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ABSTRACT

The main objective of this study is the applicatodrihe Real Options Approach (ROA)
on the evaluation of an electricity generation @cbj from renewable sources,
demonstrating its advantage over the applicatiotraxfitional methods. Thus, it was
conducted an extensive literature survey, that ggahat due to the uncertainties and
specific characteristics of these projects, thditi@al methodologies for evaluating
investments have limitations in the feasibility lseé of these investments. The
traditional methods ignore the irreversibility, en@inty and management flexibility.
As an alternative to these methodologies, it watopaed an analysis of investment
through the ROA for a mini-hydro, using the binohirae method developed by Cox,
Ross and Rubinstein (1979) for the option to d#ferproject. This analysis proves that
the project evaluated through ROA has a higher evdhan with an Net Present
Value(NPV) evaluation, due to the flexibility of dsion. When considering the option
of deferral, the investor can get better informatmd reduce uncertainty, thus avoiding
loss and achieving greater returns with the projectaddition, while investment by
NPV and Internal Rate of Return(IRR) evaluationleety the uncertainty on electricity
prices, considering them constant throughout tieedl the investment, the ROA takes
into account these and other uncertainties, givimgestors a more complete and
realistic information. However, given that ROA asswent starts by calculating NPV,
when analyzing the investment through the ROA tithditional evaluation methods are
not abandoned, since this new approach complenagwtsefines the traditional NPV
rule. This study provides a deep analysis of thgomgaps of the evaluation of
electricity generation projects, and it contributesa better understanding of the ROA

usefulness.

Key-words: Energy, Investment Analysis, Real Options

This dissertation exceeds the 50 pages usuallyestgd. The reason why this happens
Is twofold: instead of introducing most figures aswhemes, some of them rather large,
in appendix, we have kept them along the text &g itieke it easier to follow; the same
applies to the extensive data concerning the cas#ysWe apologize for the length of

this study.
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RESUMO

Este estudo tem como objectivo a aplicagdo da Adgenth das Opgdes Reais (AOR) na
avaliacdo de um projecto de geracdo de electrieiddé origem renovavel,
demonstrando as suasvantagens face a aplicagcdonéimglos tradicionais. Neste
sentido, foi realizada uma extensa pesquisa bidfmz, que demonstra que devido as
incertezas e caracteristicas especificas destgio® as metodologias tradicionais de
avaliacdo de investimentos apresentam limitacbesamaise de viabilidade dos
mesmos. Estes métodos ignoram a irreversibilidadiecerteza e a flexibilidade de
gestdo. Assim, como alternativa a estas ferramefagealizada uma analise de
investimento através da AOR a uma mini-hidricalizaindo o método da éarvore
binomial desenvolvida por Cox, Ross e Rubinste@Y @) para a opcao de adiamentodo
projecto. Esta analise comprova que o projecto adRDA apresenta maior valor do
gue com a avaliacdo pelo Valor Actualizado LiqufddL), devido a flexibilidade de
decisdo. Ao considerar a opcdo de adiamento, ostidee pode obter melhores
informagdes e diminuir as incertezas, evitando geslobtendo maiores retornos com o
projecto. Além disso, enquanto a avaliacdodo imwestto pelo VAL e pela Taxa
Interna de Rentabilidade (TIR) negligencia a irematface aos precos de electricidade,
considerando-os constantes ao longo de periodaddettil do investimento, a AOR
permite ter em consideracdo essa e outras incestelmndo ao investidor uma
informac@o mais completa e realista. Contudo, dpgoa andlise das opc¢des reais se
inicia a partir do calculo do VAL, ao analisar wéstimento por meio da AOR néo se
abandonam os métodos tradicionais de avaliacdejawesta abordagem complementa e
refina a regra do VAL tradicional.Este estudo faeeuma analise profunda das
principais falhas da avaliagéo dos projectos dagger de electricidade, e contribui para
uma melhor compreenséo da utilidade da AOR.

Palavras-Chave:Energia, Analise de Investimentos, Opcdes Reais

Esta dissertacdo excede as 50 paginas sugeridasteBx duas razdes fundamentais:
em vez de introduzir figuras e esquemas em apéndativeram-se ao longo do texto,
uma vez que facilita o seu seguimento. O mesmgl®a @os dados extensos sobre o

caso de estudo. Pedimos desculpa pela dimenséae tdaisalho.
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INTRODUCTION

The electricity market liberalization significantipfluenced investments within this
sector. The introduction of competition into thengeation and supply segments of the
electricity value chain brought new constraints inwestment decisions related to

aggravated risk and uncertainty (IEA, 2003).

Prior to the market liberalization, electricity cpamies were vertically integrated in a
legal natural monopoly. Investment decisions weaglentaking into account the supply
systems optimization as a whole, or in other wondisimizing the total system costs,
instead of simply evaluating the profitability of single plant. Today, due to
liberalization, the framework for investment decis changed dramatically, since the
decisions and risks passed from the State and swsuto investors. Thus, revenues
depend on the volatility of electricity prices waitosts depend on the capital invested

and operational costs.

Due to the introduction of competiticthere are now not only the standard incumbent
firms but also an increase of new entrants in theket. This will result in more or less
significant changes in market structure, alteringcteicity prices and increasing
uncertainty. In a competitive market, consumersraaronly choose their suppliers, but
can even select, in certain cases, the kind ofggreource they want. Thus, competition
means increased risk for companies in the libezdlizranches which, as refereed by

Damodaran (2001), has to be perceived “througleyles of investors in the firm”.

Electricity market liberalization brings not onlyneertainty over demand but also
regulatory risk. Like other risks, regulatory riskn have a chilling effect on investment
by increasing risk premium demanded by investarghése cases, the government has
an essential role to provide a credible and cleasyined regulatory framework,
applying changes to regulation whenever necessargupport a strong policy of
diversification and security on energy supply. Ewvera phased process, changes in

regulatory conditions may influence investment eatibn throw its viability, for




example the changes to feed-in tariff, introductioh building permits, network
authorizations and transfer price systems.

In investment decisions the fuel prices volatifity the electricity generation sector are
also a key factor. If the investment analysis sitdluenced by low fuel prices, instead
of taking into account the main factor that is #ficient level of future prices, it may
lead to wrong decisions, especially consideringhilgl capital costs and long life cycle

of projects.

Beyond efficiency, security of supply and diversdfiion of sources of power generation
are some of the objectives in liberalizing the &leity market. They seek above all to
encourage electricity generation from renewablercesl Indeed, renewable energy
sources and climate change mitigation — thus, theate and energy policy— was

agreed as a “package” by the European ParliamehCanncil in December 2008 and

became law in June 2009.

Notwithstanding, in the framework of the investmanalysis of renewable projects this
favourable environment may be sending false sigsialse there can be changes to the

current regulation.

Investments in power generation also feature lafegdycles and sunk costs, i.e., its
assets have a high degree of specificity, whichlieapthat once the expenses are
undertaken they cannot be reversed. This irrevétgiimvolves high opportunity costs,

so it has to be properly incorporated in its ecowomnd financial assessment.
Moreover, a long lifetime of the investment invava greater uncertainty regarding

projects constraints.

The constant technological innovation inherentse projects is also a key feature in
energy generation investments, particularly wheyarging technologies of renewable
energy generation. Most of these technologiestsile a low degree of maturity which
means that they are constantly subject to new dpuents for their improvement. In
this sense, technologies cannot compete with mattena ones due to the high level of

investment. However, supporting technologies carnckiyy become mature and




competitive, therefore reducing their prices andina past technology obsolete and
undervalued. On the other hand, the diffusion ofeveable energy technologies is
affected by the high level of uncertainty that ctaerizes the liberalized electricity
market (price and demand for electricity) so ingesthave to evaluate their options

under high level of uncertainty (Kumbgio et al, 2008).

Therefore, when evaluating these projects onedaddpt valuation methodologies that
proper capture and assess their specific charsiitsti going beyond the traditional
decision-making approaches. The most traditionalthote used in evaluating
investment opportunities is the Net Present ValN®@\(), but for situations where
flexibility is one of the features of the projetitjs method consistently underestimates
the value of investment, due to the fact that #doot take into account that actions
such as expansion or contraction could be an ogdiolhnansson, 2010). Moreover, these
traditional methods require forms of accountinguéss of irreversibility and high risks

without undermining the projects value.

This investment evaluation by traditional methodseven more inadequate in power
generation investments from renewable sources,uBecaf their high degree of
uncertainty, both in technology (technologies witlv degree of maturity and more
expensive than conventional technologies) and atgry risk. Many authors (for
example, Dinica (2006) argue that one of the bare the diffusion of renewable
energy technologies are the inadequate methods tosedsess the costs of energy
projects. The traditionally methods of valuatioredisin electricity investments are
outdated and make projects of renewable energyntdéofly seem more expensive
(Awerbuch, 1996). Engineers and managers use ampitliscount rates for fuel costs
and operating expenses when calculating the ledekdectricity generating costs, not
taking into account the true financial risks asated with the cost of electricity
projects, which leads to a systematic overestimatib the cost of renewable based

electricity.

Thus, Real Options Approach (ROA) proves to bemaportant tool to evaluate these

possibilities and characteristics of generatingtelgty projects. When dealing with




uncertainty and irreversibility ROA offers a useful approach for assessing
uncertainty over time. The main feature of methodology is precisely the ability
account value inherent flexibility to change (e@pntraction, expansion, delay) of

irreversible investment in the future (Kumbgitoet al, 2008

Given the large gap in assess renewable generation investnts, and their high
uncertainty and irreversibilit this dissertatios an opportunity not only to improve t
assessment of thegevestmentsbut also to identify the bestay of incorporating the

ROA in the curreninvestment evaluationractices in institutions.

The main objective of this dissertation is the iempéntation of the ROA on tl
evaluation of an electricity generation projectnfroenewable sources, showing if th
is a benefit in applying this method over the agadlon of traditione methods of NPV
and IRR. To achieve the above, this work is dividetivo more specific objective

e To understand and identify the reasons for theifaibf traditional methods
the evaluation of these projet

« To analyze a case study of a r-hydro project through the ROA, comparii
the results obtained with the traditional analygisiPV and IRR

Therefore, the methodology for this work is defirsesdfollows

Analysis of a cas
study evaluated b
traditional
methods (NPV an
IRR)

Identification of

Survey of investmen Analysis of

obtained results
and conclusions

Aplication of ROA
to case study

literature assessmer
methodologie

Figure 1 - Methodology of Dissertation
Source: Elaborated by the author




The literature review will serve to identify key aertainties and characteristics of

electricity generation projects, and understandie, indicated by several authors, in

assessing the projects. From this, the study pdscee the analysis of an investment
evaluation by NPV and IRR applied to an electrigjgneration project from renewable

sources. Finally, the ROA is applied to the sanse ciudy were the obtained results are
analyzed and compared.

Thus, the first chapter identifies the main undeties of an electricity generation
investment in a liberalized market, performing ateasive literature review. The
second chapter presents the methods for evaluatwrestments, referring the most
relevant studies on energy assessment. The thiapteh identifies the main
characteristics of renewable energy investments dadcribes the methods of
assessment that are considered in their decisareps. The fourth chapter explains the
method of the ROA. Chapter five presents the apgptio of ROA to a mini-hydro, also
making a critical analysis to the traditional exaian of NPV and IRR. Finally, chapter

six includes the conclusions and limitations o$ twiork.




1. COMPETITION AND INVESTMENT
IN A LIBERALISED MARKET

The liberalization of the electricity market sigoéntly influences investment decisions
in electricity generation. Issues as fuel and elgtt prices, uncertain demand and
regulatory risks, technological development, opeark@ts to new entrants and high
investment capital costs, may dramatically chahgeapproach to investment decisions
in new electricity generation projects. On the oth&nd, electricity generation projects
have certain characteristics, such as irrevergibind high level of uncertainty that

enhances the relevance of these issues when cgangastment assessment tools.

Previous to the liberalization of the electricityarket, in the traditional regulatory
framework, and since risk is assumed by costumiersgstors have a guaranteed
payback in their investments. Moreover, energygsrioere not equal to energy costs
within this scheme in most countries as prices wiaextly or indirectly (through cross-
subsides) subsidized. Henceforth, within the negulaory framework, risk is assumed

by investors and energy prices tend to represémdtprcosts (IPTS, 2000).

This change makes electricity generation compadéggendent from the volatility of

energy markets. In this new scheme, companies masiage risks related to daily
operation (short term) and also long term operatioAccordingly, market-based

methodologies must be used to plan their generatapacity, to assess investment
opportunities and to maximize asset value. Thustetlwill be a strong demand by
electricity generation investors for protectingltoagainst financial riskhédging, and

appropriate strategic investment evaluation methods

Even though these risks affect all generation teldgies, it does so in different ways.
Technologies with higher specific investment in a@fy, such as renewable
technologies, in spite of having a lower fuel caxst the most affected by this risk, due

to their lower response capacity. So, technologi#is high capital costs and low fuel




costs can probably be competitive in the short tand therefore be chosen to as an
investment option. However, if there is a continsi@ecline in the electricity market
prices, companies supported on these technologiesd cface serious financial
problems. (IEA, 2003)

The analysis of different risks and uncertaintietated to electricity generation
investments in a liberalized market is crucial apnly to the decision process, but also
to the improvement of planning. In doing so, thei#t be a detailed analysis about
main risks and uncertainties related to the libeedl electricity market and their

influence on investment decisions.

1.1. Uncertainty in electricity prices

In the framework previous to electricity marketerhlization, the price changes were
minimal and heavily regulated by state or by thetaeregulator. With market
liberalization, the price increases significanttimulating the development of new
contracts, with physical or financial exercise, avith electricity as an underlying asset
which allows the practice dfedgeagainst the risk associated to the high pricetiitya

by agents.

The restructuring and liberalization of the electmarket have been based, in most
markets, inspot price theory. Schweppe et al (1998), developedttieery that spot

price in an electricity market in perfect compeititiis determined by the intersection
between demand and supply curves, which in turgsale them to marginal costs of
electricity generation. As demand changes, alsda pgoes alter, sending economic

signals to market participants, in order to efeetietter management of their resources.

On the other hand, Deb et al. (2000) argues thanielectricity competitive market, the
spot prices are not determined exclusively basecbsh Rather, they are defined on the

basis of competitive rational behaviour of markattigipants, and its objective is to




maximize income from all available markets, inchgliauxiliary services and markets
of emissions allowances. Traditional productiontic@s models do not represent the
multi-commodity electricity market, since they igaotransmission constraints and
neglect volatility, not being adequate models fog Emerging competitive electricity

market.

The inability of electricity storage combined wighdemand peak, may cause sudden
price increases, denominatespikes Kanamura and Ohashi (2004) argue that
deregulation of electricity markets has causedtetgty price spikes and the associated
risk, affects energy companies positively and negbt according to transaction type.
On the one hand, price spikes can provide progtaipportunities for companies that
are trading in thepotmarket to high prices, but on the other hand sikes may be a
burden if companies have electricity supply congrasith very low predetermined
prices.

In most commodity markets, price effects are migdaby surplus storage. In contrast,
most electricity systems have a gap in storage. vihaility in the electricity market
happens hourly, daily and seasonally, associatdd fumdamental physical and market
drivers for generating and distributing electriciyhich creates a great need to correctly
predict these variations (Deb et al., 2000).

Schindlmayr (2005) shows thapot market behaviour is essentially characterized by
three conditions, which were not usually observedther financial markets. The first
condition relates to the seasonality in electrisippt prices that present seasonal pattern
in different scales of time (annual, weekly, dailyhich reflect the typical patterns in
electricity demand. The second condition is Spik@ace spot prices may exhibit
extreme price peaks in times of high electricitynded (for example, cold or hot
weather) and limited generation capacity (for eximngentral outages). Finally, there is
no cash-and-carry arbitrage relation between spotfature prices, since electricity is
not efficiently storable, and thus, forward cunencdas a very complicated seasonal
pattern.




Besides these, Skante¢ al (2000) suggest other factors that underlie thetebdiy
price formation related to the demand and supp§rastteristics. On the one hand, the

demand characteristics that influence electricitggs are:

= Demand Elasticity The elasticity electricity demand / price is losmce the

liberalization process of electricity market isllstiery recent and changing
habits means that consumers are less sensitivediigty price movements.

= Mean Reversionlt is the tendency of a given variable which,tlis case, is

electricity price in return to its long-term aveeagalue. When it observes
temporaryspikesin electricity demand, levels achieved by demamdhese

situations are not sustainable, so the demand @slgntreturns to previous
levels.

= Stochastic GrowthThe demand growth is directly correlated with remmic

evolution. The forecast of this growth is difficulthen looking in long time

horizons, and therefore, should be considered agtich

On the other hand, Skanteg al. (2000), still suggest main supply characteristics
influence electricity prices:

= Supply Elasticity The Supply elasticity related price is high. Tdenerators are

the mainly responsible by price formation throughit bid into the market. In
spite of operational costs are dependent on teoggalsed in generation, the
market power exercise and strategies used in $des execution, influences
the form of the aggregated bid sales curve, andemprently, the market price.

=  Stochastic Availability of GeneratiorGenerators can be offline from time to

time, due to unexpected equipment failure or pldnmaintenance. This can
significantly influences availability of supply @dhe market-clearing price.

» Fuel Costs The uncertain fuel costs, especially for oil agas, impact the
generation costs, and consequently, on generatbistb the market.

= Unit Commitment Nonlinear characteristics of generator cost fimmgtsuch as

start-up costs and minimum run times, have an enite on their dispatch, and

consequently, on market price.




= Import/Export The generators and consumers participation iareat markets
may involve changes in sale and purchase strategispectively, influencing

market price.

Due to all these constrains, electricity pricesdifiecult to predict, which carries a very
high risk for electricity generation investmentsddiionally, market liberalization has
yet a greater level of uncertainty due to the mhiiction of new competitors and to the
possibility of consumer’s choice. Newberry (2002yues that defenders of the old
structure of electricity industry defend that imegd vertically monopolies with
regulated final prices, are the only politicallysginable structure, which is needed to
ensure an adequate capacity to avoid shortagesramdh prices. The cost of failed
liberalization has already been demonstrated (bly prices and by impact on economic
activity in case of energy outage) to an unaccépthlgh level, and undermines the
whole electricity liberalization process.

Furthermore, Gross (2010) argues that the influefcasks associated to electricity
price volatility in investments differs by technglo The low electricity prices represent
a revenue risk for the technologies that cannduémice these prices. In contrast, This
author also said that “price makers”, who definggimal prices, are largely able to pass
fuel price increases to costumers, obtaining “hédgminst fuel and electricity price

fluctuations.

With the liberalized electricity market, price fluations and financial risk associated
assume a growing importance, particularly, becduiseestimated that in the next few
years the volatility of energy prices will probalihcrease due to several issues such as:
the intermittent power from renewable energy sartlee growing scarcity of fossil
fuels and the increase in speculative trading iergyn commodities. Therefore, price
volatility will become a key factor to consider fowvestment decisions (Kienzle and
Andersson, 2009). Similarly, Green e Newbery (198R)heir article about initial
problems of high market power and concentratiorEngland and Wales, show that
electricity prices in the liberalized market aresdly related to the number of players
and tightness of the market, i.e., the supply amhahd balance. The combination of
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low price elasticity of demand and a low numbercompetitors means that market

prices can easily deviate from competitive levébnfasb and Pollit, 2005).

Neuhoff and Vries (2004), argue that spot pricesothr suggests that energy spot
markets will provide sufficient incentives for geagon capacity investment. This
result still remains in the presence of uncertaintyjowever, in the absence of a
sufficient volume of long-term contracts or similarechanism, the result cannot be
sustained, if investors or end-consumers are nskse. These authors identified
various uncertainty types, which induces risk-a@ars/estors to reduce the balance
volume of generation capacity relative to risk-mautnvestors. On the other hand, if
risk-averse consumers can sign long-term contractgvest directly in electricity
generation, they develop a greater volume of etsfgtrgeneration capacity than risk-
neutral investors or consumers. This suggestselbatricity price risk vary not just by
technology but also by the type of investor andrthigk aversion. Moreover, these
authors argue that high inter-annual price unaetgtain the electricity markets can
encourage regulators to intervene during periodkigh prices, which limit expected
revenues, and consequently, decrease the incentiges generation capacity
investments. Due to the fact that the construcbbrelectricity generation plants is
characterized by a long lead-time and long econdifieicincomplete information about
future demand and supply increases investment Tis&.limited predictability of future
electricity prices induces generation companiegelp more on current prices to make

their investment decisions.

