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Abstract

Installing a photovoltaic system - electricity
production and economics

Oskar Syrjä, Lisa Jonsson and Joel Valdemarsson

The installed power of solar produced electricity has increased 
exponentially during the last years and an increased interest has risen 
among electricity consumers in Sweden regarding installing solar panel 
systems. This is a result of a decrease of the initial cost, 
introduction of a tax credit for small-scale producers and a budget 
increase in a direct capital subsidy. One of these consumers is an 
owner of a farm in Falun, who plans on installing solar panels.

The purpose of this study is to estimate the produced electricity from 
the installed PV-system per year and compare this with the yearly 
electricity consumption. From this, different electricity retailers are 
compared to reach the shortest payback period and the highest future 
profit. The results show that an installation would cut the electricity 
cost by almost a half, from approximately 113 700 SEK to 60 000 SEK per 
year, with Vattenfall as the optimal retailer. The total electricity 
production from the PV-system would be approximately 30 794 kWh/year 
and the payback period 7.5 years. The investment would also be 
financially justifiable using the NPV if the life span of the system is 
longer than 12 years. A sensitivity analysis is conducted to determine 
the strength of the result when altering the input parameters. The 
parameters used for this is the snow depth and the electricity 
consumption, and the result does not change significantly when changing 
either of the parameters.
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Occurring Terms and Abbreviations 

 

Electricity certificates Financial support for producers of renewable electricity. The 

producer obtains one certificate per MWh electricity produced 

(Energimyndigheten, 2018). These can be sold to actors with a 

so-called quota obligation which mainly consists of electricity 

producers. 

 

Electricity retailer Company that buys electricity from the electricity market and 

sells it to the end-use customers (Energimarknadsinspektionen, 

2018). 

 

Grid company A company that owns and is responsible for maintenance of the 

local electric grid (Affärsverken, 2018). 

 

Inverter Electric device that converts DC to AC (Nersesian, 2010, 

p.330). 

 

Net utility  Benefits in terms of reduced net losses that come from a 

decreased demand for electricity transport due to local small-

scale production of electricity (Solkollen, 2018). 

 

NOCT Nominal Operating Cell Temperature (PVEducation, 2018). 

Defined as the temperature reached by open circuited cells in a 

module under the conditions as listed below: 

  

1. Irradiance on cell surface = 800 [
𝑊

𝑚2
] 

2. Air Temperature = 20°C 

3. Wind Velocity = 1 m/s 

4. Mounting = Open back side. 

 

PV-system  Photovoltaic system is a power system containing solar panels 

for electricity generation, solar inverters for changing the 

current from DC to AC and mounting and electricity 

components that’s needed to set up a working system (U.S 

Department of Energy, 2013). 

 

Spot price  Hourly price of electricity for the Nordic market. The price is 

determined by companies producing and the companies selling 

electricity (Energimarknadsinspektionen, 2018). 
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STC Standard test conditions (STC) is an industry-wide standard to 

indicate the performance of PV modules and specifies a cell 

temperature of 25°C and an irradiance of 1000 W/m2 with an 

air mass 1.5 (AM1.5) spectrum (Sinovoltaics, 2018) 

 

VAT  Value added tax is a consumption tax that is added in all 

purchases of goods and services (Ekonomifakta, 2018). The 

VAT in Sweden is mainly 25%. 

  

 

 

 

 

Abbreviations concerning irradiance  

 

𝐼     Total irradiance on a surface [
𝑊

𝑚2] 

 

𝐼𝑑𝑁    DNI, Direct Normal Irradiance [
𝑊

𝑚2] 

 

GHI    Global Horizontal Irradiance [
𝑊

𝑚2] 

 

𝐼𝑇    Global irradiance on tilted plane [
𝑊

𝑚2] 

 

𝐼𝑑 , 𝐼𝑑𝑇  Diffuse irradiance on horizontal and tilted planes respectively 

[
𝑊

𝑚2] 

 

𝐼𝑏 , 𝐼𝑏𝑇  Beam irradiance on horizontal and tilted planes respectively 

[
𝑊

𝑚2
] 

 

𝐼𝑔𝑇    Ground Reflected irradiance on tilted plane [
𝑊

𝑚2] 
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1. Introduction 

 

In 2016, the Swedish parliament passed a new energy framework agreement where long term 

goals were set up for Sweden's electricity production (Regeringen, 2016). The agreement state 

that by the year 2045, Sweden shall have zero net emissions of carbon dioxide into the 

atmosphere. Furthermore, Sweden’s electricity shall be 100% produced by renewable energy 

sources by 2040. The agreement state that the rules regarding small-scale production of 

electricity must be adapted to new techniques and products to make it easier to become a 

small-scale producer of renewable electricity. 

 

To reach these goals, the Swedish energy system needs to go through a transition from 

today’s system, which is mainly based on large-scale production of electricity, to a system 

where house owners and small companies contribute through small-scale production 

(Regeringen, 2017). One way to become a small-scale producer of renewable electricity is to 

install a PV-system.  

 

According to statistics from the Swedish energy agency, the installed power of solar produced 

electricity increased exponentially during the last years (Swedish Energy Agency, 2016). 

From a total installed capacity of 11.08 MW in 2010 to 205.45 MW in 2016. The energy 

agency pointed out the decrease of the initial cost, introduction of a tax credit for small-scale 

producers in 2015 and a budget increase in the direct capital subsidy as the main reasons for 

this development. This trend is also a result of an increased interest among electricity 

customers in installing solar panels to produce own electricity and sell surplus to the grid.  

 

Stora Hälla gård is a horse farm in Falun, Sweden, which every year has an electricity 

consumption of about 90 000 kWh (A. Jonsson 2018, pers. comm., 13 March). In comparison, 

an average Swedish villa with electrical heating consumes about 25 000 kWh (EON, 2018). 

The electricity cost for the farm was approximatly 113 700 SEK in 2017. To reduce the 

annual cost, the owner plan on installing a PV-system on one of the barns. A local company, 

HHs Ringservice, has already been hired to do the installation (HHs Ringservice, 2017).  

