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Abstract— The finance, investment, and renewable energy (RE) sectors
are fundamental to any climate change program and the relationship
among them has been a topic of growing interest. Financial assessments
have hampered geothermal energy development and a real options
approach could contribute to making it more feasible. This article aims to
expand the understanding of investments and real options in geothermal
power plants, selecting relevant studies on the subject and performing
their bibliometric analysis.

The real options theory is known for increasing the value of projects under
uncertainty by modelling their flexibility in response to changes in their
environment. It could be used to address environmental issues in the
context of geothermal energy, which is a source of continuous low-carbon
energy and heat.

A structured process was used for the selection and analysis of the studies.
The Pro Know-C literature was searched on the Scopus and WoS
databases, with investment analysis and renewable energy as core topics.
The articles found were systematically sorted, resulting in a bibliographic
portfolio (BP) of 25 articles, which supported the bibliometric analyses.
The highlights of the bibliometric analyses are: a) journals - Energy
Policy, Energy Economics, and Renewable and Sustainable Energy
Reviews; b) authors - Ferreira, P. participated in 3 studies in the selected
BP and Fleten, S. E. participated in more than 10 studies listed in the BP
references; and c) articles - (Boomsma et al., 2012) and (Fernandes et al.,
2011) led the ranking of academic relevance.

l. INTRODUCTION

The recent changes in the global climate are
unprecedented. Different regions of the world are already
being affected by extreme events such as heat waves, heavy
rains, droughts, and cyclones caused by global warming.
These are the findings of the AR6 report, approved and
released by the Intergovernmental Panel on Climate
Change(IPCC), released in August, 2021. This report is the
first to claim with 100 percent certainty that human
In 2019,the

activities have caused climate change.
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concentration of carbon dioxide (COy)in the atmosphere
was higher than at any other time in the last 2 million years
and the concentration of methane and nitrous oxide was the
highest in 800,000 years. However, a significant reduction
in the emission of greenhouse gases (GHG) can still limit
climate change(Masson-Delmotte et al., 2021).

The finance/investment and renewable energy
(RE) sectors are central to any climate change program.
Although the finance/investment sector have been slowly
responding to the new demands of sustainable
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economy(Ryszawska,  2016),these  are  considered
fundamental for the progress of the energy carbon-zero
transition, acting as a facilitator and catalyst for the
transformation of economic climate(Chenet et al., 2019).
The renewable energy sector, in turn, is the main component
of any climate change mitigation strategy(Arent etal., 2011)
and its associated technologies have garnered increasing
interest as it hasbecome a reality in recent years.(Dranka et
al., 2020).

Despite  the increased RE  generation
worldwide(Arent et al.,, 2011), geothermal renewable
energy generation using thermal energy from the earth’s
interior, with low carbon production and continuous supply
capacity, has not gained the required scale.lt still fails to
meet the targets established for this source, because of
financing and the apparent limitation of the traditional
calculations of net present value (NPV) (Lukawski et al.,
2016).

Other obstacles, such as high and uncertain capital
investment costs, contribute to geothermal remaining
marginalised. However, valuations using real options could
contribute to its progress. These valuations have proven to
yield better results than limited traditional techniques,
differing significantly from a standard NPV calculation and
offering much deeper insights into the risks associated with
the development of geothermal source(Compernolle et al.,
2019; Fernandes et al., 2011).The real options method has
proven to be effective in energy investments because of its
more realistic estimation of the value of projects. It allows
investors to add value, using flexibility to deal with
unpredictable fluctuations and provides greater precision in
the calculation of subsidies. Additionally, it allows the use
of certificates, which are vital for the sustainable
development and viability of RE(Liu & Ronn, 2020).

Long-term  investments  involve  relevant
uncertainties, which determine the behaviour of investors
and the market. Therefore, it is difficult to determine the
influence of sustainable elements in this long-term market
(Ferreira et al., 2016). ER projects are often high-risk
projects. Thus, investors require more sophisticated
valuation techniques to assess their investments(Dranka et
al., 2020).

This issue emphasizes the need to develop requisite
knowledge in a systematic way, based on scientifically
recognised sources, to address the question: How could the
real options approach contribute to the analysis of
investments in geothermal power plants?

Thus, this article aims to expand the understanding
of investments and real options in geothermal power plants,
especially by:
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i Selecting references on investment
analysis and real options in geothermal
power plants; and

ii. Performing bibliometric analysis of
articles, their references, prominent
authors and journals on this topic.

