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ABSTRACT 

 
Why should we invest in renewable energy? One fact that is certain is that fossil fuels are a 
finite resource. Whether some believes that the resource will run out in a few decades, or that 
it will last for hundreds of years, eventually the time will come when it will become necessary 
to find alternative energy sources (Skye J., 2014). This means that renewable energy sources 
will become even more important in the future.  
 
Sweden is among the leading countries when it comes to the share of renewable energy where 
by far the most important energy sources for Sweden is bioenergy and hydropower 
(Ekonomifakta, 2013). However, it is conceivable that more energy sources may be required 
in the future. In Sweden solar power has started to grow in a small amount.  Solar cells are 
seen as a renewable energy technology that is beneficial from a climate perspective. Though 
has they not become commercially competitive in comparison with the renewable techniques 
that are already established on the market. Therefore, the aim of this report is to find out what 
kind of financial incentives that are required to increase the growth of solar power in Sweden.  
 
To carry out this study, six European countries have been studied and compared in terms of 
financial incentives. These countries are Germany, Italy, Spain, United Kingdom, Greece and 
Romania. By comparing the installed capacity of solar power, produced amount of solar 
power, geographic positioning and financial incentives for each country, analysis have been 
made to find solutions for Sweden in the future. In Sweden today tradable certificates 
depending on supply and demand are used as subsidy. Unlike Sweden most of the countries in 
this study uses a fixed price system called Feed-in tariff, FIT. This has been an important 
parameter in the analysis connected to the financial incentives.  
 
The results of the study showed that even if a country's geographical location is important 
when it comes to solar energy, it is also possible for countries with fewer hours of sunlight per 
year to succeed with solar power. In addition to the importance of geographic location the key 
factors for a country to succeed with the growth of solar power have been proven to be direct 
financial incentives and distinct and long term policies and decisions. This is to encourage 
more people to dare to invest in solar PV systems and feel secure to receive a stable 
compensation for the electricity they sell. A conclusion that has been distinguished is that 
Green certificates are best suited for countries with a low total installation of solar power 
because the cost per capita will be less than compared with Feed-in tariff, FIT. Though in the 
future if Sweden increase the amount of solar power the use of Feed-in tariff, FIT might be 
more suitable.  
 
This study provides a good basis for further work and research regarding this subject. Because 
this study is related to the project from The Royal Swedish Academy of Engineering 
Sciences, IVA, it could contribute to further research regarding how Sweden in the future 
have to raise and take care of the power generation. In addition to this great project, this study 
can be used for future research in the field of higher solar power use. The report includes both 
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a local and a global outlook, which therefor not only can be used to further research in 
Sweden but also for further research for increased solar energy use in Europe.  

SAMMANFATTNING 

 
Varför ska vi investera i förnybar energi? En sak som är säker är att fossila bränslen är en 
ändlig resurs. Vissa anser att de fossila resurserna kommer att ta slut inom ett par decennier, 
medan andra menar att de kommer finnas tillgängliga i hundratals år. Det vi dock vet är att det 
i framtiden kommer bli nödvändigt att finna alternativa energiresurser (Skye J., 2014). Detta 
kommer att innebära att de förnybara energikällorna kommer att bli ännu viktigare i 
framtiden. 
 
Sverige är ett av de ledande länderna när det kommer till andel förnybar energi. För Sverige 
är de överlägset viktigaste energikällorna bioenergi och vattenkraft (Ekonomifakta, 2013). 
Det är emellertid tänkbart att fler energikällor kan krävas i framtiden. I Sverige har nyligen 
tillväxten av solenergi börjat ta fart, men dock ännu i en liten skala. Solceller ses som en 
förnybar energiteknik som är bra ur ett klimatperspektiv. Dock har dessa inte blivit 
kommersiellt konkurrenskraftiga i jämförelse med andra förnybara tekniker som redan är 
etablerade på marknaden. Därför är syftet med denna rapport att ta reda på vilken typ av 
ekonomiska incitament som krävs för att öka tillväxten av solenergi i Sverige. 
 
För att genomföra denna studie har sex europeiska länder undersökts och jämförts utifrån 
ekonomiska incitament. Dessa länder är Tyskland, Italien, Spanien, Storbritannien, Grekland 
och Rumänien. Genom att jämföra den installerade kapaciteten av solenergi, producerad 
mängd solenergi, geografisk positionering och ekonomiska incitament för respektive land, har 
analyser gjorts för att tillslut finna förslag på lösningar för Sverige i framtiden. Sverige 
använder idag elcertifikat som incitament för förnyelsebar energi, vilka är beroende av 
tillgång och efterfrågan. Till skillnad från Sverige använder de flesta av de studerade länderna 
ett fastpris system som kallas Feed-in tariff, FIT. Detta har varit en viktig parameter i den 
analys som gjorts kring finansiella incitament.   
	  
Resultaten av studien visade att även om ett lands geografiska läge är viktigt när det gäller 
solenergi, är det trots allt möjligt för länder med färre soltimmar per år att lyckas. Förutom det 
geografiska läget är de viktigaste faktorerna för att lyckas öka tillväxten av solenergi att det 
finns direkta ekonomiska incitament och tydliga riktlinjer och beslut. Detta för att uppmuntra 
fler människor att våga investera i solceller och att de ska känna sig trygga med att få en stabil 
ersättning för den överskottsel de säljer. En slutsats som har kunnat urskiljas är att elcertifikat 
är bäst lämpade för länder med en liten mängd installerad solkraft eftersom det leder till 
mindre kostnader per person jämfört med om man använder Feed-in tariff, FIT. Dock i 
framtiden om Sverige kommer att öka mängden solkraft, kan Feed-in tariff, FIT, komma att 
vara mer lämpade.  
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Denna studie ger en god grund för, och öppnar upp till fortsatt forskning på området 
solenergi. Eftersom denna studie grundar sig i projektet som getts ut av Kungliga Svenska 
Ingenjörsvetenskapliga Akademien, IVA, kan den komma att bidra till den fortsatta 
forskningen om hur Sverige måste göra i framtiden vad gäller elproduktion. Utöver detta stora 
projekt kan denna studie användas för framtida forskning inom området för en ökad 
solenergianvändning. Eftersom rapporten innehåller både en nationell och en internationell 
utblick gör det att studien inte endast kan användas för ytterligare forskning i Sverige, utan 
också för ytterligare forskning i Europa.  
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NOMENCLATURE 

ABBREVIATION  DENOMINATION  

AC Alternating current 
 
DC Direct current 
 
EEG Germany’s Renewable Energy Act (Erneuerbare-

Energien-Gesetz) 
 
E-RES    Electricity from renewable energy sources  
 
EUR (€)   Euro  

FIT   Feed-in tariff  

IEA   International Energy Agency  

IPCC    Intergovernmental Panel on Climate Change 

KTH Royal Institute of Technology (Kungliga Tekniska 
Högskolan) 

NREAP    National Renewable Energy Action Plan 

PV   Photovoltaic 

RES    Renewable energy sources 

SEK    Swedish Export Credit (Svensk exportkredit)   
 
Solar energy   Solar energy is radiant light and heat from the sun
      
Solar power Solar power is the conversion of sunlight into 

electricity, in this report, directly using photovoltaic 
(PV) 

SYMBOL  DENOMINATION  PREFIX   

kW  kilo-watt   k = 103 
kWh  kilo-watt hour  k = 103 

MW   Mega-watt    M = 106 
MWh   Mega-watt hour  M = 106 

GW  Giga-watt   G = 109 
GWh  Giga-watt hour   G = 109 
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TW  Tera-watt   T = 1012 

TWh  Tera-watt hour  T = 1012 

 

SYMBOL  DENOMINATION   UNIT
  

Ci   Installed capacity for each country i  GW 

Ei  Produced solar power for each country i  TWh 

Xi  Feed-in tariff for each country i  €/kWh 

Ni  Population for each country i  

  

! =   

! = !"#$%&'                              
! = !"#$%                                                
! = !"#$%                                            
! = !"#$%&  !"#$%&'
!" = !"##$#                                          
!" = !"#$#%                                      
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1 INTRODUCTION 

1.1 Context 
 
The world is facing a major challenge. A challenge that requires research, education, 
awareness and incentives to make sure that a change will take place. The challenge for the 
world is to create a sustainable energy system. According to the Intergovernmental Panel on 
Climate Change, IPCC, the energy sector is currently the largest contributor to global 
greenhouse gas emissions (IPCC, 2014). The greenhouse gases are one of the reasons for an 
accelerated global warming and therefore these issues are well known and often discussed. If 
the greenhouse gas emission continues in the same amount as before, a possible disaster may 
happen in the future (WWF, 2014).  
 
The society of today therefor has a decision to make – How to create an energy system that is 
sustainable in terms of both technology and economy. This is a huge challenge and it will 
require us to find new ways and to reconsider the existing systems (MDH, 2014). In the 
energy supply sector the factors for increased greenhouse gas emission is foremost the rapidly 
increasing economic growth (which has led to increased demand for both power, heat and 
transport) and the increase in the share of coal in the global energy mix. As said before this 
has made the energy sector the largest contributor to global greenhouse gas emission (IPCC, 
2014). 
 
The Royal Swedish Academy of Engineering Sciences (IVA) has initiated a project to raise 
and take care of the question about the power generation in Sweden in the future. The name of 
the project is Crossroad Electricity and the goal is to show the impact on the society from 
different choices of energy policy (IVA, 2015). 
 
The mission of this report will be directed towards financial incentives in the form of feed-in 
tariffs and other financial incentives linked to solar power, and will then lead to development 
opportunities for Sweden.  
 
Energy is a fantastic area for innovation. Despite the availability of environmentally friendly 
technologies on the market, these have not been reflected in the extent that would be 
beneficial to the environment. To make sure the future will contain these sustainable energy 
systems the financial systems should be reviewed. Through economic incentives sustainable 
energy has potential to grow on the market. In line with falling prices for solar cells and the 
expansion of solar power plants that has started to take off in the world, last year the solar 
power was the kind of energy that grew the fastest in Europe (Sveriges riksdag, 2012) . 
Sweden is among the leading countries regarding the share of renewable energy. The most 
important energy sources for Sweden is bioenergy and hydropower (Ekonomifakta, 2013).  In 
the future it will probably be important with other renewable solutions and among other 
sources solar power has started to grow in a small amount in Sweden. Solar energy is 
therefore a relevant topic for this report. In this work a European outlook will be performed in 
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order to gain knowledge from other countries, and will eventually lead to how Sweden could 
do in terms of financial incentives for solar power in the future.  

