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Abstract 

 

The ambition of the Swedish government is rapidly concentrating on the development of the 

renewable energy systems especially on wind energy, bio energy and solar energy. It has been 

observed on the growth of the production of electricity and heat from these three mentioned renewable 

energy systems. But, relatively in Sweden the share of production of electricity obtained from PV is 

quite smaller than the other two. The PV electricity production in Sweden comprises in a large scale 

of mainly the grid connected distributed PV systems and with a small number of installed solar parks.  

The aim of this paper is to analyze the viability of installing mid -size PV solar parks in Sweden and 

to simulate the effect of the proposed project in the village’s (Åled is the village where the proposed 

site is located) and the country’s electricity production. This study includes designing, simulation and 

financial analysis of different grid connected centralized mid -size capacities of PV solar parks of 250 

kWp,500 kWp,1MWp and 2MWp. They are all fixed ground mounted systems. Moreover, it also 

discusses the main reasons that hinders decision makers, the PV complications that are connected to 

the grid, Sweden’s energy regulations particularly the emission regulation and the financial policies 

of PV. Also, study visit, telephone and email contacts have supplemented it. 

This study was done with the collaboration of Nyedal Solenergi, in which the proposed site was 

owned by the company and this paper will be a future guide for the investment of the mid-size PV 

solar park. According to the study a discussion has been made with the grid supplier (EON) in that 

area on the investment on one of the designed projects which are presented in this paper. 

The results of the study show that the effect of the proposed systems on the production of electricity 

in the village of Åled was between 2.68 – 21.4 % and the impact on the country’s PV electricity 

production was 0.2 – 1.58 %. And, the possibility of installing mid-size PV solar parks generally in 

Sweden particularly in the proposed site is possible and economically it is viable but not profitable 

for system capacities less than 1 MW. As the IRR found for all capacities is greater than the estimated 

WACC, hence each proposed capacity has the possibility of paying back all its investment costs in 

about 23 years. So, the profitability is very low in case of the 250 kWp and 500 kWp but for the others 

they have about 7-8 years of profitability. A sensitivity analysis also has shown the impact of initial 

investment costs, O & M costs and electricity export rate on the IRR, NPV and equity payback. The 

initial investment cost and electricity export rate were seen with high effect on the IRR, NPV and 

equity payback. The LCOE calculated was higher than the average electricity spot price (300 

SEK/MWh) for 250 kWp and 500 kWp but lower for the other two capacities. The overall impact for 

the financial analysis was due to the decreasing of module prices, the rules that changes every year 

on electricity subsidies for renewables, tax reductions and rapid decreasing of electricity spot prices. 

In the future if the price of modules continues decreasing, spot price increases, more modification of 

the subsidy and introduction of new PV technologies integrated with other sources of energy is done 

then such projects could be more profitable. 

Keywords: PVsolar park, system design parameters, financial analysis, electricity spot price, 

electricity certificate systems, Levelized cost of energy(LCOE), Payback period (PBP), Net present 

value (NPV) and Internal rate of return (IRR)  
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Sammanfattning 

 

Sveriges ambition är att koncentrera sig snabbt på utvecklingen av förnybara energisystem, särskilt 

på vindkraft, bioenergi och solenergi. Det har observerats på tillväxten av elproduktion och värme 

från dessa tre nämnda förnybara energisystem. Men relativt i Sverige är andelen elproduktion som 

erhålls från PV ganska liten än de andra två. PV-elproduktionen i Sverige består i stor skala av 

huvudsakligen nätrelaterade distribuerade PV-system och med ett litet antal installerade solparker. 

Syftet med detta dokument är att analysera lönsamheten att installera PV-solparker i Sverige och 

simulera effekten av det föreslagna projektet i byns (Åled) och landets elproduktion. Denna studie 

innefattar design, simulering och ekonomisk analys av olika nätrelaterade centraliserade 

mellanslagskapaciteter av PV-solparker på 250 kWp, 500 kWp, 1MWp och 2MWp. De är alla fasta 

markmonterade system. Dessutom diskuteras också de viktigaste orsaker som hindrar beslutsfattare, 

PV-komplikationerna som är kopplade till nätet, Sveriges energibestämmelser, särskilt 

utsläppsregleringen och PV: s ekonomiska politik. Det kompletteras också av studiebesök och 

telefon- och emailkontakter. 

Denna studie gjordes med samarbete av Nyedal Solenergi, där den föreslagna platsen ägdes av bolaget 

och detta dokument kommer att vara en framtida guide för investeringen av PV-solparken i medelstor 

PV. Enligt studien har en diskussion gjorts med nätleverantören (EON) i det området på investeringen 

på ett av de utformade projekten som presenteras i detta dokument. 

Resultaten av studien visar att effekten av de föreslagna systemen på elproduktionen i Åln var mellan 

2,68-21,4% och effekten på landets PV-elproduktion var 0,2-1,58%. Och möjligheten att installera 

PV-solparker i mängder i stort sett i Sverige, särskilt på den föreslagna platsen, är möjligt och 

ekonomiskt är det lönsamt men inte lönsamt för systemkapacitet mindre än 1 MW. Eftersom IRR för 

alla kapaciteter är större än den beräknade WACC, har varje föreslagen kapacitet därför möjlighet att 

betala tillbaka alla sina investeringskostnader på cirka 23 år. Så lönsamheten är mycket låg för 250 

kWp och 500 kWp men för de andra har de 7-8 år lönsamhet. En känslighetsanalys har också visat 

effekten av initial investeringskostnader, O & M kostnader och el exporträntan på IRR, NPV och 

återbetalning av eget kapital. Den initiala investeringskostnaden och eleksporträntan sågs med stor 

effekt på IRR, NPV och återbetalning av eget kapital. The LCOE calculated was higher than the 

average electricity spot price (300 SEK / MWh) for 250 kWp and 500 kWp but lower for the other 

two capacities. Den övergripande effekten för den finansiella analysen berodde på att kurspriserna 

minskade, reglerna som årligen ändras på elstöden för förnybara energikällor, skattesänkningar och 

snabba minskningar av elpriser och elcertifikat. I framtiden om spotpriset ökar, görs mer modifiering 

av subventionen och införandet av nya PV-teknologier integrerad med andra energikällor, så kan 

sådana projekt vara mer lönsamma. 

Nyckelord: PVsolar Park, System Design Parametrar, Finansiell analys, El spotpris, El 

certifikatsystem, Nivånad energikostnad(LCOE), Återbetalningsperiod (PBP), Netto nuvärde (NPV) 

och Intern avkastning (IRR) 
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1. Introduction 

The current situation all over the world on the use of solar energy is increasing at a high rate compared 

to the last decades. The decreasing of fossil fuel in general oil secures, finite(limited) resources and 

the contemporary political issues concerning nuclear era and the environmental effects associated 

with coal and natural gas-fired generation are reassuring scholars, policy makers and those who 

conduct practices to look for other options and sustainable (endurable) sources of energy (Muneer, 

2011). In addition to them wind and solar generation have become the main concerning issues in 

recent years. The promotion of installation, declining cost of technology and supportive government 

policies have been the incentives for the fast growth of solar photovoltaic (PV) generation in the 

world. 

 The progression of the price of PV modules as per International Energy Agency Photovoltaic Power 

Systems Program (IEA PVPS) shows that the price of PV panels has fallen by 30 – 60% of its value 

in the last decades (IEA, 2010). It is observed that in a short duration of 6 years, from 2004 to 2009, 

the total global grid-connected solar PV capacity has increased at an average annual rate of 60%, to 

a total capacity of about 21 GW (Martino, September 2010). As it is shown below in figure 1.1 the 

price history of Silicon PV cells in US $/watt has declined from $76.00 to $ 0.30 between the years 

1977 – 2015. This is the one of main reasons for the increasing of PV installation and the world 

growth of PV installed is shown in figure 1.2 

 

Figure 1.1 Price history of silicon PV cells, 

Source: (Bloomberg New Energy Finance, 2016) & (Rfassbind, 2015) 
 

According to the IEA PVPS, the 24 IEA PVPS countries have installed at least 40.6 GW PV in 2015, 

with the worldwide installed capacity amounting to 50.7GW. On the other side, they are hard to track 

with a high level of certainty, installations in non-IEA PVPS countries have provided for 10 GW. 

There have been observed a small growth during 2013 -2014 and the market grew in 2015 by around 
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26.5 % to about 51 GW, which is the highest installation ever recorded for PV. In general, 1.3% of 

the world’s electricity generation is covered by PV (IEA, 2016). 

Even though most of the installed PV are of roof mounted but there are also solar parks which are 

having large megawatts that are interconnected to the grid. The top five largest solar parks in the 

world are installed in USA and China. The Solar Star Project is currently the largest solar farm in the 

world with over 1.7 million solar panels. It is spread over 13 square kilometers of land near 

Rosamond, California and has a 579 MW capacity. And the fifth largest ranked was Qinghai Golmud 

Solar Park which is situated in the Qinghai Province of China and has a 500 MW capacity. The solar 

park was built in 2009 and financed in October 2011 by Long yuan Power. Phase-IV (which is 

currently under construction) will add another 60MW capacity to the site when it’s completed 

(LEWIS, 2016).         

There are also few mid- size installed solar parks in Sweden which ranges from 250 kWp to 2.7 MWp 

as it is discussed later in chapter 2. Since the world’s energy competitiveness is increasing rapidly 

with decreasing of the prices of PV modules and in contradiction of the large influence of capital 

subsides, tax reduction and feed-in tariffs on installing PV systems, it is a nice way to evaluate the 

efficiency of production of electricity from PV with low costs and more economically and as a 

consequence of it this study deals with that evaluation and viability analysis. 

 

                                                               Figure 1.2 Worldwide growth of Photovoltaics 

                                                                   Source – (IEA-PVPS, 2015)  
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1.1 Objectives of the thesis:  

PV Solar parks have become the main issues in many of the countries with high irradiation level and 

it is described above in the introduction part that it has shown a drastic change every year.  

However, these changes are not seen in a huge scale in Sweden. Since, there are very few researches 

on the feasibility of solar parks in Sweden and as there are no many installed solar parks in Sweden 

the objective of this paper is: 

I. To evaluate the economic viability of installing midsize solar parks ranging from 250kW to 2 MW 

in the village of Åled, Halland, Sweden.   

II. To find a solution why there are only very few installed solar parks in Sweden. 

 Therefore, to achieve the goals (objectives) of the paper it is good to answer some of the research 

questions such as, 

1) How large is the effect of the proposed project on the city’s or country’s electricity production? 

2) What is the cost benefit analysis of this project? Initial cost, LCC, PBP, LCOE, & NPV etc... 

3) Which type of design parameters are more effective and economically? And, which have less 

environmental impact? 

 4) What is the future forecast of the PV projects in Sweden? What solutions can be suggested? 

 

Regarding to research question 1 the system design and simulation of the proposed system production 

will be done and for research question 2, the viability of the systems will be analyzed and commented. 

1.2 Literature Review  

 This literature review gives a short and brief information of the photovoltaic viability in the Nordic 

countries, characterization of PV systems, PV system design and connection types and the financial 

aspects will be explained. 

 

 1.2.1 PV viability in Nordic countries 

 

The Nordic countries include Denmark, Finland, Iceland, Norway, and Sweden. These countries are 

rich in renewable energy resources which is because of their geographical location. About 25.8 % 

(384.1 TWh) of the total energy mix of Europe is provided by the Nordic countries (Bombourg, 2010). 

Even though there is a drastic change in the PV installations in Europe during the last few years, the 

Nordic countries did not show this change in a large scale as compared to other central European 

countries such as Germany for example. The growth of installation of PV is embarrassed by the finite 

solar radiation, less rooftop area, and suitable circumstances for challenging wind power (Daniele P. 

& Markus W., 2016).   

Around 612 MWp of solar PV has been installed in the Nordic countries at the end of 2013. Most of 

the installed capacity is in Denmark which accounts for about 90 % of the total installed capacity, it 

is a result of the Denmark’s PV legislation depending up on the Net metering system. (Kosonen, 

Ahola, Breyer, 2014). Between 0-1 % of the PV installation of EU28 is found in the Nordic member 

states, therefore the average installed PV capacity in the Nordic zone is below the average in Europe. 
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Generally, the installed solar power capacity in Nordic countries is comparatively low in the carbon 

neutral scenario(CNS), the legislation and new technology dilemmas have taken it to command out a 

direction in which solar would perform a large remarkable role. (Daniele P. & Markus W., 2016).     

There could be wrong perceptions regarding viability of the PV systems in the cold climate zones 

such as the Nordic countries but there is no doubt that the application of PV in a cold climate is 

technically possible and it can be economically viable according its variation of circumstances (Koch, 

2016).  