 

From an economic perspective there are several aspects that must be considered before the 

installation, such as the payback period and which electricity retailer to use. The aim of this 

study is to provide means for the owner to evaluate the most financially beneficial option for 

the installed PV-system. 
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1.1 Purpose 

 

The purpose of this study is to estimate the produced electricity from a PV-system installed 

on a farm in Falun, Sweden, and compare to the electricity consumption. From this, different 

electricity retailers will be compared to get the shortest payback period and the highest future 

profit. This will be investigated through the following research questions: 
 

● What is the yearly electricity production of the PV-system with impact from snow and 

temperature included? 

 

● How will the installed system affect the yearly electricity cost? 

○ Which electricity retailer offers the most beneficial deal for the studied 

system? 

○ What will the payback period be, and will the installation be a profitable 

investment? 

1.2 Limitations 

 

The study is limited to investigate the production and consumption for one year and is then 

assumed to be the same each year. The study does not include all possible electricity retailers 

for the system, the ones used are selected with respect to their expansion and geographical 

position. This means that the retailers chosen for the study are a constellation of nationwide 

companies and locally based companies. Other techniques or components for the PV-system 

is not investigated since the installation was already in development in the beginning of this 

project. 

 

1.3 Report outline 

 

The report begins with a background section which is divided into two main parts: An 

introduction to the technological aspects of PV-systems as well as the impact on the 

production rate from weather conditions and seasonal variations during the year. An 

introduction to the economic aspects of installing a PV-system and a brief introduction to the 

Swedish electricity market and regulations regarding small scale production. In section 3 the 

viewed system including the farm and PV-system is explained. Section 4 presents the 

methodology used for the calculations followed by the data that is used in section 5 including 

assumptions made in the calculations. This is followed by a sensitivity analysis in section 6 

and the results is then presented in section 7. These results are discussed in section 9 which 

finally leads to several conclusions in section 9. 
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2. Background 

This section will give a background of the information needed to understand the different 

subjects of this study. The first part focus on different technical aspects of a PV-system and 

the second part focus more on the economic aspects.  

2.1 Solar power and variability 

 

There are mainly two types of systems regarding solar energy, solar thermal generation and 

photovoltaics (PV) (H. Hedström 2018, pers. comm., 2 April), this project only concerns a 

PV-system. Solar cells transform photonic radiation into electricity using semiconducting 

materials, the cells are combined into larger units called panels or modules which in turn are 

connected to form solar arrays. There are two types of solar cells, poly- or monocrystalline 

and thin film amorphous cells. Poly- and monocrystalline are constructed from crystalline 

silicon and most common while thin film cells is composed by several types of active 

materials pressed between sheets of glass. When sunlight hits the front of the cell, electrical 

voltage is created between the front and back of the cell (Nersesian, 2010, p. 325). A wire is 

connected between both sides and through the wire goes a current due to the voltage drop. 

This current is a direct current, DC, and must therefore be converted through an inverter to 

alternating current, AC, with the same voltage, frequency and phase sequence as the local 

grid. 

 

Joakim Widén writes in his thesis, System Studies and Simulations of Distributed 

Photovoltaics in Sweden, that one key factor to consider regarding solar power is the 

variability of the energy source (Widén, 2010 p. 35). There are two types variability, the first 

one is the seasonal and diurnal variations and the second is the weather conditions. These 

variations constitute the biggest challenge regarding PV-systems in Sweden because of the 

annual variations of solar time during winter and summer and the lower solar altitude during 

winter months. Naturally, the need for electricity is higher during winter when the production 

from the PV-system is lower and the opposite during summer.  

 

One weather condition that could affect the performance of the solar cells is snow coverage 

(Andenæs et.al. 2017). Snow is a highly reflective medium and even a thin surface of snow 

will affect the production significantly. According to a study supported by the research 

council of Norway the produced electricity decreases linearly until the intensity goes below 

200 W/m2. This can be calculated as equivalent to 0.02 m of snow covering the solar cells on 

a sunny day. 

 

A factor that impacts the efficiency of the solar cells is the cell temperature. The cells have 

higher efficiency if surrounded by cool rather than warm air (Nersesian, 2010, p. 329). 

Typically, a PV module is rated at 25°C under 1 kW/m2 but usually operates at higher 

temperatures (PVEducation, 2018). Therefore, is it important to determine the expected 

operating temperature of the module to get the power output from the cell.  
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2.2 Economics of solar power 

This section gives a background of the different economic aspects to consider regarding solar 

power.  

2.2.1 Subsidy for solar power 

 

Every year, the Swedish government allocates an amount of money for supporting 

investments in solar installations (Swedish Energy Agency, 2018). The money is, in turn, 

allocated by the Swedish Energy Agency to the different county administrative boards in 

Sweden. The owner of the farm applied for subsidy for an installation of solar panels in 2017 

from the county administrative board of Dalarna and the application was approved at the 

beginning of 2018. The support covers 30% of the installation costs of all types of solar PV-

systems. Once the application has been approved the applicant have six months to use the 

funding for the installation. 

2.2.2 Electricity consumption and production 

 

When consuming electricity there is both a cost to the local grid company, in this case Falu 

Energi och Vatten, and to an electricity retailer (Falu Energi och Vatten, 2018). The cost to 

the grid company consist of three parts, the subscription fee which varies depending on the 

size of the main fuse used at the facility, the transfer fee which is the cost for each kWh 

transferred from the grid to the facility and the energy tax. The current electricity retailer for 

the farm is SverigesEnergi which is a nationwide company and the owner of the farm has 

been a customer since 2006 (A. Jonsson 2018, pers. comm., 13 March). During the winter 

months December, January and February the owner has a winter insurance deal and is paying 

a fixed price per kWh. The price during the rest of the year is dependent on the spot price. In 

addition, there is also a charge for electricity certificates and VAT. 

