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Abstract: The use of renewable energy sources, especially wind energy, has been widely developed,
mostly during the last decade. The main objective of the present study is to conduct a literature
review focused on the evaluation under uncertainty of wind energy investment using the real options
approach to find out whether public opposition (NIMBY projects) has been contemplated, and if
so, what have been the flexible strategies applied for its intervention. Overall, 97 publications were
analyzed, identifying 20 different models or approaches, which were grouped into eight categories:
1. Real options, 2. Optimization, 3. Stochastics, 4. Financial evaluation, 5. Probabilistic, 6. Estimation,
7. Numerical prediction, and 8. Others. The real options approach, present in 32% of the studies,
was the most popular. Twenty-eight types of uncertainties were identified, which were grouped,
for better analysis, into nine categories. In total, 62.5% of the studies included the price of electricity
as a source of uncertainty; 18.8%, the velocity of wind; and 15.6%, the feed-in rates-subsidy. Both
random and non-random techniques were applied to assess the real options and to model the
uncertainties. When evaluating real options, the Monte Carlo simulation technique was the most
preferred, with 16 (51.6%) applications, followed by non-randomized techniques, decision tree,
and dynamic programming, with eight (25.8%) applications each. There is a marked tendency to use
stochastic processes to model uncertainty, particularly geometric Brownian motion, which was used
in 61.3% (19) of the studies in the sample. When searching for “real options AND (nimby OR public
opposition)”, no study was found, which shows the possibility of developing research on this aspect
to determine its impact on investments in wind energy projects.

Keywords: wind energy; investment appraisal; real options; uncertainty; NIMBY projects; public opposition

1. Introduction

Approximately 80% of the world’s energy demand is met with fossil fuels (IEA, 2017a),
causing two thirds of the global emissions of CO2 (https://www.un.org/es/chronicle/
article/el-papel-de-los-combustibles-fosiles-en-un-sistema-energetico-sostenible accessed
on 19 June 2021).

According to the 2019 report from the International Energy Agency (IEA) (www.eia.
gov/aeo accessed on 19 June 2021), world energy consumption is projected to increase by
46.9% in 2050, going from 620 billion BTUs, produced in 2018, to 911 billion BTUs. If the
sources of energy were not changed, this would generate a greater demand for fossil fuels,
increasing the emission of carbon dioxide (CO2) affecting the levels of global warming and
climate change, greatly risking the survival of humankind [1].

With the aim of promoting a sustainable future for the planet, global strategies been
proposed, such as the 2030 Agenda, adopted by the United Nations General Assembly
in September 2015, which included a global goal on sustainable energy [2]. In addition,
the Paris agreement (2015) established the aim of keeping the global average temperature
below 2 ◦C above pre-industrial levels, and to continue efforts to bring it to 1.5 ◦C [3].
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In 2020, the UN calls for urgent action to achieve zero net greenhouse gas (GHG)
emissions by 2050, which involves more than 120 countries, that contribute more than
half the global GDP, alongside thousands of companies and investors, cities, regions,
and universities. Countries aligned with this goal currently represent two-thirds of the
global economy, and 63% of global greenhouse gas emissions. The list includes the United
States, the European Union, Japan, South Korea, Canada, South Africa, and China, which
have committed to meeting the target by 2060 [4]. Colombia, for its part, seeks to reduce
nine million tons of CO2 by 2030 [5].

Regardless, tackling climate change and the high levels of greenhouse gas emissions
continue to be priority problems, meriting urgent solutions on a global scale. This need
increases the use of renewable energy sources as a replacement of fossil fuels and, therefore,
makes them play an important role in shaping the energy matrix of the future [6–10].

Within renewable energies, wind energy is one of the fastest growing in the world.
From 2011 to 2020, its production capacity increased from 220 GW to 733 GW, 233% [11].
However, to achieve the 2050 goal, annual increases in wind power capacity must reach
160 GW in 2025, and rise to 280 GW by 2030, three times the level of 2020, which would
give renewable energies a participation of 60% in the world energy total, with 30% coming
from wind and solar energy; meaning that it would require going from an investment of
380 billion dollars in 2020 to 1.6 trillion dollars by 2030, according to the IEA [4].

In addition, the growth and development of wind energy creates new challenges and
opportunities due to: (i) a greater competitiveness of the energy sector [12–14], (ii) the dis-
continuity that characterizes the generation of wind energy [15,16], (iii) the need to improve
operations and maintenance [17,18], (iv) better conditions as required by the distribution
system and grid integration [19,20], (v) the need for a wind energy regulation policy [21],
and (vi) the environmental impact associated with power generation [22,23]. The barri-
ers, which prevent a generalized use of wind energy, can be grouped into technological,
economic, socio-political, and environmental dimensions, as shown in Table 1 [24].

Colombia projects large investments in wind energy generation, so these barriers
can be increased. The areas with the greatest potential for wind energy (La Guajira
Department-Upper Guajira region) are in areas that is are legally constituted as indigenous
reservations (Decree 2164 [25]), inhabited by Wayuu communities, who act under their
own traditions and customs, with total control over the property and use of the territory.
In these regions, the communities are frequently opposed to interventions that affect their
culture and customs. For these reasons, any type of project requires prior consultations
(ILO Convention 169 of 1989, incorporated to Colombian legislation by Law 21 of 1991 [26]),
making public opposition something of utmost importance.

This article attempts to review the literature regarding public opposition (NIMBY
projects) to determine the flexible strategies implemented to overcome this type of barriers.

Public opposition can stop investment in wind energy generation projects and, conse-
quently, affect their profitability.

Although there are strategies to manage public opposition by involving the commu-
nities from the beginning of the project, they may have uncertain behaviors or attitudes
during the execution phase, despite planning their participation. We believe that a flexible
approach to this type of uncertainty may be appropriate, so this research will explore real
options to manage public opposition. Thus, this article is organized as such: the following
section contains information on the general strategies used to overcome public opposition
in investment projects. Section 3 describes the methodology used to review the state of the
art on real options as applied to face different sources of uncertainty. Section 4 shows the
results and analyzes them. In particular, Section 4.2 focuses on the uncertainties explored
in the articles under the real options approach, and Section 4.4 analyzes public opposition
under the same approach, to identify whether public opposition has been considered
as uncertainty. Section 5 discusses these results and, finally, the last section shows the
conclusions of this article and future lines of research.
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Table 1. Barriers to the development of the wind energy sector.

