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Valuation of Visaginas Nuclear Power Plant Project in Lithuania 

 

Executive Summary 

This thesis values the Visaginas NPP project in Lithuania and provides with the optimal entry 

and exit strategy, which is found employing Dixit and Pindyck’s (1994) stochastic 

continuous-time real option valuation model extended with mean-reversion process. The 

model is used to answer such questions as: why and when is it/is it not worth to invest in a 

new nuclear power plant in Lithuania; and why and when is it/is it not worth to leave the 

market if the investment is already made. In addition, there is suggested the optimal capacity 

of a new nuclear power plant. 

The thesis provides with the description of the project, worldwide trends of nuclear power, the 

Lithuanian electricity market analysis, as well as the comparison of two investment valuation 

techniques – the traditional NPV analysis and the real option approach. Then the input 

variables for the continuous-time real option valuation model is calculated and used to find 

the optimal investment strategy using Wolfram Mathematica 7. Finally, the sensitivity 

analysis is followed by the suggestions about possible extensions of the thesis. 

The main findings of the thesis is, that the investment in the Visaginas NPP is economically 

sound and in line with Lithuania’s energy policy because nuclear energy can ensure stable and 

cost-effective base-load supply of electricity, it does not emit CO2, and together with 

renewable resources contributes to the sustainable development. The market conditions are 

also favourable, as the electricity demand is expected to grow significantly and there is 

expected a shortage of electricity corresponding to at least 10.5 TWh in 2020. The 

deregulation of electricity market and the establishment of Lithuanian power exchange have a 

positive effect on transparency and fair competition, while future integration with the 

common Nordic power market promises further development of the market. 

The optimal strategy to enter the market implies that the investment should be made when the 

electricity price reaches 0.11 LTL/kWh in Scenario I and 0.17 LTL/kWh in Scenario II. As 

the current price of electricity is around 0.16 LTL/kWh, the project would yield a payoff of 

0.88 LTL per kWh of installed capacity in Scenario I and it would be optimal to wait and keep 

the option to invest alive in Scenario II. Once the investment is made, the nuclear power plant 

would operate at least 60 years. Even though electricity price may fall significantly, it is still 

optimal to stay in the market because the exit cost is high and the investors are expecting that 

electricity price will rise to its long-run mean level. Finally, the optimal capacity of the 

nuclear power plant is estimated at 1350 MW. 
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1 Introduction  

Recently, nuclear energy became a widely discussed topic. The Fukushima nuclear disaster 

raised awareness of nuclear safety and started a wave of debates about future electricity 

generation from this source. In Germany, for example, the structure of energy sector will 

change dramatically, as the Government has decided to completely shut down all 17 nuclear 

reactors by 2022. Meanwhile, the electricity demand is increasing and the nuclear capacity for 

electricity generation is continuously growing worldwide. At the moment, there are 61 

nuclear reactors under construction in 15 countries and these numbers are expected to double 

(World Nuclear Association, 2011g). 

1.1 Problem Statement 

This thesis analyzes a new nuclear power plant project from the investor’s point of view. Its 

aim is to value the Visaginas Nuclear Power Plant (NPP) project in Lithuania and find an 

optimal entry and exit strategy. In order to do that, the following questions are answered: 

 Why and when is it/is it not worth to invest in a new nuclear power plant in 

Lithuania? 

 Why and when is it/is it not worth to leave the market if the investment is already 

made? 

 What is the optimal capacity of a new nuclear power plant? 

1.2 Delimitations 

The scope of this thesis is limited to the analysis of one particular nuclear power plant project. 

The optimal strategy to enter and exit the electricity market in Lithuania may differ from 

investment strategies in other regions because of a specific electricity price movement 

process. In order to apply the theoretical framework for optimal strategy in other markets one 

should make some electricity price process adjustments which are discussed in chapter six. 

The thesis focuses on finding an optimal entry and exit strategy but not on financing decisions 

excluding the financing side effects on the project’s value and leaving them for future 

research. Mathematical aspects of the model are discussed only moderately as economical 

insights are much more important in this case. 

To value the new nuclear power plant in Lithuania only public available information is used 

because all details about the project are confidential. However, the project has a high 
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importance to the country and the community, therefore, a decent amount of information 

regarding approximate project investment cost, planned capacity and preparatory works is 

revealed. 

The accuracy of results is dependent on the accuracy of input variables. The Lithuanian Power 

Exchange exists only since the beginning of 2010 and due to such a short period data the 

input variables may become less representative measures for the future. 

1.3 Methodology 

First of all, in order o value a nuclear power plant project, it is vital to have a full 

understanding of the project scope and background. The analysis of the nature and trends of 

nuclear power and the electricity market conditions helps to determine project’s peculiarities 

and incorporate them into the theoretical model. 

The new nuclear power plant project in Lithuania is valued employing Dixit and Pindyck’s 

(1994) stochastic continuous-time real option valuation model. The reason is that the real 

option theory becomes useful when investments are irreversible and include a high level of 

uncertainty about the future. Furthermore, real options recognize the value of managerial 

flexibility, i.e., the ability to wait until the uncertainty is revealed, to enter the market or to 

exit when the market conditions become unfavourable. All these features of investment are 

inherent in the Visaginas NPP project. 

The nature of electricity price movement requires incorporating a mean-reversion process. 

This extension of the model is based on Tsekrekos (2010) paper where the author highlights 

the importance of mean-reversion process of an underlying asset price in the investment 

valuation comparing it to a simple Brownian motion. Thus, the theoretical framework of Dixit 

and Pindyck (1994) is extended to fit a particular investment valuation. The model is solved 

using a computational software program Wolfram Mathematica 7.  The input variables may 

lack accuracy, so the sensitivity analysis is carried out, too.  

1.4 Structure 

The thesis is divided into seven chapters. The second chapter introduces the reader to the 

background of the project. Firstly, it provides with some details about the Visaginas NPP 

project: the location, completed preparatory works, the type of reactor, legal environment and 

strategic importance of the project to Lithuania. Then, it focuses on trends in nuclear power 

generation in the world, as well as drivers for increased nuclear power capacity. It also 
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compares the nuclear power generation with other electricity generation methods and 

highlights the unique features of nuclear power plants. Some of them, like necessity to 

manage nuclear waste and ensure safety, are discussed in a more detailed manner because 

they play an important role when considering construction of a new nuclear power plant. 

Chapter three introduces to the electricity market in Lithuania and analyzes electricity supply 

and demand, provides with the forecasts and presents the electrical power transmission 

system’s condition in the region. Next, it focuses on the Lithuanian Power Exchange and 

factors influencing electricity price formation. 

Chapter four moves to the theoretical part of the thesis and discusses two investment 

valuation techniques, discounted cash flow and real option analysis. This chapter shows that 

valuation based on the real option theory is superior to the DCF analysis in many aspects. It 

also provides with the drivers of real options value and explains why the real option approach 

is often used in energy markets.  

The next part of the thesis, the valuation of the project, starts with the presentation of the 

Visaginas NPP valuation framework. There are also presented input variables for the model 

and methods to determine them. Then these input variables are used to calculate the optimal 

entry and exit strategy. The last two sections of this part introduce the results and sensitivity 

analysis which shows the effects of input variables on the project value and the trigger price 

to enter the market. Finally, chapter six provides with the discussion about using the valuation 

framework to value other power plants and possible extensions to the model, while chapter 

seven concludes the thesis. 
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2 The Background of the Project 

Before investing in the Visaginas NPP project, one should be introduced to the background of 

the project. This includes the description of the project and the overview of nuclear power 

trends in the world. 

2.1 The Visaginas NPP Project Description 

The Visaginas NPP Project is the construction of new nuclear power plant in municipality of 

Visaginas on the shore of Lake Druksiai in north-eastern Lithuania. Due to the shutdown of 

the Ignalina NPP in 2009, the Lithuanian government started preparatory works for the 

construction of new and safer nuclear power plant. (Pöyry Energy Oy (Finland), Lithuanian 

Energy Institute (Lithuania), 2009, p. 16) In July 2011, special commission responsible for 

the selection of strategic investor selected Hitachi Ltd along with Hitachi-GE Nuclear Energy 

Ltd (Hitachi) as a strategic investor. The project is regional and three other countries – 

Estonia, Latvia and Poland – are regional partners. It is expected that the plant will start 

generating electricity by 2020. (Visaginas NPP, 2011e, p. 1) 

2.1.1 Completed Preparatory Works 

The environmental impact assessment procedure is critical for such an important project. The 

assessment was prepared in 2009 and addressed the environmental and social impacts of the 

project. It includes considerations of several reactor technologies, power level, construction 

site and cooling system alternatives (Pöyry Energy Oy (Finland), Lithuanian Energy Institute 

(Lithuania), 2009, p. 18). 

According to the assessment, there are two potential sites for the construction of the new 

nuclear power plant: the first is located east of the Ignalina NPP, while the second – west. 

Both sites were evaluated following the International Atomic Energy Agency (IAEA) 

requirements and confirmed as suitable to build the new power plant. Because both sites are 

situated next to the existing power plant, there is an opportunity to utilize existing 

infrastructure, i.e., cooling water inlet and outlet channels, electric systems, transmission lines 

and monitoring systems. (Pöyry Energy Oy (Finland), Lithuanian Energy Institute 

(Lithuania), 2009, p. 18)  

In addition to the environmental impact assessment, there was prepared a transportation study 

which is necessary to ensure heavyweight (from 500 up to 1200 tons) and bulky cargo and 

other deliveries (Visaginas NPP, 2011g). The connection of the Visaginas NPP to the 
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transmission grid is being planned, too. Moreover, new programmes in universities will 

ensure necessary human resources, i.e., well trained specialist to work during the 

implementation of the project and after that (Visaginas NPP, 2011f). Thus, all these 

assessments and plans provide a proper base for further Visaginas NPP project development. 

2.1.2 Technology 

The possible technical alternatives for nuclear reactors included pressured water reactors 

(PWR), boiling water reactors (BWR) and pressured heavy water reactors (PHWR) (Pöyry 

Energy Oy (Finland), Lithuanian Energy Institute (Lithuania), 2009, p. 88). The strategic 

investor, Hitachi, offered to install an Advanced Boiling Water Reactor (ABWR). The key 

features of BWR are presented in figure 1.  

Figure 1 Key Features of BWR 

 

* (1) Reactor, (2) Core, (3) Control rods, (4) Primary circuit, (4a) Steam from the turbine, (4b) Water for the reactor, (5) High 

pressure turbine, (6) Reheater, (7) Low pressure turbine, (8) Generator, (9) Condenser, (10) Cooling water circuit, (11) 

Condensation water, (12) Transformer. 

Source: (Pöyry Energy Oy (Finland), Lithuanian Energy Institute (Lithuania), 2009, p. 97) 

This reactor is one of the Generation III reactors, and the only one that has a proved 

operational track record.  Moreover, it has a very high level of security (Visaginas NPP, 

2011e, p. 1). In 1997 the U.S. Nuclear Regulatory Commission issued a design certification 

for the ABRW and approved its safety (U.S. Nuclear Regulatory Commission, 2011b). 

ABWR reactor’s output power is 1350 MW and operational life is 60 years, which may be 

extended to more than 120 years (General Electric Company, 2011).  

2.1.3 Project Financing 

The total investment is estimated at 10-17 billion litas. The exact project financing scheme is 

not determined yet. The contribution of each party, i.e., strategic investor Hitachi, Lithuania, 

and regional partners – Estonia, Latvia and Poland – is subject to negotiation. The project is 
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planned to be fully equity financed. However, the president of Hitachi Hiroaki Nakanishi 

argues that some better financing schemes could be found. (Pilibaitis, 2011) 

2.1.4 Legal Issues 

The formal start of the project was an issue of law on building a new power plant on 28 June 

2007. This law creates legal, financial and organizational preconditions for the 

implementation of the project (The Seimas of the Republic of Lithuania, 2007). Over 20 other 

laws, for example, Law on Nuclear Energy, Law on Radiation Protection, Law on Civil 

Protection, Law on Electricity, Law on construction, Law on Enterprises and Facilities of 

Strategic Importance to National Security and Other Enterprises Important to Ensuring 

National Security, Law on Safety and Health at Work, etc., are relevant to the project and 

must be obeyed, too.  

To become a participant of the Lithuanian Power Exchange and be able to trade generated 

electricity, it is required to have a supplier’s licence or a production authorization issued by 

authorized institutions, as well as a contract with the Balance Energy Supplier for the 

sales/acquisition of balance electricity. In order to get the market participant licence it is also 

necessary to submit a bank guarantee for the fulfilment of obligations and/or to pay a cash 

collateral to the market operator. (BaltPool, 2009b) In June 2011, there was adopted a 

package of 12 laws amending laws on atomic energy industry, which increases effectiveness 

and transparency of licensing and permit issuing (Visaginas NPP, 2011e, p. 2). 

2.1.5 Strategic Importance of the Project to Lithuania 

The Visaginas NPP project has a strategic importance to Lithuania. First of all, without new 

electricity generation capacities Lithuania would remain highly dependent on import of 

electricity and generation of the remaining electricity using fossil fuels supplied by a single 

source. Thus, the new power plant would ensure the independency of national energy system. 

Secondly, the project means huge investments and this would have a positive effect on 

Lithuania’s economy. Finally, the new nuclear power plant would contribute to the 

sustainable development of energy sector. The Visaginas NPP would guarantee reduced 

emission of CO2 which have recently increased due to the closure of the Ignalina NPP and 

increased usage of fossil fuels.  

2.2 The Future of Nuclear Power  

According to the OECD Nuclear Energy Agency (2005, p. 81), “the future of nuclear energy 

depends on the interplay between four factors – growth in energy demand, cost-
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competitiveness with other fuel sources, environmental considerations, and questions of 

public attitude and perception.” Thus, before investing in the new NPP, it is necessary to 

consider possible nuclear power opportunities and threats. 

2.2.1 Past, Present and Forecasted Production of Nuclear Energy  

The history of nuclear power generation starts in 1950s. Since then the importance of nuclear 

energy has increased significantly (see figure 2) and today nuclear electricity is produced in 

30 countries. There are 440 commercial nuclear power reactors
1
 with total capacity of almost 

377 000 MW that generate about 14 percent of total world electricity
2
 (World Nuclear 

Association, 2011d).  

Figure 2 Evolution of World Electricity Generation by Fuel from 1971 to 2008, TWh 

 

Source: Based on (International energy Agency, 2010b, p. 24) 

The extent to which countries depend on nuclear energy differs. For example, France 

produced 74.1 percent of its total electricity in nuclear power plants in 2010, Slovakia, 

Belgium and Ukraine – about a half, and Hungary, Armenia, Sweden, Switzerland, Slovenia, 

Czech Republic and Bulgaria generated more than one third of their total electricity using 

nuclear power (World Nuclear Association, 2011d). According to the World Nuclear 

Association (2011d), even those countries which do not host nuclear power plants use nuclear 

energy: energy from nuclear power accounts for about 10 percent of total electricity in Italy, 

and about 8 percent in Denmark. 

                                                 
1
 In addition, 56 countries have 250 research reactors and 140 nuclear reactors to supply power for 140 ships and 

submarines (World Nuclear Association, 2011d). 
2
 Electricity generated using coal accounted for 41%, gas – 21%, hydro – 16%, oil – 5% and other – for 3% of 

total generated electricity in 2008 (World Nuclear Association, 2011d).  
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Until 2010, Lithuania also played an important role in world’s nuclear power arena: it 

produced from 70 to 80 percent of its total generated electricity in the nuclear power plant and 

shared the first and second places with France (National Control Commission for Prices and 

Energy, 2011a), (World Nuclear Association, 2007). Furthermore, in 1993, Lithuania’s 

nuclear power plant produced 12.26 billion kWh or 88.1 percent
3
 of electricity necessary for 

the country (Ignalina NPP, 2011a). However, in 2010 Lithuania disappeared from the list of 

countries generating nuclear electricity due to the shutdown of the Ignalina NPP. 

Figure 3 World Electricity Generation Projections by Fuel Type 2008-2035 in the New Policies Scenario4, TWh 

 

Source: (International Energy Agency, 2010c, p. 219) 

According to the International Energy Agency’s projections until 2035 (International Energy 

Agency, 2010c, p. 219), the volume of nuclear electricity production will increase. However, 

the share of nuclear power in total electricity generation will remain the same (14 percent) due 

to the global growth of electricity production (see figure 3). Another study (World Nuclear 

Association, 2011e) provides with longer period of future nuclear capacity development. 

Figure 4 shows that the expected minimum global nuclear capability in 2100 may reach 2 000 

GW, while the high boundary indicates 11 000 GW of maximum nuclear commitment
5
. This 

means that nuclear capacity should increase by at least five times comparing to the current 

state. 

 

                                                 
3
 The latter figure was recorded in the Guinness Book of Records as “the largest contribution to the common 

electricity production in the world’s nuclear history” (Ignalina NPP, 2011a). 
4
 The New Policies Scenario includes “the broad policy commitments that have already been announced and 

assumes caution implementation of national pledges to reduce greenhouse gas emissions by 2020 and to reform 

fossil-fuel subsidies” (International Energy Agency, 2010c, p. 59). 
5
 The analysis is “built on country-by-country assessments of the growth potential of national nuclear 

programmes” and it is based on the assumptions of global environmental stability and fuel availability with no 

constraints (World Nuclear Association, 2011e). 
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Figure 4 Boundaries of Future Nuclear Capacity 

 

Source: (World Nuclear Association, 2011e) 

Further nuclear power development is illustrated by the growing number of nuclear reactors, 

too. In July 2011, there were 15 countries that had 61 nuclear reactors under construction. 

Currently, the most intensive construction of nuclear power plants takes place in China with 

26 reactors of total capacity of 28 710 MW, Russia with ten new reactors, and the Republic of 

Korea and India with five reactors each. In the near future, it is planned to build another 154 

reactors and more than twice is proposed to build later (World Nuclear Association, 2011g). 

The regional distribution of projected additional nuclear capacity and number of reactors is 

provided in figure 5 and Appendix A. 

Figure 5 Nuclear Capacity under Construction and Additions by Region in the New Policies Scenario, GW 

 

Source: (International Energy Agency, 2010c, p. 223) 

To conclude, due to the anticipated growth in global electricity demand, countries are 

preparing national energy programmes and searching for new electricity sources. 