 

If the production from the grid connected PV-system exceeds the consumption of electricity 

at the time, which is common during the summer, the producer can be financially 

compensated in separate ways for the surplus of the produced solar electricity (A. Jonsson 

2018, pers. comm., 13 March). It is possible to sell the electricity to the grid through an 

electricity retailer. The payment for this varies depending on the retailer. It is also possible to 

be compensated from the grid company for the cost reductions of electricity transmissions in 

the network due to the electricity produced from the PV-system. (Falu Energi och Vatten, 

2018) The current electricity retailer of the farm, SverigesEnergi, does not buy surplus from 

PV-systems and the owner therefore needs to change retailer after the installation. 
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2.2.3 Tax reductions 

 

The electricity produced and delivered from a PV-system is free from energy taxes, compared 

to buying electricity when energy tax is paid to the grid company (Skatteverket, 2018). 

Moreover, when selling the surplus is it, under certain circumstances, possible to get a tax 

reduction for the electricity that is fed into the grid. To be able to get the reduction are there 

some criterions that need to be fulfilled. The production must be classified as a micro 

production of renewable electricity. This means that the fuse in the connection point cannot 

exceed 100 A. It is also important that the power output and input go through the same 

connection point, main fuse and electricity meter.  

 

The grid company must be aware of the production if electricity is being fed into the grid, 

they are responsible for measuring the power input and output from and to the grid during a 

year and report this to the Swedish Tax Agency (Skatteverket, 2018). The tax reduction for 

the producer is 60 öre/kWh of the surplus. The surplus may not however exceed the amount 

of kWh taken out from the grid and cannot be greater than 30 000 kWh/year which means a 

maximum of 18 000 SEK/year can be received by the producer in tax reductions.  

 

2.2.4 Payback period and Net Present Value 

 

From an economic perspective is it important to look at the payback period for the PV-

system. The payback period means how long it will take to get back the money spent on the 

installation of the system by the various aspects of saving and earning money that are 

mentioned above (U.S. Department of Energy, 2004). The tax reduction, network utility and 

the subsidy do not vary between retailers but when it comes to selling the electricity, different 

retailers offer different prices for the bought electricity.  

 

A way of telling if an investment is profitable is the net present value, NPV (Whitman, D., 

Terry, R.E. 2012). It measures the profit by subtracting the present values of cash outflows 

from the present values of cash inflows over a period of time. Regarding a PV-system, this 

can be done by looking at the period as the life span of the solar panels and comparing the 

investment in installing the system with instead placing the money in a saving account with 

an interest rate. The moment the NVP goes from negative to positive, called the breakeven 

point, is the investment financially justifiable.  
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3. System view 

 

The farm is called Stora Hälla Gård, located in Falun, and the electricity consumption of the 

farm consists of the main house, a smaller house and two stables (A. Jonsson 2018, pers. 

comm., 13 March). The main house is 540 m2 and includes two apartments, the smaller house 

is 63 m2. The current annual electricity consumption of the farm is around 90 000 kWh, 

estimated from electricity bills for 2017. Apart from the normal household electricity to the 

different households and stables, the consumption also includes electricity for the heat pump 

and heating for the smaller house, one of the apartments and the stables during winter since 

they have electric radiant heating. The PV-system will be installed on the south facing roof on 

one of the barns of the farm illustrated in figure 1 (H. Hedström 2018, pers. comm., 2 April).  

 
 

Figure 1. (a) A model of the barn with installed solar panels and inverters. (b) A side view of the barn 

with the tilt of the roof. (c) A top view of the barn with installed solar panels and azimuth. The models 

are created in SketchUp (SketchUp). 
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The system consists of 120 solar panels with a total area of 196.2 m2 (H. Hedström 2018, 

pers. comm., 2 April). From the panels runs 12 cables to two inverters with an AC nominal 

output 17.5 kW each, from each inverter runs a 3 phase AC cable to the switchboard, 

illustrated in figure 2. The solar panels that are being installed on the farm consists of 

monocrystalline cells with a rated maximum power of 300 W (STC). The installation 

company estimate a total production of 32 000 kWh/year from the PV-system, including a 5-

10% safety margin.  

 

 
Figure 2. A schematic view of the PV-system.  
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4. Methodology 

 

The purpose of the study is to calculate and analyze the potential for a PV-system installed on 

the roof area of a building. The electricity production from the PV-system is then compared 

with the electricity consumption of the building. From this difference, various electricity 

retailers are compared based on their prices for buying and selling electricity. Finally, other 

economic aspects are considered, such as net utility, tax reductions and subsidies. Figure 3 

shows the different parameters and the step by step procedure to reach the final economic 

result. 

 

First in box I, the electricity production from the PV-system is investigated dependent on four 

different parameters, this is described in section 4.1. From this, different retailers are 

compared based on the production from the PV-system and the current electricity 

consumption of the building in section 4.2. In box II, the new yearly electricity cost is then 

calculated including tax reductions and net utility, found in section 4.3. Finally, this gives the 

payback period, box III, using the new and the former yearly electricity cost and the 

installation cost which is described in section 4.4, and the net present value, NPV, box IV and 

described in section 4.5. The parameters that are marked in red are the ones used in the 

sensitivity analysis.  

 

 
Figure 3. Flow chart over the method used in this study to reach the final economic result. 
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4.1 Electricity production from PV-System 

 

This section describes how the electricity production from the system is calculated and which 

parameters are included in this, see figure 3 box I. The theory is mainly based on (Widén, J., 

Munkhammar, J., 2016). If nothing else is mentioned is this the reference used in this section. 

The theory concerns Global Horizontal Irradiance, GHI, Direct Normal Irradiance, DNI, 

temperature, snow coverage, latitude and longitude, roof slope and azimuth for the site. From 

this the potential annual electricity production of the PV-system is calculated by multiple step 

simulations in program (Mathworks, 2018).  

 

Several retailers are compared to find the most financially beneficial option. All the electricity 

retailers in this study require that for a producer to sell the electricity to the company, the 

producer must also be a customer. The different retailers chosen for the study are a 

constellation of nationwide and locally based companies. 

