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The clean energy transition increases the need for electricity distribution network 

investments. At the same time distribution system operators face more uncertainties 

regarding these investments. Traditional investment calculation methods are weak to cover 

uncertainties related to investments. Using real options theory, the effect of managerial 

decisions to investment profitability can be considered.  

This thesis studies how real options theory can be used to analyse electricity distribution 

investments with uncertainties. The fully possibilistic pay-off method was chosen to be 

implemented into the case company’s current practices, due to the use of fuzzy numbers 

which suit uncertainties that are hard to assign probabilities and easy implementation in 

excel.  

The possibilistic pay-off method is implemented to analyse a distribution capacity 

reinforcement investment with the option to defer a cable reinforcement investment. Initial 

calculations with the company’s current practices show that the cable reinforcement is not 

profitable. However, the possibilistic pay-off method is used to demonstrate that investing 

first in electricity flow control device and deferring the cable reinforcement investment 

creates value. Using the pay-off method is suitable for the case company in initial planning 

and its methodology is used in this study for sensitivity analysis where applicable.   
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Puhtaan energian siirtymä kasvattaa investointitarpeita sähkönjakeluverkkoihin. 

Samanaikaisesti sähköverkkoyhtiöt kohtaavat lisääntyviä epävarmuuksia näitä 

investointitarpeita koskien. Perinteiset investointien kannattavuuslaskenta menetelmät 

huomioivat epävarmuudet heikosti. Reaalioptio teoriaa hyödyntämällä voidaan huomioida 

yrityksen päätöksen teon vaikutukset investointien kannattavuuteen.  

Tässä työssä tutkitaan reaalioptio teorian hyödyntämistä epävarmuuksia sisältävien 

sähköverkkoinvestointien kannattavuuden arvioinnissa. Reaalioption 

arvostusmetodologiaksi valikoitui sumeaa tuottojakaumaa hyödyntävä menetelmä, koska 

sumean logiikan hyödyntäminen sopii epävarmuuksille, joille on vaikea asettaa 

epävarmuuksia. Sumean tuottojakauman implementointi Exceliin on myös suoraviivaista.  

Sumean tuottojakauman metodologiaa sovelletaan sähkönjakeluverkon 

kapasiteetinvahvistusinvestoinnin analysoinnissa, jossa optiona kaapelivahvistuksen 

viivästyttäminen. Sumean tuottojakauma menetelmän avulla osoitettiin, että investoimalla 

ensin sähkövirran ohjauslaitteeseen ja odottamalla kaapelivahvistuksen tarpeen 

varmistumista, voidaan projektille luoda lisäarvoa. Työssä osoitetaan myös kuinka sumean 

tuottojakauman menetelmää voi soveltuvin osin hyödyntää yksittäisen investoinnin 

herkkyysanalyysiin valaisemaan epävarmuuksia projektin kannattavuudessa.   
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1. Introduction 

Electricity networks are facing new challenges with the energy transition from fossil fuels 

to renewables. Renewable energy sources, in particular solar and wind will gain most ground 

from any energy source by accounting 43% of electricity generation worldwide by 2030, 

from what is up from todays 28% share. (IEA 2022) There is high pressure to develop 

electricity networks to meet the needs of the energy transition. The International Energy 

Agency (IEA) states in their World Energy Outlook (IEA 2022), that in their scenarios 13-

14 million km of distribution networks and 1,6-1,8 million km of transmission network will 

be constructed worldwide.  

Modern electricity networks enable the success of clean energy transition, and therefore the 

development of electricity networks requires long-term vision and planning (IEA 2022).  

Lifetime of electricity distribution infrastructure investments can vary from 20 to 65 years 

(EA 2022). Planning, permitting and construction of electricity distribution investments can 

take years and large projects in electricity transmission system can often take a decade or 

longer to complete. Annual grid investments are projected to rise in IEA’s scenarios between 

USD 550 billion and 630 billion by 2030, compared to USD 300 billion per year from 2012-

2021 (IEA 2022). As the need for electricity investments grows substantially all over the 

world, managers in Electricity Distribution System Operator companies will have increased 

amount of investment decisions to make. Increasing investments to the electricity network 

and changes in the operating environment for example by the clean energy transition, make 

it important to take uncertainties into consideration when performing investment analysis to 

the electricity distribution network.  

Traditional capital investment valuation methods based on discounted-cash-flow (DCF) 

make implicit assumptions on expected cashflows (CF) and presume managements passive 

commitment on operating strategy. This said, in the real world, which in its nature has 

uncertainties and changes, realized cash flows will probably differ from expert estimations 

used in decision making. The traditional DCF approach methods as the net-present-value 

(NPV) or internal rate of return (IRR), have their limits to capture managerial flexibility to 

adapt and respond to unexpected market developments. (Trigeorgis, 1996, p.1)  
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Real option valuation methods can be used to address the disadvantages of the traditional 

capital investment valuation methods. (Trigeorgis, 1996) Using real options theory and 

decision-making framework in investment analysis has the potential to improve managerial 

decision making by calculating value on the decisions managers have a right to make to 

actively manage investments. (Lander, Pinches 1998) 

According to Wijnia and Herder (2005) some investment alternatives that contain 

uncertainties are ignored by managers because there are problems assigning proper value to 

them. Therefore, real option theory seems to be a suitable method to analyse investment 

opportunities in electricity distribution network. Electricity network investments need a 

great deal of capital expenditure and have a long lifetime. Size of the investments, their 

lifetime and the changing operational environment caused by the energy transition makes it 

interesting to study the real options that lye in electricity network investment projects.  

1.1. Research question and main objectives 

Objective of this study is to examine how real option valuation can be applied in electricity 

distribution business in Finland. Furthermore, the objective is to provide a way to analyse 

investments with uncertainties whose effects can be influenced with managerial decisions. 

Also, analyse uncertainties that effect investment profitability in electricity infrastructure 

investments in Finland. To fulfil the objectives of the thesis one main research question and 

three sub-questions were determined as follows.  

Main research question of this study is:  

How can real option methodology be used to analyse electricity distribution infrastructure 

investments in Finland? 

There are three sub-questions to complement the main research question:  

1. Can uncertainties in electricity distribution infrastructure investments be analysed 

using real option valuation methodology? 

2. Is it feasible to implement real option valuation methodology to Helen Electricity 

Networks investment analysis tool?  
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3. Is the selected real option valuation method valid for Helen Electricity Network? 

Research questions are answered in scope of electricity distribution in Finland and in more 

detail concerning Helen Electricity Network. This can limit the broader application of the 

results, as different countries have their own regulatory models in the electricity distribution 

business, which can cause differences in the value creation of electricity network 

investments. The purpose of the main research question is to introduce how to use real 

options in electricity distribution network investment and introduce real options thinking to 

electricity distribution companies. Answers for the main research question are found trough 

literature and a case study. The case study is based on a real-life investment need. However, 

cost information is modified from real-life to keep business sensitive information 

nondisclosed.   

The sub question 1. aims to find help in analysing uncertainties in electricity distribution 

investments. Understanding uncertainties in the outcome of a project can help make better 

investment decisions. Sub questions 2. and 3. are focused on the case company and practical 

implementation of real options methodology in its operations.  

1.2. Scope of the study and method research  

This thesis is limited to electricity distribution network investments in Finland and analysing 

investment profitability with uncertainties using real option methodology. Conventional 

capital budgeting methods and their limitation compared to real options theory.  This thesis 

takes into consideration economical regulation of electricity distribution business and how 

the regulation determines investment profitability. Figure 1.1 illustrates the focus area of this 

study in a simple way. 
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Figure 1.1 Focus area of the study simplified. 

 

The three focus areas shown in figure 1.1, real option valuation, electricity distribution 

network investments and profitability analysis form the basis for this thesis. For profitability 

analysis the conventional methods and current practices of the case company are presented. 

Electricity distribution network investment focus on the Finnish regulation and operative 

environment especially in Helsinki where the case company operates. Methods for real 

option valuation are presented and discussed. As the aim for this thesis is to examine how 

real options can be applied for electricity distribution investment analysis, each of these areas 

are studied separately and combined to get a comprehensive overview of the topic. 

This study is performed using case study approach as the research problem is somewhat 

experimental and illustrative. According to Yin (2009) case studies are preferred in situations 

where how or why questions are asked, when the researcher has little control over events or 

when the focus in on a contemporary phenomenon. This study has a “how” in the research 

question and it requires both quantitative and qualitative aspects. Numerical calculations and 

analysis are used for profitability analysis and the qualitative side comes from discussing 

possibilities, advantages, disadvantages, and feasibility of the chosen real option valuation 

method. This study is conducted in cooperation and partly funded by Helen Electricity 

Network Ltd.  
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2. Theoretical background  

This section of theoretical background presents different investment profitability analysis 

methods firstly starting with the conventional methods including NPV, IRR, and payback 

period. Secondly introducing different real option valuation methods. Finally, taking a 

general look and discussion at real option valuation methods used in the electricity 

distribution industry.  

2.1. Conventional investment budgeting methods  

Capital budgeting decisions should fulfil two fundamental criteria. First all the projects’ cash 

flows must be considered and secondly it must consider the “Time Value of Money”. (Goel, 

2015, 47) 

Net present value is often the most appropriate method to use in most cases when analysing 

projects. (Dayananda, 2002, 96) NPV of an investment or project is basically the present 

cash inflows subtracted with present value of cash outflows. Net present value can be 

calculated using the following mathematical equation:  

 

𝑁𝑃𝑉 = (
𝐶1

(1+𝑟)
+

𝐶2

(1+𝑟)2
+⋯

𝐶𝑇

(1+𝑟)𝑇
− 𝐶0) =  −𝐶0 + ∑

𝐶𝑖

(1+𝑟)𝑖
𝑇
𝑖=1  ,  (1) 

 

where C0 is the initial investment, Ci is cash flow at time i, and r is the discount rate which 

in other words is the appropriate interest rate for to accommodate the company’s objectives. 

(Goel, 2015, 70) Helbæk, Lindest and McLellan (2010) state in their book that NPV is the 

best way to analyse the profitability of a project. Calculating percentage yield using internal 

rate of return can also be used to evaluate investment profitability. The internal rate of return 

is the discount rate that returns a zero net present value. IRR can be found by solving discount 

rate r from the following equation (Helbæk et.al. 2010, 26-27):  

 

 −𝐶0 + (
𝐶1

(1+𝑟)
+

𝐶2

(1+𝑟)2
+⋯

𝐶𝑇

(1+𝑟)𝑇
) = 0  (2) 
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Discount rates lower than the IRR will give a positive NPV and discount rates higher than 

the IRR will give a negative NPV. If a project is evaluated by using IRR, there need to be an 

idea of how high the IRR should be for the project to be profitable. In other words, IRR 

needs to be higher than required rate of return. (Helbæk et.al. 2010, 30): 

Payback period is widely used and considered to be one of the simplest methods for valuating 

capital budgeting decisions. Payback period is defined as the time period needed to recover 

the initial investment of a project. Payback period can be calculated by dividing the initial 

investment with average annual cash inflow.  (Goel, 2015, 64) 

Profitability index (PI) the ratio of present value cash inflows and the present value of cash 

outflows at the required rate of return. Profitability index is suitable in evaluating projects 

involving capital expenditure as relative measure. PI can be calculated by the following 

equation:  

𝑃𝐼 =  
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑐𝑎𝑠ℎ 𝑖𝑛𝑓𝑙𝑜𝑤𝑠

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑐𝑎𝑠ℎ 𝑜𝑢𝑡𝑓𝑙𝑜𝑤𝑠
   (3) 

If PI is above 1 project can be accepted. (Goel, 2015, 74-76) 

