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ABSTRACT. Design of support-mechanisms is an important component of renewable energy policy. In order to be able to choose 

desirable designs one must have a good understanding of the most likely outcomes from different policy designs – this calls for proper 

before-implementation policy analysis and especially for analysis the results of which are intuitively understandable for the decision-

makers. We propose a simple process, based on the fuzzy pay-off method, for the purpose of analyzing renewable energy support designs 

in the context of auction-based support mechanism implementation. A numerical case from Finland is used to illustrate the proposed 

process. The results show that the process is relatively simple to use and able to produce intuitively understandable relevant information 

for design selection. 

 

Keywords: fuzzy pay-off method, renewable energy, investment valuation, auctions, Finland

 

 
 

1. Introduction 

Recent years have carried massive changes in the support 

policies for renewable energy (RE) used worldwide. The main 

global trend at the time of writing is cancelling the incumbent 

feed-in policies for utility-scale investments and introducing 

auction based policies instead (Murdock et al., 2018, 2019). 

The number of countries switching to an auction-based mecha- 

nism reached a total of fifty in 2018 (Murdock et al., 2019). 

The primary reason behind this shift is the inability of feed-in 

policies to effectively adapt to the falling technology costs and 

the resulting “too high” subsidy levels. The problem and the 

massive need for change has been partially caused by the use 

of analysis techniques that have been only poorly able to in- 

form policymakers and investors about the effects of (techno- 

logy) changes to different RE support policy types and specific 

policies. The focus of this paper is on the methods used in 

policy evaluation and on the effect of the policies on RE in- 

vestment profitability (and thus indirectly the desirability of 

investing in RE within a given policy). 

We propose the use of a simple analysis process for the 

evaluation of the effect of RE policies on RE investments, 

based on using the fuzzy pay-off method (FPOM) (Collan et 

al., 2009). The method used is a recently introduced robust and 

simple profitability analysis method. Its characteristics spell-

out ease-of-use and speed – things that make the method, to- 
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gether with simple cash-flow scenario creation, suitable for 

generating quick and dirty yet intuitively understandable re- 

sults to support design decisions. The process involves four 

steps: 

i) Policy formulation and parameter value estimation, which 

includes the design of the policy-mechanism used and the 

evaluation of the “universal parameters” that surround 

each policy, such as the determination of capacity factors 

for the different RE technologies and the investment costs 

per MW of installed capacity; 

ii) Cash-flow scenario generation, that takes place, based on 

the formulated policies and the parameter values for each 

policy and each RE technology separately. Typically, three 

scenarios are generated for each policy-technology combi- 

nation that reflect the minimum possible, the maximum 

possible, and the best estimate scenarios; 

iii) Pay-off distribution creation takes place, based on the gen- 

erated cash-flow scenarios, and more precisely based on 

the net present values (NPV) calculated for the three sce- 

narios for each policy-technology combination. From the 

pay-off distribution descriptive numbers, such as the real 

option value for the investment and “success factor” are 

calculated; 

iv) Results presentation and visualization are the butter on the 

bread that makes the results of the analysis work intuitive- 

ly understandable to the decision-maker. It is here that the 

effect of a policy can be made visually understandable at 

a single glance. Figure 1 depicts the flow of the proposed 

four process steps.  
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Figure 1. The proposed process for RE policy evaluation. 

 

In order to compare different policies or different auction-

designs within a policy, one would construct several (the need- 

ed amount) of policy models and generate the cash-flow sce- 

narios for each policy-technology alternative. From the NPVs 

of the scenarios one would then construct pay-off distributions 

for which one would calculate the needed descriptive numbers 

and construct numerical comparisons. One would also visual- 

ize the results for intuitive visual comparison. For “tuning” the 

designs one would change design parameters and re-calculate 

until the desired design outcome is reached. 