Type of Barrier Description

Technological

• Integration and grid connection challenges
• Lack of support infrastructure
• Technology maturity and performance concerns
• Harsh offshore natural conditions

Economic and market-based

• High initial capital costs and slow return of investment
• Limited sources of funding
• Underdeveloped offshore supply chains
• Ever-changing policies with impact on profits
• Carbon emissions and local air pollutants are not priced or only partially so.

Regulatory, political, and social

• Complex/outdated regulatory frameworks
• Inadequate financial policy support
• Lack of relevant standards and quality control measures
• Lack of qualified and experienced professional labor
• Lack of long-term and stable policy goals and a well-coordinated policy mix
• Transportation of wind turbine components

Environmental

• Impact on marine fauna
• Visual impact
• Shadow flicker
• Radar interference
• Noise
• Land use
• Public opposition-NIMBY “Not in my backyard”

Source: [24] IRENA, 2019.

2. Strategies to Beat Public Opposition

In order to face public opposition, strategies that involve local communities in the
early stages of the project and promote community ownership models have been pro-
posed, such as: (i) working with local planning authorities and keeping them committed
during the different stages of development and operation of the site [27], (ii) promoting
an equitable distribution of economic benefits and costs, generating additional income
from the lease of adjacent land and creating jobs for the people from the area during
the installation and operation of the wind park [28], (iii) providing additional services,
such as educational programs or visits, improvement and maintenance of the landscape,
tourist facilities, and sponsorship of local events, among others [29], (iv) creating citizen
participation mechanisms to provide local inhabitants with information and the means
to air their apprehensions regarding the project and, potentially, influence its design or
even its operation, such as letting local authorities stop plant operation in case of accident
or malfunction.

Some authors conclude that material compensations are not fully adequate. Although
they may work, their effectiveness is conditioned by their design and implementation.
The problem of local opposition is resolved by establishing public policies that integrate
elements of territorial, local, and national planning, with spaces for participation and
consensus building, and economic compensation systems that strengthen the acceptability
of projects, instead of diluting it [30].

3. Methodology

For the development of this research, a search was carried out for relevant literature on
investment in wind energy under uncertainty in the electronic databases of Web of Science
and Scopus, during the period between 2006 and 2020. The search process was carried
out in two stages. In the first, two search criteria were used: (i): “wind energy investment
projects with uncertainty”, generating 196 publications, and (ii): “economic evaluation of
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investment in wind power generation with uncertainty, obtaining 24 publications, for a
total of 220 publications.

The article selection process was made taking into account the relevance of the article
content with the topic of investment in wind energy under uncertainty and the criteria
of the most cited articles, with 97 articles being chosen. Subsequently, the models or
approaches applied in each one were identified to evaluate wind systems.

Finally, the articles were selected under the real options approach, in which they are
subjected to an exhaustive analysis to determine: (i) their purpose, (ii) uncertainties used,
(iii) option valuation techniques, (iv) uncertainty modeling techniques, and (v) options
used for the evaluation.

In the second stage of the search, the combination of real options and public opposition
was explored, using as search criteria: Real options AND (nimby OR public opposition),
obtaining only 23 studies related to the issue of public opposition to investment, but none
under the real options approach to assess public opposition to investment in wind sys-
tems projects.

4. Results Analysis

Due to the boom in the use of wind energy, research on investment in this type of
energy generation has increased over the years. A great leap is evident from 2018 onwards,
when 57 articles were published, 58.8% of the selected 97. This trend appears in Figure 1.
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Figure 1. Research on investment in wind energy.

Throughout the literature, there are many models or approaches that was been pro-
posed to evaluate the feasibility of investment in wind power generation, considering
the impact of the uncertainty present during the study, siting, and operation phases of
a wind farm. Table 2 shows the model proposed in the selected studies, considering
the categorization.
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Table 2. Models or approaches used in the literature.

Authors
Year Models or Approaches in the Literature

1 2 3 4 5 6 7 Others

Kinias, Tsakalos, & Konstantopoulos [31] 2020 3

Detemple & Kitapbayev [32] 2020 3

Krömer [33] 2020 3

Nasrolahpour, Zareipour, & Rosehart [34] 2020 3

Oh & Son [35] 2020 3

Ioannou, Angus, & Brennan [36] 2020 3

Mehrjerdi & Hemmati [37] 2020 3

Liu, He, Liang, Yang, & Xia [38] 2020 3

Chowdhury, Pilo, & Pisano [39] 2020 3

Tan et al. [40] 2020 3

Zhan et al. [41] 2020 3

Verleysen, Coppitters, Parente, Paepe, & Contino [42] 2020 3

G. Yang, Jiang, & You [43] 2020 3

Al, Sirjani, & Daneshvar [44] 2020 3

Hübler et al. [45] 2020 3

Ge et al. [46] 2020 3

H. Yang et al. [47] 2020 3

Kong, Li, Liang, Xia, & Xie [48] 2020 3

Keck & Sondell [49] 2020 3

Stetter, Piel, Hamann, & Breitner [50] 2020 3

Abdalla, Smieee, Adma, & Ahmed [51] 2020 17
Henckes, Frank, Küchler, Peter, & Wagner [52] 2020 18
Niromandfam, Movahedi, & Zarezadeh [53] 2020 19
Zhou, Wu, Dong, Tao, & Xu [54] 2020 20
Zhao, Yao, Sun, & Pan [55] 2019 3

Maeda & Watts [56] 2019 3

Vavatsikos, Arvanitidou, & Petsas [57] 2019 3

Askari, Zainal, Ab, Tahmasebi, & Bolandifar [58] 2019 3

M. A. Abdulgalil, Khalid, & Alismail [59] 2019 3

Junior et al. [60] 2019 3

M. Abdulgalil, Khalid, & Alismail [61] 2019 3

Yunhao Li, Wang, Gu, Liu, & LI [62] 2019 3

Pizarro-alonso, Ravn, & Münster [63] 2019 3

Yan, Zhang, Liu, Han, & Li [64] 2019 3

Tagliapietra, Zachmann, & Fredriksson [65] 2019 3

Thang & Trung [66] 2019 3

Quan & Kim [67] 2019 3

Borràs, Spelling, Weijde, & Pavageau [68] 2019 3

Fuchs, Marquardt, Kasten, & Skau [69] 2019 9
Zhang et al. [70] 2019 8
Ioannou, Angus, & Brennan [71] 2019 16
Ribeiro, Finotti, Perobelli, & Baumgratz [72] 2018 3

Finjord, Hagspiel, Lavrutich, & Tangen [73] 2018 3

Dalby, Gillerhaugen, Hagspiel, Leth-olsen, & Thijssen [74] 2018 3

Yanbin Li, Wu, & Li [75] 2018 3

Gazheli & Bergh [76] 2018 3

Romanuke [77] 2018 3

Y. Yu, Wen, Zhao, Xu, & Li [78] 2018 3

Aaboud et al. [79] 2018 3

Valinejad et al. [80] 2018 3

Jiang et al. [81] 2018 3

Deshmukh, Mileva, & Wu [82] 2018 3

Z. Li et al. [83] 2018 3

Ioannou, Angus, & Brennan [84] 2018 3

Esmaieli & Ahmadian [85] 2018 15
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Table 2. Cont.

