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Ioannis Kinias (Greece), Ioannis Tsakalos (Greece), Nikolaos Konstantopoulos (Greece) 

Investment evaluation in renewable projects under uncertainty,  

using real options analysis: the case of wind power industry 

Abstract 

Investment analysis is a crucial process for any investment’s success. This process can be supported by both the dis-
counted cash flow analysis and the real options analysis. Many researchers have point out restrictions for the first one, 
in cases of uncertainty in the entrepreneurial environment. The main types of uncertainty, concerning the wind energy 
sector, include uncertainties related to the price of electriticity by RES, the public policy regulatory policies, the de-
mand, the initial capital costs, the technological progress, the weather conditions, the political and economical situa-
tions and generally the RES market structure. In this paper, we try to find the optimal investment strategy in a liberal-
ized global electricity market, where the price of electricity is uncertain while the other parameters are configured sepa-
rately in each country. The authors consider about the factors of the time for investment and the electricity’s price 
level, in wind energy by using the real options theory. The authors select a variety of data for the wind energy industry 
from different countries in several continents, and also create a model for the investment analysis in this entrepreneu-
rial sector. 

Keywords: real options, wind energy, uncertainty, investment analysis. 
JEL Classification: M21. 

Introduction
©
 

Real options theory provides important ideas and 
appropriate techniques, modeling investment deci-
sion-making problems, in a changing environment, 
where instability and uncertainty are high. Yeo and 
Qui (2003) note that “since the early 1980s, ad-
vances in real option literature have fundamentally 
changed the way people think about investment 
opportunities”. Myers (1977) was the first to use the 
term real options. Since then, a wide range of litera-
ture has developed regarding the evaluation of in-
vestment projects in an uncertain environment. In-
vestments in natural resources and energy econom-
ics are admirable applications of the real options 
theory. Especially, in the energy sector the invest-
ments are characterized by large investment costs 
and uncertainty. Therefore, many researchers, such 
as Herbelot (1992), Kobila (1990), Salahor (1998) 
underlying the need using more efficient techniques 
for the study of this sector.  

The most famous investment evaluation methods 
are the norm NPV and IRR that are included in 
the discounted cash flow analysis. Davis and 
Owens (2003) prove that the theory of DCF has a 
lot of restrictions, when considering technologies 
that have high technical and financial uncertainty, 
are ongoing. As the authors demonstrate the 
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methods DCF seems to be outdated for the 
evaluation of power plants in a market that fluctu-
ates on daily rates. 

On the other hand, Schwartz (1997) points out that 
“the stochastic behavior of commodity prices plays 
an important role in the models for valuing financial 
contingent claims on the commodity and in the pro-
cedures for evaluating investments to extract or 
produce the commodity”. Similarly, Hassett and 
Metcalf (1999) state that “the impact of uncertainty 
on investment depends to a large extent on the un-
derlying stochastic process”. The most commonly 
used stochastic process in financial theory, evaluat-
ing investment projects is the geometric Brownian 
motion process. 

Smith and McCardle (1999) describe the relation-
ship between pricing techniques using real options 
and DCF methods in real applications in oil and gas 
sector. Tseng and Barz (2002) estimate the value of 
electricity generation facilities in a liberalized mar-
ket under a multistage stochastic environment, 
where electricity and fuel prices are uncertain. Deng 
and Oren (2003) try to solve the long-term asset 
evaluation problem with a time horizon of several 
years in power plants. In Brazil, Moreira et al. 
(2004) consider the competitiveness of thermal units 
in a system, characterized by low-cost production of 
electricity through hydroelectric plants in a highly 
uncertain environment. Madlener et al. (2005), Her-
belot (1992), and Brekke and Schieldrop (1999), 
also study with real options electricity power plants 
with uncertainty in both oil and gas prices. 

