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Summary

Wind power is a relatively young industry that hasl a fast development the last three
decades. It has got much attention the world oeeabse of its environmental and political
advantages. Several governments have therefo@peffort into developing incentive
systems in order to increase wind power investmé&nis to the novelty of the wind power
industry and the new technical solutions that arestantly presented on the market, wind
power investors have little or no reference datammaking investment decisions. In
addition wind power investments are characterizethbch uncertainty due to the nature of
the production relying on weather conditions whiaimnot be controlled.

In order to make a rational investment decisiomagstor needs to have a comprehensive
understanding of the possible outcomes of the invest. It is therefore the aim of this thesis
to develop a method of analysing the economic bdégiof a wind power investment in
regard to profitability and risk. Further the tleegsses the developed method to investigate the
profitability and economic risk involved in a paxlar wind power project. This is the project
of Saimaan Woima Oy which is a new wind power comypa South Savo in Finland owned
by three farmers and the local electricity comp&noyr Savon Sahké Oy. The company plans
to build Finland’s first large scale inland windvper plant which would consist of two 3 MW
wind turbines. Similar projects have been dismisedtie past due to lack of profitability.

The belief in Saimaan Woima Oy is though that #ethical development of wind turbines in
combination with an optimal location and governma&iport can today result in a profitable
investment.

The developed model is based on a net present galaglation done as a Monte Carlo
simulation. Also payback time and stochastic efficly in respect to a function (SERF) is
used to evaluate and rank the investment alteemtivor Saimaan Woima Oy’s investment
seven scenarios based on different electricityegeeels and support systems have been
analyzed. In addtion three real discount rate90(46720 and 6.93) responding to different
levels of a required return on equity by ownersenbeen used for the calculations. The two
support systems that have been compared are angoset investment subsidy and a tariff
price system that runs over the first 12 yearsrotipction.

The results attained in this thesis show thatnkiestment would in fact be feasible for most
scenarios even with the highest required returadunty of 17 %. The only exception is the
investment subsidy based support system whicheiicéise of a slow development of
electricity prices would not be feasible even with lowest required return on equity of 8 %.
The analysis shows further that some kind of gawemial support is a condition for the
investments feasibility because without any extesnpport the investment would not be
profitable. The results also show that the tarifééd support system is to prefer over the
investment subsidy. This is duet to the fact thaas lower dispersion, it contains fewer
uncertain variables, has a shorter payback timehagicer probability to be profitable.



Sammanfattning

Vindkraft ar en relativt ung industri som haft erabb utveckling de senaste tre artiondena.
Industrin har fatt mycket uppmarksamhet 6ver hékdden pa grund av dess politiska och
miljdmassiga fordelar. Darmed har flera regerirggtsat pa att utveckla incitamentsystem for
att stimulera vindkraftsinvesteringar. Pa grundtwindkraftsindustrin ar sa ung och nya
tekniska lésningar konstat presenterats pa marknldeinvesterare oftast valdigt lite
referensdata eller inget alls nar investeringshesia tas. Till detta tillkommer risker
forknippade till vindkraftproduktionens karaktateesom denna baseras pa ett vaderfenomen
som ej gar att styra.

For att en investerare ska kunna gora ett ratioimeiésteringsbeslut maste denna ha en
helhetsforstaelse av investeringens mojliga utkdt ar darfor syftet med denna uppsats att
utveckla en metod for att analysera den ekonongskemforbarheten av en
vindkraftsinvestering nar det galler Ionsamhet nsk. Denna uppsats kommer vidare
anvanda den utvecklade metoden for att analysaesamheten och risken i ett specifikt
investeringsprojekt. Detta projekt ar Saimaan Woya vindkraftsinvestering. Saimaan
Woima Oy éar ett nytt energibolad i Sédra Savol&iniand som ags av tre lantbrukare och
det lokala energibolaget Suur Savon Sahko Oy. Akteget amnar bygga Finlands forsta
storskaliga inlandsvindkraftverk som ska innefatga3 MW vind turbiner. Liknande projekt
har tidigare avvisats pa grund av att de inte \psabtdagon lonsamhet. Tron i Saimaan Woima
Oy ar dock att turbiner baserat pa nya tekniskaih@gr i en kombination med en optimal
placering och statligt stod kan idag resultera iG@msam investering.

Modellen utvecklad i denna uppsats ar baserad paredrdeskalkyl gjord i en Monte Carlo
simulation. Dartill har payback-metoden samt stgthafficiency in respect to a function
(SERF) anvants for att utvardera och rangordnastevimgsalternativen. Sju skenarion
baserade pa olika elektricitetspriser och stodays$tar analyserats for Saimaan Woima Oys
investering. Ocksa tre reala kalkylrantor (4,7@059ch 6,93) baserade pa olika
avkastningskrav pa eget kapital av agarna har alsvde tva stodsystemen som jamfors i
arbetet ar ett statligt investeringsstod samt festl-priser som I6per de forsta 12
produktionsaren.

Resultaten i denna uppsats visar pa att investamidg facto ar lonsam dven med det hogsta
avkastningskravet pa 17 % for de flesta skenariDeafinns endast ett undantag och detta ar
ifall investeringsstddet véljs istallet for targfiserna och elektricitetspriserna har en
langsammare an forvantad utveckling. Detta scerérinte lonsam ens med det lagsta
avkastningskravet pa 8 %. Analysen visar dock&gbn typ av statligt stod ar en

forutsattning for att investeringen ska bli Ionsdesultaten visar vidare att stodsystemet
baser pa tariffpriser ar att foredrar 6ver invastgstodet pa grund av att denna har en mindre
spridning, den har farre osakra variabler, debmkhbetalningstid ar kortare och den har
hdgre sannolikheter att vara [6nsam.
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1 Introduction

The world’s population is growing and with it itee¥rgy consumption. It is predicted that
between the years 2007 and 2035 energy consumpiiancrease 49 % (www, EIA 1,

2010). This rapid increase has led to concernatdimw future energy demand will be
satisfied. Today, a great majority of the worldreggy is produced from fossil fuels (www,
IEA 1, 2009, 6) which are a major source of greensle gasses (www, EPA 1, 2009). Since
many countries today try to reduce their negativarenmental impact more environmentally
friendly alternatives are demanded. In additiossfiofuels can only be found in some parts of
the world making countries without natural oil resmes dependent on others (www, IEA 1,
2010), a situation that can be less than desir&melly, fossil fuels are a finite recourse and
thus cannot, according to thermodynamic laws, fyedis exponentially growing demand
making it impossible to satisfy future energy dechaalely on these recourses (Nelson, 2009,
18). They will simply not suffice.

A possible solution to the dilemmas above is regmeesd by renewable energies such as solar,
wind and hydro power. In contrast to fossil fudlede resources have the advantage that they
are infinitive, they can be found all over the vaoaind they do not pollute the environment
(Nelson, 2009, 13). The drawback on the other hauhmlv density and high variability (ibid)
which have resulted in high production costs (WA 2, 2010). However, much research
and development has been, and is, done all ovevahd to enhance the efficiency of
renewable energy systems in order to make thenbfeadternatives for future energy supply
(ibid). As a result more and more renewable ensygyems are reaching the market (ibid) of
which wind power is the fastest growing industryvw; IEA 2, 2010; Motiva, 1999, 6).

1.1 Development of wind power

“The wind is a vast untapped resource capable pp$tng the world’s
electricity needs many times over.”
(www, GWEC, 2010)

The above statement implies that wind power byfitsm, if harnessed, produce all the
electricity demanded in the world and much mores Was the conclusion of two
independent studies carried out®tanford University’$slobal Climate and Energy Project
and theGerman Advisory Council on Global Chan@gevw, GWEC, 2010). The potential of
wind power seems thus to be great and utilizitng& both environmental and political
advantages. Why is it then that in 2009 wind poardy accounted for approximately 1,5 %
(WWEA, 2009, 4) of the worlds electricity consungui? The answer lays in a combination
of politics and technical development.

Wind power is a relatively young industry. Thoughnkind has long utilized wind to help it
with its work, for example for transportation bydb@r pumping water from wells (Wizelius
& Karlsson, 1992, 16) it wasn’t until the oil cgsn the 1970’s that wind power became an
attractive alternative for producing energy in@éa scale in the form of electricity (Motiva,
1999, 6; Wizelius, 2007, 35). At that time wind pamwvasn’'t commercialized and the
technology and the size of power turbines was igade for large scale production. The oil
crisis, however, resulted in that several goverrtmstarted to work with wind power
research in the hope of developing feasible pourdirnies which could reduce their



dependency on fossil fuels (Wizelius, 2007, 35-88)estment support schemes of different
kinds were put into action with the aim of buildiagtable foundation for the new industry.

These efforts were more successful in some cougrttian in others. For example, in
Denmark a decision was made to focus on powerrtasbdf a smaller scale for which the
technical knowledge already existed (Wizelius, 2@®¢37). This led to that commercial
wind turbines which small groups of citizens coaftbrd to invest in quickly reachied the
Danish market. Furthermore a support system wasloleed with clear directions for
investment plans, investment support and taritfgwi(Wizelius & Karlsson, 1992, 39-21).
This straight forward energy policy made it possitdr Denmark to become the leading
country in wind power production at the time (Wimsl& Karlsson, 1992, 39). The opposite
was true for the neighbor country Sweden wheredafuhe research was on big megawatt
sized power turbines and the responsibility of Btdpdevelopment was laid on the energy
companies (Wizelius, 2009, 20; Wizelius & Karlss®892, 13-14). This in combination with
an inconsistent support system led to a slow deweémt of the wind power industry in
Sweden (Wizelius & Karlsson, 1992, 26-27).

The second thrust for the wind power industry caoag with the discussion of green house
gases (Wizelius, 2007, 35). Green house gasestapicahat has gained much attention the
last decade and international agreements haverbada in effort to reduce them. With this
“new view” of a more environmentally friendly world/ind power got, along with other
renewable energy forms, an important role in retly&O2 emissions. Energy policies were
once more renewed which led to a relaunch of winvigr investments in a number of
countries. For example, Sweden has now after reteits energy policy to include greater
support to renewable energies finally got its wamaver industry on its feet (Wizeliuz, 2007,
39).