1.2 Solar photovoltaic in Sweden 
	  
Sweden makes further progress in the growth of solar power. The installation rate has 
increased every year. During 2013 the installation of solar power was doubled and almost 
doubled again during 2014 (Energimyndigheten, 2014a). In the beginning of 2013 the total 
amount of installed capacity connected to the Swedish grid was 16.8 MW. Households and 
industries contributed to the increased amount of grid-connected solar power, which in the 
end of 2013 was increased by 17.9 MW (Energimyndigheten, 2014b). In the end of 2014 the 
total amount of grid-connected solar power was 69.9 MW in Sweden (Energimyndigheten, 
2014a). 
 
 

 
Figure 1. Cumulative and yearly installation of solar power in Sweden, Source: Energimyndigheten 
(2014a) 
 
The solar photovoltaic, PV, market for non-grid-connected solar cells has historically had a 
stable growth, as can be seen in figure 1. The total amount of this type is 9.5 MW in Sweden. 
The grid-connected solar power has increased during the last couple of years. It is mainly 
households and industries that have been the contributing factor for the significant growth of 
grid-connected solar power. Both types of solar PV systems had a cumulative PV capacity of 
approximately 79.4 MW by the end of 2014. This generates around 75 GWh per year, which 
represent 0.06 per cent of the total electricity consumption (Energimyndigheten, 2014a). 
 
The strong growth of solar power during the recent years is mainly because of the falling 
system prices and the growing interest in solar power on the market in Sweden 
(Energimyndigheten, 2014a).  
 

Power (MW)	  
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1.3 The financial support for solar PV in Sweden 
	  
The financial support in Sweden to promote renewable energy sources, and therefore more 
solar energy, are renewable certificates. This is a market-based system to support the 
expansion of electricity from renewable sources and peat in Sweden. In this support system 
the producers of renewable energy is awarded a certificate for every produced MWh. The 
producers can receive certificates for a maximum of 15 years. A market that is created by 
supply and demand sets the value of the certificates. Since not all electricity suppliers and 
certain electricity users have renewable energy, they have the obligation to buy a certain 
amount of certificates corresponding to a certain quota of their electricity sale/ consumption 
(NREAP, 2009a). On April 1:st each year the electricity producers, whose energy does not 
fulfill the requirement for the certificate, are handing back certificate corresponding to their 
quotas. The number of certificates to be purchased increases gradually from year to year 
because the ratio increases.  The electricity certificate system will increase the incentives for 
the installation of renewable energy sources through the sale of certificates. It will also give 
the producers an additional income for their produced electricity. Sweden's goal is to increase 
electricity generation from such sources by 25 TWh from the year 2002 until 2020 (NREAP, 
2009a).  
 
A previous financial support available in Sweden, between the years 2009-2012, is state aid 
for solar cells. This support was applied to all types of grid connected solar power system and 
included a contribution of 60 per cent of the entire solar installation, which included both 
materials and labor. The maximum amount was 2 million SEK per building. Even now, 
Sweden has a state aid for both businesses and individuals in the installation of solar cells. 
The support can be given out to all grid-connected solar PV systems and the maximum 
intensity is 35 per cent of the investment cost. Assistance may be provided by a maximum of 
1.2 million SEK for solar PV systems (Regeringskansliet, 2009).  
 
In January 1:st 2015, the government decided to initiate a tax reduction for all the surplus 
electricity from self-supporting producers of solar power. The purpose is to promote micro-
generation of renewable electricity because of the growing interest on the market to invest in 
solar power. It will strengthen the position of consumers who produces solar power for own 
consumption.  This requires the solar PV plant to be grid-connected.  This tax reduction gives 
the producer a possibility to receive 0.060 EUR/kWh for the electricity that are supplied to the 
grid. Though the maximum sum that a producer may get is 18 000 SEK per year and the 
amount shall not exceed 30 000 kWh (Skatteverket, 2015).  
 
The government has recently come up with a proposal to introduce a tax for larger solar 
power plants with an area larger than 1000 m2. Renewable energy has been tax exempted 
during all years but with the new proposal it will be a tax at all electricity produced in large 
solar power plants from July 1:st 2016. This means a cost of 0.03 EUR/kWh (Kihlberg, 
2015).  
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1.4 The potential growth for solar PV in Sweden 
	  
Sweden has set a series of goals in terms of renewable energy. One of them is the goal that at 
least 50 per cent of the total energy consumption in 2020 consist of renewable energy. Most 
of the Swedish goals are set based on requirements set out by the European Parliament. Solar 
cells in Sweden, is seen as a renewable energy technology that is beneficial from a climate 
perspective although they are not yet commercially competitive in comparison to the 
renewable techniques that are already established on the market (Regeringskansliet, 2015). 
 
In Sweden the installed capacity of solar PV systems has potential to grow. An obstacle for an 
increased amount of solar power is however the unpredictability of the sunlight. This lead to 
that the supply, during some periods of the year, is a complete mismatch to the demand 
(Regeringskansliet, 2009). Another obstacle is that electricity from solar PV is more 
expensive than other renewable energy sources such as wind power. This is because solar 
power is currently produced in very small scale in comparison to other renewable sources 
(Regeringskansliet, 2009). Despite this, there are indications that financial incentives for solar 
PV has managed to maintain a 40 per cent growth of installed solar PV in various European 
countries. These increased production volumes have driven down the prices of solar PV 
systems (Regeringskansliet, 2009). 
 
It is thereby possible to see that in recent years a lot has happened in the solar PV market both 
in Sweden and globally. The installed capacity has increased while the cost of each installed 
capacity has decreased significantly. The lack of long-term decisions contributes to make the 
total PV market relatively uncertain. This can be seen in Sweden and therefore it is important 
for Sweden to focus on the solar energy decisions in the future.  
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2 PROBLEM AND OBJECTIVES  

2.1 Problem definition 
	  
Which economic incentives should Sweden focus on in the future to encourage increased 
installation of solar PV systems? 

2.2 Objective 
	  
This report is based on finding answers to how Sweden in the future will succeed to increase 
electricity production from solar PV systems through economic incentives. The problem 
definition will be resolved through mapping the financial incentives in selected European 
countries. A comparison of these linked to Sweden will lead to proposals for development 
opportunities for Sweden. In the study, the question regarding financial systems for renewable 
energy in Sweden is highlighted and objectives of the project is therefore: 
 

• Account for the basic concept of solar PV systems and briefly present the different 
options.  

• Find out how the situation is in Europe regarding financial incentives for solar PV 
systems by analysing six countries: Germany, Italy, Spain, United Kingdom, Greece 
and Romania. 

• Identify how the financial support for solar PV systems works in Sweden. 
• Suggest development opportunities for Sweden regarding financial incentives for solar 

PV systems. 
• By calculations see how the selected European countries FIT affect the electricity 

consumers and the government in terms of amount of money. 
• By calculations trying to predict how the Swedish solar PV market would be affected 

if the selected European countries FIT should be introduced instead of Green 
certificates, both in a short-term and long-term perspective. 
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3 METHODOLOGY AND ORGANIZATION OF THE STUDY  

3.1 Methodology 
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
 
 
 
 
 
 
Figure 2.  Overview of the structure of the report  
	  
This study aims to find financial incentives that encourage increased renewable energy in 
Sweden. The structure of the report is presented in figure 2. 
 
The report begins with an identification of the situation in Sweden regarding solar power. 
This leads to an identification of the financial support that Sweden use for solar power and the 
potential growth. This is shown in the first square. 
 
The report continues with a brief study of the technology itself regarding solar PV systems. 
The focus will be towards the three most common types of solar PV systems which are 
monocrystalline, polycrystalline and thin-film which will be described in section 4. Along 
with this study a market review has been done. This is shown in the second square.  
 
Thereafter an outlook in Europe have been done to study how the systems regarding financial 
incentives works for each country. The selected European countries are Germany, Spain, 

Solar PV in Sweden 
- Current situation 
- Financial incentives 
- Potential growth 

Technology review 
- Basic concept 
- Market review 

European outlook 
- Current situation 
- Current target on 
renewable energy 
sources 
- Policies and 
measures 

Results from the European outlook 
- The importance of subsidies 
- The importance of politics 
- The geographical importance 
Analysis based on the current situation in Sweden in 
terms of solar power 
- Identified problems with the financial incentives in 
Sweden 

Development opportunities for Sweden 
- Analysis and discussion through a comparison with the 
European countries 
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United Kingdom, Italy, Greece and Romania. The investigation is presented in the report as 
current situation, current target on renewable energy sources, and policies and measures. This 
is seen in the third square.  
 
By combining these three areas an evaluation, a comparison, and an analysis has been done. 
This has lead to results from the European outlook and an analysis based on the current 
situation in Sweden in terms of solar power. These two together has led to a discussion about 
development opportunities for Sweden to encourage more solar power in the future.  
 
To confirm the analysis, some calculations have been made. The first two calculations are 
made in order to get a view of the value of the FIT in the selected European countries and 
how it affects the state and the electricity consumers. Therefore the first calculation is the total 
amount of EUR that is needed to finance the FIT in each country. The equation that is used is 
as follow:  
 
!!= Produced solar power for each country  
!!= Feed- in tariff in each country i 

                                  
!!×!!                                                                                                                                                                                                                                                                                                                   (1) 

                           
Furthermore to get the perspective of how the FIT affect the electricity consumers, the second 
calculation is the same as equation (1) but is presented per capita. The equation is as follows:  
 
!!= Produced solar power for each country i 
!!= Feed- in tariff in each country i 
N = Population for each country  

                              
!!×!!
  !                                                                                                                                                                                                                                                                                                                     (2) 

 
The next step to confirm the analysis by calculations is to try to predict how the Swedish solar 
PV market would be affected if the FIT from each selected European country should be 
implemented instead of Green certificates. Two calculations have been made, the first one is 
for a short-term perspective and the second one is for a long-term perspective. In both cases 
the calculations will be per capita and the result will be in EUR/ capita and year. 
In equation (3) the produced solar power in Sweden is multiplied with the Feed-in tariff in 
each European country. This is then divided by the population in Sweden to get the result per 
capita.  
 
!!"= Produced solar power in Sweden  
!!= Feed- in tariff in each country i 
NSW = Population for Sweden  
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!!"×!!
!!"

                                                                                                                                                                                                                                                                                                             3  

 
To find a long-term perspective an increase of the produced solar power by a factor 10 has 
been made. This is justified because it is a realistic growth in comparison to the selected 
European countries. The calculation is therefore based on the total amount of produced solar 
power as 7.5 GW instead of the current amount of 0.75 GW.  
 

