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Executive Summary 
This thesis analyses and modifies the existing levelized cost-model for comparing costs of central 

station electricity generators in California, and finds that the current framework, in itself, is not 

sufficient for comparing natural gas-fueled generators with renewable energy generators such as 

solar photovoltaic plants. By introducing the capital asset pricing model and real options theory 

from the world of finance, the existing model is modified to perform a cost-comparison between the 

solar photovoltaic- and gas-fueled generators that better accounts for the risk- and unique 

characteristics of solar photovoltaics, which are not included in current valuation methods. The 

model is then finally used to answer the question; of whether or not there can be an economic 

rationale behind a State-wide expansion of electrical transmission-grids, with the intent of 

stimulating future installations of solar photovoltaic plants.  

The thesis has two main findings. First, it is concluded that the current method for calculating 

levelized costs, potentially under-estimates costs of natural gas-plants with as much as 90%. The 

modified levelized cost-model thus suggests that the “gap” in costs between solar photovoltaic- and 

natural gas-plants is not as large as previously thought. Secondly, the new modified levelized cost-

method is implemented into a real option context. By valuing solar photovoltaics as an option, or 

alternative, to gas-fueled generators in the future, an option value of $550,000 per megawatt of 

potentially installed capacity is found. Extrapolating this figure to value California‟ choice of 

installing renewable energy to comply with the State‟s own 33% Renewable Portfolio Standard-

target yields an option value of almost $38 billion dollars. 

The result means that California State, assuming an average scenario, should invest no more than 

$38 billion on means to allow for future installations of solar photovoltaic plants. Although the final 

option value is derived through a rough extrapolation of individual utilities‟ option value, the results 

of the thesis show that there is a lot of immaterial value and risk in the energy industry, which is 

currently not being accounted for, due to a generalized framework for cost-comparison. 
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Chapter 1 – Thesis Introduction 

1.1 Introduction 

In August 2009, the Renewable Energy Transmission Initiative (RETI) of California issued a report 

stating that California would need to install $15.7 billion worth of new electrical transmission lines 

from highly populated areas, into desolate, low-populated or empty regions of California. The 

purpose? To provide electric utilities the possibility of generating more renewable energy from 

solar-, geothermal- and wind resources, which are often most easily accessed in locations far from 

electricity demand load-centers. However, the prospect of such a project has, a lot like federal 

intentions to expand electric infrastructure, been met with much criticism calling the proposed 

infrastructure improvements, transmission lines “to nowhere”; an increasingly common expression 

in the US that has become widely associated with unpopular and unwise political decision making. 

The transmission lines are needed in order to fulfill the recently adopted Renewable Portfolio 

Standards (RPS) target of California, mandating that electric utilities must generate 33% of their 

electricity from renewable resources by the year 2020. This is the equivalent of 68.9 gigawatts of 

installed capacity (Jeff 2009). The mandate was increased from 20% to 33% in December 2009 

following an executive order from governor Schwarzenegger, further strengthening the greenhouse 

gas (GHG) reduction-strategy that the governor‟s administration has been pursuing since the 

beginning of the millennium. The motivation behind the decision to invest in the major 

infrastructure expansion is therefore primarily linked to climate- and environmental policy. But is it 

economically responsible? 

Renewable resources have seen a steep increase in installed electric capacity over the last decade. 

Energy resources such as small- and large hydroelectric plants, on- and off shore wind turbines and 

biomass fueled combustion plants are among the most popular installations. However, one resource 

that has seen especially large growth over the last decade has been solar power: This resource has 

seen an average yearly growth rate of over 50% in the worldwide installed capacity every year since 

the year 2000
1
, making it the World‟s currently fastest growing energy technology (Krop 2009). 

The growth can be attributed to various circumstances including both the scientific issue of climate 

change, affecting political will and thus increasing subsidies, as well as scientific breakthroughs in 

solar module efficiencies, enabling massive cost reductions. 

However, in august 2009 the California Energy Commission, the state's primary energy policy and 

planning agency, released the draft Comparative Cost of California Central Station Electricity 

                                                
1 Average year-over-year growth from 2000 – 2008 was 51% (Appendix B-1) 
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Generation-report, which reported that renewable energy from solar photovoltaic (SPV) power 

plants still has a so-called levelized cost of generation, that is more than twice as high as power 

generated by conventional, efficient gas-fired
2
 power plants (CEC 2009, 1). So from an economic 

perspective at least, investing in transmission lines for SPV generation does not seem like a good 

venture at present. 

In the light of a recent increase in American skepticism in regards to the scientific background of 

climate change, it thus becomes a relevant political question whether such major investments in 

renewable energy (RE) infrastructure, can ever be economically justified. In other words: Whether 

the criticism towards climate change is substantiated or not, the question of economic responsibility 

is certain to become a major political issue. This is reasonable to assume both for California, as for 

other States or federal regulators. 

1.2 Problem Statement 

This thesis will investigate one economic rationale behind investments in electricity infrastructure – 

or other means to stimulate future growth in renewable energy technologies (RET) such as SPV – 

by examining the current methods in California, for comparing SPV with conventional fossil fuel-

based electricity sources such as gas-plants. If it can be determined that SPV, contrary to what 

existing cost-comparison tells us, is in fact a good economic investment, then investments in 

infrastructure to stimulate future growth in the industry might be justified. 

The thesis will follow an empirical thread, analyzing the existing levelized cost-method for cost-

comparison, the results of the model, as well as rely on empirical data and observations from 

previous findings on the matter. Theoretical framework from the world of corporate finance and 

portfolio theory is brought in to incorporate some of the changes that are found necessary, for the 

model to better compare costs and benefits of generation technologies. 

The subject of the thesis can be summarized into the following question and sub questions. 

  

                                                
2 “Gas” in this thesis refers to “Natural gas” unless otherwise stated. 
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QUESTION: How does the use of the capital asset pricing model and real options theory, onto 

the levelized cost-method, affect the final outcome of cost-comparison between SPV and fossil-

fueled technologies, and how does it influence the question of engaging in major transmission-

grid expansion? 

The main question of the paper focuses on the current cost comparison-method for central station 

generation plants in California; the levelized cost-method, and analyzes whether it properly 

accounts for all positive and negative aspects of both conventional generation types as well as SPV-

plants. By introducing the theoretical frameworks of the capital asset pricing model and real options 

theory, the thesis will explore the possibility of strengthening the existing model, and to use it in a 

new context, in order to specifically put a value to the choice that electric utilities have of installing 

SPV rather than conventional fossil-fueled generation. 

By putting a value to the option of installing SPV in the future, the last part of the main question 

can be addressed by looking at the expansion of the existing transmission-grid as an expense 

necessary to keep this option alive. The question, of whether there is economic rationale behind the 

expansion, can then be answered by estimating the true value of the option. If the option value is 

higher than the expense, the expansion can, in financial terms, be said to be a good idea. 

In order to better structure the thesis, the main question is divided into three sub-questions: 

SUBQUESTION 1  What are the current strengths and weaknesses of the theoretical 

framework behind the existing levelized cost-model, and how do they 

affect the outcome of the model? 

 

SUBQUESTION 2 How can the levelized cost-model be modified to better account for 

market risk, using the Capital Asset Pricing Model? 

 

SUBQUESTION 3 How can the risk of natural gas and the modified levelized cost-model 

be included in a real-options-model to value the choice utilities have 

between SPV and natural gas-fired electricity generation? 

 

As seen, to better understand the value that SPV can provide as an alternative to conventional 

generation methods, the thesis will focus not only on SPV, but also on natural gas-generators and 

natural gas markets. This is necessary because the analysis will show that one of the innate values 

of SPV is its independence from price-volatile natural gas. 
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Question 1: Currently, central station generators are compared cost-wise by using the existing 

levelized cost framework. In order to determine if the model properly compares conventional 

technologies with SPV-plants, it must be broken down to reveal the theory behind the model. The 

analysis in chapter 2 will start by describing and analyzing the model, then a levelized-cost 

valuation of three generation sources (two gas-plants, and one SPV-plant) is performed, and the 

results are discussed in context to previous remarks and comments about the model in the literature. 

Question 2: As the results from analyzing the levelized cost-model will show, the conventional 

model for comparison accounts poorly for market risks. The second chapter of the analysis shall 

therefore attempt to modify the current model to use market-based discount rates derived from the 

CAPM model. This is done in chapter 3, which will also perform a new levelized cost calculation of 

the three sources and discuss the differences between the new and the old results. 

Question 3: Finally, to properly tie together the first and second part of the main question, through 

chapter 4 and 5, it will be investigated how the new modified levelized cost-model can be used in a 

real option context to calculate what the choice of SPV over conventional generation, is worth to 

California‟s electric utilities. By using the modified levelized cost-model with real option theory it 

will be attempted to calculate what the option of being able to install SPV-plants in the future is 

worth.  

1.3 Scope and Delimitation 

The subject of the thesis is the cost-valuation methods used to compare solar photovoltaic (SPV) 

installations and gas installations in California. Specifically this means that the analysis will focus 

on how the unique benefits and drawbacks of SPV and gas, two different power generation sources, 

are compared. 

1.3.1 Scope 

Primarily the perspective is of the electric utility CFO, CEO, or any other manager, who has the 

responsibility of comparing potential long-term investment decisions and deciding what resources 

to add to the utility‟s portfolio of generation plants. The focus here is specifically on so-called 

investor-owned utilities (IOUs), owned by stockholders and not by government entities or energy-

merchants. IOUs in California deliver over 90% of California‟s electricity (Appendix E-2).  

In the conclusive part of the thesis however, the final data from the analysis will be viewed from the 

perspective of California regulators or policy-makers, to answer the part of the main question that 

asks how the analytical results influence the choice of SPV-enabling infrastructure investments such 

as transmission grid expansion. 
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1.3.2 Delimitations 

1.3.2.1 Externalities and Politics 

Even though it would be fair to include environmental impacts of gas and other fossil-fuel based 

resources, into a comparison between SPV and conventional generation methods, it is not the focus 

of this thesis to in any way quantify the externalities of neither SPV nor fossil-fuels. For fossil fuels 

this could be social costs of emitted pollutants, potential costs of climate change etc, whereas for 

SPV this could be the disruption to natural habitats by large arrays of solar panels. 

1.3.2.2 Politics 

The question of choice between RE and fossil-fuel based generation is not only an economic one. 

However, whether or not to invest billions in infrastructure and RE in California is a realm of 

political pros and cons that is too large to be covered here. 

1.3.2.3 Solar thermal, solar heating etc. 

The analysis focuses uniquely on the solar central-station photovoltaic technology. This means that 

other sources of solar power, such as solar thermal plants, solar water heaters and rooftop- and 

building integrated solar installations are not included in the analysis.  

1.3.2.4 Wholesale Market 

The thesis does not cover an analysis of the Californian/Pacific wholesale electricity market. The 

California Public Utilities Commission requires privately owned utilities to only supply 5% of their 

electricity demands with power purchased through the wholesale market, which makes this 

limitation more acceptable. Instead, when needed, building on the assumption of market efficiency, 

assumptions on minimum market-costs are made. 

1.3.2.5 Revenue 

In the paper the focus is strictly on cost-comparison, which means that the analysis will focus solely 

on the costs of generation, and omit revenue. The argument for this rests on the fact that electricity 

is an extremely homogenous commodity. How it is produced does not affect the consumer, and so a 

KWh can be sold at the same price no matter what source it is produced from. This paper therefore 

ignores any subsidy programs that would allow utilities or SPV-plant owners to gain higher revenue 

from SPV-electricity. 
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1.4 Methodology 

The thesis has six chapters: The introduction, the four analytical chapters and the conclusion. The 

structure is illustrated in Figure 1.1. 

Figure 1.1 - Thesis Structure 

 

 

Before commencing the main analytical chapters, the market analysis in chapter 1.5 briefly analyses 

the SPV-industry and natural gas market in California, and gives the reader a better grasp of some 

of the main concepts in the SPV industry. It will act as basis for some important assumptions later 

in the analysis such as the importance of gas-prices when comparing renewable energy (RE) 

resources in California. 

The main analysis is divided into 4 chapters, each with 2 sections. For each chapter, the first section 

of the chapter will deal with a small discussion of the theory that will be applied in the second 

section. 
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In order to answer the first sub-question of the problem statement, Chapter 2 will attempt to 

determine the strengths and weaknesses of the levelized cost-model. This is done first, by a 

theoretical discussion about DCF and WACC which are used in the model, and thereafter 

performing a levelized-cost valuation of three different power sources. 

Chapter 3 will cover the issues of sub-question 2, and start off with a theoretical discussion of the 

CAPM model. The second section of the chapter, will deal with implementing the Capital Asset 

Pricing-Model into the existing model, and finally perform a new modified levelized cost-analysis 

with the new framework.  

In order to answer sub-question 3, chapter 4 will start off with a theoretical walkthrough of two 

volatility estimation models. This is necessary to be able to estimate a volatility measure which will 

be needed for setting up a real options model. This is dealt with in the second section, which 

estimates volatility after a short review of the validity of historic gas-price forecasts in the US. 

Finally, chapter 5 will attempt to bring together the thesis by taking what has been learned in the 

three previous chapters and synthesizing it into a real options model with the intent of valuing the 

specific characteristics of SPV that are ignored in the previous methods. This is done by first 

introducing the reader to the binomial option valuation method and thereafter performing an option 

valuation of the value of choice between SPV and conventional generation. 

The thesis will follow an empirical thread based primarily on data from California state institutions, 

from various nationally recognized-, and public organizations as well as published and peer-

reviewed literature on the subject. However, for market analysis, where data has been found to often 

be of proprietary character, the analysis will cite instead second-hand news-articles and publications 

from organization homepages. 
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1.5 Market Analysis 

1.5.1 History of Solar Power 

The solar photovoltaic module was first developed by three scientists in the Bell Laboratories in 

1954. Through further scientific research through the 50‟s and 60‟s solar became an important and 

popular part of the space programs, which attracted a great deal of government funding in the US at 

the time. During and after the oil shocks of the 1970‟s the excitement for the prospects for solar 

energy continued and resulted in large subsidies: A 3$ billion dollar program was initiated by 

American president Carter, and by the mid 80‟s the US represented almost 80 percent of world wide 

solar energy (Bradford 2006, pp 98). However, by 1986, under the Reagan administration, these 

subsidies were cut back significantly and the industry almost came to a complete halt. The 

development had a rippling effect and brought down the rest of the world‟s solar energy industry (p. 

100). 

It took almost two decades for the industry to regain a momentum, which was started by further 

scientific discoveries as well as bold attempts by Japan and Germany to kick start the industry. This 

was done in order to reduce their own relatively high dependence on foreign fuels. Coming into 

2010, these two nations have established themselves as world leaders within SPV, along with Spain, 

representing a total of 81 percent world market share measured in 2008 cumulative installed 

capacity (Appendix B-1).  

1.5.2 SPV World Markets 

1.5.2.1 World Cumulative Solar Photovoltaic Installation Growth 

Since the early 90‟s the market for SPV has grown exponentially, as seen in figure 1.2 The growth 

has been very significant in especially Germany, Japan and most recently in Spain and Italy. This 

Spanish and German market share however is predicted to decline starting 2010 and on, due to 

lowering of national subsidy programs, such as the feed-in tariff in 2010 (Pohl 2010).  

1.5.2.2 SPV  System  Prices 

Solar modules comprise around 50-60% of total SPV installation costs depending on system scale 

(Solarbuzz, 2010). When measuring installation price, two measures are typically brought up. 
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Figure 1.2 - Cumulative Installed SPV Capacity – World 

 

Source: Appendix B-1 – Cumulative Installed Capacity World 1998 – 2008 

 

Figure 1.3 Solar Modules Price Trend 

 

Source: Appendix B-3 - Solar Module Price Trends in Japan, USA and Europe. 
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First the so-called watt-peak (WP) price which is the cost of the actual electricity-producing 

module. “Watt peak” refers to the price as being the cost of the solar module‟s rated capacity. A 

100-watt module bought at a price of $450 would be said to have had a cost of $4.5 WP (Watt 

peak). 

Second, installation costs, often cited as capital costs per WP, comprise all costs associated with the 

procuring of modules, and other equipment and labor costs for installation; thus all costs with the 

exception of financing, insurance, property taxes and operation and maintenance (O&M) costs. 

Installation costs are generally lower in the US, Japan and Germany (Countries with high 

cumulative installed capacity), whereas Countries such as Denmark, Sweden and the UK (with few 

installations) have the highest installation costs (B-2).  

As seen in Figure 1.3 above, over the last two decades, SPV module prices have fallen significantly 

in Japan as well as in the western World, leading to declining electricity costs from SPV. According 

to Solarbuzz (2010), depending on financing- and capital cost assumptions, as well as level of 

subsidies, SPV generates electricity at a cost anywhere in between 19.37 cents/KWh and 34.88 

cents/KWh. However, these are average figures, and some projects have shown electricity costs as 

low as 7.5 cents/KWh (Dickerson 2009) which means that, for some solar projects, pricing are 

getting closer to the so-called grid parity. 

1.5.2.3 Grid Parity 

The term grid parity refers to an expected future point in time at which SPV-electricity can be sold 

at the same price as conventional power purchased over the grid. For many, this point is seen as the 

ultimate goal for SPV, which would spur “explosive” growth. As a result of grid parity, former 

director Henry Marvin from ERDA, the market will reach an “explosive” and “self-sustaining” 

growth rate at a WP price of $1 - $2 (Marvin in Carpenter & Richard, 1978, p. 6), which in 2010 

dollars is approximately equal to installation costs of $3.6 – $7.4/WP. Bradford (2006) predicts 

steady, exponential growth, starting around installation costs of $6-8/WP, predicting a geometric 

average 5-6% decline in module prices year-over-year (YOY) until 2040 (p. 110). One German 

installer in 2009 predicted that grid parity would occur in 2015, as a result of a 9-10% module price 

decline over the next 10-12 years. Furthermore, an American research institute projected a yearly 

average decline in installation costs of 7.5% from 2009 – 2015 due mostly to reduction in so-called 

balance-of-system costs such as racking, wiring and inverter equipment, with module prices seeing 

only around 3.5% yearly decrease in prices (Sullivan 2009). 
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1.5.2.4 Project Scale Growing 

In 2008, systems with capacities larger than 500 KW accounted for 46% of annual installations in 

the USA, as opposed to only 19%  in 2005 (IREC, 2009. p. 14). This is in line with Colville (2010) 

who shows that turn-key production lines have emerged from 0% in 2005 to around 15% of total 

production capacity in 2010, indicating increase in standardization and larger installations, which 

arguably could yield decrease in costs due to economies of scale as has been seen in frontrunner 

nations such as Japan and Germany. 

1.5.2.5 Module Production Capacity 

According to the European Commission Joint Research Center (JRC), SPV module production 

capacity grew faster than growth in installations seen over the last two decades (Appendix B-4): 

Capacity utilization-ratio declined from 90% in 2001 to only 55% in 2009 (West, 2009) which is 

blamed on the recent financial crisis putting a lid on SPV financing and installation. Low capacity 

utilization can mean overcapacity in module production, which can be a main driver for lower 

module market prices.  

In the future, capacity growth is expected by to continue. However there is great uncertainty as to 

how much. Estimates show expected capacity growth rates over the next two years from -3.81% to 

127.4%, with the average estimate being 32.51%. The 50
th
 percentile yields an expected yearly 

capacity growth of 14.32% (Appendix B-5). The European Energy Commission expects world 

growth from around 10 GW of yearly production capacity in 2009 to over 60 GW in 2015 

(European Energy Commission 2009).  

1.5.3 SPV and Natural Gas in California and the USA 

1.5.3.1 California Power Mix 

Figure 1.4 shows the California power mix for 2008. The figure delivers two important points: 

First, RE generation in 2008 was only 10.6%. With an RPS requirement at that time of 20% RE by 

2010, this left utilities only two years to increase the portion by almost 10 percentage points. As of 

2009, according to the California Public Utilities Commission (CPUC 2009, 2) the figure was 

15.0%, proving powerful momentum on renewable investments. The second point is: 45.7% of 

power generation n California is gas-fueled, which, compared to the USA power mix (EIA 2010, 3) 

is more than twice as high, arguably leaving the California utility industry somewhat sensitive to 

natural-gas prices volatility. 
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Figure 1.4 - California Power Mix 2008 

 

Source: California Energy Commission (2009, 2) 

 

1.5.3.2 Renewable Energy Portfolio Standards  

The Renewable Portfolio Standards (RPS) for RE generation, require electric utilities to have a 

certain amount of their total energy output, measured in MWh, be produced from approved RE 

sources
3
. Some states have no RPS targets, and others have aggressive targets, such as California 

who recently raised the target to 33% RE in the energy portfolio before 2020 (CPUC, 2009, 1). 