 1.2.2 Characterization of PV system 

 The PV system in this section is characterized by its components and applications, system parameters 

and connection types. 

PV system components 

 Definition of components of the general PV system 

• Module or Panel: - It is a group of individual solar cells connected which converts sunlight 

directly into DC electric power. Then, several modules are grouped to form PV array. The 

degradation of the PV modules is estimated with an annual loss of 0.5 % per year (Jordan, 

2010), 

• Inverters: - It the heart of the system which is responsible for converting, safely and efficiently 

the DC power produced by PV array into AC power. It is assumed that in most cases the 

lifespan of inverters to be 15 years and a replacement cost is considered during the system 

design. Therefore, according to Solkompaniet the replacement cost is assumed to be 0.5% of 

the inverter’s investment cost (SOLKOMPANIET, 2013). 

• Batteries: -  Store energy when there is an excess coming in and then distribute it back out 

when there is a demand. Solar PV panels continuous re-charge batteries every day to maintain 

battery charge. 

• Charge Controller: - Prevents battery overcharging and prolongs battery life of the PV 

system. 

• Utility Meter: - utility power is automatically provided at night and during the day when the 

demand exceeds your solar electric power production. The utility meter spins backwards 

when solar power production exceeds house demand, allowing you to credit any excess 

electricity against future utility bills. 
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Figure 1.3 General grid connected PV system components  

Source: (Fronius International, 2006-2017)) 

1.2.2 .2 PV System parameters and connection types 

  PV system parameters: 

The main parameters used in designing PV solar parks are the module type, its temperature, current 

and voltage characteristics, size and efficiency, site location and its solar irradiation values, 

orientation, available area of land, shadings, Inverter type and its efficiency, utility meter. Most of 

these parameters are used as an input during the simulation of the production of electricity using 

software such as RETScreen, Polysun and PVGIS etc…  

The site location, its solar irradiation together with its orientation has a huge effect on the production 

and investment costs. That is a site with high irradiation and good orientation to the sun light means 

that high amount of solar radiation can be absorbed if the absorber panel is of high quality which 

results in high yield of energy. 

 While designing a PV park it is recommended to take into consideration the spacing between the 

rows of the modules (Diehl, 2015). This could have effect on the shading and production of the system 

unless well designing is performed. 

 The type of land used is also a very important issue in PV systems, especially when it is seen in the 

point   view of environmental effects and greenhouse gas emissions ( (R.R. Hernandez et al, 2014), 

(Environment and Climate news, 2016) ). For example, if the forest shields the selected PV site then 

around 36g CO2-eq/kWh produced from the PV system will be emitted (TURNEY, 2011). 

 Since the clearing of the site (especially in case of forest) is required during construction or 

installation of the system this can increase the greenhouse gas emissions almost as twice as the forest 

covers it. In another way if a PV is installed in the agricultural land then the effect of greenhouse gas 

emissions is much reduced (SOLKOMPANIET, 2013). Therefore, in case where the reduction of 

greenhouse gas emission raised because of the land shield variation, a ground mounted PV system 

could be established/installed on previously used land such as landfills ( (R.R. Hernandez et al, 2014), 

(Environment and Climate news, 2016)) 
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Connection Types: - 

The PV system can be connected to the grid or disconnected from the grid in which we call them grid 

connected or off grid systems. 

Off -grid domestic: - Is applicable for remote households and villages, which are far away from the 

grid and to full fill the needs of these areas the system is used. 

Off-grid nondomestic: - It provides power for telecommunication, water pumping medical 

refrigeration and aquatic uses. 

Grid connected, distributed :-It provides power to many grid connected customers on their property 

or directly to the grid. It plays a great role in the smart grid when it is integrated. 

Grid-connected Centralized: -  It provides a huge power as a centralized power station. 

 The type of connection used in this project could be a grid connected distributed or grid connected 

centralized, because the future aim of the project is to supply the production of electricity to the 

community or to the grid supplier (EON). In a grid connected PV solar parks the main large 

components used are the PV modules, system mountings, Inverter, and Utility meter. 

  1.2.3 Financial aspects 

This part of the literature is focused on the investment costs, land use costs, operational and 

maintenance costs and WACC. 

Investment costs: This includes the costs of all the system components such modules, system 

mountings, inverters, utility meter, wiring and settings, installation costs and grid connection costs. 

As the price of module is decreasing each year the investment cost will highly relay on the cost of the 

other components and installation costs and grid costs. The detailed cost of the system components 

of the different capacities of 250 kWp,500 kWp, 1MWp and 2 MWp for this study is presented on 

the Appendixes 1 - 5. 

Land use costs: The cost of the land used for the PV system in Sweden is estimated to be about 50 

SEK/m2 (Jönsson, 2017).Therefore for large projects as the area required is in hectares as a result the 

costs will be high. As it is explained in chapter 2 for some solar parks which are already installed in 

Sweden the investment cost has been affected by the land cost. 

Operational and Maintenance costs (O&M): - One of the advantages of PV systems is lower O&M 

costs in comparison with other types of energy sources. For the proposed systems of this study the 

O&M is taken between 15,000 SEK/year and 35,000 SEK/year for 250 kW and 2 MW respectively.  

The reason is that the land used is an agricultural land and once the system is installed, works such 

as grass cutting is done in hours but also can be done without any expenses by allowing animals such 

as sheep, goats, and cows to eat (figure 3.3) and there are no other difficult things to do. In addition, 

PV systems requires cleaning during windy, rainy, and snowy conditions and the cost is very low. 

Weighted Average Cost of Capital (WACC): 

Weighted Average Cost of Capital (WACC) is the investment in the assets of an enterprise or 

company which is taken as the average cost to a company of the funds it has invested. It includes 

debt, favored shares, common shares and retained earnings.  The cost of capital of all the components 
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are determined at the current market rates (calculators, 2017). The average WACC ranges between 5 

-11 % and for this study an estimate of 5.5 % was taken which will be more suitable for the 

comparison purposes of the analysis as in most of the researches have been using somewhat similar 

to the author’s estimation otherwise it could be calculated using formula. (Sacha Alberi et al., 2014). 

1.3 Methodology and Plans 

The method applied to this study is started with a literature study and then followed by a preliminary 

survey of the proposed project’s site that is taking site measurements and photos. Selection of 

materials to be used on the project and their prices have been gathered together with the help of the 

Nyedal Solenergi. After full collection of data, a system design and an economic analysis is done. 

Some softwares such as Auto Cad, Polysun, RETScreen, PVGIS, PVsyst and Excel have been used. 

A comparison on the production of electricity from these-three software will be done. Based up on 

the simulation and economic analysis results a conclusion and recommendation is given. 

The study is also accompanied by a field trip to one of the installed solar parks in Sweden in the 

Halland region and some telephone and email contacts. The proposed time for this paper is scheduled 

and a proper planning was done and accordingly all the necessary works that have been planned went 

well. Short descriptions of the different software used: 

The RET Screen Software: is a special decision support software developed by the help of many 

experts from the government, industry, and academia of Canada. It is free of charge, can be used all 

over the world to evaluate the energy yield and savings, costs, emission reductions, financial viability, 

and risk for different types of Renewable energy and Energy-efficient Technologies(RETs). The 

software is available in multiple languages and composes of product, project, benchmark, hydrology, 

and climate database. So, for this proposed project this software has been used (RETScreen, 2017). 

PVGIS Software:  PVGIS is an optimal free online tool used to estimate the production of solar 

electricity gained from the Photovoltaic (PV) system. It provides the annual output power of the solar 

PV panels. As its name implies to the Photovoltaic Geographical information system, it gives a google 

map applications which can be easily used. It calculates the areas covered by Europe-Asia and Africa. 

The simulation of this software’s output is in monthly and yearly potential electricity generation 

E(kWh) of the PV system with defined modules tilt and orientation (PVGIS, 2017). 

Polysun Software:  Polysun is a tool used to demonstrate the real state of the current system in terms 

of consumption. It calculates the efficiency of the single components of a solar system, helps for 

decision of choosing the most suitable components and generates economic viability outlooks and 

customers reports (Polysun, 2017). 
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1.4 Limitations  

There are some limitations during the simulation and economic analysis 

- The project only focus in studying the viability for the proposed site which is in the southern 

part of Sweden and it can be considered as a sample for sites of equal or higher solar 

irradiation in other parts of the country. 

- Comparison of the different software will only be done to the production of electricity. 

- Some estimations have been taken such as the inflation rates, debt rate, discount rate. 

- Results of emission analysis will be defined but will not be discussed in detail. 

- Financial analysis is carried out using the RETScreen. 

- Cost of the land of the project is not included in the financial analysis. 

- Quality of the analysis (+/- 10 %) due to application of different software 

- The study is only concerned with the use of the system for electricity purpose (No heating 

conditions is considered) 
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2.   Background of PV system in Sweden 

For many years, Sweden’s PV market have been confined in a small but steady off-grid markets in 

which the systems that have constituted mostly were installed for privates such as holiday chalets, 

aquatic uses, and investigations (IEA, 2016). But starting from 2007 higher grid connected capacity 

than off-grid capacity has been installed annually and in Sweden about eleven times more grid 

connected PV capacity than off grid capacity has been installed by the end of 2015 as shown in figure 

2.1.  

The grid connected market is almost exclusively made up by roof-mounted systems installed by 

private persons or companies. So far there are relatively midsize systems with capacity around 3 

MWp that are centralized systems. Generally, the installation rate of PV in Sweden is showing a 

development each year. As of (IEA, 2016) under 2015 a total of 47.4 MWp grid connected were 

installed which means that the Swedish market grew with 31 % as compared to the 36.2 MWp that 

was installed in 2014, that is the cumulative grid-connected capacity was 115.7 MWp at the end of 

2015. In 2015, the off-grid market grew from 1.1 MWp sold in 2014 to 1.6 MWp, that is a 48 % 

increase. In total 11.0 MWp of off grid systems have been sold in Sweden (Lindahl, 2015).  

The electricity produced using photovoltaic cells still accounts for a very small share of the electricity 

supply. At the end of 2014 solar capacity connected to the grid in Sweden was providing around 79 

MW. Electricity generation is estimated at around 75 GWh, which corresponds to around 0.06 percent 

of Sweden’s total electricity usage (Lindahl, 2014). The photovoltaic market consists of both grid 

connected and independent systems where the grid-connected systems account for over 80 percent of 

the capacity (about 63.2 MW). Summing up the off-grid and grid connected PV capacities, one ends 

up at a total of 126.8 MWp of PV that has been sold in Sweden until the end of 2015, illustrated in 

Figure 2.2. 

 

Figure 2.1: Yearly installed PV capacity in Sweden. 

Source: (Lindahl, 2015) 
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Figure 2.2: Cumulative installed PV capacity in Sweden. 

Source:   (Lindahl, 2015) 

The system price fluctuations in 2014 -2015 have been observed  for the roof mounted residential 

systems (3-20 kW) from 14.9 SEK/W to 15.0 SEK/W , for roof mounted commercial systems (3-20 

kW) from 13.5 to 12.7 SEK/W, for roof mounted commercial (20-500 kW) from 12.6 to 11.8 SEK/W 

and for ground mounted PV parks (100-1000 kW) from 11.6 to 10.4 SEK/W (Lindahl, 2015). This 

has guided in a small percentile development of the investors of PV solar parks. 

At the starting of 2014, the largest moving solar park in the Nordic region was built in Västerås, 

Sweden with a capacity of 1 MW and its 91 Solar trackers has a production of electricity around 1200 

MWhs/yr. 300-400 households consume the annual produced electricity (Stridh, 2016b).  

A study visit was conducted on 2017-04-21 at the Varberg Energi AB and some details of the park 

are given below. 

 At the end of June 2016 in the Halland region of Sweden at Varberg’s energy department, a new 

Sweden’s largest grid connected PV solar park have been installed with a capacity of   2.7 MW in 6 

hectares of agricultural land as it shown in figure 2.3.  15, 000 m2 of the total park area was used for 

the panels array. The total number of solar panels used are 9312 of 290 W, 39 inverters and these 

produces an electricity production around 3 GWh which can supply to about 250 villas per year ( 

(Wrege, 2016), (Wrege E. & Wilhelmsson O, 2017)). 