!!"×  10 ×
!!
!                                                                                                                                                                                                                                                                                 (4) 

 
To verify the input data that is used in the report, calculations have been done and then 
verified by different sources such as International Energy Agency (IEA), Intergovernmental 
Panel on Climate Change (IPCC) and National Renewable Energy Action Plan (NREAP). 
 
The input data that is used is installed capacity, Ci, and the quantity of produced solar power, 
Ei. The parameter Ei is taken from International Energy Agency, IEA, which is considerate as 
a reliable source. To be able to use this data in the calculations it has been verified by another 
source. This verification will be made by calculating the hours of sunshine from the data 
received from IEA. The hours of sunshine will then be compared with Green Rhino Energy. 
The calculated number of hours of sunshine receives from the produced solar power divided 
by the installed capacity. If it is consistent with the number of hours of sunshine from Green 
Rhino Energy, the assumption that the data are correct can be made. 
 
Since all our data on installed capacity and the total produced solar power for each country is 
taken from IEA, it is sufficient to make calculations on only two countries to assume that the 
other countries' input also are true. Calculations on Germany and Italy will be made and 
verified.  
 
The installed capacity for Germany is 36 GW and the produced amount of solar power 
amounts to 30 TWh (IEA, 2014).  
 
E= Produced solar power 
C= Installed capacity 
 
!!
!!

=   
!"ℎ
!" = ℎ →

30×10!"

0,036×10!" = 833,33  ℎ                                                                                                                                                                    (5) 

 
This provides that the number of hours of sunshine per year for Germany amounts to a bit 
over 800 hours. 
 
The installed capacity for Italy is 18 GW and the produced amount of solar power amounts to 
22 TWh (IEA, 2014).  
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!!
!!
=   
!"ℎ
!" = ℎ →

22×10!"

0,018×10!" = 1222,22  ℎ                                                                                                                                                                  (6) 

 
 
This provides that the number of hours of sunshine per year for Italy amounts to around 1200 
hours.  
 
In figure 3 below it can be seen that the numbers of hours of sunshine per year for Germany 
are around 800 hours and for Italy are around 1250 hours. These numbers compared with the 
calculated ones (5) and (6) shows that the figures are in good agreement. From this the 
assumption can be made that the other countries' data are correct as they come from the same 
source. 
 

 
Figure 3. Yearly sum of direct irradiance in the world. Source: Green Rhino Energy  
 
The sources that have been used in this report are international and are in general considered 
trustworthy. The figures that are used are from reliable sources such as IEA, IPCC and 
NREAP and are in the largest extent taken from the same source from the same year.  

3.2 Scope 
 
One of the limitations made in the report are geographical boundaries. The chosen countries 
are those that are seen as most interesting in the subject. The countries represent both the ones 
that are leading today according to installed capacity of solar PV, the ones that has had 
struggles and are also based from a geographical perspective. Therefore the analysed 
countries are six countries in Europe that seemed interesting in the subject and not the six 
leading countries in the world according to solar PV. In this work, the assumption has been 
made that it is the same number of hours of sunshine each year and that the PV installations 
are working properly. This can of course change from year to year and thus affect the 
produced amount of solar power that is extracted annually.  
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Another boundary is the techniques of solar system, which in this study only focuses on PV 
systems. Therefore every time solar power is used in the text it is referred to solar PV. The 
study therefore only involves the three most common techniques: monocrystalline, 
polycrystalline and thin-film. Only electricity production will be studied and not heat 
production. In this report the focus is on subsidies and financial incentives for electricity from 
solar power.  

4 TECHNOLOGICAL REVIEW   

4.1 Basic concept  
 
The most common types of solar PV systems are: monocrystalline, polycrystalline and thin-
film, and these three types are the ones that are studied in this rapport. 
 
The two first types, monocrystalline and polycrystalline are so-called traditional solar cells. 
The third one, thin-film, can be categorized as second-generation solar cells (Euro-CASE, 
2014, p.16). Second generation solar cells are based on amorphous silicon, which means that 
the solar PV system can be flexible to a surface with more than one degree as seen in the right 
picture below (Plasticphotovoltaies, 2013). There is also a third generation solar cells that are 
created from a variety of new materials such as plastic lenses or mirrors to concentrate 
sunlight onto a very small piece of high efficiency PV material (Euro-CASE, 2014, p.16). 
This type of solar cell is not studied in this report.   
 
Monocrystalline solar cells are made out of silicon ingots, which are cylindrical in shape. To 
optimize performance and lower costs of a single monocrystalline solar cell, four sides are cut 
out of the cylindrical ingots to make silicon wafers. This is what gives monocrystalline solar 
panels their characteristic look as seen in the left picture below. A good way to separate 
mono- and polycrystalline solar panels is that polycrystalline solar cells look perfectly 
rectangular with no rounded edges, as seen on the picture in the middle. 
 
To produce polycrystalline, raw silicon is melted and poured into a square mold, which is 
cooled and cut into perfectly square wafers (Energy informative, 2013). 
 

                                          
Figure 4. Mono- and polycrystalline solar panels.                          Figure 5. Thin-film. Source: Power       
Source: Yorksolar                                                                            Film (2012) 
                                                                                                                              



 21	  	  

In the table below advantages and disadvantages for monocrystalline, polycrystalline and 
thin-film solar PV systems are identified.  
	  
Table 1. Advantages and disadvantages for the three different types of solar PV systems 
 Advantages Disadvantages 
Monocrystalline • Highest efficiency 

rates. 
• Space-efficient. 
• Live the longest 

• Most expensive. 
• If it’s covered with 

shade, dirt or snow, 
the entire circuit can 
break down. 

• A significant amount 
of the original silicon 
ends up as waste. 

• More efficient in 
warm weather. 

Polycrystalline • Simpler process to 
make the solar panels 
and less expensive. 

• Slightly lower heat 
tolerance, 

• Lower efficiency (13-
16%) 

• Lower space-
efficiency. 

Thin-film • Flexible 
• Reduced production 

costs 

• Large energy 
consumption 
associated with the 
production 

• Based on scarce 
elements 

4.2 The technology of solar PV systems 
	  
At KTH, Associate Professor Staffan Norrga at the school of electrical engineering has 
ensured that solar PV panels have been installed on a roof of one of the KTH buildings.  
 
Solar cells produce electricity by direct conversion of the energy from solar radiation (SolEl, 
2011). A solar cell works as follows. When the sun is absorbed by the solar cell, photons hit 
the semiconductor material of the solar panel, a voltage between the front and the back of the 
cell occurs. It is causing outer electrons to break free of their atomic bonds. Because of the 
structure of the semiconductor, the electrons are forced in a direction, which creates a flow of 
the electrons, which will create electricity. The front side of the solar cell is a metallic mesh 
that collects the electricity. On the back of the cell, which is not illuminated, the entire surface 
is covered with a conductive metal layer. The electricity is transported from the cell with 
wires that are connected to both the front and the back of the cell (Energimyndigheten, 2011, 
p.3). It is this electricity that we can extract (SEIA, 2013).  
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Figure 6. A typical solar cell, source: SEIA (2013) 
 
Several solar cells together create a module. The solar cells are connected in series to increase 
the voltage. The result is a module. It is the modules that create a solar system. Therefore the 
module is the most important building block of a PV system (Energimyndigheten, 2011, p.3). 
The solar panels at KTH are of the most common technology and they deals with DC. 
Therefore is it required an inverter to get AC voltage in the power grid. Figure 7 shows how 
the system works. 
 

 
Figure 7. Overview of solar panels and the solar power system, source: Staffan Norrga  
 
What can be seen in the picture above, on the left side, is how the solar panels are connected 
to each other on the rooftop. The electricity produced in the cells is then passing through DC 
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leaders and led indoors to an inverter that changes the power to AC so it then can be led out 
into the public power grid. 
 
According to professor Staffan Norrga it is important to find ways to manage the variation in 
the climate, for example by finding good solutions to store the energy that are being 
produced. This should be revolutionary and the growth of solar PV systems should probably 
increase in the future.   

4.3 Market review  
 
Revenues and expenses 
The costs of installing solar power constantly decrease while the electricity price remains 
high. This indicates an opportunity for the solar power to become commercial competitive in 
the energy sector (SETIS, 2015). 
 
Solar PV systems are constantly under development. As a result of that the technology has 
become more and more developed and the efficiency is improved. The effect of this is for 
example a reduced investment cost.  Another factor to why prices have dropped drastically is 
because most of the production has been moved to countries with low labour costs such as 
China for example. 
 
A intermittent problem with solar PV systems is that the energy source has a huge variation 
because of the unpredictable solar radiation. Countries far away from the region of the 
equator may have difficulties, in some parts nearly impossible, to predict when the sun will 
shine or not. In Europe, the seasonal variations is an obstacle for implementation, while in 
Africa, this is not a problem.  
 
One of the positive aspects about solar PV systems according to professor Staffan Norrga is 
that the solar power “fuel” is free and the maintenance as well as the maintenance costs is 
generally negligible here in Sweden. For example in Spain, where some periods of the year 
are very dusty, some maintenance needs to be done to keep the cells clean from dust. Here in 
Sweden, the rain makes sure the solar PV systems are clean enough. The only cost is the 
purchase cost that was around 40 000 EUR when the plant was purchased in 2008. Today, this 
cost is drastically reduced and may be about half the original cost (Norrga, 2015). 
 
Subsidies 
Subsidies for Sweden today are as follows: 

• Renewable certificates, which are tradable certificates, where the goal is that by 2020 
there should be 25 TWh of renewable electricity. Everyone that generates renewable 
energy is able to apply for these economical incentives during a 15 years period 
(Sundelius, S., 2015).  

• Investment support from the state for grid-connected solar PV. The goal is to increase 
the number of actors in Sweden, to reduce the system costs and to increase the 
electricity from solar PV systems. This is addressed to companies, public and private 
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organizations and individuals. This refers to the power grid connected PV systems 
(NREAP, 2009a, s.15-16). 

 
Today the energy price on the electricity market in Sweden is 0.025-0.030 EUR/kWh. The 
certificates are 0.010-0.015 EUR/kWh. The state also gives the producer of solar power 0.060 
EUR/kWh as a reduced income tax. The other subside is the investment support. This kind of 
incentive generates much interest in solar PV but now a day it faces a problem because it is 
not enough money to provide all investments. The queue to get this subsidy is long and 
therefor the process to increase the amount of installed solar power capacity has slowed 
down. On the other hand the producers that do not get the investment support can apply for a 
deduction (Sundelius, S., 2015).    
 