To illustrate the real-world application of the process, we 

use a recent case from Finland, one of the countries that has 

adopted an auction-based RE support system and in this vein, 

we study the results of a recent RE auction in Finland. The 

auctions in the Finnish scheme are technology-neutral, mean- 

ing that all types of RE projects, with different power genera- 

tion technologies, compete in a single auction. The latest auc- 

tion results show that only wind power projects were able to 

win – the question raised is “why?”. We use the proposed pro- 

cedure to illustrate how the results from the Finnish case can 

be analyzed and show that the process reveals in a simple and 

intuitive way the reason for the auction outcome. 

The presented results are new and relevant for both RE 

policy-makers and investors potentially interested in investing 

in RE generation. Furthermore, they illustrate a novel applica- 

tion area for the fuzzy pay-off method. The paper continues as 

follows: in the next subsection we present selected research on 

auction-based RE policies in line with the first part of the pro- 

cess (policy modeling) and then in the following section intro- 

duce the fuzzy pay-off method. Application of the process is il- 

lustrated with a numerical case-example. Finally, the paper is 

closed with a short discussion and some conclusions are drawn. 

 

1.1. On Auction-Based RE Policies 

Auction-based RE support policies include a component 

of competitive price-bidding process for determining a (guar- 

anteed) floor electricity price premium level for a unit of pro- 

duced renewable energy that is high enough to allow profitable 

production. Potential RE producers bid down this premium that 

determines the size of the possible subsidy depending on the 

electricity price level. Typically, a public entity (regulator/gov- 

ernment) pre-determines the amount of subsidized production 

(capacity) to be auctioned (see Azuela and Barroso, 2012). The 

design of the auction-component in the RE policy has a great 

impact on which projects are ultimately selected to be sup- 

ported by the policy (are realized). This indicates that if there 

are specific policy goals, e.g., with regards to the energy pro- 

duction technology mix, such goals should be taken into consi- 

deration also in the auction component design. While the com- 

petition in the auctions allows, at least in theory, the discovery 

of a low cost-level of renewable energy and thus helps to mini- 

mize the cost of the support mechanism (Winkler et al., 2018) 

it may also “play-out” technologies that are not most compete- 

tive or cause other kinds of “surprises” related to the auction-

mechanism. Such surprises may be an unwanted side-effect of 

auctions and therefore it may make sense to analyze the pos- 

sible auction outcomes ex-ante to understand what can be ex- 

pected. 

Despite the well-established economic theory and litera- 

ture around auctions in general (Krishna, 2009), auction-based 

RE-support mechanisms have not received a lot of attention, at 

least from the auction-modeling effect on the project profitabil- 

ity point-of-view (Kozlova, 2017). The observed deviations of 

the reality of RE auctions from the (general or standard) theory 

of auctions (Haufe and Ehrhart, 2018) may be one of the rea- 

sons behind this research gap – the deviations include, e.g., 

(strongly) imperfect competition, multi-project bidders, trans- 

parency of competitors, and the existence of asymmetric beliefs 

(Haufe and Ehrhart, 2018). 

RE auctions have mostly been analyzed in the literature by 

using case studies, (see Buckman et al., 2019; Welisch, 2019; 

Lucas et al., 2020). The empirical study by Winkler and others 

(Winkler et al., 2018) finds that RE auctions are not necessarily 

as effective and cost-efficient as they are commonly perceived 

to be. Their study includes five countries that have introduced 

auction-based systems for RE as a substitute for previous feed-

in tariff and certificate trading systems (Brazil, France, Nether- 

lands, South Africa, and Italy). They highlight the importance 

of the auction-design with respect to the goals, the guarantees 

given, and the penalties involved as factors of the RE promo- 

tion success. 

2. Fuzzy Pay-Off Method 

The fuzzy pay-off method is a recently introduced prof- 

itability analysis method (Collan et al., 2009; Collan, 2012) that 

uses the net present value from multiple (typically three) pro- 

ject cash-flow scenarios to create a possibility distribution that 

more holistically represents the net present value (NPV) of the 

investment in question. The point is to present the profitability 

of the investment as a distribution rather than presenting it with 

a single number. The cash-flow scenarios used (elicited from 

managers) are a scenario that depicts the best (or the maximum) 
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possible profitability outcome, a scenario that depicts the worst 