1.5.3.3 Gas in California 

California State imports over 87% of its gas and has decreasing production rates (CEC, 2 p. 137). 

40% of consumed gas is used in the electricity generation sector, meaning electricity prices have 

become significantly dependent on the evolution of gas prices. In 2000 and 2001 California 

experienced an energy crisis which sent electricity prices skyrocketing due to a range of factors, one 

of which was severe capacity constraints on gas pipelines (CEC 2009, 2 p. 141).  

The US‟s net import of gas is only 11.7% of gas consumption (EIA 2010, 2), suggesting that price 

variation is less likely to be majorly influenced by world market prices, and more sensitive to 

continental developments. Risks in the future therefore include the risk of national and continental 

market changes. There are three main sources of concern in regards to future gas supply security. 

First is the trend of southwestern states to have increasingly more electricity generated from gas, 

potentially restricting gas flow to the pacific states, if all plants ramp up simultaneously due to 

unforeseen circumstances. Second, demand in States north of California has increased, creating new 

                                                
3 For California this list comprises Hydro, Photovoltaics, Solar Thermal, Biomass, Geothermal, Wind and Wave energy. 
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(although minor) supply constraints (CEC 2009, p.141). Third, an increasing amount of gas-fueled 

road-vehicles is creating some levels of concern. Although numbers are currently very small, a shift 

in vehicle fuels towards gas, to accommodate GHG restrictions, could increase dependence on gas 

on the long term. The amount of gas-fueled vehicles in California has increased with an average of 

35% YOY from 2001 to 2008 (p. 142). 

1.5.3.4 Accommodating Gas Price Risk in California 

According to the CEC, the California energy crisis resulted in strong measures to ensure that the 

scenario would not repeat itself: Interstate pipeline capacity was increased, utilities and storage 

owners enhanced storage and receiving capabilities and the Ruby-, Sunstone- and Kern pipeline 

projects interconnecting California, Oregon and Wyoming towards the north – seeing completion in 

2010 and 2011 – will significantly free up California supplies (CEC 2009, 2. pp 141-142). 

Liquefied gas (LNG) is also becoming a new alternative for gas imports, and California is getting 

ready for imports from two Mexican LNG terminals at Costa Azul (towards the Atlantic Ocean) and 

Baja (towards the Pacific Ocean). Seeing as LNG, according to the CEC, will be a price-taker, such 

deliveries could potentially act as a buffer if future demand and prices rise. 

1.5.4 Conclusion of Market Analysis 

1.5.4.1 SPV markets 

The analysis has revealed important trends in the World- and US markets. World cumulative 

capacity has been growing at an exponential pace, and as systems sizes, standardization and 

production capacities have increased, and economies of scale and low capacity utilization is putting 

strong downward pressure on module prices. Lower module prices are projected by several sources 

to spur even higher growth as markets start to reach grid-parity. This phenomenon suggests that 

module prices will continue their downward movement for a foreseeable future at a rate of 

approximately 5-10% yearly decline. However, one consultant in the RE industry said “As the high-

growth in grid-connected applications remains incentive-driven, it is hard to drape solid economic 

theory over industry pricing behavior” (Mints, 2009), which is an important point not to forget 

when making forecasts based on the above data. 

1.5.4.2 Natural Gas Markets 

The most popular source of California fossil-based electricity is gas and coal, which means that 

many new sources of RE introduced over the next decade, will most likely be replacing otherwise 

installed natural-gas capacity
4
 – an important point in the following analysis. California has 

                                                
4 Coal plants in California deliver base-load power, which is not likely to be replaced by non-dispatchable renewable 

energy sources. 
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significantly improved its gas infrastructure, and an important assumption for the thesis is, that 

these improvements mean that volatility levels will stay relatively stable compared to pre-energy 

crisis times. This especially could become true, when the three pipeline projects are finished 

through 2010 and 2011. As CEC says on volatility; California is not immune to ripples in the 

market, but “the ripples are a lot smaller now when they reach the State” (CEC 2009, 2, p 145). 
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2 Chapter 2 – The Levelized Cost Framework 

2.1 Discounted Cash Flow and Weighted Average Cost of Capital 

2.1.1 Discounted Cash Flow 

The discounted cash flow (DCF) method is a universally acknowledged model for valuing future 

cash flows, and the method is the backbone for just about every modern valuation today. The DCF-

method assumes that future free cash flows can be estimated with some certainty, and that the risks 

associated with these cash flows, can be quantified in one or more discount rates.  

2.1.1.1 The Benefits of DCF 

The DCF method allows one to express future values in current-time currency, which means the net 

present value (NPV) of a series of future free cash flows can easily be calculated (Brealey Myers & 

Allen 2006. pp. 35-39): 

 

𝑁𝑃𝑉 =   
𝐹𝐶𝐹𝑡

(1 + 𝑟𝑡)𝑡

𝑇

𝑡=0

 
Equation 2.1 

 

The fact that his model is used in almost every conceivable financial valuation model today makes 

further detail on the benefits unnecessary. Focus will instead be on some of the known weaknesses 

of the framework. 

2.1.1.2 DCF drawbacks 

Deterministic Approach 

The DCF method assumes one fixed path for the project in the future by simply discounting all cash 

flows back to present. This is analogous to a World in which management invests in a project and 

then stands back passive, never to intervene, even if the project goes into the red. However, in any 

project, there will most certainly along the lifetime of the project be times, where management will 

have to make decisions as to whether they should expand or shut down a project, or continue 

business as usual. These decisions will be highly contingent on newly acquired information. When a 

project is in its assessment stage and undergoing valuation, such possible future contingent 

decisions, are not included with the traditional DCF method.  With DCF, the prospect of having 

more knowledge in the future, and thus the ability to act upon it, is therefore not included in 

valuation. 
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Negative Bias 

With the DCF method, higher uncertainty is countered with a higher discount rate. However, risk as 

a measure is not defined as solely a possible negative outcome. Risk of a project implies uncertainty 

and both negative and positive deviations should be viewed as sources of risk (Jorion, 2007, pp. 

75). With a risky project there is a possibility of the future outcome to be lower or higher than 

expected. Since in DCF, the higher discount rates associated with risky projects result in lower NPV 

values, the DCF method is biased downwards, ignoring the potential upsides to the project at hand. 

2.1.2 Weighted Average Cost of Capital 

For any discounting model, one needs one or more discount/interest rates. The weighted average 

cost of capital (WACC) is one such discount rate. It is a corporation‟s expected return on 

investment
5
 (Brealey, Myers & Allen 2006, pp. 456 - 461):  

 
𝑊𝐴𝐶𝐶 = 𝑟𝑑 1 − 𝑇 

𝐷

𝑉
+ 𝑟𝑒

𝐸

𝑉
 Equation 2.2 

 

The after-tax WACC shown above is the WACC-variation arguably most commonly used. The fact 

that interest is deductible creates an interest rate tax-shield for the corporation. To account for this 

positive effect of higher leverage, the interest rate is multiplied by (1-T), where T is the tax rate.  

WACC weighs the individual expected return rates on the whole palette of a corporation‟s sources 

of financing such as equity investments, short- and long-term debt, preferred stock etc. to form one 

single rate, which can be used in the DCF model to calculate present values. Any project with 

positive (negative) NPV calculated with WACC will increase (decrease) corporate value.  

2.1.2.1 WACC Benefits 

WACC is a very commonly used concept and as such, it is convenient for any project manager to 

value projects using WACC, since most corporations have defined it. Second, a benefit of WACC is 

that is allows for ways to benchmark of projects: Any project must have an expected return greater 

or equal to WACC to be accepted by the corporation, and thus managers can quickly decide 

whether to accept a project or not.  

2.1.2.2 WACC Drawbacks 

The WACC is an average of the entire corporation‟s financing, and as such is not directly related to 

the project it is used on. WACC is therefore good for projects that are essentially carbon copies of 

                                                
5 The WACC exists in many variations depending on company capital structure and return requirements, however the 

most commonly seen equation is WACC = Rd x D/V x (1-T) + Re x E/V. (Brealey, Myers, Allen 2006) 
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the firm, having the same risks and capital structure as the company itself (Brealey, Myers & Allen 

2006, p. 506).  

Awerbuch (1993) discusses a different predicament of the WACC: When valuing only cost-streams, 

the measure can over estimate the actual discount rate. This is because WACC is meant for 

discounting net cash flows of the firm, and projects alike, and that net cash flows and cost-streams 

can have significantly different risks (pp. 21). For example: Some corporations might have all risks 

accumulated in revenue streams, whereas they have no variable or cyclical costs. WACC does not 

take into account whether costs are cyclical, fixed or counter-cyclical, compared to revenues, 

which, all other things equal, will affect the risk of net cash flows  (Awerbuch 1995). Arguably such 

cash flows and cost stream-characteristics would be accounted for by investors, and be included in 

the cost of capital, but again, this asserts that the project, for which WACC is being used, must have 

the exact same cost cyclicality characteristics as the corporation  itself.  

Granted, one can rebalance WACC to account for differing capital structure, and thus change the 

discounting rate to match financing risks, but with most atypical project financing or risk-structures 

that do not conform to the restriction of being similar to that of company, WACC, in the light of the 

above, becomes a doubtful measure. The argument is therefore, that for projects where the risks of 

cost-streams differ significantly between the firm and the project, WACC will not suffice. 

For projects that are at least close to having equal risks and cyclicality properties as the sponsoring 

firm, WACC is an “approximately” correct measure (Brealey et. al 2006. pp. 503-504). Another 

must-mention is that WACC relies on the project or corporation to maintain a fixed debt/equity 

ratio throughout the valuation timeframe to adequately provide the correct discount rate.  
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2.2 Performing a Levelized Cost Analysis 

In this segment, the current method for central station electricity generation, called the levelized 

cost-method is examined. The model uses the discounted cash flow (DCF) method and weighted 

average cost of capital (WACC) to discount and annuitize costs. First, the definitions and 

parameters of levelized cost-model, as presented by the CEC, will be described and analyzed. A few 

alterations are made in order to fit the assumption of projects being solely financed by the utility. 

Secondly, the analysis will focus on the results of a levelized cost-analysis, and third it will be 

investigated what the literature has to say about the model. 

2.2.1 Definition of Levelized Cost-Model 

In 2009, the California Energy Commission (CEC) presented the levelized cost-method in their 

most recent staff report: “Comparative Costs of California Central Station Electricity Generation, 

2009” (CEC, 2009, 1). The stated goal of the released report is to deliver a “single set of the most 

current levelized cost estimates” (p.1). The report presents real average cost-per-MWh figures over 

10 years, for 18 different central station power sources, including gas, coal, nuclear, geothermal, 

wind and solar. To calculate this average cost, a wide array of variables, including, but not limited 

to, construction costs, operations and maintenance (O&M) costs, fuel costs, cost of financing as 

well as specific plant-operations concepts such as individual heat-rates and capacity factors
6
 are 

used.  

The levelized cost is the present value of the total fixed and variable cost of building, operating, 

maintaining and financing an electricity-generating plant over its economic life, converted to equal 

real annual payments, divided by the average annual electricity delivered from the plant. The 

equation given by the CEC is (CEC, 1, pp. 11): 

 

  
𝐶𝑜𝑠𝑡𝑡

(1 + 𝑟)𝑡
 ×

𝑟(1 + 𝑟)𝑇

(1 + 𝑟)𝑇 − 1

𝑇

𝑡=1

  , Equation 2.3 

 

The first section of the equation, is the discounting back of all future costs at time t by the discount 

rate, r, and the second part, is the annuity equation for calculating the annual payment from time t to 

T equivalent to one single cash payment at present. T is the economic life of the asset. Cost refers to 

total annual costs in relation to the running, maintaining and financing of the plant.  

                                                
6 Plant operations variables are described more thoroughly later in the chapter. 



27 

 

To account for cash flows at t = 0 (Investment costs etc) and dividing costs by average number of 

delivered MWhs, the levelized cost-model is written as: 

 

$/𝑀𝑤 =
 𝐶𝑜𝑠𝑡0 +  

𝐶𝑜𝑠𝑡𝑡
 1 + 𝑟 𝑡

𝑇
𝑡=1  ×

𝑟 1 + 𝑟 𝑇

 1 + 𝑟 𝑇 − 1
1
𝑇
 𝑀𝑤𝑡

𝑇
𝑡=1

 , Equation 2.4 

𝑀𝑤𝑡  is the annually delivered electricity in megawatt hours (MWh).  

Figure 2.1 illustrates the benefit of levelized- versus annual costs. Measuring each year separately 

for a plant, may yield varying yearly real costs, e.g. due to fuel-price increases or increased 

maintenance costs due to aging of the plant. However, the levelized results show a straight line, as it 

will for all other technologies, allowing for a comparison on “even turf”. 

 

 

Figure 2.1 - Annual vs. Levelized Costs 

 

Source: Own construction, based on CEC (2009, 1)  
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2.2.2 Assumptions for the Levelized Cost-model 

To get the levelized cost for any given generation source, one needs to define a wide array of 

practical and financial assumptions. The assumptions for the model can be divided into six 

categories listed below. The CEC distinguishes between publicly owned utilities (POU), merchants 

and investor owned utilities (IOUs). As mentioned in the delimitation, this thesis focuses on 

investor owned utilities (IOUs) only, and will describe only the variables and assumptions related to 

IOUs.  

The six categories of assumptions are: General assumptions, plant characteristics, plant cost data, 

financial assumptions, fuel costs and inflation data, and tax information. All the data is taken from 

the CEC (2009, 1) report.  

2.2.2.1  General Assumptions 

Insurance (%) for investor owned utilities is calculated as 0.6 percent of the yearly net book value 

of the project after depreciation (p. 52).  

O&M Escalation (%) for both fixed- and variable O&M costs is set to 0.5 percent yearly escalation 

over normal inflation (p. 52). 

2.2.2.2 Plant Characteristics 

Gross Capacity (MW) is the nominal (or nameplate) capacity of the power plant, not accounting for 

any degradation or losses over time which is covered below. 

Plant Side Losses (PSL) (%) are so-called “parasitic” losses of capacity within the plant, i.e. from 

power consumed by the power plant itself (p. 40). 

Transformer Losses (TFL) (%) are the power losses from transforming the lower voltage power 

from the plant to high-voltage power that can be transmitted to load-centers (p. 40). 

Transmission Losses (TML) (%) are the losses incurred when transmitting the power from the plant 

to the load-center / end-user. This loss-factor is particularly high for SPV-plants, since they are 

more likely to be situated far from load-centers (e.g. in deserts or plains that allow room for the 

installations) (p. 40). 

Capacity Factor (%) is one of on the most important assumptions for this analysis, and is measured 

as the energy delivered by a power plant during a year, divided by the amount of power it could 

have delivered, had it run non-stop for the whole year. I.e. a plant that operates 8 hours a day for 
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200 days in a year, will have a capacity factor of (8 x 200) / (24 x 365) = 1600 / 8760 = 18.26% (p. 

44). 

Capacity Degradation Factor (%) is wear and tear on the power plant through its lifetime. The 

degradation percentage is multiplied with the gross capacity, to derive the absolute yearly average 

degradation in MW. (p. 45) 

Scheduled Outage Factor (SOF) (%) is a term to recognize the fact, that a plant will have days of 

the year, in where it is taken off-line for maintenance, and thus the total output of power generation 

is reduced by this factor. (p. 44) 

Forced Outage Factor (FOF) (%) is like SOF, but recognizes unforeseen circumstances that will 

see the plant shut down for a period of time. The figure is adjusted for each generation source to 

account for the fact that more forced outage-days are more likely to occur with higher capacity 

factors and vice versa. (p. 44) 

Heat Rate (Btu/KWh) is a measure for how many British Thermal Units (BTUs), an energy 

measure, that are needed to produce one KWh, which makes it an efficiency measure. Heat rates 

will vary much between different types of plants, also somewhat as a function of their capacity 

factor - the lower the measure the more efficient. The heat rate measure is very useful since gas fuel 

is typically bought on the market in quantities of millions btu-units (MMbtu) (p.45). 

Heat Rate Degradation Factor (%) is similar to the capacity degradation factor in that it 

encompasses wear and tear on the efficiency, at which the plant can convert heat units from fuel 

into electricity. It is calculated as a percentage that is multiplied with the initial heat rate to derive 

the constant yearly average increase in btu/KWh (p. 45). 

2.2.2.3 Plant Cost Data 

Instant Costs ($/KW) is the initial capital expenditure, and includes component costs, land costs and 

development costs. Permitting costs, connection equipment for transmission and environmental 

control costs is also included in this measure (p. 49). 

Installed Costs ($/KW) is the total cost of building the power plant an includes instant costs plus all 

other costs associated with the building of the plant, namely the building loan, sales taxes, fees for 

emitting dangerous particles and greenhouse gasses, and the costs associated with the escalation of 

costs during construction (p. 49). Installed costs will vary greatly depending on contractors and 

developers. Although the “Installed cost”-figure contains more information than “Instant costs”, the 



30 

 

figure is not given in the CEC report, nor used for the levelized cost calculation
7
. Using “Installed 

cost” however, would be more accurate, since some of the costs not contained in “Instant costs” can 

be quite significant. (Klein, Joel, CEC 2010 March 11, personal communications). The levelized 

cost analysis below will therefore use average “Installed cost”-figures (Appendix E-4).  

Fixed O&M costs ($/KW/Year) includes labor, overhead costs and other miscellaneous direct costs 

(p. 49). 

Variable O&M Costs ($/MWh) which is a function of generated MWh, includes water supply, 

environmental equipment-maintenance and yearly environmental costs. The largest post however, is 

for scheduled outages for annual maintenances and larger overhauls resulting from the use of the 

plant (p. 49). 

2.2.2.4 Financial Assumptions 

Capital Structure, Cost of Debt and Cost of Equity is assumed in the CEC levelized cost-model to 

be as illustrated in Table 2.1 below. The table is in line with interviews conducted at California 

utilities suggesting that WACC for California utilities is around 7.4% (Appendix E-3).  

Table 2.1 - Financial Ratios for Levelized cost-model 

 

Source: CEC (2009 1, p. 51) 

                                                
7 Personal correspondence with Author Joel Klein  (Klein, Joel, CEC. 2010 March 11, Personal Communications) 

revealed that the volume of different installation-costs estimates was too great at the time, to include the measure in the 

report, but that it is something that the CEC would do differently today, possibly by estimating the installed cost 

measures for all generation sources. 
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Note that the WACC needed for the analysis when valuing conventional power projects, should be 

for IOU‟s investing in conventional plants (primarily gas and coal). This, in the average scenario, is 

the very first row of rate-estimates. However, the CEC report does not give any information as to 

what debt-rates are given to utilities that engage in alternative energy projects. Instead, as can be 

seen in Table 2.1, alternative energy projects are assumed in the report to be undertaken by so-

called merchants (3
rd

 party developers), that have a higher cost of debt. 

To get the proper WACC for a utility-sponsored SPV-project, which will have a higher debt ratio 

than the average conventional energy project, a rebalancing of WACC must thus be made (Brealey 

et. al 2006. pp 516-519).  

Rebalancing is done by first calculating the opportunity cost of capital, using the information in 

Table 2.1: 

 
𝑟 =

𝐷

𝑉
𝑅𝑑 +

𝐸

𝑉
𝑅𝑒 

𝑟 =  1 − 0.52 × 0,054 + 0.52 × 0,1185 = 8.754% 

Equation 2.5 
 

Equation 2.6 

 

Since the CEC assumes that SPV-projects will be financed by 40% equity, a slightly higher debt- 

rate for SPV-projects shall be assumed. 6.0%, which is higher than the reported 5.4%, but equal 

instead to the “low” case for California merchants is chosen.  

The assumption made here is, that third-party merchants and developers, are smaller in size and less 

capital intensive, and will typically have a relatively higher risk of default than a large publicly 

regulated utility. As a result, the debt rate of 6% for utility SPV-projects is higher than the average 

utility debt rate, because the projects have higher debt-to-equity ratio, but lower than the average 

merchant rate, since utilities, are assumed to have better credit ratings.  

Continuing the rebalancing; the new cost of equity is calculated with the new capital structure and 

debt rate, and the new appropriate after-tax WACC for SPV-projects is finally derived: 

 

𝑅𝑒 = 𝑟 +  𝑟 − 𝑅𝑑 
𝐷

𝐸
 

 

Equation 2.7 

 

 

𝑅𝑒 = 0,08754 +  0,08754 − 0,06 
 1 − 0.4 

0.4
= 12.885% 

 

Equation 2.8 
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𝑊𝐴𝐶𝐶𝑟𝑒𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 =  1 − 𝑇 𝑅𝑑

𝐷𝑆𝑃𝑉

𝑉
+ 𝑅𝑒

𝐸𝑆𝑃𝑉

𝑉
 

Equation 2.9 

 

 
𝑊𝐴𝐶𝐶𝑟𝑒𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 =  1 − 0,407 × 0.06 × 0.6 + 0.12885 × 0.4 = 7.287% Equation 2.10 

 

Economic life (Years) varies between technologies, but is set for 20 years for all technologies that 

are covered in this analysis (p. 53). An important thing to note here is that since WACC assumes 

constant debt/equity ratio, it is assumed throughout the thesis that the utility is performing balance 

sheet-financing and that the debt/equity ratio of the project is constant throughout the lifetime.  