It is very important to involve and combine different parts of the electricity actors, such as 
producers, retailers and the state, to increase the effect and support for the installation of solar 
power. The government /state cannot be the only part to make sure to get more solar power 
installations. The retailers of electricity can therefore be a good promoter. This can be seen 
today to some extent as some retailers contribute by promise the producers that they will buy 
their certificates and/or to give 0.060 EUR/kWh as a reduced income tax (Sundelius, S., 
2015). In combination with the 0.060 EUR/kWh from the government the producer therefore 
gets 0.12 EUR/kWh in reduced income tax. Through this kind of support from the retailers 
the incentives increases and a result of that is often an increase in investments. 
 
The future of solar PV 
The future for solar PV is bright. The different actors on the electricity market that have been 
involved in this report have independent of each other given the impression that there is a 
future for solar cells because the energy systems in the future needs to include renewable 
energy.  
 
Solar PV has become more attractive on the market. By looking at the electricity market a lot 
of the Swedish people want to use more solar power, like the European countries. The 
installed capacity of solar PV is nowadays low but the forecast indicates doubling of the 
generated electricity every year for a few years. This result is much thanks to the tax 
reduction, which recently was presented by the Swedish government. It will now be easier 
and safer for small-scale producers to invest in solar power (Sundelius, S., 2015). Another 
aspect that attracts is that the solar PV systems almost do not have any maintenance cost. This 
in combination with the development of the technology of solar PV systems, the solar cells 
get less and less expensive. All these aspects point at a future that might be able to include a 
larger amount of installed capacity of solar power. According to Stefan Sundelius, who works 
at Telge energi, Sweden has as good conditions as Germany for production of solar power. 
Nevertheless, it is a large difference in the amount of installed solar power capacity. One 
problem is that in Sweden there has not been any good financial system for payments of the 
solar power surplus supplied to the grid. Some of the existing obstacles are for the first that 
the industries with installed solar PV capacity need to pay taxes on the surplus of solar power 
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into the electricity grid. Another is that the households with solar PV capacity need to pay 
value-added tax when they sell their surplus to the retailer. 

5 EUROPEAN OUTLOOK  

5.1 Overview  

	  
Figure 8. Overview of the financial incentives for solar power in the European countries. 
 
Table 2. Overview of the current situation in terms of solar power, the financial incentive, and average 
FIT 

 
 
Country 

Installed 
solar PV 
capacity 
[GW] 

Produced 
solar 
power 
[TWH] 

Share of total 
electricity 
production 
[%] 

 
Financial 
incentive 

 
Average FIT 
[EUR] 

GERMANY 35,5 30 5,3  FIT 0,308 

ITALY 17,6 22 7  FIT 0,142 

SPAIN 5,6 8,17 3,1  FIT 0,187 

UNITED 
KINGDOM 

4,7 1,2 3,9  FIT 0,174 

GREECE 2,6 1,85 2,7  FIT 0,45 

ROMANIA 1 1,05 2,5  Quota 
system 

- 
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5.2 Germany 
 
Current situation 
Germany is currently the country with the most installed solar PV capacity in the world. The 
large investment Germany has made in this area has therefore generated much attention 
(Hellberg A., 2014). In recent years Germany has increased the installation of solar PV 
systems drastically and in 2013 the total amount of installed capacity reached 36 GW. Of the 
installed capacity the amount of generated electricity in 2013 reached 30 TWh. This 
corresponds to 5.3 per cent of Germany’s electricity consumption. The total capacity of solar 
power in the country was rated at 36 GW at the end of 2013 (IEA, 2014, p. 9). 
 
As seen in figure 9, Germany has had a rapid expansion of the installed solar PV capacity 
during the last 10 years. The fast development and expansion of solar PV is directly linked to 
political decisions about a large energy transition. This transition includes that all nuclear 
power in Germany should be discontinued in 2022 and 80 per cent of energy production will 
be renewable by 2050. To reach this goal it is of great importance to ensure the renewable 
energy growth (Sveriges riksdag, 2012). 
 

 
Figure 9. Cumulative installed solar PV capacity in Germany. Source: Earth Policy Institute (2014) 
 
Current target on renewable energy sources and expected final consumption of energy 
by 2010-2020  
A key element of Germany´s energy strategy is the development of renewable energies and 
will be continued in the future. In the long term Germany strive to have the majority of the 
energy supply covered by renewable energies. The country works with this in order to achieve 
the national target and to contribute to the overall EU target of 20 per cent renewable energy 
in 2020.  
 
In the electricity sector the basis for further development of the production of renewable 
energies is the Renewable Energy Act, in Germany called EEG. The EEG had a further 
development that took place in July 2010 because of the amendment in the field of solar PV.  
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This was caused by the compensation rates that were adjusted and the target for the annual 
market volume for solar radiation energy almost doubled to 3500 MW. The overall goal of the 
Federal Government until 2020 is to advance the process of transformation towards an energy 
system based on renewable energy. They are also obliged to increase the share of energy from 
renewable sources by 2020 to at least 18 per cent (NREAP, 2009b). 
 
Policies and measures to promote the use of solar power 
 
Table 3. Overview of the policies and measures to promote the use of solar power in Germany. Source 
NREAP (2009b) 

 
In Germany they use feed-in tariffs that is a fixed price system that guarantee a minimum 
price for the producers of renewable energy. The feed-in tariff is different for different forms 
of renewable energy production and it is based on the power plants operation cost and size. 
The highest feed-in tariff is for solar power. Common for the different kinds of renewable 
energy productions is that all of them are guaranteed a minimum price that extends over a 20-
year period. If the market price is higher than the minimum price no support is paid, which 
means that the producer will receive the market price (SERO).  
 
The solar PV producer receives the feed-in tariff from the grid operator, whose network the 
producer supplies. This system helps to reduce the financial risk for solar energy projects and 
increases the attractiveness to enter the electricity market for investors in renewable energy. 
This type of subsidy was introduced back in 2000 to increase the share of renewable energy in 
Germany. The compensation payments are distributed equally to all operators through a 
nationwide allocation scheme. It comes in the form of fees because the operators increase the 
payments for the electricity customers (Lomborg B., 2014). 	  They are in the end the ones who 
pay for the renewable energy. From government side, payment of the feed-in tariffs is not 
relevant for the budget (NREAP, 2009b, p. 64). 
 
The high stable growth of solar power has largely been due to the high feed-in tariff. To have 
in consideration is though, from the introduction of subsidies for renewable energy in 2000, 
the total subsidies have amounted to 1100 billion at today's exchange rate. 2013 the subsidies 
amounted to about 210 billion. On average, a German household pays approximately 230 
euros extra in subsidies through taxes. The cost of electricity for households has risen by 25 
per cent over the past three years and is now 50 per cent above the EU average. The 
consultant firm McKinsey estimates that subsidies will exceed 400 billion per year by 2022, 
when the last nuclear power plant is closed (Energifakta, 2014).  
	  

Name and reference of the 
measure 
 

Expected result 
 

Target group and/or 
activity 
 

Renewable Energy Act 
(EEG) 

Increased share of renewable 
energies in electricity 

Investors and private 
households 
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5.3 Italy 
	  
Current situation 
Italy is currently in third place according to installed solar PV capacity. As seen in figure 10, 
Italy has increased the installation of solar PV systems drastically in recent years. In 2013 the 
total amount of installed capacity reached 18 GW. Of the installed capacity the generation 
amount to 22 TWh in 2013, this corresponds to 7 per cent of Italy's electricity consumption 
(IEA, 2014, p. 9). 
  

 
Figure 10. Cumulative installed solar PV capacity in Italy, source: Earth Policy Institute (2014) 
	  
Current target on renewable energy sources and expected final consumption of energy 
2010-2020  
The European Union has set a target of 20 per cent renewable energy by 2020. Therefor the 
national renewable energy action plan for Italy has the target to be 600 MW of concentrating 
solar power (IEA, 2014, p.20). 
 
In 2005 the share of energy from renewable sources in gross final consumption of energy was 
4.92 per cent. In 2020 the national target of energy from renewable sources in gross final 
consumption of energy is set to be 17 per cent (NREAP, 2009c, p. 18).  
 
Policies and measures to promote the use of solar power 
On August 7:th 2014 the Italian parliament and senate in Rome voted in favour of changing 
the existing FIT scheme for solar power. This was because a reduction of the FIT was 
necessary to avoid a financial burden. This means that operators with systems larger than 200 
MW have to choose between three options.  
 
The first option for the operators is to accept a 6-8 per cent cut of the FIT rate they receive per 
kWh. The percentage depends on the size of the system. 
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The second option for the operators is to accept a 17-25 per cent cut of the FIT rate they 
receive per kWh. In this case the payment period would extend, which means that the 
operator would get less money per kWh but for a longer period.  
 
The third and final option is similar to the previously. The operators can accept a 17-25 per 
cent cut of the FIT rate they receive per kWh, but instead of an extension of the payment 
period, the percentage will decrease after year 2020 (Gerke T., 2014).  
 
In Italy the FIT are not paid by national taxes, instead they are charged on the electric costs. 
This leads to that Italian energy users are now due to pay each year 7 billions euro more on 
their energy bills (Indvik J., 2013).  
 

5.4 Spain 
 
Current situation  
Spain is currently in sixth place according to installed solar PV capacity. The country was the 
world leader in newly installed solar power in 2008. The government had at that time a strong 
focus on creating a national solar energy industry (Wheeland M., 2014). This unprecedented 
development of solar power was thanks to a generous feed-in tariff. In the short term Spain 
achieved to increase the solar power, but in the long term they fail to control the costs (Iisd, 
2014a). Since then this unfortunately have lead to a large drop in solar PV installation. This is 
primarily because of a long time where the cost to produce electricity in Spain has been 
higher than the revenues from consumers and businesses, which created the deficit in the state 
treasury. This generated that the Spanish Government has presented a proposal to reduce 
subsidies to renewable energy (klimatfakta, 2015).  
 
The drop in installation of solar PV systems has lead to a slow growth.  During 2013 the 
generated solar power was 8.17 TWh (Sioshansi F., 2014), this corresponds to 3.1 per cent of 
Spain’s electricity consumption. The total capacity of solar PV in the country was rated at 4.7 
GW at the end of 2013 (IEA, 2014, p. 9). As seen in figure 11, the solar power installations 
have during the years been neither slow nor have had a steady growth, for example nearly 
2800 MW of solar PV was installed in 2008 but in 2009 the solar PV installation declined to 
69 MW (Brown P., 2013, p.24).  
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Figure 11. Cumulative installed solar PV capacity in Spain, source: Earth Policy Institute 
 
Current target on renewable energy sources and expected final consumption of energy 
2010-2020  
The energy policy strives to reach the renewable energy national targets and has been 
developed around three axes: social and environmental development, security of supply and 
enhancement of the competitiveness of their economy, guarantee of sustainable economic. 
The energy target is to have 20.8 per cent share of renewable energy in the gross final energy 
consumption in 2020 (Climate Policy Watcher, 2012). 
 