Environmental sustainability policies and concerns about greenhouse gas emissions encourage 

countries to use alternatives to fossil fuels – renewable resources and nuclear power. 
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Therefore, many countries, besides renewable sources of energy, have chosen to continue 

nuclear energy development and are constructing new nuclear reactors. Hence, it seems that 

nuclear energy has a stable position in future electricity generation. 

2.2.2 The Comparison of Nuclear Power and Other Electricity Generating 

Technologies 

Public opinions on nuclear power vary depending on views on other electricity generating 

technologies. Often, the advantages of one technology are emphasized too much, which may 

lead to suboptimal strategies for sustainable power generation in the future. Therefore, the 

thorough analysis of all electricity generating technologies is vital. There are several aspects, 

which should be considered when comparing different electricity generation methods: 

 environmental impact and security; 

 certainty of electricity delivery; 

 fuel resources and their availability; 

 economic aspects, such as electricity production cost, initial investment cost and fuel 

cost. 

These issues are addressed by comparing seven energy sources: nuclear power, coal, gas/oil, 

hydro power, wind energy, biofuel and solar energy. 

The environmental issues are closely related to all electricity generating technologies. One of 

them is the greenhouse effect caused by high CO2 emissions. According to International 

Energy Agency (IEA) (2010a, p. 9), electricity and heat generation sector was responsible for 

41 percent of global CO2 emissions and was the largest CO2 producer in 2008. To fight the 

global warming most countries joined the international treaty – the United Nations 

Framework Convention on Climate Change (UNFCCC) – and later, in 2005, approved the 

addition to the treaty – the Kyoto Protocol, which is a legally binding agreement to reduce 

greenhouse gas emissions worldwide (UNFCCC, 1998). This addition was endorsed by 

Copenhagen Accord in 2009 (UNFCCC, 2009). According to the EU’s strategy for limiting 

climate change (The Commission of the European Communities, 2007), the EU set the target 

of reducing greenhouse gas emissions in developed countries by at least 20 percent compared 

to 1990 levels by 2020. Moreover, the European Commission recommends improving the 

EU’s energy efficiency by 20 percent and increasing the share of renewable energy sources to 

20 percent by 2020, too. 
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The two main polluters of electricity sector are coal and gas/oil power plants (see Appendix 

B). The biofuel power plants are considered as close to CO2 neutral
6
, while other technologies 

are completely carbon dioxide-free. Thus, the future amounts of CO2 emissions strongly 

depend on the type of fuel used to generate electricity and on the development of non-emitting 

technologies like renewables and nuclear energy and their share in total electricity production 

(International Energy Agency, 2010a, p. 9).  

The impact on the environment is not limited to the CO2 emissions. For example, coal, gas/oil 

and biofuel power plants also emit NOx and SO2. Other wastes include radioactive waste from 

nuclear power plants (see more on this issue in section 2.2.4), ash from coal and biofuel 

plants, oil residues from oil plants and toxic waste from solar energy technologies. Even the 

production of clean energy in wind farms and hydro power plants has negative effects on 

environment: obstructed routes for fish, changed biodiversity or has a possible harm to 

endangered bird species.  

The security of a power plant is another important aspect to discuss, especially for nuclear 

power plants because in case of an accident the consequences may be disastrous. There are a 

lot of regulations regarding this topic (see more in section 2.2.4) which help to prevent 

incidents in nuclear power generation and keep the environment safe. To sum up, all 

electricity generating technologies affect the environment. However, countries should focus 

on the most environmentally friendly, such as renewables and nuclear energy. 

The most reliable electricity suppliers are nuclear power plants. Firstly, the amount of 

produced nuclear electricity does not depend on weather conditions or season, whereas 

weather is the main factor of electricity production in wind farms and solar power plants and 

dry seasons may lead to electricity shortage using hydro power plants. Secondly, fluctuations 

in fuel prices and supply have a negligible effect on nuclear electricity production because it 

is possible to build up fuel reserves for a longer period of time. To generate 1GWyear of 

electricity it is required 2.5 million tons of coal, 3.9 million tons of natural gas or 1.6 million 

tons of oil. In comparison, only 20 tons of nuclear fuel is enough to generate the same amount 

                                                 
6
 Biofuel power plants also emit carbon dioxide. However, they are called CO2 neutral because every gram of 

CO2 released in the atmosphere while burning biofuel was absorbed by photosynthesis and kept in plants for 

some time before releasing it into atmosphere. Thus, there is a balance between released and absorbed carbon 

dioxide and there is no new emissions. However, some opponents argue that the changes in land use, i.e., 

clearing of mature forests for new biofuel growing farms, and correspondingly the reduced absorption of carbon 

dioxide must be taken into account, too (Dow Jones & Company, Inc., 2009). 
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of electricity. (Katona, 2010, p. 6) Thus, a high energy-concentration of nuclear fuel enables 

to store it and ensure stable electricity supply. 

The availability of fuel resources is related to the stability of electricity supply and its price. 

Uranium resources, required to generate nuclear electricity, are distributed over the world. 

Katona (2010, p. 6) claims that this results in weaker nuclear fuel sensitivity to geopolitical 

issues compared to oil and gas. According to the World Nuclear Association (2010a), the 

present measured resources of uranium are enough to use for about 80 years, which is longer 

period than for most assured mineral resources. In contrast, the proved oil reserves are enough 

for only 46.2 years of global production
7
, natural gas proved reserves can be exploited for 

58.6 years
8
 and proved coal reserves are sufficient to be used for 118 years

9
 (BP Statistical 

Review of World Energy, 2011, p. 7). Moreover, there is a possibility to build up nuclear fuel 

reserves for a longer period of time and mitigate the impact of uranium supply fluctuations. 

Figure 6 Uranium Producers and Their Share in Total Uranium Production in 2010 

 

Source: (World Nuclear Association, 2011f) 

Figure 6 presents the uranium producers and their share in total uranium production of 53 663 

tU in 2010 (World Nuclear Association, 2011f). Even though the 62 percent of world’s 

uranium production belongs to three main uranium producers – Kazakhstan, Canada and 

Australia – there are other 15 countries that are able to provide uranium. Thus, the availability 

of nuclear fuel does not cause any serious concern. Meanwhile, the proved oil and gas 

                                                 
7
 According to the BP Statistical Review of World Energy (2011, pp. 7, 9), there were 1383.2 thousand million 

barrels of world’s proved oil reserves and a daily consumption of 87382 thousand barrels of oil in 2010. 
8
 Natural gas proved reserves amounted to 187.1 trillion cubic meters while the consumption was 3169 billion 

cubic meters in 2010 (BP Statistical Review of World Energy, 2011, pp. 21, 23). 
9
 There were 860938 million tonnes of proved coal reserves and the consumption was 3555.8 million tonnes oil 

equivalent in 2010 (BP Statistical Review of World Energy, 2011, pp. 31, 33). 
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reserves are mostly located in Middle East (56.6 and 40.5 percent respectively) (BP Statistical 

Review of World Energy, 2011, p. 7). 

The highest capacity utilization factor (CUF)
10

 is another advantage of nuclear power plants. 

In this case the ratio is approximately 90 percent, which indicates that nuclear power plants 

usually operate at a base load mode. For coal, gas/oil and biofuel power plants, this ratio can 

reach 80 percent, while for hydro power plants, wind farms and solar energy it is only from 20 

to 30 percent.
11

 This means that the latter electrical power sources still need a lot of 

investments and further research to improve the usage of installed capacity. 

The economic aspects of different power generating technologies are reflected in the levelized 

cost of electricity generation. This cost, as well as the competitiveness of each technology, is 

highly sensitive to the discount rate and the projected prices for CO2, natural gas and coal. 

With the discount rate of 5 percent, nuclear energy is the most competitive technology for 

base load power generation. However, when the discount rate increases to 10 percent, capital 

intensive technologies lose their advantage in some regions. For example, nuclear power 

remains competitive in the United States and OECD Asia but it is less attractive than gas or 

coal technologies in Europe. In this case, the nuclear power would become an optimal 

solution in all regions only at USD 50 per tonne of CO2. (International Energy Agency; 

OECD Nuclear Energy Agency, 2010)  

The composition of median case of levelized cost of electricity is presented in table 1. The 

most capital intensive technologies, hence the most sensitive to the discount rate changes, are 

solar PV, nuclear and coal with 90 percent of carbon capture, while gas  and coal power plants 

have the lowest construction cost. The latter plants have the lowest operating and maintenance 

cost, too, however, they incur significant fuel and CO2 emissions cost. Fluctuations in gas 

price have negative impact on electricity supply reliability, whereas nuclear power, with fuel 

cost of only 10 to 15 percent of total levelized cost of electricity and relatively stable uranium 

prices
12

, has an advantage of supply security. Moreover, nuclear power plants are not affected 

by changing CO2 emission regulations and related cost. 

 

                                                 
10

 Capacity utilization factor is the ratio of the net electricity generated, usually per year, to the energy that could 

have been generated continuously operating at full capacity (U. S. Nuclear Regulatory Commission, 2011a). 
11

 Sources: (World Nuclear Association, 2011c), (The National Coal Council, U.S. Department of Energy, 2004, p. 9), 

(Gujarat Electricity Regulatory Commission, 2010, p. 30), (Nagaland Electricity Regulatory Commission, 2011, p. 25),  

(Central Electricity Regulatory Commission, 2009, p. 22), (Ernst & Young, 2009, p. 14). 
12

 About 85 percent of uranium is supplied under long-term contracts (World Energy Council, 2010, p. 202). 
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Table 1 Composition of Median Case of Levelized Cost of Electricity for Different Power Generating Technologies 

Median Case 

Specifications 
Nuclear CCGT SC/USC Coal 

Coal w/90% 

CC(S) 

Wind 

Onshore 
Solar PV 

Capacity (MW) 1400.0 480.0 750.0 474.4 45.0 1.0 

Construction cost 

($/kW) 
3681 1018 1916 3337 2237 5759 

O&M ($/MWh) 14.74 4.48 6.02 13.61 21.92 29.95 

Fuel cost ($/MWh) 9.33 61.12 18.21 13.04 0.00 0.00 

CO2 cost ($/MWh) 0.00 10.54 23.96 3.22 0.00 0.00 

Load Factor (%) 85 85 85 85 26 13 

Expected Lifetime 

(years) 
60 30 40 40 25 25 

LCOE 

($/MWh) 

5% 58.53 85.77 65.18 62.07 96.94 410.81 

10% 98.75 92.11 80.05 89.95 137.16 616.55 

Source: (OECD Nuclear Energy Agency, 2010) 

Electricity generated in biomass power plants is relatively expensive and reaches 

approximately 110 USD/MWh (International Energy Agency, 2007). Another electricity 

generating technology not included in table 1 is hydro power. It, on the contrary, is almost the 

cheapest source of electricity: the generation cost of electricity falls into a range of 50-10 

USD/MWh, the operation and maintenance cost is from 5 to 20 USD/MWh and construction 

cost is estimated at 2 000 USD/kW for medium to large hydro plants (OECD/IAE, 2010). 

However, hydro power can be used for base load electricity generation only if water 

conditions in the region are favourable. 

To sum up economical aspects, there is no technology that is clearly beneficial in all cases 

globally. Nuclear energy seems to be one of the most competitive technologies but one still 

has to manage capital risk, consider decommissioning and waste management. Gas 

technology has low construction cost but its other cost is closely related to gas prices which 

may reduce profitability and make it not optimal for base load power generation. Similarly, 

coal power plants lose their competitiveness as CO2 emissions cost rises (OECD Nuclear 

Energy Agency, 2010). Solar PV energy is the most expensive and can be used only in limited 

number of regions. Thus, the optimal choice of electricity generating technology depends on 

several factors and, therefore, may differ from one region to another. 

2.2.3 Drivers for Increased Nuclear Capacity 

World Nuclear Association (2010b) determines five drivers for nuclear capacity: increasing 

energy demand, security of supply, climate change, economics, and insurance against future 

prices exposure. The first two drivers flow from the projections of future electricity need: by 

2030, the electricity consumption is expected to double, which means that there appear a 

niche for nuclear energy. The ability to satisfy large and continuous electricity demand and 
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the reliable delivery of base-load electricity are qualities that strengthen nuclear power 

competitiveness comparing to other electricity sources. Furthermore, nuclear electricity 

supply does not depend on oil or gas deliveries that are often related to political issues. 

The positive effect of climate change on nuclear capacity results from increased concerns 

about global warming and policies that encourage countries to reduce the usage of fossil fuel. 

Although there are several electricity generating technologies that produce no greenhouse gas 

emissions, only nuclear power can guarantee a reliable base-load electricity supply. 

Moreover, it is perhaps the most cost-effective technology of the available base-load 

providers and the benefit of this economic aspect is likely to increase due to higher CO2 

emissions cost in the future. Finally, nuclear power is attractive because of relatively stable 

power prices as fluctuations in uranium prices have a low impact on electricity production 

cost. Increase in nuclear capacity and serial production of new plants should result in lower 

construction cost leading to even stronger incentives to use nuclear power. 

2.2.4 Safety of Nuclear Power Plants and Nuclear Waste Management 

The safety of a nuclear power plant is a very important aspect when planning construction of 

a new facility. Nuclear energy may cause damage to people’s health and to the environment if 

radioactivity is accidentally released. Therefore it is vital to prevent these accidents from 

occurring and, if one occurs, to mitigate the consequences.  

The concept of nuclear safety is the defence in depth, which means that the design of nuclear 

power plants includes several layers of protection against the release of radioactivity and each 

of them is providing backup if another fails. In general there are five defence levels: 

prevention of failures, detection and control of failures, control of design basis accidents
13

, 

control of severe accidents, and, finally, emergency plans. Nuclear safety is also achieved 

through the selection of an appropriate site for nuclear power plant, high quality and robust 

and proven design. Engineered safety systems must ensure that radioactive material is 

contained at all times, the fission process can be shut down almost instantaneously if it is 

necessary, and all residual heat is removed after shutdown. Moreover, the presence of 

comprehensive testing, sound operational practices, safety assessments, oversight and 

regulation, and safety culture are crucial, too. Hence, to achieve sufficient nuclear energy 

                                                 
13

 Design basis accident is “a set of abnormal occurrences and potential accidents that have been foreseen and 

provided for in the design” (OECD Nuclear Energy Agency, 2005, p. 42). 
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safety it is required to have both, system-based safeguards and personnel that has strong 

safety culture. (OECD Nuclear Energy Agency, 2005, pp. 41-45) 

International organizations, such as the OECD Nuclear Energy Agency (NEA) and the IAEA, 

play an important role in developing legislative and regulatory framework for nuclear safety. 

Fundamental nuclear safety principals were defined by the IAEA in the Convention on 

Nuclear Safety in 1996. It aims to improve nuclear safety worldwide and all states operating 

nuclear power plants are signatory to the Convention (OECD Nuclear Energy Agency, 2005, 

p. 46). On 25 June 2009 the European Union presented the Nuclear Safety Directive and 

established binding legal rules to the main international nuclear safety standards and a strong 

nuclear safety culture in Europe (European Commission, 2011a).  

According to the Directive, there are two principles of responsibility for nuclear safety – 

principle of national responsibility and principle of prime responsibility of the licence holder 

– which means that nuclear plant operators must ensure safety under the supervision of 

national competent regulatory authority (The Council of the European Union, 2009). In 

Lithuania the regulatory and supervisory institution of nuclear safety is The State Nuclear 

Power Safety Inspectorate (VATESI). This institution sets safety requirements, controls 

whether they are followed, issues licences, performs safety assessments and carries out other 

functions. (State Nuclear Power Safety Inspectorate, 2011)  

Radioactive waste management is also closely related to safe nuclear energy usage. Therefore, 

it is regulated by international conventions and directives and national laws
14

. The main 

principle in radioactive waste management is “concentrate and stop, prevent from outspread”. 

In this way the isolation of radioactive waste must prevent harmful effects on people and on 

the environment (Visaginas NPP, 2011a). 

There are several types of radioactive waste and each type is managed and disposed in a 

different way. For example, short-lived very low-level radioactive waste (metal, wood, paper, 

concrete, etc.) is not very dangerous and can be stored in repositories constructed on the earth 

surface: the waste is placed in crates or polyethylene bags, then covered with sand and a 

                                                 
14

 The Council of the European Union Directive on the management of spent fuel and radioactive waste 

(European Commission, 2011c); IAEA Joint Convention on the Safety of Spent Nuclear Fuel Management and 

the safety of Radioactive Waste Management; Law on the Management of Radioactive waste, May 20 1999, No 

VIII-2506 (As amended 26 October 2004), etc. (Pöyry Energy Oy (Finland), Lithuanian Energy Institute 

(Lithuania), 2009, p. 117). 
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water-proof layer, and finally with natural soil. In Lithuania such a near-surface repository 

should start its operations in 2012. (Visaginas NPP, 2011c) 

The second type of waste is short-lived low- and intermediate-level waste (spent ion-

exchange resins, liquid waste concentrates, reactor components, ashes, etc.) which also can be 

disposed of in repositories on earth surface. In comparison, these repositories have a multiple-

barrier safety system: packages with waste are placed into the reinforced concrete vaults and 

covered with clay, soil, stones and black earth. In Lithuania the construction of this repository 

will be finished in 2015. (Visaginas NPP, 2011b) 

Finally, the long-lived radioactive waste, such as spent nuclear fuel, metal parts and control 

rods, fuel collectors, black lead used inside the reactor and used sources of ionizing radiation, 

must be stored in deep geological repositories. The underground galleries with waste are 

constructed in approx. 500 meters depths using natural barriers, i.e., old, stable rocks, together 

with engineered barriers, such as metal capsules and a layer of special impervious clay 

(bentonite). Currently, the only one deep geological repository is in the United States but 

other countries (Finland, Sweden, Japan, France, Belgium and Switzerland) are also working 

in this field.  