At the end of the period, for both SPV and gas-plants, it is assumed that the horizon value of the 

project is zero, meaning that the future income offsets the costs of continuing operations and 

eventually dismantling of the plants. Due to the high yearly operational costs of gas versus low 

yearly operational costs of SPV, this assumption will bias the valuation slightly towards favoring 

gas-plants. 

2.2.2.5 Fuel Costs and Inflation Data 

Inflation data is listed in Appendix C-1 as a deflator and represents a yearly average inflation rate 

of 1.5%. However, instead of using a deflator series of values, an average inflation rate is used. This 

rate is set to 2% seeing as the 1.5% yearly inflation from CEC is deemed a little too low. 

Fuel costs ($/MMbtu): The estimated fuel spot prices through years 2009 - 2045 are given as a 

forecast for each year by the CEC (p. 50). Fuel cost for time = 0 is $6.97/MMbtu
8
. The gas prices 

are inflated using the deflator series as seen in Appendix C-1. In this analysis, for computational 

ease, a fixed average geometric growth rate is set to approximate the gas price-forecast by the CEC, 

but with a 2% inflation embedded rather than the 1.5%. To get the correct natural growth rate, the 

following calculation is done to get a geometric average growth in gas prices year-over-year (2009-

2030): 

 

𝑔𝑔𝑎𝑠 ,𝐶𝐸𝐶 =  
𝐶𝐸𝐶𝑃𝑟𝑖𝑐𝑒𝑡=2030

𝐶𝐸𝐶𝑃𝑟𝑖𝑐𝑒𝑡=2009

21

− 1   ,   

 

Equation 2.11 

 

 
𝑔𝑔𝑎𝑠 =

 1 + 𝑔𝑔𝑎𝑠 ,𝐶𝐸𝐶 (1,02)

(1,015)
− 1 , Equation 2.12 

 

𝑔𝑔𝑎𝑠 =
 6.56

17.46

21

× 1.02

1.015
− 1 = 5.3% 

Equation 2.13 

                                                
8 CEC fuel costs estimate for 2010. 
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A more detailed discussion on fuel-price forecasts and growth is made in chapters 3 and 4. For the 

first two chapters, 5.3% is the growth rate that will be used for the analysis. 

2.2.2.6 Tax Information 

State tax in California is 8.84% in California, federal corporate tax is 35% in the USA (p. 54); total 

tax rate is thus:  

 𝑇𝑇𝑜𝑡𝑎𝑙 = 1 −  1 − 𝑇𝑆𝑡𝑎𝑡𝑒  ×  1 − 𝑇𝐹𝑒𝑑𝑒𝑟𝑎𝑙   

𝑇𝑇𝑜𝑡𝑎𝑙 = 1 −  1 − 0,0884 ×  1 − 0,35 = 0,407 = 40,7% 

Equation 2.14 

 

 

Depreciation Methods (Federal): Asset‟s depreciation differs depending on what asset-class they 

fall into and what state they are produced in (Department of the Treasury, 2008). The depreciation 

schedule for SPV under the federal tax law, is taken from the modified accelerated cost recovery 

system (MACRS)(Department of the Treasury 2008), in which SPV installations have a beneficial 

asset class tax-life of only 5 years, meaning that their depreciation tax-shields are closer to present 

day, making them more valuable. Gas-plants have a tax-life of 20-years (Department of the 

Treasury). 

Depreciation Methods (State): The state of California has not adopted the MACRS depreciation 

schedules, and so, solar equipment such as used in SPV-projects is depreciated using straight-line 

12-year depreciation (Black, 2009); gas-plants have straight-line 20-year depreciation schedule. 

Ad Valorem (Property Tax) in California differs depending on the developer. In the model it is 

calculated as 1.07% of the net book value of the project after depreciation. (p. 54). SPV-projects in 

California are exempt from property taxes (DSIRE, 2010).  

2.2.3 Calculating the Levelized Cost 

Having gone through the more descriptive definition of variables, the analysis now turns to the task 

of actually calculating the levelized cost. 

The point of the levelized cost measure, as mentioned earlier, is to take all future yearly costs of a 

plant, and discount them back to one single figure at present, that again can be averaged out over 

the lifetime of the plant. To calculate a real average levelized cost measure, one must therefore 

calculate the estimated costs of operation for every year of the plant. Since the cost of operation is a 

function of plant characteristics and assumed activity level, the calculation starts off by estimating 

the yearly fuel consumption and energy generation. 
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In the following a set of row-vectors containing yearly information are calculated. The vectors are 

used to derive two final vectors; one for total yearly cost and one for yearly delivered MWh, which 

can be inserted into the levelized cost equation (Equation 2.4, on p. 27). T is the economic life of 

the plant, t is the current year, N is the reported nameplate gross capacity of the plant (i.e. „500‟ for 

a 500MW CCGT-plant), Ct is the capacity after capacity degradation at time t. δ is the capacity 

degradation factor. It is assumed that the first operational year of the plant is at time t = 1 and the 

investment outlays occur in t = 0. 

First, calculate the capacity of the plant for each of the T years of its life, accounting for 

degradation. 

 𝐶𝑡 = 𝑁 − ((𝑡 − 1) × 𝛿 × 𝑁  , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.15 

 

Ct is now the gross capacity of the plant at time t, which will be used further down to calculate the 

number of delivered MWh. To calculate the fuel consumption, calculate the number of plant-side 

(nominal, before losses) generated MWhs given the plant‟s capacity factor α and the scheduled- and 

forced outage factors, which are summed into the constant, φ. The number of MWhs generated per 

year is contained in G.  

 𝐺 = 𝑁 ×  1 − 𝜑 × 𝛼 × 8760 , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.16 

 

One might notice that G is not a function of time; it is a fictional measure of power that should be 

created with the given assumptions for nominal capacity, heat-rates and outage-factors. It is used 

only to calculate the fuel consumption. The real generation figure, calculated further down, is 

adjusted for as well capacity degradation and heat-rate increases as diverse losses.  

To calculate the amount of fuel needed to generate G  amount of MWhs, one needs to know what 

the heat-rate of the power plant is at time t. Remembering that the heat-rate increases over the life 

of the plant as a result of wear and tear, the reported heat rate of the plant, R, is adjusted with the 

heat-rate degradation factor, denoted by the letter ε to get the yearly heat-rate at time t, Ht. 

 𝐻𝑡 = 𝑅 +   𝑡 − 1 × 휀 × 𝑅  , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.17 

 

Then the yearly fuel consumption in MMbtu, Mt, is calculated remembering that Gt is given in 

MWh, 1 MWh = 1.000 KWh, heat-rate is measured in btu/KWh and fuel consumption is measured 

in million btu (MMbtu). 
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 𝑀𝑡 = 𝐺 × 𝐻𝑡 × 103   , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.18 

 

Now one has the fuel consumption and the amount of generated electricity. Since both insurance 

premiums and property taxes are calculated as functions of book value after depreciation, one 

calculates first the book value at time t. It is assumed that insurance premiums on Californian plants 

and Californian property taxes will be as fractions of state book value. 

Since depreciation is the writing off of the total installed cost, installed costs will be denoted as L. 

And seeing as California is not using MACRS depreciation, but only straight-line depreciation, 

depreciation rate at year t is equal to 1/λ, where λ is the economic tax-life (20 years for as plants, 12 

years for SPV). Book value at time t, is denoted Bt . Remember that installed cost is given as $/KW 

of total installed capacity, which is given by N.  

 𝐵𝑡 =  1 − 𝑡𝜆  𝐿 × 103 × 𝑁  , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.19 

 

Now the costs can be calculated. Starting with fuel costs, use the fuel consumption above, and 

define the yearly expected growth rate of fuel costs as 5.3% as calculated earlier. Fuel cost at time t, 

is denoted Ft. 

 𝐹𝑡 = 𝑀𝑡 × 𝑝0(1 + 𝑔)𝑡   , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.20 

 

Insurance- and property taxes are calculated as the insurance- and property tax premium-

percentages, („i' and „j‟) multiplied by the primo book value, Bt. For easier of notation, one can 

calculate insurance- and property taxes as one yearly value, denoted Ut. 

 𝑈𝑡 = 𝐵𝑡 𝑖 + 𝑗  , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.21 

 

Next is fixed- and variable O&M costs. The yearly real O&M escalation factor in percent is denoted 

µ.  Cost escalations are not expected to occur before year 2. Fixed O&M costs per KW per year are 

denoted here as Π, variable O&M costs per MWh are denoted ϒ. Total O&M costs at time t are 

denoted Ot, inflation, which is used here to inflate the costs to a nominal measure, is denoted as q. 

Note that costs are inflated already from time 1, since it is assumed that the investment decision 

occurs one year before start of operations. 

 𝑂𝑡 =  𝛱 × 103 × 𝑁 + 𝛶 × 𝐺 ×  1 + 𝜇 𝑡 − 1  ×  1 + 𝑞 𝑡   , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.22 
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Finally all costs are summed into one vector Ωt : 

 Ω𝑡 = 𝐹𝑡 + 𝑈𝑡 + 𝑂𝑡   , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 2.23 

 

The last thing needed is the amount of delivered MWh, denoted Dt. Here, l is the total losses (The 

sum of plant-side- transformer and transmission loss factors), φ is the summed factors for total 

scheduled- and forced outages, and α is the capacity factor. Remember that Ct is the plant‟s yearly 

gross capacity after degradation. After this, the levelized cost is calculated: 

 𝐷𝑡 = 𝐶𝑡 × 8760 × 𝛼 ×  1 − 𝑙 × (1 − 𝜑) 

 

Equation 2.24 

 

$/𝑀𝑊 =
 𝐿 × 1000 × 𝑁 +  

Ω𝑡
 1 + 𝑟 𝑡

𝑇
𝑡=1  ×

𝑟 1 + 𝑟 𝑇

 1 + 𝑟 𝑇 − 1
1
𝑇
 𝐷𝑡

𝑇
𝑡=1

 , Equation 2.25 

 

2.2.4 Results 

This concludes the calculation of the levelized cost. The results of the levelized cost analysis, 

carried out in Excel®, can be seen below in Table 2.2
9
. Note that for SPV-projects, there is 

currently a 30% federal RE grant, measured as 30% of total installed cost, which can be refunded as 

a grant by the federal government (DSIRE 2010, 2). To account for this when valuing SPV-projects, 

one can simply subtract 30% from the installed cost, denoted I in the model.  

                                                
9 VBA code is shown in appendix A 
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Table 2.2 - Levelized Cost for Combined Cycle Gas Turbine 

 

Source: Own construction  

 

Results Combined Cycle Gas Turbine

PV of Costs 3.224.338.051 Abolute Yearly Heat-Rate Increase 13,88

Levelized Cost / Year 271.742.004 Absolute Yearly Capacity Degradation 1,00

Average delivered mwh 2.794.093 Absolute Yearly Fixed O&M Escalation 21.550

Levelized Cost / Kwh 0,0973 Absolute Yearly Variable O&M Escalation 48.068

Losses Multiplier 0,945

For reference Outage Multiplier 0,917

PV Fuel Costs 2.361.738.751 Total Installed Cost 624.315.000

Weighted Average Cost of Capital 0,07698

0,0559

Plant  Figures 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Capacity 500,0 499,0 498,0 497,0 496,0 495,0 494,0 493,0 492,0 491,0 490,0 489,0 488,0 487,0 486,0 485,0 484,0 483,0 482,0 481,0

Capacity after Losses 472,6 471,6 470,7 469,7 468,8 467,8 466,9 465,9 465,0 464,0 463,1 462,2 461,2 460,3 459,3 458,4 457,4 456,5 455,5 454,6

Yearly Nominal Mwh 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000

Yearly Nominal Mwh after Outage 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659

Yearly Delivered Mwh 2.848.209 2.842.513 2.836.816 2.831.120 2.825.423 2.819.727 2.814.031 2.808.334 2.802.638 2.796.941 2.791.245 2.785.549 2.779.852 2.774.156 2.768.459 2.762.763 2.757.066 2.751.370 2.745.674 2.739.977

Heat-Rate after Degradation 6.940 6.954 6.968 6.982 6.996 7.009 7.023 7.037 7.051 7.065 7.079 7.093 7.107 7.120 7.134 7.148 7.162 7.176 7.190 7.204

Fuel-Consumption, MMBtu 20.914.793 20.956.623 20.998.453 21.040.282 21.082.112 21.123.941 21.165.771 21.207.601 21.249.430 21.291.260 21.333.089 21.374.919 21.416.749 21.458.578 21.500.408 21.542.237 21.584.067 21.625.896 21.667.726 21.709.556

Depreciation and Book 

Value 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

State Depreciation 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750

State Book Value 593.099.250 561.883.500 530.667.750 499.452.000 468.236.250 437.020.500 405.804.750 374.589.000 343.373.250 312.157.500 280.941.750 249.726.000 218.510.250 187.294.500 156.078.750 124.863.000 93.647.250 62.431.500 31.215.750 0

Plant Cost Figures 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fuel Costs 153.502.244 161.961.139 170.885.489 180.300.871 190.234.266 200.714.135 211.770.503 223.435.040 235.741.155 248.724.089 262.421.016 276.871.152 292.115.862 308.198.780 325.165.934 343.065.876 361.949.821 381.871.791 402.888.774 425.060.878

Fixed O&M Costs 4.396.200 4.506.105 4.618.208 4.732.553 4.849.185 4.968.150 5.089.494 5.213.265 5.339.511 5.468.282 5.599.629 5.733.603 5.870.256 6.009.642 6.151.816 6.296.833 6.444.751 6.595.627 6.749.520 6.906.492

Variable O&M Costs 9.805.844 10.050.990 10.301.039 10.556.089 10.816.240 11.081.594 11.352.255 11.628.329 11.909.925 12.197.153 12.490.125 12.788.957 13.093.765 13.404.670 13.721.792 14.045.257 14.375.192 14.711.725 15.054.988 15.405.117

Insurance Cost 3.745.890 3.558.596 3.371.301 3.184.007 2.996.712 2.809.418 2.622.123 2.434.829 2.247.534 2.060.240 1.872.945 1.685.651 1.498.356 1.311.062 1.123.767 936.473 749.178 561.884 374.589 187.295

Property Tax 6.680.171 6.346.162 6.012.153 5.678.145 5.344.136 5.010.128 4.676.119 4.342.111 4.008.102 3.674.094 3.340.085 3.006.077 2.672.068 2.338.060 2.004.051 1.670.043 1.336.034 1.002.026 668.017 334.009

Net Cost Stream 624.315.000 178.130.348 186.422.991 195.188.190 204.451.664 214.240.539 224.583.425 235.510.495 247.053.574 259.246.227 272.123.857 285.723.801 300.085.439 315.250.307 331.262.213 348.167.360 366.014.481 384.854.975 404.743.052 425.735.888 447.893.790

Present Value and Levelized Cost Calculation

Discount Factors 1 0,928523525 0,862155936 0,800532069 0,743312858 0,690183475 0,640851593 0,59504578 0,552514005 0,513022252 0,476353229 0,44230518 0,410690764 0,381336036 0,35407948 0,328771127 0,305271726 0,283451979 0,263191831 0,244379806 0,226912399

PV of Cost Streams 624.315.000 165.398.219 160.725.688 156.254.406 151.971.551 147.865.280 143.924.645 140.139.526 136.500.560 132.999.083 129.627.078 126.377.117 123.242.318 120.216.303 117.293.152 114.467.375 111.733.872 109.087.904 106.525.065 104.041.254 101.632.655

Deflated WACC
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Table 2.3 - Comparison of Levelized Cost 

 

Source: Own construction, data (except for computed lev. cost figures) from CEC (2009, 1)  

Comparison Of Levelized Cost

Financial assumptions
Yearly Inflation 2,0%
Federa l  tax 35,0%
State Tax 8,84%
Total  Tax 40,75%
Expected Return on Equity 11,85%
Loan Rate 5,4%

Natural gas plant-specific assumptions
Equity Ratio (Conventional  Projects ) 52,0%
Natura l  Gas  Price (t = 0) $/mmBTU $6,97
Natura l  Gas  Price Esca lation 5,3%

SPV specific assumptions
Equity Ratio (SPV Projects ) 40,0%
Loan Rate for SPV projects 6,00%

Plant Type

Combined Cycle 

Gas Turbine

Conventional Single 

Cycle Gas Turbine

Solar 

Photovoltaic
Gross  Nameplate Capaci ty, MW 500 49,9 68900
Plant-Side Losses , % 2,90% 3,40% 22,40%
Transformer Losses , % 0,50% 0,50% 0,50%
Transmiss ion Losses , % 2,09% 2,09% 5,00%
Scheduled Outage Factor, % 6,02% 3,18% 0%
Forced Outage Factor, % 2,24% 4,13% 2,00%
Capacity Factor, % 75,0% 5,0% 27,0%
Capacity Degradation, % 0,20% 0,05% 0,50%
Heatrate, Btu 6940 9266 0%
Heatrate Degradation, % 0,20% 0,05% 0%
Economic Li fe, Years 20 20 20

Generation Plant Cost Figures

Combined Cycle 

Gas Turbine

Conventional Single 

Cycle Gas Turbine

Solar 

Photovoltaic
Instant Costs  / Kw (t = 0), $ 1044 1277 4550

Compl iance, loans , construction, $ 204,63 157 550

Insta l led Cost, $ 1248,63 1434 5100

Property tax, % 1,07% 1,07% 0,00%

Insurance costs , % 0,60% 0,60% 0,60%

Fixed O&M Costs  / Kw / Year, $ 8,62 23,94 92

Variable O&M Costs  / Mwh, $ 3,19 3,94 0

O&M Real  Esca lation, % 0,50% 0,50% 0,50%

Renewable Energy Grant, % 0,00% 0,00% 30,00%

Levelized Cost

Combined Cycle 

Gas Turbine

Conventional Single 

Cycle Gas Turbine

Solar 

Photovoltaic

Level ized Cost $/Mwh $97,26 $515,10 $247,81
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The first table, Table 2.2, above illustrates the levelized cost for a CCGT plant. A similar table for 

both an SCGT- and an SPV-plant can be seen in Appendix A(6-7). The full set of assumptions for 

the levelized cost analysis, comparing three types of generation plants, is shown in Table 2.3. 

Table 2.3 shows that although SPV-plants with a levelized cost of $247.81/MWh show a high 

levelized cost compared to CCGT with $97,26/MWh, it does not have the highest. The SCGT-plant 

shows a higher cost of $515.10/MWh (52 cents/KWh), which is significantly higher than the 

average retail price in California which is 15.05 cents/KWh (EIA 2010, 1).  

The reason for the high price can be found when looking at the capacity factor. As mentioned 

earlier, the capacity factor is a measure for how often a plant is brought online to service the grid, 

out of the 8,760 hours of the year. CCGT-plants operate as so-called load-following or even base-

load power plants, being fully operational as much as 80% of the year. SCGT-plants (and 

combustion turbines) are so-called peaker plants, that are only brought online in brief period of 

times, to service demands at the peak hours of the day, and so have capacity factors much lower: 

Usually they are around 5 – 15%, but have been reported as low as 0.89% (Appendix C-4). The low 

capacity factor of a peaker plant, means that total capital costs must divided over fewer hours of 

operation, than the CCGT-plant, which makes the hourly cost of operation, and thus the cost of 

power, much higher. SPV-projects in California are assumed by the CEC to have a 27% capacity 

factor due to nighttime and imperfect insolation conditions. 

The data presented so far, easily lets one come to the same conclusion as many have before, that 

SPV is simply too expensive, since it can be easily matched in price by conventional generation 

plants such as the CCGT-plant. However, having now broken down the model, in the next chapters, 

some of the concepts suggested by critics, who do not accept this conclusion, will be attempted to 

be incorporated. 