The efforts made globally under the last 30 yeatsoth investment support and research
have resulted in a rapid growth in the wind poweluistry. Whilst the average wind power
turbine in the 1980s was 50 kW it had grown to R®0Oby the next decade and further to 1
MW in 2000 (Wizelius, 200, 143). Today, still 18ar later, the effect of a commercial wind
turbine can be up to 3 MW (www, ST1, 2010). At Haene time the technology has
developed and the turbine efficiency has enhandéde(ius, eng, 2007, 3). This has made it
possible for locations other than those with thesthaptimal wind conditions to be utilized.
Also the average cost of investment per MWh produees sunk (Wizelius, eng, 2007, 3) and
wind power is today competitive with other energgguction forms when compared to the
costs of a new power plant (Wizelius, eng, 2007A4)a result from these changes, the
cumulative global wind power capacity has grownanentially from 6,1 GW in 1996 to a
capacity of 120,8 GW in the year 2008 (www, GWEQC1@) and is expected to continue its
growth in the future.

1.2 Problem

Despite the efforts put into research and developraed the growth of the industry during
the last decades, wind power investments still helgvily on government support. This is due
to the fact that it is a capital intensive investinessociated with great uncertainty (Montes
and Martin, 2007). It is not only the common rigktors such as market prices and capital
cost that are relevant for wind power projectsdisid risk factors such as annual production
and technical reliability. For example, for mosbguction forms the produced amount of
output is regulated by the producer. This is howeee true in wind power investments due
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to the fact that the production is based on anrenmental phenomenon, the wind. It is thus
impossible for the owner of a wind turbine to decid forehand at what level the production
will be. Further there is a great variability inngli conditions that create variations in
production from one time period to another (Wizglil007, 72-73). It follows that the annual
income is beyond the control of the owner. In dddito this, there is an uncertainty of the
technical reliability of the investment since thesat this point in time no larger pool of
comparison to how well and how long the investnvatitwork.

Investors thus need incentives to invest in wingigroand it is due to this that government
support is required. Incentives themselves are kieweot enough to encourage economically
rational investors into investing. In additionstaf great importance for the investors to be
able to evaluate the profitability and risk in alequate matter (Montes and Martin, 2007). In
order to correctly manage the risks associated avitind power investment the investors
need to have a clear and comprehensive understpofimow the different risk factors affect
the profitability of the investment. It is only thugh this understanding that an economically
rational investment decision can be made.

1.3 Aim

To make an economically rational investment denisio investor needs to have a good
understanding of the risks and profits associatiéld tive investments. As mentioned above
wind power investments are complex systems withmuncertainty. It thus follows that a
thorough investigation of all possible outcomesasded before taking any decisions
regarding the investment.

The aim of this thesis is to develop a model ofyanag the economic feasibility of a wind
power investment in regards to profitability andki Further, the aim is to use this method to
investigate the profitability and economic risksatved in a real life wind power project in
the Finnish inland.

The profitability and risk analysis will take ins@count the specific economic conditions
prevailing in Finland as well as the specific caiudlis for this unique investment alterative in
order to include all relevant information in thdotdations. The empirical information
collected and the methods developed will thus lmseh so that the results be as relevant as
possible for this particular wind power investmentontrast of giving a more general view
of the industry environment today.

The specific analysis is done with the purposeve the owners of Saimaan Woima a valid
economical analysis upon which an economicallyreti investment decision can be made. It
will also serve as an example of how well the depetl model can incorporate the real life
complexity and risk aspects of an investment susctiia. The thesis can also serve as an
example for investors in general of which factaasénto be taken into account when
considering wind power investments.

1.4 Demarcations

This thesis is done as a case study and has theredambitions of making any general
conclusions of wind power investments in Finlandher rest of the world. It may, however,
serve as an example of important aspects thattawe taken into account in making such
assessments.



Only one wind power model is used in the analykihis thesis. The primary objective is to
compare different models for their profitabilitycarisk, but as only one manufacturer was
willing to provide the needed information at th@mt of the project, the analysis concentrates
on this manufacturer.

Further the investment analysis is focused on toea@mic effects of the investment and does
not take into account other decision factors sisctoeexample environmental concerns or
organizational aspects.



2 Literature review

This chapter presents earlier research done on paner investment feasibility in terms of
wind conditions, profitability and risk.

Wind power is, like most rural industries, depertdanthe environment, a fact that makes the
investment situation risky as the environmentfiackor beyond the decision maker’s control.
Therefore much of the research done within wind groeconomics is about how to deal with
the risks involved in an investment. Being awaréhefcomplexity and the uncertainty in a
wind power investments and how this can affectptfedability of getting short term

financing Montes and Martin (2007) conducted a tegcal study of investment analysis
methods. The study was based on literature resaathimed at finding the most suited
analysis method for wind power investments. Thaytaled that statistical methods such as
the Hiller method and Monte Carlo simulation wedre most appropriate choices in respect to
the type of risk factors that are associated witihdvpower projects.

The Monte Carlo simulation has in fact been usedamy wind power feasibility studies. In a
study from Croatia Ognjan, Stérand Tomsi (2008) analyzed the effects of feed-in tariffs
on profitability on wind power projects. Using meesent value calculations and Monte Carlo
simulation they calculated the profitability folCaoatian wind power park and investigated
the risk factors with the largest effects on theuhess. The annual production in the
calculations was defined as a static value aneéffleets of different production levels were
investigated with a sensitivity analysis approalcanging the value manually. The investment
cost, electricity price, feed-in tariff and the ogting and maintenance costs were defined as
risky input factors that could vary with +/- 20 ¥61in the expected value. A sensitivity
analysis showed that the profitability was mostsgere to the feed-in tariff followed by the
investment costs and the electricity price. Therajireg and maintenance costs on the other
hand could rise up to 20 % before they would haweimpact on the profitability. As the

most risky factor defined by the results was tméftarice which is beyond the investor’s
control, Ognjan, Stadiand Toms&i conclude that guaranteeing a feasible paymerhéor
produced electricity is the most important inceatille government could employ in order to
increase investments in wind power projects.

A similar study was conducted in Turkey 2005@zerdem, Ozer and Tosun (2006). They
analyzed the feasibility of three power productatternatives in respect to profitability and
risk. Also in this study the annual production wia$ined as a static value based on wind
measurements on site. In contrast to the CroatialysOzerdem, Ozer and Tosum did not
use Monte Carlo simulation but applied insteadhg$ net present value calculation with a
sensitivity analysis and payback time calculatMariables defined as risky were the
electricity price, the operating costs, capitaltcvdlation rate, dept rate and repayment
period. The study concluded that the price of elg@tt was the main factor affecting the
profitability of the project followed by the capliteost. The study however did not include
uncertainty for the investment costs in contragh&Croatian study.

The studies described above have, allthough taonge risk factor into account, not
analyzed the effect on profitability by the varigliin annual production. Recognizing the
large uncertainty in the wind power potential @it Kwon (2010) conducted a study in
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Korea 2008 on how to use uncertainty analysis tegde production assessmehts.used
probability models to define the variability of vdrconditions including variables such as
mean wind speed, air density and surface roughhiesthen combined these probability
models in a Monte Carlo simulation to an empiricakfined production curve for a wind
turbine in order to produce a probability for taal production. The study showed that the
method developed could in fact take into accouatiiec conditions prevailing at a site and
produce a reliable estimate for the annual produaciThe analysis did however not extend to
showing the effects of the variability in wind catiohs on the economical feasibility of wind
turbines.

In contrast a study carried out in Greece 1999 all&llis and Garvas (2000) made an
attempt to incorporate both the economic variahtesthe technical variables affecting the
production of the wind turbines. They conducteast-denefit study investigating the most
important techno-economic factors including infhatirate, capital cost, electricity price,
turbine efficiency and availability, nominal powenaintenance and operating costs, and
investment cost. The study was carried out as sitsaty analysis and concluded that the
profitability in wind projects was most sensitivedhanges in capital cost, the capacity
factors, electricity price and investment costsai@jes in maintenance and operating costs
had a smaller effect whilst the effect of changeesaminal power and inflation rate was of
little importance.

Finally, a master’s study analyzing the feasibititya wind power investment in the Swedish
inland was carried out by Jensen at the Swedickeysity for Agricultural Science (2007).
Jensen used the Monte Carlo simulation technigdedafined the electricity price, the
electricity grid price and the annual wind variati@s risky factors. The factors were defined
based on expert opinions and six stochastic vasabkre used as the electricity price was
modeled for four separate points in time. The aasiohs of the study was that the wind
power investment would be profitable with a disdowate somewhere under 8 % and that the
electricity price in the first year of productioadhthe greatest impact on profitability.



3 Theory

This chapter presents the theoretical frameworlcivig used for the analysis of the wind
power investment. The logics behind the net pregaine (NVP), the Monte Carlo
simulation, the payback method and the stochaStaiesncy in relation to a function (SERF)
are developed and calculation principles explaifiédse methods are then used to produce
the results in chapter 8.

An investment is a long term venture of bound @pithich is expected to produce cash
flows over its lifetime that will return the invest capital with interest (Persson & Nilsson,
1999, 73). That an investmentadong termventure gives it specific characteristics that
distinguish it from more frequently made operatiiggisions. Firstly, the binding of capital
often poses significant demands on a company’#yafol long term financing and secondly,
the uncertainty of future conditions creates ecanaisks that cannot be eliminated. A
careful review of the investment’s effects on tbenpany, with all the benefits and risks
associated with it, is therefore needed beforeimmgstment decisions can be taken. This is in
contrast with operating decisions that usually lsamade more routinely on basis of
experience.