Authors
Year Models or Approaches in the Literature

1 2 3 4 5 6 7 Others

Kristiansen, Svendsen, Korpas, & Fleten [86] 2017 3

Jannati, Yazdaninejadi, & Talavat [87] 2017 3

Chen & Macdonald [88] 2017 3

Hamoudi & Maule [89] 2017 3

Aquila, Rotela, de Oliveira, & de Queiroz [90] 2017 14
Eryilmaz & Homans [91] 2016 3

Kitzing, Juul, Drud, & Krogh [92] 2016 3

Pazouki & Haghifam [93] 2016 3

Lamadrid, Maneevitjit, & Mount [94] 2016 3

Caralis et al. [95] 2016 3

Werner & Scholtens [96] 2016 3

Sjoerd, Broek, Özdemir, Koutstaal, & Faaij [97] 2016 12
Xiao, Wang, Wang, & Wu [98] 2016 13
Díaz, Gómez-aleixandre, & Coto [99] 2015 3

Díaz, Moreno, Coto, & Gómez-aleixandre [100] 2015 3

Fang, Li, Wei, & Azim [101] 2015 3

Seljom & Tomasgard [102] 2015 3

Hong, Lai, Chang, Lee, & Liu [103] 2015 3

Siddons, Allan, & Mcintyre [104] 2015 3

Rodríguez, del Río, Jaramillo, & Martínez [105] 2015 11
Abadie & Chamorro [106] 2014 3

Krogh, Meade, & Fleten [107] 2014 3

Correa, Gomes, & Teixeira [108] 2014 3

Weibel & Madlener [109] 2014 3

Serrano, Burgos, & Riquelme [110] 2014 3

Monjas-barroso & Balibrea-Iniesta [111] 2013 3

Jin, Botterud, & Ryan [112] 2013 3

Kaiser & Snyder [113] 2013 3

Reuter, Szolgayová, Fuss, & Obersteiner [114] 2012 3

Heinrich, Fuss, Szolgayová, & Obersteiner [115] 2012 3

Martinez-cesena, Member, Mutale, & Member [116] 2012 3

Ochoa, Betancur, David, Múnera, & Mauricio [117] 2012 3

Al-yahyai, Charabi, Al-badi, & Gastli [118] 2012 3

Lee [119] 2011 3

Dicorato, Forte, Pisani, & Trovato [120] 2011 3

Barradale [121] 2010 10
Méndez, Goyanes, & Lamothe [122] 2009 3

Muñoz, Contreras, Caamaño, Correia, & Carlo [123] 2009 3

Dykes & Neufville [124] 2008 3

Magnus, Fleten, Maribu, & Wangensteen [125] 2006 3

W. Yu, Sheblé, Lopes, & Matos [126] 2006 3

1. Real options
2. Optimization
3. Stochastics
4. Financial evaluation
5. Probabilistic
6. Cost estimate
7. Numerical prediction

OTHERS:

8. Sensibility analysis
9. Qualitative

analysis
10. Power purchase

agreement (PPA)
11. Error propagation
12. Future-cases
13. Barrier option

14. Value at Risk (VaR)
15. Systems dynamics
16. Key Performance Indicators (KPI)
17. Autoregressive moving average

(ARMA)
18. Renewable energy system model
19. Utility function concept
20. Multicriteria decision making

(MCDM)

Source: the authors.

Twenty different models or approaches were identified, which were grouped into
8 categories: 1. Real options, 2. Optimization, 3. Stochastics, 4. Financial evaluation,
5. Probabilistic, 6. Cost estimate, 7. Numerical prediction, and 8. Others. Figure 2 presents
the established classification and the number of articles that used it.
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under uncertainty.

Among the established categories, the highest number of publications applied the
real options model or approach, with 31 (32%), followed by: optimization, 21 (21.6%);
stochastics, 14 (14.4%); financial evaluation, 8 (8.2%); probabilistic, 5 (5.2%); cost estimate,
3 (3.1%); numerical prediction, 2 (2.1%); and others, 13 (13.4%). Below is a description
of each category. The category of real options will be discussed later in detail as it is the
central purpose of this research.

The optimization category includes research that, with non-random variables, aims
to improve efficiency with a lesser amount of resources. They include studies of robust
optimizations of capacity distribution of energy systems, robust optimization of wind
farm designs, and models that optimize the general design of network expansion planning
and programming.

Stochastics covers research that searches for optimization by modeling the parameters
of the problem through random variables. There are approaches to evaluate risks of
investment in wind farms, to optimize energy generation and wind farms, or to find the
optimal design and size of energy storage systems.

The financial evaluation category includes models aimed at the financial and cost
evaluation of investment in energy storage systems, investment in wind farms, to evaluate
the accuracy of energy cost forecasts, and financial models to establish optimal invest-
ment auctions.

Probabilistic includes the models that apply statistical techniques on data obtained
through samplings to behaviors that are supposed to be random. It contemplates ap-
proaches to determine the optimal allocation of energy storage systems, to probabilistic
analysis of wind farm investment designs, to model decisions of the owners and to optimize
wind energy conversion processes.

The cost estimation category includes studies that focus on the projection or prediction
of costs, considering two phases: determining the cost and the possible real time of
the project.

The numerical prediction category includes studies that try to find a description that
is as accurate as possible, within a mathematical scheme, of the true meteorological fields
which behavior is to be predicted or simulated, being of great interest at the moment of
proposing experiments with the models for their validation.