In renewable industry Venetsanos et al. (2002) high-
light the importance of methodology of real options 
in wind power investment projects under uncer-
tainty. They provide comparative results between 
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the methods of NPV and real options, using data 
from the field of RES in Greece. Davis and Owens 
(2003) use the theory of the RO in order to assess 
the value of a funding program in energy production 
by RES. In their problem, the uncertainty in the 
price of conventional fuel follows the Brownian 
stochastic process and cost reductions in renewable 
energy technology due to specialized research also 
considered as stochastic. Their results show that the 
traditional NPV method underestimates the value of 
investments in research and development in the field 
of RES. Murto (2003) examines the influence of 
uncertainty on revenue and technology, in a wind 
farm, and shows the interaction between them. They 
also note that whenever an investor decides to im-
plement an investment, he must take into account 
that the technological progress could allow him to 
complete the investment with a better technology 
and lower cost. Such a case of investments are the 
wind power projects.   

The main types of uncertainty in the electricity sec-
tor, are related to the price of conventional fuels, the 
environmental regulatory policies, the demand, the 
initial capital costs, the technological progress and 
the market structure (Venetsanos et al., 2002). Re-
garding investments in RES, uncertainties, arising 
from the future technological innovations and the 
regulatory framework. Verra, A. (2009) also notes 
that renewable energy investments are capital inten-
sive projects, characterized by low variable costs 
and relatively high initial capital expenditures. The 
uncertainty in the initial capital cost of these in-
vestments depends on the risk of exceeding the ex-
penditure during the construction period, as well as 
on the increased costs in the case of delays in the 
investment implementation.  

The stability of the regulatory framework affects the 
level of incomes in RES investments through the 
price of the produced electricity. The regulator – 
policy maker guarantees to the investor a certain 
performance for a given time period. This policy has 
a risk due to political uncertainty. The regulatory 
uncertainty stems from two sources. Firstly, the 
regulator may decide to alter the default policy due 
to factors, not related to the regulated market (infla-
tionary pressures, budgetary and fiscal crises). This 
interference affects the price mechanism and re-
duces the efficiency of the investments. Secondly, 
the policy maker can decide to break his contract 
with companies, if there are distortions in the level 
of prosperity (Panteghini and Scarpa, 2003). Altug 
et al. (2001) examine the impact of the tax risk and 
political instability in an investment plan and pro-
vide the necessary conditions for the reduction of 
investments through an increase in tax risk. Gener-
ally, few research efforts have been made, concern-

ing the influence of the regulatory uncertainty in 
investment especially in the context of electricity 
through renewable energy, although several arti-
cles have modeled the effects of other types of 
uncertainty.  

In this paper we try to find the optimal investment 
strategy in a liberalized electricity market, where the 
price of electricity is uncertain, while the other pa-
rameters are configured separately in each country. 
We consider the problem of choosing the time and 
the price level for investment in wind energy by 
using the real options theory. We try to find the 
critical level of electricity prices, at which the mar-
ginal benefit is equal to the marginal present value 
of the investment. For this reason we try to select a 
variety of data for the wind energy industry from 
different countries in several continents.  

The rest of the paper is structured as below. The 
next section refers to the description of the data 
from the global wind energy sector. Section 2 out-
lines the methodological issues. Section 3 presents 
the analysis and finally, the final section includes 
the main conclusions. 

1. Wind energy sector’s global overview 

The record number of 51.5 GW of wind power in-
stalled in 2014, bringing the total installed global 
capacity to more than 369.6 GW at the end of 2014. 
268.000 wind turbines are spinning around the 
world and 608 million tonnes of CO2 emissions are 
avoided, globally, due to the wind energy at the end 
of 2014. The 3% of global electricity is supplied by 
wind power and the 17% of global electricity could 
be supplied by wind power in 2030. Concerning the 
employment, 601.500 people work worldwide in the 
wind industry, and 2.171.804 people will be em-
ployed by the wind power sector in 2030 world-
wide, according to GWEC advanced scenario. 
About 99.5 $ billion invested in wind power glob-
ally, making it one of the fastest growing industrial 
segments in the world (GWEC, 2015). 

According to Europe, the wind power projects were 
installed more than any other form of energy pro-
duction in 2015. At this time, there is a 142 GW of 
installed wind power capacity in the EU (131 GW 
onshore and 11 GW offshore). Germany remains the 
EU country with the largest installed capacity (45 
GW), followed by Spain (23 GW), UK (14 GW), 
France (10 GW) and sixteen EU countries that have 
over than 1 GW. The total capital that was invested 
in Europe in 2015 in wind energy projects was 
€26.4 billion. The EU’s current wind power capac-
ity covers 10.2% of its electricity consumption, 
powering over 73 million households. The 59.6% of 
Spain’s total power demand supplied by wind power 
as well as 39.1% of Denmark’s electricity consump-
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tion was covered by wind energy. The Danish gov-
ernment aims to get 50% of its electricity from wind 
by 2020 and 100% from renewable energy by 2050 

(EWEA, 2016). 