Neuhoff and Vries (2004), prove that electricitycps are higher and more volatile, if
investments are financed through revenues fromsgi@ market. High inter-annual
price volatility results in higher risk premium eapital. If this risk premium does not
derive from underlying fundamentals, but is causgdlaws in the market design, then
it biases investment towards less capital-intensaahnologies, which represents a
barrier to renewable technologies that tend to thgéighest ratio between capital and

operating costs.

11



The report of IEA (2003) concludes that electrigityce uncertainty exposes projects
with long lead-time and long construction time wdigional risks. Scale economies
favour large electricity generation projects congplato smaller projects. However, the
combination of a long lead-time of projects, theantain growth in electricity demand

and electricity prices, and uncertainty in totastsoof construction financing, increases
the risk for major investments. Moreover, largej@ects, which should actually be built

as a single large plant, are more vulnerable ®rikk than projects which development

can be phased while smaller power plants respontat&et conditions.

Given this situation, electricity generation invast need financial tools that allow
hedging against price volatility in trgpotmarket. In order to answer this necessity, in
some electricity markets were introduced derivatinearkets that trade contracts whose
underlying asset is electricity. These marketsidesshaving an important role hedging
against price volatility in the spot market, allolae elimination of credit risk and the
increase of liquidity in the market (Peixoto, 199%he derivatives markets transact,

among otherdprward, future and option contracts.

Forward contracts are bilateral contracts, in which boémntips, mutually, agree on

specific transaction details (price, quantity, datel place of delivery) with payment

and goods delivery on a future date (Peixoto, 199%)ce the price is fixed at the

outset, the parties mitigate risks, but also lipotential gains. In these contracts, the
seller holds a short position, and the purchaskfsh@ long position. The price defined
in forward contracts, is designated @alivery price(Azevedo, 2007).

There is a clear distinction between marl®tsr-the-counteand bilateral markets. In
over-the-countermarkets, the contracts are established throughnmmediary or
broker, while in bilateral markets, the contraats set, freely, between parties, without
the intervention of any intermediary. In both masketraded contracts include the
existence of physical delivery of electricity, hagito be subject to approval by the

System Operator (Azevedo, 2007).
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Future contractsare contracts traded on organized markets, conynogfierred to as

exchanges, where the long position holder (buyssumes the obligation to buy the
underlying asset, under established conditionscéprguantity, place and date of
delivery) and the short position holder (sellersuases the obligation to sell the

underlying asset in the same conditions (Peixd85)L

Options contractare negotiable contracts, made in organized m&kehnot, in which

a seller, in exchange for a monetary counterpagnfum), gives a buyer the right to
buy him (call option) or sell (put option), until @ertain date (expiry date), an asset
(base asset), under standard conditions at a predeed price (exercise price)
(Peixoto, 1995).

Although, in their essence@ptions contractsare bilateral contracts, theptions are
fundamentally different fronfiorward andfuture contracts. Th@ptions contractgive

to their holder the right to buy (call option) aglls(put options) the base asset until
expiration date. However, thaption holder is not obliged to exercise that right. By
contrast, inforward and future contracts, both parties make a commitment, which
necessarily have to result in a buy / sell acticmhold a position in &uture or forward
contract, the costs for the buyer are null, exéepmargin requirements, while to hold
a position in anoption, the buyer has to make an advance payment, deatedin

premium(Azevedo, 2007).

These long-term bilateral contracts reduce riski &lso reduce the possibility of
receiving the benefits of efficiency gains, whileog-term contracts are more flexible,
but more risky. Moreover, these bilateral contradt® have reduced transaction costs
(IPTS, 2000).

Nevertheless, the report of IPTS (2000) identifiwe main problems related to these
contracts. On the one hand, this mechanism tendsriefit large players, since there is
an information asymmetry under this scheme. THexcefnay be greater in oligopolistic
industries, and can mean an inefficient allocabdmisk for small companies. On the

other hand, energy prices can reflect only privaigts, given that bilateral contracts are
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essentially private arrangements (unless theregglator intervention). Moreover, even
though in perfect competition theory implies lowprices than in the regulated
traditional framework, this scheme favours largaypts who could exercise their
market power and therefore, increase prices. Funibve, transaction costs are high for

small players, which would see their total costsease.

In fact, it is evident that while electricigpotmarkets attract much attention with their
high visibility and frequent price changes, any pamy that depends on them takes a
large risk. Most companies do much of their tradingugh long term contracts, but
currently it does not imply that contracts last d@cades, only years (or even one year).
Green (2005) said that a combination of a bilateaadtract and an appropriate set of
bids in the market, allows a company to fix thetaafsa given electricity volume, to
respond to margin of spot market price. Once thgraots reduce the importance of the
spot price for company's profits, they can act agan of mitigating market power.

A problem for contract markets is that if investorselectricity generation projects use
these contracts to finance investments in new retégtplants, the contracts will need
to vigour for several years (Green, 2005). Retaileay be willing to sign contracts if
they are reasonably certain that they can past@idsts to their consumers, and this
was the case when retailers had monopoly franchidess, given that retail markets are
opened to competition, retailers face risk of tgigces due to their close connection to
the current wholesale price. If there is a droph@ wholesale market prices, the retail
companies will not be able to pass the cost of tmitracts to consumers, which make
them reluctant to sign long term contracts withestors in electricity generation
(Green, 2005) (Joskow, 2006).

1.2. Uncertainty in fuel prices

The fuel prices strongly influence investment diecis in electricity generation due to

the fact that, technologies with a high proportairfuel costs in their total production
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costs are more exposed to the risk of price vanatith high impact in net income. It
should be noted that the effect of this kind ok naries with the type of technology
used in electricity generation, since it is mordevant in electricity plants that use fossil
sources and not so important when dealing withweaie electricity plants. In this
way, given that fuel costs are the most relevanialsbe cost in electricity generation
from fossil fuel, fuel prices volatility is an impant risk factor to take into account in

the investment assessment of these plants (NETIQ)20

In doing so, when evaluating important issues ekstment decisions in electricity

generation within a liberalized market, it is imf@mt to analyse the level and

development of the difference between electricitycgs and fuel costs used in

electricity generation - “spark spread” (IEA,2003)he importance of the “spark

spread” depends on the type of plant and its estimnasage. As a result, for base load
electricity plants that work for a large numberholurs, is desirable a favourable “spark
spread” so they can operate in full thus recupagdtiom high capital costs. For peak-
load plants, with higher fuel costs, the capitastsoshould be recover over a lower
number of hours. This way, the flexible generafptamts will be able to take advantage
whenever “spark spread” is favourable (IEA,2003).

The “spark spread” may vary depending on the kihduels used and can also be
different in plants that use the same fuel (NETQ1@. However, it is important to note
that this value must be positive for the operaptant, otherwise the plant contribution
would be negative leading to an operational stoje, i profit losses. In the long-term,
“spark spread” must be high enough so that invedtave the expected return of their

investments.

On the other hand, fuel costs will not only hawdaged effects on investment viability,
but also contribute extensively to the formationagblant production costs, since they

represent a significant part of the variable casits thus influencing electricity prices.

The fuel prices and plant efficiencies for the sgstmarginal plants establish the short-

term electricity price in wholesale market (NETLQ1D®). This means that fuel prices
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volatility is reflected in electricity prices, artdus possible fuel price increases can be
transferred to wholesale consumers, giving investarme degree of natural “hedge”

against fuel price variations.

The fuel prices impact in electricity prices happepartly due to the fact that fuels are
used as an input for electricity generation fromsibfuels, which still represents a large
proportion of total electricity generation. On tb#her hand, the market movements of
these commodities as the oil case, constantly saungeacts in all the economy, being
the electricity market no exception. Besides that,many cases, these fuels are
electricity substitutes in consumer choices in gpanarkets. At last, under market-
based pricing, electricity prices should, in pagflect fuel costs at least in the long-
term, whereas under cost-based pricing it shoulleéatea mark-up over average or

marginal costs (Mohammadi, 2009).

However, it is not sufficient to expect that inilzekalized market the sale prices of their
output covers input costs, due to the existendargé price volatility and a high variety
of conditions that quickly change market movemekmshis way, to mitigate risks of
uncertainty associated with fuel prices, invess@ek to establish long-term contracts
that result in a diversity of trading activitiesdaoontract structures, including forward
contracts and more complex financial derivativestiaets, which support management
risks (NETL, 2010).

Henrigues and Sadorsky (2010), consider that enwiemtal sustainability in a
company may be another form of risk managementniergy prices, leading to a
competitive advantage through lower operating casid lower business risk. In this
article, is proven that the increase of environmkersustainability can lead to a
reduction in risk exposure of companies in termseokrgy price. Furthermore,
environmental sustainability also offers a way tlir@ss the issues of energy security

and climate change, since both of these issuesiloot# to the risk of energy price.

In response to the risk in energy prices, compal@&® invested in alternative energy

technologies that do not depend on fossil fuelsctvtare highly volatile in market.
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Economic theory suggests that higher oil pricesicedthe development of alternative
energy sources. Sadorsky and Henriques (2007) fdunever, that the shocks in oll
prices have not a significant impact on the pricalernative energy. They suggest that

governments should support the emergence of tleetmadlogies, with a clear energy

policy.

Bernanke (1983) demonstrates that when there mtegreincertainty about the future
price of oil, it is ideal for companies to postpoineversible investment execution,
since the uncertainty increases the option valueaifing to invest. While waiting for

new information about the uncertainty of oil pricdse company improves its chances

of making the correct investment decision.

The risk of fuel costs can influence dramaticaltg expected return on investments,
thus it is important to assess properly the ungegtan order to obtain reliable results.
Even with risk mitigation long-term contracts, metk are excessively volatile, which

difficult the prediction of future movement fueliges.

1.3. Uncertainty in Demand

In the traditional system prior to electricity matkliberalization, there was an
monopolistic supplier whose responsibility was teswe an efficient generating
capacity for all consumers, being that the pricesrewregulated, and therefore,
somewhat little influenced by demand and suppiyndse In liberalized market, the
function of balancing supply and demand is maderaal time, usually through
electricity wholesale market, where information aithe balance between supply and
demand is signalized by electricity prices. Thecileity buyers in wholesale or retail
markets, finally, can finally have an option in thkoice of their supplier, making
demand a higher risk to investment, not only byitr@nal determinants, such as

electricity and substitute fuel prices, weather dibons, income or changes in
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economic, politic and social conjuncture, but adyathe upcoming uncertainty derived

from power of consumer choice.

Kirschen (2003), argues, however, that consumers lidle influence on the design of
electricity markets, this is justified by the fdabiat these small consumers do not have
financial incentives and necessary skills to coute effectively to a task so complex
and lengthy. Consequently, due to this lack of @spntation, most of the electricity
markets do not consider consumers as a truly gendémand able to make rational

decisions, but simply as a load that needs to tisfisd in all conditions.

According to Joskow (2006) in a long-term investmeerspective, the electricity
demand depends of the average level of electriotiyre prices, substitute fuel prices,
replacement rate of appliances and equipment awdoal the level and composition of
aggregated economic activity. He also assertsithahort-term, electricity demand is
particularly sensitive to weather conditions sirthe climate changes lead to large
variations in demand for heating and cooling, beimg price and income elasticity’s

very low in the short-term.

Changes in electricity demand are also conditiobhgdissues of behaviour due to
environmental concerns. This case reveals to b@yhigvourable for the proliferation
of renewable technologies. Since some consumeosipg and companies value the
potential of low carbon electricity, these are @bladn driving the transition to
renewable electric system, helping to push necggsaovation and increasing political

acceptability of the company (Laing and Grubb, 2010

In this way, given the variations in electricityndand and since it cannot be stored, is
necessary to plan availability of supply in accoawith highest prediction demand
and error margin. If this is not done, supply intetions in form of falls and blackouts
would be common, causing considerable economic damahus, it is essential to

ensure continued supply of electric energy.
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Moreover, Holmberg and Newberry (2010) defend tleddctricity has specific
characteristics such as too expensive storagehigihdvariation in demand and supply
over the day and season, both subject to suddeckshwhich causes gaps in the
provision, either in terms of generation or in teraf availability of line. Therefore, it is
essential to have a system operator to balancdysapd demand and ensure that the
energy flow through the transmission lines doeseoeed security limits.

The need to ensure electricity supply establishas the investment planning in new
plants is primordial activity, which must be undé®n in a systematic way. For this,
responsible entities must anticipate, as safelpassible, the electricity demand in a
more or less distant future, so they can make ranpilg decision about plant types to be
implemented, its size and timing to achieve investts. The long-term forecast in
electricity demand is therefore crucial in the gsm of any investment, and it should be
performed with utmost rigor. Incorrect previsionancnot only mean a generating

capacity constrain, but also a key error in investoviability analysis.

Economic theory suggests that electricity consumaltsncrease demand to the point
where the marginal benefit of electricity consuroptis equal to the price they are
willing to pay. But, according to some studies, émapirical evidence suggests that the

price elasticity of demand of electricity in smiallthe short-term (Kirschen, 2003).

According to Kirschen (2003), there are three nraasons for this elasticity to be low.
First, the cost of electricity represents only aablrpart of the total production cost or
the cost of living for most families. At the samiené, electricity is essential in
manufacturing and is considered essential to tladitywf life, therefore most industrial
consumers will not reduce production to avoid alsmerease in their electricity costs,
since that in the short term, the savings can beertitan compensated by the loss of
profit. Similarly, most residential consumers prolyawill not reduce their comfort and
convenience to reduce their electricity bill by ewfpercentage points. The second
factor that explains this low elasticity is parthystorical, since the early days of
commercial electricity production, electricity hasen marketed as a commodity that is

easy to use and always available. This convenientestalled in such a way that very
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few people make a cost / benefit analysis each tiveg use electricity. This author also
shows two main consequences of this low elasti€ty.the one hand causes high price
spikes, and on the other hand, facilitates theots@rof market power by generation

companies.

Joskow (2006) explain that in investment perspectivith the traditional model of
regulated monopolies, the planning of generatingpaciy reflected long-term
uncertainty in demand and supply, establishingrvesenargins beyond the expected
level of electricity demand peak. These reservegmarwere based on forecast demand
peak and capacity levels, assuming that full capaeould be available at the time of
system peak. The reserve margin can, typicallylude contracted demand response
that the system operator can control, but doesssime that demand would respond to
fast changes in real-time prices. On the other handa short-term operating
perspective, the amount scheduled generating dgpsxielectrical energy supply
incorporates capacity applied for frequency redgmfgt operating reserves and

replacement reserves.

This author also argues that with market liberdilirg there is no longer a static role of
operating reserve margins in electricity systemsndrmal operations, the generating
capacity is now scheduled by the system operatsupply energy, through wholesale
energy and operating reserves markets. In the mioen the level of operating

reserves cannot be maintained, because there &lditional generation or demand
response available for the system operator to &ppedoperating reserve emergency”
or “operating reserve shortage will be declaredaAssult, the capacity constraints are
actually achieved when generating capacity avaldbl the system operator falls

below 110% of current demand. Therefore, a morkstEacharacterization of capacity

constraints should include operating reservestal tapacity required to respond to any

demand level.

! Frequency is number of times for second thatradting current is transmitted over electrical ghding
necessary to regulate this frequency to ensuredéhdates operate as expected. To do this, utiliiest
balance electricity generation with load at allésnThis balancing act on short-term scales is knasv
frequency regulation.
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The issue of capacity planning of electricity gextien is crucial for the viability results
of these investments. Since electricity generatsocharacterized by scale economies,
combined with its irreversibility, an error in deteéning the dimension of capacity
generation with the available demand can be dexisiturning the project completely
unfeasible. With the electricity market liberalim, determination of demand future
movements brings higher uncertainty level, givemgher variety of suppliers and the

unpredictable choices of consumers.

The increasing uncertainty in electricity demanahds other main issues for energy
generation investments. For example, in case oéraadd decline, investors should
manage the risks associated with uncertainty vghetixpectation of when there will be
a demand recovery, which will be the strength &f tecovery and the response time of
market for this increased demand. This situatiodsadsks that investors have to
manage in terms of ideal timing and location of nevestments (NETL, 2010).

In addition, an economic recession with a negatipact on electricity demand,
reducing the need of additional generating capaciéy influence the new electricity
generation investments to be delayed or cancetlepending on the strength and
duration of this reduction impact. An electricitgrdand decline, leads to a decrease in
dispatch and energy price projections, affectingjgmt returns, since it can reduce its
cash-flows and therefore, change their economigilitia If this decline is long-lasting,
the potential returns of electricity generation @stments may prove to be
unsatisfactory, increasing risks for investorsdieg to an increase of financing costs

and investment delay.

For Holmberg and Newberry (2010) electricity priegs volatile because electricity is
not adequate for large-scale storage and in thea-sron, supply and demand are very
inelastic. Thus, to cover the risks inherent teséhtactors, market participants can buy
and sell various derivative contracts, for examfileyres and forward contracts, which

bind the conditions of buying and selling.
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1.4. Regulatory Risk

An electricity generation plant investor faces ¢desable regulatory risks, not only in
terms of the electricity market design, but alsaerms of environmental regulations
(for example, polices against climate changes)le&fnthere is liquidity in the long-run
markets, where the investors can recover from tiv@ancial risks, these uncertainties

can significantly reduce investment in new generatiapacity.

Neuhoff and De Vries (2004), argue that normatitianges can increase the risk of
investment and, therefore, create a negative impactthe willingness to invest.
Moreover, they argue that a second source of regylaincertainty is caused by a

possible lack of regulatory commitment.

The implemented polices affect the risk of invesitmen several ways. The

governments can create incentives and support ss)dmt these policy changes may
influence the markets, especially if political pesthave a different view of energetic

policies. When governments introduce changeberrégulation, there are impacts on
electricity prices, more market volatility and ieesed risk. Gross et al., (2010), defend
that the approach in which regulators will assunaeket governance influences market
structure and price volatilities. Market power caduce this volatility, but the fear of

regulatory intervention may also depress certaimestments. Furthermore, these
authors claim that policies or electricity reguatirelated to issues such as the difficulty
of securing planning permits, grid authorizationd &#ansmission system pricing, affect

the viability of investments.

This regulatory risk related to apparent stabitifyenvironmental policy will influence
the financial cost of an investment. However, spdicy can also create markets
through a variety of supports or incentive mechasigo increase returns or decrease

risks, such as feed-in tariffs, fixed premium cear certificates.

Fuss et al. (2008) proved that policy uncertaintuices the producer to wait and see if

the government will continue to engage with thenelie policy. In other words, if the
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wait to obtain more information about the governtiseaommitment is more valuable
than investing in carbon neutral technologies imiatety/, the option value of waiting

exceeds the value of the technology and investrvéhbe postponed. This can lead to
a shortage of supply and a limited diffusion ofhtealogies that are less carbon

intensive.

Changes are common in market and institution reigus, since they impose new
regulatory restrictions or influence market pricegiich generates large levels of
uncertainty on future public polices and creatdsagier to new investments. This is
especially problematic in electricity markets, hes®a a large portion of net revenue,
necessary to compensate investors for the capitasted, relies on very high spot
market price that only takes place during few hoessh year (Joskow, 2006). The
potential opportunity for market rules and reguigtactions to keep prices bellows
satisfactory levels, even a few hours each yeaenwdtficient price levels would be

high, may seriously damage investment incentivesk@w, idem).

On the other hand, these technologies reveal sulmtaeconomies of scale as a
consequence of high construction costs and relgtiogv operation costs, frequently
restricting the number of companies which can efity operate (CEC, 2007).
Accordingly, the policy makers can substantiallguee regulated tariffs or investor
returns through other policy changes, knowing théije operational costs are covered,

owners will still continue to operate (Holburn &t2009).

Moreover, the services provided by the utility secare consumed by the general
public, who often regards them as essential sesvared “natural” rights. For this
reason, prices of public utiks become highly sensitive, providing an opporturfidy
governments to often act with political interedtying to please the public opinion
(Holburn et al, 2009). This issue may imply thay @aime the public entities can, for
example, decrease incentives given to energy gemeravestments, causing serious

problems in its economic viability.
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Holburn et al. (2009) argues that these regulat@sis also vary according to the
adopted technologies. Comparing the renewable ttobes with traditional
technologies from fossil sources, we can see #rawable technologies have a higher
average cost of electricity production. In doingthere are regulatory policies that seek
to encourage electricity generation through rendsvabources making these
technologies more competitive than the ones. Thesteuments can be, for example,
incentives for their development or even estabtighfixed tariffs, which compensate
for the gap relative to generation costs. Consetyjem change in economic priorities
or polices can create pressures to slow the conenitnprogresses of renewable
generation and turn them a little less competitihan the traditional technologies.