2.2. Real options 

Myers (1977) was the first one to introduce the term real option and pointing out the 

similarity between real options and financial options. In Meyers (1977) article 

“Determinants of corporate borrowing” growth opportunity of assets is compared to a call 

option. The article also states that real option value depends on future discretionary 

investments by the company. Future research on real options to find more applications was 

encouraged by Meyers and there have been found more applications of real options in 

addition to the growth opportunity Myers presented in the article. (Meyers, 1977) Real 

option theory starts by creating a link between real options and financial options. Black, 

Merton and Scholes pioneered a formula for valuating financial options which paved way 

for the development of real options theory. (Reuer, Tong 2007) 
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Kodukula and Papudesu (2006, p. 5) determined real options in their book as follows: “A 

real option is a right - not an obligation - to take action on an underlying nonfinancial asset, 

real asset.” As option is a right but not an obligation to act, hereby the yield of an option 

cannot be less than zero. Traditionally, there are two main types of options, the right to buy 

(call) and the right to sell (put). Options can also be categorized as American or European 

options. The American option can be exercised on or before a predetermined expiration date 

and the European option can be exercised on a fixed date only. The real assets may include 

real estate, projects, intellectual property, infrastructure, most of which are not usually 

traded. Actions on these real assets may involve e.g. abandoning, expanding, contracting a 

project, deferring the decision to a later time or otherwise alter the project at different stages 

during its useful lifetime. (Kodukula, Papudesu 2006, p. 5; Trigeorgis, 1993; Black, Scholes 

1973) 

Mathews, Datar and Johnson (2007) state in their study that much of the value of real option 

comes from real options thinking. Real options thinking allows companies to find and exploit 

real options that can be exploited via managerial decision making. For this it is necessary to 

understand the types of real options. There are several types of real options which can be 

classified into different groups. Most common types of real options are option to expand, 

option to abandon, option to wait, option to switch, and option to contract are shown in figure 

2.1. (CFI, 2023)   

 

Figure 2.1 Most common types of real options (CFI, 2023) 

 

Option to expand refers to the ability to make an investment or undertake a project in the 

future to expand business. Option to abandon means that the project or an asset can be 

ceased to realise salvageable value of the project or an asset. In Option to wait, a business 
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decision can be deferred to the future to gain more information. Option to Contract is the 

option to shut down a project in the future if conditions turn unfavourable. In Option to 

switch it is possible to shut down a project in the future if conditions turn unfavourable and 

resume it if conditions turn back to favourable. (CFI, 2023) 

Real option valuation comes to consideration after the real options associated with the 

projects are recognized. Real option valuation methods can be used to address the 

disadvantages of the traditional capital investment valuation methods. (Trigeorgis, 1996) It 

is broadly recognised by academics and practitioners that the NPV rule and other DCF 

approaches to capital investment budgeting are inadequate to properly capture managerial 

decisions at a later stage and flexibility to adapt in when there are unexpected market 

developments. The conventional NPV makes implicit assumptions about the expected cash 

flows and presumes managements passive involvement to operating strategy. Managers are 

often able to adapt their actions based on different market developments. This managerial 

flexibility can expand on investment opportunity’s value by limiting the downside losses 

and improving its upside potential. (Trigeorgis, 1993; Trigeorgis, 1996) Therefore, 

conventional NPV should be developed to an option based expanded NPV analysis as the 

following formula presented by Trigeorgis (1993): 

𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑 𝑁𝑃𝑉 = 𝑠𝑡𝑎𝑡𝑖𝑐 𝑁𝑃𝑉 𝑜𝑓 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑠 +

𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑜𝑝𝑡𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑎𝑐𝑡𝑖𝑣𝑒 𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡    (4) 

The value of options that arises from active management can be conceptualized and their 

value even quantified using an options approach to complement traditional capital 

budgeting. (Trigeorgis, 1993)  

Trigeorgis and Reuer (2017) summarised the process of using real options in organizations 

in three phases to help classify research and uncover gaps in understanding and research 

paths: 1. Problem structuring, 2. Valuation and modelling and 3. Implementation planning. 

First phase, problem structuring incorporates qualitative, strategic description of the problem 

structure indicating various managerial decisions or options, timing and linkages of these 

options, also the main uncertainties and the key value drivers. Second phase, valuation and 

modelling, is an analysis which incorporates data collection of primary input data to enable 

a conventional DCF estimation and determination of a base-case NPV to be used as 
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benchmark. After the base-case determination, additional option driven inputs are estimated. 

With the base case and option driven inputs estimated, the analysis proceeds to choosing 

most suitable option valuation model. e.g binominal trees, simulation etc. to estimate the 

expanded NPV of an investment. This way the value of active management, represented by 

the set of embedded options, can be captured. Third phase, Implementation planning, 

contains the development of a contingent decision plan which specifies the conditions when 

major options are exercised in different circumstances. An operating policy and decision 

milestones over investment stages is also developed. (Trigeorgis, Reuer, 2017) 

There are three major components of modelling real option value. First modelling how the 

future value distribution is created, secondly the calculation of the expected value of the 

future value distribution while ignoring negative values of the distribution, and thirdly 

modelling the calculation of the present value of the expected value. (Collan, 2011) 

As mentioned in the second phase of real option process different models have been 

developed for valuating real options. Collan (2011) presents four main fields of modelling 

methodology for real options. These methodologies are differential equation solutions, 

discrete event and decision models, simulation-based models and fuzzy-logic-based models 

as presented in figure 2.2:  

 

Figure 2.2 Real option valuation methodologies (Collan, 2011)   

The first three methodologies use probability distributions of the future value of a project as 

the fourth methodology uses fuzzy numbers to describe future value of a project. The 

differential equation based, and discrete event and decision models use continuous or 

compounded discounting together with risk-free interest rate. Simulation- and fuzzy-logic 
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based models are more flexible and user selectable. (Collan, 2011) Next an overview of 

commonly known real option valuation methods is presented.  

2.2.1. Black and Scholes option pricing model  

Real option theory originates from the pricing of financial options, which comes from the 

work of Black Merton and Scholes. (Reuer et. al. 2007) The original formula is designed to 

value a European call options contract based on the price of an underlying stock (Black, 

Scholes, 1973) 

𝐶 = 𝑆 𝑁(𝑑1) − 𝑋𝑒
−𝑟(𝑡)𝑁(𝑑2),   (5) 

𝑑1 =
𝑙𝑛
𝑆

𝑋
+(𝑟+

1

2
𝜎2)𝑡

𝜎√𝑡
,    (6) 

𝑑2 = 𝑑1 − 𝜎√𝑡,    (7) 

 

where C is the European Call option price, S presents the stock price, N(d) is the cumulative 

normal density function, X exercise price, t is the time to maturity, r is the risk-free rate of 

return and σ is the volatility representing uncertainty.  

The Black and Scholes formula for valuating an option has seven assumptions for ideal 

conditions in the market for the stock and the option.  

• The risk-free interest rate is known and stays constant through time to maturity. 

• Stock price follows a random walk which allows the use of a stochastic process such 

as Geometric Brownian Motion (GBM) when variance and growth rate stays 

constant. 

• No dividends or other distributions are paid. 

• The option is European and can be exercised only at a specific time.  
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• There are no transaction costs nor taxes.  

• Borrowing any fraction of the price of a security to buy or hold it at the risk-free 

interest rate is possible. 

• There are no penalties for selling short.  

(Black, Scholes 1973)  

The original Black and Scholes formula was defined for financial markets, Leslie and 

Michaels (1997, p. 9) introduced real-market equivalents for the factors in the formula which 

can be used for real options analysis as follows:  

“The stock price (S) - the present value of cashflows expected from the investment 

opportunity on which the option is purchased. 

The exercise price (X) - the present value of all the fixed costs expected over the lifetime of 

the investment opportunity. 

Uncertainty (σ) - unpredictability of the cashflows associated with the asset. more precisely, 

the standard deviation of the growth rate of the value of future cash inflows associated with 

asset. 

Time to expiry (t) - the period for which the investment opportunity is valid. This will depend 

on technology (a product’s life cycle), competitive advantage (intensity of competition), and 

contracts (patents, leases, licences). 

Dividends (δ) - the value that drains away over the duration of the option. This could be the 

costs incurred to preserve the option (by staving off competition or keeping the opportunity 

alive), or the cashflows lost to competitors that go ahead and invest in an opportunity, 

depriving later entrants of cashflows. 

The risk-free interest rate (r) - the yield of a riskless security with the same maturity as the 

duration of the option.” 
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According to Collan (2011) the construct of the Black and Scholes method is clever, as 

assumptions, modelling and the replication argument are chosen in a way that allows a closed 

form solution which returns a single number value for the call option.  

2.2.2. The binomial option pricing model 

The binominal option pricing model developed by Cox, Ross, and Rubinstein (1979) 

estimates the variation of an underlying asset’s price based on a “discrete time” binomial 

tree. It is widely used for valuating standard options, it is straightforward to use, and it 

usually converges rather fast to the continuous time limit as in the Black and Scholes model. 

(Tian, 1999) The binomial model option pricing model is one of the simplest option pricing 

models. (Elton, Gruber, 2003) Binomial option pricing model allows to check the option 

price throughout its whole lifetime. The binomial option pricing model is not dependent on 

probabilities of any individual outcome, which means that the model is independent of 

personal probabilities of different investors related to the movement of asset prices going up 

or down. Binomial option pricing model is completed in three phases: first the binomial tree 

is constructed, secondly the option value for each final node is calculated and in the third 

part option value for all earlier nodes is determined by iterating backwards from the final 

nodes.  (Collan, 2011; Michailidis, Mattas, 2007)  

In the Binomial model future values of an underlying asset are assumed to follow 

multiplicative binomial distribution over a discreet period. The model has an initial value X 

for the investment project, and it can go up Xu or down Xd. If there are more discrete time 

periods or branches the next possible values are Xu2, Xud or Xd2. Figure 2.3 presents how 

negative or positive changes in the option value create trails or branches for the development 

of an investment project. (Bendob, Bentouir 2019; Cox et al. 1979) 
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Figure 2.3 Example of a binomial option pricing model 

The binomial model does not predict future values for the underlying asset that is being 

invested as the values are assumed to follow the multiplicative binomial distribution. The 

model presumes that the volatility of the underlaying asset and the positive up (u) and 

negative down (d) parameters are assumed to be known and constant. In addition to the 

previous, the binomial option pricing model uses risk free probabilities (p and 1- p) with the 

risk-free interest rate being known and constant. Calculation of the parameters u, d and p is 

needed in order to value a binomial model. When X is the value of an investment at time 0, 

Xu is the value multiplied with the positive up parameter u, Xd is the value multiplied with 

the negative down parameter d and rf is the risk-free interest rate, then: (Lander, Pinches, 

1998) 

𝑢 =  
𝑋𝑢

𝑋
     (8) 

𝑑 =  
𝑋𝑑

𝑋
     (9) 

𝑝 =  
(1+𝑟𝑓)−𝑑

𝑢−𝑑
    (10) 

Other required restrictions for the binomial option pricing model are that u > (1+ rf) > d and 

d=1/u. Once the parameters u, d and p are obtained they can be inserted to the equation (11) 

to find out expected return er for each discrete period. 

𝑒𝑟 =
𝑝𝑋𝑢+(1−𝑝)𝑋𝑑

𝑋
    (11) 



14 

 

The er from equation (11) is calculated as many times as there are possible values for the 

investment. The equation (11) is used to step backwards through the binomial tree 

calculating the expected return for each node until the option value at time zero is calculated. 