Others, includes approaches with an application, such as Sensitivity Analysis, Qual-
itative Analysis, Power Purchase Agreements (PPA), Error Propagation, Future Cases,
Barrier Option, Value at Risk (VaR), System Dynamics, Parametric Performance Indicators
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(KPI), Autoregressive Moving Average (ARMA), Renewable Energy System Model, Utility
Function Concept, and Multi-criteria Decision Making (MCDM).

4.1. Studies with a Real Options Approach, Based on the Ends and Purposes of Its Application

This article focuses on conducting a comprehensive analysis on the application of
the real options approach to assess the feasibility of investments in wind energy gener-
ation projects. One of the main advantages is that it includes, by evaluating flexibility,
the adjustments that the decision-maker must make when faced with uncertainty [127,128].

Flexibility creates the possibility of having a range of alternatives, such as: (i) The
option to postpone or defer an investment when future prospects are uncertain. It gives
the holder the possibility to invest now, or to wait and acquire more information in order
to assess the future conditions of the market. In the case of wind energy, it would mean
postponing the construction and operation of a wind turbine until demand and prices for
the technology are favorable. (ii) The option to modify the operating scale, or expanding
the contract, shutting down and restarting, depending on whether market conditions turn
favorable or unfavorable. A wind power plant can be expanded, downsized, even closed,
depending on market conditions. (iii) The option to quit when the company observes that
market conditions are becoming unfavorable. Wind energy projects are subject to changes
in regulations, market conditions, and technology. (iv) The option to change, which gives
the flexibility to enter and exit depending on market conditions being more favorable,
important for the survival of the company. Companies have the option of deciding whether
to use the land for agricultural production or to use it for wind power generation. (v) The
option to grow, consisting of acquiring or developing a capacity, in anticipation, that will
serve to better take advantage of future growth opportunities [58,76]. (vi) The compound
option, when, at the end of an investment stage, it is possible to decide whether to stop or
defer the start of the next stage. That is, the underlying asset becomes the next option [129].

Of the 97 studies included in Table 2, 31 use real options to evaluate investment in
wind systems. Initially, an analysis was made based on the purposes of its application,
finding various trends which were grouped into seven categories:

(1) Evaluation of wind energy generation project or investment, (2) Evaluation of
energy auctions, portfolios, and energy market investments, (3) Evaluation of renew-
able energy technologies, (4) Evaluation of the impact of regulatory policies on wind
energy projects, (5) Evaluation of wind energy systems, (6) Evaluation of wind resources,
and (7) Evaluation of design, size, and location of wind farm projects, shown in Table 3.

Table 3. Investigations according to the purpose of the application in the framework of the real options approach.

Purpose Authors (Years)

Evaluation of wind energy generation project or investment [31,56,72,75,77,99,100,106,117,119,123–125].
Evaluation of energy auctions, portfolios, and energy market investments [31,57,58,86,106,108,122,126].
Evaluation of renewable energy technologies [32,58,76].
Evaluation of the impact of regulatory policies on wind energy projects [32,55,73,74,91,92,107,111,126].
Evaluation of wind energy systems [86,109,114].
Evaluation of wind resources [116].
Evaluation of design, size, and location of wind farm projects [109,116].

Source: the authors.

In Figure 3, the purposes of the studies evaluated using the options approach are observed.
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The evaluation of wind energy generation project or investment includes research
aimed at optimally evaluating investments from the perspective of the decentralized
generation of energy or the viability of projects for the construction of wind farms, is the
one of greatest interest by researchers, with the participation of 13 studies.

The evaluation of energy auctions, portfolios, and energy market investments is fo-
cused on proposing schemes to measure immersed risks in private markets and in restruc-
turing, to evaluate investment decisions through energy auctions, or to establish portfolios
with possible areas for the development of wind farm projects. Eight studies appear.

The evaluation of renewable energy technologies groups the studies focused on opti-
mally supporting the decision to invest in a renewable energy technology, or the adoption
of hybrid systems that combine several technologies, such as wind and solar photovoltaic
energies, wind and thermal energies, or gas and wind plants. Three studies appear.

The evaluation of the impact of regulatory policies on wind energy projects, seeks
to assess the uncertainty caused by the expectation of retroactive changes in wind en-
ergy policy, and the flexibilities associated with changing tariffs or subsidies, regulatory
frameworks, support schemes such as feed rates and renewable energy certificate trading,
and future renewable energy policy. There are nine publications.

The evaluation of wind energy systems, considers the investment required to adopt
energy systems integrated by wind energy and hydraulic storage by pumping, or photo-
voltaic systems, and to expand the network by investing in stages, generating flexibility for
the planning of the electrical system. There are three publications.

The evaluation of wind resources integrates studies of wind energy projects planning,
considering real options for the evaluation of said resources. There is one publication.

Finally, there are studies aimed at evaluating the design, size, and location of wind
farm projects to allow for optimal investment. There are two publications.

4.1.1. Analysis by Group According to Their Application Purposes
Evaluation of Wind Energy Generation Project or Investment

Uncertainties
For the evaluation of wind energy generation projects or investment, uncertainties

such as electricity load, energy sales, or energy production [77,99,123,125]; climatic vari-
ables or wind conditions [75,99,106,117,125], the price of electricity [31,72,99,117,123–125],
carbon price, or other incentives [75,106,124], have been considered. Others have explored
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things such as market conditions, investment planning, investment costs, capital, or other
costs [77,99,119], government policies, and technology levels [75], as uncertainties.

Techniques to Model Uncertainties
To model uncertainties, stochastic processes of the geometric Brownian Movement

type–GBM [56,75,106,119,125], the binomial model of Cox, Ross, and Rubinstein [124],
reversal of the mean [31,72,123], normal distribution [31], Weibull distribution [77,123],
and Box-Jenkins and Ornstein-Uhlenbeck [99,100], have been used.

Used Options
The options that have been used during the evaluation are the option of expansion

or closure of facilities [117,124], invest now, postpone, or abandon [72,75,99,123], or the
option to switch between alternatives, either capacity [125], or investment [72].

Techniques to Evaluate Used Options
Techniques such as Black-Scholes [119,125], decision trees [106,117,123,124], the binomial

model of Cox, Ross, and Rubinstein [124], Monte Carlo simulations [56,75,106,117,123,124],
the Wiener process [31], Dynamic programming [56], Monte Carlo (least squares) [99,100],
and optimization algorithm [77].

Evaluation of Energy Auctions, Portfolios, and Energy Market Investments

Uncertainties
For the evaluation of energy auctions, portfolios, and energy market investments,

one can find energy production [122], electricity price [58,108,122], capital or investment
costs [108,122], future deployment of offshore wind energy [86], and electricity demand [58]
being considered as uncertainties.

