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The objective of this thesis is to analyze the development of renewable energy policy in 
Finland and to compare the effectiveness of two schemes, namely the feed-in tariff (FiT) 
and the new premium scheme. Analysis of legislation, reports and policies together with 
academic publications is conducted to enable clear understanding of the Finnish renewable 
energy policies. Furthermore, a numerical case study utilizes data of wind power plants 
accepted to the FiT system between 2012 and 2017 and analyzes the incentives the 
schemes provide to investors through profitability analysis. Conventional methods such as 
net present value and internal rate of return are complemented with sensitivity analysis and 
Monte Carlo simulation, which is further analyzed by means of simulation decomposition. 
All the calculations are performed using Microsoft Excel and together they enable a 
comprehensive understanding of the investment profitability under FiT and premium 
schemes as well as uncertainties related to it. 

The results point out distinct differences between the FiT and premium schemes. Most 
importantly, the amount of support paid to a project is substantially higher under the FiT and 
it can also be stated to cover a wider variety of renewable energy sources, since the 
premium scheme includes only wind power projects despite the fact that the tendering was 
technology-neutral. The results from the numerical analysis indicate, that FiT has been 
necessary in the past to ensure the economic viability of wind power projects since the crisp 
NPV from 2012 was -1,64 M€. Projects under premium scheme exhibited much lower 
profitability. Although a greater share of NPVs was negative under premium scheme in the 
Monte Carlo simulation, using optimistic cost estimation shifted the distribution to have a 
slightly greater share of positive than negative NPVs. For project under FiT, optimistic cost 
estimation resulted in a distribution almost completely on the positive side. Sensitivity 
analysis along with simulation decomposition demonstrated how the FiT system removes 
the uncertainty related to electricity prices almost completely, but that uncertainty is still in 
place under the premium scheme.  

This study contributes to the existing academic research on renewable energy policy by 
presenting the schemes used in Finland and conducting a comparative analysis regarding 
profitability under the schemes. Both investors and policymakers benefit from this research 
since it provides insight into the effects these schemes have on profitability. For the 
investors, the analysis of incentives to engage in renewable energy operations is enhanced 
and the policymakers can utilize the results when aiming towards effective policy with 
minimal costs. 
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Tämän tutkielman tavoitteena on analysoida uusiutuvan energian tukijärjestelmien 
kehitystä Suomessa ja vertailla keskenään syöttötariffijärjestelmän ja preemiojärjestelmän 
tehokkuutta uusiutuvan energian edistämiseksi. Vertailu suoritetaan kannattavuusanalyysin 
keinoin analysoimalla kannustimia, joita järjestelmät tarjoavat investoijille. Tutkimuksessa 
muodostetaan selkeä käsitys Suomen uusiutuvan energian tukijärjestelmistä niin lakien, 
raporttien kuin tieteellisten julkaisujen pohjalta. Lisäksi kvantitatiivisen case-tutkimuksen 
keinoin analysoidaan investointien kannattavuutta molempien tukijärjestelmien alla 
hyödyntämällä dataa syöttötariffijärjestelmään hyväksytyistä tuulivoimalaitoksista vuosina 
2012-2017. Perinteisten nettonykyarvomenetelmän sekä sisäisen korkokannan 
menetelmän lisäksi tutkielmassa hyödynnetään herkkyysanalyysiä sekä Monte Carlo-
simulaatiota, jota syvennetään simulaatiohajotelman avulla. Laskelmiin käytetään Microsoft 
Excel -työkalua ja menetelmät yhdessä mahdollistavat kokonaisvaltaisen ymmärryksen 
investointien kannattavuudesta syöttötariffi- ja preemiojärjestelmän piirissä, sekä 
kannattavuuden arviointiin liittyvistä epävarmuuksista.  

Tulosten perusteella syöttötariffin ja preemion välillä vallitsee selkeitä eroavaisuuksia. 
Tärkeimpänä, projektille maksettavan tuen määrä on huomattavasti korkeampi 
syöttötariffijärjestelmässä, jonka lisäksi syöttötariffijärjestelmä kattaa laajemmin erilaisia 
uusiutuvan energian muotoja. Tällä hetkellä preemiojärjestelmässä on mukana ainoastaan 
tuulivoimaloita huolimatta tarjouskilpailun teknologianeutraaliudesta. Numeerisen analyysin 
tulokset osoittavat syöttötariffien olleen historiallisesti välttämättömiä tuulivoimaprojektien 
taloudellisen toteuttamiskelpoisuuden mahdollistamiseksi, sillä vuoden 2012 arvojen 
mukaan laskettu nettonykyarvo oli tariffista huolimatta negatiivinen, -1,64 M€. Preemion 
mukaisesti lasketun projektin kannattavuus oli merkittävästi huonompi, vaikkakin 
käytettäessä minimiarvoja vuoden 2017 kustannuksista Monte Carlo simulaation 
lähtökohtana, suurempi osa tapauksista tuotti positiivisen nettonykyarvon myös 
preemiojärjestelmän ollessa kyseessä. Herkkyysanalyysi yhdessä simulaatiohajotelman 
kanssa havainnollisti, kuinka syöttötariffijärjestelmä eliminoi sähkön markkinahintaan 
liittyvän epävarmuuden lähes kokonaan, mutta kyseinen epävarmuus ei poistunut projektin 
kuuluessa preemiojärjestelmään.  

Tämä tutkielma osallistuu akateemiseen keskusteluun uusiutuvan energian tukimuodoista 
esittämällä Suomessa käytössä olevat tukimuodot sekä vertailemalla projektien 
kannattavuutta numeerisesti. Niin sijoittajat kuin päättäjätkin hyötyvät tutkimuksen 
tuottamista tuloksista liittyen tukijärjestelmien vaikutuksista kannattavuuteen. Tieto tukien 
tuottamista kannustimista hyödyttää sijoittajia päätöksenteossa, kun taas päättäjille tieto 
tukien tehokkuudesta uusiutuvan energian edistämiseksi, sekä sen aiheuttamat 
kustannukset, ovat merkityksellisiä tukimuotojen kehittämiseksi.  
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1 INTRODUCTION 

 

Topics like greenhouse emissions, energy demand, and energy security have led to an 

increase in renewable energy as a source of energy all around the world. In 2018, global 

energy-related carbon dioxide emissions rose 1,7%, to the highest amount in history 33,1 

Gt CO2 (IEA 2019).  The major reasons behind this rise were global economic growth 

resulting in higher energy consumption alongside extreme weather conditions in some parts 

of the world that required energy for heating and cooling. Renewable-based electricity 

production increased by 7% and nuclear acted as the second contributor to the low-carbon 

generation of energy, however, their growth was not enough to offset the growing energy 

demand which resulted in growth in emissions (IEA 2019). The increasing need for 

renewable energy has been acknowledged globally, and 169 countries had adopted 

renewable energy targets by 2018 (REN21 2019). 

 

Due to continuously rising concern about climate change and its effects, Finland has formed 

an ambitious goal of being carbon neutral by the year 2035 and becoming carbon negative 

swiftly after that. (Valtioneuvosto 2019) It is obvious that this is not an easy task to complete 

and it requires measures in various fields, one of the most important ones being the energy 

sector. Furthermore, it is renewable energy that holds the key to success in this matter. 

Considering the renewable energy field in Finland, according to the sector report of the 

Ministry of Economic Affairs and Employment (Alm 2019) during 2018, the biggest share of 

the total consumption1 of renewable energy was of timber usage. 33% was forest industry 

residual liquor use, 28% industrial and energy timber use and 12% small timber use. 

Hydropower made up 9% of the usage, energy from heat pumps counted 5%, wind power 

4%, biofuels for transport 3%, bio portion of recycled fuels 3% and other bioenergy 

comprised 1% of the total usage.  

 

Renewable energy has historically been a less attractive investment option compared to 

other energy sources. Thus, it has been essential for the government to promote the 

production of renewable energy through renewable energy policies. These policies provide 

incentives for investors to engage in renewable energy operations and consequently also 

develop new, more efficient solutions. Regarding the policymakers, they aim to have an 

 

1 Total consumption of energy consists of the usage of domestic energy sources and imported energy. It includes fuels used 
for energy production and refining as well as energy used directly at end usage e.g. transport fuels and fuels used in heating 
of buildings.  (Statistics Finland 2020a) 
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effective policy that promotes renewable energy with minimal costs. Thus, the policymakers 

would benefit greatly from the analysis of different policies and their effects on the 

profitability of renewable energy projects.  

 

1.1 Background 

 

1.1.1 Renewable energy policy in Europe 

 

In Europe, the support system for the promotion of renewable energy sources contains a 

wide range of instruments used in different countries. According to Council of European 

Energy Regulators (CEER 2018a) in 2017 there were mainly four categories of support 

schemes: feed-in tariffs (FiTs), feed-in premiums (FiPs), green certificates (GCs) and 

investment grants (public money paid to provide direct support to investment that increases 

the generation of renewable energy). The report also reveals that the most common 

duration for the support is between 8 and 15 years, however in some countries the range 

was between 6 and 20 years and a few countries grant support for even over 20 years. 

These policies could be implemented either through administrative procedures or tendering.  

 

The way of determining the support levels appears to be shifting towards competitive 

procedures since many European countries reported a change from administrative 

procedures to tendering (CEER 2018a). The changes made to the support systems are 

briefly described in Table 1. In total, 13 countries reported a change in the way support 

levels are being determined. Some countries report more minor changes, regarding the 

change in procedures concerning only certain types of renewable energy, or a certain size. 

In some countries, the change is more comprehensive and competitive procedures are 

becoming the main type of support (CEER 2018a). Furthermore, Table 2 presents the 

overall status of tendering procedures by the end of 2017 in CEER member countries, and 

it indicates that 18 countries out of 29 respondents already have tendering scheme process 

or legislation considering it, in place. Thus, tendering has become a prevalent type of 

procedure in support mechanisms (CEER 2018b).  
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Table 1. Description of changes in CEER member countries in the way support levels are being determined (CEER 2017; CEER 2018a; RES Legal Europe 2020) 

CEER 

Member 

Previous support 

scheme 

Year of 

the 

change 

New support 

scheme 

Description  

Belgium Administrative 

procedure 

2018 Tendering 

procedure 

Future domanial concessions for offshore electricity generation will probably 

be granted by a tendering process. 

Croatia Administrative 

procedure 

2016 Tendering 

procedure 

Tendering procedures introduced in the legislation since 2016, practical 

implementation is still needed.  

Denmark Administrative 

procedure 

2018 Tendering 

procedure 

Tendering procedures are being introduced as the main type of support 

scheme for onshore wind and solar PV. 

Estonia Premium tariff 2019 An auction-

based system 

The amount of support paid for each unit of energy produced was abolished 

and replaced by an auction-based support system. 

Finland Feed-in tariff/ 

administrative 

procedure 

2018 Tendering 

based premium 

scheme 

Technology neutral tendering scheme replaced the old feed-in tariff scheme.  

France Administrative 

procedure 

2015 Tendering 

procedure 

The level of support for medium & large-scale installation is set through bidding 

procedures since the adoption of the Energy Transition Law in 2015. 

Germany Administrative 

procedure 

2017/2018 Tendering 

procedure 

Technology-specific tendering procedures have been introduced for PV, wind 

onshore and offshore, and biomass, as a standard competitive instrument for 

determining the level of support since 2017. A technology-neutral tendering 

procedure for wind onshore and PV has been introduced in 2018. 

Greece Administrative 

procedure 

2017 Tendering 

procedure 

A competitive bidding process was accepted in 2017.  
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Hungary Administrative 

procedure 

2017 Tendering 

procedure 

The new Renewable Energy Support Scheme (came into force in 2017) 

includes a green premium through a tendering procedure for plants with a 

capacity of over 1 MW and for all wind power plants and repowering projects. 

Ireland Administrative feed-in 

tariff 

2019 Tendering 

procedure 

Renewable Energy Support Scheme -auctions will be held at frequent intervals 

to take advantage of falling technology costs. The previous support system 

was feed-in tariff scheme, but between 2016 and 2019 there was no support 

scheme available due to wait of introduction of the new auction system. 

Italy Administrative 

procedure 

2016 Tendering 

procedure 

The Ministerial Decree June 2016 updated the mechanisms for support. The 

value of the feed-in premium is defined through auctions in the case of 

the largest power plants (more than 5 MW). In the future, evaluating tendering 

procedure for the definition of the feed-in premium value also in case of power 

plants with a capacity lower than 5 MW. 

Luxembourg Administrative 

procedure 

2017 Tendering 

procedure 

The possibility of introducing tenders for solar power plants was specified in 

the legal framework in April 2017. 

Malta Administrative 

procedure 

2017 Tendering 

procedure 

For PV greater than 1 MW, a tendering procedure was introduced in 2017. 

Poland Green certificate 

scheme 

2016 Auction 

mechanism 

The Act on Renewable Energy Sources has introduced auction mechanisms 

as the main element of the renewable energy support system in Poland. 

Auction winning RES installation obtains the right to cover the negative 

balance in the sales of electricity generated and entered into the grid. 

UK Renewables obligation 

scheme 

2017 Contracts for 

difference 

allocated by 

competitive 

auctions 

New support scheme contracts, contracts of difference, are agreed based on 

rounds of competitive auctions. 
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Table 2. Status of tendering procedures in CEER member countries (CEER 2018b) 

Status  

(by the end of 2017) 

Countries (n=29 responses) 

One or more tendering scheme 

process in place  

13: Belgium, Denmark, France, Germany, Greece, Italy, 

Malta, Netherlands, Lithuania, Portugal, Poland, Spain, 

and the United Kingdom 

Legislation in place or about to be 

adopted, first concrete tendering 

round outstanding 

5: Croatia, Finland, Hungary, Luxemburg, Estonia 

No concrete plans for introducing 

tenders in the short term.  

11: Austria, Bulgaria, Czech Republic, Cyprus, Iceland, 

Ireland, Latvia, Norway, Romania, Slovenia, Sweden 

Tendering scheme discontinued 2: Norway, Italy 

 

 

 

 

 

 

 

Figure 1. Overview of the implementation status of RES tendering procedures (CEER 2018b)  
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A significant driver behind the generalization of tendering procedures has been the 

Guidelines on State aid for environmental protection and energy 2014-2020 of the 

European Commission (2014), which specify what kind of aid schemes can be deployed in 

the EU Member States. An essential requirement that the guidelines set, is the deployment 

of market instruments such as auctioning or competitive bidding process, that will eventually 

lead to a complete phasing out of aid schemes. Exceptions are allowed in certain conditions, 

considering e.g. small plants that are not seen suitable for tendering due to their size or 

plants in an introductory stage or if tendering is seen not to attract enough projects, 

however, competitive procedures should be the prevailing ones, which has resulted in the 

shift from administrative procedures to tendering. This shift is visible also in Finland since 

recent reform in the Finnish renewable energy support scheme includes technology-neutral 

auctions as a way of deciding the projects receiving support and the amount of it. The 

Finnish government accepted an energy and climate strategy in December 2016, where 

competitive bidding procedure for renewable energy was introduced (Finnish Energy 

Authority 2020a). Before the new law of support of electricity produced with renewable 

energy came to force in 2018, feed-in tariffs were used, which meant a fixed target price of 

83,5€/MWh for the wind, biogas and wood-based fuel projects in the system (A 

30.12.2010/1396). There is a great difference between the old and the new system, that 

has received scarce attention in the academic literature. 