2.2.5 A Call for a Better Way to Compare Generation Sources? 

Even when accounting for the federal RE grant, as done in the above analysis, there is no apparent 

economic rationale for using SPV as a power source compared to the cheaper alternative of efficient 

gas powered sources. However, over the last two decades, as more RE sources such as solar, wind 

and geothermal have become popular, in the heat of the global warming and energy security debate, 

increasing pressure from the scientific community, to re-evaluate the way energy projects are 

compared economically, has emerged.  
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The main focus below is on three distinct problems with the levelized cost-model that have been 

pointed out in the literature. 1) SPV contains so-called quality components, in that the electricity is 

exclusively delivered at favorable times of day, something which is not accounted for in the 

levelized cost-model. 2) SPV-projects, is an inherently different energy source with different cost-, 

risk- and generation characteristics, giving utilities a new choice in integrated resource planning, 

allowing for more strategic choices in resource planning. This strategic flexibility is not included in 

the comparison with SPV. 3) The levelized cost-method accounts poorly for specific project risks, 

especially fuel price risk. 

2.2.5.1 The Quality Component  

Carpenter & Richard (1978) argue “Specific characteristics of photovoltaic systems make the 

economic valuation question more complicated than the question of the value of conventional 

technologies”, and go on to note that SPV-project valuation must contain a “quality” component (p. 

9), meaning that a valuation model must take into account that power delivered during the peak 

hours of demand, is worth more since higher demand means higher prices and higher value to the 

electricity grid. This is a fact today as well, where peak hours of the day will experience 

significantly higher electricity prices (Appendix E-3). As can be seen in Hoff & Perez (2009) SPV 

does indeed deliver power during the peak hours of demand, with the exception of late evening 

peak hours (Appendix D-1). 

Another quality of SPV is that it does not need fuel to operate. Bolinger (2006) points to the use of 

gas prices in the levelized cost-model, questions the validity of relying on spot-price forecasts that 

go 20-30 years into the future. This question especially, is central to the goal of thesis, and will be 

discussed in more detail in chapter 4 and 5 on gas forecasts, volatility and real option valuation. 

2.2.5.2 Flexibility 

SPV provides a new alternative energy source, which has significant differences in delivery profile 

and risk characteristics, which means that there is most likely a diversification value imbedded for 

utilities. Utilities can choose an energy source that is not dependent on natural gas. When 

performing a cost-calculation or comparison, this should somehow be included in the valuation, 

which is not in the levelized cost model. Logan et al (1995) argue that integrating RE resources into 

utility resource planning, means deriving new models for valuation of the “important differences” 

between newer and older generation methods. This argument is followed by Chapman & Ward 

(1996), who argue that SPV-projects are usually not given explicit credit, for the flexibility that is 

provided by their short lead-times. In more contemporary literature, Venetsanos et. al (2002) say 
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that the lack of credit for “operating flexibility” is a downside to contemporary cost-valuation 

methods such as the levelized cost-method.  

The above statements emphasize the need for a model that will somehow take flexibility or choice 

into the valuation. The idea is that by only comparing generation resources one-to-one using a 

deterministic DCF-framework; one does not consider how SPV provides a valuable option in future 

managerial choice.  

2.2.5.3 Average Discount Rates 

Awerbuch (1996) specifically talks of the using of WACC in electricity project valuation as an 

approach from a “previous technological era”, and that WACC is not able to provide reliable results 

used on projects with “highly diverse risk characteristics” (p. 60). He suggests that one use market-

based discount rates such as can be derived from the Capital Asset Pricing Model. This is an 

argument that is investigated further in chapter 3, which is dedicated to applying market-based 

discount rates to the levelized cost-method. Awerbuch (2000) finds that valuation of SPV, relative 

to other resource alternatives, is still largely performed using “outmoded engineering-economics 

ideas”, and that valuation concepts such as modularity, flexibility and strategic options, should be 

included in the valuation. 

2.2.6 Results of Chapter 2 

The collective sentiment of the above is in line with what was found in the analysis. To generalize; 

the arguments made are that the levelized cost-method is too deterministic and assumes a static 

environment. The model fails to give SPV credit for its unique properties that are not shared by 

conventional power sources, i.e. the hedge against future fuel price hikes, or the load-delivery 

pattern
10

. By own admission, the CEC-model is a “generalized framework” for comparison (CEC 

2009, 1. p. A-10) and the CEC lists fuel costs among the “key assumptions in modeling that can 

lead to errors”. In the next chapter it shall be investigated how the levelized cost-model can better 

account for risk by using the capital asset pricing model. 

                                                
10 Delivering electricity at the peak hours of the day. 
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3 Chapter 3 – The Modified Levelized Cost-Model 

3.1 Market Based Discount Rates 

It was seen in the previous section how using industry WACC, as expected yielded results strongly 

in favor of CCGT generation plants. This is because WACC is normally used for discounting net 

cash flows which have the risk of revenue-streams imbedded. The rate can therefore be inadequate 

for discounting costs-streams with relatively lower risks; fixed costs for example should be treated 

as less risky than variable cost-streams. Since SPV have no variable- and very few fixed-costs, and 

high installation costs, whereas conventional sources have low capital costs and high variable- and 

fixed costs, conventional fuels will be favored with a higher discount rate in cost-valuation. 

As suggested by Awerbuch (1996), one way to accommodate the issues of using the average cost of 

capital measure, is to instead use individual discount rates for the variety of cash flows or costs 

streams that projects consist of. With WACC, the initial inputs such as the cost of equity are 

calculated with the Capital Asset Pricing Model or CAPM developed by Sharpe (1964) and Lintner 

(1965). In the following CAPM will be described with the intent of later, in the accordance with the 

above, estimating proper cost discount rates for CCGT and SPV-projects. 

3.1.1 Security Market Line 

The CAPM is essentially captured in the security market line (SML), which illustrates the linear 

relationship between systematic risk and expected returns found by CAPM. It is written below as 

seen in Elton et. al, (2007 pp. 291): 

 𝑅𝑖 = 𝑅𝑓 + 𝛽𝑖(𝑅𝑚 − 𝑅𝑓) Equation 3.1 

 

Rm is the expected return of the market portfolio , Rf is the risk-free rate of return, βi is the 

systematic risk (or market risk) of asset i, and Ri is the expected return on the asset, which is used as 

the market-based discounting rate.  

3.1.1.1 Benefits of Market Based Discount Rates to Project Valuation 

First, the CAPM theory is widely used in portfolio analysis today, arguably because of its ease of 

interpretation. Given only three parameters, the expected return on any asset can theoretically be 

calculated. The challenge of course, is to actually define the expected market return and the asset 

beta. For this thesis, the practical work of doing this is encompassed by the second section of this 

chapter.  
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Secondly, CAPM is originally intended to be applied to investment portfolios. But generally 

speaking, its basic principle is that the systematic risk of assets is the correlation of their income 

stream with the variability in asset holders‟ overall wealth. This can beneficially be applied in the 

context of power plants ownership (Bolinger 2002), especially in regard to owners of gas-plants: If 

their (the stockholders‟) overall wealth, is proxied by the market portfolio, and gas expenditures are 

tied to gas prices, then, if gas prices, and thus gas expenditures, go up while the general economy 

goes down, gas, seen from the plant-owners‟ side, will per definition be said to have a negative 

beta: The gas cost-outlay fluctuates counter-cyclical to the market. This is covered later in this 

section of the chapter where this information will help to calculate a proper discount rate for future 

gas costs. 

Third, one can compare the breakdown of project-costs into a series of independent cost streams 

differing in risk, to the Adjusted Present Value (APV) model (Luehrman 1997) (Brealey et. al 2006, 

pp. 521 – 525). Unlike using WACC, APV separates cash flows of interest rate tax shields, 

subsidies, hedges, issue costs and other costs (Luehrman, pp. 146). Different sources of cash-flows 

in the project are given different discount rates to account for their own specific risk. Similarly, in 

the case of energy projects, one can discount different sets of cost streams of varying risk, with their 

respectively matching discount rates, to get an adjusted levelized cost.  

3.1.1.2 Drawbacks of Using Market Based Discount Rates 

Complicated Process 

Although more versatile than WACC, using market-based discount rates, also demands more 

computation and more work in general. I.e. for discounting back each stream of costs or revenue 

with a different discount rate, and for finding beta values and market premium. Here, WACC is nice 

and simple for most managers, who can simply plug in their usual WACC to get a quick estimate. 

Statistical Significance 

Benninga and Czaczkes (2000) test the Security Market Line in the CAPM model given by  

 𝐸 𝑅𝑖 = 𝛼 + 𝛽𝑖𝛱 Equation 3.2 

 

and find a p-value of 0.18 for α, and p = 0.28 for β, implying that the hypothesized relationship is 

not significantly different from zero. Black et. al (1972), using a NYSE stock-index, find that the 

null hypothesis can be rejected for the relationship described in Equation 3.2 (p. 46). Brealey et. al. 

(2006) argue that CAPM cannot be dismissed, but that the model has become increasingly uncertain 
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over time, and that expected returns are generally underestimated for low-beta assets and 

overestimated for high-beta assets (p. 195). Elton et. al. (2007) argue that in the lack of any other 

model, CAPM is satisfactory for giving insights into capital markets, and that CAPM generally is 

descriptive of market properties. (pp. 356).  

In the following, it will be assumed that CAPM is acceptable for use in the levelized cost-model, as 

long as one proceeds with some care when concluding on results.   
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3.2 Integrating Market-Based Discount Rates into the Levelized Cost-

Model 

In the following it will be attempted to estimate the proper discount rates for discounting costs in 

the levelized cost-model, by using CAPM instead of company/industry WACC. Finally, the results 

of the two approaches will be compared. The basis for modifying the model rests with Awerbuch 

(1995), who argues that “the financial risks associated with Integrated Resource Planning (IRP)-

cost streams, which must form the basis for IRP-discount rates, are significantly different from the 

risks associated with the returns on utility debt and equity, which form the basis for the WACC”  

(pp. 51-52).  Felder (1996) argues that using project-specific discount rates, gives a better 

approximation of the “true cost of capital” for a particular project, than using the utility‟s cost of 

capital.  

3.2.1 Identifying Cost-Categories and Calculating Discount Rates for Model 

Awerbuch (1996) divides project costs into four cost-categories. 1) Fuel costs, 2) other risk-free 

costs, 3) debt equivalent costs and 4) cyclical costs (pp. 61). In the following, the fitting discount 

rates for each category of costs are calculated. 

3.2.1.1 Fuel Costs 

For gas power plants, this is the cost of gas fuel throughout the lifetime of the plant. For most
11

 RE 

plants, this cost will be zero. It has been argued from Awerbuch  (2000  p. 1031)  and demonstrated 

by Bolinger et al. (2006), that gas has a beta-value that is negative or close to zero, meaning that 

empirical evidence shows, that gas is counter-cyclical; that when fuel-prices go up, economic 

market development goes down Consider Figure 3.1 below. The figure illustrates the calculation of 

gas beta, derived with a rolling and cumulative regression, starting in 1980 ending in 2002 and 

approximately equal to -0.2. Bolinger et. al also cite NYMEX-Annual Energy Outlook 2004, who 

estimate the 2-, 5- and 6-year gas beta as -1.59, -0.57 and -0.44 respectively. Their empirical 

analysis turns out beta values of -0.62 and -0.35 for 2000 and 2001 respectively. These numbers are 

also somewhat in line with the above regression results, and with Lind (in Awerbuch 1995 p. 63) 

who says ”Our energy-economic models predict that higher energy costs, will result in a lower 

GNP. Therefore there can be a reasonable presumption that [the benefits of fuel saving investments] 

will correlate negatively with GNP, and that [w]e have argued that when energy prices rise, the 

return to investments in general will go down”. 

                                                
11 I.e. not including bio fueled plants 
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Figure 3.1 - Estimation of Gas Beta. 

 

Source: Bollinger et. al (2006,  p. 715) 

 

For use in the modified levelized cost-analysis, it is assumed that the 20-year cumulative beta for 

the next 20 years will continue to be -0.2.The beta figure will be discussed more in chapter 5, when 

used for real options analysis. 

Next, for calculating the proper gas discount rate, the expected market return is needed. Previous 

estimates have varied a lot, between 0.7% and 8.5% (Fernandez 2004). Here, it will simply be 

assumed that the expected market return for market investors is 7%; a little lower than suggested by 

Brealey et. al (2006, p. 152). The figure should not affect the analysis to a very high extent, since 

gas has a near-zero beta, which means that little weight is put on the figure. The market-rate for 

discounting future cash outlays for gas is thus: 

 𝑟𝑔𝑎𝑠 = 𝑟𝑓 − 𝑙 + 𝛽𝑔𝑎𝑠 𝑟𝑚𝑝  

Equation 3.3 
 𝑟𝑔𝑎𝑠 = 0,0441 − 0,015 +  −0.2 × 0,07 = 0.895% 

 

l is the liquidity market premium or (term premium), as described in the next part below, rf is the 

riskless rate equal to the 20-year treasury bill, which at the time of writing was 4.41% (Department 

of the Treasury 2010, 2) and rmp is the market premium, assumed to be 7%. 

3.2.1.2 Other Risk Free Costs  

These costs are depreciation tax shields. Depreciation of project-assets is a risk-free asset in that the 

tax-shields will “accrue as long as the firm continues to operate” Awerbuch (1996 pp 60). Such 

costs are therefore suggested by Awerbuch to be discounted back, at the after-tax risk-free rate. One 
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can argue that any depreciation tax-shield is only attainable, as long as the firm continues to 

generate revenue from which to pay taxes that can then be offset, and that such a risk profile is more 

equal to the risk of a corporate bond. However, a firm that cannot, in any given year, cover interest 

payments is technically bankrupt whereas a firm that cannot utilize its depreciation tax-shields in 

any given year is not. Tax shields can be carried forward to offset future income (Brealey et. al 

2006, pp 470). Therefore, tax shields are less risky than interest tax-shields, but not completely 

riskless. In the analysis, out of personal judgment, a 0.5% premium (p) is therefore added to the 

riskless rate, to account for this. As suggested by Awerbuch (1996), one should account for liquidity 

preference (Brealey et. al 2006. pp. 638) in the term structure, by subtracting a “term premium” 

from the T-bill rate. The liquidity (or term) premium is the difference between the forward rate and 

the expected spot rate, and is set to 1.5%, which is the historic average term premium (Reilly in 

Awerbuch 1996, note 28). This yields the following after-tax rate for discounting risk free costs: 

 𝑟𝑓 =  1 − 𝑇𝑡𝑜𝑡𝑎𝑙  ×  𝑟𝑓 ,20−𝑦𝑒𝑎𝑟 + 𝑝 − 𝑙  

𝑟𝑓 =  1 − 0,407 ×  0,0441 + 0,05 − 0,015 = 2.021% 
Equation 3.4 

3.2.1.3 Debt Equivalent Costs 

This is the category containing all “fixed maintenance and fixed contractual obligations” 

(Awerbuch 1996, pp. 61). This means that the posts fixed operations and maintenance, insurance, 

property tax, interest payments and interest tax-shields fall under this category. Like leasing 

contracts, that are typically being valued at the corporate debt rate (Brealey, Myers, Allen 2006, pp 

710), these costs are obligations that are sure to be paid out, as long as there is revenue to cover 

them, and as such, should also be discounted by the after-tax corporate debt rate. The interest tax-

shields are also in this category, along with the interest payments they rely on to be exercised. The 

debt equivalent rate, rdeq is calculated as 

 𝑟𝑑𝑒𝑞 = 𝑟𝑑 1 − 𝑇𝑇𝑜𝑡𝑎𝑙  𝑇𝑎𝑥  = 0,054 1 − 0,0407 = 3.2%, Equation 3.5 

 

where rd, is the cost of debt of the sponsoring corporation. As mentioned in chapter 2, renewable 

projects have a different capital structure than the sponsoring utility, so their debt rate is assumed to 

be equal to 6.0% (up from 5.4%), which, which was the debt rate for merchant project developers 

with low debt costs. So, for utility sponsored SPV-projects, the debt-equivalent rate, using the same 

equation as above, yields 3.56%. 
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3.2.1.4 Cyclical Costs  

These are the costs that are most likely to react to the market conditions. In IRP terms, this includes 

variable O&M costs, which fall and rise along with levels of economic activity. One can therefore, 

because of the potential hardship of estimating a beta-value for such a pool of costs, use the pre-tax 

WACC of 8.75%, which can be considered a proxy (Awerbuch 1995, p. 61). Since SPV does not 

have any variable O&M costs, no such rate is calculated for SPV. 

3.2.2 Setting up the Modified Levelized Cost-Model 

The difference between the conventional levelized cost-method, and a modified version of the 

model using market-based discount rates, is that rather than discounting a “total” of costs streams, 

as was done in Table 2.2, the costs will be divided into the four categories described above. Each of 

the cost categories will then be discounted back separately with their own market-based discount 

rate, and finally summed together into one present value of costs, which is then annuitized out over 

the economic life of the project by the deflated WACC. 

 Start by calculating the cost-vectors for each yearly cost. Notation is the same as in chapter 2: Ft is 

fuel costs at time t, O&M Costs, being in two different categories, shall be calculated separately, 

where Vt is variable O&M costs outlays and Xt is fixed O&M cost outlays. Remember that ϒ is the 

reported variable cost for every MWh generated by the plant, Π is the reported fixed cost per KW 

installed capacity, N is the nominal rated capacity of the plant in MW and G is the nominal
12

 

generated MWhs per year. 

𝑉𝑡 = 𝛶 × 𝐺 ×  1 + 𝜇 𝑡 − 1  × (1 + 𝑞)𝑡  , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 3.6 

𝑋𝑡 = 𝛱 × 103 × 𝑁 ×  1 + 𝜇 𝑡 − 1  × (1 + 𝑞)𝑡  , 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 3.7 

 

Unlike with the conventional levelized cost-method, all costs are not discounted with the WACC 

but instead an asset/cost-specific discount rate, this means that unlike with WACC, also financing 

side-effects must be discounted separately. These will be denoted It. Since it is not assumed that the 

debt is paid down over the course of the project, the interest minus interest tax-shields is calculated 

simply as the (1 - Rd) multiplied by the debt ratio, d and the total installed costs.  