Techniques to Model Uncertainties
To model uncertainties, stochastic processes of the Markov process type [58], Geomet-

ric Brownian movement-BGM [57,108,122], the binomial model of Cox, Ross, and Rubin-
stein [122], and reversal of the mean [86] were used.

Used Options
The options that have been used during the evaluation are the compound type, con-

struction time, either to carry out, postpone, or abandon the investment [86,122], the option
of waiting for a better opportunity in market trends to decide when to invest or aban-
don [108], and the option of building portfolios with possible areas for the development of
wind farm projects [57].

Techniques to Evaluate Used Options
For evaluate the options, techniques such as dynamic programming [57,58], the option-

games model [58,108], Monte Carlo simulations [57,58,122], decision trees [122], the bi-
nomial model of Cox, Ross, and Rubinstein [122], and optimization algorithm [86] have
been used.

Evaluation of Renewable Energy Technologies

Uncertainties
For the evaluation of renewable energy technologies, electricity prices were considered

as uncertainty [58,76], as were: learning speed [76], electricity demand [58], government
policies [32], feed-in rates-subsidies [32,115], alternative technologies [32], and the intermit-
tency of the wind [115].

Techniques to Model Uncertainties
Stochastic processes of the Markov chains type [58], Geometric Brownian Motion-

GBM [32,76], and complex formulations [115] were used.
Used Options
The options that have been used are: the option to invest now or wait for when

conditions are more favorable [76], to take advantage of the learning effect to anticipate the
option to invest and exercise it earlier [76], the option to invest in one or more technologies,
whether wind or thermal [58,76], or wind or gas [32].

Techniques to Evaluate Used Options
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Techniques such as dynamic programming [58,115], option-games model [58], Monte
Carlo simulation [32,58,115], and technological learning curves [76] were used.

Evaluation of the Impact of Regulatory Policies on Wind Energy Projects

Uncertainties
For the evaluation of the impact of regulatory policies in wind energy projects, elec-

tricity price [55,73,92,111,126], changes in asset rates [126], energy production [73,111],
investments or capital costs [107,111], price index [111], production certificates or feed-in
rates-subsidies [32,73,74,107], credit policy [91], wind speed [92], wind turbines hours of
use [55], carbon price [55], government policies [32], and alternative technologies [32] were
considered as uncertainties.

Techniques to Model Uncertainties
To model uncertainties, stochastic processes of the reversion of the mean type [111,126],

Geometric Brownian Movement-GBM [32,55,73,74,92,107], and the Markov process [74,91],
have been used.

Used Options
The options used during the evaluation they were the options to invest now, post-

pone or abandon and the option of capacity generated by support schemes [73,74,92,107],
the compound option, associated with changes in wind turbines rates [126], options un-
derlying the change in monthly or annual rate, modeled as an Asian call option on the
wind differential [126] the option to invest now, postpone, or abandon [111], to adjust
capacity [55,91,111], as generated by regulatory frameworks; and the option to choose
between technologies due to policy changes [32].

Techniques to Evaluate Used Options
To evaluate the options, techniques such as decision trees [111], Monte Carlo sim-

ulations [32,74,111,126], Black-Scholes [92,107], Monte Carlo (least squares) [55,73,107],
dynamic programming [74,91,92], and technological learning curves [74] have been used.

Evaluation of Wind Energy Systems

Uncertainties
For the evaluation of wind energy systems, feed rate-subsidies [115], intermittency of

the wind [115], future deployment of wind energy process [86], and wind speed [116] were
used as uncertainties.

Techniques to Model Uncertainties
To model uncertainties, tools such as complex formulations [115], stochastic processes

of the reversion of the mean type [86], and symmetric distributions [86], were used.
Used Options
The options used for the evaluation are of the construction time type; that is, the option

to make the investment for the expansion of the network in stages, where the second stage
generates flexibility when planning the electrical system [86,115], and the option to delay
the construction of wind energy projects [116].

Techniques to Evaluate Used Options
Techniques such as dynamic programming [115], Monte Carlo simulations [115,116],

algorithm optimization [86] and decision trees [116] have been used for the valuation
of options.

Evaluation of Wind Resources

Uncertainties
For the evaluation of wind resources, the speed of wind was considered an uncer-

tainty [116].
Techniques to Model Uncertainties
The modeling of uncertainties was carried out using the Weibull distribution and

decisions trees [116].
Used Options
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The option used was that to delay the construction of wind energy projects to gather
more relevant data to evaluate wind resources [116].

Techniques to Evaluate Used Options
The evaluation of options was carried out using Monte Carlo simulations and decisions

trees [116].

Evaluation of Design, Size, and Location of Wind Farm Projects

Uncertainties
For the evaluation of the design, size and location of wind farm projects, the uncer-

tainties were solar irradiation, electricity price, capital costs, wind intensity [109], and wind
speed [116].

Techniques to Model Uncertainties
To model uncertainties, stochastic processes of the Geometric Brownian Movement

type-GBM [109], the Weibull distribution, and decision trees [116] were used.
Used Options
The option used was that to delay the construction of wind energy projects [116].
Techniques to Evaluate Used Options
The evaluation of options has been carried out using Monte Carlo simulations [109,116]

and decision trees [116].

4.2. Types of Uncertainties Explored in Publications with a Real Options Approach

Uncertainty is inherent in events where possible outcomes are not known, and, there-
fore, their probability of occurrence cannot be quantifiable. Regarding projects, uncertainty
grows over time, conditioning the occurrence of viability. The management of uncertainty,
over the years, has always been a critical variable for decision-makers [130]. In the energy
sector, including wind energy, decision-making is generally always conditioned by a level
of uncertainty in the data [131].

In the selected articles, with a real options approach, 28 types of uncertainties were
identified, which were grouped into nine categories: 1. Power generation, 2. Environmental
conditions, 3. Energy price, 4. Costs, 5. Revenues, 6. Regulatory policies, 7. Market, 8. Wind
conditions, and 9. Technological progress, as shown in Table 4.

Table 4. Types of uncertainties explored in research with a real options approach.