In Lithuania spent nuclear fuel is stored in special containers. This method of storage is safe 

for a period of at least 50 years. Thus, the country has to decide how to manage long-lived 

radioactive waste in the future. Quite large blocks of crystalline basement not much affected 

by tectonic processes in Lithuania’s territory are a promising location for a deep geological 

repository. Alternatively, spent nuclear fuel could be stored in a regional deep geological 

repository. However, in this case the cooperation of several countries is required. (Visaginas 

NPP, 2011d) 

2.2.5 Nuclear Power Plants Operating Experience 

There were only three significant accidents in the 50-year period of nuclear power generation 

(over 14 500 cumulative reactor-years of commercial operation in 32 countries): Three Mile 

Island in the United States in 1979, Chernobyl in Ukraine in 1986, and a recent Fukushima 

disaster in Japan in 2011. Other accidents with lower impact on people and the environment 

are presented in Appendix C. 

Naturally, after the Fukushima disaster, the awareness of other operating nuclear plants safety 

is increased. As a result, all 143 nuclear power plants in the European Union will be re-
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assessed. Several other countries, Armenia, Belarus, Croatia, Russian, Switzerland, Turkey 

and Ukraine, will also undertake comprehensive risk and safety assessments, or “stress tests”, 

using criteria developed by the European Commission and the European Nuclear Safety 

Regulators Group (European Commission, 2011b). These assessments will cover 

extraordinary initiating events, such as earthquakes and flooding, and other events, such as 

terrorist attacks, that may lead to loss of safety functions requiring severe accident 

management (European Commission, European Nuclear Safety Regulators' Group, 2011).  

One should agree that there is an obvious need to revise the safety requirements and ensure 

that no severe accidents will happen in the future. However, comparing to other energy 

sources like coal, natural gas and hydro, nuclear energy is relatively safe: statistics show that 

in 40-year period generating nuclear power there were significantly less severe accidents and 

people deaths than in other sources of energy  (see Appendix C) (World Nuclear Association, 

2011b). Thus, the safety of nuclear power plants should be considered very seriously and 

decisions about further nuclear energy development should be made objectively, weighting 

advantages and disadvantages of possible alternatives. 

2.3 Summary 

Chapter two shows that due to a high importance of the project to Lithuania a lot of 

preparatory works have already been done. The environmental impact assessment confirmed 

the suitability of both possible construction sites, the chosen type of reactor is certified and 

approved as safe, and legal environment is also improving as new laws increase effectiveness 

and transparency of licensing and permit issuing. The future of nuclear energy seems 

promising: the global electricity demand is expected to grow and environmental sustainability 

policies encourage countries to use renewable resources and nuclear power. Comparing to 

other electricity generating technologies nuclear power is one of the most competitive: 

produces no CO2 emissions, is the most reliable electricity supplier, and, with low discount 

rate, has the lowest levelized cost of electricity generation. However, before investing, one 

should be aware that security and waste management aspects, as well as capital risk, are 

crucial.  



Valuation of Visaginas Nuclear Power Plant Project in Lithuania 

 

22 

 

3 Electricity Market in Lithuania 

Electricity market differs from other markets because electricity cannot be stored and must be 

consumed at the same time it is generated. Before entering the market it is vital to analyze its 

structure, current and forecasted electricity supply and demand, and the electricity 

transmission system. An overview of the participants of the power exchange is useful, too, 

while the level of electricity price has a key importance to further analysis.  

3.1 Electricity Market Structure 

Recently, the energy sector of Lithuania faced some major changes. Firstly, in 2010, after 26 

years of exploitation, the Ignalina NPP was closed due to the EU regulations. Secondly, the 

deregulation of electricity market and the establishment of the power exchange was another 

requirement for the country to become an EU member. Consequently, in 2010, the power 

exchange started its operations. According to the European Central Bank (2010), the 

deregulation has a positive effect on productivity as well as consumer and producer prices 

because it triggers an appropriate return on investment and allows consumer to choose from a 

greater variety. Thus, the new structure (see figure 7) assures transparency, fair competition 

between the market players and efficiency in the electricity supply.  

Figure 7 Scheme of Market Players  

 

 

 

 

 

 

 

 

 

 

Source: Based on (BaltPool, 2010, p. 7) 
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Electricity market is composed of wholesale and retail electricity trade segments. Electricity 

generators and transmission and distribution system operators
15

 are active in the wholesale 

electricity trade. The former sell their electricity to suppliers while the latter purchase 

electricity to compensate technical losses in the transmission grid and distribution networks. 

In this market, parties can enter into bilateral contracts directly or buy and sell electricity at 

the electricity exchange. The retail electricity market is the place for suppliers and consumers, 

who have signed bilateral electricity trade contracts (Litgrid Electricity Transmission System 

Operator, 2009a). 

3.2 Electricity Supply, Demand, Export and Import 

This section provides the reader with the past, present and forecasted future electricity 

generation, consumption, import and export. The analysis is crucial when considering the 

investment in the new nuclear power plant because it shows if there is a niche to enter the 

market. 

3.2.1 Electricity Generation 

Until 2010, the main electricity generator was the Ignalina NPP that provided about 70-75 

percent of total produced electricity in Lithuania. After the shutdown of the plant, significant 

reduction in electricity generation forced Lithuania’s energy system to shift from exporting to 

importing. In 2010, import accounted for more than 60 percent of the total amount of 

electricity consumed in the country (National Control Commission for Prices and Energy, 

2011a).  

Table 2 Installed Electricity Generation Capacity (as of February 2, 2011)  

The type of PP Power plants Installed capacity, MW Total, MW 

Thermal PP 

Lietuva PP 1800 

2662 

Mazeikiai CHP 160 

Vilnius CHP 372 

Kaunas TPP 170 

Petrasiunai CHP 8 

Klaipeda CHP 11 

Panevezys CHP 35 

Autoproducers 106 

Hydro PP 

Kaunas HPP 101 

1026 Kruonis PSP 900 

Small HPP 26 

Renewables 
Biomass PP 34 

195 
Wind parks 161 

TOTAL   3883 

Source: Based on (Litgrid Electricity Transmission System Operator, 2011b) 

                                                 
15

 According to Ligrid (2009a), the transmission system operator “ensures overall national generation and 

consumption balance and administers regulating and balancing electricity markets”. 
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The Ignalina NPP had 3 000 MW (2 370 MW utilized) capacity (Ignalina NPP, 2011b). It was 

shut down in two stages: Unit 1 at the end of December 2004 and Unit 2 on 31 December 

2009. After the shutdown of Unit 2, installed electricity generation capacity in Lithuania (5 

070 MW) was reduced to 3 811 MW (Ministry of Energy of the Republic of Lithuania, 2010, 

p. 4). Now the total installed generation capacity is estimated at 3 883 MW and electricity is 

produced in thermal, hydro, biomass power plants and wind parks (see table 2).  

In 2010, combined heat and power plants were the main source of electricity and produced 64 

percent of total 5.7 TWh generated electricity (see figure 8). Hydro power plants played an 

important part, too, and accounted for 21 percent, whereas renewable energy sources supplied 

only 8 percent of total produced electricity in Lithuania. A substantial drop (more than 60 

percent) in electricity generation in 2010 triggered an increase in imports and led to stronger 

dependence on one supplier. 

Figure 8 Electricity Generation by Source in Lithuania 1999-2010, TWh 

 

Source: Based on (National Control Commission for Prices and Energy, 2011a) data 

A large percentage of power generated from fossil fuel, i.e., gas and boiler oil, results in high 

greenhouse gas emissions. Therefore, the mix of electricity sources should change due to 

environmental sustainability policies. According to the National Energy (Energy 

Independence) Strategy (Government of the Republic of Lithuania, 2011, p. 22), Lithuania 

will use more renewable energy resources, especially wind parks and biomass power plants. 

In 2020, electricity from renewable sources should account for at least 20 percent of final 

electricity consumption.  

3.2.2 Electricity Consumption 
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and increased by 1 percent comparing to previous year. (National Control Commission for 

Prices and Energy, 2011a). Although it had not reached the 2008 level yet, one can see that 

the economy is recovering from the recession and electricity consumption is expected to 

grow, too (see figure 9).  

Figure 9 Electricity Consumption in Lithuania 1999-2010, TWh 

 

Source: Based on (National Control Commission for Prices and Energy, 2011a) data 

In the period 1999-2010, the main electricity consumers were commercial sector, industry and 

households (see figure 10). However, during the last decade, their shares in total electricity 

consumption have noticeably changed: in 1999 commercial sector and industry had 23.2 and 

45.5 percent share of total electricity consumption, whereas in 2010 these shares changed to 

35.9 and 33.3 percent respectively. During this period, commercial sector’s consumption 

volumes increased by 111 percent and industry’s consumption fell by 6 percent. Households 

also increased their electricity needs by 46 percent but their share remained almost the same 

(26.1 percent compared to 28.1 percent in 2010). Agriculture and transport sectors accounted 

for only 2.7 percent of total electricity consumption and did not have noticeable influence on 

energy demand (National Control Commission for Prices and Energy, 2011a). The forecast of 

electricity demand indicates that the same groups of consumers, i.e., commercial sector, 

industry and households, will be dominating until 2025 (Pöyry Energy Oy (Finland), 

Lithuanian Energy Institute (Lithuania), 2009, p. 90). 
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Figure 10 Structure of Electricity Demand 1999-2010, TWh 

 

Source: Based on (National Control Commission for Prices and Energy, 2011a) 

Electricity demand in Lithuania, as well as in Baltic States, is expected to grow. Three 

scenarios – pessimistic, expected and optimistic – indicate that the demand in Lithuania may 

reach from 12.5 to 18.9 TWh in 2030 (Litgrid Electricity Transmission System Operator, 

2010), while total electricity demand in Baltic States may grow up to 30 - 45 TWh (AS 

Augstprieguma tīkls, OÜ Elering, Litgrid UAB, 2010) (see figure 11). This means that the 

electricity demand in Lithuania and in Baltic States may increase by 35 percent on average by 

2030. The exact growth rate depends on the GDP growth rate and the effectiveness of 

electricity consumption. 

Figure 11 Forecasted Electricity Demand in Lithuania and Baltic States 2010-2030, TWh 

 

Source: based on (AS Augstprieguma tīkls, OÜ Elering, Litgrid UAB, 2010) and (Litgrid Electricity Transmission System 

Operator, 2010). 
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In contrast, electricity supply is not expected to have such high growth rates and there may 

appear a shortage of 10.5 TWh in Baltic States in 2020 (see figure 12)
16

. This shortage 

corresponds to at least 1.3 GW of new capacities. Lithuania will not be able to satisfy its 

electricity needs, either: the expected electricity demand in 2020 is 12 TWh, whereas the 

supply – only 7.5 TWh (Government of the Republic of Lithuania, 2011, pp. 14, 20). In the 

future the shortage will increase even more because of the growing electricity demand. Hence, 

it is vital to install new power capacities otherwise Baltic States will be forced to depend on 

electricity imports. 

Figure 12 Shortage of Electricity in Baltic States and in Lithuania in 2020, TWh 

 

*RE – renewable energy 

Source: Based on (Government of the Republic of Lithuania, 2011, pp. 14, 20) 

3.2.3 Electricity Export and Import 

The last decade electricity import and export were closely related to the Ignalina NPP 

operations. In figure 13 one can see huge drops in export in 2005 and in 2010, and dramatic 

increases in import after the closure of nuclear power plant Unit 1 and Unit 2 (National 

Control Commission for Prices and Energy, 2011a). In 2009, electricity was exported to 

Latvia, Estonia, Russia, Belarus and Finland, while in 2010 it was mainly imported from 

Russia (72 percent of total imported electricity) (Ministry of Energy of the Republic of 

Lithuania, 2010), (Ministry of Energy of the Republic of Lithuania, 2011). Hence, Lithuania 

became highly dependent on one supplier.  

 

 

                                                 
16

 Supply in 2020 consists of existing capacities with higher utilization rates and new capacities of AB Lietuvos 

Elektrine’s Unit 9 and Kruonis Hydro Power Plant Unit 5. Capacities of the new nuclear power plant and plants 

that must be closed until 2020 are not included. 
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Figure 13 Electricity Import and Export in Lithuania 1999-2010, TWh 

 

Source: (National Control Commission for Prices and Energy, 2011a) 

3.3 Electricity Transmission  

Lithuanian power system consists of power plants, electricity transmission grids and 

electricity distribution networks
17

. The Lithuanian power grid is interconnected with the 

neighbouring power systems: 

 with the Latvian grid by four 330 kV power lines; 

 with the Belarusian grid by five 330 kV power lines; 

 with the Kaliningrad Region of the Russian Federation by three 330 kV electricity 

transmission lines (Litgrid Electricity Transmission System Operator, 2009b). 

However, further development of electricity system is vital. One of the main goals for the 

country’s energy sector is to connect to the European Continental Network (ECN) for 

synchronous operation. To achieve this goal, two interconnection projects, LitPol Link and 

Nord Balt, are already in progress. The first, LitPol Link, is the power link between Lithuania 

and Poland. This link will interconnect the power systems of Baltic States and Western 

Europe and it will help to develop a common European electricity market. The power line of 

1000 MW will be built in two stages: the first will be finished by 2016 and Lithuania will be 

connected to ECN by 500 MW line while the second stage will add another 500 MW line by 

2020. The second project, NordBalt, is the power line with the capacity of 700 MW between 

Lithuania and Sweden. This electricity line should be built by the end of 2015. It will connect 

Baltic States to the Scandinavian electricity system and allow to trade electricity with Nordic 

countries. (Government of the Republic of Lithuania, 2011, pp. 15, 16) 

                                                 
17

 Electricity transmission grids “are used to transmit electricity across long distances”, while electricity 

distribution networks “are used to supply electricity from transmission grids and small power plants to 

customers” (Litgrid Electricity Transmission System Operator, 2009b). 
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Figure 14 Lithuanian 330-110 kV Electricity Transmission System (as of February 9, 2011) 

 

 Source: (Litgrid Electricity Transmission System Operator, 2011a) 

The reinforcement of internal transmission grids is important, too. To improve connection 

between countries the transmission lines, such as Kruonis-Alytus and Klaipeda-Telsiai, will 

be built. In total there are nine new 330-400 kV electricity lines in Lithuania’s territory that 

are scheduled and in progress (Litgrid Electricity Transmission System Operator, 2011a). One 

of them is Kruonis-Visaginas transmission line, which will be completed until the beginning 

of the new nuclear power plant commissioning (Government of the Republic of Lithuania, 

2011, p. 16). Lithuanian electricity transmission system is illustrated in figure 14. 

3.4 Electricity Market Operator BaltPool 

The establishment of BaltPool, the electricity market operator of Lithuania, is an important 

step in creating a harmonized common Baltic electricity market integrated with the Nordic 

market (BaltPool, 2009c). Furthermore, according to the Baltic Energy Market 

Interconnection Plan (BEMIP) (European Commission, 2008), the main goal of the BEMIP 

initiatives is “the full integration of the three Baltic States into the European energy market, 

through the strengthening of interconnections with their EU neighbouring countries”. In 2009, 

the Memorandum of Understanding on the BEMIP was signed by 9 countries: Denmark, 

Germany, Estonia, Latvia, Lithuania, Poland, Finland and Sweden, which means further 

integration of electricity market with Central and Eastern European markets (European 

Commission, 2009).  



Valuation of Visaginas Nuclear Power Plant Project in Lithuania 

 

30 

 

BaltPool organizes wholesale electricity trade at the Lithuanian power exchange in 

cooperation with the power exchange operating in the Nordic counties, Nord Pool Spot. 

(BaltPool, 2009c) The main reason for choosing Nord Pool trading model for the Lithuanian 

Power Exchange is harmonious market regulations that will allow integrating common Baltic 

electricity market with Nordic power market (BaltPool, 2009a).  

The wholesale electricity trade in Lithuania includes the trade at Lithuanian Power Exchange 

and bilateral trade between electricity generators and suppliers. It is also the place for the 

international trade between Lithuanian and neighbouring power systems. The Lithuanian 

Power Exchange optimizes electricity flows between Lithuania and other countries and 

guarantees that trading volumes are not larger than it is defined by Transmission System 

Operator, i.e., physically available to be supplied to or from Lithuania (BaltPool, 2009a). 

3.4.1 Participants of the Lithuanian Power Exchange 

Lithuanian and foreign companies are actively trading at the Lithuanian Power Exchange. 

Lithuania, Latvia, Estonia, Russia and Belarus are countries that produce and use electricity 

traded at the power exchange. Furthermore, the part of electricity is also bought or sold to 

Nordic countries through Estlink cable. (BaltPool, 2009a) 

During the last year the number of registered Lithuanian Power Exchange participants 

increased from 18 to 26. However, not all of them are active – at the end of 2010 there were 

trading only 20 (Ministry of Energy of the Republic of Lithuania, 2011, p. 16). Now the 

Lithuanian Power Exchange has 31 registered participants
18

.  

The intensity of competition in the market is estimated by market concentration ratios (C1 and 

C4), Hirschman-Herfindahl index (HHI) and pivotal supplier index (PSI)
19

. In 2010 among 

buyers and sellers there were dominating market participants (C1 > 40 percent). The main 

sellers were AB Lietuvos Energija and AB Lietuvos Elektrine (40 percent of market) and 

UAB INTER RAO Lietuva (40 percent), whereas the main buyer – AB Lietuvos Energija (79 

percent). 