𝐼𝑡 = (1 − 𝑅𝑑) × 𝑑 × (𝐿 × 103 × 𝐺), 𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 Equation 3.8 

                                                
12 Like in chapter 2, this figure is constant over the lifetime of the plant since it is assumed that degradation only affects 

the output of the plant. It is the very fact that the nominal generated MWh stays constant that results in fuel- and 

variable cost per delivered MWh go up over the lifetime of the plant. 
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Insurance and property tax outlays are calculated as in the previous chapter and are encompassed by 

vector Ut.  Furthermore, in the modified levelized cost-model depreciation tax-shields should be 

included as part of project value. The main reason is, as mentioned earlier, that depreciation for 

SPV is granted a 5-year accelerated depreciation period according to the federal MACRS. This 

creates unique value for SPV that should not be neglected. State- and federal tax shields are 

summed into one vector, St, calculated as: 

 𝑆𝑡 = 𝐿 × 103 × 𝑁 ×   1/𝜆 × 𝑇𝑠𝑡𝑎𝑡𝑒 + 𝑀𝐴𝐶𝑅𝑆𝑡 × 𝑇𝑓𝑒𝑑𝑒𝑟𝑎𝑙  Equation 3.9 

 

Where λ is the state tax-life, T is federal- and state tax, and MACRSt is the depreciation rate at time t 

according to the MACRS schedule. Finally, discount back all cost stream-categories with their 

respective discount rates, to get a present value of all cost streams: 

 

𝑃𝑉 𝐶𝑜𝑠𝑡𝑠 =  
𝐹𝑡

 1 + 𝑟𝑔𝑎𝑠  
𝑡 +

Xt + Ut + I𝑡

 1 + 𝑟𝑑𝑒𝑞  
𝑡 +

V𝑡

 1 + 𝑟𝑊𝐴𝐶𝐶  𝑡
+

S𝑡

 1 + 𝑟𝑓 
𝑡

𝑇

𝑡=1

 Equation 3.10 

 

Then derive the new modified levelized real average cost per MWh, by adding installation costs, 

and annuitizing the total over the economic life, with a deflated WACC (denoted r below), and 

dividing by average delivered MWh: 

 

$/𝑀𝑤 =
 𝐿 × 103 × 𝑁 + 𝑃𝑉(𝐶𝑜𝑠𝑡𝑠) 

𝑟 1 + 𝑟 𝑇

 1 + 𝑟 𝑇 − 1
1
𝑇
 𝐷𝑡

𝑇
𝑡=1

  Equation 3.11 

3.2.3 Results of the Modified Levelized Cost-Model 

An example of the analysis performed on a CCGT-plant can be seen in Table 3.1. One will notice 

that when using the market-based discount rates method, present value of fuel costs are almost 

twice as high as under the conventional method. 
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Table 3.1 - Modified Levelized Cost Analysis for Combined Cycle Gas Turbine 

 

Source: Own construction  

 

Results Combined Cycle Gas Turbine Market Discount Rates

PV of Costs (with tax shields) 5.625.925.462 Abolute Yearly Heat-Rate Increase 13,88 Natural gas beta -0,2 From Bolinger et. Al (2006)

Levelized Cost / Year 515.529.953 Absolute Yearly Capacity Degradation 1,00 Market Return Premium 0,07 From brealey myers allen (206)

Levelized Cost / Kwh 0,18451 Absolute Yearly Fixed O&M Escalation 21.550 Riskless rate 0,0441 20-year T-bill (Department of the Treasury)

Absolute Yearly Variable O&M Escalation 48.068 Riskfree premium 0,005 According to assumptions in APV segment

Losses Multiplier 0,945 Term premium 0,015 From Awerbuch (1996)

Outage Multiplier 0,917 After-tax Gas fuels market rate 0,00895 CAPM using Bolinger et. al beta

Total Plant Costs 624.315.000 Other riskless costs rate 0,02021 As described in APV part

Real Unlevered WACC 0,0662 Debt equivalent costs rate 0,031997 As described in APV part

Cyclical costs rate 0,08754 WACC

Plant Production Figures 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Capacity 500,0 499,0 498,0 497,0 496,0 495,0 494,0 493,0 492,0 491,0 490,0 489,0 488,0 487,0 486,0 485,0 484,0 483,0 482,0 481,0

Capacity after Losses 472,55 471,6 470,7 469,7 468,8 467,8 466,9 465,9 465,0 464,0 463,1 462,2 461,2 460,3 459,3 458,4 457,4 456,5 455,5 454,6

Yearly Nominal Mwh 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000 3.285.000

Yearly Nominal Mwh after Outage 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659 3.013.659

Yearly Delivered Mwh 2.848.209 2.842.513 2.836.816 2.831.120 2.825.423 2.819.727 2.814.031 2.808.334 2.802.638 2.796.941 2.791.245 2.785.549 2.779.852 2.774.156 2.768.459 2.762.763 2.757.066 2.751.370 2.745.674 2.739.977

Heat-Rate after Degradation 6.940 6.954 6.968 6.982 6.996 7.009 7.023 7.037 7.051 7.065 7.079 7.093 7.107 7.120 7.134 7.148 7.162 7.176 7.190 7.204

Fuel-Consumption, MMBtu 20.914.793 20.956.623 20.998.453 21.040.282 21.082.112 21.123.941 21.165.771 21.207.601 21.249.430 21.291.260 21.333.089 21.374.919 21.416.749 21.458.578 21.500.408 21.542.237 21.584.067 21.625.896 21.667.726 21.709.556

Depreciation and Book Value 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

State Depreciation 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750

State Book Value 593.099.250 561.883.500 530.667.750 499.452.000 468.236.250 437.020.500 405.804.750 374.589.000 343.373.250 312.157.500 280.941.750 249.726.000 218.510.250 187.294.500 156.078.750 124.863.000 93.647.250 62.431.500 31.215.750 0

Federal Depreciation 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750 31.215.750

Fuel Costs 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fuel Costs 153.502.244 161.961.139 170.885.489 180.300.871 190.234.266 200.714.135 211.770.503 223.435.040 235.741.155 248.724.089 262.421.016 276.871.152 292.115.862 308.198.780 325.165.934 343.065.876 361.949.821 381.871.791 402.888.774 425.060.878

Fuel Cost Discount Factor 0,991 0,982 0,9736 0,9650 0,9564 0,948 0,940 0,931 0,923 0,915 0,907 0,899 0,891 0,883 0,875 0,867 0,859 0,852 0,844 0,837

PV of fuel costs 4.809.179.999 152.140.985 159.101.330 166.379.444 173.989.805 181.947.552 190.268.513 198.969.234 208.067.015 217.579.941 227.526.922 237.927.724 248.803.015 260.174.403 272.064.474 284.496.845 297.496.205 311.088.365 325.300.309 340.160.246 355.697.671

Debt Equivalent Cost

Fixed O&M Costs 4.396.200 4.506.105 4.618.208 4.732.553 4.849.185 4.968.150 5.089.494 5.213.265 5.339.511 5.468.282 5.599.629 5.733.603 5.870.256 6.009.642 6.151.816 6.296.833 6.444.751 6.595.627 6.749.520 6.906.492

Insurance Cost 3.745.890 3.558.596 3.371.301 3.184.007 2.996.712 2.809.418 2.622.123 2.434.829 2.247.534 2.060.240 1.872.945 1.685.651 1.498.356 1.311.062 1.123.767 936.473 749.178 561.884 374.589 187.295

Property Tax 6.680.171 6.346.162 6.012.153 5.678.145 5.344.136 5.010.128 4.676.119 4.342.111 4.008.102 3.674.094 3.340.085 3.006.077 2.672.068 2.338.060 2.004.051 1.670.043 1.336.034 1.002.026 668.017 334.009

Interest 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245 16.182.245

Interest Tax Shields -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617 -6.593.617

Total Debt Equvalent Costs 24.410.888 23.999.490 23.590.290 23.183.332 22.778.661 22.376.323 21.976.364 21.578.832 21.183.775 20.791.243 20.401.287 20.013.957 19.629.307 19.247.390 18.868.261 18.491.975 18.118.590 17.748.163 17.380.754 17.016.422

Debt Equivalent Discount Factor 0,969 0,939 0,910 0,882 0,854 0,828 0,802 0,777 0,753 0,730 0,707 0,685 0,664 0,643 0,623 0,604 0,585 0,567 0,550 0,533

PV of Debt Equivalent Costs 307.392.454 23.654.026 22.534.348 21.463.363 20.439.104 19.459.679 18.523.272 17.628.133 16.772.581 15.955.001 15.173.838 14.427.598 13.714.846 13.034.202 12.384.339 11.763.982 11.171.906 10.606.934 10.067.934 9.553.820 9.063.547

Cyclical Costs 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Variable O&M Costs 9.805.844 10.050.990 10.301.039 10.556.089 10.816.240 11.081.594 11.352.255 11.628.329 11.909.925 12.197.153 12.490.125 12.788.957 13.093.765 13.404.670 13.721.792 14.045.257 14.375.192 14.711.725 15.054.988 15.405.117

Cyclical Costs Discount Factor 0,920 0,845 0,777 0,715 0,657 0,604 0,556 0,511 0,470 0,432 0,397 0,365 0,336 0,309 0,284 0,261 0,240 0,221 0,203 0,187

PV of Cyclical Costs 108.363.750 9.016.536 8.498.032 8.008.392 7.546.092 7.109.681 6.697.779 6.309.072 5.942.311 5.596.311 5.269.945 4.962.142 4.671.886 4.398.215 4.140.214 3.897.017 3.667.802 3.451.792 3.248.249 3.056.475 2.875.810

Risk-less Cash Flows 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

FedetalDepreciation Tax Shield -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513 -10.925.513

State Depreciation Tax Shield -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472 -2.759.472

Total risk-less cash flows -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985 -13.684.985

Risk-less Discount Factor 0,980 0,961 0,942 0,923 0,905 0,887 0,869 0,852 0,835 0,819 0,802 0,787 0,771 0,756 0,741 0,726 0,712 0,698 0,684 0,670

PV of Risk-less Cash Flows -223.325.741 -13.413.948 -13.148.279 -12.887.871 -12.632.621 -12.382.427 -12.137.188 -11.896.805 -11.661.184 -11.430.229 -11.203.849 -10.981.951 -10.764.449 -10.551.255 -10.342.282 -10.137.449 -9.936.672 -9.739.872 -9.546.970 -9.357.888 -9.172.551
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The table above shows the analysis performed on a CCGT-plant which is the plant with the most 

significant difference in results when comparing to the previous levelized cost figures, as seen in 

Table 3.2 below. 

Table 3.2 - Modified Levelized Cost Compared to Conventional Levelized Cost 

 

Source: Own construction  

 

The full tables for modified-levelized cost of an SCGT-plant and an SPV-plant can be seen in 

Appendix A(8-10). As seen, all three measures are affected negatively by the modification in that 

costs go up. The CCGT-plant however suffers most with a 89.71% increase in costs, mainly due to 

higher present value of fuel costs. The same, although somewhat smaller, effect is seen for SCGT 

with 29.03% increase, whereas SPV-projects only increase by 14.85%. What the lower part of the 

table illustrates is the sensitivity of plants‟ costs to changes in the gas price growth-assumption. 

CCGT has high sensitivity, SCGT relatively low, whereas SPV of course has none. Generally 

speaking though, the increase in costs is due to the fact that costs are now considered a much more 

certain future cash flow than when using the higher discount rate WACC. 

3.2.4 Results of Chapter 3 

It has have now been shown that when performing cost discounting with market-based discount 

rates rather than the average industry measure, WACC, levelized cost figures for gas and SPV 

Comparison of costs

Combined Cycle 

Gas Turbine

Conventional Single 

Cycle Gas Turbine

Solar 

Photovoltaic

Conventional Levelized Cost 

Results $97,26 $515,10 $247,81

Modified Levelized Cost Results $184,51 $664,65 $284,60

Difference in costs 89,71% 29,03% 14,85%

Sensitivity of modified levelized cost to natural gas price growth assumption

Yearly growth rate

Combined Cycle 

Gas Turbine

Conventional Single 

Cycle Gas Turbine

Solar 

Photovoltaic

2,0% $136,32 $602,13 $284,60

3,0% $148,84 $618,38 $284,60

4,0% $163,06 $636,83 $284,60

5,0% $179,23 $657,81 $284,60

5,3% $184,51 $664,65 $284,60
6,0% $197,64 $681,68 $284,60

7,0% $218,60 $708,85 $284,60
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generation change significantly. The results make SPV look relatively more attractive in 

comparison than under the old model. However, SPV is significantly more expensive than efficient 

CCGT plants. So in a one-to-one levelized cost comparison, CCGT still comes out as the winner. 

This measure is not, however, free from weaknesses. The general assumption of treating all fixed 

cost outlays as debt-equivalent cash-flows can be questioned.  Although these are fixed contracts, it 

is likely that over a 20-year period, contracts will still be susceptible to market variations. Fixed 

labor costs can vary in tact with general economic activity, and insurance premiums and property 

taxes are not necessarily set in stone, and are likely to have some level of cyclicality embedded.   

Lastly, the levelized cost-model, modified or non-modified, uses a 20-year forecast for gas prices. 

In other words, it is assumed that one can predict by some level of certainty, what the highly 

volatile
13

 gas price will be two decades from now. This seems unrealistic, and is problematic, seeing 

as for CCGT the cost of gas now represents over 80% of total present value in the case of the 

modified levelized cost analysis. None the less, analysis shows that one does not have to rely on the 

average measure, WACC, to perform a levelized cost analysis, and that using market-based 

discount rates to properly discount costs, yields significantly different results, relatively more in 

favor of SPV than the conventional model. However, SPV still comes out as a bad choice, strictly 

economically speaking.  

In the next two chapters the using of gas price forecasts is investigated, and it will be attempted to 

put a value to the choice that utilities have, between SPV and conventional gas-fueled generation.  

                                                
13 Chapter 4 deals with gas price volatility 
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4 Chapter 4 – Natural Gas Price Forecasts and Volatility 

4.1 Theoretical Framework for Volatility Estimation 

In the two previous chapters, the assumption has been that gas prices will follow the average 

projected CEC growth levels from 2009. Modeling gas prices as a constant average growth rate 

however, is a very risky endeavor. Gas, as will be seen later, has high price volatility, making it 

very hard to forecast.  

Volatility can be described as the dispersion of changes in an asset‟s value around a mean, over 

time. The higher the dispersion around the mean is, the higher the volatility. Below, some basic 

tools for volatility estimation are covered. 

4.1.1 Moving Average Volatility 

The moving average volatility estimation (Jorion 2007, p. 222) is a crude, but easy, volatility 

estimation measure. It is simply the moving average of a pre-selected number of periods (M), and 

their respective variances denoted r
2
: 

 

𝜎𝑡
2 =

1

𝑀
 𝑟𝑡−𝑖

2

𝑀

𝑖=1

 Equation 4.1 

 

The method has the weakness of having high ghosting properties. This means that sudden spikes or 

drops in volatility during any period will influence the volatility estimate over a longer period of 

time and suddenly drop or increase for no apparent reason when the observation is no longer 

included in the estimate. Also the moving average model has high persistence in that it weighs old 

observations of volatility as high a recent ones, potentially over- or underestimating the actual 

volatility over longer periods. The method also assumes that the observations of returns are 

identically and independently distributed which can be problematic especially for assets or 

commodities with time-varying properties.  

4.1.2 Generalized Autoregressive Heteroskedasticity Model (GARCH) 

For asset returns that show signs of heteroskedasticity (changing volatility), and/or non-

independently distributed returns, one can use the GARCH model (Bollerslev 1986, in Jorion 2007 

pp. 222-233): 

 𝑡 = 𝜔 + 𝛼𝑟𝑡−1
2 + 𝛽𝑡−1  Equation 4.2 
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ht  is the conditional variance at time t, and rt is the squared excess return. The parameters ω, α and β 

that provide the best approximation of return-variance can be determined by using the root-mean-

square-error (RMSE)-method. Through regression, the method defines the ω, α and β that best 

minimize the following expression: 

 

min  
1

𝑁
  (𝑟𝑖 − 𝜇 𝑖)

2 − 𝑖 
2

𝑁

𝑖

 ,    𝑤𝑒𝑟𝑒 𝜇 =
1

𝑁
 𝑟𝑖

𝑁

𝑖

 Equation 4.3 

However, if one suspects that the asset in question for volatility estimation suffers from seasonal 

volatility, there is a third option: The Periodic GARCH(q,p) model (Bollerslev & Ghysels 1996), 

with time-varying coefficients, allows for the inclusion of periodic cycle into the model:  

 

𝑡 = 𝜔𝑠(𝑡) +  𝑑𝑠(𝑡)𝛼𝑖 𝑠(𝑡)𝑟𝑡−1
2  

𝑞

𝑖=1

+  𝑑𝑠(𝑡)𝛽𝑖  𝑠(𝑡)𝑡−1  

𝑝

𝑖=1

 Equation 4.4 

 

S(t) refers to the state of the periodic cycle at time t, letting the GARCH coefficients take on 

different values for different stages of the periodic cycle.  Bester (1999) shows how the P-GARCH 

model can be used to model seasonal volatility by setting s(t) = k during the k
th

 month of the year 

(January = 1, February = 2 etc.). Bollerslev et al. explain that for the model to work, d is a dummy 

variable ≡ 1 for i = s(t), and ≡ 0 for i ≠ s(t). The model is equal to the conventional GARCH(1,1) 

model if one sets s(t) ≡ 1, and the optimal coefficient are also found by minimizing the RMSE. 
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4.2 Estimating Natural Gas Spot-Prices and Volatility 

In the second part of this chapter, the issues of forecasting gas spot prices and gas price volatility 

will be covered. As argued above and earlier, the use of forecasts when volatility is high is very 

risky. Wiser et. al. (2004) assert that “Fuel price risk is among the most significant risks in the 

electricity industry” and the Integrated Policy Report (CEC 2009, 2) states that “gas price volatility 

significantly affects this [the electric utility] sector and ultimately the price of electricity”. For these 

reasons the following will deal with these two subjects. First, a review of previous gas spot-price 

forecasts performed by the CEC and other relevant organizations and second, an estimation of gas 

price volatility using the theoretical models above. 

4.2.1 Natural Gas Price Forecasting 

The following will show that forecasting of gas prices has historically been proven almost 

impossible. It will be argued, that no forecast alone, can provide any meaningful guess as to how 

the future gas price will behave. 

4.2.1.1 The Current Estimations 

Three major agencies, the California Energy Commission (CEC), the Energy Information 

Administration (EIA) and the California Public Utilities Commission (CPUC) supplied their 

respective bids as to the gas price from 2009 – 2030
14

. The 2030-price per MMbtu in the three 

forecasts was $17.46 (CEC), $10.01 (EIA) and $11.78 (CPUC), three different bids, projecting 

respectively a 5.3%
15

, 1.9% and 2.7% geometric average growth over 20 years; three notably 

different estimates. This uncertainty is not a new situation. Over the last two decades, gas price 

estimations have vastly over- or under estimated actual spot prices. This tendency is best illustrated 

in Figure 4.1: 

 

                                                
14 Some of them well beyond, but 20 years is within the scope of the levelized cost analysis. 
15 The figure is 4.8% with 1.5% imbedded inflation, which adjusted to 2% inflation yields 5.3% 
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Figure 4.1 - EIA Gas Price Forecasts 1985 – 2008 Versus Actual Wellhead Prices. 

 

Source: Berkeley National Lab in CEC (2009, 1. p. D-5) 

 

The figure very well illustrates the hardship of estimating gas prices over longer periods of time. 

The figure shows, in black lines, the EIA price forecasts for each of the denoted years ‟85 – ‟08, and 

the red line shows the actual price evolution. Compiling the data used for the above graph, estimates 

have been as much as 721.6% too high, and 65.3% too low (CEC 2009, 1 p. D-5). 

The reason for this observed uncertainty, as given by Tavares (2009), is that there are too many 

variables to provide useful point forecasting and that the importance of the variables change over 

time, further complicating estimations (p. 14). It may therefore prove useful to use this uncertainty 

about future spot-prices rather than be a victim of it. This leads to the next section, dealing with the 

estimation of gas-price volatility. 

4.2.2 Volatility Estimation for Natural Gas in California 

To estimate the volatility of gas in California, the analysis will use a monthly “electric utility” 

price-series from the EIA which covers only the period of 2002 – 2009. This means data from 

before the California electricity crisis
16

 is not included due to 1) the availability of data, and 2) the 

assumption that newly implemented infrastructure, as discussed in the market analysis, will reduce 

the sensitivity to “ripples” of market volatility compared to before and during the crisis. Therefore it 

is chosen to include only new after-crisis data. This will essentially make the average volatility 

estimate lower by not including the highly volatile period around year 2000 and 2001. 

                                                
16 2000 - 2001 
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The volatility estimation below is performed using the three general types of volatility estimation 

explained in the previous theoretical section: moving average estimation and GARCH(1,1) and 

Periodic-GARCH(q,p). The results of the analysis and the variations of the methods are displayed in 

Table 4.1. 

Table 4.1 - Volatility Estimations 

 

Source: Own construction  

 

Looking first at the volatilities; where the 24-month moving average yields the highest yearly 

volatility estimate of 41.85%, the periodic-GARCH model yields the lowest with 33.12%. The 

reason for this difference can be found by observing the diagrams in Figure 4.2. 

Figure 4.2 data shows that natural gas is heteroscedastic, showing signs of time-varying volatility. 

Looking at the upper bar-diagram; variance typically falls from winter through spring and summer, 

and rises sharply in the fall. Expected monthly returns also shows signs of seasonality, with neutral 

price development during winter and spring, negative development in summer, and positive in fall. 

Method

6 Month Moving 

Average 12 Month MA 24 Month MA GARCH(1,1)

GARCH(1,1) 

with long 

term volatility 

level

GARCH(4,4) 

with long-

term volatility 

level

Monthly 10,67% 11,12% 12,08% 11,46% 8,58% N/A

Yearly 36,96% 38,51% 41,85% 39,68% 36,29% 33,12%

α(1) 0,0271 0,2417 0,3254

α(2) N/A N/A 0,1903

α(3) N/A N/A 0,0211

α(4) N/A N/A 0,4129

β(1) 0,9729 0,1434 0,0048

β(2) N/A N/A 0,0000

β(3) N/A N/A 0,0000

β(4) N/A N/A 0,0085

ω N/A 0,6150 0,6248

Persistence 0,385049 0,24074*

RMSE 0,017992 0,017193 0,017225
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Figure 4.2 - Generalized Autoregressive Heteroskedasticity Model Results 

 

Source: Own construction  

 

If this is true
17

, it is natural that any average volatility estimate would be too high, since it would 

count both up- and downward movements in price and volatility as unforeseen events, increasing 

average volatility, even though they in reality are expected seasonal movements.  

                                                
17 No statistical test has been performed on this relationship to disprove the null-hypothesis. For a statistical test of 

seasonality in gas markets, see Bester (1999) who finds ”strong evidence” of seasonality; for some months in fall and 

winter with significance up to the 0.1% level. There is also some logic to the results: Demand for gas is generally low 

during the warmer months, and increases towards the winter months (CEC 2009, 2), which means that prices will tend 

to rise in these months. Changes in prices (up in fall and winter) and down in (spring and fall) thus will affect volatility.  

Also, higher market activity, due to higher import and storage activities in the months leading up to winter, could be a 

reason for higher market uncertainty. 