 

 

1.1.2 Power markets in Finland 

 

The overall consumption of electricity in Finland was 87,5 TWh in 2018, rising 2 percent 

from 2017. At the same time, the production of electricity totaled 67,5 MWh (2,5 MWh 

increase from the year before), thus decreasing the net imports of electricity by one percent. 

77 % of consumption was covered with domestic production and the remaining 23 % with 

imports from the Nordic Countries, Russia and Estonia. Finland imported most electricity 

from Sweden and Russia. The share of renewables of the electricity production was 46 %, 

followed by nuclear power (32 %) and fossil fuels (16 %), peat covering the remaining 5 %. 

Furthermore, of renewable energy sources, hydropower made up 42 %, wind power 19% 

and wood-based fuels almost all the rest. The amount of electricity produced with renewable 

increased a little despite a 10 % decrease in hydropower due to poor water situation. The 

decrease was offset by increase in wind power production (22%) and wood-based fuels 

(7%). Small growth in the use of renewables alone wasn’t enough to meet the increase in 
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electricity consumption, which meant an increase in production with fossil fuels by 11 

percent and with peat even 25 percent. (SVT 2018) 

 

The situation in 2018 reflects the issues related to energy sources dependent on weather 

conditions. The share of hydropower varies greatly from good water years to dryer periods, 

domestic hydropower naturally increasing when there is more rain, imports from Sweden 

and Norway increasing as well (Finnish Energy 2020). Thus, the water situation is always 

projected on the use of fossil fuels in electricity production (ibid.). The greatest challenges 

in the electricity markets in Finland are the power shortage during winters especially in times 

of very cold weather and import dependence (Ministry of Economic Affairs and Employment 

2016).  

 

Finland is part of Nordic electricity market, run by Nord Pool. In 2018, the total volume 

traded in Nord Pool was 524 TWh. Trading of electricity in Nord Pool takes place either on 

day-ahead market or intraday market. Majority of trade is done on day-ahead basis, where 

customers sell or buy energy for the next 24 hours in a closed auction. Customers specify 

the volume (MWh) per hour that they are ready to sell or buy at a certain price (EUR/MWh). 

The orders are matched to set a single price for every hour and bidding zone, considering 

network constraints. Transmission capacity available may vary and cause bottlenecks 

between bidding areas, which is the reason for different area prices. Finland constitutes one 

bidding area, but for example Sweden is divided into four. In addition to day-ahead trading, 

intraday markets provide an increasingly important tool for balancing the network and taking 

unexpected changes in consumption and outages into account. In the intraday market, 

trading happens every day and every hour until one hour before delivery. The role of 

intraday market becomes more important due to intermittent production of renewables since 

it results in challenges being in balance after the closing of the day-ahead market. The 

relative proportions of day-ahead and intraday market are elucidated by figures of 2018: 

Nordic, Baltic and German intraday market made up 8,3 TWh, whereas Nordic and Baltic 

day-ahead market was 396 TWh. (Nord Pool 2018; Nord Pool 2020a; Nord Pool 2020b, 

Nord Pool 2020c)  

 

Apart from the Nordic electricity market, electricity can be sold and purchased through 

power purchase agreements (PPA). PPA is a long-term agreement on purchasing 

electricity, so that the consumer agrees to buy a certain amount of electricity from the 

producer at a specified price for a defined time, e.g. 10 to 20 years. Typically, the customer 

in this situation is either a big electricity consumer or a group of smaller consumers. PPA 
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provides both sides stability in the form of knowing price for the electricity to be bought or 

sold. From the viewpoint of the user of electricity PPA protects from rising electricity prices, 

creates predictability to costs and ensures the availability of electricity produced in the 

desirable way, e.g. electricity from renewable sources to increase sustainability of 

operations. Considering the viewpoint of electricity producer, PPA provides certain cash 

flows that are not dependent on fluctuation of market price of electricity. This, in turn, 

enables new investments due to easier access to financing when uncertainty in the 

investment is reduced. (Finnish Wind Power Association 2020a) 

 

1.2 State of the art literature  

 

Academic publications on renewable energy policies globally cover a wide range of topics 

from different perspectives, providing thorough analysis of existing support systems. Policy 

effects on the deployment of renewable energy have aroused broad empirical research (e.g. 

Andersen & Østergaard 2018; García-Alvarez et al. 2017; Dijkgraaf, Dorp & Maasland 

2018) as well as effects on the electricity markets and electricity prices (e.g. Trujillo-Baute 

et al. 2018). Many studies focus on the policy of one country (e.g. Martin & Rice 2013; 

Gawel & Purkus 2013; Caralis et al. 2016; Gungah et al. 2019), providing beneficial 

research for the basis of comparing different types of subsidies. Cost-effectiveness and 

efficiency of policies in the promotion of renewable energy are matters frequently in the 

center of comparative studies (Boomsma et al. 2012; Choi et al. 2018). Along with 

policymakers, investors’ perspective is accounted for in the literature, examining the viability 

of projects through investment analysis (e.g.  Caralis et al. 2016; Falconett & Nagasaka 

2010).  

 

Various policy methods, e.g. feed-in tariffs and green certificates are commonly recognized 

to have certain features; however, those features have slight differences depending on the 

country implementing the policy. The variations have an impact on the subsidy levels, which 

affect the financials of projects alongside different operational environments across regions. 

Despite aforementioned factors, research on Finnish renewable energy policy especially 

from the perspective of investors remains scarce, with fragmentary focus varying from 

energy dependency (Aslani et al. 2014) to balancing supply and consumption of energy 

(Panula-Ontto et al. 2018) and consisting of mostly qualitative studies (e.g. Varho 2006; 

Ratinen & Lund 2015). In order to provide comprehensive analysis for both investors and 
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policymakers considering the current development in the Finnish renewable energy policy, 

profound research on the matter is required. 

 

 

1.3 Research problem and objectives 

 

The analysis of different policies and their effects on the profitability of projects is highly 

beneficial for the policymakers, who aim to promote renewable energy. That is eventually 

the ultimate reason, why the policies and profitability of projects are being compared in this 

study. The objective of this study is to analyze the development of renewable energy policy 

in Finland and to compare the effectiveness of the two schemes, old and new ones. The 

latter will be done by analyzing incentives the schemes provide to investors through 

profitability analysis. 

 

Firstly, a clear picture of the renewable energy policy incentives in place in Finland at the 

moment will be formed along with a description of the current situation of the renewable 

energy field in general. This study also aims to explain how the support scheme has 

evolved, thus what have been the supporting policies and incentives in Finland before. 

Secondly, the effects of these policies on the investment environment and profitability will 

be analyzed. Based on the data and analysis, the cost development of wind power in 

Finland will also be discussed. The data will be obtained from the publicly available sources 

of the Finnish Energy Authority completed by their confidential data on wind power projects’ 

profitability and based on the data, a financial model will be created. Microsoft Excel will be 

the tool used to conduct calculations about traditional measures such as net present value 

and internal rate of return. The projects included in the study will be wind energy projects 

since those were the only ones participating in the new tendering system in 2018. Other 

renewable energy sources are outside the scope of this study alongside private production 

that many households have these days, that are not affected by the policy for industrial-

scale projects.  

 

To conclude the objectives of this study, the above-mentioned objectives seek to provide 

information for the support of decision-making for policy-makers as well as decision-makers 

in renewable energy projects.  

 

In this study, the research is limited to the closer examination of the Finnish feed-in tariff 

scheme which accepted projects from 2011 to 2017 and the tender based support scheme 
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deployed in 2019 for the sake of its competitive nature and role as a replacement for the 

old feed-in tariff. The state subsidies for investment are project-dependent, which is why 

they would be harder to use for the comparison. Premiums and feed-in tariffs, on the other 

hand, are granted in the same way for every project, thus making sense to compare their 

effects. 

 

The main research question is formed as follows:  

 

- How has the investment environment changed due to renewable energy policy 

modifications in Finland?  

 

Sub-questions that support the main research question in the process of providing a 

comprehensive answer: 

- What are the differences and similarities of Finland’s feed-in tariff scheme and 

premium set through tendering? 

- What impact do the Finnish feed-in tariff scheme and tender based subsidy have on 

the profitability of projects? 

- How does uncertainty affect project profitability under support schemes?  

 

 

1.4 Research methods and data 

 

Each of the four sub-questions and corresponding methods used are summarized in Table 

3. Analysis of legislation, reports and policies together with scientific articles will be 

conducted to enable understanding of the Finnish renewable energy support scheme at the 

moment as well as before. A comparative examination of the policies will be performed 

based on the analysis. This analysis will also form a clear understanding about the support 

amounts under each policy. 

 

Profitability analysis of the investments will be conducted through often used, traditional 

methods: 

- Net Present Value 

- Internal Rate of Return 

 

And additionally, sensitivity of NPV and IRR to key investment profitability and policy factors 

will be addressed using three different approaches: 
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- Sensitivity analysis 

- Monte Carlo simulation 

- Simulation decomposition 

 

Sensitivity analysis will provide valuable information about factors that most influence the 

profitability of investments and Monte Carlo will consider the uncertainty related to the 

estimations and provide an overall distribution of probable outcomes with provided ranges 

for the values of variables. To further advance the analysis, simulation decomposition 

method is applied to reveal the sub-distributions inside the Monte Carlo distribution. The 

NPV, IRR and Monte Carlo results will be utilized further in numerical comparison of Finnish 

renewable energy policies.  

 

Table 3. Research methods 

Sub-question Method 

1. Differences and similarities of 

support schemes 

Analysis of legislation 

2. Investment profitability under 

subsidies 

Investment modeling using net present value 

and internal rate of return 

3. Uncertainty in project 

profitability 

Monte Carlo simulation and simulation 

decomposition 

 

 

Data will be collected from Finnish law and regulations considering the policies. The 

numerical values for investment modeling will be collected from wind energy projects in 

Finland (e.g. premiums of projects accepted into the support system through tendering in 

2018, capital and operating costs of projects) using both publicly available data and data 

acquired specially from the Finnish Energy Authority. Weighted averages and estimations 

will be utilized since this study does not aim for accurate predictions, but an estimation of 

investment profitability for comparison of different policies.  

 

1.5 Structure 

 

The thesis consists of seven main sections in the following order.  The introduction presents 

motivation and background for the topic alongside research questions. Following the 

introduction, Literature review forms a clear picture of the state-of-the-art academic 
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research of renewable energy policy globally and nationally. The third section reviews the 

Finnish renewable energy policy and provides a detailed description of the feed-in tariff and 

tendering premium, that are under deeper analysis in this study. The next part describes 

the data and methodology, including model overviews and assumptions. The empirical part 

of the study follows in the next section, Comparing profitability of projects, comparing the 

two schemes and presenting results using methods described earlier. Finally, the Results 

section presents the main findings and Discussion and Conclusion draw the conclusion of 

the thesis as a whole discussing also limitations of the study as well as ideas for further 

research on the topic.   
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2 LITERATURE REVIEW 

 

Research about renewable energy policies has become more and more extensive through 

the years, indicated by the number of academic publications search results (see Figure 2 

below). Scientific papers have been written across multiple research areas, namely energy 

fuels, environmental sciences, and engineering, but also e.g. sociology. For this study, 

however, the research area is refined to include only business economics. The relevant 

articles for the literature review were found using the Web of science and ScienceDirect 

searches using combinations of terms such as “renewable energy policy”, “investment 

analysis” and “profitability analysis”, scanning the titles and abstracts of the publications 

and choosing the relevant ones for further analysis. Furthermore, backward and forward 

tracing was used with a few key articles, to search for the latest publications citing them as 

well. The literature review process followed a well-established scientific practice presented 

by Webster and Watson (2002).  

 

 

 

Through the analysis of the literature, it is evident that there are multiple points of view 

inside the economic research of renewable energy policies and researchers have 

addressed a range of different issues. Qualitative methods are being used especially 

through interviews in order to gain expert assessment on the matters (e.g. Grashof 2019) 

whereas quantitative studies numerically analyze the effects renewable energy policy has 

on various issues (e.g. Trujillo-Baute et al. 2018). The research of institutional renewable 

energy projects rules in the academic literature even though research on the residential 
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sector has also been conducted. For example, De Boeck, Van Asch, De Bruecker and 

Audenaert (2015) evaluate the support policy for photovoltaic installations in the residential 

sector. However, for the purpose of this study, research on the residential sector will not be 

analyzed further.  

 

2.1 Global renewable energy policy research 

 

Analysis of developed countries prevail in the literature (see e.g. Frondel et al. 2010; Finjord 

et al. 2018; Monarca et al. 2018), possibly due to the earlier adoption of renewable energy 

policies in these countries, however, research of developing countries is also rising (e.g. 

Friebe et al. 2017; Gungah et al. 2019; Matsuo & Schmidt 2019). Germany seems to be 

seen as some kind of benchmark in the field of renewable energy schemes, since it is often 

the country studied, or its schemes are being compared with those of other countries. Butler 

and Neuhoff (2008) explore the renewable energy promoting policies in the UK and 

Germany concluding, that the German support scheme resulted in greater competition 

alongside more deployment, but also cheaper prices paid per wind energy delivered. 

However, not all the research finds the German model as good. Frondel et al. (2010) 

critically review the Renewable Energy Sources Act of Germany and argue, that the 

German feed-in tariff scheme has resulted in massive expenditures that do not stimulate 

the economy, protect the environment or increase energy security.  

 

Case studies are conducted in renewable energy policy research regularly, often analyzing 

the renewable energy policies and support systems of a certain country. For instance, 

Gnatowska & Moryn-Kucharczyk (2019) review the current status of renewable energy 

policy in Poland, focusing especially on wind energy and presenting investment analysis 

under the policy; Gungah et al. (2019) address the policy design of Nigeria and propose 

measures for improvement; Komiyama & Fujii (2017) consider the renewable energy policy 

in Japan in relation to an optimal power generation mix after the Fukushima nuclear 

accident; Stokes & Breetz (2018) investigate the politics of US renewable energy policy 

through case studies for different technologies. Other country-specific studies have been 

conducted by e.g. Caralis et al. (2016), Gawel & Purkus (2013) and Martin & Rice (2013). 

Some articles utilize case studies in the analysis of more universal topics, e.g. Grashof 

(2019) uses Germany as a case study for identification of effects on community wind project 

investment incentives arising from the shift towards auctioning mechanisms; Kylili & 

Fokaides (2015) review competitive auction mechanisms also through case studies of 

various countries focusing on the auction process in Cyprus; Kitzing et al. (2017) develop a 
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real options model for quantitative policy analysis and conduct a case study for offshore 

wind in the Baltic Sea.  