4.1.1 Orientation 

 

Several parameters are needed concerning the orientation of a PV-system. First is the azimuth 

angle of the tilted plane, see figure 1 (c),  𝛾 = 0 due south in the northern hemisphere, west 

positive, −180𝑜 ≤ 𝛾 ≤  180𝑜 . The other angle is the tilt of the roof, see figure 1 (b), 

which can be calculated using the trigonometric equation: 

 

 

𝛽 = 𝑐𝑜𝑠−1 (
ℓ

𝑘
) , (1) 

 

where 𝛽 is the tilt angle and ℓ and 𝑘 are illustrated in figure 1 (b).  

4.1.2 Irradiance 

 

When the radiation of the sun passes through the earth’s atmosphere it is affected in several 

ways. In interaction with air molecules, dust and water scattering occurs. Part of the radiation 

is reflected into the universe, part of it is scattered in different directions inside of the 

atmosphere before hitting the earth, so called diffuse irradiance, and part of it continues its 

journey straight towards earth, so called beam irradiance. 

 

Concerning the ratio between the different types of irradiance in the atmosphere, weather is a 

principal factor. The cloudier the sky is the higher amount of diffuse irradiance contra beam 

irradiance. Both types of irradiances can partly reflect from the ground and objects. The 

reflectivity of a surface is measured by the albedo, 𝑎 , which is measured in a range [0,1]. A 

high albedo means that a large amount of the incoming irradiance is reflected and not 

absorbed. 
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When calculating the amount of irradiance that hits a specific area, for example a solar panel, 

the surface is first investigated horizontally before converting the values to match a tilted 

plane. The total irradiance, 𝐼 [
𝑊

𝑚2], on a horizontal plane is the sum of the beam irradiance, 

𝐼𝑏 [
𝑊

𝑚2], and the diffuse irradiance, 𝐼𝑑 [
𝑊

𝑚2]: 

 

𝐼 =  𝐼𝑑 + 𝐼𝑏, (2)

         

where 𝐼𝑏 is defined 

  

𝐼𝑏 = 𝐼𝑑𝑁 ⋅ 𝑐𝑜𝑠𝜃𝑧𝑒𝑛𝑖𝑡, (3)

         

and 𝜃𝑧𝑒𝑛𝑖𝑡 is the angle of incidence on a horizontal plane, and 𝐼𝑑𝑁 is the DNI [
𝑊

𝑚2
] which is the 

amount of irradiance that hits an area when it is perpendicular to the rays given from the sun 

at every given time (Vaisala Energy, 2018).  

 

The diffuse horizontal irradiance, 𝐼𝑑 [
𝑊

𝑚2], can be calculated by  

 

𝐼𝑑 = 𝐺𝐻𝐼 − 𝐼𝑏, (4) 

           

where GHI [
𝑊

𝑚2] is the total measured global irradiance (shortwave radiation) on a horizontal 

surface. This can also be seen as the accumulated energy value per surface unit (SMHI 2018). 

 

When calculating the total irradiance on a tilted plane the ground reflected irradiance also 

needs to be included in the calculations. The total irradiance on a tilted surface, 𝐼𝑇 [
𝑊

𝑚2], can 

then be calculated using the equation: 

 

𝐼𝑇 =  𝐼𝑑𝑇 + 𝐼𝑏𝑇 + 𝐼𝑔𝑇. (5) 

         

All the values regarding the horizontal plane calculated above can be converted to values for a 

tilted plane using geometrical relationships between the planes and the Sun at any instant of 

time. To define these relationships, the tilt angle is used.  

 

The beam radiation on a tilted plane, 𝐼𝑏𝑇 [
𝑊

𝑚2], is calculated by 

 

𝐼𝑏𝑇  =  𝑅𝑏 ⋅ 𝐼𝑏, (6)

            

where Rb is the ratio between the beam irradiance on a tilted plane and the beam irradiance on 

a horizontal plane and is calculated as 

 

𝑅𝑏 =  
𝑐𝑜𝑠𝜃

𝑐𝑜𝑠𝜃𝑧𝑒𝑛𝑖𝑡
, (7) 
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where 𝜃 is the angle of incidence on a tilted surface. Calculating Rb in this way is only 

possible when the Sun is above the horizon, i.e. when 𝑐𝑜𝑠𝜃 >  0 and 𝑐𝑜𝑠𝜃𝑧𝑒𝑛𝑖𝑡  >  0.  

 

The diffuse irradiance on the tilted plane 𝐼𝑑𝑇 [
𝑊

𝑚2]  is defined by  

 

𝐼𝑑𝑇 =  𝐼𝑑 ⋅ (1 − 𝐴𝑖) ⋅ (
1 + 𝑐𝑜𝑠𝛽)

2
) + 𝐴𝑖 ⋅ 𝑅𝑏, (8) 

         

where 𝐴𝑖 is the ratio, on a horizontal plane, between 𝐼𝑏  [
𝑊

𝑚2
]  and the extraterrestrial 

irradiance 𝐼0 [
𝑊

𝑚2
]. This can be calculated using the equation:   

 

𝐴𝑖 =
𝐼𝑏

𝐼0
. (10) 

 

     

The ground reflected-irradiance 𝐼𝑔𝑇 [
𝑊

𝑚2]  is the irradiance reflected from the ground and 

defined by 

 

𝐼𝑔𝑇 = 𝑎 ⋅
(1 − 𝑐𝑜𝑠𝛽)

2
⋅ (𝐼𝑏 + 𝐼𝑑), (11) 

          

where 𝑎 is the albedo. 

 

4.1.3 Components 

 

Facts about the components in the PV-system was provided from the company Solar Supply 

which is the supplier for HHs Ringservice (P. Johansson 2018, pers. comm., 9 April). In the 

model, the performance of the solar modules is assumed to be stable throughout their lifespan, 

i.e. the production capacity does not change over time. Regarding system losses, only the 

efficiency for the solar modules and the inverters considered. Losses in cables and other 

components are not studied. The efficiency is affected by cell temperature and the irradiance 

is affected by the snow coverage which also affect the efficiency. Therefore, the given 

efficiency for the panels are not used but a new one is calculated according to the following 

section. The efficiency of the inverters on the other hand, is implemented and affects the final 

electricity output from the system.  