Winter Spring Summer Fall

Average Quarterly Volatility 11,46% 9,70% 8,13% 13,74%

Average Return Series 0,04% 0,21% -1,53% 1,35%
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The lower diagram in Figure 4.3Figure 4.3 above shows a volatility estimation using GARCH(1,1) 

with a long term volatility level = (ω × 1 T   ri
2 T

i=1 ). The graph shows how the GARCH(1,1) 

model is able to somewhat account for the spikes in volatility. However, the model struggles to 

accurately define α and β that make the model adapt quickly to changes, which means that high 

volatility estimations can be seen “lingering” for a few periods after any sudden spike, resulting in 

over-estimation of volatility. 

Assuming seasonality in the gas price sample, one can turn to the periodic-GARCH(p,q). The P-

GARCH method acknowledges a periodic cycle of coefficients in the model, which means that 

expectation of time-varying volatility can be built into the model. In the following, a quarterly 

seasonal pattern, starting with winter (December, January, February) for s(t) = 1, spring for s(t) = 2, 

etc. The P-GARCH in this analysis is modeled with a fixed ω coefficient so for the model to 

determine a fixed average long-term 1-year volatility forecast, for later use in a real options model. 

The result is a new P-GARCH(4,4) model (Figure 4.3) with a lower persistence of 0.24 (as opposed 

to 0.385 for the GARCH(1,1).  

Figure 4.3 - Period GARCH 

 

Source: Own construction 

 

The lower persistence is mainly due to a very low beta-value, and means that the model has less 

“memory” of former conditional variances, and therefore decays faster, allowing for a higher alpha 
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to rely more on volatility of previous periods – especially during winter and fall – resulting in a 

GARCH-estimate that better follows the spikes in the model. The relatively low persistence of both 

GARCH models is in line with Drost & Nijman (1993 p. 914) who find that persistence decreases 

with longer horizons, i.e. monthly observations rather than daily.  

The GARCH(1,1) and P-GARCH(4,4) models each yielded two different volatility estimates: The 

first of the two estimates is the long-term mean reversion volatility, which the model will revert to 

over time. However, to properly aggregate the correlated monthly variances into yearly variance, 

the second estimate is used which is the “long-term horizon forecast” (Jorion 2007, pp. 227-228), 

which is calculated for the P-GARCH by using average α and β coefficients. This yields a long-

term horizon forecast for the 12-month volatility of 36.29% for GARCH(1,1) and 33.12% for P-

GARCH(4,4). 

It should be noted that a volatility level of 33.12% is relatively low compared to previous estimates: 

Golove (2003) found that annual implied volatility from futures contracts was around 40-60%. 

Mastrangelo (2007) finds average annualized volatility on Henry-hub prices up to 75% and Piesse 

& Van de Putte (2004), not mentioning seasonality estimate approx 74% gas price volatility. The 

approach towards the seasonality question is different between the authors, but one commonality is 

that they all estimate significantly higher annualized volatility than the above GARCH model. Since 

higher volatility will give a higher option value, this paper will use the conservative estimate of 

33.12% from the above analysis, in order not to potentially overestimate option value. 

4.2.3 Results of Chapter 4 

Looking at forecasted spot-prices, it was determined, that forecasting is a very uncertain method for 

including future gas prices into project valuation. Also, it was determined that using moving 

average volatility estimation can overestimate volatility because it considers expected seasonal 

movements as unexpected, risky changes to price. Finally the long-term horizon volatility forecast 

of 33.12%, found with the periodic-GARCH model, was deemed an appropriate measure for use in 

further analysis. 
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5 Chapter 5 – Valuing Solar Photovoltaics as an Option  

5.1 Financial- and Real Options Valuation 

In the three previous chapters, it has been shown how the levelized cost-model could be modified to 

account for market based discount rates, and it has been determined that the model is highly 

sensitive to changes in the forecasted gas price growth.  

To be able to answer the last part of the main question of thesis; how the modified levelized cost-

model can be used to establish or disprove the existence of economic rationale behind engaging in 

major infrastructure investments to support SPV, the following chapter will investigate options 

theory and how it can be used to calculate the value of the choice utilities have between SPV and 

conventional resources. 

5.1.1 Financial Options Terminology 

Financial options are derivatives that give the owner the right, but not the obligation to purchase 

(call options) or sell (Put options) a specified asset (The underlying asset) at a predetermined date 

(The Expiration date)
18

, at a pre-specified price (The exercise price).  

The underlying asset will most often be a stock or some widely traded commodity. The option value 

is a function of the underlying asset. For call options, there is a positive correlation between the 

two, where the opposite is true for put options.  

The exercise price (or strike price)
19

, is the agreed price for which the option holder can buy or sell 

the underlying asset at, or until, the time of expiration.  

Lastly, the volatility measures how the price of the underlying asset will behave over time. An 

interesting characteristic of options is, that for options, more risk is good: While owners (of call 

options) are shielded from any downward movement of the stock – i.e. they can simply chose not to 

exercise the option –  all upward movements are rewarded by exercising the option. Therefore, the 

more volatility in the price, the higher the potential is for high prices at option expiration, which 

renders a higher option value. In option valuation, volatility is usually assumed constant over time, 

and therefore some current- or average volatility figure is needed to price an option.  

                                                
18 This is what is called a European option. American options can be called/exercised at any time up to the date. 
19 The two terms, “strike price” and “exercise price” are used interchangeably within this thesis. 
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5.1.2 The Binomial Lattice Model 

This thesis will be using so-called binomial option valuation, which will be covered below. In the 

binomial lattice model (Kodukula & Papudesu, 2006, pp.70)(Brealey et. al pp. 570 -575), it is 

assumed that assets‟ price movements can be modeled in simple either up- or down steps (time-

steps) as seen in Figure 5.1 which shows a fictive example of a call option. S is the asset value at 

time t, and C is the value of the call option at time t. 

Figure 5.1 - Example of Binomial Lattice – American Call with Strike Price = 100 

 

Source: Own construction 

 

Each scenario, up (u) or down (d), results in an asset price (S) that either increases to (𝑆 × 𝑢) or 

declines to (𝑆 × 𝑑). The u and d parameters are derived from the volatility of the underlying asset 

by the following equations: 

 𝑢 = 𝑒𝜎 𝛿𝑡   ,   𝑑 = 𝑒−𝜎 𝛿𝑡 . 
Equation 5.1 

 

The volatility measure can be the daily-, monthly or even yearly volatility. Here, 𝛿𝑡 is the length of 

each time-step as a fraction of one volatility period. I.e. if the volatility is the yearly volatility, and 

each time step is half a year, 𝛿𝑡 is equal to 0.5.  

There are two principal methods for valuing options using the binomial tree: 1) The risk-neutral 

probabilities method, and 2) the market-replicating portfolio method (Copeland & Antikarov 2001, 
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p. 90). Either method is equally accepted academically for options valuation (Kodukula & Papudesu 

2006), however this thesis will focus on the former method, since it allows for easier illustration and 

computation. The method uses the following equations to derive the risk-neutral probabilities for 

the up and down scenarios respectively: 

 
𝑝𝑢 =

𝑒𝑟𝛿𝑡 − 𝑑

𝑢 − 𝑑
   ,   𝑝𝑑 = (𝑝𝑢 − 1) Equation 5.2 

 

r is the risk-free rate of return (Kodukula & Papudesu). One thus pretends that investors are 

indifferent toward risk, and only demand the risk-free rate in return. This allows one to discount 

future expected income with the risk-free rate.  

To derive the option value, one starts by calculating all possible future underlying asset values. 

Looking at Figure 5.1 above; to get the value for the asset at time t + Δt (one time-step forward), 

one simply multiplies the underlying asset‟s value at time t with u or d to get the next two values. 

This continues until one reaches the end of the grid at time T (3 in the figure). The probability of the 

final outcome at each of the nodes, at the end of the tree, is determined by the binomial probability 

distribution function (Jorion 2007, p. 143), where the probability of k up-movements in T trials is 

given as: 

 
𝑓 𝑥 =  

𝑇

𝑘
 𝑝𝑘(1 − 𝑝)(𝑇−𝑘) Equation 5.3 

 

Now knowing the asset prices from time t = 0 to time t = T, one can determine if the option should 

be exercised or not. Start from the end of the tree (right side). In all end-nodes, where the value of 

the underlying asset is higher than the strike price, the option is exercised. The value of the option 

(C) at each of the nodes, at time T, is therefore defined as max(St – Xt;0). To get the option value at 

time t = 0, one moves back through the grid, now calculating the option value at each time-step. 

Each of the nodes, going backwards, represent a maximization problem, where one can either 

exercise the option to get a present value of (St –Xt), or keep the option, depending on which is 

higher, the option value, or the net value of exercising. The value of the option at each node, 

moving backwards, is the found by performing a weighed discounting between the two possible 

outcomes one time-step ahead. 

 max  𝑝𝐶𝑡+1,𝑢 +  1 − 𝑝 𝐶𝑡+1,𝑑 𝑒
−𝑟∆𝑡 ;𝑆𝑡 − 𝑋𝑡   Equation 5.4 
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Where Ct+1, u is the option value of the next time step, in an up scenario, Ct+1, d  is in the down 

scenario and r is the riskless rate. Maximization at each node means, that this is an American call 

option, which can be exercised at any time during its life. This maximization is done for each node 

going backwards through the tree to finally yield the present value of the option. 

5.1.3 Real Options 

A real option differs from a traditional financial option in having not a stock or other frequently 

traded commodity as the underlying asset, but instead a project or any other “real” asset. The 

methods for valuing real options are roughly the same, using either partial differential equations 

such as the Black Scholes-model, simulations
20

 or lattices like the binomial grid. Unlike the stock 

however, a real asset does not share three important characteristics of stocks that have made them 

so popular targets for derivatives contracts: 

First, a real asset or project is generally illiquid, meaning that it is not freely traded, i.e. on an 

exchange, can make the actual value of the underlying asset uncertain. Second, the very illiquidity 

of the real asset means that one cannot safely assume zero arbitrage as is normally done for options. 

The third important difference, is that the volatility measure of a stock can be derived from either 

empirical data, or as it has become more popular, from implied volatilities in derivatives traded on 

the asset. Since real asset rarely have a long history of empirical trading data, knowing the volatility 

of real assets is typically a more complicated task. Below, the main differences between option 

parameters in real- and financial options are covered 

5.1.3.1 Option Price 

In efficient markets, the calculated option value will always be equal to the option price. For “real 

options” this can be slightly different. First, since a corporation might already own the option to 

expand or defer investment, the option value would not be a price, but rather the maximum figure 

the option holder should pay to protect and keep the option “alive”. An example could be the 

maximum price a corporation should pay for renewing a patent on an innovation that might be 

launched, or how much an oil company should pay to renew a land lease contract on a piece of land, 

that might later be used for oil exploration. 

5.1.3.2 Exercise price 

For real options, following the above analogy, this might be the full expected total cost of a product 

launch, or for the oil company, the expected cost for starting full oil exploration on the leased land. 

                                                
20 Such as Monte Carlo simulation, seen in Jorion (2007, p. 307) 
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5.1.3.3 Underlying asset 

For a real option, the underlying asset will be the present value of future cash flows of the project or 

real asset. E.g. for an oil company this will be the value of all future net cash flow from the oil 

exploration (oil sales).  

5.1.3.4 Time to Expiration 

For real options an expiration date can be the expiration of a building- or drilling license or time 

until a deadline for renewing a lease contract on land on which to build the asset etc. In all cases it 

is the time at which a decision must be made on either undertaking a project / exercising the option 

or not. 

5.1.3.5 Volatility 

Like with financial assets, the volatility measure tells how much the asset will vary in price over 

time. For a project this could be how cash flows will fluctuate, or for a real asset, how the market 

price of the asset will fluctuate. 

5.1.4 A Few Words on Black & Scholes 

Even though the binomial valuation model is used in this paper, in financial theory, the most widely 

used method/model of option valuation is arguably the Black-Scholes model (Black & Scholes in 

Jorion 2007. p. 298) which is described by the following equation: 

 𝐶 = 𝑆𝑒−𝑟𝜏𝑁 𝑑1 − 𝐾𝑒−𝑟𝜏𝑁(𝑑2) Equation 5.5 

 

S is the value of the underlying asset, r is the risk-free rate of return, t is the time to expiration and K 

is the strike price, for which the asset can be, but is not obliged to be, purchased. 𝑁 𝑑1  and 

𝑁 𝑑2  are the cumulative normal distribution functions. The Black Scholes model seen above is 

widely used in finance today. However, when pricing real options, the model has its vulnerabilities, 

which is why it is not used in the following analysis. The most important limitation is that Black 

Scholes only allows for one fixed strike price in the valuation, whereas the binomial model can 

easily have several strike prices over the life of the option. 

Essentially, the Black-Scholes approach however, is not much different than the binomial method, 

but is instead built on the replicating portfolio (Brealey et. al 2007 pp. 565 – 567) argumentation, 

and works with continuous rather than the discrete modeling seen in the binomial lattice.  
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5.1.5 Summing up Options Theory 

The binominal lattice-method is deemed the best model for valuing real options; for practical and 

for illustrative purposes. In the following it will be shown how the knowledge gained in the three 

first chapters can be synthesized into a real option-model, to value the specific characteristics of 

SPV and the choice (flexibility) that utilities have between SPV and conventional gas-fired 

generation. 
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5.2 Real Option Valuation of SPV as an Option in California 

The second segment of this chapter will concern itself with implementing the modifications 

performed in chapter 3, as well as the gas price volatility estimated in chapter 4, into a real options 

model. The analysis will first look at how previous literature has suggested that the comparison or 

combination of SPV and conventional fuel sources should be dealt with in valuation or comparison. 

5.2.1 The Quality Component of SPV 

The first found mention of the “quality component” is by Carpenter & Richard (1973, p. 9) and was 

elaborated upon in chapter 2.  In order to accommodate the specific quality of SPV electricity, 

namely that the sun shines at the peak demand hours of the day, making the electricity more 

valuable, Carpenter & Richard suggest modeling the expected weather pattern of each hour over the 

whole lifetime of an SPV-project to better simulate the effect of a different load-delivery pattern. 

This is the first known suggestion to incorporate the peak aspect of SPV electricity delivery directly 

into the valuation process.  

Logan et. Al (1995) also suggest simulating weather patterns to account for the peak-hours power 

delivery, but go on to suggest that utilities treat the day-to-day expected electricity generation from 

intermittent resources (i.e. SPV) as “negative” electricity demand from the load-centers. The 

process called “load modification”, means that the daily load-curve of expected electricity demand 

throughout a day, is somewhat “flattened”, and that any generation-dispatcher will have to dispatch 

less conventional resource electricity generation during the day, than he would have without the 

“negative” demand created by SPV.  

Another quality which was found earlier is that SPV does not become more costly with increasing 

gas prices, potentially working as a physical hedging instrument against fuel-price volatility. 

5.2.2 The Flexibility Component of SPV 

The flexibility component is the acknowledgement that SPV, along with other alternative resources, 

provide a choice between conventional generation, requiring fuels such as gas, and a renewable 

resource that does not. A utility manager can thus, depending on the market development, choose to 

install either SPV- or conventional generation. 

Felder (1996) states, that “options theory” is a complementary approach to energy project-valuation, 

and is an “improvement” over the traditional methods for valuation. He then argues, that to make up 

for the downfalls of static and deterministic DCF valuation, one needs to incorporate a model in 

which one can “respond to change” (Kaslow & Pindyck, in Felder 1996). This is also somewhat 
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covered by Venetsanos et. al (2002) who call the concept “managerial flexibility” and propose the 

creation of a real option model to value the unique characteristics of SPV (Hoff 1997 in Venetsanos 

et. al 2002). One such managerial flexibility that SPV brings is the choice between engaging in an 

SPV-project, rather than building a conventional gas-fired power plant. Finally, Kumbaroglu et al. 

(2005) argue that due to the high level of uncertainty in liberalized energy markets, when dealing 

with energy investments; “real options theory offers a useful approach for the appreciation of 

uncertainty over time”, and mention that specifically SPV as a choice with short project lead-times 

can lead to a “value of waiting” (p. 3). This value of waiting can be directly interpreted as a real 

call option value. E.g. how much would one pay today, to have the option to install SPV within a 

timeframe of five or ten years?  

The question then becomes; what exactly are the parameters, i.e. exercise price, underlying asset, 

volatility, timeframe etc. of such an option? The paper will attempt to answer this below. 

5.2.3 Defining Parameters for Real Option Valuation of SPV as a Choice 

The wish is to use the modified levelized cost-model to create an option that will both include the 

quality component and illustrate the flexibility-value of SPV as a choice. To do this; instead of 

modeling the option solely around an SPV investment, one can define the option as the choice of 

replacing conventional generation, or electricity purchased from the market, with an SPV-plant. To 

do this, one must include calculations not only on SPV, but also assumptions about the sources 

which SPV is replacing, which means combining the valuation of SPV with a valuation of gas-

plants. 

To set up such a model, first the parameters must be defined. Below, the assumptions behind the 

parameters, needed for real option valuation using the binomial lattice, will be discussed. The 

parameters are the underlying asset, the strike price, time to maturity, volatility and the risk free 

rate of return; the former two, being the two most significant. Consider Table 5.1, which shows the 

cost of choosing to build a SPV-plant rather than a gas-plant. 

Table 5.1 - Deriving Strike Price 

 

Source: Own Construction 

SPV plant Natural Gas Plant Difference

Income PV(revenue) - PV(revenue) = 0

Fuel Costs 0 - PV(Fuel Costs) =  - PV (Fuel Costs)

Debt Equivalent Costs PV(Debt eq. Costs) - PV(Debt eq. Costs) = ΔPV(Debt eq. Costs)

Cyclical Costs 0 - PV(Cyclical) =  - PV(Cyclical)

Riskless Cost Streams PV(Riskless) - PV(Riskless) = ΔPV(Riskless)
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The table uses the modified levelized cost-method to calculate the total present value costs of either 

SPV or CCGT/SCGT. If one assumes that the two installations in the table are of such a capacity 

that they would generate the exact same amount of electricity, at the same times of day and year, it 

is safe to assume that they would then also have the same revenue.  This means that revenue of the 

two plants can zeroed out.  

For fuel costs, the result of choosing SPV is a positive cash flow (negative cost) equal to the total 

avoided cost of fuel for the gas-plant.  

The last three posts for debt equivalent costs, cyclical costs and riskless cost streams, will not zero 

out since the two plant-types have very different cost parameters in the cost-categories, something 

which was shown in chapter 3. If the three categories are summed together, choosing to install an 

SPV-plant instead of a gas-plant will yield two important results: First, it will yield a positive flow 

equal to the avoided cost of fuel, and second, a negative flow due to the increase in total costs of 

operations, financing, insurance etc., which was documented to be higher in chapter 2 and 3.  

For the real option analysis, it will be assumed that the inflow (avoided fuel costs) is the underlying 

asset, and the outflow (the total increase in capital costs excluding fuel costs) is the strike price (I.e. 

the cost one has to pay to “get” the fuel cost savings). By this definition, an American call option 

has been created. 

5.2.3.1 Quantifying Avoided Fuel Costs as an Asset 

Figure 5.2 below illustrates a typical electricity load demand profile in California
21

. The figure 

shows that electricity demand is highest during the daytime, and that it generally has two peaks, 

namely a mid-day peak, typically generated by industrial- and commercial activity and air 

conditioning (Mostly in summer months), and a second peak stemming from increased household 

electricity consumption after office hours (also including air condition). 

                                                
21 Proportions are amplified for illustrative purposes 
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Figure 5.2 - Example of Daily Load Distribution 

 

Source: Own Construction. From Bradford (2006 p. 129), California ISO (2010) (Appendix D-2), and 

(William Gavelis (PG&E), Personal Communication, 2010 Jan. 21).  

 

The figure separates the demanded electricity into three categories, which are described by Bradford 

(2006) as base load, intermediate load and peak load.  The three different kinds of load are met by 

different types of generation plants:  Gas-plants where most of the expense is in fuel for generation 

(See chapter 2 and 3) have relatively high operating costs compared to their initial installation costs. 

This makes them more adapt to supplying variable power needs as intermediate- or peak-load 

generators. (p. 129). For nuclear- or coal generators, the opposite is the case: With relatively low 

fuel costs but a high initial capital expenditure, such generators are better for delivering 24/7 base-

load generation. Generally one can say that the lower the capital costs relative to the fuel costs, the 

more suited a power source is for supplying variable generation. This means that peak-load is 

typically met by combustion turbines and SCGT-plants with low capital costs and high variable 

costs, intermediate loads are typically met by load-following CCGT-plants, and base-load is 

typically met by coal- nuclear, large-scale hydro- or geothermal plants (p.130).  

This leads to an important assumption for the underlying asset: Since SPV-projects deliver 

electricity primarily between 08.00 and 16.00, the peak-hours of the day (Hoff & Perez 2009), it 

does not make sense to compare SPV to coal, nuclear or large hydro. Each MW delivered from an 

SPV-plant, replaces peak or intermediate electricity generation, which is delivered by SCGT-plants 
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as well as CCGT-plants. This is explained best using the concept of “load-modification” as 

discussed earlier and illustrated in Figure 5.3. 