                                                 
18

 As of July 27, 2011 (BaltPool, 2011) 
19

 Market concentration ratio C1 shows the market share of the biggest market participant and C4 – total share of 

top 4 participants. HHI is equal to the sum of squared market shares of each participant: HHI<1000 represents an 

unconcentrated market, 1000<HHI<1800 represents a moderate market concentration, and 1800<HHI represents 

a high market concentration. (Ministry of Energy of the Republic of Lithuania, 2011, pp. 17, 18) PSI shows 

whether a supplier can be considered to be pivotal to meeting demand in a particular hour: 𝑃𝑆𝐼 = 1 if 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 >  𝐶𝑖𝑖≠𝑥  , where the right side is the sum of capacities of all suppliers apart from x, 

otherwise 𝑃𝑆𝐼 = 0. 1 indicates that the supplier is pivotal. (London Economics, 2007, pp. 57, 76) 
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Concentration ratios show that there was a high market concentration: four biggest sellers had 

almost 87 percent of the market and four biggest buyers – more than 92 percent. Yearly HHI 

is significantly higher than 1800, hence this indicates a high market concentration. PSI also 

confirms the statement as there were 2 – 3 pivotal suppliers in 2010. (Ministry of Energy of 

the Republic of Lithuania, 2011, pp. 16-19) 

Table 3 The Lithuanian Power Exchange Participants and Their Shares 2010-2011, Percent 

Sellers 2010 Q1 2011 Q1 

UAB “INTER RAO Lietuva” 39.4 38.9 

AB “Lietuvos energija”, AB Lietuvos elektrine 33.1 10.1 

UAB ”Vilniaus energija” 14.5 13.4 

UAB Kauno termofikacine electrine 5.1 8.4 

UAB ”Latvenergo prekyba” 2.2 16.3 

Other 5.6 12.9 

Buyers 2010 Q1 2011 Q1 

AB “Lietuvos energija”, AB Lietuvos elektrine 83.5 53.6 

UAB ”Latvenergo prekyba” 5.1 17.1 

AB ”ORLEN Lietuva” 3.6 4.8 

Enefit UAB 4.6 4.7 

UAB ”INTER RAO Lietuva” 0.1 14.4 

Other 3.0 5.4 

Source: (National Control Commission for Prices and Energy, 2011b, p. 10) 

However, the situation slightly changed in the first quarter of 2011 (see table 3). All three 

ratios decreased: C1 in sellers market dropped below 40 percent, which means that there is no 

dominating seller, and C4 decreased to 79 percent; in buyers market C1 and C4 were reduced 

by 30 and 6 percent, respectively; HHI ratio also was lower but still remained above 1800; 

and, finally, the number of pivotal suppliers decreased to one (National Control Commission 

for Prices and Energy, 2011b, pp. 10, 14). Even though one can see some positive changes, 

there still remains a high market concentration.  

3.4.2 Electricity Price 

The Lithuanian Power Exchange is based on the same principles as Nord Pool Spot. Hence, 

all electricity delivery agreements are arranged day-ahead for each hour of the following day 

(BaltPool, 2009c), (Nord Pool Spot, 2011d). Electricity price is determined by electricity 

demand and supply curves. The procedure begins at 11 a.m. when bid submission time ends 

and all the purchase and sales bids are sorted into two curves in descending and ascending 

order respectively. These two curves represent electricity demand and supply for every hour 

of the next day. Electricity price of each hour is the intersection of two curves and forms 

according to the last bid to sell price which is still matched by the lowest price of purchase 



Valuation of Visaginas Nuclear Power Plant Project in Lithuania 

 

32 

 

bid. The priority to be traded is given to the lowest price sale bids and highest price purchase 

bids. (BaltPool, 2009a) 

The power exchange participant bid has an accuracy of 0.1 LTL/MWh, whereas the accuracy 

of electricity price at the power exchange is 0.01 LTL/MWh. This is so because sold and 

bought electricity volumes must be balanced for each hour. Figure 15 shows that the balance 

is reached only when the bid prices are submitted with the accuracy of one decimal place and 

electricity prices are determined with the accuracy of two decimal places. Thus, when the 

price is between the prices of two particular bids, i.e., the prices at which buy and sell volume 

changes, the traded volume is in between, as well. Therefore, sometimes the last bid bought 

by buyers is traded not in a full volume. (BaltPool, 2009a)  

Figure 15 Electricity Price Formation at BaltPool 

 

Source: (BaltPool, 2009a) 

Market operator BaltPool may reduce or remove the highest price electricity import bids or 

the lowest price electricity export bids if total volume in cross border bids exceeds the 

available cross border trade capacities which are defined by the Transmission System 

Operator. BaltPool informs the participant if the cross border bid for the next day was reduced 

or removed by no later than 11 a.m. (CET). (BaltPool, 2009a) 

Price areas, or bidding areas, are established in order to handle grid congestions and are 

usually consistent with the geographical area of the Transmission System Operator (Nord 

Pool Spot, 2011b). There are no price areas at the Lithuanian Power Exchange. By contrast, in 

Nord Pool Spot there are several price areas. For example, Denmark has two price areas and 
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Norway constitutes even five
20

 (Nord Pool Spot, 2011a). After the establishment of common 

power market of Baltic and Nordic countries there will be the separate Lithuanian price area 

(BaltPool, 2009a).  

It is also important to mention that the integration with the common Nordic power market 

means further development of the market – there will be created market for fully-fledged 

financial products. They will include standardized products: daily, weekly, monthly and 

yearly electricity volumes. The settlements of trades will be conducted on “post-delivery” 

basis, i.e., for the price differences between the physical and financial market after the end of 

“day-ahead” trading session. (BaltPool, 2009a) 

Volatility of electricity price results from volatility of electricity demand and supply. 

Therefore, it is important to consider drivers of electricity demand and supply which are 

provided in figure 16. 

Figure 16 Drivers of electricity demand and supply 

Source: Own construction, based on (Cost Assessment for Sustainable Energy Systems, 2007) 

Economic growth is a key determinant of electricity demand – one can observe a strong 

positive correlation with GDP. Electricity demand is increased with lower end-user prices and 

higher subsidies, too. Meanwhile, declined energy intensity in European economies and 

energy savings, as well as the shift from industry towards service sector reduces electricity 

needs. Electricity demand may be also affected by various policy factors, for example, 

awareness about climate change. (Cost Assessment for Sustainable Energy Systems, 2007) 

                                                 
20

 The number of Norwegian price areas changes from time to time. It depends on the Norwegian Transmission 

System Operator and its decision how to split the Norwegian grid based on physical conditions. (Nord Pool Spot, 

2011b) 
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Electricity supply may be negatively affected by decreased availability of resources, higher 

fuel prices and cost of CO2 emissions. Its structure also depends on subsidies for renewables 

and increased competitiveness of some electricity generating technologies. Market 

deregulation plays an important role, too, as in many countries the excess installed capacity 

before deregulation has now been absorbed by increased consumption and lack of new 

investments. Finally, improved connectivity of markets is related to increased competition 

and security of supply. (Cost Assessment for Sustainable Energy Systems, 2007) 

Perhaps the most noticeable changes in electricity price are due to peak load and seasonal 

variation. Fluctuations in demand may be related to changes in temperature when electricity is 

needed for heating in countries with cold winters or cooling during hot summers. Temperature 

may influence the supply side, as well. For example, sometimes nuclear power plants are 

forced to limit their operations due to lack of cold water for cooling and hydro power plants 

produce less electricity because of reduced amounts of water in their reservoirs. (Benth, 

Benth, & Koekebakker, 2008, p. 2) Furthermore, electricity supply, and its price, is also 

affected by changes in transmission capabilities, i.e., one can expect higher prices due to 

reduced transmission capabilities. 

Figure 17 Electricity Price at the Lithuanian Power Exchange, Nord Pool Price Area Estonia and Nord Pool Price 

Area Finland January 2010 – June 2011 

 

Source: Based on BaltPool (2011) and Nord Pool Spot (2011c) data. 

Figure 17 presents electricity spot prices at the Lithuanian Power Exchange and two Nord 

Pool Spot price areas – Estonia and Finland. In 2010 the average electricity price at the 

Lithuanian Power Exchange was 160.27 LTL/MWh. The price was significantly influenced 

by higher electricity supply of Latvian hydro power plants in spring, which lowered the price, 

and reduced interconnection capabilities between Estonian and Latvian network in August, 

which let the price rise up to 206.3 LTL/MWh.  However, there were no significant price 
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spikes as in Nord Pool Spot Finland price area. Electricity price in this area is affected by 

seasonality: in winter hydro power plants are not able to generate enough electricity due to 

lack of water. Therefore, one can see price spikes during winter months. (National Control 

Commission for Prices and Energy, 2011a, p. 12) 

Figure 18 Daily Average Electricity Prices at the Lithuanian Power Exchange, LTL/MWh 

 

Source: Based on (BaltPool, 2011) 

In order to observe electricity price fluctuations one should look at average daily or hourly 

prices. For instance, in July 2011 average daily prices at the Lithuanian Power Exchange 

varied from 125.91 LTL/MWh to 184.80 LTL/MWh. This shows that electricity prices are 

very dynamic. However, despite huge fluctuations, they have never floated too far from the 

mean (see figure 18).  

3.5 Summary 

Two major changes in Lithuanian energy sector were the shutdown of Ignalina NPP and the 

deregulation of electricity market. The closure of the old NPP resulted in increased imports 

and high dependence on one supplier. In Lithuania and in Baltic region the electricity demand 

is expected to grow faster than the supply, which implies the shortage of at least 10.5 TWh in 

2020. The electricity transmission system is under further development: two interconnection 

projects that aim to connect Lithuanian electricity system to the ECN are already in progress, 

while the internal transmission grids are reinforced, too. The establishment of BaltPool 

contributes to creating a harmonized Baltic electricity market integrated with the Nordic 

market. Even though the market concentration is still high, one can notice some positive 

changes and the circumstances to enter the market are favourable in many aspects. For the 

further analysis it is important to note that at the Lithuanian Power Exchange the electricity 

price fluctuations do not include significant price spikes or strong seasonality effects.   
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4 Theory of Investment Valuation 

Before choosing the right investment valuation model it is important to discuss the 

characteristics of investments. Basically, there are two project valuation methods, discounted 

cash flow valuation and real option valuation. Both approaches have their peculiarities and 

provide with different value estimates. Thus, it is crucial to choose the right model and this 

decision should be based on the characteristics of the project. 

4.1 Characteristics of Investments 

Dixit and Pindyck (1994, p. 3) distinguish three important characteristics of investments: 

uncertainty, irreversibility and managerial flexibility. In reality, most investments are made in 

the environment with various sources of uncertainty. For example, one cannot be sure about 

future prices of output, operating costs, interest rates, exchange rates and other variables that 

influence investment decisions. If uncertainty is high, it makes investors unwilling to invest 

(Dixit, 1989). 

Moreover, investments usually are irreversible, which means that investment expenditures are 

mostly sunk costs and cannot be recovered (Pindyck, 1991). The reason is that usually the 

capital is firm or industry specific and cannot be used by other firms. Even if the equipment is 

not industry specific, it may have significantly lower resale value than the purchase cost, 

despite the fact, that they are new
21

. Another example is the investment in new workers, 

which may be partly irreversible due to high hiring, training and firing costs. Irreversibility 

makes investments particularly sensitive to various kinds of risk, in other words, the 

uncertainty of market conditions.  

Another investment feature is managerial flexibility, embedded in most investments. It 

consists not only of a possibility to delay the project but also to abandon, expand, contract or 

temporarily suspend it (Trigeorgis, 1996, p. 9), (Dixit & Pindyck, 1994, p. 186). A firm can 

choose to delay the implementation of the project and wait until the information about the 

market conditions arrives and the uncertainty is diminished (Pindyck, 1991). Of course, there 

may be cost of delaying the investment as new entrants may acquire their market share or the 

firm may simply lose unearned cash flows from the project. In any case, these costs must be 

compared with the gain from waiting for the new information (Dixit & Pindyck, 1994, p. 9). 

Thus, initial operating strategies may be altered to increase profits or mitigate losses if the 

                                                 
21

 This is so called “lemon” problem (Akerlof, 1970), when there is asymmetric information in making an 

investment. 
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new information about the market appears. In other words, uncertainty influences investment 

decisions which include managerial flexibility (Xie, 2009). 

4.2 Discounted Cash Flow Valuation 

Discounted cash flow valuation is the basis of all other valuation approaches (Damodaran, 

2002, p. 11). It has crucial characteristics necessary to value any asset. First of all, this 

approach recognizes the time value of money, secondly, net present value depends on the 

forecasted cash flows from the project and the opportunity cost of capital, and finally, present 

values of all cash flows can be added up (Brealey, Myers, & Allen, 2007, p. 118).  

However, traditional DCF method has some serious disadvantages. Firstly, it accounts neither 

for investment irreversibility, nor for managerial flexibility. Irreversibility is not treated as a 

cost, which, in fact, is the opportunity cost of money being invested, and flexibility, given up 

by making an investment, is not recognized either (Pindyck, 1991). Secondly, the method 

does not include any kind of uncertainty. The cash flows are considered certain, which rarely 

happens in real world. Hence, it seems that DCF approach does not satisfy any of the three 

key characteristics of investments. 

Moreover, sometimes, it cannot be used due to other reasons either. It might happen that a 

firm generates negative cash flows for some time and since the discounted cash flow 

valuation is based on the assumption that the project has positive cash flows, it does not work 

properly (Damodaran, 2002, p. 18). Another issue arises when a firm is cyclical and its cash 

flows follow the economic boom or recession. In this case, during the recession, these firms 

will be considered as problematic, with negative cash flows and earnings. Forecasted future 

cash flows depend on the analyst predictions about how soon the economy will recover. 

Naturally, optimistic analysts provide with higher firm values than pessimistic ones, therefore 

the DCF valuation becomes biased (Damodaran, 2002, p. 18). All in all, even if DCF works 

perfectly for certain cash flows, it fails in the presence of uncertainty, investment 

irreversibility and managerial flexibility. 

4.3 Real Option Valuation 

According to Damodaran (2002, p. 22), a very important step in developing valuation 

techniques was made with a new idea that, at least in some cases, the value of a firm or an 

asset may be greater than the present value of expected cash flows that depend on the 

occurrence or non-occurrence of a particular event. This is closely related to the development 

of option pricing methods that become more popular. Even though these models were created 
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to value traded options, a number of extensions have been made and now they can be used to 

value firms or projects (Damodaran, 2002, p. 22).  

4.3.1 Real Option and Financial Option 

According to Trigeorgis (1996, p. 1), managerial flexibility is similar to financial options. He 

states that a call option on an asset gives the right, but not the obligation, to acquire the 

underlying asset by paying a predetermined price, which is called the exercise price or the 

strike price, on or before a given maturity. Following the same logic, a put option gives the 

right to sell the underlying asset and receive the exercise price. The payoff on these options at 

expiration is illustrated in figure 19. One can see that a call option is exercised only if the 

price of the underlying asset exceeds the exercise price. Otherwise, the option expires with 

zero value. The profit to the option holder equals to the value of an option at the expiration 

minus the cost of acquiring an option. In contrast, a put option is worthless if the underlying 

asset price is higher than the exercise price. Thus the put option holder will not exercise the 

option if the asset is worth less than the exercise price (Bodie, Kane, & Marcus, 2009, pp. 

678-679). 

Figure 19 The payoff and profit to call and put options at expiration 

 

 

 

 

 

Source: Based on (Bodie, Kane, & Marcus, 2009, pp. 679-680) 

Real options work in a similar way: when a firm makes an irreversible investment by paying 

the investment cost 𝐼, it “kills”, or exercises, the option to invest and loses the possibility of 

waiting for the new information about the market. This means, that the firm is not able to 

disinvest if the market conditions suddenly change (Dixit & Pindyck, 1994, p. 6). 

Analogically, when the firm decides to exit the market, or abandon the project, it exercises the 

Exercise price 

0 

Price of underlying asset 

Call Option 

Profit 

Payoff = Value at expiration 

Cost of option 

0 

Exercise price 

Put Option 

Profit 

Payoff = Value at expiration 

Cost of option 
Price of underlying asset 



Valuation of Visaginas Nuclear Power Plant Project in Lithuania 

 

39 

 

option to abandon by paying the abandonment cost 𝐸22
 and gives up the possibility to wait 

and see if the market situation is improving. 

4.3.2 Real Option Valuation Concept 

A lot of authors discussed the conceptual real option approaches
23

.  For the first time, the term 

“real option” was used by Stewart Myers in 1977 (Brach, 2003, p. 15), (Myers, 1977). He 

states that the standard DCF method undervalues investments that do not generate positive 

cash flows immediately but rather have future growth opportunities. Even though the NPV is 

negative, these investments have their value because they buy the right to future cash flows 

that must be included in the project valuation (Brach, 2003, p. 15). 

The real option valuation method is particularly useful when making capital budgeting and 

strategic decisions because it accounts for the value of future flexibility (Bowman & 

Moskowitz, 2001), (Trigeorgis, 1996, p. 1), (Amram & Kulatilaka, 1999). According to 

Bowman and Moskowitz (2001), very important assumption in real option models is that 

there is an underlying source of uncertainty which, over time, is revealed and management 

can adjust the initial operating strategy accordingly.   

Trigeorgis (2002) argues that flexibility and uncertainty are the key determinants of the value 

of an asset. Uncertainty is not always a negative factor as it may seem at a first glance. If a 

firm can adjust its strategy according to the market conditions, the greater variability in the 

output price may be beneficial. Therefore, the strategic, or expanded, NPV can be expressed 

as the following equation: 

𝐸𝑥𝑝𝑎𝑛𝑑𝑒𝑑  𝑜𝑟 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑖𝑐 𝑁𝑃𝑉 = 𝑃𝑎𝑠𝑠𝑖𝑣𝑒 𝑁𝑃𝑉 + 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑟𝑒𝑚𝑖𝑢𝑚  [1] (Trigeorgis, 

2002). 

One can see that it is reasonable to accept the projects with negative passive NPV, i.e., NPV 

when no managerial flexibility is included, if this is offset by the larger option premium, i.e., 

real option value gained as a result of flexibility.  

 

                                                 
22

 Dixit and Pindyck (1994, p. 215) argues that, when exiting the market, a firm realizes additional expenses 𝐸 

instead of getting the salvage value of the project. The reason is the irreversibility of the investment and barriers 

to exit the market. 
23

 The list of authors, who contributed to the real options theory, includes Myers (1977), Geske (1979), Kester 

(1984), Mason and Merton (1985), Trigeorgis and Mason (1987), Carr (1988), Myers and Majd (1990), Baldwin 

and Clark (1992), Pindyck (1991), Dixit (1992), Kasanen and Trigeorgis (1993), Kogut and Kulatilaka (1994), 

Dixit and Pindyck (1994) and many others. A comprehensive review of the real options literature and its 

application is provided by Trigeorgis (1996). 
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Figure 20 The Real Option Value Matrix 

 

Source: Based on (Brach, 2003, p. 337).  

Figure 20 presents the relationship between the real option value and its key determinants – 

flexibility and uncertainty. Even if the uncertainty is high, an option value is low when there 

is no managerial flexibility. Thus, real options do not value uncertainty; instead they value the 

flexibility in response to uncertainty (Brach, 2003, p. 335). 