 

As renewable energy still requires policy support for an increase in deployment, a 

comparison of different support mechanisms remains a constant interest amongst decision-

makers and researchers. The analysis of benefits and drawbacks between various methods 

of support is thus well represented in academic literature. Some papers consider the 

viewpoint of an investor and focus on the return of investments, as e.g. Falconett & 

Nagasaka (2010) have done. They utilize Monte Carlo simulation for the assessment of the 

financial return of renewable energy projects under governmental grants, feed-in tariffs, and 

renewable energy certificates. The results of their simulation present feed-in tariff as the 

best method for increasing the profitability of wind energy and solar PV projects, whereas 

the certificate scheme promotes best the most competitive technology, hydropower. Other 

examples of comparative papers focusing on investors’ viewpoint include Koo (2017), 

conducting comparative investment analysis for projects in Korea under feed-in tariff and 

clean development mechanism and Boomsma et al. (2012) analyzing investment timing 

and capacity choice under feed-in tariff and renewable energy certificate trading instead.   

 

In a comparison of support systems, research is done also from the perspective of 

government and society, to minimize support amounts and maximize installed capacity. 

Andersen & Østergaard (2018) focus on analyzing the costs and resulting capacities of a 

premium scheme and a fixed feed-in tariff scheme in flexible district energy plants 

combining heat and power. Similarly, García-Alvarez et al. (2017) have addressed capacity 

resulting from feed-in tariff and renewable portfolio standard policies in the EU-28. They 

provide insight for policy-makers through an empirical evaluation from the period 2000 to 

2014 for onshore wind power under the two different support schemes. The main findings 

in the evaluation support feed-in tariff policies, since they are found to promote the installed 

capacity of onshore wind more than renewable portfolio standard policies do. The key 

elements in the feed-in tariff are contract duration and tariff price, which have significant 

impacts on the development, unlike the elements of renewable portfolio standard. 

Certificate prices, award rate and validity of renewable portfolio standards are seen not to 

provide enough confidence for investors in their expected future income to promote the 

development of onshore wind.  

 

In addition to comparing policies from an investor or society viewpoint, comparative 

research can be divided between papers comparing two different policies in the same 
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country or area (Haas et al. 2011; Xydis & Vlachakis 2019; García-Alvarez et al. 2017; Choi 

et al. 2018; Andersen & Østergaard 2018) and papers comparing the policies of different 

countries (e.g. Bayer et al. 2018; Schmidt & Sewerin 2019). An example of comparing 

policies inside a country is a study by Xydis and Vlachakis (2019). They research renewable 

energy support scheme in Greece through a scenario approach. In their article, they 

compare the feed-in premium and multiple revenue stream tactic through financial analysis 

using net present value and complete payback period. Bayer et al. (2018) focus on tender 

procedures for wind power and photovoltaics and compare results in Brazil, France, Italy 

and South-Africa based on data, literature review and interviews.  

 

In pursue of finding the best method for supporting renewable energy, the effectiveness of 

policies is of crucial matter for researchers. Dijkgraaf, Dorp & Maasland (2018) employ 

panel data estimations from 30 OECD countries to empirically test if feed-in tariff policies 

have been effective considering the development of photovoltaic (PV) solar and find that 

FiT affects positively countries’ added yearly capacity of PV per capita. Finjord, Hagspiel, 

Lavrutich & Tangen (2018) in turn investigate the effectiveness and impact of a green 

certificate support scheme and its conditions to the value of projects in their case study, 

concentrating on the investor’s perspective in Norway and Sweden. Much of the available 

literature recognizes price-based support mechanisms as the most effective ones to 

advance renewable energy promotion (e.g. García-Alvarez et al. 2017; Butler & Neuhoff 

2008; Haas et al. 2011; Polzin et al. 2015). This view is supported by Schallenberg-

Rodriguez (2017) who demonstrates that countries implementing feed-in tariff-based 

support mechanisms have displayed higher effectiveness and deployment than countries 

implementing quota-based support, especially in the case of less-developed technologies. 

In their study from 2018 considering solar photovoltaics, Dijkgraaf et al. even present that 

“the effect of a well- designed FIT is much larger than the average effect of the currently 

applied FITs”.  

 

Impacts of renewable energy policies are a topic of research also from various other 

perspectives than the deployment of renewable energy. For instance, Levin, Kwon & 

Botterud (2019) analyze both market and investor impacts of support schemes, finding 

carbon taxes more efficient for reducing emissions, investment tax credits more efficient in 

increasing investments in renewables and a possible need for revenue sufficiency 

mechanism in addition to incentive mechanisms that reduce electricity prices. Another view 

on the impacts of renewable energy policies is that of electricity prices. The effect of 



 
 

24 

promotion costs of renewable energy on electricity retail prices is statistically significantly 

positive, though relatively small, according to Trujillo-Baute, del Río & Mir-Artigues (2018).  

 

 

2.2 The profitability of projects under renewable energy policies 

 

Despite the policy-makers often being in the center of renewable energy policy research, 

investors’ viewpoint has also been considered as noted in the previous chapter. For the 

purposes of this study, the financial return and profitability of projects are of great interest 

and thus require a more detailed review. Studies related to this topic can be grouped into 

two types: the analysis of one support scheme (e.g. Makridou et al. 2019; Milanés-Montero 

et al. 2018; Gnatowska and Moryń-Kucharczyk 2019; Sung et al. 2019) and the differences 

between different subsidies (Jaraitė & Kažukauskas 2013, Zhang et al. 2015; De Boeck et 

al. 2016). In addition to using traditional methods for investment analysis, such as net 

present value, real options models are also being utilized by researchers (e.g. Monjas-

Barroso & Balibrea-Iniesta 2013; Kitzing et al. 2017; Kozlova et al. 2019).  

 

In general, subsidies are seen to enhance the financial performance of companies. For 

instance, Milanés-Montero et al. (2018) show that feed-in tariff schemes have had a positive 

influence on the profitability of European photovoltaic companies. They used a static linear 

panel data model in their analysis for the period 2008-2012, return on investment being the 

indicator of profitability in the model. In an analysis of Polish policy, Gnatowska and Moryń-

Kucharczyk (2019) address the profitability of wind farm investments using net present 

value and calculating it for four different cases based on financing conditions and selling 

price formed by markets or an auction system. As expected, projects under the subsidy 

scheme were more profitable than projects under competitive market circumstances. A 

similar econometric approach was applied by Sung et al. (2019) analyzing the performance 

of Korean renewable energy technology firms. Their findings suggest that government 

subsidies have a positive impact on companies’ financial performance in the long run, 

supporting the previous comprehension.  

 

Even though subsidized projects are more profitable than non-subsidized, research also 

shows evidence of subsidies resulting in projects that are not profitable at all. For example, 

Walters and Walsh (2011) examine the financial performance of decentralized small wind-

energy installations in the UK and conclude that the small wind turbines in urban areas were 

not profitable. They compare project performance with and without feed-in tariff and note, 
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that the best cases (with subsidy) come close to a positive NPV even though not quite 

reaching it. The authors also make an important assumption, that technological 

development is likely to decrease manufacturing costs in the future and thus convert the 

almost-profitable projects into profitable. Caralis et al. (2016) evaluate the feed-in tariff 

scheme of Greece by analyzing the profitability of twelve offshore wind projects using the 

Monte Carlo approach namely for internal rate of return. In Greece, the uncertainty in the 

support scheme arises from an option for a surplus up to 30 % on the basic value of the 

tariff, which provided the upper and lower limits of subsidy for Monte Carlo simulation. The 

analysis found multiple projects with very low probability to exceed IRR of even 10 % when 

the authors defined a limit for profitability to be 12 % and 16 % denoting an attractive return. 

Furthermore, a need for guaranteed price support for offshore wind is highlighted in the 

paper, however, a common feed-in tariff is seen ineffective.  

 

Another topic of discussion that Caralis et al. (2016) also touch, is whether support should 

be designed to make only the best projects profitable with a minimum amount of support or 

should less-efficient projects be supported as well. They propose three groups of different 

priorities for offshore wind, the first group needing the smallest subsidy amount and last the 

highest subsidy, due to a complex seabed of the Mediterranean Sea, that results in high 

variations of wind potential and investment costs, creating a need for multiple feed-in tariff 

options for sub-regions. As the above paper showcases, in the case of wind energy, 

conditions and potential varies across locations and at a certain point when all the best 

locations are employed, the subsidy may need an increase if additional wind sources are 

wanted. Likewise, Ertürk (2012) demonstrates the situation in Turkey, where onshore wind 

projects having wind speed of 7,5 m/s or higher are feasible and attractive under the policy 

structure, but if there is a need for more wind sources to be utilized, the feed-in tariff should 

be raised to make sites with a wind speed of 7 m/s economical as well.  

 

Firm-level studies include also a paper by Zhang et al. (2015) investigating the relationship 

between different types of subsidies and financial performance of wind and solar energy 

companies in Shanghai and Shenzhen stock markets. A similar method of panel data 

analysis has been adopted by Jaraitė and Kažukauskas (2013), who conduct econometric 

analysis on EU-24 countries, concentrating on tradable green certificates and feed-in tariff 

schemes. Their results implicate that electricity generating companies, operating under a 

tradable green certificate scheme, were more profitable than companies under feed-in tariff 

during 2002-2010. They thus overrule the idea of green certificates being more market-

oriented, creating more competitive markets and thus generating the least excess profits. 
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Conversely, Falconett and Nagasaka (2010) reported a feed-in tariff as the best way to 

increase the profitability of wind energy and solar PV projects and green certificate 

mechanism to favor only hydropower, which is the most competitive of the three. 

Furthermore, they also considered governmental grants and carbon credits in the analysis, 

concluding that they are secondary support mechanisms in comparison with feed-in tariffs 

and green certificates.  

 

 

2.3 Research on Finnish renewable energy policy 

 

Academic publications on renewable energy policy of Finland remain scarce despite 

successful policy being of high importance in ever-increasing need of reducing carbon 

emissions. Finland is often considered as part of research covering the European Union 

(e.g. Haas et al. 2011; Papież et al. 2019), however remaining in small role countries such 

as Germany and Denmark being in the center of interest. Furthermore, the most common 

single source of renewable energy addressed in the literature is bioenergy (Ericsson et al. 

2004; Kivimaa & Mickwitz 2011; Lindstad et al. 2015), which has been the prevailing source 

of renewable energy in Finland. Topics covered in the Finnish renewable energy policy 

research include e.g. impact of energy policy related to energy dependency (Aslani et al. 

2014), energy-related taxation as a policy tool (Vehmas 2005) and challenges in balancing 

supply and consumption resulting from energy policy (Panula-Ontto et al. 2018).  

 

The literature on Finnish renewable energy policy remains mostly qualitative, basing the 

analysis on literature reviews or interviews. (Varho 2006; Valkila & Saari 2010; Ratinen & 

Lund 2015; Dahal et al. 2018;) Support policy for wind power in Finland has been 

qualitatively examined e.g. by Varho already in 2006. Her analysis is based on 25 interviews 

with key actors on the energy sector, examining the criteria and preferred schemes the 

interviewees stated. A stable and predictable system was found beneficial for investors to 

estimate the future’s investment environment better. The paper recognizes many criteria 

that are used when defining an optimal support system, but the views and opinions varied 

very much even inside similar organizational groups. A similar inconsistency is found in a 

later study of Valkila and Saari (2013), who have a broader scope in their paper, examining 

the overall energy policy of Finland through an interview survey of energy sector experts. 

Their findings indicate a fragmented and inconsistent policy since interviewees had quite 

different opinions on the state of the policy and not many found it positive.   
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The two most relevant papers for this study both consider the feed-in tariff scheme. The 

more recent paper of Heiskanen et al. (2017) focuses on investments into renewable energy 

in Finland from 2009 to 2013 in response to new policy measures. They prove that the feed-

in tariff scheme that was implemented in 2011 was able to encourage funding for wind 

power and biogas despite the financial downturn but criticize the scheme about overlooking 

investor categories of small-scale investments. Based on their findings, they suggest that 

policies should consider both mature and novel technologies, and investors other than 

market-driven as well. A diverse policy mix is required to attract different sectors to invest 

in renewable energy and broaden the investor base. Monjas-Barroso and Balibrea-Iniesta 

(2013) in turn conduct numerical analysis of the feed-in tariff scheme of Finland by 

comparing it with public support of Denmark and Portugal considering wind power. The 

authors apply real options into the analysis, finding very different values for them depending 

on the country, and conclude that Finland has the strongest support of the three countries, 

when including real options.  
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3 FINNISH RENEWABLE ENERGY POLICY  

 

One of the strategic themes in the Program of Prime Minister Sanna Marin’s Government 

is “Carbon neutral Finland that protects biodiversity” (Ministry of Economic Affairs and 

Employment of Finland 2019). Three objectives are included under the theme of carbon 

neutrality in the program:  

1. Finland will achieve carbon neutrality by 2035 

2. Finland aims to be the world’s first fossil-free welfare society 

3. Finland will strengthen carbon sinks and stocks in the short and long term  

 

The policy measures related to the objectives will be decided and implemented during the 

current government term 2019-2023. In February 2020 the Government held a climate 

meeting to form a roadmap to reach the carbon neutrality goals. The biggest themes from 

this meeting were the creation of climate fund, decreasing electricity taxation of the 

manufacturing industry and the lack of increase in the taxation of peat. However, a working 

committee will be established to examine the abandonment of the use of peat. (Finnish 

Government 2020) 

 

Multiple support schemes for renewable energy exist in Finland at the moment. Namely 

state energy subsidies for renewable energy, tender based support scheme, investment 

subsidies for agriculture and infrastructure subsidy for traffic. The state energy subsidies 

can be granted for investment or research projects that promote e.g. the production or use 

of renewable energy, an example being a new technology demonstration project (Ministry 

of Economic Affairs and Employment of Finland 2020). The infrastructure subsidy for traffic 

is meant for investments into charging grids of electric vehicles and gas refueling and it is 

granted through an auctioning system (Finnish Energy Authority 2020b). Investments in 

renewable energy are supported also through investment subsidies for agriculture. A 

subsidy can be granted for the construction of a heating center utilizing renewable 

resources or a biogas plant that is at least partly used for the production of farms (Motiva 

2019). The two major support schemes, feed-in tariff system and tendering based premium 

system, will be explained more thoroughly in the next sub-sections. 
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3.1 Tendering based premium system 

 

In 2015, the Ministry of Economic Affairs and Employment organized a working committee 

to develop the system for support of renewable energy in Finland. The committee aimed to 

analyze, whether an investment grant, production subsidy or green certificate would best 

fill the goals set for the new system and to consider tendering as a part of the new system. 