(Higham, 2004) 

Binomial option pricing model is the most suitable when there is only one fundamental 

source of uncertainty. There can be many branches in the binomial model and increased 

number of branches makes the option value more accurate, but at the same time increases 

the number of calculations needed, which can grow fiercely. The discrete future value 

distribution approaches the continuous distribution used in Black and Sholes model, when 

the discrete- time approximation and stochastic processes have the same mean and variance.  

(Collan, 2011; Lander & Pinches, 1998) 

2.2.3. Monte Carlo simulation 

Monte Carlo methods are stochastic methods that involve sampling random values from 

probability distributions to a certain problem.  (Robert, Casella 1999) To apply Monte Carlo 

simulation a mathematical model that simulates the real system is constructed. Then the 

model is run many times as in random sampling. For each sample selected input variables 

are generated with random variates. Computations with the randomly variating input 

variables are run through the model resulting in a distribution of random outcomes. 

(Thomopoulos, 2013) Monte Carlo simulation is applied in simulation-based RO valuation 

methods like the Datar-Mathews model presented next.  

2.2.4. Datar-Mathews model 

The Datar-Mathews model developed at year 2004 for real option valuation is based on 

modelling by simulation. (Datar, Mathews 2004) The model uses conventional DCF analysis 

as a basis when modelling the value of a real option. The Datar-Mathews model aims to 

model the value of a real option in a simple way but at the same time take into account 

dynamics and uncertainties of the real market that are not present in the conventional DCF 

method. (Mathews, Datar, Johnson, 2007)   

The valuation algorithm is based on operational cash flow scenarios, created by experts and 

managers, that are used as an input for a Monte Carlo simulation. The simulation creates a 
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probability distribution, also called as pay-off distribution, of the expected net present value 

for the project or real option that is being analysed. The Datar-Mathews model uses different 

discount rates for profits and losses as they have a different amount of risk associated with 

them. The real option value can be determined using the pay-off distribution by finding out 

the values for negative outcomes and the positive outcomes. The negative outcomes are then 

set to be zero, and the option value is calculated as a weighted average from the positive 

outcomes of the pay-off distribution. (Datar, Mathews 2004; Collan 2011; Kozlova, Collan 

and Luukka 2016) 

 Mathews et. al. (2007) provided an intuitive approach to the method by the following 

formula:  

𝑅𝑒𝑎𝑙 𝑜𝑝𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 =  𝑅𝑖𝑠𝑘 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑠𝑢𝑐𝑐𝑒𝑠 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∙ (𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠 − 𝐶𝑜𝑠𝑡𝑠) (12) 

If the Datar-Mathews uses the same assumptions as the Black and Shcoles formula and 

simulations are run a sufficient number of times, it will converge with the results of the Black 

and Scholes method. (Mathews et. al. 2007) The Datar -Mathews method is very flexible 

and available in spread-sheet applications where the discounting of future value distribution 

can be automated. The flexibility allows also non-lognormal CF distributions to be quite 

easily used, which is better in line with the reality of real options. (Collan, 2011) 

2.2.5. Fuzzy pay-off method 

Collan, Fuller and Mezei (2009) developed the Fuzzy pay-off method for real option 

valuation. The model is based on fuzzy numbers, it is developed to be easily understandable 

and a lot simpler than any other previously developed real option valuation method. 

Valuation of possible future outcomes is not based on probability distributions as the fuzzy 

pay-off method uses a simple pay-off distribution which is treated as a fuzzy number. A 

fuzzy number A is defined as a fuzzy set of the real line R with different membership 

functions of limited support. Fuzzy numbers contain objects that belong to the fuzzy number 

A with a varying membership degree between zero and one.  (Carlsson, Fuller, 2001)  

Fuzzy pay-off is based on cashflow calculations of an investment project. There can be three 

different cashflow scenarios in the fuzzy pay-off method, which corresponds to the triangular 

number. Using the triangular fuzzy number management may want to define the following 
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cashflow scenarios: best guess, minimum and maximum scenario. With these three scenarios 

a full range of possible net present values can be constructed in a way that managers 

estimating the scenarios also understand them. (Collan et al. 2009; Collan, 2012) 

The pay-off distribution A can be constructed from these scenarios the following way 

(Collan, 2012):  

1. The best guess scenario where the most likely numbers are estimated, is given a full 

membership in the set of possible outcomes.  

2. The minimum possible cashflow scenario, where the minimum cash-flows are 

separately estimated from operations and for investment cost, is the lower bound of 

the distribution. The maximum possible cashflow scenario, where the maximum 

possible cashflows from operations and for investment cost are also separately 

estimated, is the upper bound of the distribution.  

3. the shape of the pay-off distribution is assumed to be triangular.  

The pay-off distribution is defined as a triangular fuzzy number of NPV by denoting the best 

guess NPV scenario as (a), the minimum NPV scenario as (a-α) and the maximum NPV 

scenario as (a+β). Further denotations are the distance between the best guess and the 

maximum net present value (β), the distance between best guess and minimum is (α). For 

each value in the set of possible values for the investment project NPV, a membership degree 

can be denoted from where the possible NPV intersects the fuzzy pay-off distribution. The 

pay-off distribution as a fuzzy number A is demonstrated in figure 2.4. (Collan et al. 2009; 

Collan, 2012)  
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Figure 2.4 Triangular fuzzy number A with definitions for the fuzzy pay-off method. (Collan, 2012) 

 

Calculating a possibilistic mean value of the positive side E(A+) of the pay-off distribution 

A can be done in four ways depending on how the triangular fuzzy pay-off distribution 

locates with zero NPV. The calculation of possibilistic mean was first introduced by Carlson 

and Fullér (2001). Collan 2012, in his book, presents the following ways to calculate the 

possibilistic mean:  

1. When the whole distribution is above zero 0 ≤ (a-α) 

𝐸(𝐴+) = 𝑎 +
𝛽−𝛼

6
           (13) 

2. When the pay-off distribution is partly above zero, so that minimum possible NPV 

is below zero and best guess above zero. (a-α < 0 ≤ a). 

𝐸(𝐴+) = 𝑎 +
𝛽−𝛼

6
+
(𝛼−𝑎)3

6𝛼2
    (14) 

3. when the pay-off distribution is partly above zero, with zero equal to the best guess 

NPV or between best guess and maximum NPV. (a ≤ 0 < a + β) 

𝐸(𝐴+) =
(𝛼+𝛽)3

6𝛽2
     (15) 

4. the whole distribution is below zero 

𝐸(𝐴+) = 0     (16) 
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The real option value from the fuzzy NPV can be calculated using the following equation 

presented by Collan et al. (2009): 

𝑅𝑂𝑉 = 
∫ 𝐴(𝑥)𝑑𝑥
∞
0

∫ 𝐴(𝑥)
∞
−∞ 𝑑𝑥

 ∙ 𝐸(𝐴+)    (17) 

Where A is the fuzzy NPV, E(A+) the fuzzy mean value of the positive side of the NPV also 

called the possibilistic mean value, ∫ 𝐴(𝑥)
∞

−∞
𝑑𝑥 the area of the whole fuzzy number A and 

∫ 𝐴(𝑥)𝑑𝑥
∞

0
 is the area of the positive side of the fuzzy number A. (Collan et al. 2009)  

Success ratio can also be calculated from the fuzzy pay-off distribution. It describes the 

future possibilities to end up with a profitable investment and it can be used to compare 

corresponding projects. Success ratio can be calculated by dividing the positive area of the 

pay-off distribution with the whole area of the pay-off distribution. (Collan, 2012) 

The fuzzy pay-off method is a relatively new real option analysis method, and it gives similar 

results as the Datar-Matthews method. As the Datar-Mathews method uses probability 

theory the fuzzy pay-off method is a more robust method based on cash-flows represented 

as fuzzy numbers.  (Kozlova et al., 2016) 

There has been discussion about the theoretical correctness of the original fuzzy pay-off 

method. Borges, Dias, Neto and Meier (2018) pointed out issues with the fuzzy pay-off 

method and real option valuation it presents in certain situations. They proved that the 

original pay-off method can give theoretically incorrect outcomes. In their example the value 

of a project without RO was higher than the project with RO. This means that the value of 

the option would be negative. Borges et al. (2018) approach to the problem uses the Center 

of Gravity CoG method for defuzzification.  

𝐶𝑜𝐺(𝐴+) =

{
 
 

 
 
3𝑎−𝛼+𝛽

3
                                     , 0 ≤ 𝑎 − 𝛼          

𝛼(𝑎+𝛽)3−𝑎3(𝑎+𝛽)

3[𝛼(𝑎+𝛽)2−𝑎2(𝑎+𝛽)]
                  , 𝑎 − 𝛼 ≤ 0 ≤ 𝑎  

𝑎+𝛽

3
                                            , 𝑎 ≤ 0 ≤ 𝑎 + 𝛽

0                                                 , 𝑎 + 𝛽 ≤ 0         

    (18) 
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The value of the project with a real option can be calculated using the CoG approach in the 

following way (Borges et al. 2018) 

𝑅𝑂𝑉𝐶𝑜𝐺 =
∫ 𝐴(𝑥)𝑑𝑥
∞
0

∫ 𝐴(𝑥)
∞
−∞ 𝑑𝑥

 ∙ 𝐶𝑜𝐺(𝐴+)    (19) 

The value of the project without real option can be calculated with the CoG approach in the 

following way. (Borges et al. 2018) 

𝐶𝑜𝐺 𝑁𝑃𝑉(𝐴) =
3𝑎−𝛼+𝛽

3
      (20) 

Stoklasa, Luukka and Collan (2021) argued that the CoG approach has analogy to a 

probabilistic approach as using the ratio of the area above zero and the area of the whole 

distribution has probabilistic variant as it describes the likelihood of NPV being above zero. 

Stoklasa et al. (2021) introduced a fully possibilistic pay-of method where the 
∫ 𝐴(𝑥)𝑑𝑥
∞
0

∫ 𝐴(𝑥)
∞
−∞ 𝑑𝑥

 ratio 

is not used in real option valuation to make it fully possibilistic. Calculation of real option 

value in the fully possibilistic pay-off method ROVposs(A) can be carried out with the 

following equations.  

𝑅𝑂𝑉𝑝𝑜𝑠𝑠(𝐴) =

{
 
 

 
 𝑎 +

𝛽−𝛼

6
                               , 0 ≤ 𝑎 − 𝛼      

−
𝑎3

6𝑎2
+

𝑎2

2𝛼
+
𝑎

2
+
𝛽

6
              , 𝑎 − 𝛼 ≤ 0 ≤ 𝑎 

𝑎3

6𝛽2
+

𝑎2

2𝛽
+
𝑎

2
+
𝛽

6
                   , 𝑎 ≤ 0 ≤ 𝑎 + 𝛽

0                                          , 𝑎 + 𝛽 ≤ 0    

  (21) 

To establish theoretical correctness of the new possibilistic variant where the value of the 

project with real option is always higher than the NPV of the project. For the triangular fuzzy 

NPV a possibilistic crisp NPV as in Possibilistic NPV(A) can be calculated in the following 

way. (Stoklasa et al. 2021) 

𝑃𝑜𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑠𝑡𝑖𝑐 𝑁𝑃𝑉(𝐴) = a +
𝛽−𝛼

6
    (22) 
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For real option valuation the fully possibilistic pay-off method ROVposs(A) is used in the 

thesis for further analysis as it is a corrected version of the original method and does not 

include probabilistic analogy.  

2.3. Real options in electricity network investments  

Using real option in electricity network investment analysis were examined by a literature 

review focusing on real options and electricity network investments, including power 

transmission networks. After getting to know real options theory it is interesting to see how 

it has been used to analyse electricity network investments in prior literature. This chapter 

gives a basic overview of the topic and highlights some key findings from the selected 

articles.  

As it is stated in the Winja and Heder (2005) paper, they call real options specialists to show 

network companies how real options could be of value for them. It can be said that real 

options theory is not very commonly used within the electricity distribution network -field. 