Out of Europe, 2.472 MW of wind power were in-
stalled in Brazil in 2014. Brazil has become a leader 
in the South American wind energy market, in a 
total of more than 5.9 GW. Moreover, 110 million 
of Chinese houses were powered by wind energy 
(total capacity 114,609 MW) at the end of 2014. 
The annual growth of Chinese wind market was 
45% in 2014 (GWEC, 2015). 

Figure 1 and Figure 2 present the growth of the 
wind power industry, the last decade, as well as the 
forecast for the market’s progress in the next five 
years. It is clear for them that there is a different 
behavior concerning the installed capacity by region 
till now and an estimate for a decrease in the growth 
rate for the future. Therefore, we can assume that 
any investor may come up against different situa-
tions, trying to invest across the world.   

Kinias (2015) describes that the entrepreneurial 
environment in RES is developed as a sequence of 
national objectives, political decisions, financial 
tools, weather conditions, local technological situa-
tions and international factors. All these variables 
create a multilevel problem that may be investigated 
by the entrepreneur.  

Weather conditions are the first crucial factor that 
affects the growth of this technological sector. The 
wind potential and the wind speed in onshore and 
offshore plants, in different heights, is a first impor-
tant factor. Romania has the highest wind potential 
in South Eastern Europe and the second best place 
in Europe (after Scotland). In some countries the 
best plants are already occupied and free spaces, 
where companies can build, are now minimal. The 
next step for new installations, for countries such as 
Germany and Netherlands, is the coastal areas, 
where the wind potential is better.  

Generators of electricity from renewable sources 
(RES-E) usually receive financial support in terms 
of a subsidy per kW of capacity installed, or a pay-
ment per kWh produced and sold. The most com-
monly used Public Support Mechanisms in the re-
newable energy industry are the Feed in Tariff 
(FIT), the Quota Systems, which is based on Trad-
able Green Certificates (TGCs), the Tax mechanism, 
the Tendering systems, the Net metering programs 
and the Self-Consumption. In the most European 
countries, electricity from renewable sources is 
promoted through the feed-in tariff and tax benefits. 
Table 1 presents data of public support mechanisms, 
from several countries. Especially, we focus on the 
leader European counries in RES, the mediterrenean 
countries and the emerging markets of the Eastern 
Europe trying to compare regions with so different 
characteristics.  

 

Fig. 1. Annual installed capacity by region 2007-2015 
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Fig. 2. Market forecast for 2016-2020 

Table 1. Public Support Mechanisms 

Country Support mechanisms 

FRANCE Onshore: 28-82€/MWh, Off Shore: 30-130€/MWh 

SPAIN Average 38-69€/MWh 

DENMARK Onshore: 57€/MWh, Off Shore: 66-70€/MWh 

ROMANIA Onshore: 63-84€/MWh 

USA On-Shore: 13.8 - 16.1 cents/KWh 

ESTONIA Average: 52€/MWh  

GREECE Onshore: 73-85€/MWh 

GERMANY Onshore: 52-83€/MWh, Off Shore: 62-91€/MWh 

HUNGARY Average: 95€/MWh,  

PORTUGAL Average: 74€/MWh 

SLOVAKIA Average: 55-72€/MWh 

Source: Kinias, I. (2015), Auer, H. (2008), GWEC (2015). 

The installed cost of a wind power project depends 
on some other costs such as: a) The turbine cost 
(blades, tower and transformer), b) Construction 
costs for site preparation, buildings and the founda-
tions for the towers; c) Grid connection costs for the 
connection to the local distribution or transmission 
network and d) Other capital costs. A typical capital 
cost breakdown for wind power projects fluctuates 
from 1.700 to 2.450 USD/kW for onshore projects, 
as well as from 3.300 to 5.000 USD/kW for offshore 
projects (Blanco, 2009).  