4.3.3 Real Option Value Drivers 

The value of real options comes from the asymmetry deriving from having the right but not 

the obligation to exercise the option (Trigeorgis, 1996, p. 4). This value is affected by several 

variables, such as the exercise price, the underlying asset price and its volatility, interest rates 

and time to maturity, which may also be called the drivers of option value. Because real 

options are closely related to financial options, in many cases, the effect of these variables has 

the same direction on both, financial and real, options.  

Table 4 Drivers of Financial Call and Put Option Value 

 Financial options Real options 

Call option value Put option value Entry option value Exit option value 

Exercise price increases Decreases Increases Decreases Decreases 

Asset value increases Increases Decreases Increases Decreases 

Volatility increases Increases Increases Increases Increases 

Interest rate increases Increases Decreases Increases Increases 

Time to maturity increases Increases Increases Increases Increases 

Source: Based on (Brach, 2003, p. 335). 

Table 4 shows the value drivers’ effects on financial call and put options, which are 

equivalent to invest and exit real options respectively. Increase in the exercise price, other 

variables remaining the same, negatively affects the value of a call option and increases the 

value of a put option. In the real options case, invest, or entry, option holder is less willing to 

invest if the investment cost 𝐼 rises. Similarly, the firm prefers to stay in the market, if the exit 

cost 𝐸 becomes higher. If the investment was reversible, the firm could sell it for a salvage 
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value. An increase in salvage value would encourage the firm to leave the market and exercise 

the put option. However, it is assumed that in order to exit the market the firm realizes 

additional expenses. Therefore, the effect of the exercise price on financial put and exit 

options is the opposite.  

Because the option is the right to acquire or to sell the underlying asset at a predetermined 

price, the rise in the underlying asset price increases call option value and diminishes put 

option value. Naturally, the higher product price makes the real options holder more willing to 

start the production or, if the firm is active, to stay in the market. The increase in the volatility 

of an underlying asset price, or, in other words, uncertainty, has the same direction effect on 

all options and raises their value. The rise in interest rate decreases the exercise price. Hence, 

the effect is the opposite to that of an increased exercise price. Finally, the values of all 

options grow with the time to maturity because, for more distant maturity dates, the volatility 

of the underlying asset prices is higher and the uncertainty increases (Bodie, Kane, & Marcus, 

2009, p. 718). 

Brach (2003, p. 337) proposes other drivers of real options value that are shown in figure 21. 

He claims that value creation is closely related to the organizational culture and design, 

communication structure, the ability to identify real options and understanding of 

uncertainties. The procedures to recognize and monitor internal and external value drivers, as 

well as incentives to execute are also very important. A company can maximize value only 

when planning for the future and having sufficient organizational flexibility. Otherwise, it 

hardly has any real options in the money that can be exercised. 

Figure 21 Drivers of Real Option Value 

 

 

 

 

Source: Based on (Brach, 2003, p. 338) 

Thus, in addition to the financial options value drivers, real options value is influenced by the 

structure and performance abilities of a firm. This indicates the complexity of real options 
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that all embedded real options are identified and that the exercise of real options can be 

performed smoothly when needed. 

4.3.4 Real Option in Energy Markets 

Real options approach is often used while valuing projects in energy markets. The reason is 

that deregulation of electricity market resulted in a new type of risk for power companies, i.e., 

the uncertainty of electricity price. Moreover, companies make capital intensive investments 

relying on a long-term demand forecast and cannot be sure about the recovery of cost 

(Takashima R. , 2010, p. 49). Therefore, to evaluate this kind of investment, one should 

choose the valuation approach that accounts for the uncertainty of electricity price. Here, real 

option analysis becomes very useful. 

There are several authors who employ real options to value nuclear power plants. For 

example, Pindyck (1993) analyzes irreversible investment decisions with two types of cost 

uncertainty, i.e., technical uncertainty, related to the physical difficulty of completing a 

nuclear power plant project, and input cost uncertainty, corresponding to the uncertain prices 

of construction inputs. Takizawa et al (2001) finds critical electricity price to invest in a 

nuclear power plant while assuming the uncertainty of future electricity price and taking into 

consideration the uncertainty of uranium prices. Author also shows that the critical prices 

obtained by real options approach are significantly higher than those calculated by the 

traditional NPV approach. Furthermore, real options can be used to value the modularity and 

choose between two nuclear power plant projects under price uncertainty, the first, being a 

large nuclear power plant, and the second, consisting in building a flexible sequence of 

smaller, modular, nuclear power plants on the same site (Gollier, Proult, Thais, & 

Walgenwitz, 2005). In Rothwell’s (2006) paper, the net present value of building an 

Advanced Boiling Water Reactor in Texas is modelled to determine the risk premium 

associated with net revenue uncertainty. Other studies find the optimal timing for the 

decommissioning and equipment replacement of nuclear power plants (Takashima, Naito, 

Kimura, & Madarame, 2007), (Naito, Takashima, Kimura, & Madarame, 2010). 

Real options approach is superior to the traditional NPV approach and is used to value 

projects in energy markets more often because of the ability to incorporate various kinds of 

uncertainties. Moreover, investments in nuclear power plants are irreversible due to the 

industry specific expenditures and because of that traditional NPV analysis becomes 

inappropriate. 
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4.4 Summary 

Basically, the project may be valued using the traditional DCF method or the real option 

analysis. The latter is superior to the traditional DCF analysis because it includes three very 

important characteristics of investment – uncertainty, irreversibility and managerial 

flexibility. Real options are often used to value power plants projects due to the ability to 

incorporate various kinds of uncertainties, for example, the uncertainty of electricity price. 

Hence, the real option valuation model is selected as the most suitable to value the Visaginas 

NPP project. 
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5 Valuation of the Visaginas NPP Project 

The Visaginas NPP project is valued using Dixit and Pindyck’s (1994) stochastic continuous-

time real option valuation model. The model is chosen because the price of an underlying 

asset, i.e., the electricity price, moves in a stochastic motion. Moreover, this model allows 

changes in volatility during the project period. Another important feature of this model is the 

ability to incorporate a mean-reversion process, which allows the electricity price to return to 

the mean in the long-run. Before presenting the calculations, the reader is provided with the 

main assumptions related to the model, the specific electricity price movement process and 

the structure of model. 

5.1 Assumptions 

There are several assumptions regarding the chosen model. Firstly, if a firm decides to enter a 

market, it has to make a lump sum investment I, which, in other words, is the entry cost. This 

investment is made only once for a fixed size project and it is not possible to alter the scale of 

the investment when the decision is made. When the firm enters the market, a unit flow of 

output is produced at a variable cost c. If the operations are not profitable any more, the firm 

can suspend them at any time by realizing a lump sum exit cost E. However, after the 

suspension, the operations can be restarted only by incurring the same investment cost I again. 

These entry and exit decision are implemented instantaneously, which means that no time it is 

required for building or dismantling plants or other facilities. 

Secondly, the firm can be in one of the two possible states, i.e., active or inactive. When the 

firm is not in the market, it is inactive and has the option to invest, which is equivalent to a 

perpetual American call option. Similarly, while the firm operates in the market, it is active 

and has a perpetual American put option which can be exercised at any time. This means that 

the active firm, or a live project, is an asset that incorporates the option to abandon, and, when 

it is exercised, the firm becomes inactive and acquires the option to enter the market. Thus, 

these two options are interlinked and their value must be determined simultaneously.  

Furthermore, the entry cost I, the exit cost E, the variable cost c and the risk-free interest rate r 

are constant. Dixit and Pindyck (1994, p. 14) argues that the overall level of interest rate has 

only a minor impact on the investment decision comparing to various sources of uncertainty 

about future profits. In this model the uncertainty, which is the driver of option value, comes 

from the equilibrium price of the output. This price is exogenous and cannot be influenced by 

the firm. 
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Combined entry and exit strategies, analyzed by Dixit and Pindyck (1994, p. 215), are based 

on the assumption, that the underlying asset price follows a geometric Brownian motion: 

𝑑𝑃 = 𝛼𝑃𝑑𝑡 + 𝜎𝑃𝑑𝑧 [2] (Dixit & Pindyck, 1994, p. 215). 

The optimal strategy for holding and exercising entry and exit options is determined by two 

threshold prices, 𝑃𝐻  and 𝑃𝐿, where 𝑃𝐻 > 𝑃𝐿. An inactive firm chooses to stay inactive as long 

as 𝑃 is below 𝑃𝐻 , and invests only when 𝑃 reaches the threshold 𝑃𝐻 . The same logic applies to 

an active firm. The firm remains active as long as 𝑃 is above 𝑃𝐿, and abandons when 𝑃 falls to 

𝑃𝐿. Thus, if the underlying asset price is in the interval between 𝑃𝐿 and 𝑃𝐻 , the optimal 

strategy for the firm is to stay in the current state, i.e., to continue operations if active and 

keep waiting if inactive (see figure 22).  

Figure 22 The Value of Active and Inactive Firm and Trigger Prices 𝑷𝑳 and 𝑷𝑯 

 

Source: Based on (Tsekrekos, 2010) 

As Dixit (1989) notes: 

𝑃𝐻 > 𝑐 + 𝑟𝐼 ≡ 𝑊𝐻   [3] (Dixit, 1989), 

𝑃𝐿 < 𝑐 − 𝑟𝐸 ≡ 𝑊𝐿   [4] (Dixit, 1989), 

where 𝑊𝐻 and 𝑊𝐿 are the trigger prices in the case with no uncertainty. With these 

Marshallian prices, the firm decides to enter if the underlying asset price is higher than the 

sum of the cost of investment and operating costs and abandons if the price falls below the 

difference between the operating cost and the cost of exit. In this case, firms believe that new 

prices will remain constant. However, in reality, prices rarely stay constant. The model is 

constructed incorporating the uncertainty of the underlying asset price, therefore it widens the 
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the future price, it is more reluctant to invest, and, vice versa, if it is active, it is less willing to 

abandon. 

5.2 Mean-Reverting Process 

To model electricity spot price one should choose a proper stochastic process that describes 

the movement of the electricity price. Benth et al (2008, p. 59) argues that models for energy 

prices should include mean-reverting features, as well as jumps, which describe spikes of 

energy spot prices, and seasonality. However, from the historical data of electricity price in 

BaltPool, the only obvious feature is mean-reversion, while jumps and seasonality are not as 

noticeable as, for example, in Nord Pool Spot Finland price area (see figure 17). For this 

reason and also in order not to overcomplicate the model, it is used only the stochastic mean-

reverting process. 

Thus, the movement of the underlying asset is described by the following stochastic mean-

reverting process: 

𝑑𝑃 = 𝜅 𝜃 − 𝑃 𝑑𝑡 + 𝜎𝑃𝑑𝑧  [5] (Tsekrekos, 2010), 

where 𝜅 is the speed of mean reversion, 𝜃 is the long-rum mean price level, 𝜎 is the volatility 

of the process, and 𝑑𝑧 is the increment of the standard Brownian motion process. One can 

notice, that if 𝜅 = 0, the equation 5 becomes a geometric Brownian motion with no drift, and 

if 𝜃 = 0, then it is a geometric Brownian motion with a drift 𝛼 = −𝜅. (Tsekrekos, 2010) 

Although this mean-reverting process is not the only one analyzed in the literature, it seems to 

be the most suitable due to several reasons. For example, a simple Ornstein-Uhlenbeck 

process  

𝑑𝑃 = 𝜅 𝜃 − 𝑃 𝑑𝑡 + 𝜎𝑑𝑧    [6] (Geman, 2005, p. 64) 

is, perhaps, even more popular in modelling commodity prices (Geman, 2005, p. 65), but it 

does not allow the variance rate to grow with 𝑃 as 𝑃 reverts to its long-run mean 𝜃, while the 

process in the equation 5 has this feature. (Tsekrekos, 2010) Another process can be written as  

𝑑𝑃 = 𝜅 𝜃 − 𝑃 𝑃𝑑𝑡 + 𝜎𝑃𝑑𝑧   [7] (Dixit & Pindyck, 1994, p. 77) 

where the variance, actually, grows with 𝑃. However, according to Tsekrekos (2010), the 

price of any number, say 𝑛, of an underlying asset should revert to the long-run level 𝑛𝜃 in 

the same manner as the price of one unit of an underlying asset reverts to the long-run mean 
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𝜃. One can see that the latter equation does not have this property. Hence, because the process 

in the equation 5 satisfies all these requirements, it is used in further analysis. 

5.3 Model 

Once the underlying asset price movement process is known, it can be integrated in the real 

option valuation model. However, at first it is necessary to choose one of the two possible 

techniques to solve the model. The first approach is dynamic programming and the second – 

contingent claims analysis. Both approaches have their strengths and weaknesses. For 

example, using dynamic programming technique, in order to calculate expected return on the 

investment opportunity, it is required to know the discount rate, which is often complicated. 

Although this discount rate is not important in contingent claims approach, the most important 

assumption in this technique is that stochastic changes in the output price 𝑃 must be spanned 

by existing assets in the economy. Because the assumption of spanning holds for most 

commodities (including electricity), that are traded on spot and future markets, the model is 

solved using contingent claims analysis. (Dixit & Pindyck, 1994, pp. 140-147) 

Following the contingent claims approach, the active firm’s output should be traded as an 

asset in financial markets. This means, that one can replicate the project with and existing 

asset or a portfolio of assets that is perfectly correlated with 𝑃. Then one is able to create a 

risk-free portfolio, determine its expected rate of return and equate that return to the risk-free 

interest rate. (Dixit & Pindyck, 1994, pp. 150-151) 

Before valuing the risk-free portfolio it is necessary to provide with some assumptions and 

explanations. Firstly, it is assumed, that the asset or the replicating portfolio 𝑥 pays no 

dividends, hence, the only return is from capital gains. Secondly, 𝑥 evolves according to 

𝑑𝑥 = 𝜂 𝑥 − 𝑥 𝑑𝑡 + 𝜎𝑥𝑑𝑧 

Because 𝑥 and 𝑃 are perfectly correlated, 𝜌𝑥𝑚 , the correlation of x with the market portfolio, 

and 𝜌𝑃𝑚 , the correlation of P with the market portfolio, are equal. Therefore, the expected rate 

of return from holding the asset or dynamic portfolio of assets 𝜇, which reflects the systematic 

risk, must be the same as the risk-adjusted expected rate of return from owning the completed 

project. According to the capital asset pricing model (CAPM), 

𝜇 = 𝑟 + 𝜆𝜌𝑥𝑚𝜎 (Dixit & Pindyck, 1994, p. 148) 

where 𝑟 is the risk-free interest rate and  𝜆 is the market price of risk.  
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Thirdly, it is assumed that the expected percentage rate of change in 𝑃 is lower than the risk 

adjusted return 𝜇. This difference is an opportunity cost of delaying the project and keeping 

the option to invest alive and is noted as 𝛿. There are several interpretations about 𝛿: it can 

reflect the capacity expansion by competitors or simply mean the cash flows from the project. 

Hence, 𝛿 must be more than zero, otherwise the firm would never invest. (Dixit & Pindyck, 

1994, pp. 147-150) 

To begin with, it is analyzed the idle firm. One should consider the following portfolio
24

: hold 

the option to invest, which is worth 𝑉0 𝑃 , and short 𝑛 =
𝑑𝑉0

𝑑𝑃
 units of the project or of the 

asset or portfolio 𝑥 that is perfectly correlated with 𝑃.  

Thus, the value of this portfolio is 

𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 = Φ = 𝑉0 𝑃 − 𝑉0
′ 𝑃 𝑃 (Dixit & Pindyck, 1994, p. 150) 

However, short position requires expenses of 𝛿𝑃𝑉0
′(𝑃) per period. So, the total return on 

portfolio over the short time interval 𝑑𝑡 is 

𝑑𝑉0 𝑃 − 𝑉0
′ 𝑃 𝑑𝑃 − 𝛿𝑃𝑉0

′ 𝑃 𝑑𝑡 (Dixit & Pindyck, 1994, p. 151) 

Since, according to Itô’s lemma, 

𝑑𝑉0 𝑃 = 𝑉0
′ 𝑃 𝑑𝑃 +

1

2
𝑉0
′′  𝑃 (𝑑𝑃)2 and (𝑑𝑃)2 = 𝜎2𝑃2𝑑𝑡, (Dixit & Pindyck, 1994, p. 151) 

the total return is 

1

2
𝜎2𝑃2𝑉0

′′  𝑃 𝑑𝑡 − 𝛿𝑃𝑉0
′ 𝑃 𝑑𝑡 (Dixit & Pindyck, 1994, p. 151) 

This return is risk-free, therefore, in order to avoid arbitrage, it must be equal to 𝑟Φ𝑑𝑡 =

𝑟 𝑉0 𝑃 − 𝑉0
′ 𝑃 𝑃 𝑑𝑡: 

1

2
𝜎2𝑃2𝑉0

′′  𝑃 𝑑𝑡 − 𝛿𝑃𝑉0
′ 𝑃 𝑑𝑡 = 𝑟 𝑉0 𝑃 − 𝑉0

′ 𝑃 𝑃 𝑑𝑡 (Dixit & Pindyck, 1994, p. 151) 

This can be rearranged into the following differential equation that 𝑉0(𝑃) must satisfy: 

1

2
𝜎2𝑃2𝑉0

′′  𝑃 𝑑𝑡 −  𝑟 − 𝛿 𝑃𝑉0
′ 𝑃 − 𝑟𝑉0 𝑃 = 0 (Dixit & Pindyck, 1994, p. 151) 

                                                 
24

 This portfolio is dynamic because as 𝑃 changes, 𝑉0
′(𝑃), or 𝑛, may also change over short intervals of time, so 

that the composition of the portfolio would be changed. Despite that, over the short interval 𝑛 is fixed. (Dixit & 

Pindyck, 1994, p. 151) 
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Because the rate of growth of 𝑃 is not constant, but a function of 𝑃, the “shortfall” 𝛿 = 𝜇 −

 
1

𝑑𝑡
 𝔼(𝑑𝑃)/𝑃 is a function of 𝑃: 

𝛿 𝑃 = 𝜇 −
𝜅(𝜃−𝑃)

𝑃
  [8] (Dixit & Pindyck, 1994, p. 162) 

Since the risk-adjusted rate of return 𝜇 = 𝑟 + 𝜆𝜌𝜎, the differential equation for 𝑉0 𝑃  

becomes: 

1

2
𝜎2𝑃2𝑉0

′′  𝑃 +  𝜅 𝜃 − 𝑃 − 𝜆𝜌𝜎𝑃 𝑉0
′ 𝑃 − 𝑟𝑉0 𝑃 = 0   [9] (Tsekrekos, 2010), 

To solve the ordinary differential equation 9 one must take into consideration the following 

boundary condition: 

lim𝑃→0+
𝑉0 𝑃 = 0    [10] (Tsekrekos, 2010). 