The committee consisted of 18 professionals, in addition to which they interviewed other 

professionals of the relevant fields as well. In their final report, the committee presents its 

observations about central themes around renewable energy support policy and makes 

concluding remarks about the possible choices for a new scheme. They state, that a 

tendering-based production subsidy would be a cost-efficient way to ensure an increase in 

renewable electricity and it would be possible to carry out in multiple ways as well as make 

modifications later on based on experiences. Other positive aspects they mention, are the 

possibility to create a flexible system that can answer to the increase in demand of energy 

quickly. (Working committee of development of the renewable energy support system 2016)  

 

As the working committee suggested, tendering-based subsidy was chosen to replace the 

old feed-in tariff scheme. As the feed-in tariff support scheme, the new tendering scheme 

is a production subsidy, meaning that the subsidy is provided based on the production of 

power plants in the system. Kimmo Tiilikainen, erstwhile Ministry of the Environment, 

Energy and Housing commented on the on-coming auction, that it is probably the most 

technology-neutral auction in the world, where subsidy will be paid only to the most cost-

efficient and competitive investments. According to Tiilikainen, the aim was to observe, how 

different production types of electricity perform when placed in the same situation. (Ministry 

of Economic Affairs and Employment 2018) 

 

The Energy Authority organized a technology-neutral auction for the operating aid of 

renewable energy in the fall of 2018. The auction was open for projects generating electricity 

from wind, solar and wave power, and from biomass and biogas, however, all submitted 

tenders were wind power production. Overall 26 tenders were submitted, seven of which 

were accepted and 19 were turned down. The maximum combined annual electricity 

generation for tenders in the auction was 1,4 TWh and the combined annual production of 

the projects accepted was 1,36 TWh. (Finnish Energy Authority 2019) 

 

The accepted projects are described in Table 4. Data for the table is collected from the 

acceptance decisions publicly available in the Finnish Energy Authority website. Premium, 
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offered yearly production, nominal capacity and the number of generators are retrieved as 

such and the stated beginning date of first tariff period is used as an indicator for the start 

of operation. The reason for ranges in nominal capacity but exact values in yearly 

production stems from the requirements of the tendering competition in the Act on 

Production Subsidy for Electricity Produced from Renewable Energy Sources (1396/2010). 

Each project is required to state in their tender the premium and the amount of electricity 

they are prepared to produce with that specified premium per year. If the project is accepted, 

it must produce on average at least 75 % of the offered yearly amount during first four years 

of production (first subsidy period) and at least 80 % after that. In case the production does 

not reach 75 % of offered yearly production, underproduction reimbursement must be paid. 

The calculations are made for 4-year subsidy periods, so that the production may vary from 

year to year as long as on average the limit is met in the four years. Thus, it is likely that the 

plants will in practice produce somewhat more electricity than the stated yearly production, 

since they would have avoided estimating yearly production too high in fear of 

underproduction reimbursements.  

 

As can be seen from Table 4, the lowest bid was 1,27 €/MWh and the highest (that was 

accepted) 3,97 €/MWh. The weighted average (based on the annual offered production) 

price of the accepted bids was 2,58 €/MWh. Since the projects were accepted in order of 

cost competitiveness, it is natural that the bids of the rejected projects were substantially 

higher. The average bid price of the declined projects was 8,52 €/MWh (Finnish Energy 

Authority 2019) and the highest premium of all tenders was 23,00 €/MWh (Magnusson 

2019). The auction was held as a closed, one-round bidding competition and the projects 

accepted will receive the premium according to their tender as in a pay-as-bid auction 

(Finnish Energy Authority 2018). The closed auction explains the variation in premiums 

along with different operational environments across regions making some locations more 

profitable than others. The goal of the auction was to set the premiums on a level to enable 

profitable investments without providing exceptionally high return on investment. It was 

presumed that electricity producers have the best knowledge about production costs and 

thus this kind of auction would set the premium at an optimal level. However, for instance 

Puhuri Oy states on their website considering the Hankilanneva wind power plant, that “the 

‘tariff’ received from auction will have only a risk-reducing effect, the “tariff” did not affect 

the projects profitability calculations” and the same goes to their other plant, Parhalahti 

(Puhuri Oy 2019a; Puhuri Oy 2019b). This would indicate that their plants are profitable 

without the subsidy as well and the subsidy is unnecessary for them.  
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Table 4. Power plants accepted to the premium system by technology-neutral tendering in 2019 (Finnish Energy Authority 2020a)  

The producer of 

electricity 

Power plant Type 

of 

plant 

Region Premium 

(€/MWh) 

Start of 

operation 

Yearly 

production 

(Mwh) 

Nominal 

capacity 

(MVA) 

Number of 

generators 

Tuuliwatti Oy Tuuliwatti Simo 

Leipiö III 

Wind Lapland 2,94 4/2022 370 000 100-130 27 

CPC Finland Oy Lakiakangas 3 Wind Ostrobothnia 1,89 4/2022 215 000 65-165 15-23 

Kalax Vindkraft 

Ab/Oy 

Kalax Wind Ostrobothnia 2,87 4/2022 320 000 80-126 17-21 

Kestilän Kokkonevan 

Tuulivoima Oy 

Kestilän Kokkonevan 

Tuulivoima 

Wind Northern Ostrobothnia 1,27 1/2022 120 365 32,9 7 

Puhuri Oy Hankilanneva Wind Northern Ostrobothnia 2,62 10/2021 107 000 25,2-

39,9 

6-7 

Puhuri Oy Parhalahti Wind Northern Ostrobothnia 1,89 4/2021 158 000 42-57 8-10 

Tuulipuisto Oy 

Hirvineva 

Hirvineva-Liminka Wind Northern Ostrobothnia 3,97 10/2020 70 500 22 4 
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All the projects participating in the auction must submit their tenders to the Energy Authority 

including a premium and the annual production of electricity they are offering. The first tariff 

period must also be clarified in the tender, which can begin at the furthest in three years. 

The projects are accepted in the order of lowest premiums until the yearly production is 

fulfilled. All the accepted tenders must have premium under a set limit price and the 

combined yearly production of all tenders must be at least 20 percent more than the 

maximum amount of production up for auction. The accepted projects can receive support 

for 12 years. (1396/2010)  

 

The amount of support each project receives is dependent on the premium of their accepted 

offer. The subsidy is paid based on the amount of produced energy during one tariff period, 

the premium and reference price of 30 €/MWh. As long as the market price of electricity 

remains under the reference price, the premium is paid for the project in full amount. When 

market price rises above the reference price, the paid subsidy equals the premium reduced 

by the difference of market price and reference price as long as the market price is smaller 

than the sum of reference price and premium. (1396/2010) 

 

For example, the premium of power plant Tuulipuisto Oy Hirvineva is 3,97 €/MWh and they 

will receive subsidy in the following way:  

 

Market price under 30 €/MWh:     subsidy = 3,97 €/MWh 

Market price 30-33,97 €/MWh:     subsidy = premium – (market price–reference price) 

e.g. 31 €/MWh:          subsidy = 3,97€/MWh – (31€/MWh - 30€/MWh) = 2,97 €/MWh 

 

Market price over 33,97 €/MWh:   subsidy = 0 €/MWh 

 

The price formation under premium scheme is illustrated in Figure 3 with the average 

premium from the tendering, 2,58 €/MWh. Reference price 30 €/MWh and average market 

price 44 €/MWh in 2019 represented by the red and green horizontal lines provide 

understanding of the conditions under which the premium is paid. Case A depicts a situation 

where market price equals the reference price plus the premium (32,58 €/MWh), meaning 

that no premium is paid. This is the lowest market price, at which is no premium is paid. In 

case B premium is paid, but only partly, since the market price is between reference price 

and the sum of reference price and premium. In this case the market price is 31,29 €/MWh, 

in the middle of the two, thus the premium paid is half of the total premium, resulting in total 

revenue of 32,58 €/MWh. Third case has a market price that equals the reference price, 30 
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€/MWh, resulting in full premium paid and total revenue of 32,58 €/MWh. Thus, in cases A, 

B and C, the total revenue received per MWh remains the same. In case D, market price is 

considerably lower, only 15 €/MWh. In this case, the premium is paid in full and the total 

revenue received thus equals 15 + 2,58 = 17,58 €/MWh.  

  

 

Figure 3. Formation of total revenue under premium scheme with different market prices 

 

It is evident that the market price of electricity has a great impact on the revenue power 

plants receive, since the premiums are only a few euros per MWh. The daily Elspot prices 

in Finland in 2019 are presented in Figure 4 below. The average daily price was 44,04 

€/MWh and the highest was as high as 89,75 €/MWh. In altogether 331 days the Elspot 

price remained equal or over the reference price 30 €/MWh. In the first quarter of 2020, 

however, daily Elspot has been equal to or over 30 €/MWh only 22 days of 92. (Nord Pool 

2020d) 
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Figure 4. Nord Pool daily Elspot prices in Finland 2019 (Nord Pool) 

 

3.2 Feed-in tariff subsidy system 

 

Before the new law about production subsidy for electricity produced with renewable energy 

came to force in 2018, the main support scheme for renewable energy was a feed-in tariff 

(FiT) production subsidy system. As a matter of fact, the level of subsidy is determined by 

a sliding premium despite the feed-in tariff name. The system is managed by the Energy 

Authority, and the plants accepted into the system will receive support for the electricity they 

produce for a maximum of 12 years. (Government Proposal 175/2017)  

 

According to the Act on Production Subsidy for Electricity Produced from Renewable 

Energy Sources (1396/2010), the FiT system accepts power plants fueled with wind, biogas, 

forest chips or wood-based fuels meeting preconditions. This means that solar PV plants or 

hydropower could not receive support through this system. The FiT system was closed for 

new wind power plants 1st November 2017 and for new biogas and wood-based fuel plants 

1st January 2019, whereas forest chip plants can be accepted into the system until 1st 

February 2021 (Finnish Energy Authority 2020c). Since the accepted projects will receive 

support for 12 years, the FiT system will continue to be in operation until the 2030s despite 

not accepting new projects.  
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Power plants generating electricity using wind, biogas or wood-based fuel are required to 

be new, and not to have received state subsidy in order to be accepted into the FiT system. 

Biogas and wood-based fuel plants also have to produce heat for utilization to meet the 

preconditions. These preconditions do not concern forest chip fueled plants. There are also 

minimum requirements for the nominal capacity of plants, 500 kVA for wind plants and 100 

kVA for others. After being accepted into the system, the tariff (de facto sliding premium) 

will be paid for the amount of electricity produced during three months (tariff period). The 

target price for electricity produced in wind, biogas or wood-based fuel plant is 83,50 

€/MWH. For forest chips, this target price differs and is based on forest chips remaining 

competitive against peat as a source in combined electricity and heat production. Taxation 

of peat and the price of emissions allowance for peat are two of the factors affecting the 

subsidy amount for forest chips. (1396/2010) 

 

The overall revenue power plants receive is constituted by the subsidy and market electricity 

price, thus functioning as a sliding premium despite the misleading feed-in tariff name. The 

basic subsidies paid for each type of power plant and possible additional subsidies are 

presented in Table 5. For wind power, biogas and wood-based fuel plants, the amount of 

subsidy paid equals the target price minus the three-month average electricity market price. 

However, if the market price of electricity falls below 30 €/MWh, the plants will be paid the 

target price minus 30 €. Thus, the actual subsidy they receive on top of the market price is 

53,50 €/MWh at maximum. The formula in mathematical form is as follows: 

 

𝐹𝑖𝑇 = 83,50 € − 𝑡ℎ𝑒 𝑡ℎ𝑟𝑒𝑒−𝑚𝑜𝑛𝑡ℎ 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒  

 

At the beginning of the FiT support scheme, wind power was granted a higher subsidy until 

the end of 2015. This additional subsidy was executed through a higher target price of 

105,30 €/MWh, meaning the amount of subsidy on top of market price of electricity would 

be at maximum 75,30 €. Wind power plants could get this additional subsidy for a maximum 

of three years after which the target price decreased back to 83,50 €/MWh. For wood-based 

fuel and biogas plants there is no time attribute to the additional subsidy, which is a heat 

premium for both. As mentioned above, the calculation of subsidy for forest chip plants 

depends on more variables than that of other plant types. The calculation of both basic FiT 

and additional subsidy is explained in Table 5.  
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Table 5. Tariffs and additional subsidies of the feed-in tariff system (1396/2010; SATU 2020; 1397/2010) 

Type of 

power plant 

Calculation of FiT Basic subsidy Additional subsidy The precondition for 

additional subsidy 

Wind 

FiT = difference 

between the target 

price and market 

price of electricity 

83,50 €/MWh – 

market price of 

electricity 

(minimum of 30 

€/MWh) 

105,30 €/MWh – 

market price of 

electricity 

(minimum of 30 

€/MWh) 

Paid until the end of 

2015 for a maximum 

of three years 

Wood-based 

FiT = difference 

between the target 

price and market 

price of electricity 

83,50 €/MWh – 

market price of 

electricity 

(minimum of 30 

€/MWh) 

20 €/MWh heat 

premium 

Production of heat 

for utilization in 

addition to electricity 

Biogas 

FiT = difference 

between the target 

price and market 

price of electricity 

83,50 €/MWh – 

market price of 

electricity 

(minimum of 30 

€/MWh) 

50 €/MWh heat 

premium 

Production of heat 

for utilization in 

addition to electricity 

Forest chips 

Emission allowance 

price over 10€:  

35,65 € – 1,827 €  x 

tax of peat - 1,359 € x 

three-month 

emission allowance 

price 

 

Emission allowance 

price under 10€: 

22,06 € – 1,827 € x 

tax of peat 

1 – 18 €/MWh 

(subsidy is not 

paid at all if FiT is 

under 1 €) 

Basic FiT is paid: 

Gasifier premium = 

1,824 € x tax of 

peat – 3,466 € 

 

Basic FiT is not 

paid: 

Gasifier premium = 

32,184 € – 1,358 € 

x three-month 

emission allowance 

price 

Paid for the amount 

of electricity 

produced in 

pulverized fuel boiler 

with forest chips that 

have first been 

gasified in a gasifier  

 

 

The basic subsidy for wind power is further explained below in Figure 5, visualizing the 

formation of total revenue per MWh with four different electricity market prices. Case A is a 

situation, where electricity market price equals the target price of 83,5 €/MWh and thus no 
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FiT is paid on top of market price. Case B represents a situation, where the market price is 

halfway between the minimum and target prices at 56,75 €/MWh. As can be seen in case 

B, the FiT equals the gap between the market price and target price, ensuring total revenue 

to be 83,5 €/MWh. Case B represents the lowest market price, at which the revenue is still 

83,5 €/MWh, since 30 €/MWh is the minimum price defined in the FiT scheme. Case D 

illustrates the effect of market price falling under 30 €/MWh (here 15 €/MWh), in which case 

the FiT no longer fills the total difference to the target price, but only the defined maximum 

of 53,50 €/MWh and the total revenue remains at 68,50 €/MWh. To reflect the price 

formation under FiT to current electricity market price, average market price in 2019, 44 

€/MWh, is added to the figure.  