The installed capital costs for wind power systems 
vary significantly, depending on the maturity of the 
market and the local cost structure. China and Den-
mark have the lowest installed capital costs for new 
onshore projects of between USD 1.300/kW and 
USD 1.384/Kw in 2010 (  Wind, 2011). These 
countries host a heavy industry of wind turbines and 
play a very important role as the major manufactur-
ers of necessary components for renewable projects. 
The Danish wind turbine industry is the largest in 
the world. About 90% of national production is ex-
ported, and Danish companies represented the 38% 
of the global turbine market. The Spanish Gamesa is 

also one of the world’s largest wind energy compa-
nies. In 2010 China became the world’s largest 
maker of wind turbines, surpassing Denmark, Ger-
many, Spain, and the United States. Furthermore 
there are countries with a high density of specialized 
institutions and universities, which play an impor-
tant role in international photovoltaic research & 
development (R&D). All these factors can affect the 
final cost of investment in wind energy projects. 

The operation license and the connection with the 
distribution grid is another serious aspect for the 
sector. There are big differences among the coun-
tries in the duration for these processes, as well as in 
the number and the level of the responsible adminis-
trative authorities.  

Concerning the projects funding, Central Banks 
supports renewable energy projects, both in Europe 
and America. Moreover, in most of countries, the 
funding will be implemented in collaboration with 
national Comercial Banks, as well as Independant 
State Organizations, with several programs and 
enormous capitals. One parameter for banks is the 
challenge to finance these projects with unattractive 
returns, especially when you consider the high bor-
rowing costs, such as India, combined with the fact 
that foreign banks may consider the market too 
immature and risky for such low returns. On the 
other hand, there are many cases, where borrowers 
are not being able to pay back the loans due to the 
FITs cut. Finally, in many countries there are also 
public subsidies for the projects’ capital that range 
from 30% to 60%.  

Risk-free interest rate is the theoretical rate of return 
of an investment with no risk of financial loss. This 
is another very important factor for the investment’s 
evaluation due to represent the interest that an inves-
tor would expect from an absolutely risk-free in-
vestment. On the other hand, taxation is the other 
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crucial factor that can reduce the profitability of 
investments and by this way many projects may 
not be able to meet the terms of the payment in 
their debts. 

Finally, the global financial crisis has affected many 
countries, especially in South Europe. This had a big 
effect in feed in tariffs, and many countries made 
important discounts in these tariffs. It inevitably led 
to massive losses in revenue for RES projects own-
ers and damaged heavily investors’ confidence. 

These decisions have also led to major job losses in 
the sector. The above mentioned cuts of in feed-in 
tariffs, not only in mature markets (Germany, Spain, 
France, Italy), but also in emerging markets(Czech 
Republic, Greece and Bulgaria), forced the investors 
to look for new opportunities in South-East Euro-
pean (SEE) nations. Romania is presenting such a 
very interesting investment alternative. 

Table 2 presents the fluctuation of interest rates in 
several countries in the last decade. 

Table 2. Interest rates 

 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Australia 5.99 5.82 5.04 5.37 4.88 3.38 3.70 3.66 2.71 

Canada 4.27 3.61 3.23 3.24 2.78 1.87 2.26 2.23 1.52 

Denmark 4.29 4.28 3.59 2.93 2.73 1.40 1.75 1.33 0.69 

Euro area (19 countries) 4.33 4.36 4.03 3.78 4.31 3.05 3.01 2.28 1.27 

France 4.30 4.23 3.65 3.12 3.32 2.54 2.20 1.67 0.84 

Germany 4.22 3.98 3.22 2.74 2.61 1.50 1.57 1.16 0.50 

Greece 4.50 4.80 5.17 9.09 15.75 22.50 10.05 6.93 9.67 

Hungary 6.74 8.24 9.12 7.28 7.64 7.89 5.92 4.81 3.43 

Japan 1.67 1.47 1.33 1.15 1.10 0.84 0.69 0.52 0.35 

Mexico 7.79 8.31 7.96 6.90 6.67 5.60 5.68 6.01 5.93 

Portugal 4.42 4.52 4.21 5.40 10.24 10.55 6.29 3.75 2.42 

Russia 6.72 7.52 9.87 7.83 8.06 8.15 7.33 8.46 10.89 

Slovak Republic 4.49 4.72 4.71 3.87 4.42 4.55 3.19 2.07 0.89 

South Africa 7.99 9.10 8.70 8.62 8.52 7.90 7.72 8.25 8.17 

Spain 4.31 4.36 3.97 4.25 5.44 5.85 4.56 2.72 1.74 

United States 4.63 3.67 3.26 3.21 2.79 1.80 2.35 2.54 2.14 

Source: OECD (2016). 