4.1.4 Snow coverage and temperature 

 

Data regarding the snow depth is measured on a horizontal surface and the aspect that it might 

slide of a tilted roof is not implemented. Wind that could influence the snow depth as well as 

the temperature is not implemented in this study. When calculating the impact of a potential 
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snow coverage the decrease in produced power is estimated to be linear up to a specific snow 

depth, 𝑆𝐶, of 0.02 m, then goes to zero (Andenæs et al. 2017). The irradiance hitting the PV-

system though snow coverage can be calculated using the equation: 

 

𝐼𝑇(𝑠𝑛𝑜𝑤) = (𝐼𝑑𝑇 + 𝐼𝑏𝑇 + 𝐼𝑔𝑇) ⋅ (1 −
𝑑

𝑆𝐶
) , (12) 

 

 

where 𝑑 is the snow depth [m]. 

 

The cell temperature is calculated by  

 

𝑇𝑐𝑒𝑙𝑙 = 𝑇𝑎𝑖𝑟 +
𝑁𝑂𝐶𝑇 − 20

𝐼𝑁𝑂𝐶𝑇
⋅ 𝐼𝑇(𝑠𝑛𝑜𝑤), (13) 

        

where 𝐼𝑁𝑂𝐶𝑇   [
𝑊

𝑚2]  is the irradiance used when calculating the NOCT-values for the PV-

panels (PVEducation, 2018). 

 

The impact on the efficiency from the cell temperature is calculated by 

 

𝜂𝑇 =
𝑃𝑀𝐴𝑋 ∗ (1 ⋅ 𝛥𝑇 ⋅ 𝐶)

𝐼𝑆𝑇𝐶  ⋅  𝐴
, (14) 

 

where 𝑃𝑀𝐴𝑋 [W] is the rated maximum power at standard test conditions, 𝛥𝑇 is the difference 

between the cell temperature and the temperature at standard test conditions (PVEducation, 

2018). The efficiency decreases as the cells get warmer while operating and this is dependent 

on the temperature coefficient C [ 
%

°C
 ] of 𝑃𝑀𝐴𝑋. This means that the maximum generated 

power goes down with C per degree the cells exceed the test condition temperature of 25°C 

(Solar Supply, 2018). 𝐼𝑆𝑇𝐶 [
𝑊

𝑚2
]  is the irradiance at STC and A [m2] is the area of the solar 

panel. 

 

The total efficiency is calculated by 

 

𝜂𝑡𝑜𝑡 = 𝜂𝑇 ∙ 𝜂𝐼 , (15) 

 

where 𝜂𝐼 is the efficiency of the inverters. 
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4.2 New yearly electricity cost 

 

To calculate the new yearly cost the consumption and production for each hour of the year is 

compared to get an hourly value of either selling to or consuming from the grid. These values 

are used for the different prices the retailers have for either selling or buying electricity. 

Added to this is also the prices of the grid company and subsidies for producing electricity 

since these are constant. All calculations are made with prices including VAT. This is all 

calculated by 

 

 

𝐶𝑇 = 𝐶𝐶 − 𝐶𝑆 (16) 

 

or 

 

𝐶𝑇 = 𝐶𝐶 − 𝐶𝑆𝐹 , (17) 

      

where 𝐶𝑇 [SEK/year] is the total yearly cost, 𝐶𝐶 [SEK/year] is the cost for buying electricity 

from the grid and 𝐶𝑆 [SEK/year] and 𝐶𝑆𝐹 [SEK/year] is the profit from selling electricity to 

the grid. 𝐶𝑆𝐹 is the profit with a fixed price deal and 𝐶𝑆 is the profit from deals depending on 

the spot price. 𝐶𝐶 is calculated by 

 

𝐶𝐶 = 𝑐𝑓𝑖 + ∑[𝑃(𝑡) ⋅ (𝑐𝑠𝑝(𝑡) + 𝑐𝑠𝑐 + 𝑐𝑒𝑐 + 𝑐𝑔)

ℎ𝑦

𝑡=1

] (18) 

 

{
𝑃(𝑡) = 𝑃𝐶(𝑡) − 𝑃𝑃𝑉(𝑡)     𝑖𝑓        𝑃𝐶(𝑡) >  𝑃𝑃𝑉(𝑡),

𝑃(𝑡) = 0                              𝑖𝑓         𝑃𝐶(𝑡) ≤  𝑃𝑃𝑉(𝑡),
 

 

where 𝑃(𝑡) [kWh] is the difference between the electricity consumption, 𝑃𝐶(𝑡) [kWh] and the 

produced electricity, 𝑃𝑃𝑉(𝑡) [kWh] where 𝑡 goes from 1 to ℎ𝑦, ℎ𝑦  is the number of hours for 

one year. This is multiplied with the spot price, 𝑐𝑠𝑝(𝑡) [SEK/kWh], the supplement charge, 

𝑐𝑠𝑐 [SEK/kWh], the cost for electricity certificate, 𝑐𝑒𝑐 [SEK/kWh] and the grid cost, 𝑐𝑔 

[SEK/kWh]. This is then added with 𝑐𝑓𝑖 [SEK] which is the fixed cost including fuse cost and 

monthly cost for the retailer contract. 

 

The profit 𝐶𝑆 is calculated by 

 

𝐶𝑆 = ∑[(−𝑃(𝑡)) ⋅ (𝑐𝑠𝑝(𝑡) + 𝑐𝑠 + 𝑐𝑛 + 𝑐𝑡)

ℎ𝑦

𝑡=1

] (19) 
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{
𝑃(𝑡) = 𝑃𝐶(𝑡) − 𝑃𝑃𝑉(𝑡)    𝑖𝑓     𝑃𝐶(𝑡) <  𝑃𝑃𝑉(𝑡)

𝑃(𝑡) = 0                           𝑖𝑓       𝑃𝐶(𝑡) ≥  𝑃𝑃𝑉(𝑡),
 

 

where 𝑐𝑠 is the supplement pay, 𝑐𝑛 is the net utility and 𝑐𝑡 is the tax reduction. 