1. Power Generation 5. Regulatory Policies
1.1. Electricity charge 5.1. Production certificates
1.2. Wind energy level 5.2. Changes in asset rates
1.3. Energy production 5.3. Credits policy
1.4. Wind turbine hours of use 5.4. Government policies
1.5. Investment planning 5.5. Feed-in rates-subsidies
1.6. Future deployment of wind energy

6. Market
2. Environmental 6.1. Market conditions
2.1. Climate change 6.2. Price index
2.2. Solar irradiation 6.3. Demand for electricity

3. Prices 7. Wind Conditions
3.1. Electricity price 7.1. Wind disponibility
3.2. Carbon price 7.2. Wind intensity
3.3. Corn price 7.3. Wind speed

7.4. Wind intermittency
4. Costs
4.1. Capital costs 8. Technological Progress
4.2. Investment costs 8.1. Alternative technology

8.2. Technology levels
8.3. Learning speed



Appl. Sci. 2021, 11, 10213 13 of 28

1. Power generation contains the uncertainties that affect the process of generating wind
energy, such as electricity charge, wind energy level, energy production, wind turbine
hours of use, investment planning, and future deployment of wind energy. Energy
production prevails, with three applications, as shown in Figure 4.
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2. Environment refers to the uncertainties present in environmental conditions necessary
for the development of projects such as climate change and solar irradiation. Solar
irradiation stands out, with two applications, as shown in Figure 5.
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Figure 5. Environment.

3. Energy price considers the uncertainties generated by price fluctuations in the market,
in response to the behavior of energy demand and supply, including among others
the price of electricity, coal price, and the price of corn. The price of electricity is the
source of uncertainty most studied by researchers, being considered in 20 (65.5%)
publications, as shown in Figure 6.
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Figure 6. Energy price.

4. Costs studies were integrated that analyze the uncertainties caused by the incidence
of the behavior of costs in the profitability of the investment, whether they are capital
costs or investment costs. Both costs were studied in four publications, as shown in
Figure 7.
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Figure 7. Costs.

5. Regulatory policies include the uncertainties caused by changes implemented in the
policies for the generation of wind energy, among which are production certificates,
changes in asset tariff, credit policy, government policies, and feed-in tariffs-subsidies.
The rates of food and subsidies have been the most studied by researchers, being
considered in five publications, as reflected in Figure 8.
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6. Market relates sources of uncertainties other than prices and costs which affect their
market behavior, such as market conditions, price indices, and electricity demand.
Market conditions prevail, with three applications, as shown in Figure 9.
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Figure 9. Market.

7. Wind conditions addresses uncertainties caused by variability of the wind character-
istics in the generation of wind energy, such as the availability of wind, its intensity,
its speed, and its intermittency. After the price of electricity, wind conditions are
the source of uncertainty that generates the greatest interest in the studies analyzed,
especially wind speed, as it has a great impact on the generation of wind energy.
Wind speed was studied in six publications, as shown in Figure 10.
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Figure 10. Wind conditions.

8. Technological progress focuses on the analysis of the uncertainties caused by the gen-
eration and use of knowledge (R&D) that affect the productivity, such as alternative
technology, technology levels, and learning speed. All sources of uncertainties have
only been studied in one investigation, as shown in Figure 11.
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Figure 11. Technological progress.

Table 5 shows, in a disaggregated manner, the type of uncertainty considered in each of
the studies with a focus on real options to evaluate investment in wind systems, taking into
account the categorization of Table 4. It is observed that 62.5% of the studies treat the price
of electricity as a source of uncertainty, 18.8% wind speed, and 15.6% feeding-subsidy rates.
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Table 5. Type of uncertainties explored in research with a real options approach.

Authors-
Years

1. Power Generation
2.

Environ-
mental

3. Prices 4. Costs 5. Regulatory Policies 6. Market 7. Wind
Conditions

8.
Technological

Progress
Total

1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 3.1 3.2 3.3 4.1 4.2 5.1 5.2 5.3 5.4 5.5 6.1 6.2 6.3 7.1 7.2 7.3 7.4 8.1 8.2 8.3
[125] 3 3 3 3
[124] 3 3 2
[122] 3 3 3 3
[106] 3 3 3 3
[72] 3 3 2
[119] 3 3 2
[31] 3 1
[126] 3 3 3 3
[115] 3 3 2
[107] 3 3 3 3 4
[108] 3 1
[91] 3 1
[73] 3 3 3 3
[74] 3 1
[55] 3 3 3 3
[32] 3 3 3 3
111] 3 3 3 3 4
[92] 3 3 2
[56] 3 3 2
[99] 3 3 3 3
[123] 3 3 2
[116] 3 1
[117] 3 3 3 3 3 5
[109] 3 3 3 3 4
[100] 3 3 3 3
[75] 3 3 3 3 4
[76] 3 3 2
[57] 3 1
[58] 3 3 2
[86] 3 1
[77] 3 1

Total 1 1 3 1 1 1 1 2 20 3 1 4 4 2 1 1 2 5 3 1 1 2 2 6 2 1 1 1 74

Source: the author.

4.3. Evaluation of Real Options and Modeling of Uncertainties

There are multiple techniques used to assess the real options in the studies analyzed.
They are random or numerical and non-random methods or by scenario analysis. Table 6
presents the classification and the studies that used each of the techniques. Within the
non-randomized methods, the following techniques were identified:

(1) Decision trees: initially introduced by Cox, Ross, and Rubinstein (1979) as a binomial
model to value American-type options. It was later adapted to simulate the evolution
of uncertainty in discrete scenarios of multiple interrelated options [132]. It allows
modeling the evolution of the price of the underlying asset under uncertainty in dis-
crete scenarios, assuming that the underlying asset follows a multiplicative binomial
process [133].

(2) Dynamic programming: an optimization method by way of dividing the problem
into superimposed subproblems and optimal substructures, especially when the sub-
problems are not independent. It is based on the principle of optimum as enunciated
by Bellman in 1957: “In an optimal decision sequence, every subsequence must also
be optimal”, and it allows combining different types of real options with various
possible scenarios [134].

(3) Partial Differential Equations: a set of equations, initially used for the valuation of
financial options [135,136], later adapted to evaluate specific real options under fixed
assumptions [132]. The results of the Black-Scholes model can be obtained from a
binomial model for n periods, where n tends to infinity [137].

(4) Option-Games model: a valuation tool that combines the real option approach with
game theory, with the aim of quantifying the values of flexibility, allowing for better
investment decisions to be taken [138].

(5) Sensitivity analysis: measures the impact that variations in one of the independent
variables have on the model [31].