When evaluating an investment many different fact@ve to be taken into consideration
(Olsson, 2005, 199). It is not only the investmentsfitability, but riskiness, environmental
impact, operational implications and other factbieg should be taken into consideration. An
investment calculation is however a valuable toloéwassessing the worth of the investment.
To approximate the profitability different kind ofethods can be used. The most common of
these are net present value (NVP), annuity, inteata of return and payback, all of which
have their benefits and drawbacks (Persson & Nils$899, 73; Ross et al, 2008, 161-183).
The results are presented a little different dependn the method used, sometimes even
giving slightly different results. This is due toat the approach of the assessment differs
between the methods, giving a little bit differgi@ws of the investment (Ross et all, 2008,
161-183). Which method is chosen depends on ttiside maker’s preferences and skills.
However, NPV is usually recommended by investmieebty literature (Olsson, 2005, 220;
Ross et al, 2008, 163). The methods superioripaged on its choice of input values. NPV
analysis uses cash flows that are real occurrenaebusiness in contrast to earnings which
are really just a concept. NPV also takes into astall cash flows that occur due to the
investment and discounts the cash flows thus imetpdll consequences of the investment in
the analysis as well as the time aspect of moreg)(iThe method has however a weakness
in that it disregards the investor’s possibilitytéfke further action once the decision is made
(Ross et al, 2008, 241). These actions could dechbandoning the project before the
economic lifetime is over, expanding the projectvaiting for the perfect timing instead of
implementing the project immediately (Ross et 80& 241-245).

A method that does allow for these adjustmentsision making is the real option which is
a method where options in different places in toae be included in the investment
evaluation (Ross et al, 2008, 241). In the caghehnalysis in this thesis the real option is
however of limited interest. This is due to thetfalsat there is no possibility for expanding
the project further on. The geographical locat®simply too restricted to expand to more
turbines than planned and regarding upgradingrgetaurbines in the future, there is not



enough information available today to estimatehsiproduction nor cost. Timing is also
restricted as the choice between support systerasdpted in chapter 6.5) is only available at
the present when a transformation from the old stipgystem to the new will be taken. The
only real option available is thus abandoning ttaget, but since 70 % of the wind power
investment occurs before start (see chapter db2pdoning the project mid way would have
little effect on the investments value. Thus ltdas that net present value is chosen as the
method for assessing the profitability of the wpwver project.

3.1 Net present value

Before a more detailed review of the NPV, two tlsimge important to remember when using
investment assesment. First, as mentioned abaveeslults of the calculations should not be
treated as the sole decision criteria when assgasiinvestment. Instead it should be
weighed in with other factors such as environmenmglct and operational consequences
(Olsson, 2005, 198). And secondly, the input ofrevestment calculation always relies on
expectations and approximations since it's an assest of the future economic
consequences which cannot be known for certairsgBar& Nilsson, 1999, 58). The result
should therefore never be taken as an absolutelitdtrather as a means of getting a better
understanding of the investment and its possiblecooes.

The logic behind an NPV calculation is simple. Tdhea is to shift all the cash flows
occurring due to the investment to the same paitime and summing them together. If the
sum of the cash flows is equal to or greater tlean,zhe investment meets the requirements
the owners have set on it, and is profitable (@1s2005, 211).

The general formula for the NPV is:

S a S
NPV:_G+kZl(1+i)"+(1+i)"
G = initial investment

a = annual cash surpluss
n = year

i = discount rate

S = residual value

(Persson & Nilsson, 1999, 74)

It follows that five things have to be known in erdo make a NPV calculation: 1) the cost of
initial investment, 2) the annual cash surplusg#h& economic life time, 4) the residual
value and 5) the discount rate.

3.1.1 Cost of initial investment

The cost of initial investment includes all the erpes that have to be made before the
investment can be taken into use (Olsson, 2005, Abikse costs are usually relatively easy
to estimate by acquiring tenders (ibid). In a NRN€alation these costs are estimated to the
beginning of the first year when the investmenaigen in use, marked as year 0 (ibid).



3.1.2 Annual cash surplus

The annual cash surpluses are summarizations thfealh and out payments, cash flows, that
occur during a year due to the investment. In esttio the initial investment, cash flows
cannot be approximated by collecting tenders bugtnmstead be based on carefully made
predictions. Especially cash flows that take plaeeny years into the future are hard to
estimate and are characterized by much uncertainty.

Though one of the strength of NPV is that it taikes account all cash flows resulting from

the investment there is some cash flow that areackerized by so much uncertainty that they
are often left out of the calculations. These areekample tax payments. Taxes are extremely
hard to predict due to the complexity of the systard are therefore often ignored in NPV
calculations (Olsson, 2005, 247). The cash surplase summarized to the end of the year in
guestion, labeled year 1, 2, 3 and so on.

3.1.3 Economic lifetime

When carrying out profitability calculations thesutts have to be referred to a certain time
span in order to have any significance (Olssonb52@03). For an investment analysis this
time span is the economic lifetime of the investmeshich represents the time the
investment is estimated to be economically feadibleep in operations (Olsson, 2005, 206).
This is approximated based on prior experiencekagvledge of the investment.

The economic lifetime can be shorter, but nevegéonthan the technical life time, which in
turn is the time period the investment is expetteactually work (Persson & Nilsson, 1999,
56). For most investments the economic life timgasewhat shorter due to that the
profitability decreases towards the end of the stweent’s technical lifetime due to increased
maintenance and production costs (ibid).

3.1.4 Residual value

At the end of the economic lifetime of the investtnmight have a residual value (Olsson,
2005, 207). This can be due to the existence etargl hand or spare part market where the
investment or parts of it can be resold, or thestment has a scrap value that can be obtain.
The residual value might also be negative if takhmginvestment out of use costs more than
what can be obtained as income from the residus.par

It is difficult to estimate the residual value af mvestment, since it occurs a long period after
the investment is made. Thus the residual valoftésn overlooked in investment calculus
despite the fact that it may have a great impad¢hemesult (ibid).

3.1.5 Discount rate

Because of the fact that money can be invested timdaroduce an interest in the future,
money at the present has a different value thasdahee amount a few years into the future
(Olsson, 2005, 207). As a result of this cash fltweg occur in different years have to be
shifted to the same point in time in order to heakies that are comparable. This is done
with the discount rate.

The discount rate is a factor that contains thestms’ demands for return on invested
capital. It includes possible interests that havied paid for loans taken to finance the



investment as well as the required return on edwtgwners (Olsson, 2005, 207). The loan
rates are straight forward to estimate since tlagylbe obtained from the loan contracts. The
required return by the owners, in contrast, is @atd define. In theory it is said that the
return should be equal to an alternative investroppbrtunity with the same amount of risk,
but in practice it is difficult to find such an @gjt of comparison (Ross et al, 2008, 163). In
general a guideline exists that the owner’s ratetfrn can be set to 5-10 percent units
higher than the loan rates due to the fact thabtreer takes a higher risk than the lenders
(Olsson, 2005, 207).

The discount rate covering both interest ratestaediemanded return on equity is calculated
as follows:

r=axb+(1—a)=*c
r = discount rate
a = share of equity
b = required return on equity from owners (RROE)
(1 — a) = share of extern financing (loan)
¢ = interest rate

Depending on how the cash flows are defined ircHieulation the discount rate also has to
account for inflation. If the cash flows are exgedin the value of year 0, the inflation rate
should not be included in the discount rate argdlabeled the real discount rate. However, if
the cash flows are expressed in the value of theifsp year when they occur (year 1, 2, 3...),
the effect of inflation has to be included in thecdunt rate and the so called nominal
discount rate should be used. How the two discmatet relate to each other can be seen from
the following equation:

W=7 +i+n*i
1, = nominal discount rate
1. = real discount rate
i = inflation rate

3.2 Payback time

Another aspect of an investment that should be giaghtion to is how long it takes for the
investment to pay itself back e.g. how long it takar it to start to generate profits. This can
be a very important factor relating to the questiomw the investment will be financed (Ross
et al, 2008 165). Calculating payback is a muchenwoude method of evaluating an
investment in comparison to methods such as the &hdPshould not be used as the sole
decision criteria, but it can still offer valuabfdormation for the decision maker (ibid). For
example, in the case where two investment alteresitvith different initial investments and
cash flows result in the same NPV the payback noetimuld reveal which investment pays
itself back the fastest (Narayanan, M. P, 1985).3@e payback method thus incorporates a
preference for the timing of cash flows in the dam criteria (ibid, 314) and can be used as a
decision tool if there is a preference for a sipastback period.

Payback is computed simply by subtracting each'yeash flow from the initial investment
(Ross et al, 2008 164). Once the result is positieanvestment is paid back. Commonly the
subtracted cash flows are undiscounted in ordexkttude the means of financing from the
calculation. Commonly a payback period of n yearset by the decision maker as the
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decision criteria. Any investment alternatives thave a payback time which exceeds the
decision criteria are disregarded. Since the inithzestment stands for a large part of the cost
structure in a wind power investment (see chaptdbit creates great pressure on the firm
in financing the project. Payback time will thenefdoe used in this thesis to investigate the
differences in the cash flow structures betweerattegnatives analyzed.

3.3 Risk and Monte Carlo simulation

As demonstrated above, the difficulty in a NPV aédtion is not the mathematics but the
correct assessment of the empirical data. Singevastment runs for several years it is hard
to estimate the cash flows due to that price, masfares, the political environment etc
cannot be foreseen with an absolute certainty. Alsorrect estimation of the discount rate
can be problematic. This uncertainty creates tiiskshave to be taken into account when
evaluating the result of a NPV calculation.

Risk is often defined as a situation where the @ute is unknown, but the possible results
and their probabilities can be identified (Deberfif86, 303). The probabilities being based
on the decision maker’s subjective estimations ddker, 1997, 41). Therefore risk is
something that can be examined and used to evahwstments. In contrast there are
uncertain events, like natural catastrophes, fackvprobabilities cannot be issued, and
therefore cannot be predicted, and easily used amalysis (Debertin, 1986, 303).

In order to incorporate risk in NPV calculationffelient methods can be used. Isemsitivity
analysisinput data associated with risk are varied ortbetime in order to examine how this
affects the output (Ross et al, 2008, 229%canarioanalysisis a further development of
sensitive analysis where different scenarios a¥ated varying several inputs at the same time
(Ross et al, 2008, 233). Another approach is talaonabreak-even analysiwhere the input
values that yield a NVP of zero are sought thusvaing the minimum values needed for a
profitable investment (ibid).