 

The profit 𝐶𝑆𝐹 is calculated by  

 

𝐶𝑆𝐹 = ∑[(−𝑃(𝑡)) ⋅ (𝑐𝑠 + 𝑐𝑛 + 𝑐𝑡)

ℎ

𝑡=1

] (20) 

{
𝑃(𝑡) = 𝑃𝐶(𝑡) − 𝑃𝑃𝑉(𝑡)   𝑖𝑓  𝑃𝐶(𝑡) <  𝑃𝑃𝑉(𝑡)

𝑃(𝑡) = 0                             𝑖𝑓   𝑃𝐶(𝑡) ≥  𝑃𝑃𝑉(𝑡),
 

 

which is applicable for the fixed price contracts for selling electricity. 

4.3 Payback period 

 

The payback period, 𝑃, is then calculated by 

 

𝑃 =  
𝐼𝑐  ∗  𝑠 

𝐶𝑂  −  𝐶𝑇
, (21) 

 

where 𝐶𝑂 [
𝑆𝐸𝐾

𝑦𝑒𝑎𝑟
] is the current electricity cost, 𝐶𝑇 [

𝑆𝐸𝐾

𝑦𝑒𝑎𝑟
] is the new electricity cost, 𝐼𝑐 [SEK] is 

the installation cost and 𝑠 is the subsidy. 

4.4 Net Present Value  

 

The NPV is calculated by summarizing the savings per year, 𝐶𝑡 [SEK], which only includes 

the savings that are based on the production of electricity and does not include savings from 

changing electricity retailer, this is divided by 1 plus the interest rate, 𝑟, under the life span of 

the solar panels, 𝑇 [years] (Whitman, D., Terry, R.E. 2012). From this the installation cost, 𝐶0 

[SEK], is subtracted. The NVP is calculated using the equation: 

 

𝑁𝑃𝑉 =  ∑
𝐶𝑡

(1 + 𝑟)𝑡

𝑇

𝑡=1

− 𝐶0. (22) 
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5. Data 

 

This section will present the specific data implemented in the model for our study. The data 

used in the model were obtained from SMHI, STRÅNG, component suppliers and from 

electricity retailers. Some of the data used in the model has already been mentioned earlier, 

this is the current annual cost for electricity, 113 700 SEK, and the tax reduction for the 

surplus, 60 öre/kWh.  

5.1 Meteorological data  

 

All data regarding temperature and snow coverage, illustrated in figure 4, where obtained 

from the SMHI database (SMHI, 2018). 

 

Measurements of snow depth were recorded on daily basis at a weather station located at 

Lugnet, Falun (Lat; Lon 60.6190;15.6603). These were not available for 2017 so the values 

for 2016 were used.  

 

The measurements regarding air temperature were recorded on an hourly basis at Borlänge 

airport (Lat; Lon 60.4294;15.5079).  

 
 

Figure 4. a) The snow depth at Lugnet in 2016, b) Air temperature Borlänge airport in 2017. 

 

Measurements of GHI and DNI, illustrated in figure 5, are gathered from SRÅNG (Carlund, 

2018). STRÅNG data are from the Swedish Meteorological and Hydrological Institute 

(SMHI) in support from the Swedish Radiation Protection Authority and the Swedish 

Environmental Agency.  



21 
 

 
Figure 5. (a) The hourly GHI at Lugnet in 2017 (b) The hourly DNI at Lugnet in 2017. 

 

Data regarding the spot price for 2017 were collected on an hourly basis from Nord Pool’s 

historical data market (Nord Pool, 2018). The spot prices are illustrated in figure 6.  

 

 
Figure 6. The hourly spot prices from Nord pool for the region SE3 in 2017. 
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5.2 Orientation 

 

The latitude and longitude of the site were obtained using an online geographic tool (Latlong, 

2018) and was for Lugnet, Falun (Lat; Lon 60.6190 15.6603). The azimuth 𝛾 for the PV-

system was measured to be 20° using a tool called Google Compass (Barcelona Field Study 

Center 2018). The roof tilt 𝛽 was measured on site to be 33.1° using equation 1.  

5.3 System components data  

 

The expected life span of the PV-system is 30 years and the values in table 1 present specified 

details about the cells under STC with an irradiance of 1000 [
𝑊

𝑚2
] ,  a cell temperature of 25°C 

and air mass of 1,5. The variable 𝜂  represent the efficiency of the solar panels and C the 

temperature coefficient of  𝑃𝑀𝐴𝑋 . 

 

Table 1. The electrical specification of the solar panels. 

Area of 

each panel  

[m2] 

𝜂  
[%] 

C 

[%] 

Efficiency 

of inverter  

[%] 

𝑃𝑀𝐴𝑋 

       [W] 

NOCT 

[°C] 

Life span 

of the 

panels  

years  

1.6351  18.35 -0.39 97.8 

(Fronius, 

2018) 

     300 45 30 

 

5.4 Load data 

 

This section presents the data used for the economic results where one major assumption has 

been made concerning the electricity consumption of the farm. Hourly data for the electricity 

consumption of the farm was not available, but daily data for the consumption of the year 

2016 was provided from the grid company and is illustrated in figure 7 (a). Since hourly data 

for the electricity consumption is necessary for the cost calculations and to compare different 

retailers, the data for the farm could not be used in the calculations. Because of this, data from 

100 electricity heated villas in Herrljunga, Sweden is used instead (Widén, J., Shepero, M., 

Munkhammar, J., 2017). The hourly consumption over a year for one of the villas is 

illustrated in figure 7 (b). Since the consumption for a villa is lower than for the farm the 

yearly consumption of the farm is divided with the yearly consumption of each villa to get a 

multiplication factor. This factor is used when scaling up the yearly electricity consumption of 

the villas to match the yearly electricity consumption of the farm. The current annual 

electricity cost was calculated by summarizing all electricity bills for 2017, both from the grid 

company and the electricity retailer. This resulted in an annual cost of around 113 700 SEK.  
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The simulated annual consumption for the villas is then used for the current electricity deal to 

make sure the calculated yearly cost matches the electricity cost for 2017 of 113 700 SEK. To 

make the results comparable the cost for the simulated annual consumption is used and not 

the actual yearly cost.  