The  Knowledge  Development  Process—
Constructivist (ProknowC) tool was used to achieve these
goals. It is a structured process with a constructivist
perspective for the selection and analysis of scientific
literature. It takes into consideration the researcher's
purpose when studying a given topic, and allows the
generation of the necessary framework for scientific
research.(Lacerda, 2021; Lacerda et al., 2012).

The development of this knowledge by the
researcher is represented here by the selection of relevant
articles for the bibliographic portfolio and bibliometric
analysis of investments and real options in geothermal
power plants.

Bibliometric analysis, which was popularised by
Pritchard in 1969, consists of a set of methods and
techniques for visualising information and drawing up maps
that can adequately represent the quantitative and cognitive
aspects of science(Macedo dos Santos & Kobashi, 2009;
Vanti, 2002). The parameters considered for this research
are: the selected articles, their references, authors, number
of citations, and most relevant journals.

The rest of this article is structured as follows.
Section 2 discusses the theoretical framework, Section 3
presents the methodological framework and procedures
used in this research, Section 4 describes the bibliometric
analyses and results; Section 5 presents the conclusions and
notes, and finally, the last section lists the references used
in this article.

1. THEORETICAL FRAMEWORK

RE financing and sustainable finance: RE
financing promotes the sustainable financial system by
aligning with the long-term needs of a sustainable economy.
It includes the following aspects: climate finance, aiming to
reduce GHG; green finance, by seeking regenerative
environmental outcomes; and sustainable finance, by
improving environmental, social, and economic
outcomes(Ryszawska, 2016).Sustainable finance uses more
robust metrics to seek models in which all relevant costs and
benefits are properly accounted for, including the explicit
recognition of incremental cash flows attributable to
sustainability, in addition to the usual set of cash
flows(Popescu et al., 2021).
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The economic evaluation of investments in energy:
Investments in energy have specific characteristics that
differentiate them from others, such as practically
irreversible investment once the capital becomes
immobilised, preventing it from being used for other areas
or companies. There also exists a temporal flexibility which
allows the investor to postpone the decision to select the
best investment moment. Furthermore, several generation
technologies associated with different levels of uncertainty
can be chosen. Therefore, it is mandatory for investors to
have adequate tools for investment analysis, which accounts
for this matrix of risks and uncertainties(Santos et al., 2014).

Real options: The real options theory is known to
increase the value of projects under uncertainty. This is
achieved by modelling the flexibility of managers to adjust
projects in response to changes in their environment. This
theory could be used to address current energy and
environmental issues, increasing the value of electricity
generation  projects, especially renewable energy
projects(Martinez Cesefia et al., 2013).

Geothermal energy: Geothermal energy is a
renewable energy source that is derived from thermal
energy generated and stored inside the earth. Its production

International Journal of Advanced Engineering Research and Science, 9(2)-2022

has a low carbon footprint and can provide continuous
energy and heat. However, despite its environmental and
economic benefits and in contrast to most renewable
energies, the development of geothermal energy has not
achieved the expected growth. High initial investment and
multiple sources of uncertainty result in high investment
risk, making it difficult to raise the necessary
capital(Compernolle et al., 2019).

1. METHODOLOGY

There is no one size fits all approach to conduct
research. The methodological choices influence the
findings, and the most appropriate approaches, strategies,
and methods for research depend on the problem being
addressed(Calvetti, 2019; SAUNDERS, 2009). Hence this
section aims to provide the reader with sufficient
information to understand the reliability and validity of the
methods used in this research.

3.1 Methodological framework

The methods, techniques, and procedures selected
for this research are show in Figurel.

ethodological
Framework
L 1

Instruments

Fig.1 - Methodological framework

Source: Adapted from (Lacerda et al., 2012)

3.2 Intervention instrument

According to Saunders (2009), literature review is
an initial step in providing the foundation upon which
research is developed, with the main objectives of
augmenting the understanding and gaining insight into past
research and trends. It helps to review the most relevant and
significant research on the topic of interest. An effective
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analysis allows to get familiar with the current state of
knowledge on a given subject and the respective limitations
of studies(SAUNDERS, 2009).