For the literature review 15 suitable articles were selected presented in table 2.1. Some of 

these articles did not focus on real option valuation but rather analysing investment options 

in an uncertain environment.  
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Table 2.1 Real options in electricity network literature review 

 

 

Five of the articles use binomial tree on some level and seven of the articles are related to 

using Monte Marlo or other stochastic methods. For example, Samper and Vargas 

(2013a,2013b) introduced Montecarlo simulation to value real options to analyse electricity 

network expansion investments in an uncertain environment. Modelled uncertainties were 

Article Name

Modeling technique/ 

valuation method Athors Year Note
Designing regulatory frameworks for 

merchant transmission investments by real 

options analysis

Least Square Monte 

Carlo

Pringles, Olsina, 

Garcés 2014

Power transmission network, option to 

defer

Valuation of Flexible Transmission 

Investment Options Under Uncertainty Multi-stage scenario tree Konstantelos et al. 2015

Power transmission networks, does not 

concider the valuation of real options 

more focused on analyzing different 

investment options under uncertainty

How much should we pay for 

interconnecting electricity markets A real 

otions analysis

Seasonal trend, mean-

reverting Gaussian 

process, and mean-

reverting jump process.

Cartea, González-

Pedraz 2011 Power transmission network

Options for real options: Dealing with 

uncertainty in investment decisions for 

electricity investments

Defining a need for real 

optoin valuation Wijnia, Herder 2005 Option to defer and option to switch
Real options valuation applied to 

transmission expansion planning Binomial tree

Lumbreras, Bunn, 

Ramos, 2016

Different investmetn cases whos real 

option values are comparised
Real Option Valuation of FACTS Investments 

Based on the Least Square Monte Carlo 

Least Square Monte 

Carlo

Blanco, Olsina, 

Garcés,Rehtanz 2011

Power transmission network 

investments, Option to Abandon, 

Research and Application of Power Network 

Investment Decision-making Model based on 

Fuzzy Real Options Fuzzy logic

Zeng, Wang, Zhang, 

Li, Huang 2007 Option to defer / option to expand

What is the value of the option to defer an 

investment in Transmission Expansion 

Planning? An estimation using Real Options

Binomial tree, Monte 

Carlo for estimating 

parameters

Henao, Sauma, 

Reyes, Gonzalez 2017

Power transmission network, Option to 

defer

Transmission Expansion Planning under 

Uncertainty for Investment Options with 

Various Lead-Times

Mixed integer linear 

programming and 

stochastic programming

Kim W, Park, Yoon, 

Kim M 2018

Power transmission, Not really real option 

valuation but analysing investments 

options under uncertainty. 

Real option valuation of power transmission 

investments by stochastic simulation

Least-Square Monte 

Carlo valuation algorithm

Pringles, Olsina, 

Garcés 2015 Power transmission, Option to defer

Expansion planning for transmission 

network under demand uncertainty: A real 

options framework Binomial tree

Kucuksayacigil, 

Min 2018 Power transmission, Option to expand

Capacity expansion in transmission networks 

using portfolios of real options Binomial tree

Loureiro, Claro, 

Pereira 2015 Power transmission, Option to expand

Analysis of Transmission Investments using 

Real Options 

Binomial tree, Monte 

Carlo

Ramanathan, 

Varadan 2006

General illustration how real options 

could be used in Power transmission 

investmentsInvestment Decisions in Distribution 

Networks Under Uncertainty With 

Distributed Generation-Part I: Model 

Formulation Monte Carlo simulation Samper, Vargas

2013

a

Real options for deferring, switching, and 

abandoning

Investment Decisions in Distribution 

Networks Under Uncertainty With 

Distributed Generation-Part II: 

Implementation and results Monte Carlo simulation Samper, Vargas

2013

b

Real options for deferring, switching, and 

abandoning
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electricity demand growth and wholesale price. Options they recognized were deferring 

switching and abandoning and the option maturity was determined by tariff periods being 

maximum of five years. The more uncertain investment environment is there is more value 

in investments that are flexible and real option value reflects the value of this flexibility. 

Simulations were time consuming and a full simulation with ten computers i7 (80 cores) can 

take up to 25 hours to run. (Samper & Vargas, 2013b) 

Articles using binomial tree were focused on network expansion planning and often on 

option to defer or option to expand. Lumbreras et al. (2016) used binomial tree to analyse 

transmission network expansion investments. They made a conclusion that even if some 

projects have negative NPVs, but they have real option value, it makes sense to start 

permitting process as permitting can take a lot of time. They considered that requesting a 

permit is equivalent to an option to build the transmission line in the future.  

Zeng et al. (2007) used fuzzy logic was used to value real options with electricity distribution 

investments in their study. The extended value of the project was determined by a 

combination of fuzzy theory and the Black and Sholes real option valuation method. They 

created fuzzy trapezoidal cashflow scenarios for a two staged power grid investment project. 

After determining the fuzzy cash flow scenarios NPV of the project scenarios and expected 

NPV are calculated using fuzzy number theory. For the real option value, they used normal 

distribution and the Black and Scholes formulas presented in chapter 2.2.1 in equations (5), 

(6) and (7). The Blac and Scholes real option value and extended project value (eNPV) is 

calculated for all of the project scenarios. Overall extended expected value of the project is 

then derived using fuzzy theory for the extended project scenario values. 

The most common option under analysis was the option to defer, found in six papers. Option 

to expand and option to abandon were also analysed in some papers selected to this review. 

Based on the papers in table 2.1 option to expand and option defer were often linked to each 

other as the option to defer often considered an expansion investment to the electricity 

network.  
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The literature review shows that real options can be found in electricity network investments. 

Most used ways of analysing real options were based on simulation and they were related to 

large electricity transmission investments with high costs, when there is usually more time 

to analyse investments. Only one paper introduced a more straightforward RO valuation 

method that used fuzzy logic for electricity network investments. It is interesting to study 

more how fuzzy logic based real option valuation methods can be used in electricity network 

investment analysis and valuation.  
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3. Electricity distribution business in Finland 

Electricity distribution business is a natural monopoly, as it would be inefficient to build 

parallel connections for electricity distribution. (Wessman, 2016) Monopoly companies 

usually operate under regulation in order to ensure reasonable costs for customers. As the 

case company operates in Finland this chapter focuses on the economic regulation model 

used in Finland. Following the economic regulation model, the need for electricity network 

investments and different electricity network renovation strategies under the economic 

regulation are discussed. 

3.1. Economical regulation model for electricity distribution in Finland 

As electricity distribution is a natural monopoly, there is no pressure from open competition 

to keep prices reasonable and operations efficient for the distribution system operators 

(DSO). Therefore, the Energy authority (EA) is assigned to oversee reasonable prising of 

electricity distribution operations in Finland. The economic regulation has become a basis 

for electricity distribution business in Finland. It can be said that the objective of economic 

regulation is to set limits for DSOs in the electricity distribution business. DSOs are  

remunerated for improving the quality of electricity distribution for their customers and 

engouraged to develop their electricity distribution network which value is used to calculate 

reasonable return. On top of this the regulation sets allowed reasonable operative expenditure 

and an efficiency incentive to streamline DSOs operational expenditure. (Partanen et al. 

2014; Haakana, Lassila, Honkapuro and Partanen, 2012) 

The Finnish Energy authority controls the reasonable pricing of DSOs in regulatory periods 

that last for 4 years. This chapter is based on the regulatory methods (EA, 2021a) that the 

EA determines. The regulation methods are valid for two periods with certain parameter 

updates. The current methods are valid for regulatory periods 2016-2019 and 2020-2023. 

This thesis focuses on the current methods as the methods for the next periods are not yet 

confirmed. This section presents the key aspects of Finnish economic regulation that effect 

the profitablity of investments. The framework of the regulatory methods is presented in 

Figure 3.1. 
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Figure 3.1 Regulatory model in Finland for regulatory periods 2016-2019 and 2020-2023. (EA, 2021a) 

In the illustration of the regulatory methods shown in figure 3.1, the left-hand side consists 

of the components that are used to determine reasonable return for the DSOs. The reasonable 

return is calculated by adjusting the DSO balance sheet and multiplying it with reasonable 

rate of return. This reasonable return is the acceptable return for the DSO determined by the 

EA. The right-hand side shows how the adjusted return for each DSO is calculated in the 
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regulatory model. The realised adjusted return is calculated based on the profit or loss in the 

DSO income statement which is adjusted with different adjustment items and incentives that 

are in place for the DSOs to improve their operations. For each fiscal year the EA compares 

the left-hand side reasonable return to the right-hand side realised adjusted profit, and if the 

realised adjusted profit is smaller or larger than reasonable return a deficit or a surplus is 

created for the year. DSO must be in cumulative balance or in deficit in the end of each 

regulatory period. After the regulatory period the surplus is returned to the customers by 

lowering tariffs or deficit might be collected back by increasing tariffs. 

The regulatory model consists of many components. These components also effect the 

profitability of investments to the electricity distribution network. Next a more detailed 

description of the calculation of reasonable return and incentives which are used to adjust 

the DSO income statement is presented as the regulatory model and parameters in it 

determine how network investments create value for DSOs. 

3.1.1. Reasonable return 

This chapter presents the calculation methods for reasonable return and is based on the 

Finnish regulatory methods (EA, 2021a). The reasonable return is based on adjusted equity 

invested in electricity network operations, interest bearing dept and reasonable rate of return.  

The adjusted electricity network assets are based on the electricity network components DSO 

has invested in, lifetime of these components and average age of these components. First the 

adjusted replacement value of these components is calculated by multiplying the amount of 

network components with a regulatory unit price. These regulatory unit prices are 

determined by the EA, updated for every period, and can be found from (EA, 2023). 

Calculation of adjusted replacement is presented in equation 23. (EA, 2021a) 

𝐽𝐻𝐴𝑖 = 𝑢𝑛𝑖𝑡 𝑝𝑟𝑖𝑐𝑒𝑖 ∙ 𝑛𝑢𝑚𝑏𝑒𝑟𝑖   (23) 

For the whole electricity network asset the adjusted replacement value can be calculated 

according to equation 24.  

𝐽𝐻𝐴 = ∑ (𝐽𝐻𝐴𝑖)
𝑛
𝑖=1  ,    (24) 
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where in equations 23 and 24 

JHAi  = the total adjusted replacement value of all components of network 

component i  

unit pricei  = regulatory unit price of network component i 

numberi  = number of all components in network component i 

JHA  = DSOs adjusted replacement value of all electricity network assets.  

After the replacement value of the network is obtained, the adjusted net present value is 

calculated in the following way:  

𝑁𝐾𝐴𝑖 = (1 −
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑔𝑒𝑖

𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑖
) ∙ 𝐽𝐻𝐴𝑖    (25) 

and for the whole network 

𝑁𝐾𝐴 = ∑ (𝑁𝐾𝐴𝑖)
𝑛
𝑖=1 ,     (26) 

where:  

NKAi  = adjusted net present value of all components in network component i 

lifetimei  = lifetime of network component i 

average agei  = average age of components in network component i 

NKA  = DSOs adjusted net present value of all electricity network assets.  

Assets that do not have a corresponding regulatory network component but are acceptable 

for network assets can be added to the equity from balance sheet.  