 

Figure 5. Formation of total revenue under FiT with different electricity market prices 

 

 

Since the deployment of the FiT scheme, a total of 185 power plants have been accepted 

into the system and 183 of these have received subsidy payments according to the publicly 

available data from the electronic system of the feed-in tariff (SATU 2020). Table 6 below 

provides an overview of the plants accepted into the system by the year of acceptance and 

clearly shows, how wind power is prevailing in terms of the number of plants. However, with 

combined capacity, forest chips are the prevailing type of energy source. Even though the 

feed-in tariff scheme closed for wind power plants in 2017, there is one plant accepted into 

the system after that due to a delay between application and acceptance.  
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Table 6. Power plants accepted to the feed-in tariff system (SATU 2020) 

Type of 

power plant 

Combined 

capacity (kVA) 

Number of plants accepted to the system by year 

Total 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

20
17

 

20
18

 

20
19

 

Wind 2 310 221,55 124 5 10 18 20 21 29 20 1  

Wood-based 875 1    1      

Biogas 10 324,00 4  1  1 1 1    

Forest chips 4 198 107,00 55 40 8 2 3   1  1 
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4 COMPARING PROFITABILITY OF PROJECTS 

 

This section describes the investment profitability analysis conducted for the empirical 

examination of Finnish renewable energy support. Furthermore, presentation of the data, 

methodology and modelling assumptions used in this thesis is done. The empirical part of 

the study concentrates on the analysis of the profitability of renewable energy investments 

under Finnish renewable energy policy schemes, namely feed-in tariff and tendering 

procedure for a premium. This is done by estimating profitability of a stylized investment 

project. A proxy for that was estimated as an average of the new wind power investments 

in Finland based on data from previous projects and reports. The aim is not to provide 

precise predictions, but an overall estimation of the profitability.  

 

Profitability analysis is a crucial part of investment planning, and the subject has gained 

broad attention in the academic literature. Especially surveys of corporate finance experts 

about capital budgeting practices have been conducted regularly (Burns & Walker 2009). 

Remer and Nieto (1995) present 25 different methods and techniques for the economic 

evaluation of projects and categorize them into net present value methods, rate of return 

methods, ratio methods, payback methods, and accounting methods. They also compare 

these methods using all of them in the assessment of two projects. The study states, that 

most of the methods, e.g. net present value (NPV) and internal rate of return (IRR) provide 

“independent results which do not usually need other methods to verify their results”, 

however, it still is advisable to utilize multiple techniques when evaluating a project. Ryan 

and Ryan (2002) analyzed the state of capital budgeting methods through a survey to senior 

financial managers of the Fortune 1000 companies and concluded that discounted methods 

are generally preferred over non-discounted methods. Furthermore, the survey revealed, 

that net present value is the most common tool for capital budgeting, internal rate of return 

following closely after it.  

 

Evidently the most popular evaluation methods, NPV and IRR, are the methods used in this 

study as well. The comprehensive research of these methods provides a solid background 

and understanding of them and thus makes them also practical due to their high 

conspicuousness. This analysis is then advanced by using complementary methods of 

sensitivity analysis, Monte Carlo simulation and simulation decomposition which are all 

based on the initial NPV calculations.  

 

 



 
 

40 

 

4.1 Net Present Value method 

 

The net present value method has a history of over 100 years, it is seen to have been 

formalized and popularized at the beginning of the 20th century by Irving Fisher (1907). 

Since then, the method has gained substantial importance in capital budgeting, investment 

decisions, and valuation. Due to its sound theoretical merits, NPV has been adopted by 

textbooks authors, taught at business schools and become a commonly accepted method. 

Researchers in the field of renewable energy have also utilized NPV to measure project 

profitability and compare different projects (Sakka et al. 2020; Gnatowska & Moryń-

Kucharczyk 2019, Ertürk 2012). 

 

Net present value calculation is based on an investment’s market value, its cost and the 

time value of money concept. Thus, the net present value acts as a measure of added value 

today for the investor by undertaking a certain investment. NPV is defined as the present 

value of cash flows, initially the difference between the present value of cash inflows and 

outflows. The higher the net present value, the greater the added value created for the 

investor, which makes this method suitable for comparing the profitability of different 

projects. A zero-NPV is an indication that the project is able to repay all the capital 

investments and the required interest rate, which presents opportunity costs. Negative NPV 

reflects a project that cannot generate returns that would cover the required rate of return, 

whereas positive NPV generates profits over expectations. Mathematically:  

 

𝑁𝑃𝑉 =  ∑
𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑖

(1 + 𝑟)𝑖

𝑇

𝑖=0

 

 

Where 𝑁𝑃𝑉 is the net present value, 

𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑖 is the net cash flow for period 𝑖,  

𝑟 is the discount rate, 

𝑇 is the lifetime of the investment.  

 

The estimation of NPV requires estimating the future cash flows of the project and valuating 

the discounted cash flows. The cash flows are defined in the following way using similar 

straightforward logic as e.g. Sakka et al. (2020) have utilized in their study, beginning from 

projected revenues and expenses.  
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𝐸𝐵𝐼𝑇𝐷𝐴 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝑂𝑃𝐸𝑋 

  

Where 𝐸𝐵𝐼𝑇𝐷𝐴 is earnings before interest, taxes, depreciation, and amortization, 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒 is a sum of incoming cash flows from electricity sale (and subsidy), 

𝑂𝑃𝐸𝑋 is operating expenses.  

 

𝐸𝐵𝐼𝑇 = 𝐸𝐵𝐼𝑇𝐷𝐴 − 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝐸𝑥𝑝𝑒𝑛𝑠𝑒 

 

Where 𝐸𝐵𝐼𝑇 is earnings before interest and taxes. 

 

𝑁𝑒𝑡 𝑖𝑛𝑐𝑜𝑚𝑒 = 𝐸𝐵𝐼𝑇 − 𝑡𝑎𝑥 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠 

 

 Where 𝑡𝑎𝑥 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠 are obtained by multiplying the EBIT by the tax rate.  

 

𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤 = 𝑁𝑒𝑡 𝑖𝑛𝑐𝑜𝑚𝑒 − 𝐶𝐴𝑃𝐸𝑋 + 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝐸𝑥𝑝𝑒𝑛𝑠𝑒 

 

Where 𝐶𝐴𝑃𝐸𝑋 is capital expenditures, 

𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝐸𝑥𝑝𝑒𝑛𝑠𝑒 is added because they only affect accounting calculations, not actual 

cash flows.  

 

 

4.2 Internal Rate of Return method 

 

Alongside the NPV, the internal rate of return (IRR) is another widely used metric for 

profitability analysis. It is defined as the discount rate r, for which NPV becomes zero. If IRR 

is higher than the discount rate, the project should be accepted, and if it is lower than the 

discount rate, the project should be rejected. Comparing multiple projects with internal rates 

of return higher than the discount rate, the project with the highest IRR will be executed. As 

the IRR calculation is based on NPV, the same formulas for calculating the cash flows apply. 

IRR formula can be presented mathematically in the following way: 

 

0 =  ∑
𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑖

(1 + 𝐼𝑅𝑅)𝑖

𝑇

𝑖=0
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4.3 Sensitivity analysis 

 

Sensitivity analysis is a popular tool alongside net present value and internal rate of return 

in investment analysis (Ryan & Ryan 2002). It is possible that input values incorporated in 

an investment model are not realized in the future due to various factors and thus evaluation 

of investment results in an incorrect value. If different consequences want to be accounted 

for, the effect of possible changes in the affecting variables on the results have to be 

analyzed in advance (Jovanovic 1999). An example of utilization of sensitivity analysis in 

the field of renewable energy is by Ren et al. (2009). They consider residential photovoltaic 

system and analyze the sensitivity of levelized cost and payback period to different technical 

and economic factors.  

 

Sensitivity analysis can be applied in multiple areas since the basic idea of sensitivity 

analysis is to provide information on areas where risk in estimation of variables is especially 

severe. In conducting sensitivity analysis, all other input variables except one are frozen 

and sensitivity of the output results of the model in question (e.g. NPV) to changes in the 

one input variable are examined. Sensitivity analysis is useful in detecting the variables that 

pose the greatest risk for the estimation of e.g. NPV and thus deserve the most attention. 

(Jovanovic 1999; Ross et al. 2017, 294-295)  

 

 

4.4 Considering uncertainty through Monte Carlo analysis 

 

The choice between alternative capital investment opportunities is a subject of high 

attention but also a great challenge. The difficulty in these decisions stems from the 

assumptions and their impact lying behind the projected returns on investment. Each 

assumption includes a certain degree of uncertainty and the uncertainties of multiple 

assumptions taken together may result in critical proportions of total uncertainty. Thus, it is 

highly necessary to treat this uncertainty in some way, to reduce the risk involved in 

investment decisions and maximize the value of the information for decision making. In this 

function, Monte Carlo simulation provides considerable methodological advantages over 

traditional NPV method. Monte Carlo simulation allows multiple input parameters with fuzzy 

or uncertain values, thus reflecting the uncertainty that forecasts are always exposed to. 

(Hertz 1979; Arnold & Yildiz 2015) 
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In order to treat uncertainty in investment modeling, simulation tools are extremely useful 

especially in stress-testing, to see whether losses will be covered in all situations. As Brooks 

(2014, 539) writes, the general idea behind Monte Carlo simulation is random sampling 

from a given distribution. The number of replications should be as large as feasible, to avoid 

odd combinations of random number draws. 

 

The approach to Monte Carlo simulation follows general steps as Hertz (1979) presented 

for companies to follow to conduct analysis, and Caralis et al. (2014) applied in their study.  

- Step 1: Specify the uncertain input parameters. 

- Step 2: Select a distribution to describe the value range and likelihood of occurrence 

for each uncertain input parameter.  

- Step 3: Generate the output variable by randomly selecting input values bases on 

the selected distribution for uncertain parameters.  

- Step 4: Repeat this over and over to define and evaluate the odds of occurrence of 

each possible outcome. 

 

4.4.1 Simulation decomposition 

 

To further advance the Monte Carlo approach, simulation decomposition is utilized in the 

analysis. The method follows that of Kozlova et al. (2016), basically decomposing the final 

distribution of outcomes into a number of sub-distributions. Simulation decomposition 

provides valuable insight in complex investment decisions, were multivariate uncertainty is 

present. The idea behind the method is to define sub-ranges for the most important 

variables in the model, that can be affected by the managers. Then, combinations of these 

sub-ranges are formed and recorded with the results as the simulation is run. This way a 

separate distribution for each combination individually can be formed, that together form 

the total distribution. The graph that visually separates the outcomes of different scenarios 

in the distribution enables the decision-maker to observe sensitivity of the project to the 

variables chosen at a deeper level compared to the distribution generated by the regular 

Monte Carlo simulation. (Kozlova et al. 2016) 

 

The simulation decomposition is next presented in five steps, defined by Kozlova et al. 

(2016). These steps apply in addition to regular Monte Carlo simulation, thus it is expected 

that the original simulation model has been built, that enables the execution of Monte Carlo 

simulation.  
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- Step 1: Specify the key uncertain variables and the ranges they can take. (This first 

step corresponds to the steps 1 and 2 defined previously in chapter 4.4. for 

conventional Monte Carlo simulation) 

- Step 2: Identify two or more key variables that can be affected by the project, and 

what are the states for these variables. There may be only two states, such as 

“good” and “bad”, or more.  

- Step 3: Define boundaries for the states of each variable that divide the range 

specified in step 1 between the states.  

- Step 4: Form groups of all possible combinations of the states, which will form the 

decomposed parts of the simulation.  

- Step 5: Run the simulation n times and assign the result of each round to the 

corresponding group defined in step 4 in addition to forming a distribution of all the 

results.  

 

 

4.5 Data and specification of the analysis 

 

The data for the analysis is mostly acquired from the Finnish Energy Authority’s SATU 

system that includes information about projects accepted into the feed-in tariff support 

system. The general information about the projects is publicly available, and cost-related 

information is acquired directly from the Energy Authority since they are confidential. 

Information about project costs for newer projects participating in the tendering premium 

scheme are not publicly available, thus the analysis and calculations are based on 

estimates projected from the most recent projects in the SATU system. 

 

Numerical analysis is based on average capital expenditures (Table 7) and operating costs 

(Table 8) of wind power plants accepted into the FiT scheme between 2012 and 2017. The 

reason for excluding years 2011 and 2018 from the data is the low number of accepted 

projects. The numbers from those years would have enabled individualization of projects, 

thus preventing the use of those numbers because of their confidentiality. Capital 

expenditures are the total starting investments, whereas operating costs reflect other costs, 

that the projects report as a total for the 12 years under the support scheme. Thus, the 

yearly operating costs in the analysis remain the same throughout the whole lifetime since 

more precise data is not available.  
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Table 7. Capital expenditures of wind power installations accepted into the FiT system 2012-2017 (acquired 
from Finnish Energy Authority, supplemented with data for 2013 and 2014 from Hokka 2017) 

Capital expenditures €/W 

Year of acceptance Average Minimum Maximum 

2012 1,56 1,48 1,79 

2013 1,54 1,2 1,95 

2014 1,58 1,24 2,05 

2015 1,68 1,4 2 

2016 1,64 1,17 2,14 

2017 1,83 1,23 2,41 

 

 

Table 8. Operating costs of wind power installations accepted into the FiT system 2012 – 2017 (acquired from 
Finnish Energy Authority) 

Operating costs €/W/a 

Year of acceptance Average Minimum Maximum 

2012 0,058 0,023 0,08 

2015 0,054 0,039 0,078 

2016 0,06 0,037 0,086 

2017 0,061 0,029 0,085 

 

 

4.5.1 Assumptions for NPV and IRR calculations 

 

The average lifespan of wind power plants is 20-25 years. For instance, Gnatowska & 

Moryn-Kucharczyk (2019) refer to a lifetime of 25 years in their economic analysis of wind 

power investments in Poland. That is also the lifespan used in this study. As for the size of 

the plant, the calculations are made for a project with 30 MW nominal capacity. As indicated 

by data from the Energy Authority, the size of individual projects has increased through the 

years from under 20 MW plants to some new ones being even over 100 MW, thus there is 

great variation in the size of the projects. In the feed-in tariff calculations, the basic subsidy 

is complemented with the additional subsidy until 2015. The premium used in the 

calculations is the weighted average of winning bids from the technology-neutral auction in 

2018.  

 

Capacity factor used in the analysis is defined to be 30 % for the base case in 2012 and 35 

% in 2017. Estimation of capacity factor is based on calculation of VTT that use data from 

wind power plants in the FiT system in 2018 (VTT Technical Research Centre of Finland 
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2019). The average capacity factor in 2018 was 32,3 % whereas some plants reached 

capacity factors of over 40 % and some remain as low as 15 %. According to the statistics 

of VTT (2019), the capacity factor of newer installations is higher than the old ones. Another 

possible reason behind the variation in capacity factors is the circumstances being highly 

location-dependent, thus some location having higher average wind speeds than others. 

The development of capacity factor is visible in Figure 6 below, describing the capacity 

factor in 2018 according to the year the installation was added to the FiT system. 

Furthermore, the wind power plant projects currently on production have computational 

capacity factors of even 45 % and it is believed that also the average capacity factor of 

installations to be built in the near future will rise above 40 % (Finnish Wind Power 

Association 2019).  