All of the above methods are frequently used by mames due to their simple approach.
However, although they are a means of highlightioigne important aspects of an investment,
they all represent a rather simplified versionha teal world able to show only snap shots of
the possible outcomes. A method that attempts t@ mccurately take into account the
complexity of the real world is thdonte Carlo simulatiorfRoss et al, 2008, 237). This
method allows for all the uncertain inputs, labedesthastic variables, to vary at the same
time following a probability distribution and covance that have been specified for each
variable (Hadaker, 2004, 158). In this way all plessible outcomes are taken into account
and the result is not a single value but a contisuange of possible values with associated
probabilities.

The base structure for a Monte Carlo simulatioam iegular NVP calculation (Ross et al,

2008, 237-241). This structure is developed furthedefining the stochastic variables (ibid).
This is done by instead of defining the uncertanable with its most likely value all the
possible values are taken into account and fittitlal &probability distribution. Further, when
the probability distributions have been define@, tbvariance between the uncertain
variables are defined (when existing). So, if taues of two uncertain variables are expected
to co vary, whether it is positively or negativetlyis is defined mathematically in the
calculation. The last step of the Monte Carlo datian is the calculation itself, but in

contrast to a normal NVP calculation where the catafton is done only once with the
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expected values as input values, the Monte Caralation runs several computations letting
the uncertain variables vary within their definedlgability distribution (ibid). Each
computation results in a different NPV with a cepending probability (based on the
probabilities of the stochastic variables’ valueattthe computer has randomly picked out).
When enough computations have been performed $iét represents a continuous range of
possible NPVs with corresponding probabilities (blest et al, 2004, 158).

3.4 Interpreting risk and the SERF model

As described in the previous section the MonteCsirhulation gives a range of values and a
probability distribution for the investments NPWi3$ not only shows the expected and mean
NPV but also gives an expression for the amouns&fthat is associated with the
investment. There are two measures of risk thatemealed by the simulation results. The
first is the probability for the NVP to be lessh@ (P<0), which is the measure of the
likelihood of the investment being unprofitable ($&®n & Nilsson, 1999, 168). The smaller
the probability is, the less the risk in the invmesht. The second measure of risk is the
standard deviation which quantifies the variatibthe possible NVPs from the mean (ibid).
The larger the standard deviation is, the moreyribk alternative is in that the most likely
outcomes are spread on a large range.

But what is the proper amount of risk? For a NPMuation there is a simple rule for
deciding if the investment is profitable or notthe NVP is equal or larger than 0, the
investment is profitable and should be pursuedcolntrast, for risk there is no such decision
rule for what is the allowed amount of risk. Thecamt of risk an investment can contain
depends on the decision makers risk preferenceés.idho because although all people are
expected to be economically rational in that thesfgr more wealth to less not all have the
same preference to risk. Some are risk aversehameftre willing to exchange some of their
wealth for less risk and some are risk neutral reg to take great risk in the hope of gaining
more wealth (Hardaker et al, 1997, 93). Differéetision makers might therefore choose
differently between the same options. It is themefwot possible to determine if an investment
with high profits and risk is better than one wihks profit and risk unless the decision
makers risk preferences are known.

There are ways of uncovering a decicion makersepeates in respect to outcome and risk
and define them mathematically. This is calleddieicion makers utility function (Hardaker
et al, 2004, 35). But defining a utility functiom a difficult task and an impossible one if there
are more than one decision maker (Hardaker e084 240). Another method for ranking
risky alternatives is to use a so called efficiendteria. This is a method that can be used
when no utility function can be defined for the OfMardaker et al, 2004, 140).

There are several different methods for efficieanglysis, one of them beistpchastic
efficiency with respect to a functig8ERF). This method is based on comparing thaiogyt
equivalents (CE) of alternatives for different lsvef risk aversion where the alternative with
the highest CE is preferred. The method has imgth in that all alternatives can be
compared at the same time in contrast to the naremonly usedtochastic dominance in
respect to a functio(SDRF)(Hardaker et al, 2004, 155). In SDRF the comparisalone

pair wise thus often resulting in a larger poogfiicient alternatives than the SERF does
(ibid).
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In order to use an efficiency criteria assumptionsst, however, be made about the form of
the utility function to be used as well as the banmes of the amount of risk aversion that
will be analyzed (Hardaker et al, 2004, 140). THotlgere are many different utility
functions, experience has shown that in practipplieation the choice of utility function has
little effect on the result of the efficiency ansiy(Hardaker et al, 2004, 153). Therefore a
negative exponential utility function is often cbasdue to that it is easy to use in
mathematical applications (ibid). The range forrikk aversion should be defined so it is
relative for the analysis (ibid). For example tloeibdaries for risk aversion from 0,5 to 4
proposed by Andersson and Dillon could be used ev@dy is very risk averse and 4 is risk
lover.

The function used to calculate the CE of alterrestivn the SERF method is as follows:

n

-1/rq(W)
1
CE(w,r,(w)) =In <ZZ exp (—T‘a(W)Wi)>

i

CE = certainty equivalent
w = wealth
r,(W) = absolute risk aversion coef ficient

n = number of risky alternatives
(Hadaker et al*, 2004, 257)

By varying the absolute risk aversion coefficierittwn the predefined range the CEs of each
alternative are calculated corresponding to eaa#l l&f risk aversion. The CEs are then
compared to each other revealing which alterndtagethe highest value and thus is the most
efficient for a particular level of risk aversiodddaker et al*, 2004, 258). The preferred
choice can vary between levels of risk aversiomgiwdifferent efficiency sets for DMs with
different risk attitudes (Hadaker et al, 2004, 1%%).
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4 Background

This chapter gives a short presentation of thehdsl development and present stage of the
Finnish wind power industry. It also gives someKgmound information of the wind power
project in the Finnish inland analyzed in this thes

Finland is one of the European countries that hayged behind in the development of the
wind power industry and here too the critics poinan insufficient energy policy with an
inadequate support system (www, limasto, 2010; wwreat, 2010). The first national
wind power program was already formed in 1993 &et renewed in 1999 with a concrete
goal of 500 MW wind power capacity in 2010 (wwwn#sto, 2007). The failure to form a
consistent energy policy has however led to thextethvere only 117 wind power stations
with a cumulative capacity of 146 MW in Finlandtive end of 2009 (www, TY 1, 2010). A
restructuring of the energy policy was made in 20@i8 a new ambitious goal of producing
6 TWh with wind power in 2020, which correspondsitoincrease in wind power capacity by
2 100 MW (TE 1, 2008, 50). In order to be abledach this goal the Finish government is
restructuring the support system for wind power tredcurrent proposition is to replace the
investment subsidy with tariff prices for wind pavatations undertaken from 2009 and
forward (TE 2, 2009, 5-6). These types of tariftprsystems have proven to be very
successful in other countries such as Denmark, &gypand Spain (www, Global feed in
tariffs, 2010). A decision on the new support systeill be taken by the government
sometime in the year 2010.

Wind power production in Finland is currently foedsto the vicinity of the coast where the
wind conditions have proven to be favorable (www, I, 2010). Only a few exceptions have
been made where stations have been built in thenomed on the mountains of Lappland
where the wind conditions are found good (ibid)eTéck of a well developed infrastructure
causes however an increase in investment costs haliresulted in that no larger ventures
have yet been taken in these areas. In contrastaththat no bigger investment in wind
power has been made in the inland is due to wealer conditions.

This might, however, change in 2011 when Finlafitdss megawatt sized inland wind power
station is built. It is three farmers in Southeav& that have come together with the local
energy company and started a corporation, Saimaams/Oy, with the aim of building two
3 MW wind turbines in the middle of the forest hetFinish sea district. The energy
company, SuurSavon Sahko Oy, has previously maastment assessment for a wind
power station in the area but found at the timankiestment to be unprofitable (pers. Lohja,
2010). Now, a new attempt is made based on thefbafi Saimaan Woima that the technical
development of wind turbines in combination withagatimal location can results in a
profitable investment.

The three farmers are organic dairy farmer witlinderest in developing their companies into
sustainable businesses in both an environmentdii@enicial sense. The driving forces for

the wind power project are thus to take a stepaking the farms self sufficient in energy
supply as well as build an economically stable binamhich can become a support for the rest
of the operations in the farm companies (pers. €nfett, 2010).
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5 Wind power

This chapter contains a review of wind power inwesits. It starts with general information
about wind power production and then gives a metailéd literature review of factors
affecting the profitability of a wind turbine. Thiactors detected in the literature review are
used as a base when gathering the empirical infosmpresented in chapter 7.

Energy can neither be created nor destroyed; itroamely be transformed from one form to
another (The first law of thermodynamics). Prodgaiiind power is thus a process of
transforming the wind’s kinetic energy to anotter,humans more usable form (www, TY 2,
2010; Wizelius & Karlsson, 1992, 23). Today thisissially done with wind turbines that
produce electricity. There are several differepetyof wind turbines but the most commonly
used model for commercialized purposes is a thisgethorizontal turbine (Motiva, 1999,
11; Wizelius, 2007, 96). The main parts of this elazbnsist of a foundation, a tower, the
blades and a nacelle which contains among othegsha gear box and a generator (figure 1)
(Motiva, 1999, 11; Wizelius & Karlsson, 1992, 18).

How Wind Power Works Horiz{|ntal-axis Turbine

Rotor Blade

Tower

Nacelle

Hub

Low-speed High-speed
shaft Shaft

Rotor Hub Gearbox

Transformer

Brake Brake  Generator _m_

Figure 1. Wind turbine parts (www, How stuff work810)

5.1 Wind power production

The principle of producing wind power is as follow$ie power in the wind pushes the rotor
blades and puts them into motion. The slow rotafiomovement of the blades is then led into
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the nacelle where the gear box increases the sp@&eder to meet the requirements of the
generator, which in turn produces the electriciiye electricity is then transported down the
tower, through a transformer and out on the grid.