Calculation of reasonable rate of return approved for the capital invested in network 

operations is based on the Weighted Average Cost of Capital (WACC) model. For the 

WACC the reasonable cost of equity is determined using the well-known Capital Asset 
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Pricing model (CAP model). Calculation of the CAP model is presented in equation 27. (EA, 

2021a) 

𝐶𝐸 = 𝑅𝑟 + 𝛽𝑒𝑞𝑢𝑖𝑡𝑦 ∙ (𝑅𝑚 − 𝑅𝑟) + 𝐿𝑃    (27) 

where 

CE  = reasonable cost of equity 

Rr  = risk-free rate 

βequity  = equity beta coefficient 

Rm  = average market returns 

Rm-Rr  = market risk premium 

LP  = premium for lack of liquidity 

The risk-free rate is determined using the ten-year Finnish government bonds and calculating 

the average from daily values between April and September from the previous year. Market 

risk premium is determined to be 5% and the premium for lack of liquidity 0.6%. Beta 

coefficient for the equity can is calculated using equation 28. (EA, 2021a) 

𝛽𝑒𝑞𝑢𝑖𝑡𝑦 = 𝛽𝑎𝑠𝑠𝑒𝑡 ∙ (1 + (1 − 𝑦𝑘𝑣) ∙
𝐷

𝐸
)    (28) 

where  

βasset  = the asset beta 

yvk  = the rate of corporate tax 

D/E  = the capital structure determined by EA (interest bearing dept / equity) 

In the regulation model a fixed capital structure is used. The capital structure describes the 

weightings between the cost of equity and the cost of dept in the WACC model. The 

weighting is 40 % for interest-bearing debt and 60 % for equity. (EA, 2021a) 
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For the WACC model a reasonable cost of dept is also calculated by adding dept premium 

to the risk-free rate. The reasonable cost of dept CD is calculated using equation 29. (EA, 

2021a) 

𝐶𝐷 = 𝑅𝑟 + 𝐷𝑃     (29) 

where DP is the dept premium. The dept premium is determined to be 1.4%.  

The reasonable rate of return in the regulatory model can be now calculated after taxes 

WACCpost-tax using equation 30.  

𝑊𝐴𝐶𝐶𝑝𝑜𝑠𝑡−𝑡𝑎𝑥 = 𝐶𝐸 ∙
𝐸

𝐸+𝐷
+ 𝐶𝐷 ∙ (1 − 𝑦𝑘𝑣) ∙

𝐷

𝐸+𝐷
   (30) 

where  

E  = adjusted equity invested in network operations 

D  = adjusted interest-bearing dept invested in network operations.  

Using the fixed capital structure where interest-bearing debt is 40% and equity is 60% 

applied to the DSO, calculation of pre-tax reasonable rate of return WACCpre-tax can be 

carried out using equation 31.  

𝑊𝐴𝐶𝐶𝑝𝑟𝑒−𝑡𝑎𝑥 =
𝐶𝐸∙0.6

(1−𝑦𝑘𝑣)
+ 𝐶𝐷 ∙ 0.40    (31) 

An overview of the parameters used to calculate the reasonable return is presented in table 

3.1. 
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Table 3.1 Parameter for the regulatory WACC calculation (EA, 2021a) 

Parameter 
Value applied in the regulatory 
WACC model 

Risk free rate Rr 

Average daily values of the interest 
of 10-year Finnish government bonds 
for previous year’s April–September 

Asset beta βasset 0.54 

Equity beta βequity 0.828 

Market risk premium Rm 5.0 % 

Premium for lack of liquidity LP 0.6 % 

Capital structure (interest-bearing dept / 
equity) (D/E) 40 % / 60 % 

Debt premium DP 1.4 % 

Corporate tax rate ykv 20.0 % 

Finally, the reasonable return before taxes Rk,pre-tax can be calculated by multiplying 

WACCpre-tax with the adjusted equity invested in network operations and interest-bearing debt 

invested in network operations, presented in equation 32. (EA, 2021a) 

𝑅𝑘,𝑝𝑟𝑒−𝑡𝑎𝑥 = 𝑊𝐴𝐶𝐶𝑝𝑟𝑒−𝑡𝑎𝑥 ∙ (𝐸 + 𝐷)    (32) 

3.1.2. Investment incentive 

The investment incentive is intended to encourage the DSOs to make cost efficient 

investments on average between the DSOs and to enable replacement investments. The 

investment incentives impact comes from the unit prices and the straight-line depreciation 

calculated from the adjusted replacement value of the network. According to the Energy 

authority’s regulatory methods (EA, 2021a) the investment incentive guides the DSOs to 

make more efficient investments than the average of all DSOs. The impact arises from 

difference between the investments calculated with the regulatory unit prices and the realised 

investments. When DSO makes more efficient investment compared to the unit prices 

(adjusted replacement) they will get a higher value for their investment, and if the investment 

costs more than the value calculated with the regulatory unit prices the investment loses 

value. (EA, 2021a) 

The adjusted straight-line depreciations JHATPk are calculated for all of the network 

components as presented in equation 33.  
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𝐽𝐻𝐴𝑇𝑃𝑘 = ∑ (
𝐽𝐻𝐴𝑖

𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑖
) ∙ (

𝐾𝐻𝐼𝑘

𝐾𝐻𝐼2022
)𝑛

𝑖=1     (33) 

where KHIk is the consumer price index at year k and KHI2022 is the consumer price index at 

year 2022. The consumer price index is updated to the year when unit prices were last 

updated. (EA, 2021a) 

3.1.3. Other incentives 

In the regulation methods there are also other incentives, Quality incentive, efficiency 

incentive and innovation incentive. Considering the case study and case company which are 

presented in chapter 4, the mathematical background of these incentives is not thoroughly 

introduced, but the main idea is presented as their effects to the case company’s investments 

are minimal. The quality incentive’s objective is to improve the quality of distributed 

electricity, efficiency incentive’s objective is to encourage DSO to operate in an efficient 

way and innovation incentive aims to encourage development and innovation of new 

technology and operational solutions for the DSO in its network. (EA, 2021a) 

The quality incentive aims to improve the quality of electricity distribution by setting a price 

for different kind of outages with energy and power dimensions. The customer outage prices 

are presented in table 3.2. (EA, 2021a) 

Table 3.2 Regulatory prices for different kind of electricity distribution outages. (EA, 2021a) 

Unexpected 
outage Planned outage 

Time-
delayed 
autorecloser 

High-speed 
autorecloser 

hE,unexp hW,unexp hE,plan hW,plan hAJK hPJK 

€ / kWh € / kW € / kWh € / kW € / kWh € / kWh 

11.0 1.1 6.8 0.5 1.1 0.55 

 

The quality incentive is determined by calculating a reference level of regulatory outage 

costs from past years KAHref and comparing it to the realised regulatory outage cost KAHt, k, 

using the regulatory customer prices for outages presented in table 3.2 with corresponding 

realised outages. The impact of quality incentive is deducted when calculating realised 

adjusted profit and its effect can be positive or negative depending on if the KAHref deducted 
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with KAHt, k is above or less than zero. The effect of the quality incentive is limited to be 15 

% of reasonable return at its maximum on both ways. (EA, 2021a) 

Efficiency targets are defined by the EA for the distribution industry and for every DSO. 

There is a general efficiency target which is set to 0% as there’s a lot of new expectations to 

DSOs that increase their costs. Company specific efficiency targets steer DSOs to improve 

their own efficiency. In the regulatory model efficiency benchmarking uses a very 

complicated Stochastic Non-smooth Envelopment of Data model (StoNED) to determine 

company specific efficiency targets. The StoNED model uses controllable operative 

expenditure, repurchase value of network, network length, cabling rate, distributed energy, 

the number of customers, the ratio of customers per connection point, customer outage costs 

and the general efficiency target to determine the DSO specific efficiency requirement. The 

company specific requirement is used to calculate allowed operational costs ATOTEX. 

Simplistically the company-specific efficiency incentive is determined by comparing 

ATOTEX with total realised operational costs TOTEX. Operational costs consist of 

controllable costs like maintenance and 50 % of customer outage costs. (EA, 2021a) 

Innovation incentive is in place to encourage the DSO to develop and use new innovative 

technical and operational solutions in its electricity network operations. The innovation 

incentive consists of acceptable research and development costs and can be up to 1 % of the 

DSO’s total turnover from network operations in the year in question. Capitalized costs are 

not allowed in the innovation incentive. The innovation incentive is deducted when 

calculating the realised adjusted profit. (EA, 2021a) 

3.2. Investments in electricity distribution infrastructure 

There is growing need worldwide to invest more in electricity network as the green transition 

increases renewable production or processes that use fossil fuels are electrified, which 

demand more electricity transmission and distribution capacity. Annual worldwide grid 

investments are projected to rise in IEA’s scenarios between USD 550 billion and 630 billion 

by 2030, compared to USD 300 billion per year from 2012-2021 (IEA 2022).  

In Finland the focus has been in security of supply investments in the past years. These 

investments are driven by the Electricity Market Act (588/2013) that set security of supply 

targets to be 6 h in city plan areas and 36 h in rural areas by latest 2036. Yearly replacement 
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investment levels rose from c.a. 500 M€ to c.a. 1 000 M€ level from 2014 to 2020. (EA, 2021b) 

There is also growing need to invest into the electricity network due to the green transition in 

Finland. For example, Helen Electricity Network projected that they need to invest 370 M€ 

between 2022 and 2031 for network replacement and change investments from which 160 M€ 

is to enable green transition and the development of city of Helsinki. (Helen Sähköverkko, 2022)  

The grown need for electricity network investments makes it important to analyse and optimize 

investments in the best possible way. Next chapter presents a short overview how network 

investments have traditionally been optimized in Finland considering the economic regulation.  

3.2.1. Optimizing investments in electricity distribution network  

Haakana, Lassila, Honkapuro and Partanen (2012) presented three different renovation 

strategies and cost optimization functions corresponding to them. The objectives for these 

strategies were to minimize costs, maximize the owner’s profit and to minimize the total cost 

of customers. The general cost optimization functions were presented as follows:  

Minimisation of costs:  

min𝑍1 = ∫ 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 (𝑡) 𝑑𝑡
𝑇

0
                      (34) 

where T is the lifetime of the network.  

Maximisation of owner’s profit:  

max𝑍2 = ∫ (𝐴𝑙𝑙𝑜𝑤𝑒𝑑 𝑟𝑒𝑣𝑒𝑛𝑢𝑒(𝑡) − 𝐴𝑐𝑡𝑢𝑎𝑙 𝑐𝑜𝑠𝑡𝑠(𝑡)) 𝑑𝑡
𝑇

0
                  (35)  

Minimisation of total cost for the customer:  

min𝑍3 = ∫ (𝐴𝑐𝑡𝑢𝑎𝑙 𝑐𝑜𝑠𝑡𝑠(𝑡) + 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑜𝑢𝑡𝑎𝑔𝑒 𝑐𝑜𝑠𝑡𝑠(𝑡)) 𝑑𝑡
𝑇

0
  (36) 

Minimization of the total costs is a traditional way of planning network. When taking the 

Finnish regulatory model and the equation 29 into account, the minimization of totals costs 

function can be written as follows (Haakana et al., 2012):  

min𝑍1 = ∫ (𝐶𝐶𝐴𝑃(𝑡) + 𝐶𝑂𝑃𝐸𝑋(𝑡) + 𝐶𝐶𝑂𝐶(𝑡)) 𝑑𝑡
𝑇

𝑡=0
                 (37) 
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where  

T  = the planning period (lifetime),  

CCAP(t) = the annual capital costs for year t 

COPEX(t) = the annual operational costs for year t 

CCOC(t) = the annual customer outage costs for year t.  