 
Figure 7. (a) Daily electricity consumption of the farm in 2016 (b) Hourly electricity consumption of 

one of the villas in Herrljunga during a year. 
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5.4.1 Electricity retailers 

 

Table 2 presents the different retailers compared in this study and their prices for buying and 

selling electricity excluding the VAT. Some of the retailers has an additional cost for 

electricity certificates where a mean value for 2018 was used in this study.  

 

Table 2. The prices for buying and selling electricity for different retailers. 

Electricity retailer Buys electricity for:  

(excluding VAT)  

Sells electricity for: 

(excluding VAT)  

Dalakraft  

(S. Blom 2018, pers. comm., 

10 April) 

Spot price + 5 öre/kWh 34.96 öre/kWh + 40 

SEK/month 

Falu Energi och Vatten  

(J. Anell 2018, pers. comm., 

18 April) 

Fixed price 49,90 öre/kWh Spot price + 2,5 öre/kWh  

Fortum 

(S. Tofält 2018, pers. comm., 

12 April) 

Spot price  Spot price + 4.78 öre/kWh + 

2.98 öre/kWh (electricity 

certificate)   

EON 

(F. Faris Al Rubaae 2018, 

pers. comm., 13 April) 

Spot price - 4 öre/kWh Spot price + 89 SEK/month 

Vattenfall 

(C. Ward 2018, pers. comm., 

13 April) 

Spot price + 40 öre/kWh  Spot price + 2 öre/kWh 

Skellefteå Kraft 

(A. Brunström 2018, pers. 

comm., 18 April) 

Spot price + 16 öre/kWh  Spot price + 3.3 öre/kWh 

(electricity certificate)  

SverigesEnergi (retailer 

2016–2017) 

(M. Nylander 2018, pers. 

comm., 21 March) 

Does not buy electricity During Dec-Feb fixed price 

44.69 öre/kWh, else spot 

price + 3.8  

öre/kWh + 7.15 öre/kWh 

(electricity certificates)  
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5.4.2 Grid company and installation costs 

 

The costs to the grid company is the subscription fee of 1 075 SEK/month for the main fuse of 

63 A, the transfer fee which is 13 öre/kWh and energy tax of 33.1 öre/kWh. Added to this is 

also VAT and the price for net utility is 4 öre/kWh, excluding VAT.  

 

Data regarding price of components and installation cost was provided by the company HHS 

Ringservice. The company will perform the installation and provided the owner of the house 

with an offer with an installation cost of 546 875 SEK including VAT. Since the 

governmental subsidy is 30% the total installation cost will be 382 813 SEK. 

 

The interest rate used for the NPV was found on a Swedish website which compares different 

banks where the most profitable rate was 2.25%, for Marginalen Bank (Prisfakta, 2018). 
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6. Sensitivity analysis 

This section describes the sensitivity analysis made to see the stability of the results for the 

studied system. Input parameters that include assumptions are modified to be compared with 

the results in the discussion. 

6.1 Villas in Herrljunga  

 

The daily pattern regarding the electricity consumption of the farm is calculated through a 

comparison with 100 villas in Herrljunga. To ensure it is a fair assumption to compare the 

electricity consumption pattern of the farm with the patterns of the villas, the simulated yearly 

electricity cost of the farm is calculated using the consumption pattern of each of the 100 

villas separately. The average value is then presented in the result section along with the 

standard deviation. 

6.2 Snow depth 

 

The snow depth effects of the output power of the solar panels is assumed to be linear from 

zero meters to 0.02 meters. At 0.02 meters is the production assumed to be zero. It is also 

assumed that the snow does not slide off the roof and the data used is measured on a 

horizontal surface. To see how this assumption affects the results, all the calculations are also 

made excluding the data regarding snow.  
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7. Results 

 

This section provides the results obtained when implementing the data and the theory on the 

studied system.   

7.1 Electricity production 

 

This section presents the results of the electricity production from the PV-system, first 

without concerning snow coverage and temperature and then with these implemented.  

 

When the efficiency from the original offer regarding the solar panels and the inverters are 

implemented the total output power land on 35 071 kWh/year. Further, when implementing 

data regarding the snow depth and the efficiency of the solar panels depending on the air 

temperature, the system of solar panels produces a total of 30 794 kWh/year illustrated in 

figure 8.  

 

 
Figure 8. The hourly global radiation on the tilted plane, the hourly averages of global radiation on the 

tilted plane and the monthly totals of global radiation on the tilted plane when snow, air temperature 

and efficiency of inverter is implemented. 

 

 

7.2 New yearly electricity cost 

This section presents the new yearly electricity cost, first without an installed PV-system, then 

including the electricity production from the PV-system, tax reductions and net utility.  
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Figure 9 illustrates the total yearly cost of different electricity retailers when no PV-system is 

installed. SverigesEnergi is the current electricity provider and this is the average value when 

simulating with the different consumption patterns of the 100 villas in Herrljunga. By only 

changing electricity deal and retailer the yearly cost drops by approximately 12% for EON. 

 
Figure 9. The yearly cost [SEK] for different electricity retailers with no PV-system installed. 

 

With the PV-system installed, the surplus of power being sold to the grid is 15 002 kWh/year. 