(or the minimum) possible profitability outcome, and a sce- 

nario that presents the best estimate profitability outcome for 

the project. The NPVs of these scenarios represent the highest 

and the lowest possible profitability from the project and the 

outcome that is most likely to take place and fully belongs to 

the set of possible outcomes. The minimum and the maximum 

NPV are used as the extremities of the closed interval of possi- 

ble outcomes and are, as the extremities assumed to have a limit 

to zero membership in the set of possible outcomes. The distri- 

bution of possible outcomes that is created (the possibility dis- 

tribution) is hence (assumed to be) a bounded distribution. The 

best estimate NPV is considered to fully belong to the set of 

possible alternatives. The fuzzy pay-off method creates the dis- 

tribution from these three points by assuming a linear relation- 

ship between the grade to which the extremities (lim 0) and the 

best estimate (full) belong to the set of possible NPVs and thus 

in the case of three points (scenario NPVs) the pay-off distri- 

bution is a triangle. A triangular possibility distribution can be 

and is treated for the purposes of further calculations as a fuzzy 

number (Collan et al., 2009). 

Once the (fuzzy) pay-off distribution has been created, de- 

scriptive single numbers for the distribution can be calculated 

based on the information contained in the distribution. The to-

be-calculated descriptive numbers may include a centroid (sin- 

gle number representative for the project NPV that the distri- 

bution represents) that can be calculated in various ways, mea- 

sures of variance that can be understood as measures of uncer- 

tainty or “risk” associated with using the centroid as a repre- 

sentative of the project NPV, and simple measures of success 

(measured as how much of the distribution is on the positive 

NPV side). Furthermore, and importantly, a real option value 

for the project can be calculated directly from the information 

contained in the fuzzy pay-off distribution. For details about 

the derivation of the method and the calculation of descriptive 

numbers we refer the interested reader to see (Carlsson and 

Fullér, 2001; Collan et al., 2009; Collan, 2012). 

The method and the calculations connected to it are com- 

putationally cheap and it can easily be implemented in a spread- 

sheet environment – the original idea of the method is to be 

easy-to-use and to implement. The FPOM is able to deal with 

imprecise information typical to forward looking and human 

estimation-based evaluations like policy effect analysis. The 

results from the method are intuitively understandable and easi- 

ly be visualized. Uncertainty is presented in a way that is simi- 

lar to the one commonly used in presenting the results of, e.g., 

Monte Carlo simulation (Kozlova et al., 2016). 

The FPOM has also previously been used in the analysis 

of renewable energy investments (Kozlova et al., 2016) and 

other applications of the method include, e.g., energy and oil 

investments (Bednyagin and Gnansounou, 2011; Borges et al., 

2018), R&D project selection (Hassanzadeh et al., 2012; Collan 

and Luukka, 2014), patent portfolio management (Collan et al., 

2013), valuation of large irreversible investments (Collan, 

2011). Most of the previous applications have similarities to 

RE policy alternative analysis and comparison. To the best of 

our knowledge the method has previously not been used in 

evaluation of auction-based RE policies. In the following sec- 

tion the application of the above-described process is illustrated 

with a numerical case. 

3. Case: Analyzing the Finnish RE Auction Results 

In this section the proposed analysis process is applied to 

the analysis of the results of the first Finnish RE-support sys- 

tem auction. First the Finnish system design is discussed, then 

the parameter values used are presented and the resulting cash-

flow scenarios for two RE technologies, wind and solar power, 

created by using the system design and the parameter values as 

a basis. The section finally presents the creation of the pay-off 

distributions for both studied technologies and presents the 

analysis results. 

 

3.1. Finnish Auction-Based RE Support Scheme (Step 1, 

Policy Design) 

The Finnish auction scheme for renewable energy came 

into force in 2018, following the recommendations of a work- 

ing committee of the Finnish Ministry of Economic Affairs and 

Employment. The main benefits of a tendering-based subsidy 

were stated to be cost efficiency, versatility, and transforma- 

bility alongside flexibility to quickly respond to a possible in- 

crease in energy demand (Working Committee of Development 

of the Renewable Energy Support System, 2016). The Energy 

Authority of Finland organized the first technology-neutral 

auction in the fall of 2018, open for projects of wind, solar, and 

wave power, as well as project generating electricity from 

biomass and biogas. However, only wind power projects sub- 

mitted tenders to the auction (Finnish Energy Authority, 2019). 