The objectives of the DSO can be closely linked to the approach taken to network 

optimization. Combining the equation 30 to the Finnish regulatory methods the following 

equation can be used as a basis for optimization when maximising owner’s profit (Haakana 

et al, 2012):  

max𝑍2 = ∫ (𝐷𝑎𝑝(𝑡) + 𝐷𝑠𝑙𝑑(𝑡) + 𝐷𝑂𝑃𝐸𝑋(𝑡) +
𝐷𝐶𝑂𝐶(𝑡)

2
− 𝐶𝐶𝐴𝑃(𝑡) + 𝐶𝑂𝑃𝐸𝑋(𝑡) +

𝑇

𝑡=0

𝐶𝐶𝑂𝐶(𝑡)

2
)  𝑑𝑡        (38) 

where 

Dap(t) = the annual allowed return on capital for year t, (reasonable return)  

Dsld(t) = the annual straight-line depreciations for year t 

DOPEX(t) = the annual reasonable operational costs for year t 

DCOC(t) = the annual reference value of the customer outage costs for year t 

For the minimization of customers costs consists of reasonable regulatory costs and actual 

costs. The cost components for the minimization optimization are funding cost of 

investments, depreciations of investments, actual operational costs and the regulatory 

customer outage costs presented in equation (39) (Haakana et al, 2012)  

min𝑍3 = ∫ (𝐶𝐶𝐴𝑃(𝑡) + 𝐶𝑂𝑃𝐸𝑋(𝑡) + 𝐶𝐶𝑂𝐶(𝑡)) 𝑑𝑡
𝑇

𝑡=0
    (39) 

The equation (39) is identical to equation (37), but if funding costs are eliminated there 

comes a difference between them. Eliminating funding costs can often be justified due to the 
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DSOs opportunity to fund their investments using only income funding. (Haakana et al, 

2012) 

The Finnish regulation limits the maximum profit that the DSO owner can gain from the 

operations. Minimizing total costs and minimizing customers total costs are strategies very 

close to each other. These strategies tend to lead to different investment programs, results 

for the customer and for the network structure. These investment strategies are applied 

within Helen Electricity Network, which is presented in the next chapter as part of the case 

study.   
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4.  Case study 

This case study focuses on implementing real options theory to Helen Electricity Network 

Ltd. investment planning and analysis practises using a real-life case for electricity 

distribution capacity investment need. First an introduction to the Case company and its 

operations linked to the thesis topic is presented. It includes an overview of Helen Electricity 

Network and its current investment process and investment analysis practices, to find out 

where and in which situations real options theory would be useful for the company. After 

getting to know the case company and its practices a real options valuation method to be 

implemented is chosen. The needed data and its sources for real options valuation are 

presented, following with detailed results and analysis.  

4.1. Overview of Helen Electricity Network and its investment planning and 

analysis practises 

There are 77 DSOs in Finland, and the case company Helen Electricity Network is the third 

largest when measured by the number of customers. Helen Electricity Network operates in 

the Helsinki municipality area and by end of year 2022 it had 414 000 customers connected 

to its network. Helen Electricity Networks turnover was 130 M€ in year 2022 and it has 93 

employees. The total length of electricity network that Helen Electricity Network manages 

and operates is around 6500 km.  

Helen Electricity Network has a growing need for investments to the electricity distribution 

network. The company plans to invest 420 M€ in its network between 2022 and 2031. From 

this 370 M€ is replacement and change investments and 50 M€ is investments for organic 

growth. Investments for organic growth are quite stable but the increased investment need is 

in replacement and change investments. A ten-year investment plan for replacement and 

change investments is presented in figure 4.1. (Helen Sähköverkko, 2022) 

There is an incoming investment boom as the replacement and change investments are 

planned to more than double in years 2024-2028 compared to 2022 levels. The increase 

comes from replacement investments in energy metering and change investments to the high 

voltage network and substations. Change investments are investments that enable the green 

transition and development of the city of Helsinki. These investments are planned to be 180 

M€ between 2022 and 2031, and they can be e.g., relocating high voltage power lines or 
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substations, or investments in additional electricity distribution capacity. (Helen 

Sähköverkko, 2022) 

 

Figure 4.1 Helen Electricity Networks planned yearly investments for replacement and change investments 

divided by network component classes, years 2022-2031. (Helen Sähköverkko, 2022) 

The increasing investment need careful planning and analysis for the network investments. 

It is in Helen Electricity Network’s best interest avoid unprofitable or unnecessary 

investments that can be caused by uncertainties in customer needs, investment costs, 

operational costs related to the investments or regulation. The uncertainties in customer need 

are the amount and timing of electricity consumption of customers which can lead to 

premature investments and demolitions or insufficient distribution capacity. Investment and 

operational costs are often change from what is initially planned and the regulatory model 

contains uncertainties e.g., in the interest rate used to determine reasonable rate of return, 

the regulatory model is also under update which causes uncertainties in how to calculate 

value for the investment project. These uncertainties and the actions DSOs have to manage 

them tend to be neglected by traditional investment analysis methods which are currently 

used in Helen Electricity Network. There is a need to analyse the effect of uncertainties and 

the actions to manage them on investment profitability to help make informed investment 

decisions. For this real options theory and valuation method is implemented on Helen 

Electricity Networks investment analysis practises. Next the investment process of Helen 

Electricity network is described, opportunities where real options could be utilized and 

current practices for investment analysis are discussed.  
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4.1.1. Helen Electricity Network investment project process  

Matthews et al. (2007) pointed out that much of the value of real options resides in “real 

options thinking” and not in the actual valuation calculations. The real options thinking is a 

critical part of decision making but not well articulated, although real options offer structure 

to decision making. For real options recognition and valuation, it is important to recognize 

where the real options thinking could be implemented in Helen Electricity Networks 

investment process for large investments.  

The investment project process is based on gates that structure the investment project 

process. In the beginning of the process before gate 0 customer needs and investment project 

ideas are identified. Between gates 0 and 1 initial planning of the project is performed. Gate 

1 is where a decision for continuing to detail planning is made. Gate 2 represents the 

investment decision. After the execution of the investment project the output of the project 

is approved in gate 3 and gate 4 is the closure of the project. Post evaluations are also made 

for the large investment projects. A general description of Helen Electricity Networks 

investment project process in described in figure 4.2.  

 

Figure 4.2 General overview of Helen Electricity Network investment project process, adapted from Helen 

Electricity Networks internal material. 
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The planning of investment projects is divided in two parts. Initial planning where a general 

plan is made, and initial analysis of the project and its profitability are calculated. Usually in 

this phase there are still a lot of uncertainties and there can be multiple investment options 

that solves the same challenges for the network.  After the gate 1, usually only one 

investment option goes to detail planning phase as in the planning phase the project will start 

accumulating considerable costs. These costs come for example from the actual planning 

and permitting. However, in the detailed planning phase, there are still uncertainties that can 

affect the profitability of an investment project. The planning phases starting from the 

identification of customer needs and initial planning to the gate 2 when detailed planning for 

the project is ready can take several years. The procurement, construction and 

commissioning of the project can also take between one to five years.   

This study focuses on the beginning of the investment process where project ideas and 

alternative investment projects are analysed. This would be a natural point in the process for 

implementing real options theory, as there can be several different investment options, there 

are usually lots of uncertainties and no considerable costs are yet incurred for the projects 

however, cases for real options can be found in the detailed planning phase before investment 

decision or even after the investment decision is made.  

The most obvious real options recognized for the electricity network investments are option 

to expand and option to defer, option to switch and option to abandon can also be found in 

some cases. Option to defer can be found for example if there are uncertainties in customers 

electricity demand, deferring the investment and waiting for more knowledge can help to 

avoid overinvestments in electricity distribution capacity. Option to expand can be for 

example installing extra pipes for possible future needs in a cabling investment or a 

substation investment where a possibility to add an extra transformer or extra feeders is left 

possible without any additional work to the building. Most use cases for real options 

valuation in Helen Electricity Networks investment project process can be found before 

detailed planning decision is made. For the investment decision (G2) a description of 

uncertainties and their possible effects to the investment project would be in place to help 

management to make better informed decisions.   
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4.1.2. Investment analysis methods currently in use.  

Helen Electricity Network uses a total cost of ownership (TCO) methodology in its 

investment analysis. TCO methodology focuses to capture all the costs associated with a 

particular project, operation or acquisition over its whole life span. (Sower, Sower 2015) 

Helen Electricity network uses the TCO methodology to make the overall cost-efficient 

investments to the electricity network. For electricity network investments costs that are 

accumulated are for example the investment cost, costs from land use, rents, inspections, 

maintenance and demolition. The objective is to minimise the total cost of ownership and at 

the same time get reasonable return for the operations.  

Income side for electricity distribution network investments in the Finnish regulatory 

framework is somewhat tricky to calculate. For what the project generates as cash inflows 

Helen Electricity Network uses the variables of the economic regulation model described in 

chapter 3.1. How the investment project affects the reasonable return and investment 

incentive is calculated for the cash inflow. Quality and efficiency incentives can affect the 

results in either way. In replacement investments cost savings are also considered as cash 

inflows in the investment profitability calculations.  

The overall investment and network renovation strategy is very similar to minimizations of 

total costs presented in chapter 3.2. However, the company also wats to make sure that the 

investments are also sensible when considering the Finnish regulatory framework and that 

there is a reasonable return on investments, which the regulatory framework allows.  

For the analysis of investment profitability traditional measures are used and the calculations 

are based on projected cash flows, actual and regulatory. These include the NPV, IRR, 

payback period and profitability index. It is also calculated how much the investment costs 

differ compared to the regulatory unit prices by dividing the repurchase value of the invested 

regulatory components with the investment cost; this is called investment efficiency. The 

NPV and investment efficiency are presented always, the other investment profitability 

measures are used if they are needed to support in the investment decision making.  

Although the investment analysis is comprehensive using the TCO methodology and taking 

the Finnish regulatory framework in to account, uncertainties and managerial actions are 
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often neglected. Usually, uncertainties are taken into account by adding a premium on top 

of the investment costs, which weakens the indicated profitability of the investment and the 

measures for the investment and its profitability are presented in crisp numbers.  

4.2. Data and methodology 

Helen Electricity Network’s objective for this thesis is to get more insight on risks and 

uncertainties that investment projects face and on the actions that can be taken to mitigate 

the downside of these risks and uncertainties. As there can be different kind of network 

investment options to solve the same challenge and some actions can be taken to mitigate 

uncertainties, implementing real options theory seems appropriate. Next a real options 

valuation method is selected to be implemented. Use of the selected method is demonstrated 

via a real-life case.  

4.2.1. Methodology 

In Helen Electricity Network’s point of view, the real option valuation method should be 

easy to use and simple, as experts using the implemented tool are electrical engineers whose 

main focus is on electrical engineering. The analysis should also be easily shared in an open 

way with others. This means preferably an excel spreadsheet-based solution. A complicated 

valuation method or a calculation tool which is not easily used and shared would probably 

be of little use.   

There are many uncertainties in the estimations of electricity distribution investments and 

their profitability. These uncertainties can be for example investment and maintenance costs, 

electricity demand of customers, timing of the customer electricity demand, permissions for 

the construction of electricity network, and regulatory methods. In practice, expressing 

probabilities for these events with accurate value based on experience and subjective 

estimations is unrealistic. Under these circumstances expressions with fuzzy or linguistic 

variables are more reasonable. (Zeng et al., 2007)  

Considering the case company’s objectives and the nature of uncertainties that electricity 

distribution network investments can face, the Pay-off method, presented in chapter 2.2.5, is 

chosen to be implemented into the company’s investment analysis practises. In more detail 

the fully possibilistic pay-off method. The pay-off method uses cash inflows and outflows 
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created by experts which supports choosing it as a methodology to be applied. For the experts 

it is quite straight forward to determine optimistic, best guess and pessimistic cashflow 

scenarios for the investments if the best guess scenario can be extracted from the normal 

investment planning process of the company.  