This condition guarantees that when the price of the underlying asset becomes very small, the 

firm’s option to invest, as well as the expected net present value of the inactive firm, which 

holds this option, becomes worthless.  

The solution to the equation 9 subject to the boundary condition 10 is 

𝑉0 𝑃 = 𝐴0[𝑀 −𝛾1,𝑏1,
2𝜅𝜃

𝜎2𝑃
 + 𝐿0  

2𝜅𝜃

𝜎2𝑃
 

1−𝑏1

𝑀 1 − 𝛾1 − 𝑏1, 2 − 𝑏1,
2𝜅𝜃

𝜎2𝑃
 ]𝑃𝛾1   [11] 

(Tsekrekos, 2010), 

where 𝑀(𝑎, 𝑏, 𝑥) is Kummer’s confluent hypergeometric function, 𝛾1 is the positive root of 

the quadratic equation 

1

2
𝜎2𝛾 𝛾 − 1 −  𝜅 + 𝜆𝜌𝜎 𝛾 − 𝑟 = 0 [12]  

and 

𝑏1 = 2 − 2𝛾1 +
2(𝜅+𝜆𝜌𝜎 )

𝜎2    [13],   𝐿0 = −
Γ 1−𝛾1−𝑏1 Γ(𝑏1)

Γ −𝛾1 Γ(2−𝑏1)
   [14], 

Γ(∙) is the Gamma function and 𝐴0 is a constant to be determined using boundary conditions. 



Valuation of Visaginas Nuclear Power Plant Project in Lithuania 

 

50 

 

Next one should consider the value of the active firm. Its value, 𝑉1(𝑃), must satisfy the 

ordinary differential equation
25

: 

1

2
𝜎2𝑃2𝑉1

′′  𝑃 +  𝜅 𝜃 − 𝑃 − 𝜆𝜌𝜎𝑃 𝑉1
′ 𝑃 − 𝑟𝑉1 𝑃 = 𝑐 − 𝑃 [15] (Tsekrekos, 2010), 

which must be solved obeying the following boundary condition: 

lim𝑃→+∞ 𝑉1 𝑃 = 𝐸   𝑃 𝑠 − 𝑐 𝑒−𝑟𝑠𝑑𝑠
+∞

0
 =

𝑃

𝑟+𝜅+𝜆𝜌𝜎
+

𝜅𝜃

𝑟(𝜅+𝜆𝜌𝜎 )
−

𝜅𝜃

 𝑟+𝜅+𝜆𝜌𝜎  (𝜅+𝜆𝜌𝜎 )
−

𝑐

𝑟
  

[16] (Tsekrekos, 2010). 

This boundary condition, also called “no-bubbles” condition, ensures that the firm value does 

not grow enormously with high underlying asset price. When the equilibrium underlying asset 

price becomes very high, the option to abandon the project becomes worthless and the value 

of the active firm converges to the expected present value of a firm which operates in the 

market forever, starting from the initial price 𝑃. (Tsekrekos, 2010) 

The solution to the ordinary differential equation in equation 15 subject to the boundary 

condition in equation 16 is: 

𝑉1 𝑃 = 𝐴1𝑀 −𝛾2, 𝑏2,
2𝜅𝜃

𝜎2𝑃
 𝑃𝛾2 +

𝑃

𝑟+𝜅+𝜆𝜌𝜎
+

𝜅𝜃

𝑟(𝜅+𝜆𝜌𝜎 )
−

𝜅𝜃

 𝑟+𝜅+𝜆𝜌𝜎  (𝜅+𝜆𝜌𝜎 )
−

𝑐

𝑟
  [17] 

(Tsekrekos, 2010), 

where 𝛾2 is the negative root of the equation 12, 

𝑏2 = 2 − 2𝛾2 +
2(𝜅+𝜆𝜌𝜎 )

𝜎2
  [18]  

and 𝐴1 is a constant to be determined by standard value-matching 

𝑉0 𝑃𝐻 + 𝐼 = 𝑉1 𝑃𝐻  [19]  

𝑉0 𝑃𝐿 = 𝑉1 𝑃𝐿 + 𝐸  [20]  

 and smooth-pasting boundary conditions
26

 

𝑉0
′ 𝑃𝐻 = 𝑉1

′(𝑃𝐻)  [21]  

                                                 
25

 The calculations are similar to those of the idle firm, except that the live project part of the portfolio pays a net 

cash flow  𝑃 − 𝑐 𝑑𝑡 (Dixit & Pindyck, 1994, p. 217).  
26

 The value-matching condition says, that upon exercising the option to invest the firm receives a net payoff 

𝑉1 𝑃𝐻 − 𝐼, while smooth-pasting condition ensures that 𝑉0
′ 𝑃𝐻  would be continuous and smooth at the exercise 

point 𝑃𝐻 , otherwise one could be better by exercising this option at a different point.  (Dixit & Pindyck, 1994, p. 

141) 
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𝑉0
′ 𝑃𝐿 = 𝑉1

′(𝑃𝐿)  [22] (Tsekrekos, 2010). 

The optimal policy for the firm is found by solving the system of equations 19-22. The value 

functions 𝑉0 𝑃  and  𝑉1 𝑃  are replaced with the equations 11 and 17 and values of 𝑃𝐿, 𝑃𝐻 , 

𝐴0 and 𝐴1 are found. Tsekrekos (2010) notes that this system of equations has the unique and 

optimal solution 𝚾 = [𝑃𝐻 ,𝑃𝐿 ,𝐴0,𝐴1]′ that can be determined by solving the non-linear 

equation system 

𝑭 𝚾 = 𝟎 [23] (Tsekrekos, 2010), 

where 

𝑭 𝚾 =

 
 
 
 
 
𝑋𝐻 + 𝑀1 𝑃𝐻 𝑃𝐻

𝛾1𝐴0 + 𝑀2 𝑃𝐻 𝑃𝐻
𝛾2 𝐿 𝐴0 − 𝐴1 + 𝜂𝑃𝐻

𝑋𝐿 + 𝑀1 𝑃𝐿 𝑃𝐿
𝛾1𝐴0 + 𝑀2 𝑃𝐿 𝑃𝐿

𝛾2 𝐿 𝐴0 − 𝐴1 + 𝜂𝑃𝐿

𝑊1 𝑃𝐻 𝑃𝐻
𝛾1𝐴0 + 𝑊2 𝑃𝐻 𝑃𝐻

𝛾2 𝐿 𝐴0 − 𝐴1 + 𝜂𝑃𝐻

𝑊1 𝑃𝐿 𝑃𝐿
𝛾1𝐴0 + 𝑊2 𝑃𝐿 𝑃𝐿

𝛾2 𝐿 𝐴0 − 𝐴1 + 𝜂𝑃𝐿  
 
 
 
 

  [24], 

𝜉 ≡
2𝜃𝜅

𝜎2  [25],   𝜂 ≡ −(𝑟 + 𝜅 + 𝜆𝜌𝜎)−1 [26],    𝐿 ≡ 𝐿0𝜉
1−𝑏1  [27], 

𝑀𝑖 𝜒 = 𝑀(−𝛾𝑖 , 𝑏𝑖 ,
𝜉

𝜒
) [28], 

𝑊𝑖 𝜒 = 𝛾𝑖(𝑀𝑖 𝜒 +
𝜉

𝑏𝑖𝜒
𝑀 1 − 𝛾1, 1 + 𝑏𝑖 ,

𝜉

𝜒
 ) [29] 

for 𝑖 = 1,2, and 

𝑋𝐻 =
𝑐

𝑟
+

𝜅𝜃

 𝑟+𝜅+𝜆𝜌𝜎  (𝜅+𝜆𝜌𝜎 )
−

𝜅𝜃

𝑟(𝜅+𝜆𝜌𝜎 )
+ 𝐼   [30] 

𝑋𝐿 =
𝑐

𝑟
+

𝜅𝜃

 𝑟+𝜅+𝜆𝜌𝜎  (𝜅+𝜆𝜌𝜎 )
−

𝜅𝜃

𝑟(𝜅+𝜆𝜌𝜎 )
− 𝐸  [31]. 

The equations system 23 can be solved numerically applying the simple Newton-Raphson 

method.  

5.4 Model Input Variables 

To solve the model one needs to determine all input variables: the risk-free rate 𝑟, entry cost 

𝐼, variable cost 𝑐, exit cost 𝐸, the market price of risk 𝜆, correlation of changes in electricity 

price P with changes in the market portfolio 𝜌, volatility 𝜎, the speed of mean-reversion 𝜅 and 

the long-run mean of the electricity price level 𝜃. 
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5.4.1 Risk-Free Interest Rate 

Usually the return on treasury bills and government bonds is close to risk-free (Brealey, 

Myers, & Allen, 2007, p. 214). As the Visaginas NPP project is a long-term capital 

investment, it is appropriate to use the return on Lithuanian 10 year government bonds. To 

estimate this return, monthly averages of secondary market yields of Lithuanian government 

bonds with a remaining maturity close to 10 years are taken. Then it is calculated the average 

of these yields in the period of 2001 January to 2011 April. However, it is important to note, 

that the yields of 2009 are excluded from the calculations. The reason is that the interest rates 

were highly affected by the financial crisis and jumped to 14.5 % due to the market concerns 

about the stability of public finances, and they cannot represent the future movement of risk-

free rate
27

. Thus, the estimated future risk-free interest rate is 5.28 % (European Central Bank, 

2011). 

5.4.2 Entry Cost 

The total expected investment cost of the new NPP varies from 10 billion litas to 17 billion 

litas (Pilibaitis, 2011). Because the exact amount is not known until the final negotiation state, 

there are considered two scenarios: in the first scenario it is assumed that the entry cost 𝐼 is 10 

billion litas, while in the second it reaches 17 billion litas, which corresponds to 0.929 

LTL/kWh and 1.579 LTL/kWh respectively. 

5.4.3 Variable Cost 

Model variable cost c is the electricity production cost per kWh, which is composed of fuel 

and operations & maintenance cost. It includes administration, labour cost, licensing fees and 

support of the NPP. The average electricity production cost in the NPPs during the period of 

1995-2009 was 0.0535 LTL/kWh
28

 (Nuclear Energy Institute, 2011).  

5.4.4 Exit Cost 

NPPs are unique in a way that after their useful life, which lasts at least 60 years or more, they 

require additional funds to be closed and dismantled. Decommissioning is the process of 

ending the operations, withdrawing the plant from service, dismantling it, decontaminating 

the site and managing waste (European Web site on Decommissioning of Nuclear 

Installations, 2005). Because this process is long and expensive, nuclear power producers 

                                                 
27

 The risk-free rate including data of 2009 is 6.12 %.  
28

USD converted to LTL using 2009 average exchange rate 1USD = 0.719 EUR (Embassy of the United States, 

2011) and a fixed exchange rate 1 EUR = 3.4528 LTL (Lietuvos Bankas, 2011). 
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have to accumulate sufficient funds over the lifespan of the plant (as a levy on a per kWh 

basis) and hold them in a decommissioning fund.  

The decommissioning cost for an individual reactor varies between 300 million USD and 600 

million USD depending on the type of reactor and the specific factors of the site. Usually, it is 

closer to 600 million USD if the full size reactor is considered (Pöyry Energy Oy (Finland), 

Lithuanian Energy Institute (Lithuania), 2009). Therefore, the latter number is used in further 

calculations. Thus, decommissioning cost is approximately 1.5 billion LTL
29

 (600 million 

USD). 

The total cost of decommissioning is spread over the useful life of the plant adjusted to the 

discount rate. Assuming that even if the decommissioning fund earns the risk-free rate of 

return (5.3 %) on average over the 60 years expected lifespan of the plant the annual 

payments to the fund are 3,755,888 LTL. To compare the decommissioning cost to electricity 

production cost per kWh one needs to calculate the decommissioning cost per kWh using the 

following formula:  

𝐷𝑒𝑐𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑊 =
𝐷𝑒𝑐𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑔  𝑐𝑜𝑠𝑡  𝑝𝑒𝑟  𝑦𝑒𝑎𝑟

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∙𝐻𝑜𝑢𝑟𝑠  𝑝𝑒𝑟  𝑦𝑒𝑎𝑟 ∙𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦  𝑢𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛  𝑓𝑎𝑐𝑡𝑜𝑟
      [32], 

where capacity of the plant is converted to kW, there are 8,766 hours per year, and the 

capacity utilization factor is the ratio of the net electricity generated, usually per year, to the 

energy that could have been generated continuously operating at full capacity (U. S. Nuclear 

Regulatory Commission, 2011a). According to World Nuclear Association (2011c), this ratio 

for NPPs is 91 %. Thus, the decommissioning cost is 0.00034 LTL/kWh. 

One can see that the decommissioning cost is relatively small comparing to the electricity 

production cost as it corresponds to only 0.6 % of the latter. Therefore, it is appropriate to 

assume that if the NPP successfully operates over its useful life and makes annually payments 

to the decommissioning fund, the decommissioning cost per kWh can be ignored. This means 

that if the project is not abandoned for 60 years, there is no exit cost at the end of the NPP’s 

useful life. However, if the NPP has to be closed immediately, the decommissioning cost is 

realized immediately, too. Hence, the cost to abandon the project, or the exit cost E, is 1.5 

billion litas or 0.139 LTL/kWh. 

                                                 
29

 USD converted to LTL using 2009 average exchange rate 1USD = 0.719 EUR (Embassy of the United States, 

2011) and a fixed exchange rate 1 EUR = 3.4528 LTL (Lietuvos Bankas, 2011). 
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5.4.5 Market Price of Risk 

The market price of risk can be calculated using the following formula: 

𝜆 =
(𝔼 𝑅𝑚  −𝑟)

𝜎(𝑅𝑚 )
 [33] (Tsekrekos, 2010), 

where 𝔼 𝑅𝑚   is the expected return on the market portfolio, r is a risk-free rate and 𝜎(𝑅𝑚) is 

the standard deviation of the return on the market portfolio, 𝑅𝑚 . The expected return on the 

market portfolio is estimated using NASDAQ OMX Vilnius index, which reflects the current 

status and changes in Lithuania’s market (NASDAQ OMX, 2011). Available data, i.e., from 

January 1
st
 2000 to May 19 2011, shows that the average daily return on the index is 0.027 % 

with the standard deviation of 6.3 %. To find the historical market price of risk one must use 

the historical risk-free rate, which is 6.12 % annually, and not the estimated future risk-free 

rate of 5.28 %. After simple calculations, the market price of risk is 9.8 %
30

. 

5.4.6 Correlation 

The correlation of changes in electricity price P with changes in the market portfolio ρ is 

determined from the short period data from January 2010 to May 2011. The reason is that the 

Lithuanian electricity market exists only for one and a half year (BaltPool, 2011). The 

correlation is slightly negative, -0.01, which means that there is a weak relationship between 

the electricity price and the market portfolio. 

5.4.7 Volatility, the Long-Run Mean of Price Level and the Speed of Mean Reversion 

The last three input variables, volatility 𝜎, the long-run mean of the electricity price level 𝜃 

and the speed of mean reversion 𝜅, require deeper analysis of the electricity price movement 

process. The dynamics of the electricity price is modelled in continuous-time and can be 

described by the following equation: 

𝑑𝑃 = 𝜅 𝜃 − 𝑃 𝑑𝑡 + 𝜎𝑃𝑑𝑧  [34] (Tsekrekos, 2010), 

and its expected value of electricity price at any future time t is: 

𝔼 𝑃𝑡 = 𝜃 + (𝑃0 − 𝜃)𝑒−𝜅𝑡   [35] (Dixit & Pindyck, 1994, p. 74). 

However, to estimate the parameters, one can use only the discrete-time data, i.e., daily or 

hourly electricity prices, therefore, an equivalent discrete-time econometric specification is 

very useful: 

                                                 
30

 It is assumed that there are 262 business days in a year. 
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𝑃𝑡 − 𝑃𝑡−1 = 𝜃 1 − 𝑒−𝜅 +  𝑒−𝜅 − 1 𝑃𝑡−1 + 𝜖𝑡   [36] (Dixit & Pindyck, 1994, p. 76). 

This first order autoregressive process in discrete-time becomes equation 34 as Δ𝑡 → 0. It also 

can be written as: 

𝑃𝑡 − 𝑃𝑡−1 = 𝛼 + 𝛽𝑃𝑡−1 + 𝜖𝑡     [37] (Chan, Karolyi, Longstaff, & Sanders, 1992), 

where  𝛼 = 𝜃(1 − 𝑒−𝜅), 𝛽 =  𝑒−𝜅 − 1  [38] 

and  𝔼 𝜖𝑡 = 0,  𝔼 𝜖𝑡
2 = 𝜎2𝑃𝑡−1

2      [39].  

The latter discrete-time model, analyzed by Chan et al (1992), allows the variance of the 

electricity price changes directly depend on the level of the electricity price and is consistent 

with the continuous-time model. 

The parameters 𝜃, 𝜅 and 𝜎2 are estimated employing the generalized method of moments 

(GMM) developed by Hansen (1982). The reason for choosing this method is that it does not 

require that the distribution of electricity price changes be normally distributed. Moreover, 

even if the disturbances, 𝜖𝑡 , are conditionally heteroscedastic, the method estimators and their 

standard errors are still consistent (Chan, Karolyi, Longstaff, & Sanders, 1992).  