The most significant factor affecting the amounenérgy a wind turbine can produce is how
much power there is available in the wind for tfansation (Motiva, 1999, 9; Wizelius,
2007, 67). The power is a product of wind speatithe rotors swept area and can be
expressed by the following function:

P = YopAw3

P = power
p = air density
A = rotor swept area
w = wind speed
(Wizelius, 2007, 67)

Since the power is a product of the cube of wirgksismall changes in the wind speed result
in major changes in production capacity (VaughfQ®®6; Wizelius, 2007, 68-69). An
extensive investigation of the prevailing wind ctiimths has therefore to be done before
starting to build any turbines (Motiva, 1999, 10ghn, 2009, 36). In this investigation the
different wind speeds and their frequency is reedras well as the direction and the amount
of turbulence (Wizelius, 2007, 70). The wind sypgeadd their frequency are then
summarized in a histogram called the frequencyidigion of wind speed (figure 2).
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Figure 2. Frequency distribution histogram for wisgeeds. (www, WE 2, 2010)

For a site where no prior investigation has beeredind where no object of comparison can
be found a measuring period up to 5 years is nefeleath accurate estimation (Vaughn,
2009, 46). It is however, not economically soundaaa 5 year measuring before starting a
wind power project (Wizelius, 2007, 73). Therefthie practice is to measure the wind
conditions under 1-2 years and then using thessumeaents together with measurements
from another location to make a normal year adjestn(Wizelius, 2007, 74). The normal
year adjustment is done by comparing the wind nreasents from the specific site with
measurements from the same period for an othetidmcadVhen choosing a site of
comparison it is important that it has measuremiais a long time period since the
following step is to use the other locations loimget average wind speed to adjust the studied
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sites measurements. This leads to an estimate dbrig time average wind speed and a
frequency distribution for the site which in turancbe used to estimate the production
capacity of different turbines at that specifiesit

In addition from the power capacity, the choicevrid turbine determines the energy
produced on the chosen site. The height of theit@nd the size of the rotor swept area
impact how much wind power is captured by the nebHowever, not all of the power can

be exploited. Theoretically it is possible for giine to utilize 59 % of the power flowing
through the rotor (Vaughn, 2009, 36; Motiva, 198@), but in practice the maximum is

closer to 50 % (Motiva, 1999, 10). The efficiendytlee gear box and generator also vary with
the wind speed resulting in the turbine produciiifigent amounts of energy depending on
the wind speed (Wizelius, 2007, 147). All of thettas above lead to the fact that each
turbine model has a specific power curve which shbew much energy the turbine produces
at different wind speeds. The expected produciidhe site is calculated by multiplying the
production curve with the frequency distributiormahd speed (Wizelius, 2007, 150). Thus it
Is possible to maximize the expected productiomiagching the optimal wind turbine with

the frequency distribution of the site.

The expected production calculated from the frequelistribution and the power curve
assumes that the wind turbine is always availai@foduction. This is however not the case
in the real world. There are production stops titaur due to failures, repairs and, if nothing
else, due to the scheduled maintenances that tage @ couple times of the year. Because of
this the production is always somewhat lower thenraximum capacity of the site.
Production stops at the wrong time have a sevepacdtron production and therefore it is
important to have a high availability. Availability an expression of the turbines reliability
and is an essential factor when choosing a turfMiaeghn, 2009, 89)). Availability is
calculated by subtracting the turbines down tinoenfithe hours of the year.

5.2 Economics of wind energy

When it comes to profitability, wind energy diffdrem many other energy production forms
in that the initial investment represents a magt pf the investments total life time costs. In
general the initial investment corresponds to a@@u¥ of the total costs for a wind turbine
investment (Motiva, 1999, 39). Therefore the padfility of a wind turbine much relies on
minimizing the initial investment and maximizingetproduction. From this follows that
reaching profitability is not done by maximizindieiency but optimizing the relationship
between cost and efficiency.

Following in this chapter is a closer descriptidihee cost and income factors that affect both
the initial investment and the annual cash surglaeée wind turbine.

5.2.1 Initial investment costs

The initial investment costs are all the costs twaur from the point of the investment idea
to the point where the power station starts to peecenergy (Wizelius, 2009, 58).

The wind turbine

The wind turbine itself stands for about 80 % & thitial investment costs for a land based
station and is thus the single biggest cost ofathele wind power investment (Motiva, 1999,
39; Wizelius, 2009, 59). Included in the price aseally the work incurred with the
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installation and the erection of the wind turbiseagell as putting it into operation (Wizelius,
2009, 59). As mentioned above, when choosing thd twrbine it is important to match the
prevailing wind conditions to the right wind turleimodel so that the turbine utilizes the wind
power as efficiently as possible. Also it is im@mtt that the wind turbine is reliable so that
the availability is high. A match between the prieeel of the wind turbine with its efficiency
and availability is a vital factor in creating pitability in wind power (Motiva, 1999, 39).

A warranty for the first couple of years is usuatigluded in the purchase pricewaell as a
guarantee of availability around 95-97 % for thetfiLO years (Motiva, 1999, 13). A service
contract of approximately 2 years is normally irlgd, but contracts up to 5 years also occur
(Motiva, 1999, 41).

Infrastructure

Prior to erecting the wind turbine it is of coursgortant to build a firm foundation upon
which it can stand. The cost of the foundationesxvith the chosen model where a bigger
turbine requires a more robust foundation. Alsoadrhas to be built to the site to allow for
transport of the power station as well as the Imgié@quipment (Motiva, 1999, 35). The road
has to, for example, be able to carry the mob#éaerthat is used to raise the wind turbine.

An electrical connection is needed from the windbitoe to the power grid so that the
produced electricity can be transported to consantar this a transformer is needed to make
the current of the produced electricity compatibith the power grid. In larger power

stations, over 1 MW, the transformer is often biilto the turbine and the cost is imbedded

in the price of the wind turbine (Wizelius, eng0Z). Whichever is the case a buried cable to
the power grid has to be drawn and the work h&etdone by a licensed electrician.

In addition a telecommunication line has to be drawa that the wind power station can be
monitored and controlled from remote locationsa temote control system is not included in
the wind turbine price, additional costs for thidl wccur.

For a smaller wind power station with just a fewaviturbines minimizing infrastructure

costs has a major impact on profitability (Motit&99, 39). Also, increasing the number of
turbines with just one unit lowers the infrastruetaosts per unit significantly (ibid). In
contrast, more wind turbines increases the tramspon and erection costs dramatically

(ibid). For larger power plants the infrastructacsts do not have as big an effect due to scale
advantage.

Planning

Planning cost include pay for the project planfegs for permits and such, and any
additional investigations that are undertaken, ascmeasuring wind conditions or exploring
the ground composition (Motiva, 1999, 40). Thetajplanning varies with the size of the
projects, but is normally very small ranging fromder 1 % to a few percents (Motiva, 1999,
39).

Other costs

In addition to the wind turbine, the infrastructamed the planning, there are other costs that
occur before the wind power station is ready fadoiction. Depending on the location of the
planned wind power station there might occur soostscfor transportation that is not
included in the wind turbine price (Motiva, 1999)4Also insurance for the transport and
erection time is needed (ibid).

18



A critical factor for both the planning process dhd costs when building the wind power
station, is renting the mobile crane that is usedagsembling the wind turbines (Motiva,
1999, 106). If weather conditions are unfavorabi wigh winds at the time of the assembly
and the work is thus delayed, the cost for the teatsane easily becomes large.

In addition to the costs mentioned above theresange costs related to preparations that must
be undertaken to make sure that once the pow@rsiattaken into use, everything will run

as smoothly as possible. For example, the operpergpnnel will have to undergo training
(Motiva, 1999, 39). Depending on the service canttirgcluded in the wind turbine purchase
there might also be a need to buy the special eggmpthat is used for the service as well as
an initial stock of spear parts and consumablad)(id-inally, to actually be able to send the
electricity out on the power grid a contract witie focal net owner has to be made including
a network tariff paid by the electricity producéid).

5.2.2 Annual operating costs

The annual operating costs occur after the povatiosthas been taken into use and are on a
yearly basis only about 2 % of the initial investth@Motiva, 1999, 12).

Service and repairs

Service for the first years of operation is usualilgiuded in the wind turbine purchase and
therefore the service costs only consist of conslesdike oils (Motiva, 1999, 41; Wizelius,
2009, 62). After the first years a service contsdeduld be made with the supplier or some
other able actor (Wizelius, 2009, 62). A wind tmddheeds to be serviced a couple of times a
year to ensure that no unnecessary operating stwos.

The repair costs are hard to estimate since thresesaally not planned events, but they are
generally low the first 5-10 years of operation (Ma, 1999, 41). Also, most repairs are
covered by the warranty the first years.

Later on, after 10-15 years, the need for repailisrverease and some parts will have to be
replaced all together (Motiva, 1999, p 41). Thesdgpare most likely the gear box, the
generator and the blades, and thus the ownerscspogpare for 1-2 major repairs at this time
(ibid). If there is a lot of turbulence on the stteplacements probably have to be done even
earlier than this (ibid).

Production costs

As mentioned previously the production costs ofiedviurbine are very low since no cost for
the “fuel” occur. There is however a couple of sagfated directly to the amount of energy
produced. For example a fee for the produced étégtis paid to the network owner for the
use of the power grid. Also, a cost will occur floe electricity that the turbine itself
consumes for heating et cetera (www, WE 1, 201@thermore, the power grid owner
usually takes a yearly fee for metering the eleityrias well as the losses occurring in the
transformer (Wizelius, eng, 2007, 63).

Other costs

The insurance is the single biggest source of ajdtse annual costs, being around 25-33 %
(Motiva, 1999, 111). Machine, fire and responsipilnsurances is needed except during the
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first years when a machine insurance is not neddedo the warranty (Wizelius, 2009, 62).
Thus the insurance costs are lower the first years.

A telecommunication cost for the remote controtesysoccurs annually. Other
administrational costs depend on the size of tveepplant and the complexity of the
company structure (Motiva, 1999, 42).