There are 51 rows with a spacing of 7 meters between them. From these solar arrays at total of 10 kV 

is obtained and is transferred to the grid by the transformer to output of 130kv which is located about 

1.7 km away from the site. The investment cost of the project was about 23 million Swedish kronor 

with a payback period of 30 years. As (Wrege E. & Wilhelmsson O, 2017) the subsidy for the project 

was the maximum and it was 1.2 million Swedish kronor. The estimated maintenance cost for the 

park was about 40,000 SEK/year which is much lower than the maintenance cost for their wind 

turbines which is about 450,000 SEK /year/unit. But even though the maintenance cost of the wind 

turbine is high the production of electricity is twice that of the park, so the compensation of the 

maintenance expense is seen in the production. 
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The design and installation was done by the Solkompaniet i Sverige AB. Varberg Energi AB is now 

becoming the leading company in the Halland in which they are producing electricity from three 

different sources of energy, i.e. hydropower, wind power and solar power. One of the challenges they 

have faced could be mentioned as the land that have been used is an agricultural land so instead they 

should have used another bare or landfills, but they have solved the complains and informed the 

farmers that it is not difficult to dismantle it whenever the land is in need for agricultural purposes. 

The Varberg energy company have also some plans of conducting small agricultural cultivation under 

the ground mounted solar parks (Wrege E. & Wilhelmsson O, 2017).  

 

Figure 2.3  SOLSIDAN Varberg Energi AB, 2.7 MW solar park at Munkagård. 

Source: (Wrege E. & Wilhelmsson O, 2017) 

 

There are also other mid-size PV solar parks installed in places such as in, Simris, Arnebo, Skedala 

and Arvika etc. These parks are fixed ground mounted modules connected to the grid. 

- In Simris, Scania the park that has a capacity of around 400 kWp was installed and started its 

operation in 2013-12-18. Its total cost excluding VAT and cost of land cost was about 

9,000,000 SEK and the cost per installed power including VAT and cost of land was 30,000 

SEK/kWp. The payback of this park was between 18 -20 years (Jönsson, 2017). 

- Another park at Arnebo, Uppland with a capacity of 312 kWp was installed in 2013-09-16 

and it costed about 3 479 000 SEK excluding VAT and cost of land. According to the 

information given to the author the park has a payback period around 15 years (Karwonen M. 

& Inga-Lill B, 2017) . 

-  In Skedala, Halland 500 kWp solar park was installed in 2014-10-05 with a total cost around 

6.7,000,000 SEK excluding VAT and cost of land (Bernhardsen, 2017). 

 Sweden have planned to use 100 % renewable energy in 2040 (Skog, 2016). Considering the 

significance of PV systems on the perspective of environmental friendly system the government does 
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a great expansion of the solar power, for example the allocated funds for Solar power for the year 

2017 is eight times higher than in 2015 (Skog, 2016). 

2.1 Sweden`s energy regulations  

Every country has its own energy regulations and Sweden as a member of the EU also has a binding 

energy regulations in which it must follow with all the members of the EU countries.  

The general aim of Swedish energy policy is to couple the endow of energy on the competitive 

circumstances in the short and long terms. For a sustainable energy use and cost effective energy 

which has a low impact on health, on the environment and climate, the energy policy must build up 

some conditions. Swedish energy policy depends up on the constitution that has been assented within 

the EU. Some of the climate and energy goals adopted by the Swedish Parliament specify that 

(Swedish Energy Agency , 2015).  

- Renewable energy should account minimum of 50% of the total energy use in the year 2020. 

- In 2020, there should be a 40 % reduction of greenhouse gases emissions as compared to 

1990.  

- By 2050 Sweden’s net greenhouse gas emissions will be zero. 

- In 2020, the transport section will have a proportion of 10 % of renewable energy. 

 So, the emissions regulations and financial policy of PV systems (direct subsidy including tax and 

electric certificate prices) will be described in the next sections 2.1.1 & 2.1.2 respectively. 

 2.1.1 Emissions regulations  

 As the world’s greenhouse effect is increasing a moderate approach on reducing of the emissions of 

harmful chemicals such as Sulphur dioxide (SO2) Nitrogen dioxide (NO2) and Carbon dioxide (CO2) 

is required. For instance, the Paris agreement 2015 (a global climate agreement among 195 countries) 

elaborates that the global warming should be minimized well below two degrees with comparison of 

preindustrial times. Therefore, they concluded that much effort is required to reach a maximum of 

1.5oC increase, i.e. should deduct 0.5oC soon (Environment and Climate news, 2016). 

Sweden together with the members of EU have tried to discuss on these issues long time starting at 

the 1980s (Werner, 2017).  In 1990s mechanisms have been uninterruptedly imported and squeezed 

by the reconciliation taken in the fields of energy, transport, environment, and tax policy (Jernbäcker, 

2013). So, in 1991 the Swedish parliament was motivated by the EU discussions and introduced a 

CO2 tax limitations (Finansdepartementet, 1990).At first the initial tax was 250 SEK/ton (around 25 

€/ton) and later started to increase gradually with the development of the renewable energy systems. 

In 2016, the CO2 emission tax was 1100 SEK/ton (around 110 €/ton) (Werner, 2017). 
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2.1.2   Financial policy of PV systems  

 This part will only deal with the financial regulations regarding PV systems in Sweden specially the 

subsidies about tax and electricity spot price and certificates. 

Governmental Subsidy and tax:  

At the beginning of 2009 a modified subsidy for PV systems have been introduced, governmental 

subsidy is accessible for the installation of photovoltaic cells. The goal of the subsidy is to devote the 

conversion of the electricity system and make it modernized and improved in the field of energy 

technology. This support is available to all types of actors – companies, public organizations, and 

private individuals. The highest level of subsidy, as of 1 January 2015, is 30 per cent for companies 

and 20 percent for other actors (Swedish Energy Agency , 2015). So, this subsides has motivated 

some companies and private owners and as a result it can be observed an increment on the installed 

PV capacity during the end of 2015 as it is shown on figure 2.2. As this support is a framework -

limited, it can only be obtained if the assigned funds are enough.  

For microgeneration of renewable electricity, a deduction of tax has been implemented. This 

simplification of privates and enterprises in investing the renewable energy sources of the yield of 

electricity for their own use. These micro producers gain economical allowance for the surplus 

electricity they feed into the grid (Swedish Energy Agency , 2015). As of 1 January 2015, from the 

owners surplus electricity feed into the grid a favorable circumstance of a tax deduction is given 

(Borg, 2014). 

After the 1st January 2015 rules for the subsidy a new proposed legislation was raised in June 2015 

indicating the government’s limitation to the energy tax exemption to solar cells to 255 kW of the 

installed capacity starting from 1 July 2016 (Lindahl, 2014) . These new rules have many opinions 

during the release of the law and after wards.  

The new rule has brought intellectual argumentations in comparison with the tax free of properties or 

services made for private own use and if the limiting 255kWp went beyond the limit the benefit ability 

of a PV system will disappear as the energy tax has reduced for the self -consumed electricity which 

is 0.294 SEK/kWh. The impact of this law has been observed in many large real estate owners to 

declare for cancellation of their future planned PV extensions. These are those who already have 

started installing PV systems on their buildings and have passed the limit of 255kWp (Lindahl, 2014). 

In 2017, a new proposal of the tax on energy was submitted by the government to the parliament. The 

proposal was to lower the tax from 0.294 SEK to 0.005 SEK/kWh for those who produce and consume 

renewable electricity in the same place but where the current exemption does not cover electricity. 

This proposal applies to those who have several smaller plants, which together amount to 255 kWp 

or more. The change will come into effect or into force on 1 July 2017 (Nejman, 2017). 

Electricity Spot price 

The outlook of the electricity spot price comprises of large uncertainties and as the data from the Nord 

pool indicates for Sweden’s four power price areas. It indicates that the spot price has a price of 

0.0907% higher than the average value as in figure 2.5 (Nordpool, 2016).The spot price of SE4 was 

the highest which is about 280.58 SEK/MWh at the end of 2016.The spot price during 2017 has 

shown a fluctuation of +/- 10 SEK/MWh in the first quarter of the year. 
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Figure 2.4 Electricity Spot price for Sweden., source: (Nordpool, 2016) 

Electricity Certificates System prices: 

Sweden and Norway have an electricity certificate agreement in which they have been using for long 

time. These electricity certificates are financial support for the development of the production of 

electricity from renewable energy sources in a cost-effective way which is a market based program 

in which the electricity customers finance the electricity certificate market (Skrivarhaug & Lublin, 

2015) . 

The electricity certificate market works based up on the following facts: 

1. For everyone megawatt hour (MWh) of the renewable energy, the energy producers get one 

electricity certificate, for a maximum of 15 years. 

2.  Since the prices are determined by supply and demand as a result electricity certificate are 

sold in these markets. 

3. The energy suppliers and there are certain electricity customers who are forced by law to buy 

electricity consistent to a certain quota of their consumption calculation and in this case the 

need for electricity certificates arises. 

4. As the cost of electricity certificate is inclusive in the bills of electricity then the end users pay 

for the growth of the renewable energy production. 

5. For the fulfillment of their quota duty, the market participants with quota duty must submit 

electricity certificates every year. (Skrivarhaug & Lublin, 2015). 

THEMA consulting group has done an outlook of the electricity certificate prices from 2016 to 2035 

which includes the best guess power scenario. Based on these scenarios the average values used in 

the investment have been applied as a result the price of the electricity certificate is decreasing 

throughout the years 2016 – 2023 by about 1.4 % and from 2023 -2035 a large increment was seen 

and after 2035 the prices go nearly to zero in which the forecast was only done until 2035 (THEMA, 

2017).  

The average market price commutated in the spot market for electricity certificates was145 

NOK/MWh (about 160 SEK/MWh) in 2015.This shows a reduction in price of 12 % from 
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2014.Generally the electricity certificates were traded for between 130 to 165 NOK/MWh (about 143 

to 181 SEK/MWh)  (Skrivarhaug & Lublin, 2015). 

If one wants to calculate how much a certain electricity certificate price correlates to in cost per kWh, 

the following formula can be used (Skrivarhaug & Lublin, 2015). 

cost of electricity certificate (öre/kWh) = 
𝐸𝑙𝑒𝑐𝑡𝑟𝑐𝑖𝑡𝑦 𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒 𝑝𝑟𝑖𝑐𝑒(

𝑆𝐸𝐾

𝑀𝑊ℎ
)∗𝐴𝑛𝑛𝑢𝑎𝑙 𝑞𝑢𝑜𝑡𝑎(%)

10
                 (1) 

2.2   Fundamental issues hindering decision makers  

 Decision makers or investors are always afraid of losses but it should not be to that extent when 

running a business. It is obvious known that there is a loss and a profit in any business. The main 

thing that hinders the decision makers are the payment back period but besides some of the things 

that hinders them are such as 

❖ Not enough information (knowledge) of the PV system: - Since a large investment such as PV 

solar parks requires a detailed, brief, and full knowledge of the system working principles and 

application. All the decision makers are not aware of the oncoming challenges, so it is due to 

this specific reason that they are not motivated to decide on the investment of PV solar parks 

at the same time they could have observed some people who have invested on PV system and 

finished with bankruptcy. Having not enough information could also be result from the 

misusage of the technology which in turn lead the investor in bankruptcy. 

❖ The socio technical barriers play a vital role in decision makers. This could be because of the 

variations on the standards of the quantity and quality of products of different countries and 

the consumer’s awareness of the specification, durability, efficiency, and safety. Therefore, 

these complexity affects the investors or decision makers not to have a good perception on 

the new technology of solar energy such as PV solar parks. More over the proper misuse of 

the technology can be included in the socio technical barriers (Müggenburg H, Tillmans A, 

Schweizer-Ries P, Raabe T, Adelmann P., 2011). 

❖ Management barriers can also affect in many aspects of businesses in the country’s or regional 

administration. Poor management means less effective in the business and decision makers 

are the least familiar with this tool and could not analyze the main reason of their business 

deployment. For example, if there is inappropriate administration management in urban and 

rural areas and this in appropriation could have a negative impact for those investors in the 

rural areas if more considerations and motivation on new technologies is seen in urban areas. 

❖ The country’s policy on energy have a great effect on the decision makers, because they are 

guided by the policy in which for example, sometimes a sudden removal of the subsides, 

permits processing time and other similar policies could hinder them from moving forward. 

In addition to it there is no any law of forcing the people to buy electricity from the investors 

as it is done in Germany, which in turn motivates the investors to be familiarized with the new 

technologies. 

❖ Financial conditions of the PV especially payment back period, initial investment cost, loans, 

interest rate and taxes, unsatisfactory governmental subsides hinders most of the investors. 

This high investment cost is perceived in a negative way and on the other hand the investors 

do not see its environmental effect, long term profit and sustainable energy future 

governmental plan.  
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❖ Simultaneously to the huge administrative difficulty that micro-producers want to get profit 

from all earnings branches, and the long waiting time for the direct fund or subsidy of the PV 

project can choke back the advancement (Lindahl, 2015). 