The average net utility is 750 SEK/year and the tax reduction is 9 013 SEK/year. The average 

cost for the most beneficial electricity retailer, Vattenfall, including net utility and tax 

reduction is 60 000 SEK/year, illustrated in figure 10. The installation of the PV-system 

decreases the total yearly cost with around 38700 SEK/year compared to the cost for 

Vattenfall without a PV-system installed. The highest standard deviation among the retailers 

when simulating the cost for the 100 villas is 110 SEK for Vattenfall which is about 0.18% of 

the total yearly electricity cost. 
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Figure 10. The yearly cost [SEK] for different electricity retailers with the PV-system installed and 

including tax reductions and net utility. 

 

7.3 Payback period 

The difference between the current yearly electricity cost with SverigesEnergi and the most 

financially beneficial retailer, Vattenfall, is 50 300 SEK. This gives a payback period of about 

7.5 years. The payback period without the subsidy, net utility and tax reduction would instead 

be 13.5 years.  

7.4 NPV 

When looking at the NPV for the expected life span of the PV-system, 30 years, the result is 

positive meaning that the investment is profitable. It can also be mentioned, that if the PV life 

span is 12 years, this results in a zero NPV, see figure 11. 
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Figure 11. The yearly NPV [SEK] for different life spans of the PV-system. 

 

7.5 Villas in Herrljunga 

When simulating over the 100 villas in Herrljunga, the average electricity cost with the 

current electricity retailer SverigesEnergi is 110 300 SEK/year. This is with a standard 

deviation of 65 SEK/year. The difference when comparing to the actual cost which is 113 700 

SEK/year is 3 400 SEK/year. 

 

7.6 Snow depth 

The total power output from the PV-system when the snow depth is neglected, is 35 010 

kWh/year. That is a power difference of 4 216 kWh/year from when the data regarding snow 

is implemented. The difference in cost for the most beneficial electricity retailer, Vattenfall, 

when snow coverage is excluded is approximately 4 655 SEK, independent of which villa is 

used in the calculation. 

 

If the power output from the PV-system is assumed to be zero when snow covers the panels, 

regardless of the depth, the total power output change to 30 725 kWh/year. That gives a 

difference of approximately 70 kWh/year from when the original snow coverage model is 

implemented. 
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8. Discussion 

The result obtained in this study shows that installing a PV-system would be a profitable 

investment and the PV-system would reduce the annual electricity cost significantly. 

However, there are some sources of error which can affect the results. First, it was not 

possible to compile all the data needed for one specific year on one specific location, 

therefore data from both 2016 and 2017 and from various locations around the studied system 

were used. Since both weather and prices can vary from year to year this can affect the result. 

In addition to this, there were also a few missing values in the gathered data concerning 

meteorology and interpolation was used to approximate these values, but since this only 

concerned a couple of hours it should not have a major impact on the results.  

 

Another source of error is that spot prices for 2017 were used and since electricity prices 

varies each year it is hard to get these values representatives for future years. Prices for 

electricity certificates can also vary and for this study the current price during the 

investigation was used. Some of the electricity deals are only valid for one year ahead and this 

makes it difficult to predict the future costs. This can affect both the payback period and the 

NPV since both are based on the spot prices for one year.   

 

Since the hourly electricity consumption was not available for the farm, values from a model 

based on villas in Herrljunga were used instead, these were also electrically heated made 

available from Uppsala university. Precautions were made to make these values as 

representative as possible compared to the annual and daily electricity consumption of the 

farm. Seeing that this could also be considered as a source of error and an uncertain parameter 

the sensitivity analysis were made. As the result shows that the highest standard deviation is 

only 110 SEK/year the importance of which villa that is used in study can be considered as 

negligible.  

 

Another uncertain parameter used in the model is the effect of snow coverage. As the result 

shows, the difference between when snow coverage is not included and when it is included is 

approximately 4 200 kWh/year. The assumptions in the model regarding snow were based on 

a report from the Norwegian Research Institute where the major source of error is whether the 

snow slide off or not. Since the model does not consider the fact that the snow can slide off 

the roof this might affect the result. The sensitivity analysis shows that if it is assumed that the 

production is zero as soon there is any snow coverage on the panels, the difference is only 70 

kWh/year which can be considered negligible. This is a very small difference but may be 

explained by that the snow depth almost always exceeds the critical depth of 0.02 meters. 

 

The original offer estimated that the total production from the PV-system would be around 

32 000 kWh/year, this with a safety margin of 5-10% which means that the estimated 

production is reduced by 5-10%. The result in this study shows that if the efficiency of the 

panels is as in the original offer the total production would be 35 071 kWh/year and with the 

temperature dependent efficiency the total production would be 35 010 kWh/year. This shows 

that the modelled efficiency corresponds well to the one in the original offer and without the 
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safety margin the total production in the original offer is approximately the same as the 

calculated production. When implementing snow coverage, the production is 30 800 

kWh/year which shows that this has a bigger impact on the production than the temperature 

dependent efficiency.  

 

Regarding the cost reduction it is clear that just changing the electricity retailer would have an 

impact on the yearly electricity cost, even though the installed PV-system makes the biggest 

economic difference. Governmental support such as the subsidy and tax reduction have a 

significant impact on the final economic result. Without these, the payback period would be 

almost doubled. Since these values are for Sweden and for this current year a study like this in 

another country or another year could give a different result.  
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9. Conclusions 

The results in this paper show that an installation of a PV-system and changing the electricity 

retailer would cut the electricity cost for the farm by almost half. The simulated cost goes 

from approximately 110 300 SEK/year, with the current electricity retailer, to 60 000 

SEK/year, with Vattenfall as the optimal retailer for buying and selling electricity. This equals 

total yearly savings of 49 700 SEK where 11 600 SEK is saved by changing the electricity 

retailer and 38 700 SEK is saved by installing the PV-system. The total production of the 

installed PV-system will be approximately 30 800 kWh/year, this when snow coverage and 

temperature dependent efficiency of the solar panels are taken into consideration. These are 

key factors since the total production would be 4 300 kWh/year higher if they were excluded.  

 

The payback period for the PV-system will be 7.5 years and the investment in the PV-system 

will be financially justifiable using the NPV if the life span of the system is longer than 12 

years. 
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