2. Methodological issues 

The annual income I(t) of a wind energy producer is 
given by 

I (t) = Pe × Qe-Ce, 

where Pe (Euro/MWh) is the price at which he sells 
electricity, Qe (MWh/year) the expected annual 
production of wind energy and Ce (Euro) is the an-
nual operating cost of the plant. 

For research needs we suppose that the price of 
electricity follows the stochastic process Return to 
Medium – GMR. So, the change of the future price 
of electricity, in a small period, can be written as 
follows: 

dP = ( - ) dt + dz, 

where  counts the return speed in the middle from 
the current Po to the long balance point , as well as 
 is the annual variation. The final part dz = t dt 

follows a standard Wiener process, where t is a 
random variable that follows a normal distribution 
with mean zero and standard deviation equal to one. 
Therefore, the deviations of the price from the bal-
ance point  are corrected with rate , as well as 
influenced by random changes Pdz. 

Qe is a power factor depends on the wind data of 
each area as well as the penetration of wind power 
in the energy mix of each country. The quality of 
the wind resource (taller wind towers and longer 
and lighter blades) can affect the performance of 
wind turbine, and therefore the cost of the wind 
electricity.  

According to implemented methologies in the litera-
ture (Venetsanos et al., 2002; and Kjærland, F., 
2007) we set specific values in the above-mentioned 
variables for the purposes of this study. So, we 
firstly set Qe = 30% that means a production of 
2.628 MWh/year for a wind energy established ca-
pacity of 1MW. 

The economic life of the wind farm is considered to 
be equal to 20 years with no residual value. Addi-
tionally, the risk-free interest rate r is determined by 
the 10-year state bond of each country. According to 
the OECD data in Table 2, we set r = 3%. 

Regarding the investment capital K for the creation 
of a wind power plant, it is clear that high invest-
ment funds and small variable costs are required. 
The cost of installing a wind farm retreats with the 
advancement of technology. According to the Euro-
pean Commission in the Renewable Energy Road-
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map (2016), the cost of wind power plants was 948 
€/KW in 2005 with a provision for 826 €/KW in 
2020 and 788 €/KW in 2030. For the purposes of 
this study we set the investment cost K =850 €/KW. 

The operating cost OC of the investment includes 
variable costs, such as the maintenance of equip-
ment and the fee that the investor returns on local 
communities in the area of the wind farm. A repre-
sentative value for the maintenance cost might be 
6% of the investment capital per year and for the 
return tariff for local communities 4%. So, for the 
purposes of this study we set a total annual operat-
ing costs OC= 10% of the investment cost. 

Another feature, we also consider, is the grant in the 
investment costs E that the investor may take by the 
state. The amount of this grant varies from country 
to country and from period to period, depending on 
the policy pursued by each country. In this study, 
we set the level of subsidy as E =40% of the in-
vestment cost. 

For the modeling of the long-term electricity prices 
 and the variance parameter  we make the follow-

ing assumptions. In some countries, such as Greece 
there is no long-term market electricity prices, but a 
regulated energy pricing system. In other markets 
like German, which is considered as one of the larg-
est energy markets in Europe, there are data for both 
 

the average long-term energy price and the relevant 
variation. Seifert and Marliese Uhrig – Homburg 
(2007) trying to model the variations in electricity 
prices resulting in the determination of the standard 
deviation  = 20%. According to values of the 
Phelix Baseload Year Future of the German energy 
market, as well as the data of Table 1, we set  = 70 
€/MWh and  = 0.20 (Seifert – Marliese, 2007). 