Thus, to establish a representative sample of
references on the topic, we used the Knowledge
Development  Process-Constructivist  Pro  Know-C
structured process as an intervention instrument for the
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selection and analysis of scientific literature. It was
developed in the Multicriteria Methodology Laboratory of
Decision Support (LabMCDA) of the Federal University of
Santa Catarina (UFSC)(Ensslin et al., 2017).

The steps of Pro Know-C addressed here include
bibliographic portfolio selection and bibliometric analysis.
The procedure carried out in each of the stages of the
investigation is described below in detail.

3.3 Initial search for portfolio selection

The initial search consisted of the selection of
articles that will form an initial, non-filtered database,
which is later filtered to include articles considered to be of
greater significance for the research topic.

International Journal of Advanced Engineering Research and Science, 9(2)-2022

The procedures described in this study were carried
out in June 2021 and articles published in the databases in
the last 10 years (2011 to 2021) were considered.

Two scientific databases, Scopus and Web of
Science, were selected for the study. These databases are
considered relevant in the international scientific
community and offer more search options and advanced
filters using Boolean expressions. Therefore, the authors
believe that the selected databases are suitable for the
purpose of this research.

Two core topics were combined, investment
analysis and renewable energy, and the keywords to be
searched in the selected databases were defined. Different
words were combined using search strings. The number of
articles found in each database can be seen in Figure 2.

Initial search for BP selection

Definition of keywords for the

Definition of core topics care topics defined

Definition of databases

Search strings Result from databases Non-filtered portfolio

{\

Science
(Wos)

H

“real option" AND | |
geothermal |

|| investment AND | | [31

Ty
"real option” AND | |
"renewable energ”

~_ @ v

1,141 Article ||

L.

geothermal

\ ) 1551

[360]

Fig.2 - Initial search for BP selection

Resultantly, 1,141 articles were obtained, which
are now part of the Non-filtered Article Database.

3.4 Choice of articles to compose the bibliographic
portfolio

The next step of the ProKnow-C process was taken
using the EndNote20 software and consisted of identifying
and excluding duplicate articles, resulting in the exclusion

www.ijaers.com

of 250 references. The remaining 891 articles were filtered
using their titles and excluding those that were not aligned
with the initially defined core topics, resulting in 119
articles.

The process of filtering articles from the non-
filtered bibliographic portfolio is illustrated in Fig.3.

Page | 48


http://www.ijaers.com/

Becker et al.

No. OF ARTICLES

— « BP without duplicate articles
— * BP with articles selected by title
— « BP with recognised articles
- « BP selected by abstract

« BP with inclusion of articles with potential

30+6
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25 « Final BP. Aligned and adherent to the topic after full reading

Fig.3 - Filtering Steps

The next step included the analysis of the scientific
recognition of these 119 articles, based on the number of
citations of each one, using the Google Scholar online tool
(Google, 2021) and the ZOTERO software. These articles
were classified in descending order, allowing the
identification of the most relevant ones.

The authors of the present study used a cut-off
value of 82% articles with more citations, which correspond
to 39 articles, totalling 2,909 citations, as can be seen in
Fig.3. The 80 unselected articles, with scientific recognition
not yet confirmed, in line with Pro Know-C, will undergo
further analysis and evaluation.

Pareto diagram

1% Citation, point "39"
Value® 82%

+ 30%

aaaaaaaaaaa

Fig.4 - Selection of Articles by Scientific Recognition

The 39 selected articles were analysed in respect of
their alignment with the current research objective. After

WWwWWw.ijaers.com

reading the respective abstracts, 9 articles were excluded at
this stage, leading to 30 articles.

In the next step, 80 articles with potential for
scientific recognition and pending confirmation were
retrieved, representing 18% of citations. Of these, the
abstracts of articles published in the last two years (after
2019) were read to check alignment with the research topic
as they had little chance of having even a low number of
citations. Authors of articles published before 2019 were
searched in the database of authors who wrote the articles
selected in the preceding step.If they were not in the list,
they were excluded. Otherwise, the abstract was read to
confirm adherence. At this stage, 6 articles were selected.

All 36 selected articles were fully read to identify
the alignment to research and adherence to the proposed
theme. A total of 11 documents were eliminated at this
stage, resulting in a bibliographic portfolio consisting of 25
articles, which formed the BP of this research. From this BP,
bibliometric analyses were carried out to support the results
and description of this report.