On the other hand, Fuss et al. (2008) concludeidthieacapital intensive energy sector
is particularly vulnerable to political uncertagsi that affect the revenue stream from
(irreversible) investment. The future control ofissions is a key risk to the economic

viability of investments in the sector that theipplseeks to regulate.

Holburn et al. (2009) also believe that the ramdhnhologic progress on renewable
energies can also lead governments in changing thaicies, supporting certain
technologies, especially, if costs decrease santly. However, despite the costs of
these more matures technologies, such as wind,assmr solar, have decreased, their
future costs are still very uncertain. Besides @hescertain costs, there can be
unforeseen costs that may make investments in teebaologies less attractive. Thus,
as relative costs of renewable technologies chavge time, governments may be
tempted to alter the relative subsidy levels, updatheir policy objectives, reducing or
increasing subsidies to specific technologies. Glsly, according to those authors, this
causes big uncertainty for investors, and may eragnnate situations of non-viability
of their investments, since they consider a favioleraonjuncture of supports that may
not match the expected period. As a result, irigcial that an investment analysis

seeks to analyse the various possibilities inhdmerggulation changes.

Furthermore, the electricity generation from renei@asources typically operates on

smaller scale than traditional generation technekgThis kind of electricity
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generation is geographically dispersed, often fiedint jurisdictions, which means that
investors have greater uncertainties in the expectturn on their investment, since
indirect costs are amortized by small disperseatplaver a period of several years
(Holburn et al, 2009).

Burns and Riechmann (2004), in their article abtn influence of the regulation
instruments on investment performance, argue tlegtending on how the parameters of
the regulatory regime are set, the incentive basgdlation can lead to an excess or
insufficiency of investment, too high or too smalltput provision, distorted input
usage and distorted investment timing and effigtegains. The authors suggest,
therefore, a movement towards an output-based atgu) where the output also
includes quality indicators that have been igndia@da long time. The regulator can
choose a combination of price and non-price ingestto ensure that output provision

is settled in a socially acceptable range.

1.5. Technological progress

Uncertainty related to technological progress ighlyi important for investment
decisions in electricity generation since they cffeéneir viability. Obviously, also in
this uncertainty type, their interest varies acoaydo the technology used, i.e., more
mature technologies, such as the case of fossi-fiechnologies, will have lower
technological risk, since their progress is rekdfivstable. On the other hand, less
mature technologies, such as renewable technologies still suffering large
technological advances that can obsolete the duieehnologies, being this the greater

concern when assessing this uncertainty.

Kenneth Arrow (1962) questioned Schumpeter’s vieat tirms with monopoly power
would be primarily responsible for business innavat particularly due to higher
human, financial and organizational resources. wrroted that, while it is true that

innovation activity is often risky and resource soming, it is even more important that
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who initiates and fosters innovating activities hhse right incentives to do so. The
monopolists are those who have less incentiveedime innovation, either because they
introduce new products or because they develop refiieient processes, are just
"replacing themselves" (replacement effect). Thias,monopoly companies may have
the resources, but will not have the necessaryninagss for innovation. As a corollary,
Arrow argued that are the more competitive envirents that have higher incentive for

innovation.

Since we are currently facing a growing demanddar carbon electricity, innovation
Is needed across a range of technologies. Howksaerg and Grubb (2010), argue that
the electricity sector has suffered from a lacknoiovation and investment in research
and development (R & D). The intensity of R & Dtime electricity sector is only a
small fraction of the most innovative sectors (phaceuticals, software and computer
services). A large part of the current technologyorporated in generation,

transmission and distribution is based on technoleged a century ago.

Laing and Grubb (2010), pointed out some of thenmaasons for the lack of
innovation in this sector. One of these reasons loanrelated to the scale and
technological risk associated with the heavy erging involved in converting large
amounts of power. Furthermore, although it was etqak that liberalization would
injected more innovation, in terms of operationaagbices, there has been a collapse of

new R & D, due to the fact that investors are sggekjuick returns.

Moreover, electricity is a homogeneous good, whiamans that there is little product
differentiation in the electricity sector, and geaily, electricity consumed is identical
and has the same price. This lack of product diffeation reduces the incentive to
innovate. A new electricity generation source icéol to compete against incumbent
technologies, that have beneficiated from decadl@e®welopment, economies of scale
and adaptation of regulation, exclusively withincps. Renewable technologies can be
supported by carbon price, but that differentiatgrdriven and limited by politics, is
the only basis on which innovation can recovethtalcosts and risks of its R & D.
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Compared to other uncertainties, studies showtdtdinological progress is considered
like a risk for electricity generation investmesitjce it is unclear the intensity degree of
technological innovation and when it happens. kangle, Murto (2003), in his article
about “Timing of investment under technological aegenue related uncertainties”,
through the Real Options Approach (ROA), states tévaenue uncertainty is different
from technological uncertainty in terms of concep,, a characteristic property of
technological progress is that it moves in only dimection. Thus, innovations can only
improve the best-available technology, not worge@onsequently, when referring to
uncertainty in technological progress, one refershe speed at which technology

improves, not the direction in which it moves.

The same author presents some conclusions relategvenue and technological
progress uncertainties. On the one hand, in thenalsof revenue uncertainty (i.e.,
when the volatility of revenue process is set tmyehe technological uncertainty has
no implications for the project. The investor can as if the stochastic process for the
investment cost was replaced by its expected pEthvertheless, when revenue
uncertainty is added in the model, the technoldgiceertainty starts to have also
importance. Therefore, maintaining the expected pt investment fixed cost, the
higher the uncertainty in the process, more rehicthe investor is investing. It is
concluded that the effect of technological uncettadepends crucially on whether the

revenue stream is deterministic or stochastic.

Fuss and Szolgayova (2010) also relate the tecbivaloprogress with another type of
uncertainty, namely, fuel prices uncertainty, plgcigreat importance in comparing
fossil-fuel-fired and renewable technologies. Taighor argues that, despite the fact
that less carbon-intensive modern technologies)gositill too expensive, they maybe
submitted to improvements due to technological reitprogress, making them more
attractive, especially if the fossil fuel price &blity of traditional technologies become
riskier. At the same time, the authors concludé teehnological progress has a high
uncertainty level, particularly, associated witle fprogress in renewable technologies,
which leads to investment delay. Even with the diameous inclusion of stochastic
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fossil fuels prices in the same model, renewabkrgnis not competitive with fossil-
fuel-fired technology in the short-run.

Technological progress uncertainty is also relatétl the fact that the investments in
these technologies are irreversible, which makes uhcertainty more significant in
determining the viability of electricity generatiqMurto, 2003, Farzin et al, 1998).
Therefore, it becomes essential to seek tools pmaperly assess the impact of
technological innovation in these investments, meit@ng, which technology should be
adopted and when it should be adopted. The impoetah technological uncertainties
becomes more clear, when we see that the compdegisions about when to adopt
innovations, depends on how fast and how technolatjyadvance over time (Farzin et
al, 1998).

In several studies about this subject, it is cagr®d that the process of technological
innovation is a stochastic process, such that mege there is not only uncertainty

about the velocity in which new technologies becamwailable for adoption, but also

about the extent of efficiency gains of new tecbgas relative to the current state of
the art (Farzin et al, 1998, Murto, 2003, Fuss @nolgayova, 2010).

In doing so, Farzin et al (1998), argues that wtiere is fast technological change,
there is little chance of recovering the capitaktcinvested in any new chosen
technology such that, the choice of technology bessolargely irreversible. Under such
circumstances, the technology adopter should censo kinds of costs among
themselves, on the one hand, the mistake costaytiag too early (as the sunk costs
cannot be recovered for reinvestment, should a nedfieient technology become
available later on) and, on the other hand, theodppity costs of waiting in

expectation of better future technologies (suchasential benefits that will be foregone

during the waiting period).

Murto (2003) also considers that even if the teb@bgioal improvements, after
investment, does not affect the values of exisfjagerating units, the investor decision

to hold an project now, or perhaps later, must talie account the fact that the
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postponement of investment could allow the progcoecution later with improved
technology. For projects with payback horizons edieg over many decades, such
considerations may be very important. The histdrwind energy production supports

this view.

Farzin et al (1998), in his article about how tipgimal timing of technology adoption is
affected by uncertainties inherent in the procdsgechnological innovation, namely,
uncertainty about arrival velocity and extent ofic#ncy improvement of new
technologies, also concludes that even in the alesehother types of uncertainties, for
example, uncertainty about market conditions, tpgnmal timing for a company to
adopt new technologies is greatly influenced by hmetogical uncertainties.
Interestingly, the comparative static results iatkcthat some effects are in stark
contrast to what common intuition might at firsggest. Specifically, it was found that
here, contrary to what happens with the methoti@tcbnventional net present value:

« the higher discount rate, the lower the triggeicefhcy level of technology and
thus faster the timing of adoption;

» the slower the expected pace at which more effidiechnologies arrive, or the
shorter the expected maximum improvements in futecénologies, the lower
the trigger efficiency level of technology;

e innovation adoption will be slower for companiesattare already at the

forefront of technological efficiency.

Zon and Fuss (2006), discovered in their articleuabrreversible investment under
uncertainty in electricity generation, that the argoration of technological change,
combined with the expectation of future change notlaer technology, may actually
reduce investment in this current technology (whienporarily increases current
investment in competing technologies). This allo@sonal investors, that are risk-
averse, to maximize their productivity gain, whaeiting for the technological change
to take place and then investing more heavily iweast vintages associated with this

technology.
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With liberalized electricity markets, investorsalectricity generation are facing higher
competition and need to internalize and cover gelarumber of uncertainties. These
can be volatile fuel prices risks, or uncertainaesut how renewable technologies will
actually develop in terms of their efficiency. Zand Fuss (2006) argues that due of
these technological uncertainties and high captdts, investors in the electricity
sector may still be reluctant to adopt renewabddrelogies on a large scale, although,
by doing so, they may have to expose themselveshigher degree of fuel price risk.
Nevertheless, by composing a portfolio of techni@egvith different (co-)variances in
the price changes and rates of technical progpesducers can effectively hedge these
types of uncertainties. This implies that producesi opt for a combination of

technologies, including technologies that are motfylly developed.

Other studies show that when new companies int@duovation, reflected in the

improvement of a given technological process, theumbent companies, that use
technology not yet incrementally developed, willakate the economic costs of
technology change and only tend to invest in intiovaif the costs are low or the

earnings potential is high. Otherwise they willddn maintain the current technology,
since the cost of entry is already internalizedhir cost function - the effect of sunk
cost. For the entering firm, the investment decisib entry into the market considers
the possibility of adopting a new technology tham gjive an initial advantage. For this
reason, the propensity to innovation of enteringndi is higher than the company that is

already installed.

1.6. New entrants

The process of electricity market liberalizatiomgorated the emergence of new players
in electricity generation, thus increasing compmtitin this sector, and giving
consumers a more active role, since they havehhigyao choose their supply entity.
This path is based on a perfect competition masdteticture in a traditionally

monopolistic industry.
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From a theoretical point of view, the perfect cotitpn relies on the assumption of
entry and exit free of market players, but empilycahese entry conditions will differ
depending on the type of industry (Kwoka, 2008)e Télectricity sector, given its
characteristics that potentiated a monopolisticketastructure, is a very specific case in
liberalization process and this enhances some batrners to new entrants.

The perfect competition model is based in the fwilhg conditions:
a) —the product is homogeneous, i.e., they are pestdustitutes;
b) — there are a large number of buyers and sellers;
c) — the information is perfect;
d) — all new and established companies in the industaye equal access to
technology and inputs;
e) -there are no barriers to entry or exit of market

These assumptions also require that companies andumers are rational “price

takers”, and companies can enter and exit the rhanstantly and without costs.

Satisfied these conditions the fundamental thea&atonomy proves that markets are
perfectly efficient in production and consumption.

The entry of companies into the market without astillustrated inFigure 2 with
initial market curves of demand and supply represkeoy D1 and S1, respectively.
Prices and quantities of equilibrium are given dyaRd Q1. When demand will change
from D1 to D2, arises a situation of demand excessr the existing supply,
consequently raising the market price to P2. Thigresents the need for increased
production capacity in the long-term, also sigrdhlby additional profits (shaded area)
above the additional costs.
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Figure 2 - Conditionsfor entry into the market under perfect competition
Source: (Kwoka, 2008)

As shown inFigure 3 the entry of new players into the market hasramease in the

amount offered, restoring market equilibrium (Pdl §8).
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Figure 3: Entry of new players on the market underperfect competition
Source: (Kwoka, 2008)

Despite this, there may be certain factors, deséghas entry barriers that, while not
preventing the entry of new players into the markeay actually difficult it. In the
electricity sector, these barriers exist, and dedpe liberalization process, the strategic
and structural barriers, sometimes are an obstlmlenew players in electricity

generation.

According to Porter (1986), scale economies, prbdddferentiation, capital
requirements, switching costs, access to distobuthannels, disadvantages of scale

independent costs and government policy are tha erdry barriers. On the other hand,
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authors as Kwoka (2008) point some economic bagrisrgulation and uncertainty
sources, as the main obstacles to new player’y eritr this sector.

This author argues that traditional economic besrigre different for each type of
technology. For example, nuclear plants are expgensawith large dimension, and
require long lead times, while gas fired plantsehavmuch more modest capital cost
and efficient size. Moreover, renewable technolgsich as hydroelectric plants
require considerable time and capital for constougtwhile wind technologies are

capital intensive, but with shorter time horizon.

Scale economies in the electric sector are not prégent in technologic innovations,
but also in the introduction of new organizatiopedcesses and business management,

from the maximizing return perspective on capitahf investors.

When referring to distribution channel access,dme cases the entry of new players
into electricity generation require new transmisdiacilities, or even a new distribution
plan to ensure market access. In doing so, foleiafyent entry, increased investment is
need, which can represent an entry barrier, reggimore capital, more know-how and
possibly much longer time limits for entry into tlivo market” (generation and

transmission) (Kwoka, 2008).

Another obstacle relates to the cost disadvantagws related to scale to new
competitors, since, for example, incumbent firmgenthe best location for installations
of power stations, that cannot be replicated by fiews, either by environmental and
regulatory issues, or other (Kwoka, 2008). Morepwsually, incumbent firms have a
learning curve or experience more favourable, whiPlorter (1986) argues that
experience effects reflect on cost reductions. difference between incumbent cost
and the cost that the entering firm must to payasgnts a competitive advantage for

companies already installed (Kwoka, 2008).

The product differentiation is related to the idicdation of companies brand, either

through the service to costumer, differences indpets, the publicity effort, or by
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having entered first in industry, which developemse of loyalty within their buyers.
Depending on the market, in the case of electrergyn this loyalty can be an entry
barrier, given that new entrants are forced to shveavily in breaking the established

ties between costumers and existing companies.

High capital needs can be one major entry bamibich is worsened by sunk costs,
long lead times and still uncompetitive technolggibeyond the large uncertainties

associated with these projects that increase dreatigitfinancial costs.

The high uncertain degree of these projects is @mksotioned as a barrier to entry. The
uncertain demand and project costs and regulaiskg are the main barriers. Projects
with long time horizons, inevitably involve high rkat risks, particularly for those
projects that depend on very specific input asiffdssls (Kwoka, 2008). In this case,
investors will require a much greater compensattwrfinancing these projects, which

difficult the entry of new investments.

Furthermore, regarding electricity generation, €@t almost totally sunk, aggravating
uncertainty level. When analysing by types of tedbgies, uncertainties related to
electricity generation investments from fossil fuele essentially derived from market
due to its fuel price volatility and environmeniakues. On the other hand, if we
analyze renewable technologies the major unceytdevel comes from the weather
(Kwoka, 2008).

The entry barriers can also be strategic, i.e.taahss deliberately created to difficult
the entry of new firms. Newberry (1998), on a stuelated to competition, contracts
and entry in electricity market, proves that if thew plant is identical to the existing
company and the incumbent firm has insufficiemegation capacity, the entry will

occur. However, if the new plant has lower variadists, then the incumbent firm may

act to stop the entry into the market.

This last situation can be happen in the form strategic barrier by capacity excess,

i.e., incumbent firms may create a capacity exadssying the possibility to new firms
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to enter the market (Kwoka, 2008). However, if igly has enough capacity,
incumbent firms can sell sufficient contracts tearéase prices to a level that detain the
entry of new competitors (Newberry, 1998). Thetretaprices practiced by incumbent

firms have become a strategic issue for hinder etagktry (Otero and Price, 2009).

Neuhoff and Vries (2004) claim that long-term cants between producers and
retailers, ensure sufficient revenue for new investt, but on the other hand, if new
entrants in the market know that high prices amomasequence of market power of
incumbent firms, rather than actual shortage ofppbyghey may hesitate to enter the
market, as increased competition could cause pticdall. Moreover, as the market
power is exercised in times of full capacity, itdigficult to assess whether high prices
are caused by market power or scarcity. Incumbemisfof electricity generation can
benefit from barriers to entry, making it more ghiffit for new entrants to provide new
generation capacity. The installation of new cdayawill be more beneficial in areas
already occupied by other units where there isnoffgace for an additional unit (for
example, the local of a dismantled old unit). Inli&idn, the cost of a new plant is lesser
if it is built in a place where electricity, fuehd cooling systems infrastructures are
already present. Finally, large established congsanan obtain the necessary capital
more easily. If the entry is restricted, then Var &ehr (1997) shows that incumbents

can limit capacity investments to increase spatgsi

Newberry (1998), proves that even if existing céyan the market is not sufficient
(taking into account the number of companies) theumbent firms can not reduce
prices enough to prevent an excessive entry of caawpetitors, in which case, these
will only be able to hinder the entrance if newjpots have a lower marginal cost than
the existing capacity, and only after the real@awnf all necessary investments. Besides
this, if new capacity has the same variable cdsia the existing capacity, it will play
the same role as the incumbent firm in fixing psiceffering contracts with lower price,

being able to enter into the market and increagiegcompetition degree.

When analyzing the data relative to the competitmmnease in electricity market at the

European market level, studies show that therglisishigh concentration in electricity
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market, revealing high market shares by the magional generators. For example,
Malta and Cyprus, have only one power company dibatinates national production,
and other countries show a concentration above @8éece (91.8%), Estonia (90%),
France (87.3%), Latvia (87%) and Slovakia (81.7¢&)rostat, 2011).

During the last decade (2000-2009), we observeetbas market shares of 21 EU
member states that provided information providedhos indicator during this period)
that the average size of the largest electricitpegators decreases by about 10%
(Eurostat, 2011). This shows that although the elstrgcompanies of electricity
generation still have a high market share, thedeesatend to decrease, which

demonstrates a greater degree of market competitadre ).

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Belgium 923 1.1 926 3.4 §2.0 877 g5.0 623 439 0.0 T
Bulgaria : : k : ] ! . 5 A t :
Czech Republic Mo B9.2 69.9 10.9 13.2 731 72.0 7335 74.2 728 3.7
Denmark 40.0 360 38.0 320 1.0 36.0 3.0 4.0 4.0 56.0 470
Germany* 281 340 290 2810 320 284 3.0 3.0 30.0 30,0 26.0
Estonia LER ] 910 0.0 .0 &30 3.0 2.0 1.0 4.0 6.5 0.0
Ireland 970 970 96 6 #8.0 85.0 §3.0 7.0 a1 4.0 455 3F0
Greece 98.0 97.0 980 1000 1000 87.0 47.0 946 916 916 913
Spain 51.8 24 436 $.2 9.1 36.0 30 o 30 222 3248
France 938 402 0.0 400 595 802 a9 887 g5.0 873 873
Itahy A 46.7 450 450 43 43.4 e b i3 1.3 295
Cyprus 89.7 994 996 99.6 1000 1000 10000 1000 1000 1000 1000
Latvia 96.5 953 95.0 424 1.0 §1.1 a7 85.0 86.0 g0 ET0
Lithuania 137 28 7t 802 T 186 703 647 s 7.5 A
Luxembourg ! ! ; G04 0.4 : : : } ;
Hungary 36.9 413 395 39T 52.3 3.4 3.7 41.7 409 4.0 431
Malta 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Hetherlands ; : ; : : : !
Austria 214 328 34.4 : : : : : : : .
Poland 208 195 196 19.5 192 18.5 18.5 17.3 16.5 18.9 181
Portugal 578 565 615 615 61.5 536 539 4.3 336 43.5 524
Romania : . : : : 3.7 6.4 A 215 263 293
Slovenia ; . : 80.7 03 530 501 1.4 g2.0 530 550
Slovakia LER ] 851 G445 B4.5 836 837 436 T 724 74 8.7
Finland 26.0 233 230 24.0 270 26.0 23.0 260 260 24.0 2435
Sweden 52.8 495 45.5 44.0 46.0 47.0 4.0 450 450 4.2 440
United Kingdom 2110 208 224 210 216 201 20.5 a2.2 18.5 15.3 245
Horway 304 0k .7 0.7 0.7 .2 30.0 309 325 T4 25
Croatia : i I : f20 6.0 g7.0 430 g4.0 85.0 2.0
Turkey 79.0 75.0 0.0 9.0 4.0 39.0 36.0 : : : 1

Table 1 - Market share of the largest electricity gnerator in the market, 2009 (in %)
Source: Eurostat (online date code: nrg_ind_331a)
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This increased levels of market competition in tleity generation result in a greater
uncertainty level for existing companies, in terofisheir market share levels, which in
turn tend to complicate entry of new firms as naibdve. The structural and strategic
entry barriers are present in this industry, coogting the possibility of new

investments by new entrants.