Costs for land depends on what land is used. Ifihe power station is built on the investors
own land, the costs depend on whether or not tiseadost alternative income. If the power
station is built on a field, for example, the caats diminishing, since a wind power station
with its foundation only takes up a small area smgtoundings can continuously be utilized
as before the power station was built (Wizeliu9)2®0). If the land is leased, an annual rent
cost will occur.

A wind power station might also be subject to proptax as well as different kind of
environmental and energy taxes (Motiva, 1999, 4&dllus, 2009, 63). Some communities
also require yearly environmental inspections efgtation (Motiva, 1999, 42).

5.2.3 Income

As previously mentioned, the income for a wind postation is based on the wind turbines
annual production. But in order to actually makg profit one must get paid for the energy
produced.

The basis for payment is naturally the generaltetty price which is determined on the
Nordic power exchange market, Nordpool (Wizelil3)2, 64). It is however sometimes
possible to make a contract with a power compangrevha fixed price for several years is
agreed upon (ibid).

To make a profitability calculation, the electrycpirices during the entire economic lifetime
have to be known. It is very hard if not impossitdestimate future energy prices, but most
people expect them to keep increasing (ibid).

In addition to the electricity price wind electticis often subject to additional payment due
to its believed positive impact on the environmamd other political issues. Add-ons can be
in forms of for example electricity certificatekd in Sweden (Wizelius, 2007, 347-350), or
tariff prices like in Germany (www, GB1, 2010). Alenvironmental bonuses or tax reliefs
can be used (Wizelius, 2007, 346). Another suppgtem often used is to subsidize the
initial investment (www, TT 1, 2010).

5.2.4 Economic lifetime, residual value and discount rate.

Three additional factors that impact the profitépibf a wind power project is the expected
lifetime of the turbine, its residual value and tteananded return on investment. The
technical life expectancy for commercial wind tums is today 25 years (Wizelius, 2009, 62).
In contrast, the economic life time generally useB0 years (Motiva, 1999, 13; Wizelius,
2009, 26) though there is today not any certaiotytlis since few larger wind turbines have
operated this long. Due to this lack of refereraned uncertainty of future conditions the
residual value is also impossible to estimate why left out from wind power investment
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assessments. The real discount rate generallyfosednd power investments is around 5 %
(Motiva, 1999, 43).
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6 Method

This chapter contains the choice of methods usethi®thesis and the sources for the
information collected.

6.1 Choice of method

The thesis is a qualitative analysis which aimmwestigate thoroughly the economic
consequences of Saimaan Woima’s wind power projéarefore a case study approach has
been chosen. The choice of method is based ondireaharacteristics of case study research
which are that it iparticularistic, meaning that it focuses on examining a single
phenomenon, and it leeuristicthus aiming to increase the researcher’s and reade
knowledge of the studied phenomenon (Merriam, 128427). Since the purpose of this
thesis is to investigate the unique case of Sairiidaima Oy’s wind power project it was
essential that the method chosen enables the cesedo collect specified data relating to the
project in contrast of using general data thaemf more universal situations. Moreover, a
case study idescriptive as it portrays the phenomenon in great detaildaupdh, and
inductivesince most of the reasoning in a case study isdbas the researcher’s intuition
(Merriam, 1994, 26-27).

Though the thesis is a qualitative study quantiéatethods such as the NPV, Monte Carlo
simulation, SERF and payback have been choselustrdte and quantify the profitability
and risk of the investment. Also other quantitativethods such as linear regression have
been used to define input variables in the calmnat The risk analysis program @Risk from
Palisade Corporation was used to implement the &@Gairlo simulation (www, Palisade,
2010). The other calculations were executed in d&ioft Excel.

Most of the empirical information has been collddi@lowing principles of qualitative
research. All interviews have been done withoutiatsnterview formula rather following
themes of interest and letting the intervieweds fralely about predefined subjects (Ying,
2009, 106). Also the work of collecting and defimitme input data has followed a pattern of
learning by doing building up the researchers keolge of needed information as the work
has proceeded.

6.2 Sources of data

Information about the turbine itself is based arders from the wind turbine manufacturer
whereas information about the grid connectionasifithe electrical company Suur Savon
Sahko Oy. Tenders have also been collected frooranse companies and the local
telecommunication company. Most of the contactbesen made through mail between either
the writer and the companies or Saimaan Woima lamdampanies.

The information about the wind conditions are basethe wind measurements made at site
between 2% of July 2009 and 28 of May 2010. A normal year adjustment has beeredon
using geostrophic winds in the area from the tifleflJanuary 1979 to 5%of May 2010.

The data for the geostrophic winds are collectethfthe Earth System Research Laboratory
web site (www, ESRL, 2010). The data is collected defined by Professor Hans Bergstrom
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from Uppsala University. More information of thern@l year adjustment is found in chapter
6.3.2.

Five interviews have been conducted. The four its¢re individual interviews with the
owners of Saimaan Woima (Nils Grotenfelt, Anssirbaaen, Matti Paunonen and Juha
Lohja representing SuurSavon Sahkd Oy) in ordeotiect their perspectives of the
investment. The interviews were conducted in peisaluva and Mikkeli in Finland thé"g

and 9" of March 2010. Questions such as the driving féocehe investment, the required
return on equity, financing structure and alreaxigteng cost information was discussed. The
last interview was a telephone meeting with allfthe owners conducted the28f May

2010. The purpose of the meeting was to go thratlighe collected input data in order to
verify their relevance for the investment.
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7 Empiri

This ch

apter contains the empirical information amulit data that was used for the analysis

of the wind power investment. It gives a detailedatiption of all the input data and how
they were defined. If nothing else is indicatedlfta information in this chapter is in real

terms.

7.1 Investment costs

The total investment cost for the two wind turbiaesumulated to approximately 8,2 €

million.

A list of all the investment costs is fodiin table 1 followed by a more detailed

description.

Table 1. Investment costs

Source Cost (€)
Wind turbines 6 680 000
Foundation 78 000
Road 20 000
Telecom network 20 000
Electrical grid 632 500
Project planning 14 866
Lawyer 5000
Training 32 750
Other costs (10%) 748 312
Total 8 231 428
1. The wind turbine, 6 680 000 €

The cost is based on a tender from a wind turbiarufacturer (pers, Grotenfelt,
2010). In addition to the turbine cost the tendefuded parts of the foundation,
transportation to the location, the assembly aedriternal electrical work, as well as
insurance for the transportation and erection perio

Foundation cost, 78 000 €

A part of the foundation is included in the tenfigrthe wind turbines (pers,
Grotenfelt, 2010). The remaining cost is an appration of Saimaan Woima for the
cost of building the concrete platform upon which foundation will be fixed (pers,
Saimaan Woima, 2010).

Road costs, 20 000 €

The road costs are minimal due to the fact thaetheady is an existing road to the
site and only minor improvements are needed (fh@@nanen, 2010). The costs are
approximated by Saimaan Woima.

Telecommunication network, 20 000 €
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A new telecommunication network has to be builth® area in order to meet the
requirements of the turbines” remote control syqjeens, Grotenfelt, 2010). The cost
Is based on a tender from a local telecommunicatonpany.

5. Electrical grid, 632 500 €
The electrical network in the area has to be upggtand order to be able to receive the
produced electricity (pers, Lohjala, 2010). Thetds based on information from the
grid owner Suur Savon Sahka.

6. Project planning, 14 866 €
A part of the project planning is done by an owgsidmpany which has given a tender
to Saimaan Woima (pers, Laamanen, 2010). The custaled from the tender in the
NVP calculation are inspection of the turbines Hutfore and after erection. Other
costs included in the tender are sunk cost atithe the thesis was written and is
therefore not included.

7. Layer, 5000 €
A layer will be hired to draw up contracts for Saem Woima. The cost of which is
approximated by Saimaan Woima (pers, Grotenfeltp20

8. Other costs, 748 312 €
In addition to the costs mentioned above an exdst pf “Other costs” with the value
of 10 % of the above costs was added due to theest@f Saimaan Woima (pers,
Saimaan Woima, 2010). This post will cover somexpeeted costs as well as minor
costs which have not been displayed separatelyeabov

7.2 Annual operating costs

The annual operating costs are hard to define Bpalty for Saimaan Woima’s wind power
project due to the fact there are no objects ofpammson in the area. Therefore a lot of the
cost information is based on national assessmeliexted from literature and discussions
with people working in the industry. A list of tla@nual operating costs is found in the table 2
followed by a more detailed description.
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Table 2. Annual operating costs

Source Time Cost

Service contract
Year 1-2 6 €/ MWh
Year 3-5 10 €/ MWh
Year 6- 812 €/ MWh
Year 9-10 15 €/MWh
Service costs

(without contract) 14 €/ MWh
Insurance

(when guarantee) 11 268 €/a
(when no guarantee) 38 032 €/a
Grid payment 0,3 €/ MWh
Intern consumption 1 600 €/a
Administration 1 000 €/a
Telecommunication 1 000 €/a
Energy balancing 2 €/ MWh
Land cost 0€/a
Property tax 1,6 € MWh

» Service contract, 6-15 €/ MWh
The wind turbine manufacturer offers a service @uttfor the first 10 years of the
turbines lifetime (pers, Grotenfelt, 2010). Undasttime both the scheduled
maintenances and the needed repairs are includbd price. Also the remote control
system is included in the contract. Under the tnservice contract is running there is
a guarantee on the turbines and also major repaafs as replacing the rotor blades
and the transformer are included.

» Service costs, 14 €/ MWh
An approximation of the service costs is neededreryears when no service contract
is running. There is little information of actuarsice and repair costs for wind
turbines in Finland. The figure used in this thesian approximation that, according
to Yrjo Halttunen at FCG Planeco, is generally usedinnish wind power investment
calculations (pers, Halttunen , 2010).