 

 

 

 

 

 

 

 

 

 

 

 

 

For the discount rate in the analysis, weighted average cost of capital (WACC) is used. In 

essence, the WACC represents the minimum return needed to earn in order to satisfy all 

investors, e.g. stockholders and bondholders (Ross et al. 2017, 388).  There is no data 

available about the WACC of individual projects, thus the discount rate used in profitability 

analysis is acquired from literature. Diacore (2016) final report of the impact of risks in 

renewable investments and the role of smart policies defines WACC rates for wind power 

projects in EU countries based on expert interviews. For Finland, interviews were provided 

by GreenStream Network and Finnvera and WACC was defined at 6-7 %. This estimation 

was based on debt/equity ratio of 70/30 to 80/20, cost of equity of 12-15 % and cost of debt 

of 3-5 %. Based on the report, WACC for this study is defined to be 6,5 % and due to its 

high effect on results of NPV calculations, sensitivity analysis is conducted to reflect the 

Figure 6. Average capacity factor in 2018 vs. the start year of the installation (VTT 2019) 
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outcome with different discount rates. To reflect the effect of inflation in the calculations, 

OPEX is adjusted to nominal terms using consumer price index of Finland, historical data 

obtained from Statistics Finland database (Statistics Finland 2020b). Consumer price index 

as well as electricity prices are projected from 2020 till 2046 using linear regression (Table 

9). Historical electricity prices used are average day-ahead (Elspot) market prices in 

Finland, derived from Nord Pool’s Historical Market Data (Nord Pool 2020d).  

 

Table 9. Regression results for projected variables 

Variable Sample data Frequency Intercept Coefficient R2 

Consumer Price 

Index 

2005-2019 yearly 100,1964 1,6854 0,9421 

Electricity Price 2000-2019 yearly 28,0336 0,8124 0,1303 

 

Although electricity price regression has low R-squared value, results for both variables are 

accepted, since a precise forecasting is not the goal of this study but to estimate profitability 

of projects. Furthermore, variability and uncertainty of these parameters will be somewhat 

accounted for by using sensitivity analysis and Monte Carlo simulation in the empirical 

examination. The graphical presentation of historical data with the projected values of both 

consumer price index and electricity price can be found in Appendix 1. The estimated values 

of all the parameters utilized in the numerical example are summarized in Table 10. The 

table also includes description of the origins of the estimations. 

 

Table 10. Summary of input parameters for the numerical case study 

Variable Estimated value Source of estimation 

Nominal capacity  30 MW Defined using data from Finnish onshore plants 

Lifetime of the plant 25 years literature 

Capital costs 2012 1,56 €/W average of projects in Energy Authority's SATU system 

Capital costs 2017 1,83 €/W average of projects in Energy Authority's SATU system 

Operating costs 2012 0,058 €/W/a average of projects in Energy Authority's SATU system 

Operating costs 2017 0,061 €/W/a average of projects in Energy Authority's SATU system 

Capacity factor in 2012 30 % VTT, see Figure 6 

Capacity factor in 2017 35 % VTT, see Figure 6 

Electricity price see Table 9 Nord Pool 

Feed-in tariff 83,5 €/MWh legislation 

Premium 2,58 €/MWh weighted average of accepted tenders 

Inflation rate see Table 9 Statistics Finland 

Discount rate 6,50 % Final report of Diacore 
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4.5.2 Specification of sensitivity analysis 

 

As for the basic NPV calculation, Microsoft Excel is utilized in sensitivity analysis as well. 

Sensitivity analysis is conducted for the net present value and internal rate of return for both 

support mechanisms. The input variables chosen are CAPEX, OPEX, capacity factor, price 

of electricity, inflation and discount rate for the NPV, and all the same ones except discount 

rate for the IRR.  

 

The model is performed using a macro, that changes the sensitivity analysis multiplier of 

each variable individually from 1,5 to 0,5 with 0,1 steps and saves the corresponding NPV 

and IRR in a table, thus recording the effect of individual variable actually being from 150 

% to 50 % of the defined value. Using these resulting values, a spider diagram is formed 

for both NPV and IRR to visually present the effects of each variable.  

 

4.5.3 Assumptions and model specification of Monte Carlo and decomposed simulation 

 

Monte Carlo simulation is implemented in Microsoft Excel, using a macro that calculates 

NPV 100 000 times using random values between the specified ranges of variables, saving 

the results in one column, from which a frequency distribution is formed. For simplicity and 

due to lack of data for accurate estimation of probability distributions of variables, uniform 

distribution is assumed. Uniform distribution defines only the minimum and maximum 

values of the uncertain parameter and it is commonly used when there is no information 

available about the probability of occurrence of in-between values (Caralis et al. 2016). 

Uncertain variables have been selected based on sensitivity analysis, thus including 

variables that affect the profitability of projects the most. The assumptions made for the 

minimum and maximum values are listed in Table 11 below.  

 

For the capacity factor, realistic minimum and maximum values are used based on real data 

from Finland more closely presented earlier in chapter 4.5.1. Minimum and maximum values 

in the analysis are adjusted based on the subsidy type, so that capacity factor reflects the 

development and is thus higher for the new premium scheme. For CAPEX and OPEX, data 

from Finnish Energy Authority was utilized. Table 7 and Table 8 present the minimum, 

maximum and average capital and operating costs, which were used in the definition of 

values for Monte Carlo simulation. As Tables 7 and 8 show, capital expenditures overall 

vary less than operating costs, which is the reason for different multipliers in the simulation. 
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For instance, for the year 2017, minimum OPEX was 52 % less than average, whereas 

minimum CAPEX for the same year was only 33 % less than average.  

 

Table 11. Assumptions on uncertain variables for Monte Carlo simulation for FiT (premium) scheme 

Variable Minimum value Maximum value 

Capacity factor 25 % (30 %) 40 % (45 %) 

CAPEX multiplier 0,7 1,3 

OPEX multiplier 0,5 1,5 

Discount rate 5 % 8 % 

Electricity price multiplier 0,5 1,5 

 
 
As a base case for the simulation of project under FiT, average CAPEX and OPEX from 

2012 are used, and production is assumed to start in 2012. For project under premium 

scheme, average CAPEX and OPEX are values from 2017 and start year of operation is 

assumed 2022.  

 

For the decomposed simulation, two most crucial variables based on sensitivity analysis 

are used, namely capital costs and capacity factor. The original ranges of these parameters 

from Table 11 are further divided into three equal parts according to thresholds presented 

in Table 12. Due to both variables being divided into three ranges, the total amount of 

scenarios is 9 combining optimistic, realistic and pessimistic ranges of capital costs with 

low, medium and high ranges of capacity factors.  

 

Table 12. Thresholds of variables for decomposed simulation 

Variable  Minimum Threshold 1 Threshold 2 Maximum 

CAPEX (M€) 
FiT 32,76 42,12 51,48 60,84 

Premium 38,43 49,41 60,39 71,37 

Capacity 

factor 

FiT 25% 30% 35% 40% 

Premium 30% 35% 40% 45% 

 

 

The decomposed simulation is performed in Microsoft Excel, as the conventional Monte 

Carlo simulation. The macro used for the Monte Carlo simulation is adjusted so that in 

addition to recording the resulting NPVs in each round, it similarly saves the corresponding 

CAPEX and capacity factor on their own columns. From the resulting data, the occurrence 

of each scenario in certain NPV range can be calculated to form a stacked histogram.   
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5 RESULTS 

 

This section presents the results of profitability analysis conducted for wind power 

investment under two different support schemes. The results begin with the traditional NPV 

approach utilizing also measures of IRR, profitability index and discounted payback period 

in the analysis. The second part of this chapter analyzes NPV further through sensitivity 

analysis, and finally the last section presents the findings from considering uncertainty in 

the analysis through Monte Carlo simulation.  

 

5.1 Net Present Value  

 

To begin with, NPV calculations were performed for two different starting years of operation: 

2012 and 2017, using CAPEX and OPEX of respective years. Furthermore, capacity factor 

of 30 % for 2012 was used and 35 % for 2017. This was done to see, whether the changes 

in the investment environment have significant effect on the profitability of projects, 

especially in the case of FiT scheme, where the target price remains the same regardless 

of technological or economic development. The results of the analysis are presented in 

Table 13.  

 

Table 13. Profitability indicators of projects under feed-in tariff and premium schemes 

Start year of operation 2012 2017 

Type of subsidy FiT Premium FiT Premium 

NPV (millions of euros) -€1,64 -€27,86 -€3,01 -€26,00 
IRR 6,0 % -0,7 % 5,8 % 1,0 % 
Profitability Index 0,96 0,40 0,95 0,53 

 

 

In general, results indicate FiT scheme to provide considerably higher profitability for 

investments, however, with the stated assumptions even the FiT project is not profitable. 

NPV under FiT using 2012 data is 1,6 million euros negative and IRR is 6 %, which is slightly 

lower than the defined discount rate of 6,5 %. With numbers of 2017, the indicators get 

moderately worse with NPV of -3 million euros and IRR under 6 %. This downward shift is 

naturally caused by higher capital costs and it could also be partly due to the increased 

subsidy amount from 2012 to 2015, that is no longer in use for the case in 2017, reducing 

the revenues. This indicates, that even the increase in capacity factor from 30 % to 35 % is 

not enough to offset the reduction in income. In both cases for the FiT, the internal rate of 
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return is around 6 %, which is the lower end of the range Diacore (2016) defined for WACC 

of wind projects in Finland. Thus, with a lower cost of capital, the projects would become 

profitable. Furthermore, the projects would reach profitable outcome with higher than 

average capacity factors combined with decreased capital costs. The profitability index 

describing the relationship between costs and benefits remains under one in both cases 

and since the NPV is negative, payback period is not reasonable to even estimate, due to 

the project not being able to cover the costs even during the full life-time. Premium scheme 

results in negative NPV and IRR in both cases, having faintly better results with 2017 case, 

due to higher capacity factor and increased electricity market price, since the premium 

subsidy itself does not provide much aid.  

 

The above analysis indicated strongly negative NPV for investments under the new 

premium scheme using data from 2012 and 2017 and thus unprofitable projects. However, 

since it has been stated, that at least for some new wind power investments the premium 

subsidy is merely a risk-reducing factor that does not affect the profitability calculations, one 

more project case for the premium scheme is illustrated. To see, whether a project under 

premium can result in profitable outcome, in this case CAPEX and OPEX used were the 

minimum values from 2017, start of operation was assumed 2022 (the year that projects 

accepted to the premium scheme will start production) and capacity factor was set to 0,4 

which is closer to the capacity factors of new installations.  

 

Table 14. Profitability indicators for investment under premium scheme with minimum CAPEX and OPEX (2017) 
and capacity factor of 0,4 

NPV (millions of euros) 
 

11,57 
IRR 

 
9,5 % 

Profitability index 
 

1,31 
Discounted Payback Period (years) 16 

 

 

Indeed, as can be seen from Table 14, a project with these assumptions proves profitable 

with NPV of 11,6 million euros and internal rate of return clearly above the used discount 

rate. Thus, a conclusion can be made, that the capital and operating costs of new projects 

are probably closer to the minimum than average values of 2017 (see Table 7 and Table 

8). As for the capacity factor, the development was discussed in chapter 4.5.1, the capacity 

factor of projects currently in production is estimated to be 40 % on average compared to 

about 35 % of project that started in 2017. This increasing efficiency of wind power 

installations is clearly visible in the outcome, resulting in higher profitability. For comparison, 
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a project with otherwise same assumptions as in Table 14, but capacity factor of 35 % 

instead of 40 %, generates NPV of about 4,8 million, which is 7 million euros less.  

 

These results of this simple examination of NPV would indicate that the feed-in tariff has 

indeed been very necessary in the past to ensure economic viability of wind power 

investments, since the difference to premium scheme is so vast. The analysis also provided 

insight to the current costs and capacity factors of wind power investments in order for them 

to be profitable. However, it is important to notice, that the analysis is merely an estimation 

of an average case, meaning that some installations have likely received excess subsidies 

under FiT and some have struggled even with the subsidy. Even though this NPV analysis 

shows investments under FiT to be considerably more profitable than those under the 

premium scheme, further examination is required. The inputs of the investment model are 

not certain, which makes it crucial to reflect the effect their change has on the outcome. 

This is done in the following chapters, beginning with separate analysis of each variable 

through sensitivity analysis.  

 

 

5.2 Sensitivity Analysis 

 

The base case for the sensitivity analysis of FiT is the 2012 project from Table 13. For the 

premium scheme, average values of CAPEX and OPEX from 2017 were used and start 

year of operation 2022 with capacity factor of 40 %, to better reflect the actual environment 

of both policies. In accordance with the previous results of NPV calculation, project under 

FiT in Figure 7 is showing more positive NPV values than project under premium in Figure 

8. In fact, only major reduction in capital costs or discount rate, or major increase in capacity 

factor or electricity prices is able to affect the NPV of project under premium enough to 

result in a positive NPV, since in all other cases the lines in Figure 8 remain under 0. In 

general, the FiT seems to generate a bit less variation, since the lines in the diagram are 

closer to each other, excluding capacity factor. Under premium scheme, in turn, the lines 

seem to be further from the center, the base case NPV values. In addition to NPV, sensitivity 

analysis is also presented with regards to IRR in Appendix 2 and Appendix 3. 
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Turning now to a closer examination of each variable, the above diagrams are quite 

revealing in several ways. To begin with, capacity factor clearly has a great effect on the 

NPV under both support mechanisms, however its effect is even greater for project under 

FiT scheme. Since capacity factor has a crucial role in renewable energy projects in the 

amount of energy produced, it thus greatly affects the revenues generated. For FiT projects 

the effect is especially grand. 50 % decrease in capacity factor (from 30 % to 15 %) leads 

to a loss of 30 million euros and 50 % increase leads to equal profit. For project under the 

premium scheme, this loss and profit is 27 million euros. Since the market price of electricity 

remains significantly lower than the FiT target price of 83,5 € throughout the project lifetime, 

Figure 8. Sensitivity analysis of project under premium scheme 

Figure 7. Sensitivity analysis of project under FiT scheme 
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project under FiT receives higher price per MWh produced than project under premium 

mechanism, which results in capacity factor having a greater effect under FiT.  

 

The variable, that illustrates the differences between FiT and premium schemes the most 

in this sensitivity analysis, is electricity price. As shown in Figure 7, even 50 % decrease in 

electricity market prices doesn’t result in substantial losses for FiT project compared with 

other variables. This is due to the high subsidy, which is practically a sliding premium from 

0 to 53,50 €/MWh. As described in chapter 3.2, when electricity market price falls below 30 

€/MWh, electricity producer gets the maximum amount of support on top of market price, 

thus basically securing a minimum price of 53,50 €/MWh, which flattens the impact of 

market price in the case of FiT. In the premium scheme, the subsidy is much smaller, in 

addition to its paying being limited with market electricity price at much lower level than FiT. 

The formation of premium payments is described in detail in chapter 3.1. When the market 

price exceeds 30 €/MWh plus the premium (in total 32,58 €/MWh in the analysis), no 

subsidy is paid, whereas FiT project stops receiving subsidy only when electricity price rises 

above 83,5 €/MWh. As a result, project under premium scheme benefits from the subsidy 

only when market price is under 32,58 €/MWh, which can be observed from Figure 8, the 

line of electricity price becoming slightly less steep towards 50 % decrease. Thus, premium 

mechanism results in projects highly sensitive to electricity market price changes.  