One of the most important financial consequencesnofeased competition is the

reduction of expected return on investments. SzalolbJager-Waldau (2008), argue that
this reduction has a significant influence on et decisions. Firstly, the difference
in the NPV of investments with different cash-flowscreases. When, on the other
hand, similar cash-flows differentiated by relatmeight of initial cost, which are

characterized by upfront, become more competitilerwlower discount rate is used to
evaluate the project. This gap of NPV reductiomalates barriers that disadvantage
renewable electricity technologies from conventlageneration. The second effect in
the decline of return in investments is that it rdases willingness to invest in this

industry, seeking invest in projects which reqléss initial capital.

Studies also show a strong relation between thepettion increase and the
proliferation of investment in electricity genematifrom renewable sources. Szab6 and
Jager-Waldau (2008), for example, they reveal th@ices intended for expanding
renewable technologies and competition reinforcémenelectricity markets, have
mutually reinforcing effects, i.e., more competitimay reduce the financial burdens of
existing schemes to support renewable technologiesthus contribute to achieve the
established aim for these technologies. This staldg proves that more competitive
financing can effectively distribute financial berds, resulting from electricity
generation investments from renewable source, legtwtee pool of physical and
financial investors and consumers. The physicatstws can synchronize the physical
payment of cash-flows generated by the project. Tadinancing institutions are
willing to provide more competitive financing duerisk reduction. The consumers can

choose different levels of contribution (additiogaten tariffs or feed-in tariffs system).
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The fundamental requirement in the design basisstmtainable policies to support
renewable technologies is the achievement of lowagital costs needed to create
conditions of equality with technologies of tradital electricity generation, which

implies a more competitive market structure (Szahd Jager-Waldau, 2008).

1.7. Capital Cost

With the liberalization of the electricity markehere are certain risks that require a
more efficient management from investors of elett{ri generation, since this has

implications in determining the rate of return reegd for generation investments. The
access to funding and support of national polibeesndividual technologies intended

to reduce financing risks (such as feed-in tariffsan or price guarantees), are
susceptible of playing an important role in detenmgy the final choices in energy

generation (IEA, 2010).

The increase in uncertainty due to the electrictigrket liberalization leads to a
strategic behaviour and an increase of capitalsctsit, on the one hand, reduces
investments and entry in the short-term, and orother hand, generates less innovation

in the long-term (Jamasb and Pollit, 2005).

Capital cost is associated with the return thagrsatm investment must deliver, and the
minimum return required by investors is definedirigkinto account the risk premium

of business. At company level, capital cost is teglato investors decisions when
choosing between assets to invest and the waynamde them, maximizing company

value.

From the investors viewpoint, with the disappeagaat monopolies in the electricity
generation sector, there is a greater risk of édgmarket share and lower profits from
these investments. Thus, investors will requirdnrgnterest and return rates and tend
to be reluctant about making new investments, sineecapital is more expensive than

it used in monopoly conditions (Markard et al, 2D01
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In an intensive capital and liberalized market sashthe electricity market, this issue
becomes particularly important due to the fact,thah market liberalization, there will
only exist investment projects which ensure attlegsial returns that are provided by

market for investments with similar risk, i.e. @ygpropriate rate is the cost of capital.

For companies to be attracted to invest it is nesgs&ir returns on invested capital,
taking into account the business risk. For thisoearisk and uncertainty associated
with market liberalization will have to be takenarconsideration when determining the
capital cost of an investment. When investing ipagicular project, the risk does not
represent a negative sign for its viability, sinaking calculated risks is the way that
companies use when seeking profits above its dapdat (Blytha et al, 2007).

However, an additional risk increases the capitst ©f investment and can change

decisions of investors.

Debt and equity are fundamental for total capitat@and level of expected return of an
investment. Gross et al. (2010) show that dueaddiver cost of capital associated with
debt, investors will aim to obtain as much debaficing as they can. On the other hand,
increasing debt also increases the default riskdihg) lenders to raise interest rates
and/or limit the gearing rates. Thus, the levedebt depends on the type of projects
and perceived risk profile. In a riskier projecguéy that assumes a higher risk has a
larger role so the project returns must be suffigyehigh to sustain the high financing
costs.

The issue of low cost debt compared to equity arsause lenders (debt) are the first
to receive the company sales, while investors (gjjteéceive the remaining sales. The
amount paid to lenders is fixed according to thenlterms, while the amount paid to
investors varies according to the company's ptafite. The extent of these variations
depends strongly on the extent of funding, becdleeesidual income will be more
volatile if there is a high level of fixed costs a@ebt repayments scheme (Gross et al,
2010).
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The cost of capital for producers depends on a eurabfactors: the balance between
debt and equity financing, market conditions, amk rand uncertainty related to
investment returns. Laing and Grubb (2010) anatygshis issue within low-carbon
investments, claim that investment return in eleityr generation of these technologies
depends on the price of electricity, in conjunctieith policies for additional support.
In competitive wholesale electricity markets, sumh UK, the price is set by the

marginal unit of generation. In the UK, this is goeninantly gas or coal.

Basically, this means the price at which an investdow carbon electricity generation
can sell their product has little or no relationtiieir own costs. In turn, it depends on
the volatility of coal, gas and carbon prices fabgdoroducers of fossil fuels (Roques,
Nuttal et al. 2006). In economic terms, zero carbources are infra-marginal, but in
the absence of other measures will receive a fprzk at the margin on which they
have no control and very little foresight. This gmially increases the capital cost,
raising total costs and reducing incentives to shwe various sources which are vital to

the future of low carbon generation (Laing and Gx2010).

Another important issue is to analyse forms of ritiag these investments. An
electricity generation plant is financed mainly aingh 'Project Financé and
"Corporate Financé (Gross et al, 2010)Project Finance in a general way can be
defined as "investment finance in the independeanital that shareholder company
separate of their assets and obligations of gemperglose” (Wynant, 1980). IAroject
Finance the risk and return are accounted exclusivelyhat groject level to invest
(Gross et al, 2010). On the other hand,darporate Financecase the company
incorporates the new investment in its global @ty portfolio and evaluates the
marginal impact on the company's overall risk agim characteristics (Gross et al,
2010).

Theoretically, the choice of financing method shlouhake no difference to the
marginal cost of capital needed to finance a ptoyath a specific risk profile. For
example, it is easy to think that riskier projeetay be financed with low capital costs,

if they are carried out by a company with a setsaffe” assets and access to cheap
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capital, but in theory this is not possible, beeatie capital cost for the company as a
whole should reflect the entire project portfol®réss et al, 2010). Thus, this situation
would lead to higher capital costs for the compasiyce it began investing in riskier

projects, which implies an increased risk of deffam debt payments. In practice, the
ability to handle these risks through the inclustorexclusion of projects in the balance

sheets depends on the accounting rules that thpaooms subject to.

Accordingly, if there is no flexibility in the conapy's accountingProject Finance
represents an important advantage, because it kbepdebt off the balance, which is
beneficial, since the funding for new projects witt affect the current conditions of
debt shareholders of different companies (spreamamissions and other fees) (Comer,
1996).

On the other hand, there is a consensusRhgect Financeas a longer time span to
finalize, is more expensive and leads to a losdlefibility in management. For
example, a transaction in accordance WAthject Financeprinciples is more complex,
since the only guarantee of the new project are eftgmated cash-flows, thus is

fundamental a more correct estimation of futuréndésvs (Comer, 1996).

Although, investments in large-scale of energy fgaare often financed with a high
degree ofCorporate Financethere are at least two features of corporate tielttare
unfavourable. The first inconvenient is that if fject fails, creditors can claim all
assets of the firm, even those not related to tbelst. The second feature is the
incorporation of corporate debt on the balance tsloéethe company, which will
increase their indebtedness level that can trangtad difficulty in raising finance by
debt in the future (Comer, 1996).

In contrast, in terms dProject Financethe exposure of a project to return risks limits
the amount of debt that can be achieved, incredbmgeed for more expensive equity

finance (Gross et al, 2010).
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When regarding different technology types of eleityr generation, capital costs also
vary between them, since certain technologies ame mffected by rises of this cost due
to liberalization. Laing and Grubb (2010), clainattithe electricity sector liberalization

has been very effective in reducing costs and prassociated with existing operating
systems, but less effective in attracting new itmesit. In the analysis of renewable
technologies like wind power, almost all the casts related to capital costs of turbines
building, and once the turbines are built, costob®e lower, due to the fact that there is

no fuel only operation and maintenance (O & M).

Current data of different technologies levelisedtsshows that with a lower discount
rate (5%) the more capital-intensive and low cartemlnologies, as nuclear power, are
the most competitive solution in comparison withalcglants without carbon
sequestration and natural gas. For renewable témiies like wind and solar are not
very competitive and have higher investment cdsée (Figure 4).
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Figure 4 - Eurelectric / VGB levelised costs of ettricity (at 5% discount rate)
Source: IEA, 2010
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Comparatively, under a higher discount rate (10%al cwithout carbon capture
equipment followed by coal with carbon capture pment, combined cycle gas turbine
(CCGT) and hydroelectric technologies are cheapeenerate electricity (See Figure
5).
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Figure 5 -Eurelectric /VGB levelised costs of elegtity (at 10% discount rate)
Source: IEA, 2010

The average costs and relative competitivenessiftéreht technologies for power
generation in each country are highly sensitiveliswount rate, and a bit less but still

very sensitive to the projected price for natued,gcoal and CO2 (IEA, 2010).

The significant impact of discount rates on totalduction costs for most technologies
can still be seen iRigure 6with a sensitivity analysis performed for rateatthary from
2.5% to 15%.
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Figure 6: Levelised costs of electricity as a funicin of the discount rate
Source: IEA, 2010

Logically, with an increase in capital cost, theatocost of generation for all

technologies increases. The first observationasrétative stability of energy costs for
gas, and therefore, its insensitivity to changahéndiscount rate. At the other extreme,
nuclear power, despite having a lower ratio of stmeent cost than renewable
technologies, is the technology more sensitivehtanges in the discount rate, due to
higher building time than any other technology (JEZ10). Thus, the structure and

cost of financing has a great importance when itivg$n nuclear capacity.

From the ratio of investment cost and total coststhe different technologies
represented irFigure 7 it appears that the proportion of investment sast nuclear
energy in total costs rise faster than the windadar power in response of increases in
the discount rate, although renewable technologmsially, have a much higher
investment cost in relation to the total cost. kutiethe capital ratios on total cost for
solar and wind power are relatively insensitivelb@anges in the discount rate compared
to other technologies, even for gas-fired plardaswhich capital costs represent only a
very minor proportion in total cost. This happemrsduse renewable technologies have

a substantially construction time less than angiotbéchnology (IEA, 2010).
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Figure 7 - The ratio of investment cost to total csts as a function of the discount rate
Source: EIA, 2010

These last two figures confirm that with doublingcapital costs (discount rate) from
5% to 10%, the total cost of capital-intensive tembgies, such as wind or nuclear,
increase to a much greater proportion than conweali technologies. But when
analysing the influence of discount rate increasgsroportion of investment costs in
the generation total costs, it is concluded thaewable technologies do not change in

their capital cost, though these continue to badrighan conventional technologies.

Another important conclusion relates to the contpetiess of technology, that with a
rate of 5%, the nuclear power can be competitiareg, for example, gas and coal, but
at a rate of 10% it ceases to be profitable whempaoing with these technologies,
which is shown in the sensitivity analysis of totalsts compared to increases in the

discount rate.
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2. THE ECONOMIC EVALUATION OF
ENERGY INVESTMENTS: A
LITERATURE SURVEY

Several methods of investment evaluation are ugsezhalyse the viability of energy
investments. Many authors have used different nisth@as a way to achieve an
assessment as accurate as possible, taking inturgcthe risks and uncertainties

inherent of these projects.

2.1. Net Present Value

The Net Present Value (NPV) is the evaluation gdatéavoured by almost all the
manuals for projects financial evaluation, it cangts an expectation of gain to be
obtained from investment beyond the minimum retwwquired by investors for their
capital, i.e., that results from applying a disdortate previously accepted. In analytical
terms is the algebraic sum of investment with acdatosts and revenues associated
with the project and discounted with a previoustgept ratd, or in other words, the

sum of discounted cash-flows.

The NPV is defined by:

_n MR |
NPV = Zt=1 (1+ I)t Zt=0 (1+ I)t

@)

Where:

NR,: Net revenues

I;: Investment
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According to this criterion a project is profitamdien the NPV is positive for a chosen
discount rate. All projects with NPV> O are implantable according to the criteria and
all projects with NPV <0 are rejected. The valueN$tV is the function of rate and
varies in its inverse proportion, i.e., their vawsge inversely proportional (see Figure
8).

Figure 8- Relation between rate i and NPV

Source: elaborated by the author, based on Ara(jo2003)

In case of two or more mutually exclusive investingpportunities, the optimal choice
Is the opportunity with the highest NPV (Brealeylavyers, 2003).

- Cost of Capital and Weighted Average Cost of Capital

The investors or companies require higher retutesrdor riskier projects. When
considering projects where cash-flows are knownadvance, the rate of return
associated to others investments without risk, stischank deposits, is the basis for the
discount rate to be used in NPV calculations (Kvadg 2009). When cash-flows are
uncertain, as the case of oil and gas fields, taey usually represented by their

expected values and the return rate is calculatefdriction of Capital Asset Pricing
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Model (CAPM) in order to overcome possible undddeaesults (Aven and Vinnem,
2007).

The capital cost, also known by opportunity costcapital, can be defined as the
minimum required return on that capital, given tis& involved. According to Gitman
(2007), the CAPM is a model that links the non-dsifeable risk to the return of all

assets. The equation of CAPM is:

k. = Rf + [ﬂ * (Rmarket - Rf)] (2)

Where:

k.. Cost of equity;

Ry Risk-free interest rate

B: Relative measure of non-diversifiable risk (Gitma007). It indicates the degree of
return variability of an asset in response to angkeaof market return. It can also be
understood as the systematic risk of shares

Roarket: EXpected return of market portfolio

(Rmarket — Ry): Market risk premium

The risk-free interest rate is the amount receimgdhvesting in securities considerable
free of credit risk. Théoeta of assets measures how much the company’s shae pr
moves in relation to the market as a wholebéta is greater or less than one, the

company'’s share price moves more or less than #rkat) respectively.

2.2. Internal Rate of Return (IRR)

The Internal Rate of Return (IRR) represents tisealint rate that equates NPV value
to zero. Thus IRR must satisfy the following coradit
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o NR e L
Zt=1(1+IRR)t Zt=°(1+IRR)t ° 3)

The IRR equals the operating cash-flows to investnoash-flows, offsetting NPV.

Graphically we have:

NPV ($) A

> i (%)

NPV<0

Figure 9 - Graphical representation of the IRR
Source: elaborated by the author, based on Ross &it, (2002)

This decision criterion consists in the implemeotabf a project when its IRR exceeds
the reference interest rate (Ross et al., 2002. IRR, as a decision criterion, always
requires a reference interest rate, which is uguaié opportunity cost of invested

capital.

If there is profit excess, the IRR will be highkah risk-adjusted discount rate, in other
words, going beyond the normal or competitive kHteeturn. Moreover, if a project is
partially supported by debt and partly by equity d@ime cost of debt is smaller than the
IRR for the project, then the effective rate ofuraton equity in the project will be

greater than the overall IRR project (Pindyck, 2001

Brealey, Myers and Allen (2003) mention four disadbages of the IRR method. The

first relates to the challenges associated with faet that this approach does not
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distinguish lending or borrowing. If a project aepositive cash-flows followed by

negative cash-flows, NPV can increase as the digc@ie is increased. The second
disadvantage, relates to projects with cash-fldwas thange the sign more than once. In
this case, project may have several or no IRR< thiind disadvantage refers to the fact
that IRR is not able to classify projects of diéiet scale, and the inability to classify
projects with different patterns of cash-flows oviene. The last disadvantage pointed
out by the authors stems from the possibility & tapital cost to the short-term cash-
flows are different from capital cost to the lomgrh cash-flows. The IRR rule requires
the comparison between projects IRR and opportwust of capital. Sometimes, this

cost of capital varies over time, and there camdaimple criterion for evaluating the

IRR of the projects.

2.3. Return on Investment (ROI)

The ROI indicates how many units of net revenues generated by each unit of
invested capitaln this case the weighted average rate of retueygtoty and borrowed
funds, or capital structure to which the investan cave, is the discount rate of net

cash-flow.

The ROI is defined by:

n NR
Ztﬂ (1+ I)t

ROI =
Zn—l It
t=0 (1+ I)t

(4)

ROI = 1 means that for every unit invested (dis¢edjpone obtains precisely one unit
(discounted). ROI=1 is equivalent to NPV=0
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Brealey, Myers and Allen (2003) say that ROI i®nfseriously biased by measures of
true profitability, for example, they argues thabk ROIs are generally too low for new

assets and too high for old ones.

2.4. Payback Period

Given the net cash-flow of an investment projestdunted with a previously accepted
ratei, the Payback period of total investment is eqodhé number of years that results

from applying the following formula:

n-1 It
tho (1+ I)t
» NR
thl (1+ I)t
: ()

P=

Based on the rule of payback, an investment ispabk if its calculated payback

period is less than a pre-specified number of y@Reoss et al., 2002).

As a tool for investment analysis, the payback thasvbacks. It does not take into
account the cash-flows that occur after the regoieeachieved and therefore does not
measure long-term value of an investment (Bredlgyers and Allen, 2003; Ross et al.,
2002). In addition, it treats all cash-flows in t@me way, whether they occur in year 1
or in year 5. In terms of finance return it ignotbs time value of money (Brealey,
Myers and Allen, 2003; Ross et al., 2002). Rosal.€f2002) considers that the biggest
problem of the payback method is the subjectivespexified number of years that are
considered minimum for recovery of an investmeimiges there is no objective basis in

doing so.
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2.5. Benefit-Cost Ratio

The Benefit-Cost analysis aims to identify, quanéihd weigh the benefits and costs of

investment projects designed to improving the welfs# society as a whole.

The Benefit-Cost Ratio is defined by:

R-GC
B/C :—Z (1J|ri)t

sy

t

(6)
Where:
R; — C;: Operation cash-flows

I;: Investment cash-flows

With this criterion the condition for that a projas profitable, is that the B/C must be
greater than 1.

2.6. Levelised Costs approach

The calculation method of levelised costs takes atcount an annual level of all costs
and an annual amount of energy produced. This migdeseful to compare energy

generation technologies with different charactassand life times.

The expression that gives the value of levelisedscis:

Ci+cogmtCctCq

LC =

(7)

Eact

Where:
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c;. Present Investment cost

cosam. Present value of Operation & Maintenance costs
c.. Present value of fuel costs

cq: Present value of various annual costs

E.... Present cumulative value of energy production

2.7. Real Options

Authors like Trigeorgis (1993), Lopes (2001) andnifhidi (2004) claim that since the
investments are composed of sceneries of greatrtamdg and require significant
flexibility, it should rephrase the NPV for it tcelable to capture the value of these
flexibilities. Thus, they proceed with the followgnequation which reflects the

flexibility component incorporated into a stratefjiPV:

NPVexpanded = NPVtradtional or static T Valuemanagement flexibility (8)

As seen previously, for a project to be acceptethbyNPV analysis, it must be positive
(NPV>0), but for it to be accepted by Real Optiansthod, the project must be

profitable enough due to the options flexibility.

2.8. The economic evaluation of energy projects: a
survey of literature

For this studyt is very important to understand how these mettages are applied to
each project type. In this case, the actions uaklent as an attempt to assess

environmental or energy resources have a particuiaortance.
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There have been many studies, by authors, to fgeht best evaluation methods for
natural resources. The traditional static methagiel have been losing importance in
economic analysis, since they do not account uaicéytand management flexibility of

energy projects. According to Dixit and Pindyck 949 the large changes in the
economic environment, where the uncertainty reignalmost all the markets, have
made traditional techniques insufficient to captwertain features of investment

projects, which often leads to serious errors.