The results of the auction are presented in Table 1, including 

the accepted projects with the premiums and electricity produc- 

tion data provided in the tenders. 

Size of the projects and the premiums they tendered vary 

greatly. The smallest plant consists of 4 generators, whereas the 

largest consists of 27 generators. The premiums range between 

1.27 €/MWh and 3.97 €/MWh. The variation in the premiums 

is explained with the closed auction, where the projects were 

accepted in order of cost-efficiency until the combined annual 

electricity generation would be met. This would open an inter- 

esting avenue for discussions about game theoretical analysis 

about optimal bidding behavior, but it is outside the scope of 

this paper. 

The combined maximum annual electricity generation (ca- 

pacity) put up for auction was 1.4 TWh (Finnish Energy Au- 

thority, 2019) and all the bids had to include information on the 

premium the projects wish to receive and the annual production 

of electricity they are offering for that premium (Act 1396/ 

2010). The projects must start producing electricity within three 

years of acceptance, and the support can be received for a maxi- 

mum of twelve years (ibid.). 

The subsidy is calculated for the projects based on the 

premium the project has stated in its bid, three-month average 

market electricity price, the reference price for electricity of 30 

€/MWh, and the amount of energy produced during a period of 
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Table 1. Projects Accepted in the First Auction (Finnish Energy Authority, 2020) 

The producer of 

electricity 
Power plant 

Type of 

plant 
Region 

Premium 

(€/MWh) 

First subsidy 

period 

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 

 

three months. When market price exceeds the reference price 

plus premium, no subsidy is paid. If the market price is between 

the reference price and the reference price plus the premium, 

the amount of subsidy is calculated as the difference of ref- 

erence price plus premium and market price. When the three-

month average market price remains equal or under 30 €/MWh, 

the premium is paid in full (Finnish Parliament, 2010). 

 

3.2. Parameter Value Estimation (Step 1) 

The case concentrates on wind and solar power technolo- 

gy and the parameter values to be estimated revolve around the 

costs of these technologies and the ability of these technologies 

to produce energy. Here we use data for Finland from the report 

by Vakkilainen and Kivistö (2017) and specifically the num- 

bers for capital costs, operational and maintenance costs, and 

capacity factors are used. The economic life of a wind power 

plant is assumed to be 25 years and 20 years for solar power 

respectively. For the purposes of this illustration the electricity 

price has been projected until 2046 and the revenue that is re- 

ceived by the project is assumed to also include the premium, 

in accordance with the auction-based policy scheme. The pre- 

mium used in the analysis is 2.58 €/MWh, which is the weight- 

ed average of winning bids from the first auction (see Table 1). 

The nominal capacity of the power plant is assumed to be 20 

MW, the discount rate of 6.5% is used, and the Finnish cor- 

porate tax rate of 20% is applied. The parameter values used 

are summarized in Table 2. All the other parameter values 

remain constant, while the electricity price is expected to 

change. 

 

3.3. Cash-Flow Scenario Generation (Step 2) 

For the purposes of the analysis three cash-flow scenarios 

are created by using the parameter values from Table 2 and 

(simple) assumptions about the electricity price development, 

where we assume three possible future electricity price scenar- 

ios such that the best estimate scenario for the price of elec- 

tricity is created by using historical yearly data as a basis and 

by assuming one (average) price point for each year in the fu- 

ture that is used in the estimation of the yearly cash-flows for 

the investment in the studied two types of RE technology. The 

depreciation of the investment is assumed to take place as 

“straight line” in twenty-five years. 

The minimum possible and the maximum possible sce- 

nario electricity revenue cash-flows are assumed to be 50 and 

150% of the best estimate cash-flow for each year; this is a 

great simplification. The cash-flow creation and the calculation 

of the present value of the yearly cash-flows and the scenario 

net present values for the three scenarios was done by using a 

commonly used spreadsheet software. The resulting net present 

values for the three scenarios for both technology types are 

visible in Table 3. 