 

Inflation has similar effect under both support mechanisms, an increase in inflation leading 

to a decrease in NPV. However, compared to other variables, sensitivity to changes in 

inflation is relatively small. Similarly to inflation, discount rate affects both projects the same 

way, though has a greater effect than inflation. The sensitivity to discount rate provides an 

incentive for decision-makers to think through project financing carefully, since for instance 

20 % decrease in the discount rate leads to a gain of 4,5 million euros under FiT scheme 

and turns the project profitable. Though the discount rate provides means to substantially 

affect the NPV in the case of premium scheme as well, it would need to be halved in order 

to reach a profitable outcome through discount rate only. 

 

Renewable energy projects have traditionally been capital intense investments, since the 

initial investment required is high, but they produce energy without the need to purchase 

any kind of fuel, thus capital costs playing a more influential role than smaller operating 

costs in project efficiency. This can be observed from the spider diagrams as well, CAPEX 

exposing project NPV to greater variability than OPEX. The impacts are relatively identical 

regardless of support mechanism, although CAPEX for premium scheme project in this 
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case produces greater effect both ways due to the base case value from 2017 being higher 

than the value from 2012 used for FiT. For investment under premium scheme, capital costs 

are one of the four factors that are able to convert NPV into positive value. Furthermore, 

since even 30 % increase in capacity factor is not realistic in the short term, electricity 

market price cannot be affected by a single project and discount rate is also unlikely to be 

reduced to half, reduction in capital costs remains the only reasonable way to reach a 

profitable outcome in the examined project under premium scheme. Overall, it is evident, 

that capital costs are the factor where reduction brings the greatest benefits to investors 

regardless of support system, alongside bigger capacity factor.  

 

Yearly operating costs do not affect profitability as much as initial investment costs, but their 

effect shouldn’t be ignored. Both project under FiT and project under premium scheme 

represent similar sensitivity to operating costs, 50 % reduction in OPEX leading to a gain of 

around 10 million euros. Operating costs are the only variable affected by inflation in the 

calculations, and the relatively small effect of OPEX thus also explains the mild sensitivity 

of projects to inflation.  

 

Altogether, initial investment costs and capacity factor are the two parameters the 

profitability of projects is most sensitive to. These factors are internal and can be rather well 

controlled by the decision-makers to reduce the risk of estimations. Naturally, it is difficult 

to lock the variables totally, since for instance capacity factor varies to some extent 

according to wind conditions that cannot be controlled. Operating costs and discount rate 

are internal factors as well, that can be controlled, leaving inflation and the price of electricity 

as external, non-controllable variables in the analysis. For FiT projects even the sensitivity 

to price of electricity is almost completely reduced by the high subsidy, making profitability 

calculations more certain since future revenues are easier to estimate. On the contrary, 

projects under the premium scheme do not benefit from risk reduction, the subsidy merely 

slightly mitigates the losses at lowest electricity prices.  

 

Until now, we have only considered the influence each variable individually has on the 

profitability, other parameters remaining constant. However, this does not provide a full 

picture, since the variables in reality change at the same time as well. With sensitivity 

analysis, combined effect of multiple factors cannot be examined, which is why Monte Carlo 

simulation will be utilized in the next section to deepen the analysis. 
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5.3 Monte Carlo simulation 

 

This chapter presents the results of Monte Carlo simulation, beginning with summary 

statistics in Table 15. The average net present value in the case of FiT is positive, maximum 

NPV being as high as 54 million euros. However, the minimum NPV is 41 million euros 

negative, and overall 44 % of the simulation runs generated a negative value. For the case 

with premium as a subsidy, the results indicate much greater possibility for an unprofitable 

outcome with an average NPV of -18 M€. Note, that the average NPVs in the Monte Carlo 

simulation are higher than the respective crisp NPVs in Table 13. This is due to the chosen 

asymmetric distributions of input variables with respect to the base case values, see Table 

11. 

 

In total, 82 % of the simulation runs for project under premium scheme result in negative 

NPV, which is 38 percentage points more than under FiT. There is only 18 % potential in 

the premium scheme, thus the probability for a profitable project. Although the simulation 

overall indicates notably weaker profitability under premium scheme than under FiT 

scheme, the maximum NPV in the premium case comes rather close to that of FiT case. 

On the other hand, premium scheme generates much greater losses in the minimum NPV 

situation, over 72 million euros. The greater variation under premium scheme is confirmed 

by comparing the standard deviations of the two projects. Project under premium has higher 

standard deviation, meaning that the values tend to be further from the mean than for the 

project under feed-in tariff scheme.  

 

Table 15. Summary statistics for the Monte Carlo simulation of NPV 

 Project under FiT Project under premium 

Max NPV €54,48 €51,50 

Min NPV -€41,17 -€72,04 

Mean €2,56 -€18,39 

Std €14,06 €19,10 

Share of negative values 44 % 82 % 

Share of positive values 56 % 18 % 

 

 

The resulting distributions of NPV for both cases are illustrated in Figure 9 (FiT scheme) 

and Figure 10 (premium scheme) with green bars indicating values above zero, thus 
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profitable outcomes and red bars indicating values below zero, thus unprofitable cases. 

Blue dashed line represents the mean of the distribution.  

 

 

 

 

 

 

 

Neither of the distributions demonstrate especially high kurtosis, since they do not have 

extreme values in the tails. In general, distribution of premium scheme (Figure 10) has 

longer and heavier tails than distribution of FiT scheme (Figure 9) indicating more extreme 

results under the premium scheme. The distribution of values under FiT scheme are slightly 

Figure 9. Probability distribution of project under FiT scheme (millions of euros) 

Figure 10. Probability distribution of project under premium scheme (millions of euros) 
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right-skewed, and the median (€2,21) is lower than the mean, thus more values lie below 

the mean and the distribution has a longer tail on the right side. For the distribution with 

premium scheme, the characteristics are similar with right-skewness and median (-€19,33) 

lower than the mean.  

 

5.3.1 Decomposed simulation 

 

The results of the above simulations decomposed by capital costs and capacity factor are 

presented in Figure 11 A for the project under Fit and in Figure 11 B for the project under 

the premium scheme.  

 

 

 

 

 

 

 

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The decomposition here illustrates the effect of different scenarios, since their distributions 

have been separated from the overall distribution by color-coding the stacked columns. For 

Figure 11. Decomposed distribution of project NPV under FiT (A) and premium scheme (B) 
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the investment under the feed-in tariff scheme (Figure 11 A) none of the scenarios results 

in positive outcomes only, even scenario 3 with optimistic capital costs and high capacity 

factor still has some negative NPVs. However, it is clear that with input values of scenario 

3, there is very high possibility for positive NPV and even the probability of very high 

profitability is good. Scenario 2 with optimistic capital costs and medium capacity factor 

forms another great portion of positive outcomes in the overall distribution as does scenario 

6 with realistic capital costs and high capacity factor. On the negative side, scenario 7 has 

the smallest possibility for a positive outcome with pessimistic (the highest) capital costs 

and lowest capacity factor. Furthermore, the darkest shades of each color are the ones 

prevailing on the left side, indicating that low capacity factor overall results in lower 

profitability.  

 

The summary statistics for each of the nine sub-distributions are presented in Table 16, 

providing precise values to support the observations made from Figure 11. For instance, 

the table shows the share of negative NPV in scenario 3 to be only 1 % with a mean NPV 

of 20,83 million euros, thus distinctly better than scenarios 6 and 2, that indicate the next 

best profitability. Furthermore, scenarios 4, 7 and 8 are the only cases, in which the mean 

NPV falls below zero, having realistic or pessimistic capital costs and low or medium 

capacity factor. Overall the results would indicate, that the probability for a positive outcome 

for an investment under FiT scheme can rather easily be improved through controlling 

capital costs and capacity factor.  

 

Table 16. Summary statistics of decomposed simulation for investment under FiT scheme 

 
Sc1 Sc2 Sc3 Sc4 Sc5 Sc6 Sc7 Sc8 Sc9 

Max €30,26 €41,26 €54,30 €21,60 €34,29 €50,59 €13,68 €27,84 €40,89 

Min -€22,24 -€15,28 -€9,58 -€32,45 -€24,44 -€17,28 -€42,84 -€32,66 -€24,79 

Mean €1,28 €10,90 €20,83 -€7,12 €2,68 €12,45 -€15,59 -€5,72 €4,07 

Std €8,50 €9,11 €9,92 €8,56 €9,18 €9,93 €8,61 €9,30 €10,11 

Share of negative 44 % 12 % 1 % 80 % 40 % 11 % 96 % 73 % 36 % 

Share of positive 56 % 88 % 99 % 20 % 60 % 89 % 4 % 27 % 64 % 

 

 

For investment under premium scheme, the decomposed histogram in Figure 11 B shows 

similar characteristics as for FiT, however the differences are not as distinct and there is 

more overlapping between the scenarios. For instance, scenario 3 (optimistic capital costs, 

high capacity factor) and scenario 4 (realistic capital costs, low capacity factor) have a much 

wider range of common outcomes under premium scheme than under FiT. The reason for 
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the scenarios to be more clearly apart under FiT, is the high subsidy that dilutes the effect 

of electricity market price. Even though the price received by the project changes to some 

extent under FiT as well, it is limited to a much smaller range due to the subsidy, than under 

the premium scheme. Thus, in Figure 11 B the effect of capital costs and capacity factor is 

not as vast since the electricity market price, that has a crucial effect on the revenues 

besides capacity factor, changes so greatly.  

 

As can be observed from Table 17, none of the scenarios under premium scheme is able 

to provide a mean NPV of positive value. Even the “best case” scenario, scenario 3, has 

NPV of -1,76 million euros and 54 % probability for an unprofitable investment. Overall the 

results are not very encouraging, since in 6 of the 9 scenarios the probability for a profitable 

investment is under 20 %. It seems, that under the premium scheme only by controlling 

capacity factor and capital costs it is not possible to have an investment with a positive 

expected NPV, but other factors would need to be improved as well.  

 

Table 17. Summary statistics of decomposed simulation for investment under premium scheme 

 
Sc1 Sc2 Sc3 Sc4 Sc5 Sc6 Sc7 Sc8 Sc9 

Max €31,88 €38,61 €51,39 €22,79 €30,11 €44,23 €10,52 €18,54 €30,03 

Min -€52,14 -€46,61 -€42,58 -€60,30 -€57,18 -€52,62 -€70,22 -€66,37 -€63,02 

Mean -€15,43 -€8,80 -€1,76 -€25,29 -€18,20 -€11,49 -€34,92 -€28,27 -€21,40 

Std €14,66 €16,29 €18,19 €14,53 €16,33 €18,23 €14,63 €16,45 €18,11 

Share of negative 83 % 68 % 54 % 96 % 85 % 71 % 100 % 96 % 86 % 

Share of positive 17 % 32 % 46 % 4 % 15 % 29 % 0 % 4 % 14 % 

 

 
To give another perspective to the analysis, simulation decomposition was also performed 

using only electricity price as the variable defining the sub-ranges. The range for the 

electricity price multiplier was divided into three equal parts and the respective decomposed 

simulation results are presented below in Figure 12. As expected, the decomposed 

distributions reveal the difference of the two subsidies in relation to the electricity price. In 

both cases, the highest NPVs are produced in simulation runs with the highest electricity 

price and the lowest with the lowest electricity price. However, this phenomenon is very 

subtle in the case of feed-in tariff (Figure 12 A) which indicates that FiT scheme protects 

investment from electricity price fluctuations. For project under premium scheme (Figure 12 

B), it is clear that no such protection is provided and the profitability is thus highly dependent 

on the electricity prices.  
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After separately analyzing the decomposition of distribution using capital costs and capacity 

factor in one decomposition and electricity price in another, the distribution was once more 

decomposed, this time using all of the three variables, each with two states. The results are 

presented in Figure 13 below. This time there are distinct differences under both support 

schemes between the eight sub-distributions, though they stem from different variables.  

 

For project under FiT (Figure 13 A), the sub-distributions that differ only in terms of electricity 

price, are the ones overlapping the most (e.g. scenarios 1 and 2) whereas for project under 

the premium scheme (Figure 13 B) the corresponding scenarios are much more separate. 

Once more, the distributions demonstrate the sensitivity of investments to the electricity 

price if they operate under the premium scheme. If compared to Figure 11 B, with 
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Figure 12. Simulation decomposition of project under FiT (A) and project under premium (B) by electricity price 
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decomposition done by capital costs and capacity factor only, Figure 13 B presents sub-

distributions that are less overlapped. Thus, in every case of capital costs and capacity 

factor, electricity prices still affect the profitability of an investment greatly regardless of the 

premium provided. For the feed-in tariff scheme, this effect is much more minor. 

Furthermore, comparing the scenarios 2 and 3 (both with optimistic capex), an interesting 

finding can be observed. Under FiT, scenario 3 (high capacity factor and low electricity 

price) has higher NPVs than scenario 2 (low capacity factor and high electricity price), but 

under premium scheme this order is reversed. The same applies to scenarios 6 and 7. This 

change in the order of sub-distributions demonstrates, how capacity factor has a higher 

effect than electricity price for a project under FiT, but for a project under the premium 

scheme, electricity price is more influential than capacity factor. 
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Figure 13. Simulation decomposition of project under FiT (A) and project under premium scheme (B) by 
capital costs, capacity factor and electricity price 
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6 DISCUSSION 

 

The results of the empirical case study would indicate the necessity of the feed-in tariff in 

the past for ensuring economic viability of wind power investments, because the difference 

in profitability is so vast compared to projects under the new premium scheme. Even though 

the average estimates with FiT also resulted in negative NPV, in reality investors do invest 

in those projects due to their ability of steering the projects towards a favorable outcome. 

As the sensitivity analysis proved, especially in the case of FiT there are multiple ways in 

which the project turns profitable. However, it should be noticed that some of the projects 

in the feed-in tariff system probably have not ended up being profitable, since average data 

was used and thus some projects had significantly higher costs, for instance. In those 

cases, even the project management might not have been able to steer the project enough 

despite the numbers being estimates from the very beginning of the project. This also 

means, that some installations (the profitable ones) have likely received excess subsidies 

under FiT and taken unnecessary funds from the government budget and others have 

struggled even with the provided subsidy. 

 

The high importance of capital costs for the overall profitability of an investment is visible 

for instance from Figure 7 and Figure 8 presenting the sensitivity analysis graphs. The 

importance of operating costs is evident as well, though not quite as strong as capital costs. 

There has globally been a declining trend in the costs of wind power, as illustrated in Figure 

14, which presents total installed costs of onshore wind projects along with a global 

weighted average by the year of commissioning. Since the costs of wind power depend on 

many factors, the variation between individual projects is wide, however, on average the 

costs are declining.  
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Figure 14. Total installed costs of onshore wind projects and global weighted average by year of commissioning, 
1983–2018 (IRENA 2019) 

 

Reflecting to this global trend, the data of this study is not consistent with the general 

development. As can be seen from Table 7 and Table 8, the costs of wind power in Finland 

do not seem to have decreased between 2012 and 2017, on the contrary, the investment 

costs have increased by 17 % from 2012 to 2017 and operating costs by 5 %.  Of course, 

the time frame is too short to make actual conclusion about the development, but some 

underlying factors are next discussed. The Energy Authority has presented the following 

opinion regarding possible reasons behind the cost development, when approached with 

this issue by the author. Firstly, the data is based on estimations from the projects joining 

the FiT system, thus they are not based on actualized costs. Furthermore, the way the 

projects have calculated the number may differ with each other and with the definition of 

capital costs and operating costs. It is also important to note, that the costs are presented 

per installed capacity, thus not considering the increase in efficiency of wind power 

installations through higher capacity factors. One reason for the higher capital costs could 

be that naturally projects are first conducted in locations that enable the easiest and 

cheapest implementation. Despite the above reasoning, to state all the reasons behind this 

development, a deeper research would be required.  