According to Emhjellen and Alaouze (2003), the rodtlof net cash-flow is still the
most common valuation method used by oil companWbken analysing energy
industries as the case of oll, it appears thatitlespveral decades, the most common
form of asset valuation has been the discount fiasls- analysis. Over the past years, a
growing number of institutions and organizationvéhadopted other approaches of
assessment to overcome some limitations imposedhisy method (Schiozer and
Suslick, 2004).

Jood and Boots (2005) claim that the risks camberporated more effectively in these
static methods when considering different scenasiosensitivities, such as the future
development of electricity prices or using a scopédiscount rates. These components
are discounted according to their degree of riskingi a probabilistic assessment
(expected value) of the key uncertainty factorse TWPV static method assumes
irreversible investment decision, which tends tpete on a simple estimate of fuel and
electricity prices. These authors consider thatrwhegarding issues of management
flexibility, e.g., can an investment be delayediluhere is more information, the ROA

is the most appropriate method to assess thesgatitfconditions.

Kvalevag (2009) argues that the analysis of distamicash-flows is an important rule
within financial theory with many applications, esplly in the evaluation, providing a
systematic and logical framework for making investindecisions. The method takes
into account the costs, revenues, time and risks &@pproach not only encourages
decision makers to consider all relevant factorsairproject, but also enables the

understanding of the possible outcomes of each ©he.author also states that this
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analysis is well understood and easy to communitateoth decision makers and to
other stakeholders.

Tourinho (1979) assesses the oil reserves thropgbropricing techniques. Brennan
and Schwartz (1985) apply techniques of choice eaaluating irreversible natural
resource assets. Paddock et al. (1988) evaluatstboé oil concessions. Bjerksund and
Ekern (1990) showed that it is possible to ignom® toptions of abandonment or
temporary suspension in the presence of the optiattelay the initial investment for
development of oil fields. Suslick and Schiozef(2) make a risk analysis applied to
an exploration and production of oil by the methafdreal options. These authors
consider that the traditional methods based orodisted cash-flows are always based

on static assumptions.

Brennan and Schwartz (1985) with the concern taavgp the way of these investment
evaluation, present a study about assessment estiments in natural resources using
the theory of pricing stock options, using as aanegle the copper mines of Chile.
These authors argued that management flexibiliwkhincrease the value of a project.
They considered three options: production (whercegriare high enough), the
temporary stop (when they are lower), and the peemtaclosure (when prices fall too
long). They found the threshold price of copper alhis ideal to close a mine

temporary or to open one that had been disabled.

Dickens and Lohrenz (1996) used the Black-Schgi®m pricing model to assess the
value of oil and gas assets in the Gulf of Mexica &ompared these values with
traditional assessments of NPV. The main conclussothat the evaluation by the

option method leads to higher values than the NB3éssments. Thus, the analysis of
option valuation would lead to "accept" decisionsrenoften. As financial assets, the

assets of oil and gas are full of uncertainties strangly affect their values.

Grafstrom and Lundquist (2002) examined if the gadfi an oil field is affected by the
use of real options evaluation. These authors usengerical method to estimate the

option value, which is compared with the value loé discounted cash-flows, also
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considering the option to delay investment in drfieid undeveloped in the North Sea,
where its development is being planned. In thislygis concluded that the value of an
oil field in the North Sea is different dependingwhether the method is applied to real

options valuation or assessment of discounted flagis-

Rothwell (2006) in his study on the feasibility@hew nuclear plant, models the NPV
of building an Advanced Boiling Water Reactor inx@ie using a ROA to determine the
risk premium associated with uncertainty of neterave. This paper uses a ROA to
determine risk-adjusted of capital cost (and theeethe NPV) for an asset that has the

uncertainty of net revenue similar to a new nucf#ant in the U.S..

Yun and Baker (2009) did a study about investmeagodunities for both types of
power-generating base load with two types of tetdgies that use different fuels, such
as coal and uranium under the trading mechanisall@vances. These authors apply
the ROA to evaluate investment opportunities depgnaf at least two underlying
assets, characterizing evolution of different mic€or this, they adopted a mean
reversion model for the evolution of electricityiges to include its characteristic of
seasonality, and the model of geometric Browniatiandor the allowance of C{and
cost of building the power plant. In order to apgneate the values of investment, they
still used the Monte Carlo approach to overcomienédtion of the analytical approach

and achieve adequate results.

Fleten and Erkka (2010) in their article Gas-Firalver Plants: Investment Timing,
Operating Flexibility and abandonment, use the RiDAevaluate the investment. In
addition, they analyze investments in plants uraiechastic prices of natural gas and
electricity. They used a two-factor model for prim®cesses, enabling the analysis of
the value of operational flexibility, the opporttnito leave the capital goods, and

funded the limits for energy prices for which iideal to proceed with the investment.

Other methods such as levelised costs are stiVilgeased for evaluating energy
investments. This approach is a special case of MRalysis, which reserves the

process: given the target of zero economic prafie annual income required is
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calculated so that present value of all revenuestgxbalances the present value of all
project costs (Roques , Nuttall and Newbery, 2006).

The report of IEA (2003) shows that this approacs well adapted to evaluate energy
investment before liberalization, because it réfledbe reality of long-term financing,

passing costs to customers.

But in a liberalized electricity market, what mastdfor investors is the return on
investment against the risk to capital investece fibk level expected by an investor in
a electricity plant, will be reflected in the leval expected return on investment. The
higher the risks of investment, the higher the negureturn. It is difficult for levelised

costs methodology to incorporate risks and unadrés effectively (Roques, Newbery
and Nuttall, 2006). In order to assess the riskggrdnt scenarios or sensitivities are

usually calculated, which often give only a limit@ssessment of the risks involved.

Rode et al. (2001) consider that the probabilistpproach is the most complete
assessment when accounting for a wide range ofrtantiees. The authors of a case
study of a nuclear power plant project used the télddarlo simulation and related
techniques to solve many of the limitations of dmmi analysis (and sensitivity
analysis). The Monte Carlo approach consists imatherizing the uncertainty in model
results by allocating probability distributions ioputs, and to simulate the distribution
of outputs by repeated sampling. This method allewsulating the impact of
uncertainty in costs and technical parameters taila probabilistic evaluation of risks
and revenues of different generation technologié®. uncertainty of input parameters
is usually modelled by a probability distributiondaa simulation is run multiple times
for different values of uncertain parameters, gateg a probability distribution of
NPV (Roques, Nuttall and Newbery, 2006).

Feretic and Tomsic (2005) provide a probabilistialgsis of lifetime discounted costs
of electrical energy if produced in coal gas andlear plants, to start operation in
Croatia in 2010.
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Sevilgen et al (2005), intended to determine trst technologies for the generation of
additional power given an increased demand in Turkéey determined the economic
parameters that affected the level of leveliseduahnosts. The levelised annual costs
of alternative plants for more probable values airomic parameters in Turkey were
transferred to the load duration curve. As a resh# more convenient plant, between

alternative plants, has been determined with theevaf the load factor.

On the other hand, Roques, Nuttall and Newberyg20inalysed the limitations of the
traditional approach of levelised costs, takin@ iatcount the risks and uncertainties to
evaluate different technologies for power genematkeor this, the authors introduce a
probabilistic valuation model of investment in #rbasic technologies (gas turbine
combined cycle (CCGT), coal plant and nuclear popfants), along with simple
sensitivity analysis, which served as an intermtedséep useful for identifying the key
parameters to be modelled by probability distrimsi in the Monte Carlo simulation.
Thus, the authors demonstrate through three caskestas a probabilistic approach
provides investors a much richer analytical framdwto evaluate energy investments
in liberalized markets. This study also analyzes tdombined impact of multiple
uncertainties about the value of alternative tetdgies, the value of the operational
flexibility of central managers, and the value aked portfolios of different production

technologies.

Galli et al. (1999) conducted a study about suitgaf three methods used for project
evaluation, such as option pricing, decision traed Monte Carlo simulation. In this
paper, the authors compare their similarities affdrénces from three viewpoints: how
they deal with uncertainty in the values of keygmaeters, such as stocks, oil prices,
and costs; as they incorporate the value of momeyime; and if they allow
management flexibility. All three approaches seeki¢termine the expected value (or
maximum expected value) of the project, howevesy ttonsider different assumptions
about the underlying distributions, the variatiothwtime of input variables, and
correlations between these variables. Another itapordifference is how they deal
with the value of money in time. Decision trees &madnte Carlo simulations use the

traditional discount rate, and the option pricirsgsithe concept of financial risk-neutral
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probabilities. One of the difficulties in estimagithe project value is that it is usually a
nonlinear function of input variables (e.g., the ta treated differently in years with a

profit than in years with a loss).

The methods of evaluating investments in the ensagyor have been the subject of
numerous studies, mainly due to its irreversibiéityd its high uncertainty degree that
strongly influences the results of investments. @keision of these projects is not to
choose between investing now or never, accountmg dnly a few risks and
uncertainties, easily observed in the market, lathar to asset difficulty to stock,
surrounded by economic, technical and regulatogetainties difficult to predict and

with little available information.

Thus, the evaluation method chosen for the anapysigcts viability, must not only be
easy to use, but also, must consider all theiriBpéies.
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3. RENEWABLE ENERGY PROJECTS:
THE DECISION MAKING PROCESS

The energy investments have particular charadesishat are essential to take into
account both when choosing the appropriate metteodsrform analysis of its viability,

and within the process of valuing.

Four general characteristics can be identifiechiergy investments.

1. First, they are partially or completely irrevergipko once applied the cost of
capital, these can be considered unrecoverableveirsibility usually arises,
because the capital of industry is very specifi@. iit cannot be used
productively in a different sector or by a differeompany (Pindyck, 1989)

2. Uncertainty is always present in the definition fafure returns and costs.
Thirdly, the investment may occur in flexible timé other words, the
investment can take place today, if expected retara high enough to recover
all costs, or can be postponed in order to obtaiteb information. Investors
have the opportunity or option, but not the obligatto invest in a project over
a period of time.

3. Finally, in decision-making several different teologies can be chosen for
power generation, depending on the available tdogres and their associated

uncertainties (Lundmark and Pettersson, 2007).

Some studies about energy investments, as theofaskeindustry, have some of these
characteristics that, according to several authdetermine the investment in this
sector. The irreversibility and uncertainty are thest debated issues, in addition to
long periods of maturation and the high degree pacHicity of the assets of these
industries. Postali and Picchetti (2008) state tiwase two features make the investment

in this sector highly irreversible, and that inveent irreversibility involves opportunity
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costs in the decision to develop an oil field, asitbuld therefore be properly
incorporated in the assessment of the project.

The issue of irreversibility in energy investmemisd their sunk costs is even more
critical when combining the high uncertainty thatolve these projects, such as market,
technical and regulatory uncertainties. The wonkettgped by Dixit and Pindyck(1994)
tries to relate these two issues. These authorsv sthat an investment under
uncertainty, the company should have a smalleragpthan a situation with complete
information and no uncertainty. This implies thae tideal capacity or number of
utilities should be less with uncertainty. The mlogkeys the opposite of what has been
the prevailing view in the regulatory regime, i&.large capacity is needed in case of
unexpected events. One explanation for this isettier of not including the option
value of future investment opportunities, which nragult in over-investment. The
reason is that uncertainty also increases the \@lilbe company investment options.
The investment criterion is to invest if the prisehigher than the long-term marginal

costs, plus the option value of waiting to invest.

Dixit and Pindyck (1994) show that in cases of nsbadaerage growth of the industry
and uncertainty in demand, the required rate afrmefor a risk-neutral firm can be
significantly higher than the real interest rathisTimplies that the price may exceed the
industry average cost of long-term for a long petfilo a competitive industry without

stimulating the entry

Uncertainty and irreversibility of these investnemhakes the issue of management
flexibility an important factor in implementing tbe projects. Thus, when assessing
energy investments, the traditional static methads not suitable to quantify this
flexibility, since they presuppose that investmeate "now or never." Within an
investment analysis one must consider the podsilmfi investing immediately if the
conditions are favourable, or to postpone the staté of the capital application to a
more propitious time in the future. This ability wait (defer optionor option to wai}
should be assessed, preferably through models base@®ption Pricing Models
(Trigeorgis, 1999).
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This flexibility is necessary so that investors i make wrong investment decisions
and do not completely lose all the capital invesiidte choice of technology, the right
time to invest, uncertainty and irreversibility eal the need to apply valuation methods

that can contemplate these issues.

3.1. Renewable energy investments: main features

Electricity generation projects from renewable sesr are characterized by their
irreversible investment, high degree of uncertainged for management flexibility and
choice of different generation technologies. Howgewbese issues are even more
important when added to other relevant characiesistf renewable technologies,
especially the intermittency of electricity geneat and low maturity of the

technologies.

In fact, compared to conventional technologieseveable energies have the advantage
not to suffer significantly the uncertainty regaglito fuel price for generation, but on
the down side, their viability is highly determinbg fluctuations in natural resources
that affect operation. In this case, the choicéechnology can be decisive, since the
intermittency, for example, in a hydropower plasitniot as immediate as in wind or
solar power station, given that river levels do dwip suddenly, while the sun and wind
are much more unpredictable (Wan and Parsons, 1@98)he other hand, a particular
feature of the electricity sector is the commitmtenprovide electricity to consumers at
a specified price at any time to any level of dethan

The issue of intermittency relates mostly to theautainty of energy produced by a
given technology, reducing its value compared whign use of energy from traditional
sources. Thus, it is essential to perform a copesdiction of the energy produced and
to make an appropriate choice of location. Unfaatety, this choice depends on

geological constraints and the best sites for mgisfunds are far away from

62




consumption centres, which require new distributgystems to avoid losses. This

obviously involves an increase in investment costs.

Another important feature of these investment®ahnological innovation, since such
technologies are not yet in full state of maturiyhich makes them uncompetitive
compared to traditional technologies of fossil fudlany studies have proven that this
lack of maturation promotes a postponement of itmrest, given their high cost (eg,

Fuss and Szolgayova, 2010).

Moreover, since the technological changes in tihnewable energy generation happen
quickly, there is little chance of recovering thest of capital invested in any new
chosen technology, so that this choice becomeseliargreversible. Under such

conditions, the adopter of technology can on the lmaind, accept the cost of making a
mistake by adopting too early, or, on the otherdpacan choose to accept the
opportunity cost of waiting in expectation of betfature technologies (Farzin et al,
1998).

Another particularly important characteristic ofe$e projects is the regulatory
uncertainty, which strongly affects investment dexis and may influence the viability
of investments in a negative way, if any regulatahanges alter the favourable
conditions for these projects. Rapid technologjmalgress in renewable energy and
changes in economic or political priorities canateepressure to slow the progress of
commitments to renewable generation, leading gowents to change their policies in

terms of support for certain technologies (Holbetal, 2009).

All these uncertainties strongly influence the Miggbof investments, which require an

economic assessment can account for the optioihesxddility in managing projects.

3.1.1. Which is the best evaluation method?

There are many studies about evaluation of renevabérgy investments that try to
incorporate these features with the use of trasifionethods, which include scenario

and sensitivity analysis to account for the undeties and flexibility of these projects.
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Kosugi and Sik Pak (2003), make an economic evaluaif solar thermal hybrid H20
turbine power generation systems, using the metfiddvelised costs considering the

uncertainty of future fuel cost and capital costha solar collector.

The benefit-cost method is also commonly used taluate projects of energy
production by renewable sources. Moran and Sheain{006), use this method to
evaluate a project of a wind farm power generatio8cotland including externalities.
This study makes an assessment, not only of monetsts and benefits but also costs
and benefits that are not based on market trawmsactisuch as carbon emissions
avoided by the project and costs of the visual ghf@easured by willingness to pay of
habitants), carbon released during reforestatianufacturing and construction. Other
studies of renewable energy projects, such as &iesi et al. evaluate three
technologies for power generation using municipéilsvaste with the methodology of
the cost-benefit analysis considering their po&nfior obtaining credits for carbon

emissions avoided.

Tsukamoto et al. (2006) makes an economic assessofiea wind farm project,

considering the analysis of various scenarios tik@se authors, the NPV method allows
them to measure and evaluate all items of a constadard as cash-flow, and realized
scenario and sensitivity analysis in different&iitons, so that they can evaluate projects

from many viewpoints.

Other assessment methods are being used in thegectpr even serving as a
complement between them, in order to achieve abielifeasibility analysis. Nagaoka
et al. (2007), in his study on the economic vi&pibf cogeneration of electricity in a
sugarcane central with objective of trading excassgger risk conditions, use the Monte
Carlo method and cost-benefit combined with the NP&yback and IRR analysis.

Kai and Tiong (2008), present a case study abaehtedevelopments of a hydro power
plant with carbon finance option in central Vietnamsing the IRR. In summary, the

IRR will be calculated taking into account the bi@seand economic costs. Economic
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costs have two components, i.e. non-tradable aadhltle costs. Tradable goods, are
valued at border price in the exchange rate. Nadafole commodities are valued by
using the shadow price conversion factor and thiedstrd conversion factors specific to

different sectors.

Alves (2010), makes an investment analysis andystfdeconomic and financial
viability of building a small hydroelectric plannhalifferent scenarios for the variables
that affect the project. For each scenario developdound a minimum price in energy
auction in the regulated market that enables tesasthe feasibility of the project from
an economic viewpoint. It is also calculated theVNdhd IRR of a small hydroelectric
power according to the sale value of energy obthimg the entrepreneurs in the last

auction of alternative energy to the captive market

Muneer et al.(2011), in their study of tharge-scale Solar PV Investment Models,
Tools and Analysis: The Ontario Casaso uses the NPV method to evaluate this
project, since it is believed that this method mpooates the entire life cycle of the
project and the value of money over time. Thus, NVs are calculated for all
proposed projects, and the project with the high#®¥ is selected.

These projects, that are typically evaluated basedtatic evaluation tools and neglect
the issue of flexibility, often lead to undervaluedestments (Willis and Scott, 2000).
This flexibility refers to the ability of managets modify the projects according to the
evolution of uncertainty, in order to improve thalue of investments. However, with
the traditional methods this hypothesis is eaghored (Martinez-Cesena and Mutale,
2011).

The importance of this flexibility and its calcutat has been studied by several authors
such as Kulatilaka (1998), Trigeorgis (1999), Wamgl Neufville (2004), Dixit and
Pindyck (1994) and Bengtsson (2001). Thus, the RO Adicated as the most effective
method to take into account the flexibility, and fbe evaluation of renewable energy
projects. According to Martinez-Cesena and Mut@é11) the flexibility captured by

this method can increase the value of these pmjé@caditional methods even with the
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application scenario analysis still focus on theggion of whether or not to invest in a
project and do not say which is the best time vesh (Yang and Blyth, 2007).

Roques et al. (2006), for example, assume a modieravinvestment decisions are
made at intervals of five years, and also basetherNPV. The model can be used to
evaluate two different timings of investment belavi First, it assumes that the
investment takes place during the first periodimetthat has a positive NPV and uses
technology that has the highest positive NPV. & tRPV for all technologies is

negative, further evaluation will occur in the nesdriod of time. If we never have a
positive NPV then no investment is made. This apgingoroduces an investment timing
and technology choice pattern. However, it can §eduo find the optimal timing of

investment.

The ROA is the extension of financial options tlyefar the evaluation of real assets. A
real option can be defined as the right but notdbkgation, to make an investment
decision on real assets (i.e., delay, construcgn@bn, alter, change, etc.). This
flexibility can increase the value of projects (Diand Pindyck, 1994). In contrast to
financial options, a real option is not negotiablier example, the owner of a factory
cannot sell the right to expand the facility to tteer party, as only he can make this
decision (Blyth and Yang, 2007).

According to Botterud and Korpas (2004), in the RQAvestment projects with

uncertain future cash-flows can be considered &sray if the investment decision is
irreversible and the investment timing is flexibl€his is usually the case when
investing in new power generation plants. The R@aes that the optimal timing of an
investment does not occur until the value of thgjqmt itself is equal to the option of
investing in the future. Figure X illustrates theuation where is optimal to invest until
the net cash-flow of the project reaches V *, mehen the NPV of the project itself, N
(V), reaches the value of having the option to gtve (V). The static evaluation of the
NPV in Figure 10recommends investing when the N (V) is positive, when the NPV

of the project exceeds the investment cost, |. RI@A provides a more restrictive

investment strategy, since the value of waiting ifdormation about the uncertain
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future trends that affect the project's cash-fléw), is explicitly taken into account in
project evaluation.