 
Table 2. Parameter Values Used in the Analysis 

Variable Wind  Solar 

Capital costs (€/MW) 1 360 000 1 080 000  

Operating and maintenance costs 

(€/MWh) 

7.7 14.85 

Capacity factor 33.1 % 11.4 % 

Nominal capacity of plant (MW) 20 20 

Operational lifetime 25 20 

Premium (€/MWh) 2.58 2.58 

Discount rate 6.5 % 6.5 % 

 

Table 3. Net Present Values for the Three Scenarios for both 
Wind- and Solar Power and the Three Descriptive Numbers 

for the both Technologies 
 

Wind Solar 

Maximum NPV 15.60 -7.24 

Best estimate NPV 0.58 -12.42 

Minimum NPV -13.47 -17.25 

Possiblistic mean (M€) 0.74 -12.36 

Success ratio 56 % 0 % 

Real option value (M€) 1.56 0.00 
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Figure 2. The pay-off distributions for the wind- and solar power investments under the Finnish auction-based RE support 

mechanism. The clear message is that solar RE is not profitable under the design, while the wind power investments have a 
positive upside and the profitability if presented with a single number is also positive. Points  and  represent the possibilistic 

mean value for solar and wind investments and point  the real option value for the wind project. NPV scale in € millions. 
 

3.4. Pay-Off Distribution Construction and Descriptive 

Calculation (Step 3) 

Pay-off distributions are constructed for the both studied 

technologies, based on the net present values calculated for 

each scenario from the scenario cash-flows. This means that for 

the profitability of the both technologies a triangular pay-off 

distribution is constructed that graphically presents the net pre- 

sent value distribution for the both technologies. The procedure 

used is as described above and we refer the interested reader to 

see the original paper on the pay-off method and the application 

oriented book (Collan et al., 2009; Collan, 2012) for more de- 

tails. 

In addition to the pay-off distributions we calculate de- 

scriptive numbers for the profitability of both technologies. For 

the purposes of this illustration we limit the descriptive num- 

bers to three: the possibilistic mean, the success ratio, and the 

real option value. The possibilistic mean is a centroid that is 

calculated from the pay-off distribution and is a single number 

representation of the distribution that takes into consideration 

the possible asymmetry of the distribution. If the pay-off dis- 

tribution is symmetric or close to symmetric the possibilistic 

mean will be close to or coincide with the best estimate sce- 

nario net present value (as is the case here), but if the pay-off 

distribution is very skewed there may be considerable differ- 

ence between the two. The success ratio is simply the ratio of 

the area of the pay-off distribution that resides above positive 

net present values and the whole area of the pay-off distribution 

that is, a percentage that represents the positive profitability 

outcomes over all possible outcomes. As the pay-off distribu- 

tion is a fuzzy number (possibility distribution) the success ra- 

tio is not a probability of getting a positive probability outcome 

from the project, but it is a description that carries similar infor- 

mation in the possibilistic terms. The real option value is a sin- 

gle number that gives out information about the profitability 

potential of an investment – the number carries information 

about the size of the “upside” of an investment. For example, 

if two projects have the same net present value (expected prof- 

itability) and the other has a higher real option value that indi- 

cates higher upside potential, then ceteris paribus, a decision-

maker may want to choose the project with the higher potential 

for the upside as the expectation of profitability is otherwise the 

same. This indicates that the real option value is very useful in 

the comparison of investment alternatives and in the context of 

this paper, in the comparison of RE policy alternatives. 

The three descriptive numbers we calculate give a rather 

good holistic understanding about the “general expectations”, 

the potential, and the expectations of success (in terms of prof- 

itability) of a project. Bundled with the pay-off distribution and 

graphical presentation they offer good decision-support for un- 

derstanding the effect that different RE policy designs carry for 

investors interested in starting generation projects based on dif- 

ferent RE technologies. 