* Insurance 11 268/38 032 €/MWh
The insurance costs are based on a tender froougaimce company with prior
experience of insuring wind turbines (pers, Graén2010). When a guarantee is
running no insurance for machinery brake down edee and therefore the insurance
cost is lower the first years.

e Grid payment, 0,3 €/ MWh
Suur Savon S&hkd will charge Saimaan Woima 0,3 €fery MWh it sends out on
the grid (pers, Lohja, 2010).

e Intern consumption, 1 600 €/a
Wind turbines always consume some energy for exaffoplheating and control
systems (www, Wind energy the fact, 2010). Whernttineine is not producing any
energy itself, it takes the electricity from thedgThe wind turbine manufacturer
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approximates the intern consumption to cost 808ré/par for one turbine (pers,
Grotenfelt, 2010).

* Administration, 1 000 €/a
The approximation is based on information fromgbgernments wind power
production cost calculation which is used as tredf@r constructing the tariff price
proposal (TE 2, 2010).

* Telecommunication, 1 000 €/a
The telecommunication cost is based on an estibhaaimaan Woima (pers,
Saimaan Woima, 2010).

* Energy balancing, 2 €/ MWh
Since wind power production is relies on weatherdiions, a factor that cannot be
controlled, the energy companies have to make astgron the expected production
for the coming day in order to be able to calcutade much energy is needed from
other sources (pers, Lohja, 2010). If this estintgrong and more energy is needed
than estimated, the energy company has to buiiiia energy and for this they
charge the wind producers (ibid). The estimated b2 € per MWh is based on the
governments wind power production cost calculati@ntioned above (TE 2, 2010).

* Land cost, 0 €/ MWh
Since the land the wind turbines will be built sroivned by one of the owners of
Saimaan Woima, no costs for land use will occurgp®aimaan Woima, 2010).

* Property tax, 1,6 € MWh
The estimate for the property tax is based on dveigiments wind power production
cost calculation (TE 2, 2010).

7.3 Income
In order to calculate the income the annual pradocnd the price of electricity is needed.
7.3.1 Electricity price

The future price of electricity is very hard to giet since it is not expected to follow any
historical movements. Often expert estimates aed as a base for setting future prices in
investment calculations. In this thesis resultsfiescenario analysis is used. The analysis is
made by Power Deriva OY, an organization workinthvainalyzing the electricity market,

and it examines the development of the Nordic gttt market for the coming 20 years
(Power Deriva, 2009).

The analysis is based on a complex computer mbdelricorporates several different factors
affecting the electricity market such as future dad) the neighboring countries market
development, building of new grids to other maiketas and the development of other
electricity production forms (Power Deriva, 200@uses a base scenario, BASE, built on
certain assumption giving the expected electrigitge for the Nordic market the coming
years. A sensitivity analysis is then developedhgirag the assumption and creating three
other possible scenarios. These scenarios arel¢alle/, BASE2 and HIGH. For this thesis
three scenarios are used, BASE, LOW and HIGH. Thesearios show the effect on the
electricity prices in the case of an expected ntatkgelopment, in the case market changes
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lead to a slower price development and in the tasglead to a faster development
respectively. The common nominator in these scesasithat the electricity price is expected
go up under the coming 20 years. The prices regultom these scenarios will not be
displayed in this thesis due to that it is confitEnnformation.

7.3.2 Annual production

To calculate the annual production the long temqdiency distribution of the location’s wind
speed, the production curve of the turbine andtfz@lability of the turbine is needed. The
annual production is best estimated with speci@ibgrammed computer software like \RFA
(Motiva, 1999, 32). The input data in these sofeisaare the wind measurements at the
location taking into account all factors such asdwpeed, duration of each wind speed,
turbulence and wind direction. The programs arg eemplex and even with a powerful
computer it takes several days to finish the caloohs. Since the wind measurements at
Loukeenvuori were only recorded during a limitedei(five months) at the time that this
thesis is written, this estimation is not done tukmited resources. Instead a simpler normal
year adjustment that only accounts for wind speetidaration is done by the author. The
long term frequency distribution is thus a restilh mormal year adjustment based on a
comparison of the measured wind speeds from th&denwvuori with wind speeds at a
reference point.

Long term frequency distribution

The wind measurements started at Loukeenvuori ti@RJuly 2009 and the wind speed and
direction has been recorded for every ten mindtes.measuring mast was, however, at the
starting point only 50 meters high, half of thensiad hub height. It was the™18f December
2009 that the mast was lifted to 100 meters. Tloeeghe measured wind speeds used for
predicting the annual production at Loukeenvuogi @mly from approximately 5 months from
the 18" of December 2009 to #2of May 2010 (the date when the calculations fis thesis
were finished). It should be noted that the mast d@wn during the period T2f January to
10" of February, so no measurements exists form #ieg. The reference winds used in this
thesis are the geostrophic winds from the coordsas.333:31.667 (www, ESRL, 2010).
The data on the geostrophic winds are mean winedspieom every sixth hour for the period
1 of January 1979 to 22 of May 2010.

In more detail the normal year adjustment has loeae by the following steps:

1) Wind measurements from 100 m at Loukeenvuori haenltompared with the
geostrophic winds in the period 18 of Decemberz@PMay with a simple
regression analysis. This resulted in the regradsioction

Loukeenvuori = 4,60 + 0,325 * Geostrophic

Loukeenvuori = wind speed at 100m at Loukeenvuori
Geostrophic = wind speed of the geostrophic winds

with R(sqr)=25,1 %.
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2) The geostrophic winds from 1 of January 1979 to2ay 2010 have been
transformed to the equivalent wind speeds at Louwkaari with the regression
function.

3) A long term frequency distribution function was geating by summing the
resulting wind speeds.

Due to the fact that the regression function diarég wind speeds less than 4 m/s an
adjustment to the resulting wind speeds has bere.dde measured wind speed at
Loukeenvuori was 13 % of the time under 4 m/s dutire measurement period. Therefore all
wind speeds resulting from the normal year adjustebave been deducted with 13 % in
order to correct that the adjustment only resulvind speeds of 5m/s of higher.

Avalilability

The availability for the turbine was based on ddinre data from the Finnish statistical data
base for wind power maintained by Finland’s tecahiesearch center, VTT (Holttinen,
2008, 2/1-2/3; Holttinen & Stenberg, 2009, 2/1-B8&nberg & Holttinen, 2010, B/1-B/3).
The availability for 1 MW wind turbines or largeom the year 2007 and forward was
collected. The reason that data only from winditgb equal to or larger than 1 MW were
used is that the size of the turbine follows clpdke development of turbine technology.
Therefore wind turbines under 1 MW were judgedhsyduthor to be built on technology not
relevant for the study. Further, that data wasectdld from the year 2007 and forward was
simply because wind turbines of that size hardigtex in production before 2007.

The collected data resulted in 130 observationsieésabservations were eliminated, however,
due to that they had values either more than 30 égwoal to 0. The reason down time
observations equal to O were eliminated was bedaisshighly unlikely these values are
true. If nothing else, there should be some dome tilue to scheduled maintenance. The
reason observations with down time more than 30&% eliminated was that the turbines
with a down time that high probably have some ladg#ect and can be judged as a random
event that should not be included in the investneafdulation. These limitations resulted in
that 125 observations were left for calculatingilaity for the turbine. A final comment on
availability is that it would have been preferatdecalculate the availability for the particular
wind turbine model used for the project, but nategh observations existed at the time to
give a result with any statistical meaning.

7.4 Economic lifetime and discount rate

The economic lifetime was defined as 20 years @uegrto both the information given in
wind tubine manufacturers tender and wind powerdtiure (pers, Grotenelt, 2010; Motiva,
1999, 13; Wizelius, 2009, 26). There is, thoughrewdd life observation of the actual
economic life time since no wind turbines with odeMW effect has been operating that
long. The 20 year life expectancy is instead basethe expected endurance of the turbine
construction and technology (pers, Lohja, 2010).

The discount rate was based on a loan share of W@ loan rate of 5 % (pers, Grotenfelt,
2010). Three different required nominal returnseqnity (RROE) were defined: 8 %, 10 %
and 17 %, due to that the four project owners sedmbave slightly different expectations
for the investment. Grotenfelt (2010) based his ERD8 % in that that was the return he got
from other of farm investments. Lohjala (2010)tbe other hand based his RROE of 10 %
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on that that was the return that was required tmrSavon Sahko OY’s other operations such
as operating the grid. The RROE of 17 % is a canstm of the thesis writer based on the
initial results of the Monte Carlo simulations.

Using the function described in chapter 3.1.5; a * b + (1 — a) * ¢, where a=0,75 (share

of loan), b=5% (loan rate) and c= 8%, 10% and 1@¥nérs required return on equity) gives
a nominal discount rates of 5,75, 6,25 and 8 rdsmdg. With a long term inflation of
approximately 2 %, which is the goal of the Europ€antral Bank (pers, Rouhiainen, 2010),
the real discount rates become 4,70, 5,20 andrégictively.

7.5 Support systems

At the moment there are two support systems avaifab wind power investments in
Finland. The first is a government subsidy forithigal investment which in theory can
amount up to 40 % of the initial investment (www, I, 2010). In practice, though, the
amount has been somewhere between 20-35 % (ikhd) stipport system also includes a tax
return for sold electricity. The nominal amountloé tax return is 6.90 € MWh. In the NPV
calculations the tax return has been transformedré&al return using the inflation rate of 2 %.

The second support system is a feed-in tariff fecteicity prices which is under construction
within the government right now and a decision altbe amount and duration of the tariff
prices will be taken sometime in the year 2010. dimeent proposition is that the tariff price
would be 83,5 €/ MWh for the first 12 years of protion (TE 3, 2009, 20). No correction for
inflation will be done on the tariff price undeiigtperiod meaning that the suggested tariff
prices are nominal. Therefore the tariff pricesehbeen adjusted with an inflation rate of 2 %
to produce real tariff prices which have been usdgtle NPV calculations. In addition the
proposition includes a suggestion of a quick diartus for those investors that initiate their
wind power project within the first three yearsrfrohat the new law is implemented (ibid).
The amount of this quick start bonus is a tarift@of 103,5 €/ MWh and would be paid for
the first three years of production. Also this amiooas been adjusted with a 2 % inflation
rate.