2.3   The known complications of PV solar parks connected to grid 

Even though connection to the grid has advantages in such a way that it acts as a supporter to the 

PV but during and on the process of connection to the grid it has many challenges and 

complications. Some of them are mentioned below. 

➢ The Cost minimization of Balance of Systems(BOS) driven by extra-low price of PV 

modules 

➢ PV park optimal design, efficiency in the complete string, minimization of cabling, 

configuration, and size of PV arrays 

➢ Grid assimilation issues 

➢ Use of energy storage 

➢ Ancillary services, e.g. grid stabilization 

➢ LCOE, grid parity, competitiveness against conventional plants 

➢ Financing,  

The continuous reduction of the price of PV modules makes it less competitive with the other types 

of renewable energy such as wind energy and bio energy. The PV park optimal design is affected 

mainly by the efficiency of the module, configuration, and size of the PV arrays and the climatology 

of the area. Installation of PV park is not so difficult but there is issue of grid connection in which 

additional investment is required. That is the distance between the grid substation and the PV park, 

the voltage capacity, and the compensation   determines the cost of connection to the grid. As Xin et 

al. justified that without the competent technical base, a huge number of PVs will have a negative 

influence on the electric grid's power networks (Xin H, LuZ, LiuY ,GanD.A ,Senior Member, IEEE, 

2014). 

 More over the ancillary services for example the grid stabilization also accounts to some extent on 

the challenges of the PV parks. As (Angelino, 2010) ancillary services such as voltage and reactive 

power management, frequency regulation and fault ride- through capabilities can help mitigate some 

of the drawbacks associated with an increase in the number of GCPVS (grid connected PV system) 

while ensuring a more secure and reliable grid. The use of energy storage has become the biggest 

issue of solar energy,because no further inventions have been done so far.  

The LCOE (levelized cost of electricity) is used as a comparison tool in which the grid parity is 

considered when the LCOE of solar PV is comparable with grid electrical prices of universal 

technologies and is the industry goal for cost-effectiveness (K. Branker, M. J.M. Pathak, J. M. Pearce, 

2011). Since calculating the LCOE is very sensitive a brief and detailed information of the PV system 

such as cost of energy generating system and cost of generated energy during its life time is basically 

required to provide cost in $/kWh ($/MWh) (Ocampo, 2009 ). The Financing of PV includes the 

initial investment cost, operational and maintenance cost, loans, taxes, interest rates and depreciation 

costs are usually considered. A PV system that began without feasibility and economic study could 

end up with bankruptcy in a short time. 
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3. System Design 

 3.1 Site Location/Land acquisition and Justification 

In this section, the location of the site will be defined and the justification for the selection of the site 

will be explained.  

The park is located in the southern part of Sweden in the Halland region about 9 km from Halmstad, 

in the village of Åled with latitude 56°44'43.65"N and longitude of 12°55'55.92"E and about 57 

meters above sea level. The Population of the village is around 1700 (Sweden Statistics, 2017).The 

site has an average global solar irradiation of 1000 kWh/m2/year and a diffusion irradiation around 

540 kWh/m2/year (figure 3.5 & figure 5.2). The park is about 14,760 square meters (i.e. 180 m x 82 

m). It is a used farming area and it is also possible to conduct small agricultural cultivation such as 

grazing of animals, cultivating vegetables under the ground mounted PV solar parks as in figure 3.3. 

More over if an agreement is done with the E-ON grid supplier this system can supply electricity to 

the community living nearby. So far, this agreement is on the process. 

 

Figure 3.1 Geographical location of the proposed site ,56o44’43.65’’, 12o55’55.92o 
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It is sited in a good location without shades for the sunlight and this helps to design the system in 

different arrays even though it is difficult to determine the shading ratio but comparatively it is low. 

It is easier to connect with the available grid which is about 50 meters away from the site and this 

reduces the cost as the grid owners take into considerations the distance from their grid in their cost 

estimation. 

 

Figure 3.2 Proposed project Site at Åled, photo taken on 2017/01/24 at 12:30 pm  

(Photographed by Markus Svensson). 
 

The concern of installing PV solar parks have many advantages such as ; they generate electricity 

locally and deliver into the local electricity grid, they represent time-frame, exchangeable land use 

and afford an increased, variegated and steady source of income for landowners, they can have dual  

plan usage such as grazing of animals between rows as in figure3.3 and motivates to biodiversity by 

letting  small animals access to fenced-off land (Scurlock, 2014), As there are no dynamic parts 

maintenance cost is minimal, vision and environmental effect is lower as compared to other sources 

of energy, Installing in some hectares of land can supply electricity to thousands of people living near 

by the park. The solar path figure 3.4 shows the path of the sun across the sky from the summer to 

winter solstice for Åled. That means as the position of the sun is changed the effect of shading will 

also be considered because it affects the production of energy in the system. 
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Figure 3.3 Animal grazing at Varberg Energy AB 2.7 MW solar park at Munkagård, 

Source: (Wrege E. & Wilhelmsson O, 2017) 

Therefore, selection of the proposed site for this project has considered the above-mentioned 

advantages. And, more solar irradiation can be achieved in the southern Sweden than the northern 

part. This proposed project is accompanied by the Nyedal Solenergi located in Halmstad. The site is 

owned by the company and their plan is, if it is economically viable and they signed an agreement 

with the grid supplier (EON) to buy the produced electricity then Nyedal will install the midsize PV 

solar park and supply electricity to the community. Nyedal Solenergi is one of the installation 

companies as well as consulting company in the Halland region. They have so far installed about 5 

MW and are currently working(dealing) with many new customers as the manager of the company 

informed the author. 

 

Figure 3.4 Solar Paths at the proposed site simulated from PVsyst software 
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Figure 3.5 Solar Irradiation for the proposed site Simulated from RETSCREEN software 

3.2   Description of the proposed PV system 

The PV system design is focused for four different capacities in which the analysis is conducted. The 

PV system consists of modules, inverters, grid connections and all installation and electrical control 

components.  The PV system for this project are ground mounted and are going to be interconnected 

to the available grid owned by EON. The park will be connected to the grid according to the system 

capacity for example the 250 kWp park will be connected to the low voltage grid and the 2 MWp 

park will be connected to the high voltage grid as indicated on the appendix 8.5 (Persson, 2017). 

 3.2.1. System Design parameters and Environmental Impact 

 The system parameters for each capacity is listed in tabular form below. The main system parameters 

are the module capacity, Solar irradiation, module efficiency, orientation of the module and shading, 

surface area of the plant etc... So, based on these parameters the PV system design is conducted for 

capacities of 250 kW,500 kW ,1 MW and 2 MW.  

 The environmental impact of these parameters can be divided into two parts:  

- Impact part one is the PV modules are environmental friendly in comparison to other sources of 

energy (do not have any greenhouse effect), also they do not require special land for installation (only 

the land should be free from shading to have good absorption of sun light). 

- Impact part two is related to the larger area covered by the park, many comments specially from the 

farmers have been raised due to the agricultural land which could be used for grazing of animals or 

cultivation. But many researchers have tried to give their opinions on this issue, such as the land used 

for solar parks should be agricultural land which has already been used as landfill ( (R.R. Hernandez 

et al, 2014), (Environment and Climate news, 2016)) and  also wildlife’s case has to be  taken into an 

account. 
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3.2.2   Material Selection  

The material selection for the system was done based up on the practical criteria which are taken into 

consideration in such a way that they should have more durability, high tolerance, most efficient, 

more economical and have high warranty. Selection of material was done with the help of the Nyedal 

Solenergi which has accounted from their experience of using different types of modules and inverters 

and they gave their recommendation for the selected material for the proposed project.  

The type of module selected is PEPV 260 a polycrystalline from Eurener PV manufacturerwhich is a 

Spanish company founded in 1997 and it is distinguished by having values that are over the average: 

the temperature coefficient is quite better than other modules that are in the test field (Eurenergroup, 

2015). The following table 3.1below shows the main specification of the PV panel. 

The inverter type selected is Fronius Eco 27.0-3-S Light ,27 KW, it is one of the latest inverter types 

with high efficiencies and transformer less inverters. The removal of the transformer from the inverter 

makes it lighter and more efficient and reduces losses created due to transformers. The life span of 

this inverter is designed for 15 years and after these years it should be replaced with a new one 

(Fronius International, 2006-2017). The other details of the materials used for the systems including 

their costs are listed in the appendixes 1-4. 

Table 3.1 Technical features of the Eurener PEPV60/260W module 

Frame Silver anodized aluminum 0.015 mm, 

Robust and resistant to corrosion, built in 

plug 

Connection box  Sealed, robust and wide for heat dissipation  

IP65 according to IEC 60529 

Diodes by-pass built-in (3)  

for protection of the partial shading 

Connector MC4 or compatible, 

 easy and rapid connection 

Cables 1 meter length and 4 mm2 section 

Reaction to Fire Class II (conformity to 

UNI 9177 norm) 

Frontal  3.2 mm tempered glass, Textured, extra-

clear with low iron content 

Solar cells  60 cells polycrystalline silicon /156 x156 

mm 

Weight and dimensions (L X W) +/- 1% mm 20 Kg/ 1640/50 x 992 x 35/40 mm 
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Table 3.2 Electrical Data and Characteristics of the Panel          

 

      Figure 3.6 Eurener PEPV 260W panel 

sample Source: (Eurenergroup, 2015)) 

 

 

 

 

3.3 Design of the proposed PV Solar parks 

The basic design parameters considered are listed on table 3.3 and the layout of the system is as shown 

in the figure 3.7 below. This layout is the same for all the capacities. The aim of designing for four 

different capacities is to observe the viability, the effect of the system parameters and to evaluate the 

economical outcome of these capacities. This simulation can guide us whether low capacities are 

more economical and productive than large capacities or vice versa. 

The energy simulation and economic analysis were carried out by attributing all the mentioned 

parameters using three different energy and economics analysis software. These softwares require 

almost the same input parameters but the difference is that their assumptions. 

Standard -All Black PEPV 260 

Nominal Power, pmpp 260 W 

Tolerance, pmpp 0/+3% 

Area of the module 1.62 m2 

Module efficiency 16.12% 

Short circuit current (Isc) 8.82 A 

Open circuit voltage (Uoc) 38.10 V 

Current  Impp 8.47 A 

Voltage Umpp 30.83 V 

Maximum Voltage 1000 V 

α Isc 0.039%/0C 

β Uoc -0.29 %/ 0C 

ϒ Pmax -0.42% / 0C 

Temperature range -40 0C to + 85 0C 

NOCT  -44 0C ± 2 0C 
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Figure 3.7 Layout of the PV array (N.B All dimensions are in millimeters) 

                                                    (Source: Nyedal Solenergi) 

Table 3.3 Basic design parameters with their specification values  

Description 

Proposed 

capacity 

250 kW 

Proposed 

capacity    

500 kW 

Proposed 

capacity    

1 MW 

Proposed 

capacity    

2 MW 

Meteo Data     

Average yearly horizontal irradiation 

(kWh/m2/year) simulated from PVGIS 

& RETScreen, respectively 1000-1065 

 

 

1000-1065 

 

 

1000-1065 

 

 

1000-1065 

Orientation, inclination angle & 

Spacing b/n rows  

South, 30o, 

3-5 m 

South 30o, 

3-5 m 

South 30o, 

5-7 m 

South 30o 

5-7 m 

Total surface area  1,559.00 m2 3,117.00 m2 6,233.00 m2 12,463.00 m2 

Module -Inverter Details     

Module Type - Eurener  PEPV60/260 polycrystalline polycrystalline polycrystalline polycrystalline 

Module capacity  260W 260W 260W 260W 

Number of modules  962 pcs 1924 pcs 3847 pcs 7693 pcs 

Module Efficiency  16.12% 16.12% 16.12% 16.12% 

Total installed module capacity  250 kW 500 kW 1 MW 2 MW 

Inverter, Fronius Eco 27.0-3-S, 27 kW 1 pcs ( 27 kW) 

 

1 pcs ( 27 kW) 

 

1 pcs ( 27 kW) 

 

1pcs ( 27 kW) 

Inverter, Fronius Eco 27.0-3-S  

Light ,27 kW 

8 pcs 

(216 kW) 

 

17 pcs           

(459 kW) 

 

35 pcs          

(945 kW) 

 

72 pcs 

(1944 kW ) 

Inverter efficiency  97 % 97 % 97 % 97 % 
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4. Approaches of Economic analysis 

In conducting the economic analysis of the PV system, it is expected that the initial investment cost is 

high and the operational cost is low as compared to the other sources of energy in which the 

maintenance cost is much higher and is continuous. 