Finally, the rotation speed to the mean , from the 
current price level in the long term price level, in a 
market of electricity, can affect the critical point, 
above which an investment plan will be undertaken. 
The increase of the parameter  encourage the in-
vestment by reducing the level of critical value, 
above which the project will be implemented. Verra 
(2009) tests the value from 0 to 0.08 for the parame-
ter . Therefore, we set the value  = 0.04. 

3. Analysis  

Through a sensitivity analysis we examine, how the 
degree of uncertainty in electricity prices , the size 
of grants in the cost of capital %, the speed of return 
to the mean , the long-term price level , and the in-
terest rate r affects the optimal investment rule. The 
optimal price of electricity P*, which the potential 
investor will invest, is sensitive in changes of all the 
above mentioned parameter values. The results of 
this analysis are presented in the following Table 3.  

Table 3. Investment evaluation 

K (€/MWh) 
Subsidy 
(%*K) 

 r% 
 

(€/MWh) 
 

P* 
(€/MWh) 
CF = 32% 

P* 
(€/MWh) 
CF = 28% 

0.85 40 0.2 3 70 0.04 42.742 52.499 

0.85 40 0.3 3 70 0.04 64.113 78.748 

0.85 40 0.4 3 70 0.04 85.484 104.997 

0.85 40 0.2 3 80 0.04 36.636 44.998 

0.85 40 0.3 3 80 0.04 54.954 67.497 

0.85 40 0.4 3 80 0.04 73.272 89.996 

0.85 40 0.2 3 60 0.04 48.848 59.998 

0.85 40 0.3 3 60 0.04 73.062 89.236 

0.85 40 0.4 3 60 0.04 97.696 119.996 

0.85 40 0.2 3,5 70 0.04 49.865 61.248 

0.85 40 0.2 4,0 70 0.04 56.988 69.997 

0.85 30 0.2 3 70 0.04 56.137 69.362 

0.85 20 0.2 3 70 0.04 68.395 83.998 
 

Conclusions  

Firstly, it is clear that when the fluctuation in the 
prices of futures contracts  increases, then the un-
certainty increases. So, the investor requires higher 
P value to offset the effect of the volatile environ-
ment. Hassett and Metcalf (1995) have also writen 
for this impact of the uncertainty in parameter  to 
the optimal investment behavior. 

Secondly, regarding the long-term energy price , a 
high value of the parameter  has a positive effect 
  

on the level of investment by reducing the critical 
value P over which the investor is best to implement 
the investment project. Overall, a high long-run 
average price level is a good sign for an investor 
who wants to invest capital in a project with high 
yields. 

Regarding the effect of the return to the mean , we 
concluded that there is a positive effect on the in-
vestment, both in the short and long-term invest-
ment projects. The parameter  is inversely related 
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to the optimum critical level value P. This effect has 
been analyzed by Sarkar (2003), as well as by 
Metcalf and Hassett (1995), who had concluded that 
a higher value of the parameter  implies lower 
price for the systematic risk, which reduces the 
value of options and increases value of the invest-
ment plan by exercising a positive effect on the 
level of investment. Generally, when the return to 
the mean  increases on a high level of long-term 
values , then the probability of the investment also 
increases. 

Additionally, as higher is the percentage of the grant 
E%, provided by each government, as lower will be 
the critical price level P and therefore the probabil-
ity of acceptance of the project will be higher. On the 
other hand, regarding the interest rate r, any increase of 
this increases respectively the critical level value P and 
ultimately reduces the likelihood of investment. 

Moreover, in the case that a government wants to 
strengthen the implementation of investments, espe-
cially in a region with a low level wind potential, it 
 

ought to provide a higher price of electricity. Policy 
makers should be aware, because the uncertainty in 
the formulation of this policy leads to the fluctuation 
of the electricity price. This can increase the in-
vestment risk for the investors and finally can affect 
their business behavior. So, a pricing policy regard-
less of the energy potential of each region creates a 
disincentive for a large number of investors in wind 
power plants. This disadvantage in policy can be 
treated by the diversificationsin subsidies that gov-
ernments offer according to the data of each region. 

Therefore, it is finally clear from all the above consid-
erations that the existence of a stable and predictable 
investment environment can reduce the uncertainty 
and encourages the investments in wind power plants. 
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