Figure 5.3 - Illustration of Load Modification 

 

Source: Logan et. al (1995) 

 

The figure shows how, by treating SPV generation as negative demand and constructing a new 

modified load demand curve, it is possible to “flatten” the daily electricity demand, and thereby 

reduce the need for dispatching peak- and intermediate power generators. Logan et. al state that the 

result of load-modification is lower dependence on “conventional resources to be committed to 

meet daily peak loads”, which in turn, can result in operating cost savings which might be 

“substantial” (p. 60). Such “avoided cost” savings are the result of a lower frequency of peaker-

plants having to be brought online. Among these cost savings are of course fuel savings. 

It is the space between the two curves above that is interesting: The area between the original load 

demand curve and the modified demand curve represents a certain volume of MWhs that are now 

generated by SPV and not by CCGT or SCGT. The volume of SPV-electricity therefore consists of 
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some fraction of avoided CCGT electricity generation, and some other fraction of avoided SCGT 

generation.  

As was seen above, the value of this change/shift in generation type is equal to a positive cash flow 

(the avoided cost of fuel), and a negative flow equal to the higher capital costs needed to achieve 

the fuel-savings. The underlying asset in the real option model is therefore the present value of all 

future costs of the fuel that would otherwise have been consumed while generating the same amount 

of electricity as a specified SPV-project.  

Breaking it down; the “present value of all future costs” means that when a gas project is installed 

today, one can calculate all future cost of fuel consumption by using a gas-price forecast and the 

expected yearly amount of electricity generated over the lifetime of a plant. The price of this 

consumption can then be discounted back to present value dollars to form one single figure. 

The phrase “…that would otherwise have been consumed while generating the same amount of 

electricity as a specified SPV-project“ is related to the earlier mentioned assumption; that an SPV-

project replaces generation from gas-plants. For each MWh of electricity delivered from SPV, one 

less MWh is delivered from one or more CCGT- or SCGT-plants. This MWh of electricity would 

have required a certain amount of fuel depending on how much of the avoided electricity generation 

had come from what plant. The underlying asset is thus the present cost of the fuel that would have 

been consumed, had the generation source not been replaced by a no-fuel SPV-plant. 

5.2.3.2 Calculating the Value of the Underlying Asset 

To calculate the amount of fuel saved for each MW of SPV capacity, one needs to know how much 

electricity generation is avoided from gas-plants. As mentioned earlier, SPV can replace electricity 

generated from more than one single plant. Assume now that SPV replaces electricity generated 

from N different plants
22

. The fractions or weights representing how large a fraction of SPV 

electricity would have come from the N
th
 plant – are compiled into the column-vector ωn. Assume 

then that the yearly delivered electricity from a 1 MW SPV-plant over T years of economic life, is 

compiled into the vector dt. By multiplying ωn with dt, one gets the matrix R, which is the amount 

of delivered electricity replaced from each of the N plants (rows) over each of the T years 

(columns). 

                                                
22 Note that in order to count out revenues; the assumption was made that an SPV-plant produced electricity at the exact 

same time as a gas-plant. Using a portfolio of gas-plants allows one to uphold this assumption: One can enter as many 

different gas-plants into the vector with different weights to get the exact replica of the SPV delivery pattern. 
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 𝑅 = 𝜔 × 𝑑 Equation 5.6 

 

𝑅 =  

𝜔1

⋮
𝜔𝑁

 ×  𝑑1 … 𝑑𝑇 =  

𝑀𝑊𝑛=1,𝑡=1 ⋯ 𝑀𝑊𝑛=1,𝑡=𝑇

⋮ ⋱ ⋮
𝑀𝑊𝑛=𝑁,𝑡=1 ⋯ 𝑀𝑊𝑛=𝑁,𝑡=𝑇

  Equation 5.7 

 𝑤𝑒𝑟𝑒  𝜔1 + 𝜔2 + ⋯ + 𝜔𝑁 = 1 Equation 5.8 

 

To calculate the avoided yearly fuel consumption, one needs to convert the figure for avoided 

electricity from the N gas-plants, into a nominal or gross electricity measure which is needed to 

calculate fuel consumption. This is done by calculating a conversion matrix, C (which will convert 

the delivered MWhs to generated/gross MWhs), where the conversion factor for each year changes 

as a function of each of the N plants‟ yearly degradation factor δ, multiplied by (t-1)‟
23

. 

Transformer- transmission- and plant-side losses are summed together in the constant l. The 

calculation is basically the reverse of what was done in chapter 2 to calculate the delivered MWhs 

when given the nominal capacity of the plant. 

 
𝐶𝑛 ,𝑡 =  

1

 1 −   𝑡 + 𝑎𝑛 − 1 × 𝛿𝑛 ×  1 − 𝑙 
  ,       

𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 𝑎𝑛𝑑 𝑛 = 1 𝑡𝑜 𝑁 

Equation 5.9 

 

The variable an is the age of the plant, which can be adjusted in case one or more plants from which 

capacity is replaced, are not newly installed.  

Before using the conversion matrix, one must calculate one more matrix, H, which contains the 

individual heat rates of the N plants in all T years. Remember that all gas-plants suffer from a yearly 

heat-rate degradation percentage, here with notation ε, which directly affects the volume of fuel 

needed to generate 1 KWh. The nominal heat-rate of plant N is included in the vector hn and the 

heat-rate matrix is calculated like so: 

 𝐻𝑛 .𝑡 = 𝑛 ×  1 +   𝑡 + 𝑎𝑛 − 1 × 휀𝑛   ′ 24 , 

𝑓𝑜𝑟 𝑡 = 1 𝑡𝑜 𝑇 𝑎𝑛𝑑 𝑛 = 1 𝑡𝑜 𝑁 
Equation 5.10 

 

Finally to get the present value of all avoided future fuel costs (PV(AFC)), one starts by deriving the 

total avoided fuel consumption for each plant in each year, by multiplying the amount of avoided 

                                                
23 T-1 because the plant is not assumed to have experienced any degradation at time = 1. 
24 T-1 for the same reason as with capacity degradation. 
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delivered MWhs, Rn,t, with the conversion factors Cn,t  and then with the heat-rate of the respective 

plants at time t, Hn,t. Then to get the total cost, one multiplies the avoided fuel consumption with the 

expected price of gas at time t, and discounts the cost for each year back from time t to present:  

 

𝑃𝑉 𝐴𝐹𝐶 =   
𝑅𝑛 ,𝑡 × 𝐶𝑛 ,𝑡 × 𝐻𝑛 ,𝑡 × 𝑃0 1 + 𝑔 𝑡

 1 + 𝑟 𝑡

𝑁

𝑛=1

𝑇

𝑡=1

 Equation 5.11 

 

P0 is the gas price at t = 0, g is the yearly expected growth in gas prices and r is the discount rate for 

gas outlays that was calculated in chapter 3. ”g” is included here despite earlier criticism, which is 

something that will be discussed in the concluding chapter. 

5.2.3.3 Assumptions for Defining the Strike Price 

It has now been shown that one can calculate the present value of avoided fuel cost outlays from a 

portfolio of gas-fired plants
25

 created by a 1MW SPV-plant. To define the strike price for such an 

asset, turn again to the example given on page 69 in Table 5.1: The strike price is equal to the 

difference in present value-capital costs between the two alternatives (SPV and gas). Put in a 

different way, the negative flow is the extra cost that is paid to achieve the positive flow of fuel 

savings. Ergo, if one considers the positive flow of fuel savings as the underlying asset, the present 

value of the negative outlays will be the strike price: 

 The strike price is the difference between 1) the present value of total costs (excluding fuel costs) of 

operating a portfolio of gas-plants, that mimics the exact load generation profile of the SPV-plant, 

and 2) the present value of total costs for the same SPV-plant. 

The definition above states portfolio of gas-plants: This is relevant since the assumption is not as 

simple as SPV replacing electricity generation from one single plant. The model assumes that a 

utility purchases power from several different plants at a time. The next question thus becomes; if 

the underlying asset is avoided fuel cost from a portfolio of gas-plants, how can the strike price then 

be calculated to account for the same portfolio of plants? 

The answer to this question must rest on one key assumption related to market efficiency: The 

average marginal cost of 1 MWh, be it produced by the utility itself, or purchased from a third party 

plant operator, will, on average, be at least equal to the levelized cost per MWh of the plant. The 

assumption ultimately relies on power plant operators to, on average, sell power to utilities at a 

                                                
25 The model is very flexible in that it can easily be adjusted to include petroleum, coal or nuclear power plants by 

simply including a fuel-cost matrix to include coal, uranium etc. 
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price that as a minimum covers their total costs.
.
 If the utility owns the plant, this is less 

complicated since the total cost per MWh per definition is the levelized cost. 

With the above assumption, the strike price can be calculated. Given that electricity from the SPV-

plant replaces a electricity otherwise generated by given portfolio of multiple gas-plants, the strike 

price is then the difference in capital costs – referring to the sum of present-value cyclical-, debt-

equivalent- and riskless costs – between the SPV-plant, and the weighted capital costs from the gas-

plants. 

Table 5.2 - Deriving Strike Price 2 

 

Source: Own Creation 

 

Consider Table 5.2. Note that even though as illustrated, 50% of the electricity generated by the 

SPV-plant would have originally been delivered by a CCGT-plant, of course this does not mean that 

50% of the CCGT-plant‟s capital costs should be included in the strike price. If the CCGT-plant has 

a yearly production of 1 million MWh, and the avoided generation is 20.000 MWh, then the 

avoided generation only represents 2% of total production, and similarly, avoided capital cost
26

 

should also be 2% of the plant‟s total capital costs. 

5.2.3.4 Calculating the Strike Price 

The definition of the strike price rests on the assumption, that the weighted generation of the 

portfolio of gas-plants, replicates the generation of the SPV-plant perfectly; i.e. that one can say 

with a fair amount of certainty, how much of the avoided generation, that would have been 

delivered by what type of gas-plant. 

As with the underlying asset in section 5.2.3.2, one starts by defining the total yearly amount of 

electricity delivered in year 1 to T from the SPV-plant, as vector dt. T is the economic life assumed 

for all the plants. The weights of gas-plants in the portfolio, as described earlier, are encompassed 

                                                
26 Avoided capital costs in this case means the costs that would have been incurred had one chosen a conventional 

generation resource, i.e. buying gas-fueled power.  

SPV plant NG Plant 1 NG Plant 2 NG Plant 3

Total yearly mwh production 40.000 1.000.000 100.000 250.000

Fraction of avoided power demand  from plant x 50% 30% 20%

Avoided power delivery from plant x 20.000 12.000 8.000

Avoided power delivery as fraction of total plant generation 2,0% 12,0% 3,2%
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by the vector ω. The two vectors are multiplied to get the matrix R of yearly replaced/avoided 

electricity generation from each of the N plants. 

To know how large a fraction the avoided electricity from each plant is, of each of the respective 

plants‟ total yearly generation, one must now calculate the total MWh output for each plant as 

demonstrated in chapter 2. Each of the N plants‟ yearly delivered electricity from time 1 to T is 

encompassed by the matrix Dn,t. 

The fraction that the avoided generation from each plant, makes of the plants‟ total generation, is 

calculated and contained in the matrix F, which will later the be the matrix of weights to multiply 

with the yearly capital costs. : 

 
𝐹𝑛 ,𝑡 =

𝑅𝑛 ,𝑡

𝐷𝑛 ,𝑡
  ,         𝑓𝑜𝑟 𝑛 = 1 𝑡𝑜 𝑁 𝑎𝑛𝑑 𝑡 = 1 𝑡𝑜 𝑇 Equation 5.12 

 

Now that the weights for each year and for each plant are calculated, one can calculate the strike 

price. By using the modified levelized cost-model as described in chapter 3, one calculates the 

present value of all future costs, excluding fuel costs, to use as the plants‟ capital costs. This is done 

by simply not including fuel costs in the modified levelized cost calculation, and not annuitizing the 

total present value. This figure is denoted below as CAPexfueln. The strike price is then calculated 

by the following process:  

For each year t, 1) annuitizes the CAPexfuel for each of the N plants with the nominal, after-tax 

utility-WACC, denoted r, 2) then multiply the annuitized capital cost of plant n with the avoided-

generation fraction, Fn,t, ,for plant n, and finally 3) discount each of the plants‟ weighted costs to 

present-value figures and sum them together. Having done this for each of the t years, one can then 

sum together all the discounted values to reveal the total weighted present value of avoided capital 

costs. Finally, this figure is subtracted from the total PV of the SPV-plant‟s capital costs including 

installation costs (CAPsolar), to yield the present value capital cost “premium”, paid by the utility, to 

get the fuel-cost savings from SPV. This is the strike price. 

 

𝑆𝑡𝑟𝑖𝑘𝑒 𝑝𝑟𝑖𝑐𝑒 = 𝑃𝑉 𝐶𝐴𝑃𝑠𝑜𝑙𝑎𝑟  −     
𝐶𝐴𝑃𝑒𝑥𝑓𝑢𝑒𝑙𝑛 ×

𝑟 1 + 𝑟 𝑡

 1 + 𝑟 𝑡 − 1
× 𝐹𝑛 ,𝑡

 1 + 𝑟 𝑡

𝑁

𝑛=1

𝑇

𝑡=1

 Equation 5.13 

This simplifies to:  

𝑆𝑡𝑟𝑖𝑘𝑒 𝑝𝑟𝑖𝑐𝑒 = 𝑃𝑉 𝐶𝐴𝑃𝑠𝑜𝑙𝑎𝑟  −     𝐶𝐴𝑃𝑒𝑥𝑓𝑢𝑒𝑙𝑛 ×
𝑟 1 + 𝑟 𝑡

 1 + 𝑟 2𝑡 −  1 + 𝑟 𝑡
× 𝐹𝑛 ,𝑡

𝑁

𝑛=1

𝑇

𝑡=1

 Equation 5.14 
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A table showing the strike price calculation can be seen in Appendix A-11. An important note on 

the strike price is, that like the underlying asset, it will most likely decline with time. This is 

because the installed costs of SPV are expected to decline over time, and installed cost for gas-

plants are projected to increase over time. This will be covered more thoroughly later in the chapter. 

5.2.3.5 Time to Maturity 

Earlier it was assumed that the option value was equal to the “value of waiting”, or the “value of 

choice”. Since the underlying asset and the strike price are defined in a context where a utility has a 

choice between either installing an SPV-plant, or generate/purchase power from a portfolio of gas-

plants, the time to maturity is theoretically how long the utility can wait until it must either exercise 

or abandon the option. Even though the choice technically is a perpetual one, the analysis will 

choose 10 years, since this is the time until RPS deadline in 2020, at which utilities must have at 

least 33% of their delivered power generated by RE.  

5.2.3.6 Volatility 

For the underlying asset; by keeping all other variables for its computation constant, and only 

simulating changes in the gas price, the volatility of the underlying asset will be equal that of gas 

(Appendix C-5). Therefore one can use the 1-year volatility forecast for gas of 33.12%, which was 

found in chapter 4.  

5.2.3.7 Risk Free Rate 

Since the binomial lattice in this analysis will cover 10 full years, the ten-year T-bill rate which at 

present day
27

 is 3.70% is chosen (Department of the Treasury 2010, 2). 

5.2.4 Determining Other Real Option Model Inputs 

Now having the key parameters of the real options model defined, the model can now be set up. To 

generate a sensitivity analysis of the results, three possible scenarios will be defined. The key 

assumptions for the low, average, and high option value scenarios can be seen in Table 5.3. They 

represent assumptions that for the low scenario, decrease option value, and vice versa for the high 

scenario.  

                                                
27 March 19, 2010 
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Table 5.3 - Key Assumptions for Real Option Model 

 

Source: Own construction 

  

5.2.4.1 Fraction Avoided from CCGT and SCGT 

Part of the real option model is the assumption that one knows how much electricity is replaced 

from CCGT and SCGT-plants by an SPV-plant. In the following example it will be assumed that 

the power displaced by a SPV-plant, matches that generated by two power plants; a CCGT and an 

SCGT-plant. This is somewhat simplified, but easier for illustration. According to personal 

judgment and after conversations with key employees within utilities in PG&E and SDG&E 

(Appendix E-(1-3)), the average fraction of avoided electricity from CCGT-plants is estimated to be 

around 80%. This effectively means that 80% of the electricity produced by an SPV-plant would 

otherwise have been generated by a CCGT-plant. This is in line with CCGT-plants being able to 

perform load-following generation and ramp up during high peak, which means that they will 

account for the majority of electricity replaced by the SPV-plant. However, 20% of the electricity is 

assumed to come from more inefficient peaker-plants such as SCGT-plants which will come online 

more rarely to service only the peak of the load curve. For the low (high) scenario it is assumed that 

five percentage points more (less) electricity, replaced by SPV, would have been generated by 

CCGT-plants, making the value of avoided fuel costs smaller (higher) due to the relatively higher 

efficiency, thus fewer avoided fuel costs, of CCGT-plants. 

5.2.4.2 Gas Price 

The price of gas at time 0, is assumed to be the latest price for gas delivered to California electric 

utilities (EIA 2010, 2) plus one year of inflation equal to $5.84 x (1.02) = $5.95 

5.2.4.3 Gas Beta 

Since higher beta-values will tend to decrease option value by making CCGT/SCGT less expensive. 

For the average scenario, the beta estimate will therefore be assumed to be a little higher than the 

Key Assumptions Average Low High

Fraction avoided from CCGT 0,8 0,85 0,75

Fraction avoided from SCGT 0,2 0,15 0,25

Natural Gas Beta 0 0,2 -0,2

Gas price voatility 0,3312 0,3012 0,3612

Natural Gas Price t = 0 5,9568 5,9568 5,9568

Natural Gas Price Yearly Growth Rate 2% 0% 5,3%

Yearly Instant Cost Escalation CCGT 5% 2% 7%

Yearly Instant Cost Escalation SCGT 3% 2% 5%

Yearly Instant Cost Escalation SPV -3% -1% -5%
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previously estimated -0.2. Therefore “0.00” is chosen so to have an “average” scenario that is not 

too optimistic. 

5.2.4.4 Gas price volatility 

Again, for the average scenario, the volatility of 33.12% will be used according to previous 

analysis. A conservative 3.0 percentage points down/up adjustment is made for the low/high 

scenarios respectively. 

5.2.4.5 Gas Price Growth Rate 

As was determined in chapter on gas price forecasts, forecast have a tendency to be wrong. In order 

to be more confident in any positive results of the model, the average-case will assume that the 

nominal growth in gas prices is 2%, meaning that the best forecast for tomorrows price, will be 

today‟s price plus inflation. For the low-case scenario 0% nominal growth is assumed, thus a real 

decline. The high-scenario will use the CEC gas price nominal, (including 2% inflation) growth of 

5.3%
28

. 

5.2.4.6 Yearly Installation Cost Escalation 

In the market analysis, declining capital costs for SPV-projects in the future were projected to be a 

5-10% yearly decline in installation costs over the next 5-10 years. The real option analysis will 

assume conservative estimates of 3% yearly decline over the 10 years for the average scenario, and 

1% and 5% yearly decline for the low and high scenario respectively. 

For “Instant costs” of CCGT and SCGT generators, the CEC assumed a fixed real cost over the next 

10 years. However, this analysis has been using installed cost measures, and from the year 2007 – 

2009, installed costs for CCGT and SCGT increased by a whopping 53.6% and 35% respectively 

(IEPR in CEC 2009, 1 p. 9) representing a yearly cost increase of 24% and 16%. It was not possible 

to find any mention of future price expectations in this industry. However, seeing as higher installed 

cost for gas, mean higher option value, the model will, to avoid overestimation, set a conservative 

estimate of 5% and 3% nominal yearly growth in installation costs for CCGT and SCGT in the 

average case, 2% for both plant types in the low-scenario (indicating zero-growth in real prices) and 

7% and 5% respectively for the high-scenario. 

5.2.5 Calculating Real Option Value 

The results of the average scenario real option analysis can be seen in Table 5.4 illustrating the 

binomial valuation computed in Excel®. The upper table shows the evolution of installation costs 

for the three modeled plants, as well as the given subsidy/grant to plants installed in the period. For 

                                                
28 This estimate is based on the CEC‟s average case gas price forecasts. 
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SPV this means the 30% RE grant which currently expires in ultimo 2016 (in 12 time-steps). For 

gas-plants, although for the purpose of this analysis it is zero, this can be a negative number, e.g. 

representing expected sudden jumps in installation costs due to retrofitting requirements, e.g. for 

installing CO2-scrubbers or the like. The bottom row of the upper table is the strike price evolution 

from time 0 to T. 