Since 2012 the government decided to completely suspend the feed-in tariff for solar PV 
generation projects. The renewable electricity policy decision has contributed to very volatile 
addition in solar PV capacity (Brown P., 2013, p. 23). 
 
Policies and measures to promote the use of solar power 
Historically the rate of solar power installation in Spain has been driven by the feed-in tariff 
conditions. The generation of electricity from renewable sources was mainly promoted 
through a price regulation system. Plant operators had to choose between two options: either a 
feed-in tariff or a bonus.  
 

- The bonus was paid on top of the electricity price achieved on the wholesale 
market. The specific amount was based on a number of parameters, each calculated 
for a set of “standard installations” (RES LEGAL, 2014).  

- The feed-in tariff was available for the entire life of a solar generating facility (Brown 
P., 2013, p. 21). The feed-in tariff was to increase the development of solar PV and it 
did in the short term. In the long term it was a poor design of the feed-in tariff (Iisd, 
2014b).  
 

In response to economic difficulties, the government decided to reduce the financial 
incentives for production of renewable energy. In 2012 the government decided to completely 
suspend the feed-in tariff and other market premium incentives for new renewable energy 
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production. Spain therefor became the first European country to suspend those kind of 
financial incentives (Brown P., 2013, p. 19). 
 

5.5 United Kingdom 
 
Current situation 
By the end of 2014, the installed capacity in the UK reached 4.7 GW (Vidal J., 2014). The 
electricity that the country produced from solar PV reached 1.2 TWh (Business Green, 2014). 
According to the Solar Trade association, 3.9 per cent of the United Kingdom’s electricity 
demand was by solar PV (Vidal J., 2014). As seen in the graph below the growth has been 
relatively straight.  
 

 
Figure 12. Installed solar PV capacity in the United Kingdom, Source: Earth Policy Institution  
 
Current target on renewable energy sources and expected final consumption of energy 
2010-2020  
During a long time, UK has relied on energy resources as coal, oil and gas supplies. The 
recent reduction of their national fossil fuel reserves, combined with projected growth in 
energy demand in the world, puts the security of the energy supply at a risk and renewable 
energy becomes more and more important including solar PV (NREAP, 2009d, p. 8).  
 
In 2005 the share of energy from renewable sources in gross final consumption of energy was 
1.3 per cent.  In year 2020 the target of energy from renewable sources in gross finial 
consumption is set to be 15 per cent (NREAP, 2009d, p. 8). 
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Policies and measures to promote the use of solar power 
Producers of solar power will get paid for the electricity they generate (energy saving trust, 
2014).  
 
The rates of the FIT vary depending on: 

• The size of the system 
• The technology that is installed 
• When the system was installed (GOV.UK, 2014) 

 
There are different kinds of policies and measures to promote use of renewable resources. 
 
Table 4. Overview of the policies and measures to promote the use of solar power in United Kingdom. 
Source NREAP (2009d) 
Name & reference of 
the measure 

Expected Result Targeted group  

Renewables Obligation 
(RO) 

Increase generation of 
renewable electricity from a 
range of technologies across 
all scales to 30%. 

Primarily large-scale 
renewable electricity 
generation by 
professional energy 
companies. 

Feed in Tariffs (FITs) Incentivise generation of low- 
carbon electricity from a 
range of small-scale 
technologies. 

Households, 
communities and small 
businesses investing in 
projects up to 5MW. 

 

5.6 Greece 
	  
Current situation 
At the end of January 2014, the installed capacity of solar power in Greece reached 2.6 GW. 
Solar PV is the most widespread renewable power technology in Greece (Tsagas I., 2014). 
The solar PV production, in 2012 reached 1.85 TWh (IEA, 2013a, p. 11). This represented 2.7 
per cent of the total electricity generation (Energypedia, 2014).  
 
As seen in the graph below the instalment of solar PV capacity the last years is a bit 
concerning. The solar PV growth in 2013 declined from 797 MW in the first quarter to 56 
MW in the fourth quarter and then only 3 MW in January 2014.  
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Figure 13. Greece’s PV growth 2013, Source: Earth Policy Institution  
 
 
Current target on renewable energy sources and expected final consumption of energy 
2010-2020  
As shown above, the solar PV market in Greece is apparently slowing down. The decline in 
the market is partly due to the drastic reduction of the FIT and the imposition of retroactive 
levy	  (Tsagas I., 2014). This means that every producer of solar power need to pay a special 
levy levelling 25 to 30 per cent of their annual turnover (Tsagas I., 2013a). Though the main 
reason lies in a deficit of a fund, used to pay producers of renewable energy in Greece, which 
has increased drastic during the last years. This fund called LAGIE should theoretically pay 
renewable energy producers in monthly instalments. In practice this payment was delayed by 
six month. One thing they did to decrease the gap of LAGIE, was to increase the fee that 
electricity consumers pay to support renewable energy projects. However the deficit of 
LEGIE’s continues to escalate (IEA, 2014). To solve this problem, the Greek Ministry of 
Environment, wants to cut the FIT for existing solar PV systems. They asked the solar 
industry to accept a cut of the FIT regarding operating PV projects up to 45 per cent and 
existing projects up to 10 per cent. In exchange, the Greek Ministry of Environment, offered 
to work on their behalf and pressure the banks to extend the duration of loans and reduce 
interest rates. This attempt to solve the problem regarding the decrease in renewable energy is 
called “The new deal” (Tsagas I., 2013b). 
 
In 2005 the share of energy from renewable sources in gross finial consumption of energy 
was 6.9 per cent. In 2020 the target of energy from renewable sources in gross finial 
consumption is set to be 18 per cent (NREAP, 2009e, p. 20). 
 
Policies and measures to promote the use of solar power  
Greece uses a FIT system to encourage renewable energy. This means that everyone who 
installs renewable energy systems, including solar PV systems, sells all of the power 
produced by the system to the utility at an above-market rate. This contract usually lasts for a 
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period of 20 years (Renewable Energy World, 2014) and the producer receives the FIT per 
kWh of electricity produced (NREAP, 2009e, p. 25).  
 

5.7 Romania  
	  
Current situation 
For several years Romania has not had any installed solar power but in 2013 they began 
investing in solar power. They have during 2013-2014 installed a solar power capacity of 1.1 
GW, which represents 2.5 per cent of the total electricity consumption (EPIA, 2014). 
 
Current target on renewable energy sources and expected final consumption of energy 
2010-2020  
1 January 2007 Romania became a EU member and in the same year the “Energy Strategy in 
Romania for the period 2007-2020” was drafted and approved by the government. The 
general objective for the energy sector is to provide the necessary energy both at present, 
medium and long-term perspectives. This should be at the lowest price possible and adapted 
to a modern market economy and a civilized life standard. It is also important that it is under 
appropriate quality, supply safety conditions and in compliance with sustainable development 
principles (NREAP, 2010). One of the general targets is to integrate renewable energy sources 
into the structure of the national energy system.  
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Policies and measures to promote the use of solar power 
Table 5. Overview of the policies and measures to promote the use of solar power in Romania. Source 
NREAP (2010) 
Name and reference of the 
measure 

Expected result 
 

Target group and/or 
activity 
 

Implementation of the 
mandatory shares system 
combined with Green 
certificate trading for E-RES 

 

Increase by 2020 of the E-
RES production for which a 
Green certificate is granted to 
20% of the internal 
consumption, also cumulated 
with the effect of other 
measures promoting E-RES 

Production of electricity in 
hydro-electric power stations 
of maximum 10 MW, wind 
farms, solar plants 

 

Organisation and operation of 
the competition Green 
certificate exchange 

 

Increase by 2020 of the E-
RES production for which a 
Green certificate is granted to 
16.8% of the internal 
consumption (1033 thousand 
tep), also cumulated with the 
effect of other measures 
promoting E-RES 

Production of electricity in 
hydro-electric power stations 
of maximum 10 MW, wind 
farms, solar plants 

 

Programme on the production 
of energy from RES: wind 
power, geothermal and solar 
energy, biomass and hydro-
energy 

 Investors 

 
In Romania electricity from renewable sources mainly are promoted through a quota system. 
The quota system is based on the so-called renewable certificates that are tradable certificates. 
Electricity suppliers and producers are obliged to provide a certain number of certificates. 
These certificates are awarded to producers of electricity from renewable energy sources. The 
energy suppliers and producers who do not have renewable energy systems need to buy the 
Green certificates from the producers with renewable energy. The price depends on supply 
and demand (RES LEGAL, 2014). The producers who fail to fulfill the obligatory share of 
Green certificates have to pay a certain fee. The fee is resulted from penalties and shall be 
collected by the transmission and system operator and will be used for investments. The 
investments are activities to enable the access for renewable energy sources to the distribution 
grid (NREAP, 2010). 
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6 RESULTS AND DISCUSSION 

6.1 Results from the European outlook 
	  
Based on the information that has been presented in this report, the countries financial 
incentives has been evaluated. For compiling this, a summary of the positive and negative 
aspects has been developed. After that an analysis is presented and is based on the aspects of 
the importance of subsidies, the importance of politics and the geographical importance. 
These are the key aspects and are necessary for realising the growth of solar power 
	  
	  
	  
	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
‘	  
	  
	  
	  

Germany 

Pros 
+ Strong political decisions addressed to 
solar power. 
+ Producers are always guaranteed a 
minimum price for the generated 
electricity. 
+ The feed-in tariff during a long period 
+ Investing in solar energy both for 
households, industries and solar power 
plants. 
+ The feed-in tariff is different for different 
forms of renewable energy. That’s positive 
for solar PV power because they have the 
highest one.  
+ Generous FIT compared to the other 
countries.  
	  

Cons 
-The end-users are the ones that pay for 
the renewable energy in the end.  The 
consequences are a high cost for the 
electricity consumers. 
- Difficult to predict the amount of solar 
radiation (same conditions as Sweden). 
- Despite much installed capacity a 
relatively little amount of energy is 
generated. 
	  