For the pay-off method the extra premium that is usually assigned to cover unexpected costs 

needs to be withdrawn from the best guess scenario. These kinds of extra costs are included 

in the pessimistic scenario. The investment analysis before decision making is usually done 

before procurement therefore the investment cost is a rough estimation based on knowledge 

of the market and previous investments with similar network components. Planning is also 

often carried out with safety margins that might lead to lower realised investment costs than 

planned. Therefore, there should also be a possibilistic scenario with lower investment and 

maintenance costs.  

Some of the regulatory parameters used to calculate reasonable rate of return, and inflation 

changes over time and can affect the investments profitability long after the investment 

project has been commissioned.  However, these are the same for every investment and if 

different options or investment projects are compared via real option valuation the 

parameters should be the same for the different investment projects. In some rare cases, it 

might make a difference to have different regulatory parameter scenarios for real option 

valuation, if the TCO cost structure is very different between compared investments. For the 

investments going into G2 investment decision, different regulatory parameters are added to 

the pay-off methods CF scenario calculations to test how suitable the pay-off method is for 

sensitivity analysis.  

4.2.2. Investment need and data 

This chapter presents a description of the investments and investment options which are 

analysed. It includes the data needed for investment analysis and real option valuation and 

its sources, also the initial investment profitability calculations with the current company 

practices are provided.  

The investment need chosen for analysis are meant for high voltage electricity distribution 

network capacity reinforcement in the Helsinki city area. The need for distribution capacity 
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reinforcement comes from projected increase in Helen Electricity Network customers 

electricity demand. Some of this increasing demand can be considered certain and some of 

it is still uncertain. For example, the local district heating company announced investments 

on green transition where fossil fuels are replaced with heat pumps 230 MW and electric 

boilers 280 MW by year 2025. (Helen, 2023) There are also other individual large customers 

making inquiries for increasing electricity demand in Helen Electricity Networks area for 

substantial amounts, but these details are left outside of this thesis for nondisclosure reasons. 

The need for the reinforcement is inevitable, but there are major uncertainties in the 

electricity distribution capacity needed in the future. For the sake of this thesis detail 

information about the electricity demand is not needed. The information of which 

investments are enough for the lower demand, and which are needed for the higher demand 

is sufficient.  

The reinforcement of the electricity distribution network capacity concerns the lines and 

cables feeding the inner-city area of Helsinki. The reinforcement need in more detail is for 

the high voltage distribution cross-section number 2 presented in a dashed red line in figure 

4.3.  

 

Figure 4.3 High voltage distribution network in Helsinki and cross-sections for high voltage distribution 

capacity. 
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Two sensible ways has been identified to increase the capacity in the second cross-section, 

depending on the electricity demand. First option is to invest in electrical equipment that are 

used to control electricity flows in different cables to optimise the use of existing capacity 

of the network. This investment is sufficient for the increase of electricity demand that is 

considered to be certain. The risk of even more increased electricity demand could be 

answered with an investment in cable reinforcement, which is to replace an old 110 kV 

transmission cable connection with new thicker cables that have higher electricity 

distribution capacity. The higher increase of electricity demand due to individual large 

customer inquiries can be expected in five to ten years. Detailed information of the 

investments provided by the experts in Helen Electricity Network is presented in figure 4.4. 

The investment cost and operational cost information is modified from actual costs in order 

not to disclose business sensitive information but so that the results can be interpreted in the 

same way as using the actual costs. 

 

Figure 4.4 Information on investment options for increasing transmission capacity in Helen Electricity Network 

high voltage network. Cost information is modified from actual costs in order not to disclose business sensitive 

information. Cost information in real terms. 
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The cable reinforcement investment option is more expensive compared to the flow control 

device and the old cables have more than half of their lifetime left, which means losing 

money for the DSO. In the Finnish regulatory environment, when calculating investment 

profitability, the change to reasonable return and incentives should be considered in the 

calculations. This means that in replacement investments demolished assets having NKA 

more than 0 have a negative effect to the regulatory cash inflows used in investment 

profitability calculations.  

Compared to the average operational environment in Finland Helsinki is a very densely built 

environment. In the city area it is difficult to find room for electricity distribution network 

and as there is also other infrastructure using the same street areas. Therefore, the solutions 

how the electricity infrastructure is built can get very expensive, especially when compared 

to the regulatory unit prices. The new cable is estimated to cause less annual operational 

costs than the old cable, based on enhanced production techniques. Electrical losses are also 

included in the annual costs. The net present value for this project using the methodology 

described in chapter 4.1.2 is -246 000 € over the 50-year period used in the company 

practices. IRR is 4.70% and investment efficiency 0.82, the investment efficiency should be 

1 to match the industry average investment costs. Based on this information the project 

should be rejected by the profitability point of view. The calculation was carried out with a 

5% discount rate and with the values for WACC and inflation presented in table 4.1.  

Increasing the distribution capacity with an electrical control device has the lowest 

investment cost, but more operational costs related to it than the other option. It is sufficient 

to the future customer demand for electricity that are considered to be certain at the moment. 

The lifetime for this electricity flow control device is estimated to be 35 years. This means 

that the flow control device needs to be renewed once during the 50-year period. Electrical 

losses are also included in the annual costs. For this project the corresponding values are 

NPV = 1652 000 €, IRR 8.57% and investment efficiency 0.89. Based on NPV and IRR 

values this project could be continued. However, there is a risk that in five to ten years the 

electricity demand of Helen electricity Networks customers increases to a level where more 

distribution capacity is needed for the cross-section 2. This would mean that the cable 

reinforcement is needed, and the flow control device is left unused and it will need to be 

demolished prematurely.  
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Calculation of the regulatory WACC is carried out using the measures presented in table 3.1. 

For the 10-year Finnish government bond rate and inflation the forecasts from the bank of 

Finland or the ministry of Finance is used depending on which is more recent, as forecasting 

interest rates are out of the scope for this thesis. For the first three years the 10-year Finnish 

government bond is obtained from the ministry of finance. (VM, 2023) For the following 

years a forecast of the 30-year Finnish government bond is used according to the company 

policy. The used inflation rates, the 10-year Finnish government bond and WACC are 

presented in table 4.1.  

Table 4.1 Inflation, WACC and the 10-year Finnish government bond rates used in the study.  

Measure/year in calculation 0 1 2 3 4 5-> 

Finnish 10 year interest rate 
for WACC calculation 1.76 % 3.30 % 3.20 % 3.40 % 3.20 % 3.10 % 

Inflation 0 % 5 % 4 % 2 % 2 % 2 % 

WACC 6.08 % 7.85 % 7.74 % 7.97 % 7.74 % 7.62 % 

 

Usually, in the case company minimizing total costs of ownership would lead to a solution 

that solves the problem in hand and at the same time takes care of the future needs of 

customers. In this case it would mean the unprofitable cable reinforcement investment. 

However, the flow control device investment is profitable as long as it’s sufficient for the 

electricity distribution capacity needed. This creates potential for utilizing real options 

theory to the investment in electricity transmission capacity for the cross-section 2 as long 

as the negative side of the possible NPV distribution can be cut-off. In the following chapter 

4.3 the results of real option valuation are presented and discussed. Also, the possibilities of 

using the fully possibilistic fuzzy pay-off method for sensitivity analysis to enlighten 

uncertainties the investment project faces are discussed. 

4.3. Results  

The future electricity demand causes reinforcement needs to Helen Electricity Networks 

high voltage grid. The increase in electricity demand for the near upcoming years can be 

solved with a profitable electricity flow control device investment. However, in five to ten 

years there is a risk of the electricity demand increasing more than the distribution capacity 

increase provided by the electricity flow control device. Therefore, a cable reinforcement 
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investment would make more sense as it solves the possible future needs of the company 

customers. However, the initial calculations in chapter 4.2 show that executing the cable 

reinforcement is not profitable due to old network that has more than half of its life-time left 

needs to be demolished. This provides an opportunity to investigate real options.  

The real option recognized in the cable reinforcement of cross-section 2 is the option to 

defer. The cable reinforcement investment, which is a replacement investment for an old 

cable connection, can be deferred to gain more information on customers future electricity 

demand by investing to the electricity flow control device. If in five to ten years the 

electricity demand increases more than the capacity provided by the electricity flow control 

device, which is a recognized risk, the cross section 2 capacity reinforcement can be switched 

to the cable reinforcement.  

Using the same information about the investments provided in chapter 4.2.2 three cashflow 

scenarios can be created to cover the uncertainties in the customer demand: optimistic, best 

guess and pessimistic.  

• Optimistic: The electricity flow control device investment is made in year 0. The 

electricity demand does not increase in the future any more than what is the increased 

electricity distribution capacity provided by the electricity flow control device. Thus. 

the cable reinforcement investment can be avoided. A reinvestment to the electricity 

flow control device is needed in 35 years.  

• Best guess: The electricity flow control device investment is made in year 0. 

However, electricity demand increases even more so that the cable reinforcement is 

needed in ten years. Executing the cable reinforcement in ten years, means that the 

old cable connection being replaces is demolished prematurely at the age of 30 years 

and the electricity flow control device is demolished prematurely at the age of 10 

years. In the scope of this thesis there is no other use for the flow control device after 

demolition. 

• Pessimistic: The electricity flow control device investment is made in year 0. 

However, electricity demand increases even more so that the cable reinforcement is 

needed in five years. Executing the cable reinforcement in five years, means that the 
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old cable connection being replaced is demolished prematurely at the age of 25 years 

and the electricity flow control device is demolished prematurely at the age of 5 

years. In the scope of this thesis there is no other use for the flow control device after 

demolition. 

The cash flow scenarios are made in nominal terms. The nominal investment costs are 

expected to be stable. Postponing the cable reinforcement investment increases the 

investment cost by cumulative inflation, the yearly inflation rates used are provided in table 

4.1. The cash flow scenarios for the first 12 years are shown in figure 4.5. The cash flows 

for the 50-year period are presented in Appendix 1. In the cash flow scenarios presented in 

Figure 4.5 fixed costs are the cash outflows and the effects to the reasonable return are 

considered as the positive cash inflows. The cash flow scenarios are the same for the 

optimistic scenario and the best guess scenario between years 0 and 9, as in both the 

optimistic and the best guess scenarios the same investment into the electricity flow control 

devices is made first. At year ten the effects of the cable reinforcement investment start to 

show difference. To clarify, the best guess scenario investment, operational and demolition 

costs are the same for the electricity flow control device and cable reinforcement as in the 

other scenarios, the numbers have been adjusted for inflation as mentioned earlier. 

The uncollected return from prematurely demolished network is considered as cash outflow 

in the fixed costs. The cashflow scenarios point out that the prematurely demolitions in the 

best guess and pessimistic scenarios have a negative effect to the investment profitability. 

The cashflow scenarios do not take into consideration that the existing cable connection 

might need to be replaced when it comes to the end of its regulatory lifetime, which is inside 

the 50-year period. The analysis focuses on how the capacity reinforcement investment 

effects the company’s ability to make profit via the Finnish economical regulatory methods.  
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Figure 4.5 Cash flow scenarios for the first 12 years. Cash flows are presented as x1000€ and in nominal terms.  
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Using these three CF scenarios cumulative net present values are calculated for each project 

scenario as instructed in the pay-off method, using 5 % rate for discounting. The fully 

possibilistic real option value is calculated using equation (21) and the case for a-α ≤ 0 ≤ a. 

The possibilistic NPV of the project is calculated using equation (22) and success ratio as 

demonstrated in the chapter 2.2.5. The results of the fully possibilistic pay-off method, 

including cumulative NPVs for the scenarios through the 50-year period, are presented in 

figure 4.6. 

 

Figure 4.6 Results of the fully possibilistic pay-off method. 