The economic analysis approach is explained in two parts; the general financing input parameters 

and Sensitivity analysis.  

 4.1 Financing Input parameters  

 These financing input parameters are used to determine and give information about the effectiveness 

of investing in mid- size solar parks in Sweden. 

4.1.1 Location  

Location of the project has an impact in the economics of the PV system as it can affect the 

production. Thus, before conducting any investment on the system a preliminary survey of the 

proposed project should be carried. That is questions such as which areas are exposed to high solar 

radiation and which type of land is going to be used? Hence, to answer these questions the 

meteorological data of the site is necessary and accordingly the site with high solar radiation and the 

land with landfills shall be selected. Therefore, for this project the site selected is expected to full fill 

the needs of the system as it is mentioned above in the site justification. 

 4.1.2 Yield determination   

The production of the system depends up on the important input parameters such as the module 

capacity, size and efficiency, location & the solar irradiation of the site, inverter capacity and 

efficiency and available area. These all inputs are used in the different softwares and then simulated 

in MWh/year. Manually this yield can be calculated by considering four parameters, i.e. the total 

module area, solar irradiation at inclined plane, performance ratio and panel yield. Therefore, the 

annual yield is calculated by multiplying all these four parameters.  

The global formula to estimate the electricity generated in output of a photovoltaic system is given 

by (PV-Solar energy calculation, n.d.). 

 E=A*Gr*r*PR                                                                                                                              (2) 

E- Annual yield – kWh /year  

A-Total module area - m2 

Gr-Average global solar irradiation at tilt angle – kWh/m2/year 

 r- panel yield – is the ratio of the electrical power of the panel divided by the area of one panel or it 

is also expressed as panel efficiency (%) 

PR- performance ratio - %  

The performance ratio, Coefficient for all losses (usually ranges between 0.5 – 0.9)  
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4.1.3 Expenditure of Costs and analysis  

This part of the financial analysis concentrates on the expenses of cost such as equipment, land, 

transport, O&M costs and in general the total capital cost in addition to these, the NPV, PBP, LCOE 

and LCC will be discussed. These ideas will help in the economic analysis of the proposed system 

capacities. 

   4.1.3.1    Accessories/Equipment and other Costs 

 The cost of the equipment or accessories used for the project is listed in Appendixes 1-4. The highest 

values of the cost are seen in the PV modules and in the balance of system (BOS) such as inverters,  

Ground mounting remora, electrical components costs and installation costs and more over on the 

grid connection as it is summarized below in table 4.1 for all the four different capacities,250 

kWp,500 kWp ,1 MW and 2 Mwp. 

Table 4.1 All System costs of the different proposed capacities in SEK/kW 

Specifications 

Proposed  

capacity   

250 kW 

Proposed  

capacity   

500 kW 

Proposed  

capacity          

1 MW 

Proposed  

capacity        

2 MW 

  SEK/kWp SEK/kWp SEK/kWp SEK/kWp 

Modules  4565 (+/-2%) 4560 (+/-2%) 4459(+/- 2%) 4433 (+/- 2%) 

Operational and Maintenace costs 60 40 30 17.5 

Balance of System details (BOS)     

Inverters 1131 1131 1131 1131 

Electrical installation 200 200 200 200 

Switch gear with all installation cables 214.4 190 155.4 129.6 

Ground Mounting  1038 1015 981 912 

Installation  800 800 800 800 

Piling and Excavator/clearing 760 760 720 680 

Grid connection 1000 900 900 900 

Transformer linked / certification 

approval 8.4 8.4 8.4 8.4 

Transportation/shipping cost 160 100 60 35 

Total system cost    9,936 9,704 9,444.8 9,251 

 

 

 



  

26 

 

4.1.3.2    Land and Transport Costs 

 Land costs are not considered in this study because the land is owned by the company and their 

expenses of the land is just the yearly taxation. The transportation costs are the costs that spent during 

the construction of the system until the installation and the shipment of materials is included. These 

transportation costs for the four proposed capacities range from 40,000 to 70,000 SEK for each 

capacity. 

 4.1.3.3    IRR and NPV  

  Internal rate of return (IRR)  

 IRR is the discount rate in the market that results in Zero Net present value(NPV) or zero life cycle 

savings. The IRR could be explained as Pre- tax IRR equity, After -tax IRR equity, Pre-tax IRR assets 

and After -tax IRR assets. The pre -tax IRR equity and assets is the percentage of the possibility of 

equating of the investment cost and assets over the project life time before income tax. And after tax 

IRR equity and assets is the percentage of the probability of equating the investment cost and assets 

over the project life time after income tax. 

Net present Value (NPV) 

The NPV analysis is most of the time indorsed when forecasting the investments and decisions for 

example mutually sole projects and communal costs. In the mutually sole projects NPV knows the 

variation in the amount of investment choices while in case of communal costs NPV is not 

conventional but usually it is used during evaluation of investments from public view (Short, J. 

Packey, and Holt, 1995). 

The NPV can be calculated   by using the following formula  

                                                NPV = ∑
𝐹𝑡

(1+𝑖)𝑡 
𝑛
𝑡=0 ……..................................................................(3)  

Where:  Ft   - the net cash flow at year t  

              t – time in years,  

              n – number of years considered for the investment evaluation (it includes both depreciation 

and technical life)  

              i – is the discount rate in % (differentiated in household and industry investment)        

 4.1.3.4   Payback Period (PBP) 

 PBP is a method used to calculate the required(needed) time to recover the investment made. It is 

defined here in this PV system as the time needed for the cumulative revenue gained to equal the total 

initial investment costs, that is by selling energy how long will it take to recover the initial investment 

costs which is called the equity payback period. PBP calculations make it faster and simpler when 

discounting the revenue earned is not considered but for more accurate and realistic estimation the 

discount rate should be considered.  
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4.1.3.5    Life cycle cost (LCC) and Total capital cost 

The life cycle cost (LCC) is the total cost that will be included during the life time of the product, 

work or service. Here it is the sum of all the costs associated with the energy delivery system in its 

whole working life time or specified time used for analysis. The principle of LCC determines how 

much should be invested regarding the discount rate, this in turn helps in looking for funds in case of 

need for the future. It works by bringing the predicted future costs into present costs. Inflation is also 

considered during the LCC analysis. The total capital investment cost excluding land cost and VAT 

for the proposed project is given in table 4.2 

Table 4.2 Total investment cost, Incentives, O & M costs for the different proposed system capacities 

 

Table 4.3   Financial investment costs comparison of the proposed systems with some already installed 

fixed ground PV parks in Sweden which were discussed in chapter 2. 

Description Capacity 

Investment cost 

excluding land cost and 

VAT (SEK) 

Investment cost excluding 

land cost and VAT  

(SEK/ kWp) 

Proposed System (2017) 250 kWp 2,484, 148.00 9,936.00 

Proposed System (2017) 500 kWp 4,852,042.00 9,704.00 

Proposed System (2017) 1 MWp 9,444,752.00 9,444.80 

Proposed System (2017) 2 MWp 18,502,935.00 9,251.00 

Arnebo Park (2013) 312 kWp 3,479,000.00 11,150.00 

Simris park (2013) 400 kWp 6,000,000  15,000.00 

Skedala park (2014) 500 kWp 6,700,000.00 13,400.00 

Varberg Enegri AB (2016) 2.7 MWp 23,000,000.00 8,900 

 

In the above table, the investment cost of the proposed systems is on the average condition compared 

with the other installed parks. In addition to that it shows the decreasing of the investment cost 

annually per kWp due to decreasing of price of modules and for large capacities the price gets much 

cheaper. Hence this comparison is being used as a base for the progress of the financial analysis. 

 

 

 

 

Capacity 

Total initial cost in SEK 

(excluding land cost and VAT) Incentives/grants 

Operation and 

maintenance costs 

250 kWp 2,484, 148.00 745,244.00 15,000.00 

500 kWp 4,852,042.00 
1,200,000.00 (max.) 20,000.00 

1 MWp 9,444,752.00 
1,200,000.00 (max.) 30,000.00 

2 MWp 18,502,935.00 
1,200,000.00 (max.) 35,000.00 
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4.1.3.6   Levelized Cost of Energy (LCOE) 

 

This method is mostly applicable for comparing the production of the energy in relation to cost of the 

whole system over its financial life time. For the calculation of the LCOE , the required data  included 

are  system capacity in kW or MW, initial costs ( SEK/ kWh) , O& M costs ( SEK/ kW/yr), project 

life time (in years), system degradation rate (%) , interest rate and residual values .It can also be used 

for comparison of different power producing systems of different parameters : unequal financial life 

, capital cost ,capacity factor and efficiencies (Ocampo, 2009 ).  

According to the formula given by (Lindahl, 2015) the LCOE is calculated as: 

LCOE =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡+(𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡𝑠∗𝑛 )−𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒𝑠

∑
𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑦𝑖𝑒𝑙𝑑∗(1−𝑠𝑦𝑠𝑡𝑒𝑚 𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒)𝑖−1

(1+𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒)𝑖
𝑖=𝑛
𝑖=1

                              (4) 

Where: n is the system life time and i is the years 

Also, it can be calculated using the formula presented in (K. Branker, M. J.M. Pathak, J. M. Pearce, 

2011) as: 

LCOE =  

∑
𝐼𝑡 + 𝑂𝑡+𝑀𝑡+𝐹𝑡 

(1+𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒)𝑡
𝑇
𝑡=0

∑
𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑦𝑖𝑒𝑙𝑑∗(1−𝑠𝑦𝑠𝑡𝑒𝑚 𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒)𝑡

(1+𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒)𝑡
𝑇
𝑡=0

                                           (5) 

Where: t is the years, T is system life time, It is the investment costs at year t, Ot & Mt   are the 

operation and maintenance costs respectively and Ft is fuel costs. 

In this study, the LCOE calculated includes the incentives and the result is compared with the 

electricity spot price which was used as the electricity export rate (i.e 300 SEK/MWh). 

4.2 Sensitivity analysis  

The Sensitivity analysis is used to provide an approximation of the sensitivity of the main economic 

indexes such as initial costs, technical and financial parameters. RETScreen calculates the sensitivity 

of LCOE, after tax IRR equity, Net present value (NPV) and Equity Payback by considering initial 

and annual costs, debt ratio, discount rate and debt interest rate (Sebastian et al, 2016).  

Finally, the sensitivity analysis was simulated and the effect of the initial investment cost, O&M 

costs, the electricity export rate on the NPV, the PBP and the after-tax IRR equity was analyzed. 
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5. Result and Discussion  

This chapter deals with the results and discussion of the simulation or performance analysis and the 

financial analysis for the proposed project site of the different system capacities. In Result 1, the 

designed system simulation or system performance carried out through three different software will 

be presented and a comparison of the production of electricity gained from these analysis tools will 

be done. And research question number 1 will be answered. Result 2 presents the financial viability 

and Sensitivity analysis done by the RETSCREEN and accordingly research question number 2 is 

going to be answered. Discussion is presented parallel to each result and answers to research 

questions 3 & 4 will be given. 

5.1 Result of the designed system simulation / performance and Discussion 

 The system simulation or performance analysis was done according to the parameters listed in table 

3.3. The performance of the systems was conducted using three different software RETScreen, 

PVGIS and Polysun.   

 PVGIS Result  

The production of electricity gained from PVGIS for the four capacities is listed in the table5.1. This 

software considers the average monthly solar irradiation for the proposed site Åled, Sweden, with an 

inclination of 30o and oriented towards the south. The yearly solar irradiation at horizontal irradiation, 

irradiation at optimal angle and irradiation at chosen angle 30o is shown in figure 5.1. From this data, 

it is observed that the irradiation at 30o during summer for the months of May, June, and July to be 

the highest values ranging between 5.6 to 5.86 kWh/m2/day. And in winter time the lowest values 

ranging between 0.68 to 0.9 kWh/m2/day were for December and January. These irradiation values 

at 30 o inclination is higher compared to the horizontal irradiance but lower than the irradiation at 

optimal angle which is 41o.The average solar irradiation horizontal for the whole year is 1033 

kWh/m2/year. The selection of the 30o is taken because the solar irradiation of the proposed site 

increases when it is tilted from 20o and above, moreover as in figure 3.4 the solar paths has highest 

sun heights between the azimuth of – 30o and +30o. 