Italy 

Pros 
+ Are able to generate a relatively large 
amount of solar energy compared to the 
installed capacity.   
+ Good opportunities for solar radiation. 
+ The Italian parliament is positive to 
increase solar PV power and therefor do 
their best to encourager investors and 
households to continue to install. 
+ The high cost of the electricity bill is an 
important factor for solar PV to 
approaching competitiveness.  
	  

Cons 
- Had to reduce their FIT to avoid a 
financial burden.  
- Are not using the potential of the great 
solar radiation that the country has.  
- The end-users are the ones that pay for 
the renewable energy in the end.  The 
consequences are a high cost for the 
electricity consumers.   
-  An obstacle for the future development 
of solar PV in some southern parts is the 
inadequacy of the grid.    
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Spain 

Cons 
- The government has suspended all 
financial incentives for solar PV systems. 
In 2008 they had a good vision for 
development of solar PV power and in 
the short-term they received good results 
but they did not the long-term. 
-  The FIT was not realistic for the future. 
This shows the importance of realistic 
FIT.  
 

Pros 
+ Are able to generate relatively large 
amount of solar energy compared to 
installed capacity.   
+ Good opportunities for solar radiation. 
+ The situation in Spain clearly shows that 
the FIT has a significant role for the 
development of solar PV power.  
	  

United Kingdom 

Cons 
- Difficult to predict the amount of solar 
radiation (same conditions as Sweden). 
	  

Pros 
+ The reduction of their national fossil fuel 
reserves has lead to that solar PV power 
has become more important. It is clear that 
the UK government believes that solar PV 
has the potential to form a significant part 
of the energy mix. 
+  They have created two different 
financial, one for large scale and one for 
small-scale solar PV power.  This is to 
make the best for both groups.  
+ Constant growth the beginning in 2010 
and they have not had any financial 
problems.  
	  

Greece 

Pros 
+ Solar PV power is the most widespread 
renewable power technology in Greece. 
+ A good initiative was to create a fund to 
pay renewable energy producers.  
	  

Cons 
- They were unable to manage the fund, 
which lead to that they were not capable 
to give compensation to the renewable 
energy producers.  
- Decline in the market the last two years. 
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The importance of subsidies  
A decisive factor that has been proved, when the study about the countries has been made, is 
that financial incentives are important for the solar energy to be able to penetrate the market. 
 
A clear pattern for countries that have succeed to install a large amount of solar PV capacity, 
like Germany and United Kingdom, is that subsidies that are fixed for a long period of time 
have a positive effect on the solar PV market. Another pattern is that implementation of new 
FIT policies has led to a dramatically increase of the solar PV capacity which can be seen in 
both Spain and Italy (EPIA, 2014). Though, the studies has shown that declining of political 
support regarding solar power has led to a reduced growth on the market in several countries 
such as Spain, Greece, and Italy.  

A negative aspect that has been identified is that a high FIT often leads to high electricity bills 
for the end consumer. This can especially be seen in Germany where the cost of electricity for 
the consumers has risen 25 per cent over the past three years because they have to pay for the 
high subsidies. This can be compared to United Kingdom who also has been successful with 
their financial incentives and has thanks to them had a constant growth of solar PV 
installments in the country. What differentiates the two countries is that the United Kingdom 
has two different kinds of subsidies when it comes to solar PV, where they divides the solar 
PV producers into two groups. One group is small-scale production i.e. up to 5 MW. This 
group will receive their subsidies in the form of FITs. The other group is large-scale 
production. For this group they instead use so-called renewable obligations. This is a way to 
focus on the two groups separately, which makes it easier to create suitable subsidies without 
putting too much burden on either the state or the electricity consumers.   

As said above, a long-term perspective is important to secure a constant growth of solar 
power. This conclusion can be made after studying Spain. In year 2008, Spain was the world 
leader in newly installed solar PV capacity thanks to generous FITs. This did not last for long. 
One year later a tendency of reduction in the market could be noticed and in 2012 the 
government decided to completely suspend all FITs. This was due to that the subsidies was 
financed by the country itself and in a long term it became a financial burden for Spain 

Romania 

Cons 
- The fast growth of solar PV power is 
probably not going to be maintained.  
- It is unpredictable to know how much 
the certificates will generate in profit for 
the producers.  
- Even if the electricity certificates are 
traded between the producers, in the end 
the consumers finance the costs for the 
Green certificates.  
	  

Pros 
+ The quota system creates a market 
where the certificates are traded between 
the electricity producers.  
+ Romania started with solar PV power 
in 2013.  A fast development with around 
1 GW in only one year has been showed.  
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especially when they got financial difficulties. What has been shown in this study is that the 
importance of sustainable financial incentives are necessary, both in short-term and long-term 
perspective.   

The importance of politics 
Distinct and stable political decisions have a great importance for the growth of solar power. 
Guidelines from the government are required to make people and companies interested in 
invest in the solar PV technology. This is components that both Germany and United 
Kingdom have been able to handle. Even these countries have done some changes in the 
political decisions during the years and that has, as for all countries in this study, affected 
their market. The difference between these countries to the other European countries in this 
study is that they have been able to continue the same guidelines with only a few small 
adjustments. In Italy, Spain, and Greece huge changes in the political decisions has been 
made. In Italy the previous favorable FIT has been reduced and in Spain and Greece the FIT 
has been completely excluded. This has led to a major reduce of the growth of solar power in 
these countries.    
 
In order to enhance the growth of solar power it requires that investors feel an economical 
security and support from the government/ state. That is one of the benefits with the FIT. The 
producers are guaranteed a minimum price regardless how low the electricity price will be. In 
Germany, this has been a big part of their success. Thanks to a law called EEG (Erneuerbare 
Energien Gesetz) the producers of renewable energy are guaranteed a fixed price for the 
renewable electricity they produce and gives it precedence in the grid, for example before 
coal and nuclear power. With EEG, it has also been easier for households in Germany to take 
a loan from the bank to invest in solar panels to the roof. Perhaps the German system is in 
progress to redraw the traditional ownership structure in the energy market? (Riksdagen, 
2012). 
 
To increase solar power the political decisions need to be long-term decisions. It is therefore 
not enough to make short-term guidelines because these will not create any security for the 
investors. It is thereby preferable that the decisions on subsidies is determined for a longer 
period and are not changed if, for example, a new government would take office. To increase 
the growth of solar power in countries where the total installed capacity is low, as for example 
in Romania, the government must address the issue and add it to the everyday politics. It is 
necessary to raise awareness for solar PV systems and demonstrate the benefits they generate.  
 
One of the most important factors is the attitude towards solar energy, both from the 
population and the state. That has both Germany and United Kingdom proved through the 
success in solar power installations, although they have weather conditions that are 
unpredictable and the solar radiation is very low during periods of the year. 
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The geographical aspect 
 Naturally the geographical location is significant when it comes to solar energy. Countries 

closer to the equator generally have more hours of sunshine than countries in the northern or 
southern hemisphere. However, this has not stopped countries such as Germany and the 
United Kingdom. These two countries have basically the same weather conditions, which is 
unpredictable and the seasons has a high variation of solar radiation. Despite that, both of 
them has a successful growth of solar power.   
 

 The fewer hours of sunshine a country has, the more installed capacity is needed to reach a 
certain volume of solar power. This leads to a higher cost for the producers because of the 
high investment cost for solar power and it makes it more difficult to get a pay back on the 
investment. This is clearly seen if we compare Germany with Italy. Germany is the country 
with most installed solar power in the world with 36 MW of installed capacity, which gives 
an average production of 30 TWh. While Italy only has 17.6 MW of installed capacity but 
still gets an average production of 22 TWh. To see these in relation to each other gives a 
perspective in how much energy that could be extract from countries with a lot of solar 
radiation.  
 
Another aspect to consider when it comes to geographical importance is the area of the 
country. A large land area could lead to a higher installation of large solar PV parks, which in 
turn can lead to less production costs. Another aspect is a country's population. If a country is 
densely populated it can be difficult to find good land surface, which by the population is 
acceptable to install on (Collin T., 2005). 
 

6.2 Analysis based on the current situation in Sweden in terms of solar 
power   

 
	   Sweden 

	  
Pros 
+ The solar PV capacity has been 
doubled 4 years in a row. Has seen 
several MW installed each year but 
without significant policies and 
prospects.  
+ Sweden has the same conditions as 
Germany regarding solar radiation.  
	  

Cons 
- No significant policies and prospects 
for solar power.  
- Difficult to predict the amount of solar 
radiation.  
- Development of the grid is needed to 
cope with the expansion of PV systems.  
- The financial system makes it less 
economic for small installations because 
of the high technology cost of solar PV 
systems.  
- It is unpredictable to know how much 
the certificates will generate in profit for 
the producers.  
- Even if the electricity certificates are 
traded between the producers but in the 
end the consumers finance the costs for 
the certificates 
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The solar power in Sweden has had a stable growth during all years since the start in the early 
1970 when the energy crisis took place (Andersson M., 2008). The total installed capacity of 
solar power has doubled every year for the past four years (Energimyndigheten, 2014a). In 
this report it is clearly seen that Sweden is far behind the other European countries that are 
analyzed in this report in terms of the total amount of installed solar power. On the other hand 
Sweden is among the leading IEA member countries in terms of low-carbon intensity and 
high share of renewable energy in the total energy supply (IEA, 2013b). This is important to 
have in consideration, both in terms of that Sweden is a country that are capable of this kind 
of development but also in terms of the governments willingness to strive for an energy 
system with renewable energy. By reviewing the financial incentives for solar power this can 
be a significant factor to help Sweden to meet the 2020 targets for the reduction of greenhouse 
gases.   
 
An obstacle Sweden is facing is that they do not have any significant policies and prospects 
for solar power. Compared to other European countries, the government in Sweden has not set 
distinct goals for solar power (Sundelius, S., 2015). The financial incentive, the Green 
certificates, has not contributed to a boom on the solar PV market. New rules and proposals 
has both been introduced and presented recently. This has generated both good and bad 
effects on the market. On January the 1:st 2015 a new reduced tax for electricity produced in 
small solar power plants was introduced (Skatteverket, 2015). The purpose is to strengthen 
the opportunity to invest in solar power for micro-generation. This can give good effects 
because there is an interest in investing in solar power in Sweden. It also makes it easier to 
promote to sell the electricity surplus to retailers and through that increase the amount of grid-
connected solar power. The government has also presented a proposal on a tax for all 
electricity produced in a large solar power plant (Kihlberg, 2015). This can have a negative 
effect on the market because it will be much more expensive for the producers with a large 
solar power plant. This tax will not affect households but 1000 m2 is relatively easy to reach. 
This can therefore have a negative effect on the market since it can stop heavy investments of 
solar power, both investments from owners of solar power plants but also if a company wants 
to install solar power on the roof of their industry. This type of irregular and unexpected 
decisions from the government makes the solar PV market more unpredictable, which can 
cause that nobody dares to invest in solar power. The politicians also need to simplify the 
processes. Today the producers have to pay sales tax on the electricity they sell. This creates a 
lot of administration especially for small-scale production, which in turn will cost a lot of 
money because the sum itself is basically irrelevant (Sundelius, S., 2015). 
 