As the cumulative NPVs of the project scenarios presented in figure 4.6 demonstrate the 

cashflows differ remarkably between the scenarios. With the optimistic and pessimistic 

scenarios NPV is the same as presented in chapter 4.2.2 ~ 1 650 000€ and ~-950 000€. The 

best guess scenario lands at a barely above zero with a 6 560 € NPV on the 50-year period. 

The triangular distribution is slightly skewed to the pessimistic side as the optimistic scenario 

is clearly more profitable than the other scenarios.  

By deferring the decision for investing into the cable reinforcement for ten years, the 

negative side of the NPV distribution can be cut off. This creates real option for the cross-

section 2 capacity reinforcement, and the real option value using the fully possibilistic pay-

off method is valued to be 277 000 €. This real option creates value based on the avoidance 
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of prematurely demolishing network components, if the electricity demand does not realize 

in a higher level of what the electricity flow control device can add to the distribution 

capacity. If the demand increases later, the company would have been able to utilize the 

existing cables for 10 years longer.  

The success ratio calculated from the triangular NPV distribution of the scenarios is 64/100 

and crisp value for the fuzzy triangular NPV distribution, the possibilistic NPV is 120 k€ 

indicate that the outcome of the project NPV is likely to be above zero. The possibilistic 

NPV and success ratio together with the ROV supports the decisions to invest into the 

electricity flow control device first and wait for more information on customers electricity 

demand.  

The use of real options theory and the fully possibilistic pay-off method in investment 

analysis creates insight to analyse the cross-section 2 reinforcement investment when there 

is uncertainty in the electricity demand of customers. This helps to find a more profitable 

way to increase distribution capacity to the cross-section 2 when there are uncertainties in 

the customer demand and the needed distribution capacity. The previous analysis however 

neglects other uncertainties the investment faces, for example, uncertainties in investment 

or operational costs, inflation or the how the Finnish 10-year interest rate changes effecting 

the reasonable rate of return determined by the regulatory methods.  

To illustrate how other uncertainties in the project can be analysed, a sensitivity analysis is 

carried out using the fully possibilistic pay-off method logic. Three scenarios are made 

where different simple cash flow scenarios are made using the best guess scenario as a basis, 

keeping it the same. This time the investment stays the same only the variables that are 

considered to be important, uncertain and effect the profitability of the project most are 

varied. These amount of variables from which the scenarios are made is limited to four, and 

they are the Finnish 10-year interest rate which effects the reasonable rate of return most, 

investment cost, operational costs and inflation. For the investment and operational costs the 

scenarios are based on expert evaluation. The Finnish 10-year interest rate and inflation 

scenarios are based on expert evaluation on how much sensitivity is seen reasonable in the 

analysis for the company. Table 4.2 illustrates how the simple scenarios are constructed.   
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Table 4.2 Scenario variables for sensitivity analysis. Cost information is modified from actual costs, due to 

business sensitive information, and presented in real terms.  

Scenario 

Total 
investment 
cost [k€] 

OPEX before 
cable 
reinfor-
cement 
[k€/a] 

OPEX after 
cable 
reinfor-
cement 
[k€/a] 

Finnish 10- 
year interest 
rate [change 
in % units] 

WACC 
[change 
in % 
units] 

Inflation 
[change 
in % 
units] 

Optimistic 9098 15.5 3,5 1 % 1.15 % - 1 % 

Best Guess 9678 18 4,2 

best guess 
scenario values 

in table 4.1 

best guess 
scenario 
values in 
table 4.1 

best guess 
scenario 
values in 
table 4.1 

Pessimistic 10065 19.5 6 -1 % 1.15 % 1 % 

 

The scenarios in table 4.2 are rough estimates as this analysis is performed in the company’s 

investment process in the initial planning phase between G0 and G1. At this point all details 

of the project are not yet fully planned and assumptions about the cost information must be 

made. These assumptions are based on previous projects and market knowledge of the 

expert. The thesis is not focusing on forecasting interest rates or inflation, and for illustration 

purposes the scenarios for these variables are simple ±1 %. For further use purposes the 

company should give more focus on interest rate and inflation forecasts and scenarios. These 

scenarios should be the same for all projects and not determined by experts who focus on 

electrical engineering. It is also possible to use the methodology also after G1 before the 

investment decision at G2 when the detailed planning is finished, and the scenarios are more 

accurate. Nominal cash flow scenarios for the first 12 years are presented in figure 4.7. The 

cash flow scenarios for the 50-year period are presented in Appendix 2. 

The cash flow scenarios differ from each other in all of the components presented in figure 

4.7. The cashflow scenarios try to cover the full span of possible outcomes, but keeping in 

mind that the scenarios need to be consistent. This means that when the WACC is high. This 

increases the reasonable return, but it also increases the negative effect of prematurely 

demolished network. The differences in investment and annual costs are obvious. The cash 

flows in the calculations that are related to the regulatory methods vary based on inflation 

and the Finnish 10 Y interest rate and WACC scenarios. The results of the sensitivity analysis 

with the fully possibilistic pay-off method are presented in figure 4.8.  
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Figure 4.7 Nominal cashflow scenarios for sensitivity analysis. 
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Figure 4.8 Results of the sensitivity analysis using the fully possibilistic pay-off method. 

The best guess scenario is the same from the earlier case. The possible outcomes based on 

expert scenarios of this investment project can be seen in Figure 4.8. The span of possible 

NPVs in the 50-year period goes from approximately -1 570 000 € to 1 820 000 €. The 

success factor in this project is 54/100, which reflects the possibility of this project being 

profitable. The possibilistic NPV is 47 000 €. The possibilistic NPV in line with the success 

ratio as it is greater than zero and the best guess NPV.  

In this case there is no real option and therefore the use ROV value is not justified. In a case 

where the company would have an option to cut the negative side of the NPV distribution 

with its actions, the value of the project with this imaginary real option would be 306 k€.  

Based on this analysis the investment for the base case scenario solution, where the case 

company first invests in electricity flow control device and in ten years in cable 

reinforcement contains risks on profitability. However, the investment project is only 

slightly more likely to end up with a positive NPV than negative NPV in the 50-year period. 

The results indicate that company should go forward to detailed planning to find out the true 

costs of the project and limit uncertainties. After detailed planning the uncertainties in costs 
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are reduced but still there remain major uncertainties regarding the regulatory method. The 

investment decision should not be only based on a crisp number or on the other hand only 

on ROV. The company should use ROV, the sensitivity analysis and the possibilistic NPV 

together with the best guess NPV in to make informed investment decisions. The decision 

ultimately comes down to the company’s willingness to take risks.  

The pay-off method illustrates the whole span of the possible NPV outcomes of the 

investment project. However, it lacs to describe what is the magnitude of impact from a 

single parameter in the investment analysis. The nominal cashflows show more detailed 

information on how different parameters change between the scenarios compared to the 

cumulative NPV figure. This still leaves room for unclarity as for example reasonable return 

is affected by both inflation and the Finnish 10 Y interest rate. This could be solved by 

creating multiple calculations with scenarios made only from one parameter, but it would be 

inconvenient for the experts to run several spreadsheets for analysing individual investment. 

The results of scenario-based sensitivity analysis with the pay-off method can be useful for 

managers who inspect the project in a higher level, to get quick insight of the risk level for 

the whole project. 

Technical implementation of the fully possibilistic-payoff method to existing investment 

analysis is straight forward as they are already performed in excel spreadsheets. Calculating 

a limited number of cases is manageable. If there is a need for more detailed analysis how 

different parameters effect the profitability of the investment project, the amount of excel 

files to manage will rise with the corresponding amount.  

The use of fully possibilistic pay-off method gives Helen Electricity network new insight to 

projects with uncertainties regarding timing of new electricity demand or cash inflows and 

outflows of a project. Finding cases with true real options can be difficult as the regulatory 

model incentives to invest into the distribution network and customer needs need to be 

fulfilled. Therefore, RO recognition and the use RO valuation methods should be included 

in the very early stages of the investment process.   
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5. Conclusions  

The topic for this thesis arises from the increasing need for investments to the electricity 

distribution network that the clean energy transition causes. There are projections of high 

increases in electricity demand and in renewable electricity production. However, DSOs see 

uncertainties in these high projections, and they are often difficult to translate into numbers. 

This motivates the question if real options theory can help DSOs to analyse their investment 

with uncertainties.  

To answer the research question “How can real option methodology be used to analyse 

electricity distribution infrastructure investments?” firstly a literature review was performed 

about real options theory and the use of real options in electricity network investment 

analysis. Secondly a case study was carried out, where real options theory was implemented 

on Helen Electricity Networks investment analysis practices. The selection of the real 

options valuation method came down to the fully possibilistic pay-off method, based on the 

use of excel and difficulties to formulae probabilities to the uncertainties, for which the fuzzy 

logic used by the method is suitable. This thesis shows that real option methodology can be 

used to analyses electricity distribution infrastructure investments. Real options thinking 

should be introduced already in the early stage of investment planning to help the company 

find profitable investment solutions for its electricity distribution network. 

For the sub question 1. “Can uncertainties in electricity distribution infrastructure 

investments be analysed using real option valuation methodology?” the fully possibilistic 

pay-off method was used for analysing real options when there are uncertainties in customer 

electricity demand. The pay-off method can also be used for sensitivity analysis to illustrate 

risk involved with the NVP of an individual investment project. The pay-off methods CF 

and NPV scenarios shows the full span of possible future outcomes for the project but lacks 

to describe the magnitude of impact from individual parameters to the NPV. For sensitivity 

analysis the Helen Electricity Network should consider other solutions that might help the 

experts understand how much parameters on which they can have an impact effect the 

profitability of the investment.  

To answer sub question 2. “Is it feasible to implement real option valuation to Helen 

Electricity Networks investment analysis tool?” the fully possibilistic pay-off method was 
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easily implemented in Helen Electricity Network’s present investment budgeting tool as it 

was Excel spreadsheet-based tool. Also creating three different cash flow scenarios is 

manageable by the experts who are planning investments into the electricity distribution 

network.  

The sub question 3. “Is the selected real option valuation method valid for Helen Electricity 

Network?” is a bit more difficult to fully disclose than the other sub questions. However, 

using real options theory and the fully possibilistic pay-off method, in investment analysis 

helps in Helen Electricity Network to analyse investments with major uncertainties in 

customers electricity demand. These uncertainties would be difficult to formulate with the 

conventional investment calculation methods that are currently in practice at Helen 

Electricity Network. Implementing real options into investment analysis and including ROV 

in investment decision making together with other profitability indicators gives more insight 

to the decision makers in the company compared to current practices.  

Limitations of this research were recognised to be the use of excel, assumptions of the 

nominal costs being stable, and the economic regulatory model for the Finnish DSOs. Using 

other tools that allows faster simulation would give more opportunities for the real options 

valuation method. The regulatory methods in Finland are unique and in other countries the 

value creation of electricity distribution network investments can differ substantially. The 

regulatory methods in Finland are under update and will change after the completion of this 

thesis. The new methods may include changes that effect the profitability of the investment 

options analysed in this thesis. The geographical operating area of Helen Electricity network 

is relatively small and the number of cases to analyse without disclosing information of 

customers is small. The small sample size and the Finnish regulatory methods limit the 

opportunities to truly generalise the results of this thesis. Using other methods for real 

options valuation that are not limited to excel based solutions should be researched for 

analysing electricity distribution investments in the Finnish regulatory environment. Future 

research could focus on implementing real options theory to analyse investment programs 

where there are multiple different investments which increases possibilities for managerial 

decision making.    
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Appendix 1. Cashflows in present values for real option valuation with the fully possibilistic 

pay-off method. Cash flows presented as k€. 
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Appendix 2. Cashflows in present values for sensitivity analysis with the fully possibilistic 

pay-off method. Cash flows presented as k€. 
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