 

3.5. Result Presentation (Step 4) 

Presenting analysis results in a digestible format is a key 

element in getting the message through and decision-makers 

can make decisions that correctly reflect their preferences. In 

the case of pay-off distribution based analysis the graphical 

presentation of the results is one key advantage over using sin- 

gle numbers, because the pay-off distribution contains informa- 

tion about the imprecision of the analysis results. When the pre- 

sentation is complemented by presenting the single descriptive 

numbers, we feel that the process offers rather good decision-

support in terms of results presentation. Figure 2 shows a gra- 

phical presentation of the results, pay-off distributions for both 

wind and solar power investments based on the Finnish auc- 

tion-based RE support mechanism. 

From Figure 2 it is easy to see that all the expected prof- 

itability outcomes for the solar power projects are negative, 

which means that it would under no circumstances be profitable 

to start such projects under the present policy design. On the 

other hand, what can be seen is that there is a considerable 

“mass” of possible profitable outcomes for the wind energy 

projects, which makes them possible investments from the in- 

0

0,5

1

-20 -15 -10 -5 0 5 10 15 20

Pay-off distributions for wind and solar projects
SOLAR

WIND

NPV

DEGREEOF 
MEMBERSHIP 
IN THE SET OF 
POSSIBLE NPVs

NON PROFITABLE OUTCOMES PROFITABLE OUTCOMES

 
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vestor point of view. All the possible outcomes for the solar 

technology are quite tightly distributed around the best estimate 

net present value, a sign of “low risk” in terms of how financial 

risk is typically defined – at the same time the possible prof- 

itability outcomes of the wind technology are much more wide- 

ly spread and correspondingly the variance and hence the risk 

is higher. 

These views about the differing profitability of these tech- 

nologies is supported by the descriptive numbers visible in 

Table 3 that show that the success factor for the solar power 

projects is zero, while for wind it is 56% (0.56). The size of the 

potential and the lack thereof is clearly visible from the real op- 

tion value and the single number representative for the pay-off 

distribution, the possibilistic mean is negative for solar tech- 

nology, while it is slightly positive for wind. The descriptive 

numbers are presented together with the graphical presentation 

of the pay-off distributions and help in gaining a holistic picture 

of the profitability of investments into the two technologies un- 

der the Finnish RE support mechanism. The reason for wind 

project success in the auction is clearly visible from Figure 2 – 

wind can be profitable, while solar technology cannot, irrespec- 

tive of the used electricity price range. 

4. Conclusions 

Support policy designs have an important effect on the 

profitability outcomes of investments into renewal energy pro- 

duction – production technologies that may otherwise be un- 

profitable under all electricity market price conditions can 

made profitable by using support policies. This does not mean, 

as was illustrated here in the case of an auction-based support 

mechanism, that all technologies are necessarily made prof- 

itable. Furthermore, the reasons for auction outcomes may be 

understood better, if the effects different support mechanism 

designs have on project profitability are known ex-ante. 

A four-step process for profitability analysis of RE invest- 

ment projects based on the pay-off method was presented and 

illustrated with a numerical case from Finland. The proposed 

process and the pay-off method is easy to use and the results 

from the analysis can be presented graphically, which makes 

understanding them relatively easy. In the Finnish auction-

based RE support mechanism context, the results presented 

show that wind projects can be under favorable electricity price 

conditions profitable, while solar projects are under all studied 

circumstances wealth destroying. This explains why the win- 

ning bids in the first Finnish technology-neutral RE concession 

auction did not include any solar energy projects. In fact, all the 

bids were from wind energy projects. This highlights also the 

fact that if the participation from a wider range of technologies 

is wanted (a policy choice), then a technology neutral auction 

may not function, until a positive profitability can be reached 

with multiple technologies. Another way is to go the way of 

technology specific support designs. 

It is possible to test different mechanism designs with the 

proposed method in order to find a suitable method design that 

corresponds to expectations and policy-maker preferences. The 

proposed method is easy to use and quite robust, we therefore 

expect that it suits fast and high-level tuning of models well. 

The proposed method is relevant to policy designers and to de- 

cision-makers both on the regulator/policy-maker side and to 

investors interested in investing in RE projects. 
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