Another obstacles for solar power in Sweden are the difficulties to predict the amount of solar 
radiation. Sweden is a country with distinct seasons with a diverse amount of solar radiation. 
A major problem for solar power to penetrate the Swedish market is that the largest solar 
radiation occurs during the summer, which is the time when the energy consumption is the 
lowest. While during the winter the solar radiation is very low and it is during that time the 
energy is needed. This makes solar power to a very varying energy source that is hard to 
predict and rely on since solar energy cannot be stored. With an increase of renewable energy 
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in the energy system therefore requires other energy and/or solutions for balance and 
regulating power (Energimyndigheten, 2013). The challenges for a major expansion of solar 
power in Sweden are an increase of the regulating power and an expansion of the electricity 
grid. This can lead to expensive investments. With nine nuclear reactors running and the 
already large wind power production combined with a focus on solar power will probably, in 
the future, lead to new records for low electricity prices. This is because of when the weather 
conditions are optimal for the renewable power plants they can generate a lot of electricity. 
The energy price will decrease because the supply of energy is bigger than the demand. This 
means that the consumers are the winners, while the producers of solar power do not earn as 
much money on the generated electricity as they use to. This can lead to that fewer and fewer 
will be able to invest in solar power. This will be much thanks to the lower electricity price 
but also because of the low compensation from the Green certificates (Svensk Vindenergi, 
2014a).   
 
As said above, a major expansion of solar power will lead to the need for a development of 
the power grid (Elforsk, 2012). The challenges will depend on how large the expansion of 
solar power will be, where in Sweden it will take place, how well the forecasts over 
production can be made and how the development of new technologies and market solutions 
to complement the regulation power will go. Today Sweden use hydropower and combustion 
power plants as regulation power (Vattenfall, 2013). With a large increase of solar power it 
will generally mean that the hydropower is required to operate in a different way than today. 
Sweden has the great advantage to have hydropower as a regulating source 
(Energimyndigheten, 2007). 
 
In Sweden Green certificates are used as financial incentives to increase the use of renewable 
power. The problem Sweden is facing with this financial system is that it makes it less 
economical for small installations because of the high technology cost of solar power (IEA, 
2013b). It is also unpredictable how much the certificates will generate in profit for the 
producers, because the price is set by supply and demand. Even if the Green certificates are 
traded between the producers, in the end the electricity consumers finance the costs for the 
certificates.     
 
Identified problems in Sweden for the growth of solar power 
Problems with the financial incentives that have been identified is:   

• There are no significant policies and prospects that are stable for solar power.  
• Sweden has distinct seasons with a diverse amount of solar radiation, which makes it 

difficult to predict the solar radiation. 
• A development of the power grid is needed.  
• Green certificates has not had that much effect on the solar PV market compared to 

other European countries. 
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6.3 Development opportunities for Sweden  
	  
Analysis and discussion through a comparison with the European countries 
The first problem that Sweden has to deal with is that they do not have any significant 
policies and prospects for solar power. It is also important that the decisions from the 
government are not irregular and unexpected which makes the solar PV market more 
unpredictable. What can be seen in the outlook on the other European countries is that clear 
long-term targets and provisions are the winning concept. Both United Kingdom and 
Germany have designed the financial incentives for solar power in a way that really promote 
investments in solar energy. By stable decisions and no drastically change, both of them have 
reached a high level of installed solar PV capacity. Even when these two countries have done 
a small change it reflect the market. An example that really shows the importance for Sweden 
to have a stable political guideline without any drastically changes is the situation for Spain, 
Greece and Italy. All of them have seen how the growth of solar power has slowed down, 
much thanks to political decisions that have changed the environment and the conditions of 
the market. These changes have been needed because of an unrealistic and non-workable 
long-term plan.       
 
In Sweden Green certificates are used as a financial incentive to increase the use of solar 
power. This system can be seen as more complex than the fixed price system. Generally this 
leads to a higher cost of the installed capacity of solar power. On the other hand because of 
the low total installation of solar power in Sweden it will cost less per capita with Green 
certificates compared with FIT (Elforsk, 2012). When comparing the financial systems that 
are used it is important to analyze aspects like total installed capacity, cost per capita and cost 
per installed capacity. Nowadays when the installation of solar power is low in Sweden Green 
certificates might be good but if Sweden in the future will increase the installed capacity of 
solar power it might be good to use FIT. It is a lot that indicates that a fixed price system such 
as FIT is the most effective for a significant change on the solar PV market. FIT is often 
easier to understand for both investors and financiers. There are signs that it leads to a greater 
variety of the actors on the electricity market (Elforsk, 2012). Based on the countries that 
have been studied in this report all of them have FIT except Sweden and Romania, which 
have green certificates. Common for both Romania and Sweden is that they have a small 
amount of installed solar PV capacity. Romania have not had any solar power until 2013, and 
Sweden has focused on and invested in other renewable energy which has led to the low 
installations of solar power. Green certificates might therefore be a good alternative for these 
countries because they provide a reduced cost per capita compared to if they had FIT. The 
FIT could be good to increase the amount of solar power. In Spain for instance, the 
government had a strong focus on creating a national solar energy industry and decided to use 
FIT. The solar power installations increased. The FIT made Spain in year 2008 the country 
with most installed solar PV capacity in the world. Germany has a high FIT that has lead to 
benefits for solar power. This has lead to a growth on the solar PV market and has led them to 
become the world leader in terms of most installed solar PV capacity of today. Therefore the 
FIT is a good incentive for an increased solar PV market. For Sweden, this would actuate the 
political structure for solar power.  
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Figure 14. Demonstration of the division for the electricity price and FIT  
 
As seen in figure 14, there are two different systems in case a country has Green certificates 
or if it has FIT. In the system for Green certificates, the renewable energy is sold on the 
electricity market to the electricity price. In that case it is the Green certificates that provides 
the additional revenue to producers of renewable energy. Seen to the electricity price it 
includes booth a tax that goes to the state and also grid fees. The rest goes to the energy 
producers. When it comes to FIT, the full amount goes to the producer of renewable energy. 
If Sweden goes from Green certificates to the FIT it will very likely lead to a more profitable 
market for solar power. This is because there is no tax or no grid fee charged from the FIT. 
The largest change is for the country/ government because the revenues from the tax on 
electricity price for renewable energy will disappear. For the state it becomes a double effect 
thanks to that the government finances the FIT and the state does not receive any taxes back 
from the FIT. From this aspect it is the producers that will be the winners if a FIT is 
introduced. Thus, the growth of solar electricity might occur more rapidly in Sweden. On the 
other hand, the state must find other ways to finance the FIT. That could lead to an increase in 
electricity prices if they decide to have a higher tax on the produced electricity, like it is in 
Germany.      
 
The geographical location is significant when it comes to solar energy. In Sweden where the 
solar radiation must be used in the best way as possible, the placement of the panel itself is 
important to capture as much sun as possible. Studies has shown that the solar panel should be 
facing south at an angle of approximately 40 degrees to generate as much solar PV electricity 
as possible (Swedensol, 2015). In countries such as Germany and the United Kingdom they 
have basically the same weather conditions, which also is in good agreement with the 
Swedish weather. This shows that there are good opportunities also for Sweden to break 
through on the solar PV market. Another advantage for solar PV in Sweden is that a large part 
of the country is sparsely populated and therefore have good land surface to install large solar 
power plants.   	  
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A development of the power grid will be needed if the solar PV market expands a lot. 
Nevertheless the power grid has to develop in the future if Sweden is going to cope with the 
target of an energy system with renewable energy. This means that even if Sweden decides to 
only focus on wind power, the power grid needs to be developed (Svensk Vindenergi, 2014b).  
 
In order to get a more clear view of the value of the FIT and how it affect the electricity 
consumers, the total amount of euro that is needed to finance the FIT has been calculated. The 
results presents in figure 15.    
 

 
Figure 15. The total amount of euro to finance the FIT for the European countries, Source: 
Calculations in appendix 9.3 
 

 
Figure 16. The total amount of euro to finance the FIT per capita for the European countries, Source: 
Calculations in appendix 9.3 
 
In figure 15 Germany gets a high amount due to a large amount of produced solar power and 
a high FIT. In figure 16 Germany still provides a high amount per capita. This pattern is clear 
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for both Spain and Italy, because the amount of produced solar electricity and population 
relative to each other is reduced. Both figure 15 and 16 shows the lowest result for the United 
Kingdom compared to the other countries. This is because they have a relatively low 
production of solar power, a low FIT and a large population. All these factors affect the 
overall payment per capita downwards. It is therefore important to keep in mind that even 
though Sweden has the same FIT as United Kingdom, it will still be a higher cost for the 
consumers in Sweden because the population is considerably smaller in Sweden than in the 
United Kingdom. Therefore, it will provide a greater impact on the consumers. This can be 
demonstrated by looking at two different scenarios shown in figure 17 and 18.      
 

 
Figure 17. Sweden with the FIT from the different European countries, Source: Calculations in 
appendix 9.4 
 

 
Figure 18. Sweden with the FIT from the different European countries but the Swedish solar PV 
production has been increased by a factor 10, Source: Calculations in appendix 9.5 
 
In figure 17, calculations have been made on Sweden with present conditions but with the 
other European countries FIT. Figure 18 displays Sweden with the other European countries 
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FIT but with an increased quantity of produced renewable energy by a factor 10. These 
calculations have been made since an introduction of a FIT often leads to more investments in 
solar power. That leads to more installed solar power. Founded on the basis of this reasoning, 
it is possible to note that it will be a larger amount of money for finance FIT. With a basis of 
this, it is clear that the number of inhabitants of a country has a important role. As can be seen 
for Sweden is that with the current conditions the FIT will be low, while if the installed solar 
power increases, it will become more expensive for the consumers in a country with few 
inhabitants, which Sweden is. It is therefore not realistic for Sweden to have a large FIT, like 
the one in Germany. It would make it very expensive for consumers.  
 