Net PresentValue
(NPV)

N

A(V): additional
value of postponing
F(V): Expected NPV of  investment decison

investment opportunity F(V)=N(V)+A(V)

(real option) \
/ v+ >
4 Net cash flow
N(V): NPV of 4 from project V
project — / v
4
4

| — investment cost
V* - optimal threshold for investment

Figure 10 - lllustration of the real options approah

Source: elaborated by the author, based on Botterudnd Korpas (2007)

According to Bracher (2003), the traditional evéilom of projects knows the risk of a
project, but ignores the fact that management astimould mitigate these risks, and
thereby, maintain or even, increase the value ef gloject. On the contrary, real
options analysis combines uncertainty and risk wfité flexibility of the evaluation

process, considering the volatility as a poterg@ditive factor, attributing value to the

project.

Regarding the issue of evaluation of environmerggburces, according to Pindyck
(1999), for investment projects involving naturaésources, there are certain
peculiarities involved: 1) the irreversibility ofmvestment, 2) the possibility of
postponement of the investment decision and benefitwaiting, 3) the timing for

optimal use of environmental good. The presencthede three aspects suggests that
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evaluating these projects with the techniques thaditionally have been used is
inconsistent, which implies the use of the ROA.

The ROA is a methodology for evaluation of realeésswhich takes into account the
operational and managerial flexibility over theetime of the project. Its dynamic
characteristic differs from traditional techniquise NPV, and therefore, leads to more
realistic results. A real option is the flexibilithat a manager has to make decisions
about real assets. As new information is develaggedithe uncertainty about the cash-
flow is revealed, the investor can make decisidreg positively influence the final
value of the project.

As previously discussed the irreversibility of pavwgeneration projects, the high degree
of technical, economic and regulatory uncertaiag/well as the need for management
flexibility, require an investment evaluation cafgabf taking into account these issues,
that the project is not under-estimated. The datetion of the viability of projects by
traditional methods are able to assess the rigkddunot examine all the uncertainties
and flexibility required for their proper implemation. Thus, the ROA will fill these
gaps through the incorporation of management fletitallowing investors of project
power generation from renewable sources, to makeritiht decisions by obtaining

better information for their execution.
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4. THE REAL OPTIONS APPROACH

4.1 — Real Options Approach

The Real Options Theory is perceived as the onlyhate of assets valuation that
recognizes the interaction between the three factioat characterize the nature of

investments: irreversibility, uncertainty and fleity in timing (Dixit and Pindyck,

1994).

In a context of uncertainty and flexibility, theadwation of an investment must take into
account the possibility of response to future ofegaconditions. The technical
evaluation of real options has the capability teoamt for this investment flexibility
(Soares et al., 2008). The following figure représea matrix that relates the
uncertainty and flexibility with the methodologidgsat evaluate risk and uncertainty in

project analysis.

High
Sensibility analisys _

> Monte Carlo Simulation Real Options

c

g

)

(@]

C -y . .

- Traditional Analysis of -

Descounted Cash-flows Decision Tree

Low

aammessesssss———————————)

Low Flexibility High

Figure 11 - Uncertainty and Flexibility

Source: Elaborated by the author based on Soares at., 2008
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As it has been claimed in this paper, this mathaves that the ROA is the best method
of investment evaluation when flexibility is incamated into the investment and there

is a high level of uncertainty.

The ROA results from developments in studies ofakamal Options. Thus, for
explaining the application of Real Options, it iecessary to establish theoretical

concepts that also resulted in Financial Options.

4.1.1. Financial Options and Real Options

A financial option is an asset that gives the holtie right but not the obligation, to
buy (call option) or sell (put option) a certain @amt of a particular asset (underlying
asset), to a pre-determined fixed price (exerciseely within a certain period or
established date (Soares et al., 2008).

In 1973, Miller-Fisher Black and Myron Scholes ded the first mathematical formula
for pricing options of purchase shares (call o)oof the european type (Black and
Scholes, 1973). In their article, Black-Scholesrtsteom a non-arbitrage premise
(proposed by Modigliani and Miller) to develop aquéibrium model that involves a

risk-free portfolio, whose return could be represdrby risk-free rate.

The Black-Scholes model (1973) takes into accdumfallowing assumptions:

1. The risk-free rate is known and constant over time;

2. The asset pays no dividends;

3. The option can only be exercised at the time ofunityg ( Option of European
type);

4. There are no transaction costs when buying omgedin asset or derivate;

5. It is possible to invest any fraction of assetslervates to the risk-free interest
rate;

6. There are no penalties when making short-selling;
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7. The model derives from the concept that asset poicean option has a
continuous stochastic behaviour in the form of Gewim Brownian Motion

(GBM) according to the following equation:

d—ss = pudt + adz (9)

Where:

dS: Variation of S (underlying asset price) at tidte

u: A mathematical expectation of the instantaneaisrn rate of the underlying
asset;

o: The instantaneous standard deviation of returtherunderlying asset;

dz: A standard process of Gauss-Wiéner
The Black-Scholes equation for European call opson

c=5SN(d,) — Ke "°N(d,) (20)

Where:
1 S (,2
d, = “(E#ﬁ (11)
and,
d2=d1—0'*\/? (12)
Where:

N(d): Function of Cumulative normal distribution;

“Wiener Process:A stochastic proces#/, = {W (t),t > 0} defined in a probability spacey, F, P) is a
Wiener process if:

1. fors = 0 andt > 0, the random variabl®/,,, — W, has a normal distribution N(O,t);
2.forn=1and0 <t, < - <t, ,therandom variab®,,. — W,,._; is independent;

3. W, =0;

4. W, is continuous fot > 0.
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In: Natural logarithm;

S: Stock price;

K: Exercise price;

r: Risk-free rate with continuous capitalization;
7: Time to expiration;

o The volatility of underlying asset.

The Black-Scholes equation for European put optien®asily deduced from the
previous equation through “put-call pafityConsidering thap is the value of the put
option of an asset in tintewe have:

p =Ke "°N(-d,) — SN(d,) (13)

While European options can only be exercised aurntatdate, the American options
can be exercised at any time until the maturitye d#tan option. These American and
composed options require for their valuation, tlse of numerical methods, such as
binomial tree developed by Cox, Ross and Rubins{@8v9). According to these
authors, this development comes from a simple dfidiemt procedure for options
evaluation, allowing by essence of its construgttbe optimal premature exercise of an
option. For these options, we must decide at ewvetant, which of two actions is most

beneficial: exercise option in advance or waitrfaturity date.

In this model it is assumed that the period to ptioa maturity can be divided in
discrete periods, whose dimension will be represkbiyAt, assuming in each period a
given behaviour for the underlying asset price.Eame intervalAt, the underlying

asset price is multiplied by an random coefficigrdr d. This random coefficient is the

*Theput-call parityis resulted by (Soares et al., 2008):

- acomposed portfolio bylang positionin an unit of underlying asset;

- ashort positionin a call option (meaning it had sold the assaheut owning, that is sold to

uncovered);

- and along positionin a put option,
In maturity date of the options is always has thtue of exercise price. Therefore, in the abserice o
arbitrage opportunities, the portfolio value at gmgint in time is the value of the exercise price
discounted by risk-free interest rate.
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rate of variation price in the underlying assetjoltcan be ascendinu) or descending
(d), reflecting the favourable and unfavourable cooddg in the meket. These
multiplicative factors depend on volatilityo) and size of time intervalAT). The
Figure 12is a binomial tree of evolution for the Lerlying asset price, where the not
on the right represent the distribution of possiokeire values for the underlying as

in option maturity.

Figure 12 -Binomial tree of evolution for the underlying asseprice
Source:Elaborated by the author based on Soares et al., @8

The ascent and descent coefficient values of tlheksin each time intervald,

respectively, are given k

p=e’V% (14) and d = e V4 (15)
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The probability of stock price increase or decraaggven by risk-neutral measure py

andq = 1 — p, respectively. This probability is given by thdéldaving equation:

erfAT_d
u-d

p= (16)

When these parameters are determined, it is pessibiget values for each option
through an option evaluation tree. In this treeefgesented each obtained gain for stock
price. In the case of a call option, this valuegigen by the maximum difference
between value of the underlying asset and exemi®e and zero, i.emax (S-K,0)
while in the case of a put option, the value cqoesis to the maximum difference
between exercise price and stock price and zexg,max (K-S,0) From the option
value in the right nodes of the tree, it is caltediathe other values applying the neutral
probability on each pair of values vertically adjat; represented mathematically by the

following equation:

pcut+1+(1_p)cdt+1

eT‘T

= (17)
From the current stock price we determine the diffetrajectories that it can follow in
time until it reaches maturity. For the option \&ltiis adopted an opposite route, from
right to left, based on the prices defined in eaatie.

Identically to financial options, the real optioase the right but not the obligation to
take an action that affects a real physical asded, pre-determined cost, during a pre-
established time (Soares et. al., 2008). Therefitwe following figure represents the

real and financial options determinants:
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FinancialOptions Real Options

Stock price -‘-

Exercise price - - Required new
Investment

Time to expiration Lenght of time
until decision

must de made

Risk-free rate of Time value of
return - money

Volatility -e-

Figure 13- Correspondence in the Valuation Models

Present Value of
project cash-flows

Risk of the expected
returns

Source: Elaborated by the author based on Sanisi@002

4.2. Real Options typologies

When dealing with an investment project severaiomgt can be exercised, like the
option to defer investment, cancel new steps ofstment, change the scale of
production (expand, contract, temporarily shut dokestart), abandon by residual value
of the project, change uses (inputs and outputd)gaowth options (Trigeorgis, 1995).
These typologies of real options can be classifigdlexibility offered in accordance
with the following taxonomy:
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Delay Option

Table 2 - Types of Real options

It is an American call option found in most progethere
exists the possibility to postpone the beginning

investment

of

Abandon Option

The abandon option of a project for a fixed prieeen if
that price declines over time) is formally an Angan put

option

Contraction Option

The contraction option (reduce size) of a projeny,
selling a fraction of this project for a fixed peids also ar

American put option

Option for growth and

expansion

The expand option of a project, paying more toaase it,

iIs an American call option

Compound Options

There are also options on options, called compubs
options. The investments planned in phases fall this
category. In these cases it is possible to stogetay the
project in the end of each phase. Thus, each pisaag
contingent option to previous exercise of otheiaE an

option on options.

4.2.1. Delay Option

site

Source: Elaborated by the author

The option to delay a project provides a right, bat an obligation to its holder, to

make the investment in the next period, and onlyopeed if the value of investment

of the next period exceeds the necessary investomettte current date.

In other words, this option corresponds to an Awgasri option, allowing the

postponement of an investment decision during @&rgitrme. Since, the investment

decision implies not exercising the option of wagti this value of option loss is similar

to an additional opportunity cost, which justifi@svestment only when the NPV

exceeds the value of the deferral option (Trigenrg®95).
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The delay option confronts the gains of uncertairggolution and obtaining of
additional information, with the costs from projeletferral. These costs are reflected, on
the one hand, in competitive position, since thierdal may cause partial or total loss
of investment value due to the actions of competjtand on the other hand, loss of
positive cash-flows generated by an investment wes not undertaken (Soares et al.,
2008).

4.2.2. Abandon Option

In an unfavourable situation for project viabilitiie abandon option can be exercised in
order to give additional value to the investmenewtlthere is liquidation of its assets
(Soares et al., 2008).

The first option type happens when an investmedivisied in such a way that it can be
abandoned at any time, since the costs are noentmated in one period. In this case, it
IS a situation of sequential investment, in which determined a series of options on

options called Compound Options.

The second type of option consists in the compi@ndonment of the project, only
getting the amounts for capital expenditures tleatehnot been realized or its residual

value.

According to Brealey and Myers (2003), the abandeminof project provides a partial
insurance against investment failure. This optisnequivalent to an American put
option, in which the exercise price correspondshi liquidation value of investment

assets.

4.2.3. Contraction Option

If the conditions are unfavourable in a given madanditions, it is possible to reduce

the production scale, reserving part of the planmagstment expenditures. This
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capability is similar to a put option on part oétproject, with an exercise price equal to
the potential costs saved.

4.2.4. Option for growth and expansion

Contrary to the previous points, this option isreied in cases of favourable market
conditions for the project. This option is identitman American call option to acquire
an additional part of the project, requiring an aopaniment cost (exercise price)
((Trigeorgis (1995).

This option allows promoting pilot-projects for nechnologies, which even with
negative NPV, should be performed, because thegeqgs can put on the market new
successful products or processes. In other wondthese cases, the projects that were
initially rejected by traditional assessment methstiould be implemented (Soares et
al., 2008).
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5. CASE STUDY: APPLICATION OF
REAL OPTIONS TO A SMALL
HYDRO INVESTMENT PROJECT

5.1. Small hydro investments

The term mini-hydro plant differs from large hygiant, since the first, due to its small

environmental impact, is considered a renewablén@ogy. As for the second,

although, it uses a renewable resource, it produmasnegligible effects on the

environment, which make their classification as emewable resource technology

problematic.

Mini-hydro plants use the following classificatiorecommended by UNIPEDE

relatively to installed capacity and height of fall

Table 3- Classification of hydro plant by installedCapacity

Designation

P(MW)

Small-hydropower plant
Mini-hydropower plant

Micro-hydropower plant

<10
<2
<0,5

Source: Elaborated by the author based on UNIPEDE2009

Table 4 - Classification of hydro plant by height &ll

Designation H(m)
Low fall 2-20
Average fall 20-150
High fall >150

Source: Elaborated by the author based on UNIPEDE2009
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The mini-hydro plants are very criticized for thenpact on the ecosystem. First, they
avoid the connection between upstream and dowmstr@athe installation, having
negative consequences, such as the block of passage protection for fishes,

interruption of sediment transport and impact anléndscape in areas little explored.

Systems of mini-hydro plants convert the potenéintl kinetic energy of water in
electricity movement, using a turbine that drivegeaerator. As the water runs from a
high point to a lower zone, as in rivers and wailésf the energy is transported that can
be exploited by the system of mini-hydro plant.

A constant flow of water is critical to the succedsa project for a mini-hydro. The
energy available from a turbine is proportionalthe amount of water that passes
through the turbine per unit of time (i.e., flovand the vertical difference between the
turbine and the water surface to water inlet. likast of the cost of a project for a mini-
hydro results from construction expenses and pseclud equipment, this investment
can generate large amounts of electricity with Mewy operational costs and modest
maintenance costs for 50 years or more (RETScrdemhtional, 2005).

Comparatively with other technologies from renewabburces, these plants have a
high technological efficiency, due to their matyrievel, which reduces significantly
the technological risk. Relatively to intermittenoy generation, this technology has
variation rates and low intermittency, with smadkations from day to day. Moreover,
as mentioned earlier, their resource (water) islye@sedictable, which reduces the

uncertain amount of energy generated.

The following figure shows the main components afiai-hydro plant:
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Figure 14 — Components of Mini-hydro plant
Source: Camus and Eusébio (2006)

According to the report of analysis of clean enepggjects RETScreen International
(2005), some authors, usually consider four stagjesngineering work required to
develop a project for a hydroelectric plant. Theteps of project are represented in the
following figure:

Reconnaissance System planning

surveys and Pre-fs:::;slllty Feasibility Study and design

hydraulic studies engineering

Figure 15 - Main stages of hydropower projects

Source: elaborated by the author
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Reconnaissance surveys and hydraulic studieshis first phase of work usually
covers numerous sites and includes: map studynheddlon of drainage basins;
preliminary estimates of flow and flooding; and aeey visit to each location (by an
engineer and project geologist or geotechnical rexey); preliminary layout; cost
estimates (based on formulas or computer datajah dlassification of sites based on

the energy potential, and a cost index.

Pre-feasibility study: Work on chosen site or sites include: mappinglteation and
geological investigations; recognition for a suiégaborrow areas (eg, sand and gravel);
a preliminary layout based on known materials toakeailable; primary selection of
characteristics of main project (installed capacifppe of development, etc.); a cost
estimate based on major amounts; identificatiopasfsible environmental impacts; and

elaboration of a single report on each site.

Feasibility Study: Work continues on the selected site with a majoygmam of
foundation investigation; design and testing oflaltrow areas; estimate of deviation,
design, and probable maximum flood; determinatiberergy potential for a range of
heights dams and installed, determining the projiesign earthquake and maximum
credible earthquake; design of all structures ffigant detail to obtain quantities of all
items that contribute more than about 10% to thet adf individual structures;
determination of the dewatering sequence and grpjan; optimizing the layout of the
project, water levels and components; productionaofletailed cost estimate; and
finally, an economic and financial evaluation oé tbroject, including an assessment of

the impact on the existing electrical wiring, alosigh a feasibility report.

System planning and design engineeringrhis work should include studies and final
design of the transmission system; transmissiotesysntegration; integration of the
project to the power grid to determine the precrszde of operation; production of
tender drawings and specifications; reviewing pea® and detailed design of the
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project; production of detailed construction draggnand review of drawings of the

equipment manufacturer.

However, for a mini-hydro, the engineering worloften reduced to three stages, with a
lower level of detail in order to reduce costs. &eaily, a preliminary investigation is
conducted, which combines the work involved in fing two phases described above.
While reducing the engineering work, increases fiisk of the project not being
financially viable, which can usually be justifiedue to the reduction of costs

associated with smaller projects (RETScreen Intemnal, 2005).

5.2. Case study: a brief description

In this point it will be analysed a former investmhealuation on a hydroelectric plant

where were used traditional methodologies of ptoyatuation and then, proceed to a
practical application of the ROA to this case stutlyus, the phases of the mentioned
project will not be assessed in this study, sitey thave been already finished. Only
the phases related directly to the economic vigtalf the project, such as the economic

and financial data and production estimates, valirbthe scope of this study.

The case study represents an investment projextahi-hydro plant with an installed
capacity of 500 kW, resultant to a capture usagewfdropout (10.5 m), with a plant
built on river margins, besides the concrete raserfhe lifetime of the project is 50
years, which corresponds to the lifetime of théing and generator. The lifetime of the

transformer is 25 years.

This project presents the following characteristics
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Table 5- Characteristics of the mini-hydro plant

Turbine Type Kaplan with vertical axis
N° of turbines 1
Generators Asynchronous three-phase 400V
N° of generators 1
Income generator 95%
Transformers 400V/15kV
Ne° of transformers 1
Income of transformers 90%
Capacity of each turbine (kW) 500
Capacity of project (kW) 500
Interconnection line (km) line de 15Kv with 10 km
Average annual generation (kWh) 1.332.808

Source: elaborated by the author

The project begun in 2006, and the start-up wagiteof that year.

At the time of the economic assessment, the projesis were assumed to be following:

Table 6 - Investment Cost (%)

Investment Costs Percentage of Total
Transformers

14,46%
Generators

10,24%
Turbines

10,24%
Electromechanical equipment

14,46%
Construction

24,10%
Line of 15kv

12,05%
Study and Project

2,41%

Cost of land and expropriation

12,05%

Source: elaborated by the author
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Table 7 - Operating and Maintenance Costs (%)

Operating & Maintenance  CostsPercentage of total
(Annual)
Years 1 a 50

2,48%
Maintenance year 10

4,97%
Maintenance year 20

4,97%
Maintenance year 30

4,97%
Maintenance year 40

4,97%
New transformers after 25 years

77,64%

Source: elaborated by the author

Regarding the financing of the project, there isrexentive program that funds 40% of
the investment, being financed up to 1000 €/ kWe €quity of the company support is
25% of the investment and the remaining 35% araiobt by use of bank credit. The
first 300 €/kW of incentive are not refundable, aih@ remainder must be repaid,
without interests, in nine years with a waitingipdrof 3 years (i.e. from the 4th to the
9th year in annual constant payments). The bardntimg is a 10 year credit, repayable
through constant annual payments, with a 6.5%easterate, from the date of entry to

the operation of the plant. The opportunity costagbital is considered 10%.

5.3.The economic evaluation of the project under a
traditional approach: critical analysis

In this subchapter, it will be undertaken a critiaaalysis of the assessment made,

focusing the following points:

» Calculation of energy produced;
* Value of the energy sales/year;

* Inflation rate;
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* Depreciations;
* Rate of capital cost;
* NPV, IRR e Payback.

This project has been assessed from three mainidreed methods: NPV, IRR and

Payback. The main results obtained with this amalysre the following:

Table 8 - Results of project

Energy Produced (kWh/year) | 1.332.808
Remuneration of energy (€) 9.6672
NPV (€) 51.371
IRR (%) 11,22%
Payback (years) 35

Source: Elaborated by the author

» Energy produced

The hydrological study was conducted for flow digition based on the values of the
monthly average flow, measured in a hydrologicatish located 1000m upstream of
where is installed the mini-hydro, with a catchmarga of 200 km?2.