All wind power investments over 1 MW initiated fra@@09 and forward will be eligible for
the tariff prices support system. However, investtaénitiated between 2009 and the date
when the new law will be taken into use have thesfmlity of choosing between the two
support systems of either the initial investmemissay or the tariff price. In addition to the
governmental subsidy, Saimaan Woima can apply &mparate investment subsidy from a
local energy foundation, Energiasaatdich supports the local development of new energy
technologies (pers, Grotenfelt, 2010).

7.6 Defining the stochastic variables

In order to use the stochastic variables in the MBNulation the possible values and their
probabilities have to be defined. The majoritylad tnput data for the NPV calculation in this
thesis are static variables, in other words theyfiaed within the assumptions set for the
calculations. There are, however, four variables tan vary within the assumption and are
therefore defined as stochastic variables. Thesesareghe government investment subsidy
the annual productiarthe availabilityandthe electricity priceBelow is a description on how
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these variables were defined. No co-variances defiaed for these variables since no
connection between the variables movements wetsresh

In defining the possible values and their prob#bsifor the stochastic values the program
@Risk’s functions “Fit distribution” and “Define stribution” have been used. The first
function “Fit distribution” was used to create atdibution for the annual production and
down time. Here all the observations for each \meiavere taken and by using the @Risk
distribution fitting program a distribution was dedd for the variables (@Risk manual,

2010). For the annual production the lowest valas get to 0 and the highest was defined as
“fixed, but unknown”. The expected value was seéh®mean of the data set. The lower limit
for the down time was set to 0 and the highest3oThe expected value was set to the mean
of the data set, 7,09 %. The distributions fittedhe two variables as illustrated in @Risk can
be seen in the following figures (figure 3 and fig4).

(the figure has been consealed due to confinderftaimation)

Figure 3. Probability distribution for the stoch&svariable “Annual production”
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Figure 4. Probability distribution for the stoch&stvariable “Down time”

For the variablegovernment investment subsatydelectricity pricethere was no pool of
observations for which a distribution could besfitf so instead the function “Define
distribution” was used. Here the form of the prabsidistribution is predefined for the
variable and the possible range of values is définethe user according to the characteristics
of the variable (@Risk manual, 2010). For ¢fovyernment investment substte distribution
“Uniform” was chosen due to the fact that each gaiven was equally likely to occur. The
distribution was defined whit the lower limit of20and highest of 0,35 relating to the fact that
the subsidy could be 20-35 % of the investment. &tpected value was set to 30 %. For the
electricity pricea normal distribution was chosen due to the taat phenomena like the
electricity price often varies in the form of a mal distribution. The distribution was defined
by its mean, which was each years’ expected etdgtprice defined by Power Deriva’'s
scenario analysis, and the variance, which wasT®é.variance was estimated from a simple
regression done on the observed electricity spoepin Finland from the last nine years,
2000-2009 (www, NordPool, 2010). The resulting esgion equation is:
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Spot price = 1,71 + 3 x Year
Rsq(adjs) = 58,7%

The distribution curves as illustrated in @Risk barseen in the two following figures
(figure 5 and figure 6).
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Figure 5. Probability distribution for the stoch&svariable “Government investment
subsidy”
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8 Results and Analysis

This chapter presents the results of the net presdune calculations done as a Monte Carlo
simulation, the payback time calculations and tB&E model. It also contains an analysis of
the presented results. It first analysis the retabetween the different scenarios using only
the calculations based on a required return ontye(@RROE) of 10 % taking into account
both profitability and risk. This is followed by axamination of how the choice of RROE
affects the profitability of the investment. Theaper ends with an analysis of the payback
time.

The NPV calculations for this thesis are done inigRRvith 5000 iterations. The input
variables are based on the information presentetlapter 5 and three discount rates are
used; 4,70, 5,20 and 6,93 responding to a requétedn on equity (RROE) of 8 %, 10 % and
17 % respectively. In the SERF model a range attinad risk aversion of approximately 04 to
4 was chosen. Eight different scenarios were exadnin

1. Sub BASE
A scenario based on the support system with a gavent investment subsidy. The
electricity prices are according to the scenaricSBfand the subsidy from the local
energy foundation is set to 15 % of the investnoests.

2. Sub LOW
A scenario similar to the previous with the exceptihat the electricity prices follow
the scenario LOW.

3. Sub HIGH
A scenario similar to the two previous scenariokhhe exception that the electricity
prices follow the scenario HIGH.

4. Tariff BASE
A scenario based on the support system with tarifes and electricity prices that
follow the scenario BASE. The subsidy from Energi is 15 % of the investment
costs.

5. Tariff LOW
A scenario similar to the previous with the exceptihat the electricity prices are
based on the scenario LOW.

6. Tariff HIGH
A scenario similar to the two previous scenariokhthe exception that the electricity
prices are base on the scenario HIGH.

7. Tariff NO
A scenario similar to the fourth scenario with éxeeption that the tariff prices do not
include a quick start bonus.

8. No SUPP
This scenario does not include any type of investrsapport, neither from the
government nor the local energy association. based, similar to the BASE
scenarios, on the expected development for elégtpaces.
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8.1 Results of the Monte Carlo simulation

(the contents of this chapter and the followingénbeen consealed due to confidential
information)

8.2 Analysis of profitability and risk with regards to the results
from the Monte Carlo simulation and the SERF model

8.3 The effects of the required return on equity (RROE)

8.4 Payback time
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9 Conclusions

This chapter presents the conclusions that are fnachethe analysis in chapter 8.

The aim of this thesis was to develop a methodhafyaing the economic feasibility of a
wind power investment in regards to profitabilitydarisk. The developed model included a
net present value calculation run in a Monte Caithaulation with specifically defined
stochastic variables. This simulation resultednnllastration of the investment profitability
with associated probability. It also highlights thest important risk factors in a sensitivity
analysis. The model was further developed withstibehastic efficiency in respect to a
function (SERF) which enabled a ranking betweeratternatives in respect to both
profitability and risk. The specific characteristita wind power investment of being capital
intensive gave further incentives to also inclugagback time calculation in the model.

Further, the aim was to use the developed modaltstigate the profitability and economic
risks involved in Saimaan Woima Oy’s wind powerestment.

The main conclusions regarding Saimaan Woima’s \pimaer investment in this thesis are:

» With a require return on equity of 8 or 10 % thedstment is profitable for all but one of
the scenarios. The exception is Sub LOW that nht loas a very low expected NVP but
also has high probabilities for the result to bgaiwe.

» Even with a required return on equity as high a%alall scenarios but Sub LOW seem
feasible. The probability for scenario Sub BASEdsult in a negative NPV has risen to
20 % with the higher required return on equity.sTisi probably an acceptable risk for
most investors, but it indicates that the altexatioes not give room for a much higher
required return on equity.

* Even though the investment shows strong signsaditability, it would not be feasible
without government support.

* The support system based on tariff prices is téepte the government investment
subsidy (for all except close to risk neutral inees). A result generated by the fact that
the tariff price alternative has lower dispersi@ss stochastic variables, a shorter
payback time and higher probabilities for profitai

* The subsidy based support system is only inteig@gtithe case that the electricity prices
follow the scenario HIGH. And even then there toalse no quick start bonus in the
tariff price alternative for it to be interestingrfanyone except risk neutral decision
makers.

» The largest risk factors differ between the twerlatives. For the subsidy based
alternative the major risk factors are the invesinseibsidy itself and the electricity price
of the early years of production. Factors thatcampletely eliminated from the tariff
price alternative. For the tariff price the risktiars consist instead of the remaining
stochastic variables that are production, down &me the electricity prices of the last
years of production.

An important fact to keep in mind when contemplgtine analysis and conclusion of this
thesis is that the results are based on severaings®ns (presented and constructed in
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chapter 7). It is only if these assumptions hoblt tesults are relevant. Special attention
should in this thesis be given to the estimatiothefannual production. Estimating future
wind conditions and production is a complicatedcprure that due to restrictions in time,
knowledge and equipment has been simplified inttiesis. It thus follows that any addition
information on the production should be taken ruasideration and weighted in when
considering the results of this thesis.
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10 Discussion

This study has developed a model for analysingtbétability and risk in a wind power
investment and used this model to analyze the enmrieasibility of Saimaan Woima Oy’s
wind power project. The Monte Carlo simulation pasven to be a simple way of applying
the effect of several risky factors in the samewakions. Though the variables themselves
were hard to define and finding the most suitabipieical data wasn’t straightforward,
implementing the input data in the program wasegeésy. This thus confirms Montes and
Martins (2007) conclusions that statistical methsuish as the Monte Carlo simulation would
be appropriate for the analysis of an investmeihisfkind. Making it possible to insert lots
of information in the model but still producing égsinderstandable results seems to be the
strength of the Monte Carlo simulation. The methoes comprehensive results that increase
the decision makers understanding of the possiltisomes in a project. The development
done in this thesis to complement this method WithSERF model further clarified the
overview of the investment alternatives.

The analysis of this thesis has concentrated tesinyating a limited amount of the variable
factors in a wind power investment. These are tdome@mic input and output prices, the
annual production and the availability. Furthelegesh could go even deeper in the analysis
and expand it with factors such as the efficierantdr of the turbine, turbulence effects and
year to year variability in mean wind speed. It Wbaiso be interesting that instead of doing
a separate annual production evaluation, whichdeag in this thesis, to integrate the
calculation into the Monte Carlo simulation usihg model suggested by Kwong (2010).

The aim of this thesis was not to produce geneegdplicable profitability and risk results for
wind power projects or even to compare Saimaan \&dy's wind power project with

others. The results are however somewhat surprisitigat they show strong possibilities for
a profitable investment. It would therefore berdErest to try to analyze what this is based
on. Is it based on good wind conditions on sitgtranger than expected support system or a
favourable tender from the wind turbine manufaattidfter all the Finnish wind power
association has commented on the new support sysieto be adequate enough for assuring
feasibility for inland wind power investments (TY 2010).
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