A conclusion can therefore be that it is important for Sweden to set clear targets for solar 
power. It is also important to adapt a financial support for solar energy, which should be 
permanent and no large changes of decision should be made. It is important to make it 
possible for the solar power investors to be sure about what the solar PV market will include 
and they should be able to calculate how the investment will repay, without a fear that new 
laws and regulations are set up. It is also important for Sweden to ensure that the financial 
incentives are realistic in a long-term perspective. For Sweden the best solution is probably 
not to introduce a very high FIT like Germany. This is to reduce the risk of a failure of the 
distribution of economic incentives, like in Spain. On the other hand Germany has a high FIT, 
which has led to benefits for solar power. This has led to a growth on the solar PV market and 
has led them to become the world leader in terms of most installed solar PV capacity of today. 
It may not be realistic for Sweden to have such high FIT as Germany. For Sweden it is 
probably better with a FIT like the one in the United Kingdom. That could help Sweden to 
increase the total amount of installed solar PV capacity and get little closer to some of the 
European countries.   
 

6.4 Limitation and sources of errors 
	  
One source of error that has been included in the calculations is the assumption that it is the 
same number of hours of sunshine each year. This has been raised in the discussion in the 
report by pointing out that in countries like Sweden it is difficult to predict the amount of 
annual solar radiation. By comparing multiple sources the results have been evaluated to 
avoid sources of error such as these. To get a fair analysis between the different countries 
their information and numbers have been, in the greatest possible extent, taken from the same 
source.  This has been of a major importance because the installations of solar power in the 
different countries have been very different from year to year.  
 
Something that can be seen as a limitation in this analysis is that the analyzed countries are 
six countries in Europe that seemed interesting in the subject and not the six leading countries 
in the world according to solar PV. However, this has been important in the report to get the 
analysis a broader spectrum and to make a better comparison to Sweden, as it includes 
countries with varying amounts of installed capacity, varying financial incitement and 
different geographical conditions. 
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In this report the focus is on subsidies and financial incentives for electricity from solar 
power. This is important to have in mind because it is not only the financial incitements that 
increase the installation of solar energy. It is also the technical solutions and other benefits 
such as the price of the technology and the geographical location of the country that provide 
the growth of solar energy. 
 
Throughout the work great focus has been put on finding and using as credible sources as 
possible. Therefore, the focus has been on sources from the countries governments, EU and 
well-known energy authorities and organizations.   
 

7 CONCLUSION AND FUTURE WORK 

7.1 Conclusion 
	  

• By comparing the studied European countries with each other as well as with Sweden, 
three significant factors that are crucial for solar power to grow have been identified.  
 

o The first factor is the importance of geographical location.  Even if this is an 
important factor the studies has shown that even countries with fewer hours of 
sunlight can succeed with solar power. However the low hours need to be 
compensated with a larger installed capacity to be able to extract greater 
amounts of energy.  

 
o The second factor is the importance of financial incentives. It has been shown 

that countries that have succeeded to install a large amount of solar PV 
capacity have used subsidies that are fixed for a long period of time. Though it 
has been shown that high FIT often leads to high electricity bills for the end 
consumers. A conclusion here is that FIT is more suitable for large-scale 
production while Green certificates are more suitable for small-scale 
production.  

 
o The third factor is the importance of distinct and long term policies and 

decisions. This is necessary for people to dare to invest in solar PV systems 
and to feel secure to receive a stable compensation for the electricity they sell.  

 
• When comparing Green certificates to FIT a conclusion can be made that FITs are 

more profitable for the producers of renewable energy while Green certificates are 
more profitable for the country/government. This is because there is no tax or grid fee 
that is charged from the FIT, which there are for the Green certificates. This means 
that the entire FIT will go to the producer as well as the government will have to find 
other ways to finance the FIT since the state does not receive any taxes back. This in 
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return can lead to increased electricity prices if they decide to increase the tax on 
produced electricity.  

 
• When implementing the different countries FITs in Sweden with the current installed 

capacity, it shows that the FIT per capita and year would be held at a low level. 
Though if Sweden’s installed capacity would increase with a factor ten the FIT per 
capita and year would increase significantly. This shows that the amount of 
inhabitants in a country is important. In countries with fewer inhabitants, it will 
become more expensive for the consumers when the installed capacity increases.    

 
• A major expansion of solar power in Sweden will lead to the need for a development 

of the power grid. Another problem that Sweden has are distinct differences in solar 
radiation between and within the seasons, which makes it difficult to predict the 
amount of solar radiation. Since solar energy cannot be stored it is required other 
energy and/or solutions for balance and regulating power. In the future it can therefore 
be necessary to find solutions to how to store renewable energy. This may be the next 
step in the work towards an increased renewable society.  

7.2 Future work 
	  
This study provides a good basis for and open up to further work about solar power. Because 
this study is related to the project from The Royal Swedish Academy of Engineering 
Sciences, IVA, it could contribute to further research regarding how Sweden in the future 
have to raise and take care of the power generation. This study provides an approach to the 
major analysis in the project whose goal is to show the impact on the society by different 
choices in energy policy (IVA, 2015). 
 
In addition to this great project, this study can be used for future research in the field of higher 
solar power use. The report includes both a local and a global outlook, which therefore can be 
used for further research in Sweden, and also for further research for increased solar energy 
use in Europe. As the study revolves around an area that is more and more discussed around 
the world it will probably be of interest to make a more detailed analysis of the design of the 
financial incentives available to increase the installation of solar energy in the future. This 
study will in that case be a good basis for the further research.   
 
Further investigations and studies must be done before the implementation of various 
decisions and rules can be made. As noted in the report, decisions must be in a short-term and 
long-term perspective. This means that it will be important to further develop this study, 
where all the factors are considerate in a deeper analysis, such as electricity generation and 
what is technically possible for the country.  
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9 APPENDIX 

	  
In this section calculations have been made in excel and represents the results shown in figure 
15-18.  

9.1 Appendix A. The electricity price and installed capacity for each 
country  

	  

Countries 
The electricity price in 2013 
(EUR/kWh) 

Installed capacity 
(GW) 

 
Households / Industry 

 Germany 0,292 / 0,143 36 
Italy 0,229 / 0,168 18 
Spain 0,223 / 0,122 4,7 
United Kingdom 0,174 / 0,118 4,7 
Greece 0,156 / 0,125 2,6 
Romania 0,132 / 0,09 1 
Sweden 0,21 / 0,08 

  

9.2 Appendix B. The FIT for each country 
      

	  

FIT Germany 
 Size of the system Feed-in tariff 

up to 10 KWp 0,3684€/kWh 
up to 40 kWp 0,35€/kWh 
up to 1 MWp 0,31€/kWh 
up to 10 MWp 0,255€/kWh 

FIT Italy 
   Rooftop 
 

Ground-mounted 
 Size Incentive Size Incentive 

1-3kW 0.182€/kWh 1-3kW 0.176€/kWh 
3-20kW 0.171€/kWh 3-20kW 0.165€/kWh 
20-200kW 0.157€/kWh 20-200kW 0.151€/kWh 
200kW-1MW 0.130€/kWh 200kW-1MW 0.124€/kWh 
1MW-5MW 0.118€/kWh 1MW-5MW 0.113€/kWh 
5MW+ 0.112€/kWh 5MW+ 0.106€/kWh 
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FIT United 
Kingdom 

  Size Generation tariff Export tariff 
4 kW or under 0,1874€/kWh 0,0679€/kWh 
4kW-10kW  0,1698€/kWh 0,0679€/kWh 
10kW-50kW 0,1639 €/kWh 0,0679€/kWh 
	  
FIT Greece 

  
Size  Feed-in tariff mainland 

 Feed-in tariff non-interconnected 
islands 

100 kWp and 
under 0,450 €/kWh 0,500 €/kWh 
100 kWp and 
over 0,400 €/kWh 0,450 €/kWh 
	  
FIT Romania 
The Green certificates can be bought within the range of 27 EUR - 55 EUR 
	  

9.3 Appendix C. Calculations of the total amount of EUR to finance the 
FIT and how much it would cost per capita.  

	  
Germany 

  X (Average FIT) 0,30768 EURO/kWh 
E (Produced solar power) 30000000000 kWh 
X * E (Total EUR to finance the 
FIT) 9230400000 

 N (Population) 80620000 
 

   Per capita (X*E)/N 114,5 €/capita and year 
	  
Italy 

  X (Average FIT) 0,142083333 
 E (Produced solar power) 22000000000 
 X * E (Total EUR to finance the 

FIT) 3125833333 
 N (Population) 59830000 
 

   Per capita (X*E)/N 52 €/capita and year 

FIT Spain 
   Rooftop 
 

Ground-mounted 
 Size Incentive Size Incentive 

<20kW 0.283€/kWh Any size 0.121716€/kWh 

>20kW 0.15675€/kWh 
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Spain 

  X (Average FIT) 0,187155333 
 E (Produced solar power) 8170000000 
 X * E (Total EUR to finance the 

FIT) 1529059073 
 N (Population) 47270000 
   

  Per capita (X*E)/N 32,3 €/capita and year 
 
United Kingdom 

  X (Average FIT) 0,1737 
 E (Produced solar power) 1200000000 
 X * E (Total EUR to finance the 

FIT) 208440000 
 N (Population) 64100000 
   

  Per capita (X*E)/N 3,3 €/capita and year 
	  
	  
Greece 

  X (Average FIT) 0,45 
 E (Produced solar power) 1850000000 
 X * E (Total EUR to finance the 

FIT) 832500000 
 N (Population) 11030000 
   

  Per capita (X*E)/N 75,5 €/capita and year 
	  

9.4 Appendix D. If the different countries FIT would be implemented in 
Sweden 

	  
Sweden 

   E (Produced solar power) 750000000 
  N (Population) 9700000 
  

 
X (Average FIT)   €/capita and year Total amount in euro 

Germany 0,30768 23,78969072 230760000 
Italy 0,142083333 10,98582474 106562500 
Spain 0,187155333 14,4707732 140366500 
United Kingdom 0,1737 13,43041237 130275000 
Greece 0,45 34,79381443 337500000 
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9.5 Appendix E. If the different countries FIT would be implemented in 
Sweden as well as the produced solar power would increase by a factor 
10.  

	  
Sweden 

   E (Produced solar power) 7500000000 
  N (Population) 9700000 
  

 
X (Average FIT)   €/capita and year Total amount in euro 

Germany 0,30768 237,8969072 2307600000 
Italy 0,142083333 109,8582474 1065625000 
Spain 0,187155333 144,707732 1403665000 
United Kingdom 0,1737 134,3041237 1302750000 
Greece 0,45 347,9381443 3375000000 
	  
	  
	  