 

                               Figure 5.1 Simulated Solar irradiation of the project site at different angles   
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The diffuse ratio of D/G in figure 5.2 shows that it is high in winter time ranging from 0.48 to 0.72 

and low in summer with a diffuse ratio ranging between 0.42 to 0.48. That means high performance 

is obtained during the summer. Low diffuse ratio means high solar irradiation is absorbed. 

 

                                                                        Figure 5.2 Simulated Diffuse Ratio D/G  

The 24 hours’ average temperature data for the site is given in figure 5.3 and the annual average 24-

hour temperature is found to be 7.7 oC. The highest temperature is in July which is about 17.5 oC. 

 

                                                                          Figure 3.3 Simulated 24 hours’ average temperature 
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Based on these mentioned data the PVGIS software calculates the performance of the ground 

mounted grid connected PV of 250 kWp ,500 kWp ,1 MW and 2 MW.The software has done some 

estimations such as  

-Estimation on losses due to temperature and low irradiance = 7.6 % (using local ambient 

temperature) 

- Estimation of loss due to angular reflecting effects = 3.2 % 

- Estimation of other losses (cables, inverters etc.…) = 14.0 % 

-Combined PV system losses can be maximum up to 23.1 % 

With an estimation of the performance ratio of 86 %, the yearly production of electricity is 

simulated and the result is as in table 5.1. 

 These results are compared later with the production of electricity from the other software. 

 Table 5.1   Production of electricity simulated from PVGIS software 

Production of Electricity in 

kWh/kWp/yr. 

Production of electricity   in 

MWh/year Capacity 

948 237 250 kWp 

948 474 500 kWp 

949 949 1 MWp 

950 1900 2 MWp 

 

RETScreen result  

In this Canadian software, some estimations have been taken during the simulation for the production 

of electricity such as  

- The solar irradiation data was taken for the Hallands vaderÖ weather station instead of the proposed 

site.  

-The performance ratio used in this simulation was 90 % (maximum). 

The daily solar radiation in kWh/m2/day for the whole year simulated from the RETScreen is in 

table5.2. This simulation considers the site elevation at 57 m above sea level and locational 

coordinates of 56.70N, 12.9oE. The highest solar irradiation was observed between May and August 

and the lowest irradiation was between October and January. The average solar radiation for the whole 

year was calculated to be 1065 kWh/m2/year. The tilt angle was set at 30o and oriented towards South. 

The average annual ambient air temperature and the average annual relative humidity simulated was 

8.9 oC and was 81.6 % respectively. 
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Table 5.2   Meteorological data of the proposed site simulated from RETScreen software 

Month 

Air temperature 

(oC) 

Relative 

Humidity (%) 

Precipitation 

(mm) 

Daily solar radiation 

horizontal 

(kWh/m2/day) 

January 0.6 87.60% 86.69 0.55 

February 1.2 86.70% 69 1.25 

March 2.1 80.60% 63.82 2.51 

April 6.6 78.80% 50.38 4 

May 11.6 77.80% 56.95 5.44 

June 15 77.80% 78.87 5.64 

July 18 78.30% 93.06 5.43 

August 17.7 78.10% 90.54 4.54 

September 14.6 79.30% 68.07 2.93 

October 10.2 83.90% 99.97 1.54 

November 5.6 84.20% 83 0.72 

December 2.5 86.90% 87.82 0.42 

Annual 8.9 81.60% 928.18 2.92 

Source Ground Ground NASA NASA 

 

So, the RETScreen simulates the performance of the system based upon the input parameters and the 

estimated values. The production of electricity for the four capacities is summarized in the table 5.3 

below.  

   Table 5.3   Production of electricity simulated from RETScreen Software 

Production of Electricity in 

kWh/kWp/yr. 

Production of electricity   in 

MWh/year Capacity 

964 241 250 KWp 

964 482 500 KWp 

963 963 1 MWp 

963.5 1927 2 MWp 

 

The production of electricity emphasizes as the capacity doubles the production also doubles and the 

calculated production of electricity from this software ranged from 963-964 kWh/kWp/yr. The 

production of electricity found from the four different designed capacities will be used for the 

financial analysis. 
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Polysun Result  

The summary of the production of electricity in MWh/year simulated from the Polysun simulation 

tool is given in table 5.4. The software considers some assumptions such as the performance ratio to 

be 70 % and the solar irradiation of the proposed site was taken 952.3 kWh/m2/yr. which is much 

lower than the other software and the diffusion irradiation 502.9 kWh/m2/yr. The average temperature 

used was 8.5 oC. 

Table 5.4 Production of electricity simulated from Polysun software 

Production of Electricity in 

kWh/kWp/yr. 

Production of electricity   in 

MWh/year Capacity 

828 207 250 KWp 

828 414 500 KWp 

827 827 1 MWp 

826.5 1653 2 MWp 

 

Comparison of the performance of the three-different software  

Table 5.5 shows the summary of production of electricity simulated from the three different 

softwares and the results found from the RETScreen and PVGIS have small differences as 

compared to the result obtained from Polysun. The difference in result from these softwares is due 

to the assumptions taken by the software such as the performance ratio, capacity factor, irradiation 

etc. 

 Table 5.5 Summary of production of electricity from the three different softwares in MWh/year 

 

The results of the PVGIS were taken at the average calculated values and it has considered almost all 

the basic necessary parameters in its assumption especially the losses. But the drawback of this 

software is that it does not calculate the economic analysis and at first in the 1990s the software had 

some errors that could be raised because of not using instantaneous values and due to these errors, 

there could be 1 % overestimate on the energy yield (PVGIS, 2017) . In case of the Polysun software 

the assumptions taken are small especially in the performance ratio and this results in low energy 

yield.  RETScreen uses lots of built-in algorithms in arrangements with the application user -given 

data, such as monthly solar radiation values, temperature, and PV module specifications, to determine 

the predictable energy yield from the PV power plant. Hence, it could also estimate the financial 

viability and sensitivity analysis. Therefore, in this study the results found from Rescreen have been 

selected for the economic analysis in comparison to the other two software. 

Capacity RETScreen PVGIS Polysun 

250 KWp 241 237 207  

500 KWp 482 474 414 

1 MWp 963 949 827 

2 MWp 1927 1900 1653 
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5.1.1 Solution to Research question Q.1 How large is the effect of the proposed project on the 

village’s and the country’s electricity production? 

As the average consumption of electricity for Swedish household is about 4.5 MWh/yr. (Lindahl, 

2012), then the estimated consumption of electricity of Åled (where the proposed project site is 

located) with a population of around 1,700 is 7.65 GWh/yr (Sweden Statistics, 2017) .  Hence, the 

required supply of electricity in this village could be around 9 GWh/yr. Therefore, the effect of this 

project will be helpful for the community to about 2.68 – 21.4 % of the estimated supply of electricity 

of the village. Since, the range of the project’s electricity production is between 241 – 1927 MWh/yr, 

comparatively to the country’s production of electricity in 2015 from PV which was about 120 

GWh/yr. (Lindahl, 2015), the effect is about 0.20 – 1.58 % of the production of electricity from PV.  

5.2 Result of Financial viability analysis and Discussion 

   

The financial analysis was carried out to evaluate the economic viability of the proposed projects 

using the RETSCREEN analysis tool. Some estimated values which have been considered during 

the analysis are given in table 5.6.  

   Table 5.6 Estimated parameters for the financial analysis 

Estimated parameters Values  

Debt ratio  45 %   (International, 1997-2005) 

Debt interest rate 3 % Above average of mortgage rate 

in 2015 

(Compricer, n.d.) 

Inflation rate  2.2 % (Hrayshat, 2009)  similar 

estimations have been taken Discount rate  5 % 

Energy cost escalation 

rate  

4 %  

Income tax rate  20 -25%  (Lindahl, 2015) 

Project life  25 years for 250 & 500 kWp and 

30 years for 1 MW and 2 MW. 

(International, 1997-2005) 

WACC  5.5 % (calculators, 2017) 

 

The RETScreen software in addition to the production of electricity also calculates the emission 

analysis and the financial analysis. For the financial analysis, the parameters: total investment cost, 

incentives or subsidy, Operational and maintenance costs, debt payments for the 25& 30 years and 

others estimated values mentioned above have been used. In the emission analysis the CO2 reduction 

result will be presented but is not going to be discussed.  

The following table 5.7. presents the economic viability cases of the proposed systems. Therefore, by 

comparing the results of the financial analysis with the cases in table 5.7 then a decision can be made. 

 Table 5.7 Economic viability and profitability cases 

Parameters  Viability & profitability cases of the system 

IRR Equity  IRR > WACC 

NPV NPV > 0 

Equity PBP  PBP < Project life 

LCOE  LCOE < Average electricity spot price  
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Financial Viability analysis result for the 250 kWp proposed park 

Based on the total investment cost, the O&M costs and the other estimated parameters, the economic 

viability analysis was conducted using the RETScreen taking the project life to be 25 years and at the 

same time debt payment year was assumed 25 years and the result of the analysis was that the simple 

payback period for the system was about 29.3 years and the equity payback period was 23.8 years.   

The pre -tax IRR equity ratio was found to be 8.5 % and the pre-tax IRR assets was 3.4%.  The first 

14 years are the high investment periods but after 14th year the system starts to payback almost above 

58 % of its investment and at the end of the 24th year, it pays back its equity costs. The NPV calculated 

was about 10.9 % of the total investment cost. There is a net GHG reduction of about 177 tCO2 from 

the system during the 25 years. The energy production cost of the system was 236.28 SEK /MWh 

which is lower than the electricity export rate (i.e. 300 SEK/MWh). The LCOE calculated by 

subtracting the subsidy was 883.00 SEK/MWh and it is higher than the electricity export rate. 

 

Figure 5.4 Cumulative cash flow graph of 250 kWp simulated from RETSCREEN 

Even though the IRR equity is higher than the estimated WACC and the NPV is positive, the viability 

and profitability of the proposed 250 kWp park is highly influenced by the equity payback period 

which is almost equal to the project life time, moreover the calculated LCOE value is much higher 

than the average electricity spot price and in such projects, there is a high proportion of bankruptcy 

and it can be said that it is not viable and not profitable. 
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Financial viability analysis result for the 500 kWp proposed park 

As the project life of the system is estimated to be 25 years the simulated simple payback period for 

the system was greater than the project life which is 27.4 years but the equity payback period was 

22.6 years. While the Pre-tax IRR equity was calculated to be 8.4 % and the Pre-tax IRR assets was 

3.6 %.  The net saving of GHG during the 25 years from this park was around 354 tCO2. The NPV 

of the system was about 11.1 % of the total initial investment cost. The energy production cost was 

found to be 237.05 SEK/MWh. The LCOE calculated from this system was found to be higher than 

the electricity spot price which is 445.00 SEK/MWh . 

 

Figure 5.5 Cumulative cash flow of 500 kWp system capacity simulated from RETSCREEN 

As the calculated values of the IRR equity, NPV, Equity PBP and LCOE mentioned above, the 

viability and profitability of the system can be summarized by saying that the system is less likely to 

be viable and is not profitable. Because the profitability period is just only 9.6 % of the total project 

life time (i.e. 2.4 years). 
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Financial viability analysis result for 1 MWp proposed park 

The estimated project life for this park is 30 years with the same year of the debt payments and 

according to the financial viability analysis the simple payback period for the system was almost same 

as the project life which is 29.4 years but relatively the equity payback period was 22.3 years. 

Therefore, there are about 7.7 years of profitability from this system. The Pre-tax IRR equity was 

calculated to be 7.6 % and the pre- tax IRR assets was 4 %. A net of around 850 tCO2 was saved from 

this park during the whole project life. The NPV calculated was around 10.6 % of the total initial 

investment cost. The energy production cost was 250.15 SEK/MWh and the LCOE calculated was 

lower than the electricity spot price which is 211.00 SEK/MWh. 

 

                                                        Figure 5.6 Financial analysis result of 1 MW simulated from RETSCREEN 

Viability & Profitability cases result of the proposed 1 MWp park 

• Since the IRR equity value calculated is greater than the estimated base WACC, then there is 

possibility of the system to payback its investment cost but it is less likely to be viable. 

• The NPV is positive means the system is viable to some percent. 

• Even though the equity payback period is very long but there is still about 7.7 years of 

profitability (i.e. 25.7 % of the project life time) 

• The LCOE found for this park is less than the electricity spot price and it leads to viability 

and profitability. 
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Financial viability analysis result 2 MWp proposed park 

The simple payback period for the system was almost 29.1 years but the equity payback period was 

22.4 years. So, there is about 7 years of profitability from this system. The Pre- tax IRR equity was 

calculated to be 7.3 % and the pre -tax IRR assets was 4 %. The project life was assumed to be 30 

years and the debt payment will be done in 30 years. The net CO2 saved from this park in the 30 

years was accounted about 1,701 tones. The NPV of this system was calculated to be 8.6 % of the 

total initial investment cost. The energy production cost for the park was 260.25 SEK/MWh. The 

LCOE was calculated to be 100.00 SEK /MWh and this is also lower than the electricity spot price. 