The monthly average flows presented are:
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Table 9- Monthly average flow (m"’/s)

OoCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SET

"1966/67" 7,8 9,2 3,2 6,5 23 9,1 2,9 9,5 1.8 0,38 0,15 0,2
"1967/68" 0,4 2,9 11 0,87 21,75 57 8,9 1 14 0,24 0,06 0,72
"1968/69" 1,06 14 20 32 29 57 6,4 11 3,9 11 0,22 11
"1969/70" 0,83 2,2 1,6 8,5 7,2 2,7 1,6 4 1,3 0,19 0,05 0,02
"1970/71" 0,1 11 1,28 12,32 5,25 3,85 14,67 10,67 7,13 5,54 2,09 0,69

"1971/72" 1,31 0,73 0,91 4,74 37,44 11,66 3,99 1,84 0,76 0,15 0,04 0,17
"1972/73" 2,83 6,18 14,58 22,21 53 2,06 0,57 9,85 2,61 0,71 0,28 0,24
"1973/74" 1,72 1,75 3,02 20,98 20,08 4,6 2,4 2,29 10,36 2,46 0,37 0,34
"1974/75" 0,37 2,26 1,55 4,26 7,71 13,81 2,92 1,59 0,89 0,22 0,04 0,45
"1975/76" 1,3 1,24 1,98 1,19 4,86 2,44 2,06 1,63 0,38 0,58 0,19 0,53
"1976/77" 6,37 6,52 8,79 22,38 | 45,19 10,38 5,46 1,97 1,71 0,37 0,15 0,11
"1977/78" 2,31 1,59 39,3 12,03 61,98 23,97 4,68 6,96 1,84 0,39 0,07 0,04
"1978/79" 0,44 1,32 39,3 24,05 72,96 23,45 15,64 3,51 1,6 0,53 0,09 0,05
"1979/80" 5,16 3,16 4,62 5,52 10,18 7,82 5,54 5,59 1,83 0,31 0,11 0,07
"1980/81" 0,35 1,69 1,06 0,82 1,23 3,75 5,76 5,72 1,62 0,14 0,03 0,15
"1981/82" 3,13 0,58 23,76 14,92 7,26 3,2 1,59 0,98 0,8 0,11 0,04 0,65
"1982/83" 1,78 6,74 9,43 3,09 10,17 4,47 14,39 22,21 3,37 0,84 0,71 0,27
"1983/84" 0,28 6,09 19,7 6,57 5,28 7,08 8,01 3,42 2,23 0,43 0,06 0,13
"1984/85" 5,2 28,05 13,06 23,58 | 4581 9,7 9,76 3,25 4,21 0,67 0,21 0,07
"1985/86" 0,16 1,37 14,49 10,25 21,28 8,79 3,31 19 0,41 0,06 0 3,43
"1986/87" 0,68 3,5 3,24 7,25 15,84 6,32 7,79 2,15 0,75 0,59 0,06 2,71
"1987/88" 6,77 3,99 13,81 | 31,47 27,02 3,69 4,44 10,08 4,18 2,69 0,34 0,14
"1988/89" 1,08 1,71 1,44 1,15 2,71 4,2 5,07 2,32 2,99 0,2 0,11 0,05
"1989/90" 0,14 13,36 72,21 141 15,11 3,33 4,42 1,65 0,64 0,17 0,1 0,12

Hydrological studies provide the probability ofwle (usually daily mean values) during
the year. It is necessary an analysis of recor@s several years in order to calculate

the water resources during the life of the mini#twy@Camus and Eusebio, 2006).

It can be supplied data relative to daily and miyndverage flows to calculate: the
average energy produced; flows in dry, wet and abyears to study scenarios; flood
flows, for the design of water retaining structueesl spillways; ecological flows, to

calculate the available flow (Camus and Eusebi0620

The primary objective of the hydrologic analysisideed to support feasibility studies
of hydroelectric power plants is, therefore, toambtthe call duration of the flow-
duration curve. This curve is a mean curve supdditeobservations made over several
years and its significance will be greater, thegkemthe time period required for its
construction (Castro, 2002).
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This way, the values considered for the period 186890, used to calculate a forecast
of production for a project that started in 200&ymmot be enough. Given the climatic

changes over the past 40 years, it is importaritthese values were updated, at least
until the beginning of the twenty-first century. Mover, it is recommended that these
data matches 30 to 40 years (Eusebius and Cam;, €8stro, 2002).

» Value of energy sold annually

The tariff calculation is performed based on asdionp and does not take into account

the true values of each part of the tariff. The wapration value of generated energy is

calculated using the following formula:

VRD,, = [KMHO,, * [PF(VRD),, + PV(VRD),,] + PA(VRD), * Z] * om=t , 1 (18)
IPCrer  (1-LEV)

Where:

VRD,,:Monthly remuneration applicable to central of Reable Producers;

KMHO,,: It is a coefficient that modulates the valueBR§¥RD),,, PV(VRD),, and
PA(VRD)as a function of time in which electricity has bgeavided;

PF(VRD),,: Fixed portion of remuneration (capacity) appliesin the month m;
PV(VRD),,: Variable portion of remuneration (energy) apdiean month m;
PA(VRD),,: Environmental portion of remuneration in month m;

Z: Additional coefficient that reflects the charattcs of the resource and technology
used;

IPC,_1: Consumer price index, excluding housing, on tbat®@ent, in the month m;
IPC,er: Consumer price index, excluding housing, on tleat@ent, in the month prior
to the start of power supply;

LEV: Losses in transmission and distribution avoidgdhie renewable central.

When reviewing the calculation of the first parttbé equation (KMHO), the value is
considered equal to 1. However, although in thenlstng process, the renewables have
the possibility to decide if they prefer or not ttaiff modulation translated by the
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coefficient KMHO, the hydro plants have obligatonpdulation. Thus, the value should
not be considered 1, but should be calculated basekde assumption of legislation and
the following formula:

KMHOpc*ECRpcm+KMHOy*ECRy m
ECRp,

KMHO =

(19)

Where:

KMHO,,: Factor that represents the modulation correspgniirfull and peak hours,
which have the value of 1.15 for the hydro plants;

ECR,.m (kW/h): Renewable electricity produced by the plant in &uld peak hours
and end of montimn;

KMHO,,: Factor that represents the modulation correspondingped hours, which
have the value of 0.80 for the hydro plants;

ECR,,(kW/h):Renewable electricity produced by the central imded hours of the

monthm;

ECR,,(kW /h):Renewable electricity produced by the plant inrttenthm.

The fixed part PF(VRD),is associated to the remuneration related to chpaci

guarantee provided by the renewable plant, arsdaaliculated by following equation:

PF(VRD) = PF(U),¢f * COEF pyp py * POT pyoq (20)

Where:
PF(U),fis the unit value of reference f8F (VRD), which:

* Must correspond to the monthly investment unit costnew production
facilities, which construction is avoided by a reable energy plant, that
ensures the same level of capacity that would beiged by a new production
facility;

* It'svalueis 5,44 € (kW/h);

* It will be used, in each plant, during all periodswvhich the remuneration set by
VRD is applied.
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COEF,,. »: Dimensionless coefficient that reflects the pleottribution of renewable
in the monthmto guarantee capacity provided by the public nekwor
POT,,.qm: Average capacity available (declared) by renewgtiant to the public

network in monthm, expressed in kilowatts.

The variable part of remunerati®V(VRD),is linked to the energy delivered by PRE-

R, and is calculated as follows:

PV(VRD),, = PV(U),; * ECR,, (21)

Where:
PV (U),fis the unit value of reference f8¥ (VRD), which:

* Must correspond to the operation and maintenanses toat would be needed to
exploit the new production facilities, which consttion is avoided by the
renewable plant;

* It's value is €0,036 kW/h;

* It will be used, in each plant, during all periadsvhich the remuneration set by
VRD is applied.

The environmental paPA(VRD),values the environmental benefits provided by the

renewable plant, and it is calculate by the follogviormula:

PA(VRD),, = ECE(U), s * CCR,;  ECR,, (22)

Where:
ECE(U),fiS the reference unit value for avoided carbon idi@xemissions by the

renewable plant, which:
* Must correspond to a unit value of carbon dioxidat twould be emitted by a
new production facility, which construction is &ed by the renewable plant;
e It'svalueis 2*10 - 5 EUR/g;
* It will be used, in each plant, during all periodswvhich the remuneration set by
VRD is applied.
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CCR,.:is the unit amount of emissions of carbon dioxidenf the reference plant,

which takes the value of 370 g / kilowatt-hour, d@nwill be used in each plant, during

all periods in which the remuneration set by VRRpplied.

The parameteLEV for this project with a capacity less than 5 M\Akds the value of
0,035.

The factorZ is the technology used in production. The valuetf@ mini-hydro is 4,5

and not 4,2 as indicated in the analysis.

IPCpy_q

e, was calculated taking into account the IPC of 20 year preceding the
ref

project) and updated by inflation.

The following table represents the values deterthiiog all parcels, together with the

return of energy to the month and year:

Table 10 - Results of energy remuneration

KMHOmM 1
IPCm-1/IPCref 1
LEV 0,035
PF(VRD)m 323,63
PV(VRD)m 3998,42
PA(VRD)m 821,90
Z(mini-hydro) 4,2

VRDm 8.056 €

VRDa 96.672 €

Source: Elaborated by the author

Another important note about the value of remumnemnat the period of support. In this
investment analysis it is considered that the gngemerated will be paid during all the
life of the project in this amount, however, thigoport has only the durability of 20
years, renewable for another five years, i.e. hasah 25 years of provision. Obviously,
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due to simplicity reasons in the calculation itassumed that the revenues will be
generated according to this value during the 5Qsyeh the project, but this is not
correct, since that in the middle of the projeciergy will be sold according to market

conditions, which provides a highest uncertaintg anxcreases the risks for investment.

> Inflation rate

The inflation rate is assumed to be equal to 3%wdi@r, this is only applied when
calculating the remuneration of the energy produded it is not accounted for the
remaining components afash-flows, i.e. the cost of the project. As a Iteshis

evaluation indicates that the projects revenueg@eing over the years, but in return,

the costs remain, which over-evaluates the NPVeti@mg positive results of project.

The inclusion of inflation in investment analysssnot consensual. Some authors argue
that it only justifies to realize an evaluationcatrent prices if the inflation rate is very
high and unstable, if not, a constant price anslysi best (Barros, 1991). This is
common in studies of investment assessment, simeeonsidered that inflation affects
in the same way all the revenues and costs. Thiatsin happens due to the fact that
many analysts, for simplicity, consider identicalues of inflation for all components
(Barros, 1991, Soares et al., 2008). This assumpigo not realistic, since each

component has different values of inflation, bydymf products or sectors.

The inflation has an impact on cash-flows on investt projects at three levels (Soares
et al. 2008):

* In nominal incomes, which increase;

* In nominal expenditures, they also increase;

* Inthe interest and charges relating to debt, whlsb increases.

For this reason, if this assessment considergiimflan revenues, it should also consider

it in costs and in interest rates related to debt.
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It is also important to note that the differentchi@pplication of inflation is difficult to
achieve and can lead to substantial errors. Byyamagl, for example, the replacement
value of the transformer after 25 years, it is gllted based on weak assumptions,

since it considers that it will cost five times radhan its cost in the initial investment.

Regarding the choice between the evaluation aeotior constant prices, the costs and
profits reflect equally the impact of inflation, thoinvestment analysis are equivalent,
being the impact of inflation neutral. However, dapations are determined by the
underlying assets. Given that, these are accouaeldd remain at historical cost in
corporate balance sheets, depreciation is a cdanstaportion of that cost, so it should
not suffer the effect of inflation on an analystscarrent prices. As depreciation is a
cost that is not affected by price increases, txames reflect this growth, the impact of
inflation will be an increase in net income beftares and, by extension, a real increase
in paid taxes. The real profitability of the compas reduced by the transfer of wealth
from the company to the Government through highees (Barros, 1991; Soares et. al.,
2008).

In the case of determining the cash-flows at curpeices, also the opportunity cost of
capital, must be updated with inflation. Thus, #mimation of the discount rate,

adjusting the effect of inflation, is the followimglationship:

iNominal = iReal +m+ iReal * T (23)

Where:
inominar:RAte Of capital cost at current prices
irear:Rate of capital costs at constant prices

m: Inflation rate
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» Depreciations

In this evaluation is used a method of depreciatibconstant quotas. However, there is
some inconsistency about how it is applied. Thdovahg table represents the

depreciation calculated:

Table 11- Depreciations by year

Year Assets Depreciation Accumulated\et Value
depreciation

Start 810.000 €

End of 2006 710.000 € 16.200 € 16.200 € 693.800 €
End of 2007 710.000 € 16.200 € 32.400 € 677.600 €
End of 2008 710.000 € 16.200 € 48.600 € 661.400 €
End of 2009 710.000 € 16.200 € 64.800 € 645.200 €
End of 2010 710.000 € 16.200 € 81.000 € 629.000 €
End of 2011 710.000 € 16.200 € 97.200 € 612.800 €
End of 2012 710.000 € 16.200 € 113.400 € 596.600 €
End of 2013 710.000 € 16.200 € 129.600 € 580.400 €
End of 2014 710.000 € 16.200 € 145.800 € 564.200 €
End of 2015 710.000 € 16.200 € 162.000 € 548.000 €
End of 2016 710.000 € 16.200 € 178.200 € 531.800 €
End of 2017 710.000 € 16.200 € 194.400 € 515.600 €
End of 2018 710.000 € 16.200 € 210.600 € 499.400 €
End of 2019 710.000 € 16.200 € 226.800 € 483.200 €
End of 2020 710.000 € 16.200 € 243.000 € 467.000 €
End of 2021 710.000 € 16.200 € 259.200 € 450.800 €
End of 2022 710.000 € 16.200 € 275.400 € 434.600 €
End of 2023 710.000 € 16.200 € 291.600 € 418.400 €
End of 2024 710.000 € 16.200 € 307.800 € 402.200 €
End of 2025 710.000 € 16.200 € 324.000 € 386.000 €
End of 2026 710.000 € 16.200 € 340.200 € 369.800 €
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End of 2027
End of 2028
End of 2029
End of 2030
End of 2031
End of 2032
End of 2033
End of 2034
End of 2035
End of 2036
End of 2037
End of 2038
End of 2039
End of 2040
End of 2041
End of 2042
End of 2043
End of 2044
End of 2045
End of 2046
End of 2047
End of 2048
End of 2049
End of 2050
End of 2051
End of 2052
End of 2053
End of 2054
End of 2055

710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €
710.000 €

Source: Classes of Investments of Renewable Energy

16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €
16.200 €

356.400 €
372.600 €
388.800 €
405.000 €
421.200 €
437.400 €
453.600 €
469.800 €
486.000 €
502.200 €
518.400 €
534.600 €
550.800 €
567.000 €
583.200 €
599.400 €
615.600 €
631.800 €
648.000 €
664.200 €
680.400 €
696.600 €
712.800 €
729.000 €
745.200 €
761.400 €
777.600 €
793.800 €
810.000 €

353.600 €
337.400 €
321.200 €
305.000 €
288.800 €
272.600 €
256.400 €
240.200 €
224.000 €
207.800 €
191.600 €
175.400 €
159.200 €
143.000 €
126.800 €
110.600 €
94.400 €
78.200 €
62.000 €
45.800 €
29.600 €
13.400 €
2.800 €
19.000 €
35.200 €
51.400 €
67.600 €
83.800 €
100.000 €
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In this context, the depreciations were calculatelg for the tangible assets, taking into
account the total value of the initial investmanith the exception of the components

studies and projects, divided by the life timehs tnvestment.

Meanwhile, some aspects deserve a special atterfost, it is assumed that all
components of the investment are depreciated irséimee way, which is not correct
since, for example, the building has not the saif@tirhe tax of equipment. Thus,
according to the rules of depreciation, it wouldnbere appropriate to draw a map with
the different amortization allocations for each goment. Second, the component
corresponding to land and expropriations is note@pble, being only the value of the
building included. Third, the studies and project®re not considered in the
amortization map. However, although they represatdngible assets, these are
amortized over three years. The following table spr#s an alternative to the

amortization map:

Table 12 -Depreciations by components of investment

Components Depreciation (years) Depreciation rétés)
Equipment (Transformers,

Generators, Turbines, 16 6,25
Electromecanic Equipment)

Construction 30 3,33
Line of 15kV 20 5,00
Study and Project 3 33,33

Source: elaborated by the author

In addition, the component relative to equipmeffitess a change in its value, due to the

replacement of a transformer at the end of 25 yedngh will increase both the value

of fixed assets and depreciation in that year.

“According toDecreto Regulamentar n.° 2/90 de 12 de Janeiro

96



» Rate of Capital costs

The rate of capital costs considered correspond9%. This rate should be calculated

according to the Weighted Average Cost Of CapidACC), determined as follows:

WACC = Kg+ W+ Wp+Kp. (1 —T) (24)

Where:

K: Rate of return required by shareholders, promatktise project;
W: Weight of equity;

Wp: Weight of debt;

Kp: Nominal interest rate;

T: Tax rate on profits

The WACC indicator shows the composition in terrh$umding sources. The data for
its calculation can be based on the historicalfzaasheets of the company or market
values, being theoretically more correct the usmaiket values ( Mitha, 2009). In the
specific case of determining the Beta for the cdgtiquity, one of the major problems is
that it is not possible to determine this value dompanies not publically traded and,
for this reason, the solutions given are for the aisthe Beta of comparable companies;
use average Beta of business relatedt¢m-up); use Beta of the listed companies with

which there is strong correlation of activitiesgtamers, suppliers, business sector).

» NPV, IRR e Payback

The results are a reflection of the assumptiongrtakto account in evaluating this
investment. The value of NPV is low, considering thgh investment, the payback is
35 years and the IRR is only 1% above the ratapital cost considered.

Issues, such as not changing the depreciation yakleen the new equipment is
incorporated in the mid-life of the project, notdaping properly all investment
components and the determination of little foundsdumptions, makes these results

less realistic.
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One of the facts to comment in these results relai@inly to the calculation of the IRR.
This project has non-conventional cash-flows, watgnal change in more than one
moment of its life time, which involves multiple B and not just one, as shown. In
this case, the solution in multiple IRR’s is caltulg the Modified IRR (IRRM)
(Soares et. al., 2008).

First, it should upgrade to the invested capitakifie time O (t0), to cost of capital. Then
capitalize the successive operating cash-flowgHerend of the life of the project (tn),
to reinvestment rate that the company believesatee Istrong chances of getting, or
ultimately, to a rate equal to the cost of capitahally, updates to the sum of the
capitalized cash-flows for the time t0 at a ratelRM) that allows equals them to

investment (Soares et al., 2008). Analytically, vewe:

1 0CF (1+R)" ¢t
(1+IRRM)™

Where:

OCF,: Operating cash-flow at the end of y&ar
R,: Reinvestment rate of operating cash-flows;
MIRR: Modified Internal Rate of Return.

IC,: Sum of investments in the project updated to oat=apital costs.

Using the MIRR is very useful in cases like thasenly allows associating a measure

of profitability to a set of cash-flows (Soaresakt 2008).

Concluding this chapter, this analysis assumesettey assumptions that strongly

affect the results of the evaluation:

1 - The plant will produce to full capacity and all temergy produced will be sold
during the life of project.

The fact that it will produce at full capacity ovéf years is optimistic but also
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unrealistic, since these predictions are basedyadinological studies, considering the
average annual water flow. The failure to consttieruncertainty in this case can be a

mistake that could put the viability of the projettrisk.

2 —Energyemuneration is constant over 50 years of life.

It does not seem reasonable to assume that the gfriglectricity will not change over
50 years. Even though, it is considered that theegonent will keep a constant
remuneration for the energy produced, but this anly be valid for a maximum of 25,
and not 50 years.

3 - The rate of discount of 10% is assumed deliberavathout consideration of

funding sources.