V. RESULTS

A BP was formed consisting of 25 articles, which
are arranged in descending order as per number of citations
as shown in Fig.7.
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S Authors Title Year _"D'_ o
nce citations
1 T.E.Boomsma, M. Meade and 5.E.  Fenewable energy investments under different support schemes: & real options a0tz 457
Fleten approach
2 Eélr:r;r:aandes. J bunha and . The uze of real options approach in energy sector investments 20M 2149
E. A Martinez Cesefia, J. Mutale and . . . . . .
3 F Fivas-Divalos Fieal options theory applied to electricity generation projects: & reyview 2013 1
S.Fuss, J. Szalgayouwa, M Khabarow  Renewables and climate change mitigation: Irewversible energy investment under
4 - . . 01z 112
and M. Obersteiner uncertainty and partfolio effects
5 E & Martinez-Cesetia and J. Mutale F‘.pEﬂlcatan nf.an advanced real options approach For renewable energy generation S01 15
projects planning
E :; ?:12:::;' Saares, L. Mendes and Fieal Options versus Traditional Methods to assess Renewable Energy Projects 2014 15
7 k. Kim, H. Park and H. Kim Feal DF-tu:\ns analyzizs For renewable energy investment decizions in developing 2017 14
countries
g I. Bitzenhaten and 5. Spinler Optimal design of feed-ln-tanffs h.: stlmulatelrenewable energy investments under 2018 105
regulatory uncertainty - & real options analysis
q 5. Bruno, 5. Akmed, A Shapiro and  Risk neutral and risk. averse approaches to multistage renewabls investment 20ie a0
A, Street planning under uncertainty
10 J A Schachter and P Mancarella B critical review of Real Options thinking For waluing investment flexibility in Smart 2018 74

Girids and low carbon energy systems=

1 I, Detert and K. Kotani

Fieal options approach to renewable energy investments in Mongalia 2013 T2

Fenewable energy technologies as beacon of cleaner production: & real options

12 P.K.Wesseh, Jr. and B. Lin . : - 2015 ER
waluation analysis for Liberia

1 M. Kozlova ?:;Liptlon waluation in renewable energy literature: Research focus, trends and 2017 55

4 T.K.Boomsmaand K. Linnerod Parket and policy risk under different renewable electricity suppart schemes 2015 B3

15 E._i.?l;:l;awskl. P L. Siluerman and .. Uncertainty analysis of geathermal well drilling and completion costs 2016 48
S.E.Fleten, k. Linnerud, P. Malnar i L I I

\ ) . 2

1& and 1. Tandberg Mygaard Gireen electricity investment timing in practice: Real options or net present walue? 2016 47
PR Zhang, O QL Zhou, P Z2hoo Optimal dezign of subsidy to stimulate renewable energy investments: The case of

17 . 2017 46
and H. T. Chen China

12 R LD EQWards. M. R Hasseini A review on renewable energy transition in Australia: Anupdated depiction 2020 44
and G. F. Costin

18 C.¥ Chang B critical analysis of r.ecent adwances in the techniques far the evaluation of a0tz a9

renewable energy projects

M. Cardenasz Fodriguez, | Hagzic, M. Fenewable Energy Policies and Private Sector Ineestment: Evidence from Financial

20 - I 2015 3T
Johnzstone, J. Silva and &, Ferey licrodata

21 P M. Zhang, G Wang, 0. Zhou and - Evaluating uncertain investment decisions in low-carbon transition toward renewable 201a o6
H. Diing Energy

22 S:aﬁ;:‘:;ssos. A Strestand L A, A Oynamic Real Option-Based Investment Model for Renewabls Energy Portfolios 2017 15

23 G.G. I:Irankal. J Curha, . 0. de Lima Economic evaluation methodologies For renewable energy projects 2020 El
and P. Ferreira
T. Compernalle, K. welkenhuysen, E.  The impact of policy measures on profitability and risk in geothermal energy

24 . . . 2013 |
Petitelers, 0. Maes and K. Piessens  inwestments

25 LivandE.LBann Uszing the binomial madel for the waluation of real options in compoating optimal 2020 g

subsidies for Chinese renewable energy investments

Fig.5 -BP Table of Articles

5.1 Bibliometric analysis of BP

Bibliometrics is a quantitative and statistical
technique to measure indices of knowledge production and
dissemination. It helps to monitor the development of
various scientific areas and patterns of authorship,
publication, and use of research results(Costa, 2012). This
section presents the bibliometric analyses and studies
conducted on the BP.