 

As stated in chapter 4.5.1, the size of wind power projects in Finland is increasing, which 

might mean decreased costs per capacity due to economies of scale, though the costs 
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depend on multiple other factors as well. Furthermore, considering the global development 

of the costs of wind power, it is probable that the average costs also in Finland have 

decreased since 2017. In that case, the profitability distributions of investments would look 

very much different, which is demonstrated by an additional simulation conducted for lower 

capital and operating costs under FiT, see Figure 15. In this simulation, start of operation 

was assumed to be in 2022 and the minimum costs of the projects accepted to the FiT 

system in 2017 (see Table 7 and Table 8) were used for the base case to represent the 

lower costs. As can be seen, this simulation with lower costs produces a distribution that 

has only a very small part of it on the negative side. It is evident, that if the feed-in tariff 

system had been continued, it would have provided excess returns to the projects. These 

excess returns would have meant unnecessary costs for the state budget and that way also 

the taxpayers if the support scheme hadn’t been abandoned.  

 

 

 

 

 

 

 

 

 

 

Figure 15. Probability distribution of project under FiT with the minimum costs from 2017 

 
Using the lower costs for a project under premium scheme, the distribution becomes as 

presented in Figure 16, demonstrating much better profitability than using the average cost 

data in Figure 10. Since it is assumed that the projects participating in the tendering have 

the best knowledge of their costs and profitability and will only tender premiums with which 

the project reach profitable outcomes, this distribution seems realistic. Thus, it can be 

assumed that the costs of the new projects accepted to the premium scheme through 

tendering have more favorable cost structure than what was used for the empirical case 

study in this paper.  
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Figure 16. Probability distribution of project under premium scheme with the minimum costs from 2017 

 
A key factor in the support schemes is how the revenue under each policy is formed, and 

how great is the role of the subsidy amount in it. This also helps to clarify the costs of the 

schemes to the government, thus how much tariffs or premiums would be paid to the 

projects. Figure 17 presents the price formation under both support schemes, combining 

previously presented Figure 3 and Figure 5. It illustrates how much revenue a project 

receives per MWh produced in different cases of electricity market price, and what is the 

composition of the revenue. Clearly, under feed-in tariff, a greater amount of the total 

revenue consists of the subsidy, which is denoted as the light blue parts of the bars in the 

graph. Secondly, the investment under feed-in tariff receives higher price per MWh 

produced since the subsidy grants a price of 83,5 €/MWh as long as the market price 

remains above 30 €/MWh. For investment under premium scheme, the subsidy is much 

more minor, and it is not paid when electricity market price rises above reference price plus 

the subsidy (in this case, 32,58 €/MWh). Also, when it comes to protection against low 

market price (under 30 €/MWh, case D in both graphs), premium scheme provides rather 

low compensation, 2,58 €/MWh compared to 53,5 €/MWh of feed-in tariff.  

 

The amount of support provided by both subsidy schemes can be demonstrated with an 

imaginary project that produces 1 MWh of electricity each day. Using only daily Elspot prices 

in Finland in 2019 without any subsidy, the one-year revenue of the project is 16 074 €. If 

the average premium of 2,58 € is taken into consideration, the revenue stays the same due 

to the three-month average electricity price of each quarter remaining above 32,58 €. If the 

project is assumed to belong to the feed-in tariff scheme, the revenue increases by 90 % to 

30 477 €. Thus, it is clear how substantially different is the amount of subsidy paid under 

these two schemes. In this example case, no funds from the state budget would be taken 
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for the project under premium scheme, but the project under FiT would receive 14 403 € 

from the government in the form of subsidy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.1 Limitations of the study and recommendations for further research 

 

The new premium scheme implemented in Finland attracted only wind power projects to 

participate in the tendering and as a result, all the accepted projects were wind power 

production, which limited the scope of this study to exclude other renewable energy 
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sources. Further research is required to determine whether technology-neutral tendering is 

enough to promote renewable energy generation as a whole, or if technology-specific 

subsidies are required.  

 

This study is also limited by the accuracy of electricity price prediction. Electricity prices are 

highly volatile, and a more sophisticated method of estimation would be recommended for 

future studies, for example time series forecasting. Furthermore, the effect of PPA’s was 

not considered, even though some new projects are started based on foreseeable electricity 

prices due to these agreements. The PPA’s completely exclude the uncertainty of the 

electricity price from the analysis and leave the cost and efficiency factors as the main 

variables affecting the profitability.  

 

It is unfortunate, that it was not possible to access data on actualized costs of the projects, 

nor data of the current projects. Due to the numbers being estimations rather than actual 

values, they include uncertainty and limit the reliability of the results even though methods 

such as sensitivity analysis and Monte Carlo simulation were used to represent some of 

this uncertainty. Working together with the companies making renewable energy 

investments would allow access to more accurate and up to date data and enhance future 

research on the topic. Furthermore, since the projects accepted to the premium scheme 

haven’t started producing electricity yet, it would make sense to analyze the scheme again 

after they have been operating for some time.  

 

Drawing from the findings and limitations of this study, suggestions for future research are 

concluded around three main topics. First of all, comparison of technology-neutral and 

technology-specific auctions is clearly a matter that needs to be addressed, since the results 

of the first technology-neutral auction in Finland were so exclusive. Whether technology-

specific auctions are needed in the overall goal of promoting renewable energy should be 

carefully analyzed. Secondly, there were great differences in the premiums tendered by 

different projects (see Table 4), which raises a question if the tendering should be organized 

as an open auction to equalize the premiums or if this closed system already encourages 

projects to tender premiums that enable each project to reach a profitable outcome but no 

excess returns. Lastly, comprehensive research should be conducted to fully analyze the 

cost trend of wind power projects in Finland. The data in this study was not accurate enough 

and it did not include long enough period to make correct conclusions of the development, 

which is why further research is needed. Moreover, a deeper analysis of the costs would 

advance the decision-making of both policy-makers and investors.   
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7 CONCLUSIONS 

 

The Finnish renewable energy support system went through a significant change when 

shifting from a feed-in tariff scheme to a tendering-based technology-neutral premium. The 

purpose of this study was to examine this development of renewable energy policy in 

Finland and to compare these two schemes by analyzing incentives the schemes provide 

to investors through profitability analysis. This study has shown that there is a remarkable 

difference between the two schemes in the amount of support provided to the investors and 

thus in the additional costs they bring to the state budget. Furthermore, the findings support 

the decision to shift from FiT to the premium, since the continuation of the FiT scheme would 

have provided investors excessive returns.  

 

This work contributes to existing knowledge of renewable energy policy by providing a 

detailed description of Finland’s support schemes and conducting a numerical case study 

analyzing the profitability of projects as a result of these subsidies. Both the explanation of 

the schemes and the results of the first technology-neutral tendering in Finland with the 

findings of the case analysis bring insight for future research on the topic as well as 

policymakers. Furthermore, the approach will prove useful in expanding the understanding 

of investors about the profitability of projects under the support schemes, especially the 

uncertainties related to it. 

 

The main research question of this study was the following: 

 

How has the investment environment changed due to renewable energy policy 

modifications in Finland? 

 

Overall, the new premium scheme introduced in 2018 lowered the subsidy provided for 

projects and limited the support scheme to wind power only. Even though this new scheme 

was open for instance for solar PV as well, which the FiT was not, in practice no solar PV 

projects can compete with the low premiums of wind power projects. The auction did not 

attract hydro or wood-based fuel projects either, which means that the new support scheme 

provides subsidy only for wind power projects until another auction is held. The investment 

environment has also become more uncertain due to the policy modifications, since the 

premium scheme does not remove the effect of volatile electricity market price in the way 

feed-in tariff did.  
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To provide a comprehensive answer and support the main research question, three sub-

questions addressed one aspect each.  

 

1. What are the differences and similarities of Finland’s feed-in tariff scheme and 

premium set through tendering? 

 

The feed-in tariff scheme of Finland is based on target price of 83,5 €/MWh, which is 

guaranteed for projects accepted into the system as long as the market price of electricity 

is equal to or above the minimum price of 30 €/MWh. In the case when market price falls 

below the minimum, the subsidy equals 53,5 €/MWh on top of the market price. The system 

accepted projects of wind, biogas, forest chips or wood-based fuels and the subsidy is paid 

for a maximum of 12 years. The last wind power projects were taken into the system in 

2017 whereas forest chips plants can be accepted until 2021. The premium scheme was 

introduced in 2018 with a technology-neutral tendering, the results of which were revealed 

in the spring of 2019. Despite it being technology-neutral, the only type of renewable energy 

projects participating in the tendering was wind power. The accepted projects were granted 

their respective premiums, ranging from 1,27 €/MWh to 3,97 €/MWh the weighted average 

being 2,58 €/MWh. The way the system works, is that there is a reference price for electricity 

of 30 €/MWh and if the market price is below or equal to that, the premium is paid in full. If 

the market is higher than the total of reference price and premium, no subsidy is paid, and 

in between it is a sliding premium so that in total the project receives the sum of reference 

price and premium. The price formation for both support schemes is illustrated in detail in 

Figure 17. 

 

2. What impact do the Finnish feed-in tariff scheme and tender based subsidy 

have on the profitability of projects? 

 

The most obvious finding to emerge from this study is how much more profitable a project 

is under the feed-in tariff compared to the premium scheme. Even though neither of the 

projects resulted in a positive net present value using crisp numbers with 2017 data, the 

NPV of the project under FiT was -3,01 M€ whereas the NPV of project under premium 

scheme was as low as -26 M€. Furthermore, these results reveal, that the actual costs of 

the new wind power plants are likely to be significantly lower than those used in this study, 

or they wouldn’t have tendered such low premiums in the 2018 auction. It is probable that 

the average costs of those plants accepted to the premium scheme are closer to the 
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minimum capital and operating costs of 2017, since those numbers produced a distribution 

of NPVs with a greater share of positive outcomes.  

 

3. How does uncertainty affect project profitability under support schemes? 

 

Sensitivity analysis and simulation decomposition demonstrated interesting factors 

underlying the profitability distribution of investments. Feed-in tariff neutralizes the effect of 

electricity price almost completely and thus removes one important source of uncertainty 

from the investment analysis. Only in case of low (under 30 €/MWh) or very high (over 83,5 

€/MWh) electricity market price, does the market price actually affect the profitability. In 

other situations, feed-in tariff compensates the market price and ensures income of 83,5 

€/MWh for the electricity produced. Since the effect of electricity price is removed, the 

analysis revealed, that by controlling capital costs and capacity factor, project management 

can greatly improve the profitability of a project. For a project with tendered premium as a 

subsidy, uncertainty from the electricity price remains high and thus the opportunities to 

steer a project to a certainly more profitable outcome are smaller. Even though capital costs 

and capacity factor still hold the power to improve the profitability, low electricity prices may 

reverse the result. 

 

This study has gone some way towards enhancing the understanding of investors as well 

as policymakers about the features and impacts of different renewable energy policies and 

the shift from one to another. Overall, the feed-in tariff results in better profitability of projects 

and more attractive investment environment, though it likely means excess returns with the 

current costs of wind power. The premium scheme doesn’t seem to provide excess returns, 

however if the goal is to promote also other renewable energy sources than wind power, 

modifications to the system are needed. 
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Papież, M., Śmiech, S. & Frodyma, K. (2019) Factors affecting the efficiency of wind power 

in the European Union countries. Energy Policy. 132: 965-977.  

 

Polzin, F., Migendt, M., Täube, F. A. & von Flotow, P. (2015) Public policy influence on 

renewable energy investments - A panel data study across OECD countries. Energy Policy. 

80: 98-111.  

 

Puhuri Oy (2019a) Puhuri oy started its Hankila project. [Online]. [Cited 1 Apr 2020].  

Availabel at https://www.puhuri.fi/en/puhuri-oy-started-its-hankila-project/  

 

Puhuri Oy (2019b) Puhuri oy started its Parhalahti project. [Online]. [Cited 1 Apr 2020].  

Availabel at https://www.puhuri.fi/en/puhuri-oy-started-its-parhalahti-project/  

 

Ratinen, M. & Lund, P. (2015) Policy inclusiveness and niche development: Examples from 

wind energy and photovoltaics in Denmark, Germany, Finland, and Spain. Energy 

Research & Social Science. 6: 136-145. 

 

Remer, D. S. & Nieto, A. P. (1995) A compendium and comparison of 25 project evaluation 

techniques. Part 2: Ratio, payback, and accounting methods. International Journal of 

Production Economics. 42, 2, 101-129. 

 

REN21 (2019) Renewables 2019 Global Status Report. [Online]. [Cited 17 Jan 2020]. 

Available at https://www.ren21.net/wp-

content/uploads/2019/05/gsr_2019_full_report_en.pdf 

 

Ren, H., Gao, W., & Ruan, Y. (2009) Economic optimization and sensitivity analysis of 

photovoltaic system in residential buildings. Renewable Energy. 34: 883-889. 

 

https://www.puhuri.fi/en/puhuri-oy-started-its-hankila-project/
https://www.puhuri.fi/en/puhuri-oy-started-its-parhalahti-project/
https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf
https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf


 
 

81 

RES Legal Europe. (2020) Renewable energy policy database and support – Country data. 

[Online]. [Cited 30 Mar 2020]. Available at http://www.res-legal.eu/en/search-by-country/  

 

Ross, S. A., Westerfield, R. W. & Jordan, B. D. (2017) Essentials of Corporate Finance. 9 th 

edition. McGraw-Hill Education, New York. 

 

Ryan, P. A. & Ryan, G.P. (2002) Capital Budgeting Practices of the Fortune 1000: How 

Have Things Changed? Journal of Business and Management. 8, 4, 355-364. 

 

Sakka, E. G., Bilionis, D. V., Vamvatsikos, D. & Gantes, C. J. (2020) Onshore wind farm 

siting prioritization based on investment profitability for Greece. Renewable Energy. 146, 

2827-2839.  
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Appendix 2. Sensitivity analysis for project IRR under FiT scheme 

6,0%

-10%

-5%

0%

5%

10%

15%

20%

-50 % -40 % -30 % -20 % -10 % 0 % 10 % 20 % 30 % 40 % 50 %

Internal Rate of Return

CAPEX OPEX Capacity factor Price of electricity Inflation

0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

€/MWh Yearly average Elspot prices

Historical prices Projected prices

0,00

20,00

40,00

60,00

80,00

100,00

120,00

140,00

160,00

180,00

2005 2010 2015 2020 2025 2030 2035 2040 2045

Consumer price index

Historical price index Projected price index

Appendix 1. Historical and projected values of consumer price index and Elspot prices 



 
 

85 

 

 

 

 

Appendix 3. Sensitivity analysis of project IRR under premium scheme 
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