The main assumption of the GMM is that one can formulate a set of moment conditions (Heij, 

De Boer, Franses, Kloek, & Van Dijk, 2004, p. 253). In this particular case, the parameter 

vector of interest, 𝜙, is composed of three unknown elements, 𝛼, 𝛽 and 𝜎2. Therefore, to 

obtain the solution for 𝜙, one needs to define at least three moment conditions. The vector 

𝑓𝑡 𝜙  is defined by: 

𝑓𝑡 𝜙 =  

𝜖𝑡
𝜖𝑡𝑃𝑡−1

𝜖𝑡
2 − 𝜎2𝑃𝑡−1

2

(𝜖𝑡
2 − 𝜎2𝑃𝑡−1

2 )𝑃𝑡−1

    [40] (Chan, Karolyi, Longstaff, & Sanders, 1992), 

where 𝜖𝑡 = 𝑃𝑡 − 𝑃𝑡−1 − 𝛼 − 𝛽𝑃𝑡−1, while equations 38 and 39 imply that 𝔼 𝑓𝑡 𝜙  = 0. The 

GMM estimator 𝜙 is found by replacing 𝔼 𝑓𝑡 𝜙   with the sample mean using T 

observations: 

𝑔𝑇 𝜙 =
1

𝑇
 𝑓𝑡(𝜙)𝑇

𝑡=1   [41] (Chan, Karolyi, Longstaff, & Sanders, 1992), 

and then minimizing the quadratic form: 
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𝐽𝑇 𝜙 = 𝑔𝑇
′  𝜙 𝑊𝑇 𝜙 𝑔𝑇(𝜙)   [42] (Chan, Karolyi, Longstaff, & Sanders, 1992), 

where 𝑊𝑇 𝜙  is a positive-definite symmetric weighting matrix. This non-linear optimization 

problem can be solved employing numerical methods, for example, Newton-Raphson method 

(Heij, De Boer, Franses, Kloek, & Van Dijk, 2004, p. 254). 

In the exactly identified case, i.e., when the number of moment conditions is equal to the 

number of the unknown parameters, the choice of 𝑊𝑇 𝜙  is irrelevant and 𝜙 can be found by 

solving the equation: 

𝑔𝑇 𝜙 = 0  [43] (Heij, De Boer, Franses, Kloek, & Van Dijk, 2004, p. 253), 

which has a unique solution. However, this particular model is over-identified, because there 

are more moment conditions than the unknown parameters, and in general there is no exact 

solution of equation 43 (Heij, De Boer, Franses, Kloek, & Van Dijk, 2004, p. 254). If there is 

no such value of 𝜙 that  𝑔𝑇 𝜙 = 0, one should instead minimize the distance of this vector 

from zero, minimizing a weighted sum of squares, i.e., equation 42. The choice of 𝑊𝑇 𝜙  is 

important in this case and this matrix is chosen iteratively. The procedure includes three steps: 

Step 1. Start with 𝑊𝑇 𝜙 = 𝐼, where 𝐼 is the identity matrix.  

Step 2. The resulting estimate 𝜙  is used to calculate an estimate of the covariance matrix: 

𝑆 0 =
1

𝑇
 𝑓𝑡

𝑇
𝑡=1 (𝜙 )𝑓𝑡

′(𝜙 )  [44] (Heij, De Boer, Franses, Kloek, & Van Dijk, 2004, p. 257) 

Step 3. Equation 42 is minimized taking 𝑊𝑇 𝜙 = 𝑆 0
−1 and this procedure is repeated until the 

estimates converge (Heij, De Boer, Franses, Kloek, & Van Dijk, 2004, p. 257).  

According to Hansen (1982) and Heij et al (2004, p. 256), 𝑊𝑇 𝜙 = 𝑆 0
−1 is the optimal 

weighting matrix, while 𝜙, obtained by minimizing equation 42 with the latter matrix, is the 

most efficient estimator for any positive definite matrix 𝑊𝑇 𝜙 . 

Finally, after all computations described above, the last three input variables are obtained 

from the equation 38: 

𝜃 = −
𝛼

𝛽
,     𝜅 = −log(1 + 𝛽)    and    𝜎 =  𝜎2   [45]. 

Thus, the long-run mean of the electricity price level 𝜃 is 0.142 LTL/kWh, the speed of mean 

reversion 𝜅 is 0.08, and the volatility of the process 𝜎 is 0.10.  
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Table 5 Model Input Variables and Their Estimated Values 

Model input variable Estimated value 

Risk-free interest rate r 5.28 % 

Entry cost I 
0.929 LTL/kWh (Scenario I) 

1.579 LTL/kWh (Scenario II) 

Variable cost c 0.0535 LTL/kWh 

Exit cost E 0.139 LTL/kWh 

Market price of risk λ 9.8 % 

Correlation ρ -0.01 

Volatility σ 0.10 

Speed of mean reversion 𝜿 0.08 

Long-run mean of the price level 𝜽 0.142 LTL/kWh 

Source: Own construction 

All model input variables are summarized in table 5 and are ready to be used in the stochastic 

continuous-time real option valuation model. 

5.5 Calculations 

Now, when all input variables are known, the optimal entry and exit strategy can be found 

employing the theoretical framework described in section 5.3. 

In order to solve equation 23 and determine four unknowns, i. e., threshold prices  𝑃𝐿 and 𝑃𝐻 , 

and constants 𝐴0 and 𝐴1, one should apply numerical calculation method. Therefore, a 

computational software program Wolfram Mathematica 7
31

 becomes very useful. A code, 

written in Mathematica programming language, includes all necessary assumptions and 

boundary conditions and provides with the following solution. 

To begin with, the active firm remains active as long as 𝑃 is higher than 𝑃𝐿, and abandons 

when 𝑃 falls to 𝑃𝐿. In both cases, scenario I and scenario II, 𝑃𝐿 is very close to 0, which 

means that once the firm entered the market, it will stay active forever. Thus, the exit option is 

worthless. Similarly, the inactive firm remains inactive as long as 𝑃 is below 𝑃𝐻 . Figures 23 

and 24 present the values of active and inactive firm, as well as trigger prices 𝑃𝐻  in both 

scenarios. Naturally, the cost of investment has no influence on active firm’s value, as it does 

not affect its cash flows from operations. However, the inactive firm requires higher cash 

flows from the project to compensate increased investment cost. As a result, the trigger price 

𝑃𝐻  is lower in Scenario I than in Scenario II.  

 

                                                 
31

 The software was developed and released (November 18, 2008) by Wolfram Research (Wolfram Research, 

2011). 
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Figure 23 Scenario I: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 , ct32 

 

Source: Own construction 

Figure 24 Scenario II: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 , ct 

 

Source: Own construction 

In Scenario I, the trigger price to enter the market 𝑃𝐻 , is 0.11 LTL/kWh, while in Scenario II 

it grows to 0.17 LTL/kWh. The active firm’s value at these trigger prices is 1.47 LTL and 

1.90 LTL per kWh of installed capacity respectively. The current electricity price is 0.16 

LTL/kWh
33

, hence the active firm’s value is 1.81 LTL per kWh of installed capacity. At this 

price level the project would yield a payoff of 0.88 LTL per kWh of installed capacity in 

Scenario I and would not be implemented in Scenario II. 

5.6 Sensitivity Analysis 

Sensitivity analysis shows how the project value and trigger price to enter the market are 

affected by changes in input variables. The effects of these changes are interlinked: the level 

of one input variable influences the manner in which the other variable affects the trigger 

                                                 
32

 1 centas (ct) equals 1/100 of litas (LTL) 
33

 As of September 29, 2011 (BaltPool, 2011) 
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price or option value. This is so because the electricity price moves in a specific, mean-

reverting, process. The dependence of option value to invest and trigger price on each input 

variable is analyzed below. 

The higher the volatility 𝜎, the higher the uncertainty, and hence the value of option. As 

𝑉1 𝑃  does not include any option (the exit option is worthless) and correlation is very close 

to zero, the change in volatility makes no significant impact on 𝑉1 𝑃 . In contrast, 𝑉0 𝑃  has 

an option and increases with higher volatility values (see figure 25). Naturally, the trigger 

price 𝑃𝐻  rises, too (see table 6): the inactive firm demands a higher price before entering the 

market to compensate the uncertainty about future cash flows because the investment is 

irreversible. 

Table 6 Sensitivity Analysis: The Trigger Price at Different 𝝈 Levels (𝜿 = 𝟎.𝟎𝟖, 𝒓 = 𝟎.𝟎𝟓,𝜽 = 𝟏𝟒.𝟐, 𝝆 = −𝟎.𝟎𝟏,𝝀 =
𝟎.𝟏𝟎, 𝒄 = 𝟓.𝟒, 𝑰 = 𝟗𝟐.𝟗), ct 

𝝈 0.06 0.08 0.10 0.12 0.14 

Trigger price 10.77 11.10 11.49 11.93 12.41 

 

Source: Own construction 

Figure 25 Sensitivity Analysis: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 − 𝑰 at Different 𝝈 Levels (𝜿 = 𝟎.𝟎𝟖,𝒓 = 𝟎.𝟎𝟓,𝜽 =
𝟏𝟒.𝟐, 𝝆 = −𝟎.𝟎𝟏,𝝀 = 𝟎.𝟏𝟎, 𝒄 = 𝟓.𝟒, 𝑰 = 𝟗𝟐.𝟗), ct 

 

Source: Own construction 

Higher speed of mean-reversion, 𝜅, increases the value of inactive firm, 𝑉0 𝑃 , as well as the 

value of active firm 𝑉1 𝑃 , when the long-run mean of the electricity price level, 𝜃, is high. 

The movement of trigger price 𝑃𝐻  depends on the risk-adjusted rate of return 𝜇: a higher value 

of 𝜇 means a higher value of the expected rate of capital gain “shortfall” 𝛿 = 𝜇 −

 
1

𝑑𝑡
 𝔼(𝑑𝑃)/𝑃, and, as a result, a lower value of 𝑉0 𝑃 . This effect on 𝑉0 𝑃  is particularly 

noticeable when 𝜅 is small, because when it is high the price will quickly revert to 𝜃 anyway. 

Hence, as 𝜅 increases and 𝜇 is high, 𝑉1 𝑃  grows faster than 𝑉0 𝑃  (see figure 26). This 
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results in lower values of 𝑃𝐻  for higher 𝜅 (see table 7), which means that the firm is more 

willing to enter the market. (Dixit & Pindyck, 1994, p. 165) 

Table 7 Sensitivity Analysis: The Trigger Price at Different 𝜿 Levels (𝒓 = 𝟎.𝟎𝟓,𝜽 = 𝟏𝟒.𝟐,𝝆 = −𝟎.𝟎𝟏, 𝝀 = 𝟎.𝟏𝟎, 𝒄 =
𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

𝜿 0.01 0.05 0.08 0.10 0.15 

Trigger price 13.30 11.95 11.49 11.30 11.01 

 
Source: Own construction 

Figure 26 Sensitivity Analysis: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 − 𝑰 at Different 𝜿 Levels (𝒓 = 𝟎.𝟎𝟓,𝜽 = 𝟏𝟒.𝟐,𝝆 =
−𝟎.𝟎𝟏, 𝝀 = 𝟎.𝟏𝟎, 𝒄 = 𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

 

Source: Own construction 

Next three variables, 𝑟, 𝜌 and 𝜆, are closely related to effects caused by changes in 𝜇. Higher 

risk-free interest rate 𝑟 reduces the value of active, as well as inactive firm (see figure 27). In 

this case, the value of active firm 𝑉1 𝑃  is, basically, the expected present value of operating 

in the market forever where increase in 𝑟 diminishes value of future cash flows. Meanwhile, 

𝑉0 𝑃  is lower because of larger 𝛿, as 𝑟 increases 𝜇, which increases 𝛿. The opportunity cost 

of waiting to invest grows, thus, the firm is willing to exercise the option. In this case the 

trigger price should decrease. However, the effect of 𝑟 is stronger for 𝑉1 𝑃 , therefore, the 

trigger price 𝑃𝐻  increases with 𝑟 (see table 8).  

Table 8 Sensitivity Analysis: The Trigger Price at Different 𝒓 Levels (𝜿 = 𝟎.𝟎𝟖,𝜽 = 𝟏𝟒.𝟐,𝝆 = −𝟎.𝟎𝟏, 𝝀 = 𝟎.𝟏𝟎, 𝒄 =
𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

𝒓 0.03 0.04 0.05 0.06 0.07 

Trigger price 8.76 9.91 11.49 12.42 13.77 

 
Source: Own construction 
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Figure 27 Sensitivity Analysis: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 − 𝑰 at Different 𝒓 Levels (𝜿 = 𝟎.𝟎𝟖,𝜽 = 𝟏𝟒.𝟐,𝝆 =
−𝟎.𝟎𝟏, 𝝀 = 𝟎.𝟏𝟎, 𝒄 = 𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

 

Source: Own construction 

The higher the value of correlation 𝜌, the higher the value of 𝜇, and hence the higher 𝛿, which 

reduces 𝑉0 𝑃  and 𝑉1 𝑃  (see figure 28). Here, the effect is also stronger for 𝑉1 𝑃  and the 

trigger price 𝑃𝐻  increases with higher correlation value (see table 9). 

Table 9 Sensitivity Analysis: The Trigger Price at Different 𝝆 Levels (𝜿 = 𝟎.𝟎𝟖, 𝒓 = 𝟎.𝟎𝟓,𝜽 = 𝟏𝟒.𝟐, 𝝀 = 𝟎.𝟏𝟎, 𝒄 =
𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

𝝆 -1 -0.5 -0.01 0.5 1 

Trigger price 11.29 11.39 11.49 11.62 11.78 

 
Source: Own construction 

Figure 28 Sensitivity Analysis: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 − 𝑰 at Different 𝝆 Levels (𝜿 = 𝟎.𝟎𝟖,𝒓 = 𝟎.𝟎𝟓,𝜽 =
𝟏𝟒.𝟐, 𝝀 = 𝟎.𝟏𝟎, 𝒄 = 𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

 

Source: Own construction 

Because the correlation is very close to zero, 𝜆 barely has any influence on firm’s value or the 

trigger price 𝑃𝐻  (see figure 29 and table 10). 
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Table 10 Sensitivity Analysis: The Trigger Price at Different 𝝀 Levels (𝜿 = 𝟎.𝟎𝟖,𝒓 = 𝟎.𝟎𝟓,𝜽 = 𝟏𝟒.𝟐, 𝝆 =
−𝟎.𝟎𝟏, 𝒄 = 𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

𝝀 0.6 0.8 0.10 0.12 0.14 

Trigger price 11.49 11.49 11.49 11.49 11.49 

 
Source: Own construction 

Figure 29 Sensitivity Analysis: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 − 𝑰 at Different 𝝀 Levels (𝜿 = 𝟎.𝟎𝟖, 𝒓 = 𝟎.𝟎𝟓,𝜽 =
𝟏𝟒.𝟐, 𝝆 = −𝟎.𝟎𝟏, 𝒄 = 𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

 

Source: Own construction 

The higher the long-run mean 𝜃, the higher values of both, active and inactive, firm (see 

figure 30). This is so because options on future production are more valuable and expected 

value of future cash flows for active firm increases, too. In the analyzed case, the curve, 

representing the value of active firm is steeper for higher 𝜃. This results in decreasing trigger 

price 𝑃𝐻  and higher incentives to invest (see table 11).  

Table 11 Sensitivity Analysis: The Trigger Price at Different 𝜽 Levels (𝜿 = 𝟎.𝟎𝟖, 𝒓 = 𝟎.𝟎𝟓,𝝆 = −𝟎.𝟎𝟏, 𝝀 =
𝟎.𝟏𝟎, 𝒄 = 𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

𝜽 10 12 14.2 16 18 

Trigger price 13.28 12.12 11.49 11.21 11.01 

 
Source: Own construction 
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Figure 30 Sensitivity Analysis: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 − 𝑰 at Different 𝜽 Levels (𝜿 = 𝟎.𝟎𝟖, 𝒓 = 𝟎.𝟎𝟓,𝝆 =
−𝟎.𝟎𝟏, 𝝀 = 𝟎.𝟏𝟎, 𝒄 = 𝟓.𝟒,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

 

Source: Own construction 

A lower value of variable cost 𝑐 increases 𝑉1 𝑃  more than 𝑉0 𝑃  and lowers the trigger price 

𝑃𝐻  (see figure 31 and table 12). 

Table 12 Sensitivity Analysis: The Trigger Price at Different 𝒄 Levels (𝜿 = 𝟎.𝟎𝟖, 𝒓 = 𝟎.𝟎𝟓,𝜽 = 𝟏𝟒.𝟐, 𝝆 =
−𝟎.𝟎𝟏,𝝀 = 𝟎.𝟏𝟎,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

𝒄 3 4 5.4 6 7 

Trigger price 8.46 9.70 11.49 12.43 13.97 

 
Source: Own construction 

Figure 31 Sensitivity Analysis: The Value of 𝑽𝟎 𝑷  and 𝑽𝟏 𝑷 − 𝑰 at Different 𝒄 Levels (𝜿 = 𝟎.𝟎𝟖, 𝒓 = 𝟎.𝟎𝟓,𝜽 =
𝟏𝟒.𝟐, 𝝆 = −𝟎.𝟎𝟏,𝝀 = 𝟎.𝟏𝟎,𝝈 = 𝟎.𝟏𝟎, 𝑰 = 𝟗𝟐.𝟗), ct 

 

Source: Own construction 

Sensitivity analysis shows that all input variables affect value of active and inactive firm, as 
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mean reversion and the long-run electricity price mean fall. In this particular case the market 

risk premium 𝜆 and correlation have only limited effect on the trigger price and firm’s 

decision to enter the market.  

In addition to these variables, there are two others: investment cost and cost to abandon the 

project. The impact of different investment cost is reflected in Scenario I and Scenario II 

results: the trigger price to enter the market is higher for costly investments. According to the 

same logic, the lower cost to exit the market would increase the trigger price to abandon the 

project 𝑃𝐿. Then the option to exit the market would be more valuable to the active firm and 

that would influence the active firm’s value and the way it is affected by other input variables. 

5.7 Optimal Capacity 

The capacity of the plant depends on the number of installed reactors. The more reactors are 

installed the lower is investment cost per kWh. This implies, that the increase in capacity 

reduces trigger price to enter the market. However, maximal capacity is limited to forecasted 

electricity demand. Hence, the optimal capacity of the Visaginas NPP is estimated at 1350 

MW because it corresponds to the forecasted shortage of electricity in Baltic region in 2020. 