The discount rate definition is not normally corsmgal. However, in this case to assume
a discount rate without any relation with the cosipon of funding sources is not

correct. As mentioned in previous points, the distaate has influence on the results
of the NPV, thus, assuming rates that do not ctyrevaluate the data for the project

will produce incorrect results.
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5.4.Methoddogy for Real Options application

To accomplish this evaluation through ROA will be followed the following step

_ P Modelling the
Identification of Identification of 'r?]%’;tt'fi'r‘;a;gor't‘a‘r’]‘; probability
model assumptior the assumptions . distribution of the
. s uncertainties
. Choose the option .
Choose the optio type by identified Identification of

the model to be

to be evaluatec uncertainties and ]

project type

Determination of

the parametres for

calculating option
value

Evaluation by the
real options
approach

Aplication Model

. Decision making Comparison with
Analysis of resuli by the values traditional analysi:
obtained of NPV

Figure 16 - Steps for Real Options Analysis
Source: Elaborated by the author

5.4.1. Assumptions

For development of investment analysis throtROA, it will be considered th
following hypotheses:

Assumption 1 — Al data provided by the traditional evaluation modd and the

results obtainedare considered

For the application oROA, we assume the data provided thg project. This case
study doesot intend to alter any assumptions made b traditional approac. Even
being detected some weakness in this model, thectg of this study is to compa

the traditional methods of project evalon and the ROAIn addition, it would not b
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possible to make corrections accurately, becauiseniot possible obtain the necessary

data to do these.

Assumption 2 — Considering the uncertainty about elctricity prices

In spite of uncertainty dynamics that affect thesejects, it will be only considered
uncertainty of electricity prices, since in the easf mini-hydro investments, the
operating costs are not affected by high levelsirmfertainty. For example, in these
cases, fuel costs have not a considerable influengaroduction costs. With regard to
other uncertainties (technological change, enviremia policies, among others), for

simplicity case, they will not be included in theadysis.

For the modelling of this uncertainty, it will bertsidered the electricity price in long-
term contracts in OMIP (the Iberian Power DerivasvExchange) observed over four

years.

In evaluation of long-term project of power genienat current spot price is not the
most desirable for calculation of volatility projecbecause it may be strongly
influenced by short-term factors (climate, avalili#pof short-term production capacity,
among others). In these situations, the uncertaabtyut time-average price over the

lifetime of mini-hydro projects is more relevant.

Therefore, to calculate the volatility of investrheneturn, it will be followed the

premises of a GBM for modelling the probability tdisution of long-term electricity

prices. Pindyck (2001) discusses the evaluatiotong-term commodity prices, and
argues that for long-term investments related tergyn (as the case of mini-hydro
projects), the use of GBM will lead to small errors

5.4.2. Modelling of uncertainties and Monte Carlonalysis

For project volatility assessment was applied asobdated approach of uncertainty,

defined by Copeland and Antikarov (2001), wherecalhsidered uncertainties on the
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assets value are combined into one uncertathiy percentage of the project present

value change over time, i.e., the investment return

In the presented approach, the authors rely oageemption that present value of cash-
flows without flexibility is the best estimation g@foject market value, being for this
reason considered as its market price. This valused as an input in the binomial tree.

Copeland e Antikarov (2001) base their work on theorem developed by Paul
Samuelson (1965), which proves that the return oftean asset follows a random
trajectory, independently of the cash-flows gereztan future, i.e., the current asset
value already reflects all the information containe the historical sequence of this
asset. This implies that any deviation in the ttmey of future cash-flows will be given
by random events, and consequently, the deviattonthe rate of return will also be

random.

Based on the ideas of Paul Samuelson, Copelandiatikhrov resorted to the method
of Monte Carlo to combine several uncertaintiea single uncertainty, i.e., in volatility
of return. The application of Monte Carlo simulatifor calculating volatility of project

return is represented as follows:
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Figure 17 - Monte Carlo Simulation for calculatingvolatility of project return

Source: Elaborated by the author based on Copelanel Antikarov, 2001
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These authors consider that the volatility of tihejgrt corresponds to the volatility of
its returns. Thus, the values obtained in the sutmrh can be converted in a return rate

by the following equation:

rt=1n (—) (26)

PVy

Where:
PV,: Present value at time t;
PV,: Present value at time zero;

rt: Rate of return.

The value of future cash-flows are estimated fov tiates, and given that the rate of
return is constant over time, it is considered th@ssumes the value oneX). Thus,
the percentage change the project value of oneg&rithe next can be calculated using

a logarithmic scale as follows:

z=1n (M) (27)
PVy
Where:

PV;: Present value of project at time 1;

FCF;: Free cash-flow at time 1,

PV,: Present value of project at time 0.

The present value of the project at date 0 and dlatmn be calculated using the

equationg28) and(29), respectively:

PVy =3l —

T 4t=1 qhwaco)t (28)

PV, =3l ,—

T Ht=2 (14wacc)t-1 (29)
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The probability distribution of the "z" values i$tained through the Monte Carlo
simulation, thought the usage of the Crystal Baftvgare. During the simulation the
denominator of the equatiorf27) (PV,) remains fixed, only varyingPVv; +
FCF,according to the uncertainties defined Assumption The project volatility is

defined as the standard deviation of "z" in théof@ing equation:

o = desv.pad (z) (30)

In this case, the values ar&:P, = [WACC;FC,:FCy] =881.371€ and VP, =
[WACC; FC,: FCy = 851.422€]. As a result, the value afwill be 9,53%.

As mentioned in the model assumptions, it was clemed uncertainty on electricity

prices in the Iberian market (OMIP) of long-terrmtracts. The price, because it cannot
be negative, follows a lognormal distribution, lgeimne of the premises of GBM. For

this distribution, were defined the following vatuen the confidence interval of 5% to

95%: 21.90€ and 77.91€, corresponding to the lowest highest price obtained in

market over four years. The mean and standard titaviaere calculated automatically

by the program, giving values of 44.50 and 17.2eesvely. The following figures

represent this procedure:

Name: |Prego de Energia (MW./h) E¥

«

Lognormal Distribution

Probability

v " " " y T
2000% 40.005 60.005 80.008 100.00 $ 120.00 §

|

Location | 0.00 E Mean [44.50 § E Std. Dev.[17.825

«

MName: Prego de Energia (MW /h) =

Lognormal Distribution

Probability

T I T T m T
20.005 40.00 5 €0.00 5 80.005 100.00 $ 120,00 §

Location|0.00 § S 5% (21908 E= 95% 77.918

|

Figure 18 - Distribution of electricity prices
Source: Elaborated by the author using Crystal Balkoftware
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Then, it was defined the value afas Forecast,and proceeded to a Monte Carlo
simulation with 5000 iterations, obtaining a stawddeviation of project returns of

approximately 40%, which corresponds to the vatgtif the project (se€igure 19).

5,000 Trials Split View 4,574 Displayed
Z: Project Return Statistic Forecast values

Trials 5,000
Mean -48.45%
0.02 | 100 |Median -4759%
Mode -
30 Standard Deviation 40.05%
2 T |Variance 16.04%
=i 3 |Skewness -0.0508

o 80 .
] o0 o] Kurtosis - 305
ﬁ Q Coeff. of Variability -0.8259
0 Minimum -203.22%
Maximum 115.94%
20 Mean Std. Error 0.57%

0.0 f ) ) ) ) ' 0
-160.00% -120.00% -80.00% -40.00% 0.00% 40.00%

B -infirity Certainty: |100.00 % 4 | firity

Figure 19 - Forecast of project returns
Source: Source: Elaborated by the author using Crytal Ball software

5.4.3. Modelling Real Options

It is important to emphasize that the investmenaonini-hydro, with exception of the
study phase, is not implemented in phases. In atloeds, once the project starts, it is

unlikely to hold an option to interrupt the plakefolio and Minardi, 2008).

Therefore, in this case study, it will be studibd bption of deferring the project within
five years. This hypothesis of postponement isifjadt by the high uncertainty on
regulatory change that may arise. In other word&mngthe current economic crisis, the
government believes that the support given to eyt generation from renewable
sources is no longer a priority and that the legish could be changed in the coming
years, conditioning the feasibility of these préged’hus, the remuneration of the new
plants would no longer have a constant remunerahieimg subject to the uncertainty of

electricity prices on the open market.
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Given this uncertainty, it will be evaluated thrbuthe ROA, the option of delaying
construction for a maximum period of five years forobtain better information about

new legislation and price evolution, and the optddmvesting now.

Thus, as presented in the previous point, a défeptéon corresponds to an American
call option, in which the decision to invest nowlve taken if the NPV of the project

exceeds the value of the option to defer.
In this case, it is applied the binomial tree mdtlaeveloped by Cox, Ross and
Rubinstein (1979), in which the parameters foundtli@ construction of the tree are

represented in the following table:

Table 13- Parameters for binomial tree construction

Stock Price (S)(€) 881.371
Exercise price (k)(€) 830.000
Time to option expiration (days) (T) 1.825
Volatility( o) 0,40
Risk-free rate (rf) 0,07
Number of steps (n) 5
AT=(T/365)/n 1
p=exp(eVAT) 1,49
d=1/n 0,67
exp(rf* AT) 1,07
p=(exp(rf* AT)-d)/(u-d) 0,49

Source: Elaborated by the author

As previously stated, the stock price represengsctish-flows of an investment and
exercise price is the investment required to imglethe project. The time to maturity
of the option to defer is 5 years and the volatibf investment returns found by the

method of Monte Carlo simulation is approximated@&l

The risk-free rate of return considered represtr@gate of return on Treasury bonds to
10 years. The coefficients of ascent and descettteofinderlying asset's valugsndd
(Equations (14) and (15) )assume values of 1.49(6d, respectively. Finally, the
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value of probability of the underlying asset pricereases is 49%, while the probability
of decreasing assumes a value of 51%.

Determined these variables the tree is construesid the possible evolutions of the
underlying asset price from left to right, beinggdd in the node on extreme left the
current price of the underlying asset. At each tinterval, the price can increase or
decrease depending on the coefficigmtandd, respectively. The last column of the
binomial tree represents the possible values ofittterlying asset at the maturity of the

option.

After, it is elaborated an evaluation tree of tiptéian from right to left. Given that the
abandon option is a call option, from the valueghef last column of the underlying
asset is subtracted to each one of these valuesx@reise price (investment on the
project), and this result takes the max value betw®-K and 0. To determine the
remaining values of the evaluation of the call optiit is applied the neutral probability

to each pair of vertically adjacent values.

5.4.4. Results

The main issue of this evaluation is to determinine investment of this mini-hydro
should be performed immediately, or if it should deferred up to five years for to
obtain better information about changing the rematinen of these plants. Thus, if the
value obtained for the project with the option &ay is greater than the value derived
from the investment without considering flexibilitye decision more advisable will be
to exercise the option.

The results obtained in the binomial tree in relatio the future underlying asset values
and values of the project with the option of posipg are represented in the upper and
lower values, respectively, in each node in thiowahg figure:
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Steps 0 1 2 3 4 5

6.512.498
5.682.498
4.365.458
3.591.571
2.926.254 2.926.254
2.204.687 2.096.254
1.961.527 1.961.527
1.314.526 1.187.640
1.314.851 1.314.851 1.314.851
763.591 647.461 484.851
881.371 881.371 881.371
343.632 221.323
590.800 590.800 590.800
178.808 101.029 0
396.025 396.025
46.117 0
265.464 265.464
0 0
177.946
0
119.281
Legend: Underlying asset 0
Project value of delay Unit: Euros

Figure 20 — Evolution of underlying asset and projet value of delay
Source: Elaborated by the author

The calculated value of the project with the optiordelay is €433.659, much higher
than the static NPV, which was €51.371. The optialne of delay is obtained from the
equation (8), i.e. the difference between statid/Niad expanded NPV, resulting in a
value of €382.289. Therefore, it is appropriateptistpone the project, because the

option value of delay is much higher than the NRYhwesting immediately.

With the investment and current revenues constiaimethe electricity price (S = €

881,371) and a volatility of 40% (= 0.4), the option to postpone the investment has
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value and should be exercised. For this reasomg tlsevalue in waiting for more

favourable conditions for investment.

This conclusion is based on the premise that, dinegnvestment decision involves a
loss of opportunity to defer this decision, theastment should be undertaken only
when its NPV exceeds the value of the deferraloop(Soares et al., 2008). This
happens because investing now implies that theeengssed opportunity to wait for
more information about the evolution of electricigmuneration, which corresponds to
the value of the option to defer. Therefore, ihag enough that the value generated by
the project covers the investment, but it also &hde sufficiently high to cover the
option of delaying the project. Under this assumptnd since that this assessment is
realized in continuous time and the option to inveswy or delay can be taken at any
time during the interval of five years, it is detened the following decision tree from
the values found:

Steps 0 1 2 3 4 5
Invest
Invest
Invest Invest
Invest Invest
Invest Delay Invest
Delay Delay Delay
Delay Delay Do not invest
Delay Delay
Delay Do not invest
Delay

Do not invest

Figure 21 - Decision Tree
Source: Elaborated by the author

As empathized by Dixit and Pindyck (1994), the optto defer an investment for a
time t +1 can be seen as the opportunity cost\adstment. Investing in time t, means
that we are throwing away the option to defer ahd tompany must pay the

opportunity cost and also the initial investmerug, for that project to be accepted at
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time t, it is not enough that the present value of thehdbws are positive, as
established in the traditional NPV rule, but itcalsas to be sufficiently positive to

exceed the initial investment in an amount equéhéocopportunity cost.

Therefore, as shown in the decision triéigure 21 - Decision Treg in each time interval
can be assessed which option maximizes the valubeoproject, by looking at the
upward or downward trend of the underlying asshis @ecision is based on maximum
value between the static NPV and the option valueetaying the project for each
node. As we can seen, for higher values of the niyidg asset, the best option is to
invest now, and for lower values of the underlyasget, the option value of postponing

the project for the next period is more valuable.

In other words, since the underlying asset valysedds mainly on the electricity price,
the investor will choose to invest if the evolutiohenergy remuneration is sufficient to

overcome the investment costs and the opportungyaf not postponing the project.

In this particular case, the project despite hawangositive outcome, presents a low
static NPV, given the high investment and lifetiofethe project. In other words, is
necessary to invest € 830.000 to implement theeptajow obtaining € 51.371 after 35
years. Thus, even intuitively, any investor woulafpr to wait for more information

and minor uncertainty. This decision tree showd #haen when the static NPV is

positive the project is delayed, because the vaillee deferral option is superior.

In the last year (step 5), the investor will nogenbe able to postpone the project, so he
must to decide if the conditions are favourableifmesting in that moment, or if the
project will not be implemented. At the end of #iration of the deferral option, he
will only invest if electricity prices are suffialy high, otherwise, the investor will

choose not to invest.

To postpone the project increases its value. Thgpans because during the waiting
period uncertainty about the economy has beenvwedolnd this information allows a

better decision. Obviously, delay also involvesséss in terms of cash-flows that are
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lost, and in terms of competition. For this reasting type of analysis should be
performed with special care, because in an unogytaontext, not to include losses of
project postponement, could mean never investinthénproject due to the gains of

more information and consequent reduction of uaces.

For the traditional NPV analysis, not considerihg value of flexibility, underestimates
the project value. The assessment by the ROA dikesinvestor flexibility to re-

evaluate the project in future stages, and fromitiiarmation, redefine his strategy.

With the incorporation of Real Options in the as@y it is possible to show that the
NPV of the project increases in the consideredoperconfirming the premise that a
project that can be delayed has more value thanmitheut flexibility to delay, given
that the investor has the option to defer the sththe project, taking into account the
risks and the possibility of change.
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6. CONCLUSION

The main objective of this dissertation is the asseent of an electricity generating
project from renewable sources using the ROA. Toeae this objective we identified
the main characteristics and uncertainties of thmegestments, which justify the use of

this evaluation method in conjunction with tradi@ methods of analysis.

The electricity market liberalization brings an goament of greater uncertainty for
investments in this sector, due to the fact thatilevtin a monopoly context,
uncertainties, such as electricity demand and peogry of new competitors in the
market and regulatory changes, were relatively IstaldVith the introduction of
liberalization in the generation (and supply) segmmef the value chain, these issues

represent high levels of uncertainty in the decisminvest in a new plant.

These uncertainties do not affect all investmamthieé same way since their effects vary
by type of technology used in electricity genenatiim other words, while, for example,
the technological progress uncertainty affects @aflg renewable energy projects with
less mature technologies, the uncertainty on ftieep affects with greater intensity the

projects of electricity generation of fossil sowgce

On the other hand, the increase in competitiomadtbconsumers to have a more active
role, being possible to choose a energy suppligraialysing the European market,
several reports and studies show that althougtetieesstill a high concentration of
market power, these values tend to decrease. TumestiQn brings two important
outcomes. On the one hand, increased competitaafs [® a higher level of uncertainty
for existing firms by loss of their market sharbst on the other hand, these tend to
create structural and strategic barriers to theyesftnew competitors, complicating the

possibility of new investments by new entrants.
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From the perspective of the investors, with theapigearance of monopolies in this
sector, there is a greater risk of loss in markete and lower profits on investments.
Thus, investors will require higher rates of retamd tend to be more reluctant about
making new investments, which make their capitatenexpensive than it used to be

under monopoly conditions.

Due to the irreversibility and high degree of unamty that characterize investments in
electricity generation, the evaluation methods afjgrts have been subject to many
studies. The electricity is a non-storable assetbsanded by technical, economic and
regulatory uncertainties that are difficult to peeddue to the scarcity of information in
the market. Given these specificities, the decisioould not just be choosing to invest
now or never, accounting some risks and unceresrdgasily observed and determined
in the market, in this case the evaluation methedtrmclude management flexibility,
which allows to assess these uncertainties anddose the best time to invest.

The traditional assessment methods, such as NARRRydo not allow an investor to
define the optimal timing to invest or capture thee value of the uncertainties of these
projects, which may provide incorrect and insuéfidiinformation about their viability.

The ROA is a methodology for the evaluation of r@sgets, which takes into account
the flexibility of management over the life time af project. As new information
appears, and the uncertainties are revealed, thestor can make decisions that
positively influence the final value of the projedthus, the ROA will maximize the
gains in the favourable situation and minimize ésssn unfavourable situations,

because it allows an investor to have the flexiboif choice between options.

However, given that ROA assessment starts by adlogl NPV, when analysing the
investment through the ROA, it does not abandaodittcamal methods of evaluation. In

this way, the new approach complements and refireeraditional NPV rule.
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In the case of this study, it was found that accgydo the ROA, the project with the
defer option allows the investor, during the fiveays, to analyse market conditions
obtaining better information and reducing uncettaiifhus, the investor avoids losses

and obtains higher gains from the project.

The investment has a higher value with the optamdefer, due to decision flexibility.
Moreover, while the evaluation of the project by WRnd IRR neglected the
uncertainty on electricity prices considering theamstant throughout all the years of
the project, the ROA allows considering these affiero uncertainties, giving the

investor more comprehensive and realistic inforamati

No single assessment method is considered absohdither the valuation of
Investments is an exact science. However, this doemean that there is not a need to
search for assessment methods that are able toprigttethe characteristics of
investment, uncertainties and management flexbilithe ROA, although being a
method difficult to implement and uncommon in comigs, it is the most current and

appropriate method for these circumstances.

According to this, the purpose of this dissertatieas to demonstrate that despite the
ROA being more complex, it should be used as a@tipp traditional methods in order
to compare results and taking into account greai@nagement flexibility. The case
study has very low returns for an investment taghhwhich proves that an analysis
based on the traditional NPV rule is not sufficjdmcause small unfavourable changes

in its return could automatically put viability @sk.

Thus, an analysis that assesses the various umntegaover time, and include real
options of projects, will support a more realistecision-making process.
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Limitations

This dissertation presents limitations that maywedor future developments in this
research area. These limitations are mainly relatgaactical application and therefore

can be improved and developed in other studiesnidia weaknesses are:

» The evaluation considered in the case study byitivadl methods was too
simplified and had some weaknesses that have ot ¢cieanged. In this case, it
were only indicated correcting procedures, sincat ttb make a better
assessment of this case study, it would be requimmmation that is not
available, leading to intensive work that would et aligned with the main
objective of this dissertation. However, given tfwatthe evaluation by the ROA
is also needed an assessment by traditional metlaodtudy based on more

realistic cash-flows will provide more solid result

» For model simplification purposes and informati@psg, in evaluating the case
study it was considered only the uncertainty octeldgty prices. There are other
uncertainties in mini-hydro projects such as thaegation level, construction
costs, regulation, or even at the level of demamdelectricity. Thus, other
uncertainties for future works could be includedoirder to demonstrate the

effectiveness of this method to combine all theauntainties in one model.

» The postponement of the projects involves costsldsg of cash-flows not
generated, and by the entry of competitor's nevestments. These costs were
not considered in the evaluation, due to limitedrmation available. In order
not to create arbitrary values that could be canreid unrealistic, it was decided
not to include these values. Thus, in future wak&ROA implementation the
way of accounting for these costs should be defisedhat its determination is

not too subjective.
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» This study developed a practical application of R@@A to a mini-hydro, but it
would be interesting in future researches, to apgplyo other projects of
electricity generation from renewable sources, thisent more significant
levels of technical and economic uncertainty, fearaple, the case of solar or
wind power.
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