can be seen, it’s 

clear to see that during the summer there are a lot of excess energy while during the winter 

the energy is still insufficient. 
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It’s also interesting to see the cap between having a storage system or not, the difference is 

quite visible in special during the winter.    

 

 

Figure 39. Comparison between heat demand and heat production 
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Appendix 7 Solar PV economic analysis 
 

On Table 24, the individual electricity production of each panel are presented, similar to case 

of solar thermal system, the roof E is still the prime candidate for the PV panels installation. 

However, in this case the panels installed on roof A present higher annual electricity 

production than those installed on roof B, this can be explained by the fact that PV panel’s 

efficiency depends on the irradiance itself, see table 3. and the fact that the panels on roof A is 

active more time than those on roof B, see Table 7. 

 

Table 23. Individual electricity production from panel son each roof 

 

On the Figure 40, the comparison between heat demand and electricity production can be 

seen, similar to solar thermal system, during the winter the demand is higher than the 

production and during the summer there are excess energy production. 

 

Figure 40. Comparison between heat demand and electricity production  

On Figure 41, the comparison between heat demand and electricity production can be seen, in 

this situation no batteries is present, and the remaining is sold back to the grid generating 

benefit for the house owner.  
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Figure 41. Comparison between energy and energy production without batteries 

However, due to the difference in price for buying electricity and selling it back to the grid, the 

result is not as well as one may expect. As can be seen in Figure 42, the energy that is required 

to buy from the grid is actually higher than using batteries, and while is true that during 

summer is possible to obtain benefit, the amount obtained is rather small.   

 

Figure 42. Economical comparison between energy demand and energy production 
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Appendix 8 Economical analysis for combined tech system 
 

As can be seen in Figure 43, by adding an ASHP in a PV panel system, the electricity demand 

decrease significantly, it goes from 17127 kWh to 7946 kWh. The total electricity the solar 

panels is generating is 9280 kWh, much higher than the actual demand. However, due to the 

fact that the demanded power is lower more excess energy is present, hence less of the 

produced energy are used in the ASHP.   

 

Figure 43. Comparison between energy demand and energy production in a combined tech system  
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