5.8 Summary 

Dixit and Pindyck’s (1994) stochastic continuous-time real option valuation model with 

incorporated mean-reversion process is employed to value the Visaginas NPP project. In order 

to perform calculations, the model input variables are determined and then the optimal entry 

and exit strategy is obtained by using a computational software program Wolfram 

Mathematica 7.  

The results show that the option to abandon the project after investing in the Visaginas NPP is 

worthless (there is no such price 𝑃𝐿 when it is optimal to exit) because exit cost is high. 

Furthermore, even if the electricity price falls significantly, the investors are expecting the 

increase in the near future, as the electricity price moves following the mean-reverting 

process. Meanwhile, the trigger price to enter the market, i.e., to invest in the Visaginas NPP 

project, 𝑃𝐻 , is 0.11 LTL/kWh and 0.17 LTL/kWh in Scenario I and Scenario II respectively. 

The current electricity price is 0.16 LTL/kWh, thus, it is optimal to enter only with the 

investment cost of Scenario I, which are estimated at 10 billion litas. If the investment cost 

rises to 17 billion litas, as in Scenario II, it is optimal to keep the option to invest alive. With 
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the current electricity price level, the value of the active firm is 1.81 LTL per kWh of installed 

capacity and the project would yield a payoff of 0.88 LTL per kWh of installed capacity.  

The project value and the trigger price to enter the market depend on the model input 

variables. Sensitivity analysis provides with the effects of changes in each input variable and 

shows that the trigger price to enter the market rises with increased volatility, risk-free rate 

and variable cost, and decreased speed of mean reversion and long-run electricity price mean. 

The correlation and the market risk premium have only mild effect on the valuation of the 

project. Finally, the optimal capacity of the plant is 1350 MW. 
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6 Discussion and Perspective 

This thesis contributes to the real option valuation theory by providing a particular NPP 

project analysis based on the stochastic continuous-time real option valuation model by Dixit 

and Pindyck (1994) and extended with mean-reversion properties applied by Tsekrekos 

(2010). The valuation framework presented in the thesis may be used not only to value 

nuclear power plant projects but also other investments in power plants in Baltic region. 

Moreover, with some extensions the model can be used to find the optimal entry and exit 

strategy for power plants in other regions, too. 

The real option valuation model applied in thesis may be extended by including alternative 

stochastic processes such as jumps and seasonality. For example, valuing power plants 

projects in Nordic region and modelling Nord Pool electricity spot prices, one should take 

into account seasonality because hydro energy, which has a large share in this region, highly 

depends on weather cycles. In such case, seasonality can be incorporated into the price 

process by using a linear combination of sinusoids. (Meyer-Brandis & Tankov, 2007) 

According to Meyer-Brandis et al (2007), spikes should be included, too, because this feature 

appears due to non-storable nature of electricity. During spikes, the electricity price process 

gains different properties, i.e., the speed of mean-reversion is significantly higher than during 

normal price movement (Meyer-Brandis & Tankov, 2007). To work with these infrequent 

jumps in electricity price one may use Poisson (jump) processes (Dixit & Pindyck, 1994, p. 

85). The detection of spikes is also quite complicated because high electricity prices may 

seem as a peak now but may become normal in a few years (Meyer-Brandis & Tankov, 2007).  

Both features – seasonality and jumps – make the calculation of optimal entry and exit 

strategy more difficult and require using a numerical solution method. The spikes increase the 

expected rate of capital gain from the project and the variance of percentage changes in 

electricity price, hence, the value of option to invest increases (Dixit & Pindyck, 1994, p. 

172). As a result, this should increase the trigger price to enter the market. 

In this thesis the real option valuation model is constructed under the assumption that the 

Visaginas NPP has a monopoly right to invest. However, in some cases, it might be more 

appropriate to assume investment under competition. Then, the competitive firm should be 

aware of other firms’ entry decisions. The reason is that there exists such a price 𝑃  which 

triggers new investment. Consequently, the supply grows and the price decreases below 𝑃  
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level. Thus, the electricity price process has a ceiling at 𝑃  which is a major difference from a 

monopoly case. The monopolist has a positive value of investing over the range of prices until 

the price reaches the optimal entry trigger price 𝑃𝐻  and a value of waiting is positive. While 

waiting for a competitive firm is worthless and its value of investing is negative until it 

reaches zero at the highest possible price 𝑃 .  (Dixit & Pindyck, 1994, pp. 254, 258) 

Real option valuation methods are superior to the traditional NPV analysis, which does not 

account for such important investment characteristics as uncertainty, irreversibility and 

managerial flexibility. However, real option valuation theory is relatively new, therefore, 

future research is needed to investigate the ability of real option valuation models to reflect 

peculiarities embedded in real world investments.   
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7 Conclusion 

The aim of this thesis is to value the Visaginas Nuclear Power Plant (NPP) project in 

Lithuania and find an optimal entry and exit strategy. The completed analysis of the project 

provides with answers to the following questions:  

 Why and when is it/is it not worth to invest in a new nuclear power plant in Lithuania? 

 Why and when is it/is it not worth to leave the market if the investment is already 

made? 

 What is the optimal capacity of a new nuclear power plant?  

Firstly, even though the construction of new NPP is capital intensive investment and it 

requires decommissioning of the plant after its closure and radioactive waste management, the 

decision to choose nuclear power as electricity generating source is reasonable. Nuclear 

energy can ensure stable and perhaps the most cost-effective base-load supply of electricity. 

Furthermore, it produces no CO2 emissions and, together with renewable energy sources, 

contributes to the sustainable development. Moreover, it can offer relatively stable electricity 

price due to low fluctuations in uranium prices. The fuels can be bought from several 

suppliers which increases independency of country’s energy sector. In addition, Lithuania has 

a solid experience in NPP exploitation which is another advantage. All this suggests that the 

investment in new nuclear NPP is economically sound and in line with Lithuania’s energy 

policy. 

Secondly, growing electricity demand in Lithuania and Baltic region creates a niche for 

additional nuclear energy capacity. The deregulation of electricity market and the 

establishment of the Lithuanian Power Exchange have a positive effect on transparency and 

fair competition. Moreover, future integration with the common Nordic power market 

promises further development of the market. Thus, the market conditions to implement the 

project are favourable, too. 

Thirdly, the optimal timing to enter the market is when electricity price reaches 0.11 

LTL/kWh in Scenario I and 0.17 LTL/kWh in Scenario II. The current price of electricity is 

around 0.16 LTL/kWh, thus the project would yield a payoff of 0.88 LTL per kWh of 

installed capacity in Scenario I and it would be optimal to delay the investment in Scenario II. 

Once the investment is made, the NPP would operate at least 60 years because exit cost is 
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high and the electricity price which would be optimal to exit the market is very close to zero 

and, therefore, not possible.  

Finally, the optimal capacity of the plant is determined by forecasted electricity demand in 

Lithuania and Baltic region. The shortage of electricity in Baltic market with the current 

installed capacity is expected to reach at least 10.5 TWh in 2020, thus one reactor of 1350 

MW seems to be optimal. 

The stochastic real option valuation model with incorporated mean reversion process used to 

value the project accounts for uncertainty and irreversibility of the project, as well as 

managerial flexibility, therefore, it provides with more accurate results than the traditional 

NPV valuation. It can be employed in other valuations of power plants in Baltic region or, 

with some adjustments and additional electricity price movement processes, in other 

locations, too. 
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Appendices 

Appendix A World Nuclear Power Reactors 

 

Nuclear electricity 
generation 2010 

Reactors 
operating 1 

July 2011 

Reactors under 
construction 1 

July 2011 

Reactors planned 
July 2011 

Reactors 
proposed July 

2011 

Uranium 
required 

2011 

COUNTRY 
Billion 
kWh 

% e No. 
MWe 
net 

No. 
Mwe 
gross 

No. 
Mwe 
gross 

No. 
Mwe 
gross 

Tonnes U 

Argentina  6.7 5.9 2 935 1 745 2 773 1 740 208 

Armenia  2.3 39.4 1 376 0 0 1 1060 0 0 56 

Bangladesh  0 0 0 0 0 0 2 2000 0 0 0 

Belarus  0 0 0 0 0 0 2 2000 2 2000 0 

Belgium  45.7 51.2 7 5943 0 0 0 0 0 0 1052 

Brazil  13.9 3.1 2 1901 1 1405 0 0 4 4000 311 

Bulgaria  14.2 33.1 2 1906 0 0 2 1900 0 0 275 

Canada   85.5 15.1 18 12679 2 1500 3 3300 3 3800 1884 

Chile  0 0 0 0 0 0 0 0 4 4400 0 

China  71 1.8 14 11271 26 28710 52 59990 120 123000 4402 

Czech Republic  26.4 33.2 6 3722 0 0 2 2400 1 1200 680 

Egypt  0 0 0 0 0 0 1 1000 1 1000 0 

Finland  21.9 28.4 4 2741 1 1700 0 0 2 3000 468 

France  410.1 74.1 58 63130 1 1720 1 1720 1 1100 9221 

Germany  133 28.4 17 20339 0 0 0 0 0 0 3453 

Hungary  14.7 42.1 4 1880 0 0 0 0 2 2200 295 

India  20.5 2.9 20 4385 5 3900 18 15700 40 49000 1053 

Indonesia  0 0 0 0 0 0 2 2000 4 4000 0 

Iran  0 0 0 0 1 1000 2 2000 1 300 150 

Israel  0 0 0 0 0 0 0 0 1 1200 0 

Italy   0 0 0 0 0 0 0 0 10 17000 0 

Japan  280.3 29.2 51 44642 2 2756 10 13772 5 6760 8195 

Jordan  0 0 0 0 0 0 1 1000 0 0 0 

Kazakhstan  0 0 0 0 0 0 2 600 2 600 0 

Korea DPR (North)  0 0 0 0 0 0 0 0 1 950 0 

Korea RO (South)  141.9 32.2 21 18716 5 5800 6 8400 0 0 3586 

Lithuania  0 0 0 0 0 0 0 0 1 1700 0 

Malaysia  0 0 0 0 0 0 0 0 1 1200 0 

Mexico  5.6 3.6 2 1600 0 0 0 0 2 2000 247 

Netherlands  3.75 3.4 1 485 0 0 0 0 1 1000 107 

Pakistan  2.6 2.6 3 725 1 340 1 340 2 2000 68 

Poland   0 0 0 0 0 0 6 6000 0 0 0 

Romania  10.7 19.5 2 1310 0 0 2 1310 1 655 175 

Russia  159.4 17.1 32 23084 10 8960 14 16000 30 28000 3757 

Slovakia  13.5 51.8 4 1816 2 880 0 0 1 1200 267 

Slovenia  5.4 37.3 1 696 0 0 0 0 1 1000 145 

South Africa  12.9 5.2 2 1800 0 0 0 0 6 9600 321 

Spain  59.3 20.1 8 7448 0 0 0 0 0 0 1458 

Sweden  55.7 38.1 10 9399 0 0 0 0 0 0 1537 

Switzerland  25.3 38 5 3252 0 0 0 0 3 4000 557 

Taiwan 39.9 19.3 6 4927 2 2700 0 0 1 1350 1344 

Thailand  0 0 0 0 0 0 0 0 5 5000 0 

Turkey  0 0 0 0 0 0 4 4800 4 5600 0 

UAE     0 0 0 0 0 0 4 5600 10 14400 0 

Ukraine  83.95 48.1 15 13168 0 0 2 1900 20 22800 2037 

United Kingdom  56.9 15.7 18 10745 0 0 4 6680 9 12000 2235 

USA  807.1 19.6 104 101421 1 1218 6 7200 28 38600 19427 

Vietnam  0 0 0 0 0 0 2 2000 12 13000 0 

WORLD 2630 13.8 440 376442 61 63334 154 171445 343 391355 68971 

Source: (World Nuclear Association, 2011g) 

 

 



 

 

Appendix B Comparison of Different Energy Sources 

 Nuclear energy Coal Gas/Oil Hydro power Wind energy Biofuel Solar energy 

Environmental impact: 

CO2 emissions 
None 

Approx. 1 kg of 

CO2/kWh1 
Approx. 0.5 kg of 

CO2/kWh1 None None 
Close to CO2 

neutral2 None 

Other emissions  Steam NOx, SO2 NOx, SO2 None None NOx, SO2 None 

Other wastes 4 milligrams of 

radioactive spent 

fuel/kWh. 

Relatively small 

quantities of waste;  

long-term 

management of 

radioactive waste 

Ash, flyash. 

Resources are 

needed to avoid 

emissions of hard 

particles and acid 

gases into the 

environment 

Natural gas: none; 

Oil: oil residues that 

are not completely 

burned 

None None Ash 

 

Toxic waste from 

production of solar 

panels.. 

Other 

environmental 

impacts Limited mining and 

associated tailings 

facilities 

Extensive mining, 

transportation, acid 

rain 

Production facilities, 

pipelines, acid rain 

Dams destroy or 

obstruct migratory 

routs for fish; 

damaged landscape 

and negative impact 

on biodiversity due 

to flooded territories 

Change in the visual 

landscape and a 

coast; possible harm 

to endangered bird 

species. 

Land use change 

Big territories 

required to produce 

even small 

quantities of 

electricity 

Power supply reliability 

Very reliable Reliable Reliable 

Medium reliability; 

depends on water 

conditions; possible 

shortages during a 

dry year 

Low; depends on 

weather conditions, 

wind; sufficient 

capacity reserves are 

needed 

Reliable 

Depends on weather 

conditions; efficient 

only in countries 

with many sunny 

days 

Fuel resources 

Sufficient resources 

located in a 

politically stable 

countries; 

possibility to build 

up fuel reserves for 

a longer period 

Sufficient resources; 

most extensively 

used for production 

of electricity 

worldwide; no 

possibility to build 

up sufficient 

resources for a 

longer period 

Limited resources; 

well developed 

supply infrastructure 

A renewable energy 

resource 

A renewable energy 

resource 

A renewable energy 

resource 

A renewable energy 

resource 

Capacity utilization 

factor (CUF) 

Very high, a NPP is 

usually operated at 

the base load mode,  

90 percent3 

High utilization 

factor, approx. 80 

percent4 

High utilization 

factor, approx. 80 

percent5 

Low utilization 

factor, approx. 30 

percent for small 

HPPs to 45 percent6 

Low utilization 

factor, 20-30 

percent7 

Medium  utilization 

factor, 60-80 

percent6 

Low utilization 

factor, approx. 20 

percent7 

Sources: Own construction, based on 1 (Uranium SA, 2001) , 2 (Clark, 2010), 
3
 (World Nuclear Association, 2011c), 

4
 (The National Coal Council, U.S. Department of Energy, 2004, p. 9), 

5
 

(Gujarat Electricity Regulatory Commission, 2010, p. 30), 
6
 (Nagaland Electricity Regulatory Commission, 2011, p. 25), (Ernst & Young, 2009, p. 14), 

7
 (Central Electricity Regulatory 

Commission, 2009, p. 22), 
8
 (Katona, 2010, p. 5), 

9
 (The Royal Academy of Engineering, 2004)
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Appendix C International Nuclear Events 

Table 13 The International Nuclear Event Scale  

Level, 

Description 

Off-Site Impact, release 

of radioactive materials 
On-Site Impact 

Defence-in-Depth 

Degradation 
Examples 

7 

Major Accident 

Major Release:  

Widespread health and 

environmental effects 

  Chernobyl, Ukraine, 1986 

(fuel meltdown and fire); 

Fukushima Daiichi 1-3, 

2011 (fuel damage, radiation 

release and evacuation) 

6 

Serious Accident 

Significant Release: 

Full implementation of 

local emergency plans 

  Mayak at Ozersk, Russia, 

1957 (reprocessing plant 

criticality) 

5 

Accident with 

Off-Site 

Consequences 

Limited Release: 

Partial implementation of 

local emergency plans, or 

Severe damage to 

reactor core or to 

radiological barriers 

 Three Mile Island, USA, 

1979 (fuel melting); 

Windscale, UK, 1957 

(military) 

4 

Accident Mainly 

in Installation, 

with local 

consequences. 

either of: 

Minor Release: 

Public exposure of the 

order of prescribed limits, 

or 

Significant damage to 

reactor core or to 

radiological barriers; 

worker fatality 

 Saint-Laurent A1, France, 

1969 (fuel rupture) & A2 

1980 (graphite overheating); 

Tokai-mura, Japan, 1999 

(criticality in fuel plant for 

an experimental reactor). 

3 

Serious Incident 

any of: 

Very Small Release: 

Public exposure at a 

fraction of prescribed 

limits, or 

Major contamination; 

Acute health effects to 

a worker, or 

Near Accident: 

Loss of Defence in 

Depth provisions - 

no safety layers 

remaining 

Fukushima Daiichi 4, 2011 

(fuel pond overheating); 

Fukushima Daini 1, 2, 4, 

2011 (interruption to 

cooling); Vandellos, Spain, 

1989 (turbine fire); Davis-

Besse, USA, 2002 (severe 

corrosion);  

2 

Incident 

nil Significant spread of 

contamination; 

Overexposure of 

worker, or 

Incidents with 

significant failures 

in safety provisions 

 

1 

Anomaly 

nil nil Anomaly beyond 

authorised operating 

regime 

 

0 

Deviation 

nil nil No safety 

significance 

 

Source: Based on (World Nuclear Association, 2011b) 

Table 14 Summary of severe accidents in energy chains for electricity 1969-2000 

 OECD Non-OECD 

Energy chain Fatalities Fatalities/TWh Fatalities Fatalities/TWh 

Coal 2259 157 18000 597 

Natural gas 1043 85 1000 111 

Hydro 14 3 30000 10285 

Nuclear 0 0 31 48 

Source: Based on (World Nuclear Association, 2011b) 

Table 15 Comparison of accident statistics in primary energy production 

Fuel Immediate fatalities 1970-92 Who? Normalised to deaths per TWy 

Coal 6400 Workers 342 

Natural gas 1200 Workers and public 85 

Hydro 4000 Public 883 

Nuclear 31 Workers 8 
Source: Based on (World Nuclear Association, 2011b) 
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