 

                                                         Figure 5.7 Financial analysis result of 2 MW simulated from RETSCREEN 

 

 Viability & Profitability cases result of the proposed 2 MWp park 

• As the IRR equity value calculated is greater than the estimated base WACC, then there is 

possibility of the system to payback its investment cost but it is less likely as the proposed   1 

MWp park to be viable. 

• The NPV is positive means the system is viable to some percent. 

• The equity payback period is very long but somehow it can be obtained a profitability of about 

7.6 years (i.e. 25.3 % of the project life time) 

• The LCOE found for this park is less than the electricity spot price and it guides to viability 

and profitability. 
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Table 5.8 Summary of the simulated result of financial Viability Analysis of the four PV Solar park 

capacities (the result includes income tax analysis) 

Description Unit 250 kW 500 kW 1 MW 2 MW 

Pre-tax IRR equity  % 8.5 8.4 7.6 7.3 

Pre-tax IRR Assets  % 3.4 3.6 4.0 4.0 

After-tax IRR Equity  % 6.7 6.5 6.1 5.8 

After-tax IRR Assets  % 2 2.2 2.8 2.8 

Simple payback  Year 29.3 27.4 29.4 29.1 

Equity payback Year 23.8 22.6 22.3 22.4 

Net present 

value(NPV) SEK 271,883.00 537,210.00 997,988.00 1,591,225.00 

Annual life cycle 

savings  SEK/yr. 19,291.00 38,116.00 64,921.00 103,511.00 

Energy production cost SEK/MWh 236.28 237.05 250.15 260.25 

LCOE calculated   SEK/MWh 883.00 445.00 211.00 100.00 

 

5.2.1   Solution to Research Q.2 What is the cost benefit analysis IRR, LCOE, NPV and PBP? 

The results of the financial analysis provide the clue for the cost benefit estimations of all the proposed 

system capacities. Hence from the summary of the results shown in table.5.8. the equity payback 

period for the four capacities was 23.8, 22.6, 22.3 and 22.4 years for 250 kWp, 500 kWp ,1MW and 

2 MWp respectively. The NPV for the four system capacities was calculated and found to be 10.9 %, 

11.07 %, 10.57 % and 8.6 % of the initial investment cost excluding land cost and VAT respectively. 

The LCOE calculated for the four different system capacities ranged between 100.00 – 883.00 

SEK/MWh and the IRR calculated by setting the NPV to zero was found to be on the range between 

6 – 8.5 % which is higher the estimated WACC.   

5.2.2 Solution to Research Q.3 Which design parameters are more efficient and economically 

and are also environmental friendly? 

Even though all the defined parameters used for this project are efficient and economically. But the 

main design parameters which provides higher efficiency in the production of energy and more 

economic, are the type of module used, the inverter type, the location of the project with its orientation 

and the land used. As the production of the energy depends on the efficiency of the modules and 

inverters, the best quality, efficient and economic components should be selected for example as it is 

used in this study.  

The location, orientation and land used for the project also play a great role in the production, financial 

and environmental impacts of the PV solar parks. If the selected site is with low irradiation and large 

shadings then production will be low as the same time it would not be economical profitable. From 

the study, it has been observed that for large capacity solar parks to be installed in Sweden the 

minimum irradiation recommended is about 900-1000 kWh/m2/year. The environmental effect of the 

land used could be mentioned aesthetically, in addition to it if the land used is agricultural land it 

could be considered as wastage of land instead of using it for agricultural purposes, in this case the 

type of land that is environmental friendly is landfills or bare lands.  
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In case of this study the design parameters have been selected to be more efficient, economically, and 

environmental friendly, but since the land is a used agricultural land to some extent it could have 

environmental impact. 

5.2.3 Solution to Research Q.4 What is the future forecast of PV projects in Sweden? What 

solutions can be suggested? 

As the price of PV modules are decreasing annually with high rate and with the fluctuation of the 

spot price of electricity, the electricity certificates prices, the direct governmental subsidy, and energy 

tax rules, it is a bit difficult to predict the future forecast especially in Nordic countries. Parallel to 

these effects the globalization climate changes also has an impact on the prediction of PV projects. 

As a Fraunhofer Institute analysis explained regarding to the cost of the solar power compared with 

the conventional system, that it will be cheaper and can reach the cost 0.02 – 0.04 euro per kWh in 

the year 2050. Therefore, the future forecast of PV projects in Sweden will highly depend on the 

global PV market, introduction of new PV technologies that can integrate with wind farms and 

biomass, increasing of the electricity spot prices and continues decreasing of PV modules.  

The solutions that can be suggested for the future forecast of PV projects are: 

• Location of the site for the PV project must be selected where the high irradiation is absorbed 

such as the southern and west coast of Sweden and the land to be used could be landfills, used 

industrial areas, bare lands etc.  

• Material selection should be done based up on the latest technologies and global markets, in 

which these new technologies can increase the efficiency and profitability of the system. 

• Integration of the PV projects with other renewable sources of energy can give high yield. 

• A good feasibility study and financial analysis must be conducted at the beginning of the 

project. 

• Development of sustainable projects helps the country’s economic growth and reduces the 

greenhouse effect. 

• Consulting the experts in PV technology is of prime importance. 

5.3 Result of Sensitivity analysis 

The sensitivity analysis was carried out by the RETScreen using the estimated parameters mentioned 

in table 5.6 and the initial cost, O&M cost, and the electricity export rate.  The analysis was done for 

each proposed capacity and the effect of these parameters especially the initial cost, O&M cost and 

Electricity export rate was seen in relation to the After-tax IRR equity, Equity payback and the Net 

present value. The sensitivity range was assumed to be 2 % because the initial investment costs used 

for the study are less likely to increase more 2 % as the price of modules are decreasing from time to 

time and the threshold was kept 0 for simplification of the analysis otherwise it has also an effect on 

the results. 

The effect of the initial cost, O & M cost, and the electricity export rate on After tax IRR equity, 

Equity payback and Net present value (NPV) for the proposed system capacities is show in the 

following figures. 
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Figure 5.8 Sensitivity analysis on After tax IRR equity 

 

 

Figure 5.9 Sensitivity analysis on Equity payback 
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                                                Figure 5.10 Sensitivity analysis on Net present value (NPV) 

Discussion on Sensitivity analysis results 

In this section, the effect of the initial cost, the O & M costs, and the electricity export rate on the 

after-tax IRR equity, Equity payback and Net present value (NPV) is shown in figures 5.8,5.9 and 

5.10 .and a discussion is carried out by comparing with the viability analysis given in table 5.8. For 

the sake of simplicity of the comparison, the discussion will be focused on the 250 kWp and 2 MWp. 

The Initial cost effect: 

- The effect of the initial cost on the after- tax IRR equity has shown a change of about 0.6 % 

in the sensitivity analysis comparison of the small system capacity 250 kWp and the large 

system capacity 2 MW when the sensitivity range is positive and when the sensitivity range 

is negative the difference was 1 % and a difference of 1 % in comparison to the viability 

analysis. This after- tax IRR and the pre-tax IRR equity is compared to the base case WACC 

which was assumed to be 5.5 %.  

- The effect on equity payback has slight difference on the sensitivity analysis which is lower 

than the financial viability analysis, i.e. the equity payback for each system capacity ranges 

from 22.3 - 23.8 years in the viability analysis (for system capacities of 250 kWp and 2 MW 

respectively) and between 18.7 & 21.9 years in the sensitivity analysis for the same system 

capacities at positive sensitivity range   and between 20.1 – 22.8 years at negative sensitivity. 

As the sensitivity range is positive then the effect on the equity payback increases.  

- The initial cost on the sensitivity analysis has also effect on the NPV for example on the 250 

kWp has a difference of 43,981 SEK in both sensitivity ranges (-2% & 2 %) compared to the 

financial viability analysis. For the large capacity 2 MW, an amount of 644, 723.00 SEK 

difference was found in the two sensitivity ranges where the value of the negative sensitivity 

range is higher than the positive range. But in comparison to the viability analysis the change 

was about 322,362.00SEK.Hence as the sensitivity range is positive then the NPV decreases 
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and vice versa is also true. The initial cost has a large effect on the Equity payback and NPV 

compared to the effect on after-tax IRR equity. 

The O & M costs effect: 

- The effect of O & M costs on the after- tax IRR equity is not that much high so it can be said 

that it does not have significant effect on the after-tax IRR equity of each system capacities. 

That is when the sensitivity range is positive & negative the values of the after- tax IRR equity 

shows very slight difference. Even in comparison to the viability analysis the effect on after-

tax IRR equity is negligible.  

- There is a small effect on the equity payback it shows a difference of about 0.2 year in the 

sensitivity analysis and compared to viability analysis the difference is 4.3 - 4.5 years in case 

of the 250 kWp and for the 2 MWp a difference of about 0.1 year in both sensitivity ranges 

was found and compared to the viability analysis there was no difference.  

- The impact on NPV in the sensitivity analysis of the 250 kWp has a difference of 88,038.00 

SEK that is as the sensitivity range is positive the NPV decreases and as it is negative the NPV 

increases. It has also a difference of 5,981 in contrast with the viability analysis. For the 2 

MWp the difference in NPV of the sensitivity analysis was 29,749.00 SEK and in contrast 

with the viability analysis the change was found to be 14,874.00 SEK. These results show that 

O & M costs does not have so much impact on the after-tax IRR equity and Equity payback 

but a small impact on the NPV. 

The Electricity export rate effect: 

The electricity export rate is the rate at which the produced electricity is exported to the available 

grid. It is in SEK/MWh. 

- The electricity export rate in the sensitivity analysis for the 250 kWp shows no change on the 

after-tax IRR equity but slight difference of 0.2 % in comparison to the viability analysis. And 

in case of the 2 MWp a difference of 0.2 % was seen in both sensitivity ranges and 0.1 % 

difference in contrast with the viability analysis.  

- In the case of 250 kWp and 2 MWp the impact of electricity export rate on the equity payback 

shows a difference of between 1 &1.1 year. But this effect on the equity payback compared 

to the viability analysis has a difference of 3.7 - 4.8 years for the 250 kWp and 0.5 year for 2 

MWp. So, the effect of the electricity export rate correlates as the sensitivity range is positive 

the equity payback increases and vice versa. 

- The NPV is also affected by the electricity rate and in the sensitivity analysis for the small 

capacity 250 kWp it shows a difference of 60,530 in both sensitivity ranges but compared to 

the viability analysis the difference is almost half of the result in the sensitivity analysis. In 

case of the larger capacity 2 MWp the effect of NPV shows a difference of 558,229.00 SEK 

in both sensitivity ranges while in comparing with the viability analysis the difference was 

279,031.00 SEK for the positive sensitivity range and 279,198.00 SEK for the negative 

sensitivity range. Therefore, the impact of electricity export rate is that, as the sensitivity range 

is positive the NPV increases and the same is also true on the contradictory. 
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6.  Conclusion and Recommendations 

The growth of installation of PV systems was highly seen during the last five to ten years. Most of 

the changes were observed in the European countries compared to the global PV installation. 

 In this study, the economic viability of mid-size solar parks of different capacities of 250 kWp, 500 

kWp, 1 MWp and 2 MWp was analyzed including simulation of the production of electricity from 

these four proposed systems. From the results of the simulation and financial analysis, it was found 

that these proposed PV systems have an effect ranging from 2.68 % to 21.4 % on the production of 

electricity of the village (Åled) and from 0.2 % to 1.58 % on the country’s PV electricity production. 

The equity payback period for the systems was: almost 23 years for 250 and 500 kWp in which the 

project life was estimated to be 25 years and 22 years for the 1 and 2 MWp where the estimated 

project life was 30 years.  

Those system electricity productions and financial viability are influenced by parameters, such as 

solar irradiation, Orientation, module and Inverter prices and efficiency. The effect of initial 

investment cost, O & M costs and electricity export rate has been also analyzed by the sensitivity 

analysis which resulted the IRR, NPV and PBP were highly affected by the initial cost and electricity 

export rate. Then, the sensitivity analysis results were compared with the viability analysis and a final 

determination of positive NPV, IRR and PBP was obtained. The LCOE calculated for the two 

capacities (250 and 500 kWp) showed that they are not profitable while for the 1 and 2 MWp, since 

the LCOE calculated was lower than the electricity spot price and the systems are profitable. 