Among the random or numerical models, we find:

(1) Monte Carlo simulation: a numerical method used to evaluate options when there
are no closed formulas such as Black-Scholes [137]. Its purpose is to easily value real
options for complex projects, since it does not require the formulation of cash flow
through differential equations or trees [139]. It creates a distribution of project values
from all given sources of uncertainty [140]. An advantage of this method is that it
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offers the distribution of the volatility factor, which is key in evaluating the sensitivity
of the value of the real options of a project [141].

(2) Least squares Monte Carlo: combines the Monte Carlo simulation with least squares
regression, which helps reduce the number of scenarios while still producing an accu-
rate assessment [142]. At any time, the holder of an American option can optimally
compare the reward of exercising that option immediately, with the expected reward
of not exercising it yet [143].

(3) Optimization algorithms: includes traditional algorithms, such as gradient-based
methods and quadratic programming, evolutionary algorithms, heuristic or meta-
heuristic algorithms, and various hybrid techniques. Optimization problems tend to
be non-linear with complex objectives [144].

Figure 12 shows the techniques used for the valuation of Real Options. They are
grouped in two blocks. In the upper one, there are the non-random techniques, with the
highest prevalence of Decision Tree and Dynamic Programming with 8 (25.8%) applications
each. In the lower one, there are random techniques, among which Monte Carlo simulation
is the most preferred by researchers, with 16 (51.6%) applications, which is due to the fact
that most of the selected studies contemplate continuous uncertainties such as, for example,
the price of energy and wind conditions.
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Similarly, for the modeling of the sources of uncertainties, a great variety of techniques
have been applied. Table 6 shows the different techniques applied in the selected studies.
There are random techniques or models, such as:

(1) Geometric Brownian Motion, used in 61.3% (19) of the studies, is a stochastic process
in continuous time, generated from a transformation of a standard Wiener process,
with the particularity of not allowing asset prices to take negative values [145]. Ge-
ometric Brownian Motion appears to be better suited to long-term energy-related
investments [146].

(2) Reversal of the mean indicates that values, such as prices, may move away from the
mean or intrinsic value, but, over time, they will eventually return to those mean
values [147].

(3) The Weibull distribution is the probability function that best describes the wind
speed path, thanks to the orthogonal composition of two correlated Gaussian func-
tions. The Weibull density function consists of two parameters: one refers to the
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maximum speed and the other indicates the degree of dispersion of the samples
(Muñoz et al., 2009).

(4) The Box-Jenkins and Ornstein-Uhlenbeck model is the basis of all modern time series
analysis theory, and consists of the analysis of probabilistic or stochastic properties of
economic time series where the endogenous variable (Yt) is explained by past values
or lags of itself and by stochastic error terms [148].

(5) The ARIMA distribution is an econometric methodology based on dynamic mod-
els using time series data, made up of three components: the autoregressive (AR),
the integration (I), and the moving average (MA), represented by the parameters p, d,
and q, respectively. The model includes the values of the series, prediction of errors,
and a random term [149].

(6) The normal distribution is a mathematical model that allows determining probabilities
of occurrence for different values of the variable. The graph of the normal distribution
has the shape of a bell, and for this reason it is also known as the Gaussian bell, whose
central elements are the mean and the variance [150].

(7) Markov chains are discrete stochastic processes used to study the evolution of certain
systems in repeated trials, in which the probability of an event occurring depends
only on the immediately preceding event. Transition probabilities are used to describe
the way the system passes to the next state.

There are also non-random uncertainty modeling techniques, the binomial model
of Cox, Ross, and Rubinstein, used to model non-random uncertainties in discrete time,
and learning curves, used to model technological uncertainty. This concept was generated
from a study by Wright (1936), where he analyzes repetitive production in the construction
of airplanes, finding, as a hypothesis, that “the man-hours necessary to complete a produc-
tion unit would decrease in a constant percentage each time the production doubles” [151],
showing that the repetitive action of a process increases the experience and learning on the
part of the operator, managing to reduce the production time per unit [152].

Figure 13 shows the techniques used to model the uncertainties studied. They are
grouped in two blocks. In the upper part, there are the random techniques, and in the
lower part, the non-random ones. It can be seen that the researchers opt for random tech-
niques, preferably Geometric Brownian Motion (GBM), which is consistent with the type
of uncertainty considered in the studies, which are mostly continuous, such as electricity
prices and wind conditions.
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Both in evaluating real options and in modeling uncertainties, a standard pattern
has not been followed when developing the models, regarding the type and number of
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techniques to be used, which indicates that, without exception, techniques are combined
according to the purpose and scope of each particular study, as seen in Table 6.

Table 6. Techniques to evaluate real options and to model uncertainties.

Author-
Year

Technique of Assessment Modeling Technique
Not Random Random Random Not Random

1 2 3 4 5 1 2 3 1 2 3 4 5 6 7 1 2
[125] 3 3

[124] 3 3 3 3

[106] 3 3 3 3

[72] 3

[58] 3 3 3

[31] 3 3 3 3

[123] 3 3 3 3 3 3

[116] 3 3 3 3

[117] 3 3 3 3

[111] 3 3 3 3

[126] 3 3 3

[115] 3 3

[32] 3 3

[56] 3 3

[109] 3 3

[75] 3 3

[57] 3 3

[122] 3 3 3 3 3

[119] 3 3 3

[107] 3 3 3

[108] 3 3

[91] 3

[73] 3 3

[74] 3 3 3 3

[78] 3 3

[92] 3 3

[99] 3 3

[100] 3 3 3

[76] 3 3 3

[86] 3 3 3 3

[77] 3 3

8 8 5 2 2 16 5 1 19 6 3 2 1 2 4 2 3

Valuation of options
• Non-random

1. Decision trees
2. Dynamic programing
3. Partial differential equations
4. Option-Games model
5. Sensitivity analysis

• Random

1. Monte Carlo
2. Monte Carlo (least squares)
3. Optimization algorithm

Modeling of uncertainties
• Random

1. GBM or Wiener process
2. Regression to the mean
3. Weibull distribution
4. Box-Jenkins and Ornstein-Uhlenbeck
5. ARIMA distribution
6. Normal distribution
7. Markov process

• Non-random

1. Binomial model of Cox, Ross, and Rubinstein
2. Learning curves

Source: the authors.

4.4. Public Opposition under Real Options

The literature search did not find studies that consider uncertainties related to public
opposition analyzed under the real options approach; however, some studies that focus
their purpose on public opposition to investment in wind energy projects [153–155], to the
assembly of transmission lines [156], and to road pricing [157] were identified.