As seen in the table, the option is valued in a 20-step grid with ½-year increments. Technically it 

means that management will make a decision every 6 months as to either exercise the option or 

wait. If the option is exercised, then the underlying asset represents value of fuel-cost savings that 

start from time t+1. It is thus assumed that the total time from deciding to install the SPV to the 

beginning of operations is only 1 year, which is possible due to the low lead-times of SPV-projects 

(CEC, 2009, p. 46). 
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Table 5.4 - Binomial Lattice for Real Option of SPV – “Average” Scenario 

 

Source: Own construction 

Period 0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 9 9,5 10

Installation Costs CCGT 1.044 1.070 1.096 1.123 1.151 1.179 1.209 1.238 1.269 1.300 1.332 1.365 1.399 1.434 1.469 1.505 1.542 1.581 1.620 1.660 1.701

Installation Costs SCGT 1.277 1.296 1.315 1.335 1.355 1.375 1.395 1.416 1.437 1.459 1.480 1.502 1.525 1.548 1.571 1.594 1.618 1.642 1.666 1.691 1.716

Installation Costs SPV 4.550 4.481 4.414 4.347 4.281 4.216 4.153 4.090 4.028 3.967 3.907 3.848 3.790 3.733 3.676 3.621 3.566 3.512 3.459 3.407 3.355

Installation  Credit Plant 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Installation  Credit Plant 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RE Grant Solar 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0 0 0 0 0 0 0 0

Strike price 73.736.094 72.066.708 70.404.444 68.748.865 67.099.537 65.456.024 63.817.892 62.184.705 60.556.027 58.931.424 57.310.458 55.692.692 54.077.688 82.210.851 80.208.205 78.212.924 76.224.475 74.242.326 72.265.943 70.294.795 68.328.346

Period 0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8 8,5 9 9,5 10

Underlying Asset Value 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 203.266.726 256.906.654 324.701.588 410.386.885 518.683.620 655.558.713 828.553.687 1.047.200.195 1.323.545.191 1.672.814.694 2.114.252.706 2.672.181.514 3.377.341.803 4.268.586.394 0,00004%

Option Value 13.764.556 20.239.413 29.378.067 42.079.092 59.455.984 82.858.298 113.891.701 154.446.614 206.758.419 273.543.445 358.273.508 465.597.172 601.481.025 768.524.872 986.050.511 1.261.253.709 1.609.360.094 2.049.613.269 2.606.335.118 3.310.265.911 4.200.258.048 644,46

31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 203.266.726 256.906.654 324.701.588 410.386.885 518.683.620 655.558.713 828.553.687 1.047.200.195 1.323.545.191 1.672.814.694 2.114.252.706 2.672.181.514 0,00096%

8.253.894 12.490.857 18.653.975 27.474.802 39.887.947 57.053.962 80.372.175 111.481.057 152.250.320 204.793.277 271.615.140 356.309.197 458.654.806 594.409.029 766.262.204 983.745.594 1.258.905.755 1.606.968.298 2.047.176.814 2.603.853.169 403,44

24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 203.266.726 256.906.654 324.701.588 410.386.885 518.683.620 655.558.713 828.553.687 1.047.200.195 1.323.545.191 1.672.814.694 0,00979%

4.620.762 7.223.519 11.143.172 16.949.244 25.400.403 37.477.480 54.408.344 77.675.933 108.991.297 150.180.278 202.828.966 264.719.881 349.237.201 456.392.138 592.104.112 763.914.250 981.353.799 1.256.469.299 1.604.486.349 252,56

19.542.301 24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 203.266.726 256.906.654 324.701.588 410.386.885 518.683.620 655.558.713 828.553.687 1.047.200.195 0,06334%

2.372.754 3.847.639 6.158.524 9.719.987 15.111.919 23.121.303 34.783.601 51.423.524 74.707.230 106.748.672 143.800.320 195.849.470 262.410.106 346.932.285 454.044.184 589.712.317 761.477.795 978.871.849 158,10

15.462.034 19.542.301 24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 203.266.726 256.906.654 324.701.588 410.386.885 518.683.620 655.558.713 0,29022%

1.090.052 1.842.546 3.076.568 5.068.273 8.226.323 13.135.538 20.600.342 31.676.398 47.674.458 70.122.888 100.695.214 141.156.877 193.452.054 260.062.152 344.540.489 451.607.728 587.230.367 98,97

12.233.693 15.462.034 19.542.301 24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 203.266.726 256.906.654 324.701.588 410.386.885 1,00120%

431.271 764.184 1.339.793 2.321.284 3.968.616 6.683.960 11.067.640 17.976.695 28.567.197 44.287.870 66.787.210 97.728.413 138.627.290 191.060.258 257.625.696 342.058.540 61,96

9.679.402 12.233.693 15.462.034 19.542.301 24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 203.266.726 256.906.654 2,69835%

137.983 257.753 477.583 876.766 1.592.700 2.858.227 5.057.147 8.799.961 15.012.892 25.011.492 40.489.961 63.308.068 94.979.964 136.190.834 188.578.309 38,79

7.658.425 9.679.402 12.233.693 15.462.034 19.542.301 24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 127.247.182 160.826.360 5,81790%

31.851 63.116 124.489 244.222 476.121 921.382 1.767.328 3.353.574 6.278.533 11.553.876 20.781.198 36.207.805 60.171.290 92.498.014 24,28

6.059.411 7.658.425 9.679.402 12.233.693 15.462.034 19.542.301 24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 79.658.120 100.679.051 10,19198%

3.996 8.458 17.905 37.903 80.234 169.844 359.535 761.083 1.611.099 3.410.457 7.219.431 15.282.463 32.350.705 15,20

4.794.257 6.059.411 7.658.425 9.679.402 12.233.693 15.462.034 19.542.301 24.699.306 31.217.190 39.455.075 49.866.850 63.026.181 14,64995%

0 0 0 0 0 0 0 0 0 0 0 0 9,52

3.793.257 4.794.257 6.059.411 7.658.425 9.679.402 12.233.693 15.462.034 19.542.301 24.699.306 31.217.190 39.455.075 17,37272%

0 0 0 0 0 0 0 0 0 0 0 5,96

3.001.257 3.793.257 4.794.257 6.059.411 7.658.425 9.679.402 12.233.693 15.462.034 19.542.301 24.699.306 17,02605%

0 0 0 0 0 0 0 0 0 0 3,73

2.374.620 3.001.257 3.793.257 4.794.257 6.059.411 7.658.425 9.679.402 12.233.693 15.462.034 13,76620%

0 0 0 0 0 0 0 0 0 2,33

1.878.820 2.374.620 3.001.257 3.793.257 4.794.257 6.059.411 7.658.425 9.679.402 9,13270%

0 0 0 0 0 0 0 0 1,46

1.486.538 1.878.820 2.374.620 3.001.257 3.793.257 4.794.257 6.059.411 4,92276%

0 0 0 0 0 0 0 0,91

1.176.162 1.486.538 1.878.820 2.374.620 3.001.257 3.793.257 2,12279%

0 0 0 0 0 0 0,57

930.589 1.176.162 1.486.538 1.878.820 2.374.620 0,71515%

0 0 0 0 0 0,36

736.290 930.589 1.176.162 1.486.538 0,18140%

0 0 0 0 0,22

582.559 736.290 930.589 0,03259%

0 0 0 0,14

460.925 582.559 0,00370%

0 0 0,09

364.688 0,00020%

0 0,06

Probability of 

outcome and 

Gas Price

Parameters for binomial lattice

10-year T-bill 0,0370

T years 10

Δt (time step) 0,5

u (up movement) 1,26389

d (down movement) 0,79121

p (risk neutral probability) 0,48122
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The lower table shows the binomial grid. When starting in one cell, a move to the right represents 

one up-movement (u) and a diagonal move (down and right), represents a down (d) movement. 

Each cell in the lattice contains two figures; the price of the underlying asset (upper-figure, in 

black) and the value of the call-option (lower-figure, in green).  

The binomial grid is constructed by first calculating the value of the underlying asset at time t = 0, 

by performing a full present value calculation of all future avoided gas-costs, assuming that the 

starting price $5.96 (EIA 2010, 2). Then the potential paths, which the asset value can take over the 

period, are modeled by multiplying the asset-value with the up and down values through the grid. 

This is possible because it was determined that the volatility of the underlying asset is equal to the 

volatility of gas (Appendix C-5). Each of the calculated asset-values is theoretically a function of 

the gas price at time t which will fluctuate with the same volatility. The movement of the gas price 

can be seen in Appendix C-6 and the final gas-price at year 10, is displayed at the end of the grid 

above. 

5.2.6 Results of the Real Option Model 

The final result of the real option model is the upper left cell of the lattice. One sees that the 

underlying asset (the upper of the two numbers, in black) has a worth of $39.46 million. At this 

time the strike price is $73.7 million. The fact that the strike price is higher than the avoided fuel-

cost asset indicates that the present value of avoided fuel costs does not outweigh the present value 

of extra capital costs incurred from the SPV-plant, meaning that SPV at present is more expensive 

than gas-plants. This is in line with the results found in chapter 2 and 3. 

However, as one moves through the grid as explained earlier (in 5.1.2), it becomes clear that, due to 

the volatility of gas prices, many of the future possible scenarios result in strike prices that are lower 

than the value of the underlying asset, resulting in a positive value of exercising and building an 

SPV-plant. The final gas prices at time T are presented at the end of the table, along with their 

probabilities of occurring. As seen, very high (and very small) prices have extremely small chances 

of occurring, whereas prices closer to the range of present-day prices are more probable. 

The result of the options model in an average scenario yields an option value of $13,764.566. This 

is thus the price that, assuming an average case scenario, a utility should be willing to pay, in order 

to keep the option of installing a 25MW SPV-plant in ten years open. It represents an option value 

of replacing 1 MW of gas-fired generation in 10 years of $550,000/MW. The low- and high 

scenarios as described earlier yield option values of $151,000/MW and 1,800,000/MW.  
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By extrapolation, the value of being able to install the needed capacity to uphold the RPS of 33% of 

68.9 GW (Jeff 2009) by 2020, is thus equal to 550,000 x 68,900 MW = $37,935,117,110, or $37.9 

billion dollars. Low- and high value cases yield $10.4 billion and $124.1 billion respectively. 

Whether such an extrapolation is reasonable will be discussed in the conclusion. 

5.2.7 Results of Chapter 5 

Chapter five introduced the concept of real options valuation by the binomial lattice-model. By 

building on suggestions from previous authors on how to include the special characteristics of peak-

load delivery and high flexibility into cost-comparison of resources, a real options model was 

created with the use of the modified levelized cost-model from chapter 3 and the estimated 

volatility from chapter 4. The model embodies the specific choice a utility might have between 

installing SPV capacity or continuing to purchase power produced by gas-plants and gives this 

choice a value. The analysis found an option value of $550,000 per MW of potentially installed 

SPV-capacity over the next ten years. Extrapolating this to calculate the option value of installing 

the total 68.9 GW of RE that California regulators have mandated in the RPS-target for 2020, gives 

an option value of $37.1 billion. 
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6 Conclusion, Discussion and Perspective 

6.1 Conclusion 

This concludes the main analysis. The main focus of the thesis has been to investigate the 

possibility, and the results, of applying the capital asset pricing-model and real options theory onto 

an existing framework used in energy project cost-comparisons, called the levelized cost-model. 

The intent was to determine if a modification of the existing model – and the application of the 

model in a new real options-context – could help to better compare costs of new- and conventional 

power generators, as well as establish an economic rationale behind major infrastructural 

investments in California in support of the SPV- and renewable energy-industry. 

In order to answer this question, the paper divided the question into three sub-questions that were 

each covered in separate chapters of the analysis. 

6.1.1 Sub-Question 1: Strengths & Weaknesses of the Levelized cost-model 

Chapter 2 covered the framework behind the levelized cost-model. A calculation example was done 

with three separate types of generation plants, a combined cycle gas turbine (CCGT), a single cycle 

gas turbine (SCGT) and an SPV-plant. The result was that SPV came out significantly more 

expensive than the efficient CCGT-plant, but less expensive than the less efficient SCGT-“peaker-

plant”.  

The analysis found, that the framework – although being an effective, easy to use, generalized cost-

comparison tool, providing a set of easily compared levelized cost-figures – has some significant 

flaws when it comes to comparing conventional fossil-fueled generation plants with RE-plants such 

as SPV: The model does not account properly for risk. By using the average utility WACC the 

method over-estimates the riskiness of future cost-outlays such as fixed- and other debt-equivalent 

costs. Secondly, the analysis found that when used for comparison of conventional- and RE 

technologies, the model ignores innate and valuable characteristics of SPV such as peak-load 

electricity generation and value that SPV provides as a strategic alternative to existing generators. 

Also, when comparing technologies, the deterministic nature of the model ignores the value that 

SPV can contribute as a physical hedging instrument against potential increases in natural gas prices 

that exceed forecasted values. 
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6.1.2 Sub-Question 2: Effect of Modifying the Levelized Cost-Model with CAPM 

In Chapter 3 the Capital Asset Pricing Model was found to be a suitable model to find proper 

market-based discount rates for discounting costs in the levelized cost-model. By acknowledging 

that cost-streams will typically have lower riskiness than net cash flows, it followed that one could 

discount costs with discount rates that better represent their individual riskiness. This made future 

cost-outlays more certain, which meant that the present-day value of future cost-outlays increased. 

This was especially true for natural gas, which, due to a negative market-beta, had a very low 

market-based discount rate. The result of the modification was therefore that levelized cost-figures 

for all three generation sources included in the calculation example went up. CCGT levelized cost 

increased the most with around 90% as opposed to SCGT and SPV with approx. 29% and 15% 

respectively. Interpreting the result; this means that any contract, structured solely around the 

levelized cost, might be significantly under-estimating the actual costs of generation of CCGT 

plants. 

The analysis showed that when using market-based discount rates from CAPM, the difference in 

costs between CCGT and SPV becomes smaller although CCGT still comes out with a significantly 

lower levelized cost. Also, with the modification, the resulting levelized cost-figures for CCGT and 

SCGT, become very sensitive to the gas price-forecast imbedded in the model.  

6.1.3 Sub-Question 3: Setting up a Real Option Model for Valuing SPV as a Choice 

Chapter 4 and 5 dealt collectively with the question of integrating the modified levelized cost-model 

into a real option-model. In chapter 4 it was concluded that one should not rely 100% on gas 

forecasts, since these have historically been notoriously flawed. Instead, gas-price volatility was 

estimated so to be used as a parameter in the real option model.  

Chapter 5 showed how quantifying “avoided fuel-cost outlays” as an asset that was attained by 

installing SPV capacity, helped to unify cost-valuation of SPV and gas-fueled plants into one 

calculation. This new real option-model was able to include the value of peak-hour electricity 

generation from SPV, and eventually also the physical hedging value of SPV, by simulating the 

value of the new “asset” over time, as natural-gas prices fluctuate. 

The choice between SPV and gas-fueled generation, valued by a real option, that was modeled over 

10 years, yielded a positive (average-scenario) option value of approximately $550,000/MW of 

installed SPV capacity ($550/KW) with a low- and high scenario of $150,000/MW and 

$1,800,000/MW respectively, depending on assumptions. Interpreting this result, one can say that, 
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in an average scenario, a maximum of $550,000 should be spent today in order to keep the option of 

installing 1 MW of capacity in 10 years open. 

6.1.4 Main Question: Result of Modification of the Levelized Cost-Method and 

the Effect on Infrastructure Expansion Decision 

The first finding of the thesis was, the use of CAPM to calculate market-based discount rates, 

significantly “narrowed the gap” cost-wise between SPV and natural gas-fueled generation plants. 

This, although not enough to make SPV cheaper than natural gas, did help to show that the 

levelized cost-model is quite sensitive to changes in fuel prices. This underlined the need for a 

model that could better include the risk of future gas prices. 

The second main finding was that when including the volatility of natural gas-prices into a cost-

comparison between SPV and natural gas-fired power plants, there was much value in having the 

option to install SPV in the future. Although SPV is not economically sound at present, the very 

possibility – or option – of being able to install a no-gas consuming power plant such as SPV in 10 

years yielded a value of $550,000 per MW of potentially installed capacity.  

A direct extrapolation of the findings to estimate the option value of installing 68.9 GW of 

renewable capacity by 2020, results in a total option value for California installers, developers and 

utilities of $37.9 billion which is well above the expected $15.7 billion that major transmission-grid 

expansion is projected to cost. A low value scenario yielded $10.4 billion whereas a high-value 

scenario suggested an option value of $124.1 billion.  

The analysis suggests that, assuming an average scenario, California should invest up towards $37.9 

billion on defending the option of installing SPV in ten years. Since the suggested expansion of 

transmission-grids of $15.7 billion has the very purpose of allowing for more SPV to be installed in 

plains and desert- regions (as well for wind resources to be installed in hilly terrain), the option 

value does establish some economic rationale behind the investment decision. 
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6.2 Discussion & Perspective 

There are of course issues that should be considered before making large decisions based on the 

above results. The following will discuss a few of these issues.  

6.2.1 Assumptions on Gas Price Growth 

The analysis showed that there was much uncertainty of outcome when estimating a growth-rate for 

the gas-price. However, the measure was still introduced into the real option-model which can make 

the results of the real option-model more uncertain. The issue was somewhat alleviated however, by 

assuming that the growth rate under the average scenario was not 5.3% as suggested in the CEC 

report, but instead a nominal 2% equal to the inflation rate. This means that unless gas prices should 

see dramatic decline over the next 20-30 years, which seems highly improbable, the use of the 

growth parameter will result only in potentially under-estimating option value. 

6.2.2 Zero Horizon Value 

It was assumed for the analysis that projects were balance sheet-financed but had a horizon value of 

zero. The outcome of this assumption on the end result is uncertain. It is the opinion of the author 

however, that this assumption only results in more conservative estimates on option value, seeing as 

SPV is estimated by some to have an actual project life closer to 50 years than the 20 years assumed 

in economic analysis (Singh & Singh 2010).  

6.2.3 CAPM & Natural Gas Beta 

The market-based discount rates that were found with the CAPM-model and, especially for natural 

gas, returned a very low discount rate which was the main driver for increasing the present value of 

natural gas cost-outlays. The validity of the negative-beta, used to derive the rate, can be discussed 

however. To define the beta, it is assumed that the investors‟ wealth is replicated by the market 

portfolio. This might not be the case, which will affect the outcome of the beta calculation. Also, 

utilities have historically been able to pass risk from gas price fluctuations down to consumers, and 

as such can be said to be less concerned with- or affected by the evolution of gas-prices. 

The above also highlights a governance issue; under a shareholder value-model, there is no 

incentive to invest massively in hedging against future risks, if these risks can easily be passed 

down the value chain. Seen from a California State perspective however, such a solution is not 

beneficial and underscores the need for State- mandated or -sponsored investments in physical 

hedging such as gas-storage, renewable energy or smart-grids. 
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6.2.4 Variability in Solar Output 

The thesis somewhat circumvented the issue of variability in power supply for SPV. This is 

obviously a major source of concern for any integrated resource planner. Research however has 

shown that when multiple SPV-plants are spread over larger areas (100 Km+ apart), the variability 

of supply diminishes significantly (Hoff & Perez 2009) making SPV more predictable on larger 

scale as a result of what one might call solar diversification.  

6.2.5 Use- and Extrapolation of Real Option Results 

In the conclusion an extrapolation of the results of the real option value of SPV installation for 

utilities was made to get the $37.9 billion. However, such an extrapolation, although indicative of 

value, is a very rough estimate of what the option might actually be worth. A future and more 

precise model should also include the risks of solar variability, costs of electricity storage solutions, 

other means of load-modification (e.g. conservation programs), needed back-up capacity, other 

renewable energy patterns (e.g. wind) etc.  

Nevertheless, it has been shown that option value exists and is significant. To put matters into 

perspective, some food for thought is given when comparing the above results and the highly 

debated California transmission-expansions of $15.7 billion to the Chinese Energy Revitalization 

Plan of 2010 (in European Energy Commission 2009, p. 103). The plan foresees investments of ¥7 

trillion ($ 986 billion) into new energy, including SPV, and smart-grids, representing a per-capita 

investment about twice as high as the suggested grid-investments in California. So perhaps the 

question of expanding energy infrastructure to conform to alternative energy sources is more of a 

political question after all. 

6.2.6 Suggested Future Topics 

 Renewable Energy as an Option for Federal Government in the US 

 Using Market Portfolio Theory on Integrated Resource Planning 

 The Potential for California of a Federal Renewable Energy Credit market 

 Value of Electricity Storage Solutions in a RE-intense Energy Portfolio 

 The Social- and Environmental Impacts of Increasing RE in Energy Portfolios 

 The RE-industry in a Global Context: The Race for Job-Creation and Energy Security 
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