Hence depending up on the analysis the following conclusions are given:  

➢ The impact on the production and the financial analysis was due to the parameters observed 

in the study such as initial investment costs, O&M costs, solar irradiation, site location, 

electricity export rate, module and inverter efficiency could be mentioned. 

➢ It is possible to install mid-size PV solar parks at the proposed site and it could be installed in 

other parts of Sweden which have equal or higher solar irradiation, but economically it is not 

profitable in PV systems less than 1 MW.  

➢ From the study, it can also be concluded that since the PV systems less than 1 MW are not 

profitable and this reason is in addition to the fundamental issues that hinders decision makers 

discussed in section 2.2, as a result the number of installed PV solar parks in Sweden are few.   

➢ When the future forecast is seen the PV system profitability will be getting better if: 

• The prices of modules decrease and the daily fluctuations of the spot prices raises up. 

•  The high motivation in the direct governmental subsidy rules is modified. 

• And with the introduction of new PV technologies which can be integrated with other energy 

sources such as wind turbines, biomass, and CHP plants. 

Finally, it is recommended that investors must do a deep study on the economic viability of their 

proposal on PV systems and this paper could be used as a base for the further research studies. 
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8. Appendixes 

Appendix 8.1    Cost of PV components and Freight PV Solar Park 250 kW 

Article 

Nr. Item Description 

Number 

/Pieces 

Unit price 

(SEK) 

Discou

nt 

Total (excluding 

tax) (SEK) 

PEPV-

0002 EURENER Poly 260W (polycrystalline) 962 pcs 1617 24% 

                       

1,182,221.04  

2032204

00 

Solar cable 1x4 mm red ,            PBM -

SOLAR XL 4.0 tpc,red 2000 m 9.55 13% 

                             

16,617.00  

2030004

00 

Solar cable 1x4 mm black, PBM -

SOLAR XL 4.0 tpc, black 2000 m 9.55 13% 

                             

16,617.00  

50158 

Multi contact 4 (+) 1x 4-6 mm2, PV -

KBT4/6I-UR  50 pcs 36.8 13% 

                                

1,600.80  

50157 

Multi contact 4 (-) 1x 4-6 mm2, PV -

KBT4/6I-UR  50 pcs 36.8 13% 

                                

1,600.80  

000 10 Ground Mounting Remoar 1 pcs 298,385 13% 

                           

259,594.95  

4210057

040 Fronius Eco 27.0-3-S 1 pcs 31,879.00 26% 

                             

23,590.46  

4210057

041 Fronius Eco 27.0-3-S Light 8 pcs 30,706.00 26% 

                           

181,779.52  

801006 40 A Safety switch GARO  9 pcs 1056 19% 

                                

7,698.24  

801075 40 A Fuse 27 pcs 275.8 13% 

                                

6,478.54  

801053 16 mm2 Installation cable 20 m 186.2 13% 

                                

3,239.88  

 000 10 Electrical Box 3 pcs 15,000.00  

                             

45,000.00  

EM 24 

TRMB C Arlo Gavazzi EM24 – 

Transformer linked, Certifications 

Approved 1 pcs 

                 

2,424.80  13% 

                                

2,109.58  

000 10 Labelling 1 pcs 

                 

1,000.00    

                                

1,000.00  

000 10 Other Materials 1 pcs 

                 

5,000.00    

                                

5,000.00  

000 10 Excavator / loader 1 pcs 

              

40,000.00    

                             

40,000.00  

0000 1 Piling 1 pcs 

            

150,000.00    

                           

150,000.00  

0000 1 Installation 1 pcs 

            

200,000.00    

                           

200,000.00  

0000 2 Electrical Installation 1 pcs 

              

50,000.00    

                             

50,000.00  

  Shipping   

              

40,000.00    

                             

40,000.00  

          

                       

2,234,147.81  

         

 Including Tax        

2 ,792 685,00 
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Appendix 8.2.    Cost of PV components and Freight PV Solar Park 500 kW 

Article Nr. Item Description 

Numbe

r/Pieces 

Unit 

price(SEK) 

Discou

nt 

Total                          

(excluding 

tax) (SEK) 

PEPV-0002 EURENER Poly 260W (polycrystalline) 

1924 

pcs 

            

1,617.00  24% 

                 

2,364,442.08  

203220400 

Solar cable 1x4 mm red , PBM -SOLAR XL 

4.0 tpc,red 3000 m 

                     

9.55  13% 

                       

24,925.50  

203000400 

Solar cable 1x4 mm black , PBM -SOLAR XL 

4.0 tpc,black 3000 m 

                     

9.55  13% 

                       

24,925.50  

50158 

Multi contact 4 (+) 1x 4-6 mm2 ,         PV -

KBT4/6I-UR  95 pcs 

                  

36.80  13% 

                          

3,041.52  

50157 

Multi contact 4 (-) 1x 4-6 mm2 ,          PV -

KBT4/6I-UR  95 pcs 

                  

36.80  13% 

                          

3,041.52  

000 10 Ground Mounting Remoar 1 pcs 

        

583,507.00  13% 

                     

507,651.09  

4210057040 Fronius Eco 27.0-3-S 1 pcs 31,879.00 26% 

                       

23,590.46  

4210057041 Fronius Eco 27.0-3-S Light 17 pcs 30,706.00 26% 

                     

386,281.48  

801006 40 A Safety switch GARO  18 pcs 

            

1,056.00  19% 

                       

15,396.48  

801075 40 A Fuse 54 pcs 

                

275.80  13% 

                       

12,957.08  

801053 16 mm2 Installation cable 40 m 

                

186.20  13% 

                          

6,479.76  

 000 10 Electrical Box 6 pcs 15,000.00 24% 

                       

90,000.00  

EM 24 

TRMB C Xarlo Gavazzi EM24 Transformer 

linked , Certifications Approved 1 pcs 

            

2,424.80  13% 

                          

2,109.58  

000 10 Labelling 1 pcs 

            

1,200.00    

                          

1,200.00  

000 10 Other Materials 1 pcs 

            

6,000.00    

                          

6,000.00  

000 10 Excavator / loader 1 pcs 

          

80,000.00    

                       

80,000.00  

0000 1 Piling 1 pcs 

        

300,000.00    

                     

300,000.00  

0000 1 Installation 1 pcs 

        

400,000.00    

                     

400,000.00  

0000 2 Electrical Installation 1 pcs 

        

100,000.00    

                     

100,000.00  

  Shipping   

          

50,000.00    

                       

50,000.00  

          

          

4,402,042.05  

         

  Including 

Tax      

5,502,553.00  
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Appendix 8.3.    Cost of PV components and Freight PV Solar Park 1MW 

Article Nr. Item Description 

Number/

Pieces 

Unit price 

(SEK) 

Discou

nt 

Total                

(excluding 

tax) (SEK) 

PEPV-0002 EURENER Poly 260W (polycrystalline) 3847 pcs 

                    

1,617.00  24% 

                  

4,727,655.24  

203220400 

Solar cable 1x4 mm red , PBM -SOLAR XL 

4.0 tpc,red 4000 m 

                            

9.55  13% 

                        

33,234.00  

203000400 

Solar cable 1x4 mm black , PBM -SOLAR 

XL 4.0 tpc,black 4000 m 

                            

9.55  13% 

                        

33,234.00  

50158 

Multi contact 4 (+) 1x 4-6 mm2 ,         PV -

KBT4/6I-UR  170 pcs 

                          

36.80  13% 

                          

5,442.72  

50157 

Multi contact 4 (-) 1x 4-6 mm2 ,          PV -

KBT4/6I-UR  170 pcs 

                          

36.80  13% 

                          

5,442.72  

000 10 Ground Mounting Remoar 1 pcs 

           

1,127,231.00  13% 

                      

980,690.97  

421005704

0 Fronius Eco 27.0-3-S 1 pcs 31,879.00 26% 

                        

23,590.46  

421005704

1 Fronius Eco 27.0-3-S Light 35 pcs 30,706.00 26% 

                      

795,285.40  

801006 40 A Safety switch GARO  36 pcs 

                    

1,056.00  19% 

                        

30,792.96  

801075 40 A Fuse 108 pcs 

                       

275.80  13% 

                        

25,914.17  

801053 16 mm2 Installation cable 80 m 

                       

186.20  13% 

                        

12,959.52  

 000 10 Electrical Box 12 pcs 15,000.00 24% 

                      

180,000.00  

EM 24 

TRMB C Xarlo Gavazzi EM24 – 

Transformer linked, Certifications Approved 1 pcs 

                    

2,424.80  13% 

                          

2,109.58  

000 10 Labelling 1 pcs 

                    

1,400.00    

                          

1,400.00  

000 10 Other Materials 1 pcs 

                    

7,000.00    

                          

7,000.00  

000 10 Excavator / loader 1 pcs 

               

120,000.00    

                      

120,000.00  

0000 1 Piling 1 pcs 

               

600,000.00    

                      

600,000.00  

0000 1 Installation 1 pcs 

               

800,000.00    

                      

800,000.00  

0000 2 Electrical Installation 1 pcs 

               

200,000.00    

                      

200,000.00  

  Shipping   

                 

60,000.00    

                        

60,000.00  

          8,644,751.74 

         

Including Tax      

10,806,840.00 
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Appendix 8.4.  Cost of PV components and Freight PV Solar Park 2 MW 

Article Nr. Item Description 

Number/Piece

s 

Unit price 

(SEK) 

Discoun

t 

Total          

(excluding 

tax)(SEK) 

PEPV-0002 

EURENER Poly 260W 

(polycrystalline) 7693 pcs 

                

1,617.00  24% 

                

9,454,081.56  

203220400 

Solar cable 1x4 mm red , PBM -

SOLAR XL 4.0 tpc,red 5000 m 

                         

9.55  13% 

                      

41,542.50  

203000400 

Solar cable 1x4 mm black , PBM -

SOLAR XL 4.0 tpc,black 5000 m 

                         

9.55  13% 

                      

41,542.50  

50158 

Multi contact 4 (+) 1x 4-6 mm2 ,         

PV -KBT4/6I-UR  400 pcs 

                      

36.80  13% 

                      

12,806.40  

50157 

Multi contact 4 (-) 1x 4-6 mm2 ,                                   

PV -KBT4/6I-UR  400 pcs 

                      

36.80  13% 

                      

12,806.40  

000 10 Ground Mounting Remoar 1 pcs  2 095 324,00 13% 

                

1,822,931.88  

421005704

0 Fronius Eco 27.0-3-S 1 pcs 31,879.00 26% 

                      

23,590.46  

421005704

1 Fronius Eco 27.0-3-S Light 72 pcs 30,706.00 26% 

                

1,636,015.68  

801006 40 A Safety switch GARO  73 pcs 

                

1,056.00  19% 

                      

62,441.28  

801075 40 A Fuse 219 pcs 

                    

275.80  13% 

                      

52,548.17  

801053 16 mm2 Installation cable 160 m 

                    

186.20  13% 

                      

25,919.04  

 000 10 Electrical Box 25 pcs 15,000.00 24% 

                    

375,000.00  

EM 24 

TRMB C Xarlo Gavazzi EM24 – 

Transformer linked, 

Certification Approved 1 pcs 

                

2,424.80  13% 

                        

2,109.58  

000 10 Labelling 1 pcs 

                

1,600.00    

                        

1,600.00  

000 10 Other Materials 1 pcs 

                

8,000.00    

                        

8,000.00  

000 10 Excavator / loader 1 pcs 

            

160,000.00    

                    

160,000.00  

0000 1 Piling 1 pcs 

        

1,200,000.00    

                

1,200,000.00  

0000 1 Installation 1 pcs 

        

1,600,000.00    

                

1,600,000.00  

0000 2 Electrical Installation 1 pcs 

            

400,000.00    

                    

400,000.00  

  Shipping   

              

70,000.00    

                      

70,000.00  

          

       

17,002,935.45  

         

 IncludingTax      

21,253,669.00  
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Appendix 8.5. Grid connection estimated cost from EON, Source: (Persson, 2017) 

PV power 

Connection cost 

(SEK) 

Monthly fee 

(SEK) 

Power fee 

(SEK/kW)* 

Compensation 

(öre/kWh) Comments 

250 kW 250,000 140 - 5 

Low voltage 

connection 

500 kW 250000-650000 140 - 2.92 

High voltage 

connection 

1000 kW 500 000-1 300 000 140 - 2.92 

High voltage 

connection 

2000 kW 

1000 000-2 600 

000 2100 7.4 2.92 

High voltage 

connection 

All prices excluding tax 

* The power fee is based on the highest mean value of production for each month  
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