The aspects that generated the greatest public opposition in the execution of the
projects were: centralized planning processes [154], implementation of a single technol-
ogy [156,158], lack of communication prior to decision-making processes [154], environ-
mental impact [155], consultation after decision-making for project execution [154], institu-
tional factors [155], electromagnetic fields [156], network problems [156] and authorization
procedures and legal framework [156].

In some studies, solutions to counteract public opposition were proposed, such as:
improving the legal framework and procedures [156], implementing different technological
options [156,158], participatory models for decision-making [153,154,156], the implementa-
tion of financial incentive policies, including permanent tax deductions and investment
support or subsidies [157,158], participatory financial investment in projects [158], subsi-
dizing the implementation of Renewable Energy Technology systems at the community
level, according to customs and conditions of the housing [158], strengthening information
processes and prior consultations [155,156], controling and monitoring the environmental
impact [155], and building up institutional capital [153,154].

Surveys [153,154,158] and panels [157] were the preferred methodologies when devel-
oping these research.

Socio-economic, situational, and family restrictions have a great impact on the decision
of the participants to change their position regarding the execution of projects.
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5. Discussion

The purpose of this article is to review the literature on the evaluation of investment
in wind systems under the real options approach, to determine the inclusion of public op-
position (NIMBY projects) as a source of uncertainty, and to identify the flexible strategies
implemented to overcome these types of barriers. As a result of the review, no studies re-
lated to the subject of public opposition (NIMBY projects) were found under the real options
approach; however, some aspects that generate opposition were identified, which could be
valued as real options, such as: the creation of participatory public policies; participatory
models for decision-making; financial incentive schemes, including tax deductions and
permanent investment support or subsidies; associative schemes for participatory financial
investment in projects; implementation of technology systems of Renewable Energies at
the community level, according to customs and housing conditions; information processes
and prior consultations; environmental monitoring and control systems; and building up
an institutional capital.

For the assessment of these opposition generators under the real options approach,
some models proposed in studies related to regulatory policies in wind energy projects
can be adapted, such as [32,55,73,74,91,92,107,111,126]; models that use the decision tree
technique to assess real options: [106,111,116,117,123,124], or those that use dynamic pro-
gramming, such as [58,91].

Regarding the uncertainties explored in research with a real options approach, most
were found to be random variables with continuous states that are discretized over time
(price, cost, and wind speeds). However, there are several studies that assume uncertainties
as random variables with discrete states at discrete times, modeled by Markov chains,
which could be assimilated to model public opposition because they have similar charac-
teristics: climate policy [115], policy changes related to the current support scheme [74],
and long-term stochastic uncertainties in the restructured energy market, such as demand
and the price of fuel [58].

Regarding the options to use, you can make use of options to invest now, postpone,
or abandon [91,92,111,116], and the same is true for the compound options, the one as-
sociated with rate change [126], or the one to either carry out, postpone, or abandon the
investment before continuing with the next stage [86,107,115,122].

From the analysis of public opposition, it follows that, in order to propose flexible
strategies, the perception of the community must first be known; then, it must be de-
termined what alternatives are available from the beginning and when these would be
presented, based on consumer preferences.

Given that, despite an exhaustive search in the literature, no studies that included
uncertainties, such as public opposition, modeled with current techniques was found,
and, therefore, it is not known how people will react, so there is a gap that would be
interesting to address, to assess flexibility when this type of uncertainty arises through the
real options approach.

6. Conclusions

This article provides a review of models or approaches used in the evaluation of
investment in wind systems, under uncertainty. In total, 97 publications were analyzed,
finding that this type of research has been increasing. The real options approach is the one
most used by researchers, applied in 31 publications, representing 32%.

Twenty-eight sources of uncertainty were identified, which were grouped into nine
categories: 1. Power generation, 2. Environmental conditions, 3. Energy price, 4. Costs,
5. Income, 6. Energy policies regulation, 7. Market, 8. Wind conditions, and 9. Technological
progress. The price of electricity is the source of uncertainty that generates the most interest
in the researchers, considered in 20 publications.

Random and non-random techniques or models are applied, both to value real options
and in uncertainty modeling.
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There are a series of barriers to investment in wind power generation projects, within
these are public opposition-NIMBY “Not in my backyard”, but no studies were found under
the real options approach that would develop this theme, which justifies the possibility of
exploring what the management of flexibility may be in this case.

Given the importance of investment projects in renewable energy, including wind
energy, flexibility is a key factor in the business decision-making process, both in the
planning and operating phases. The organizations that have some level of managerial
flexibility (administrative and operational) are able to adjust their current decisions to the
changes and conditions generated in the future, as caused by the existence of uncertainty.
Thus, flexibility becomes an alternative to face uncertainty, because it represents rights
and opportunities that any organization can execute when the underlying conditions of
a respective project are either favorable or unfavorable. When the value of flexibility is
positive, it increases the value of investment cash flows, generating greater social welfare.

The effective use of renewable energy sources, including wind energy, is the best
strategy to contribute to meeting the objectives of the 2030 Agenda and the Paris agreement,
aimed at reducing CO2 emissions. For this reason, it is necessary to intensify in the future
the level of research on investment in renewable energy projects, under the approach of
real options, which allows further assessment of the uncertainty of the projects to establish
flexible strategies and establish efficient controls on high risk of the project investment.
According to the findings observed in this analysis, the following lines of future research
identified others:

1. Within a framework of Real Options, investigate the decision of communities to invest
in wind energy [72].

2. Delve into how the application of the real options approach has the potential to
increase the expected value of the investment in wind energy, by addressing the
impact of uncertainty in the evaluation of the wind resource and contemplating the
flexibility within the design and in the project planning [113].

3. Deepen the impact of the uncertainty caused in the future development of regulatory
policies for the generation of renewable energy [114].

4. Investigate the impact of additional, sequential, or staged investment options at the
optimal investment time and size.

Future investigations related to public opposition:

1. Develop studies that consider the real options approach to evaluate the impact of
public opposition on investment in renewable energy projects.

2. Study on how to create institutional capital for wind energy and other renewable
resources. This implies that more participatory planning practices and inclusive
politics of the communities are needed [153].

3. Research aimed at establishing the determinants for indigenous and Afro-descendant
communities within their uses and custom to accept the location of renewable energy
projects [155].
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