i. Articles

We analysed the scientific recognition of articles
within the BP, identified by the highest number of citations
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in Google Scholar as on June 2020 shown in column
‘Number of citations’in Fig.7.We observed that the articles
by (Boomsma et al., 2012) and(Fernandes et al., 2011) are
the most predominant, with 337 and 219 citations,
respectively, corresponding to 28% of the total citations.

ii. Authors

The authors of the articles composing the selected
theoretical framework, who participated in more than one
article in the sample, are shown in Fig.7
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No. of Articles per author

Zhang, M. M.

Street, A.

Mutale, J.
Martinez-Cesefia, E. A.
Linnerud, K.

Fleten, S. E.

Cunha, J.

Boomsma, T. K.

Ferreira, P.

35 ]
=
[}
w

Fig.6 - Main Authors of BP

iii. Journals Sustainable Energy Reviews is the most prominent, with
Six journals had more than one publication in BP seven published articles (28%), more than double the
and are presented in Fig.7. The journal Renewable and number of other publications.

~

@

w

IS

No. of Articles in the BP

[y

7
3
I | | | |

o

Renewable and  Energy Economics Energy Energy Policy European Journal Journal of Cleaner
Sustainable Energy of Operational Production
Reviews Research
Journals

Fig.7—Most prominent Journals of the BP

iv. Keywords the title, abstract, and the list of keywords of the documents.

The most prominent keywords were analysed Fig.8 demonstrates the frequency of occurrences of the

using a network of co-occurrences of the articles of the BP. keywords by the size of the circle. The strength of
VOS viewer software was used for analysing the sections of association is represented by the proximity between them.
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alternatige energy /
risk assgssment
uncertaify analysis energypolicy
monte carfpmethods
» renewable engrgy resources
mve‘ents R _
’ renewable energy
unce#ainty
renewaljl energies
real optiod$ approach real .'ons

& VOSviewer

Fig.8— Keywords of the BP

5.2 Bibliometric analysis of the references of the BP
To further identify prominent authors, articles, and
journals in the research context, the 703 articles listed in the
references of the BP were analysed. The results are
described below.
i Most prominent authors

The most prominent author in the BP is Fleten S.E.,
who has published ten articles. Figure 9 shows the relative
position of this author compared to other authors with more
than five publications in the references of the BP.

B No. of Articles per author in BP References

Fig.9 — Main Authors in BP References

WWwWWw.ijaers.com
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ii. Journals The most prominent are Energy Policy, with the publication
The journals that published more than 10 articles of 71 articles, representing more than double the mean
listed in the references of the BP are presented in Fig.10. publication among the most prominent journals.

80

70

No. of Articles in the references of the BP

60

50

40

30 -+

Energy Policy Renewable and  Energy Economics Renewable Energy Energy Applied Energy  IEEE Transactions European Journal
Sustainable Energy on Power Systems  of Operational
Reviews Research
Journals

42
38
29
25
21
14
. 11

Fig.10 — Main Journals in the BP References

5.3 Bibliometric analysis, BP versus references of with journals of the BP, as illustrated in Fig.11. The most
the BP prominent journals such as Energy Policy, Energy
i Journals Economics, and Renewable and Sustainable Energy
Journals that published more than six articles Rewews, werfe positioned in quadrant A, standing out both
which are listed in the references of the BP were compared in BP and their references.
8 i
Quadrant B : Quadrant A
7 i *
[}
& i
6 1
£ :
£ 5 1
k] i
£ 4 !
< i
5 3 1 e
[=] ]
= 1
2 o @ X 1 u
------------------------------- IF—-————-—-------------—-——----—---—----
1 ® L & A E
1
1
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

No. of articles in the References of the BP

M Energy Policy #® Renewable and Sustainable Energy Reviews
® Energy Economics A Renewable Energy

X Energy ® Applied Energy

@ |[EEE Transactions on Power Systems @ Eurcpean Journal of Operational Research
® Journal of Cleaner Production ® Geothermics

International Journal of Project Management

Fig.11 — Prominent Journals of the BP and References of the BP
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ii. Classification of articles according to academic relevance in the sample

Two criteria were considered when classifying the articles of the BP by their academic relevance: 1) number of
citations in Google Scholar (2021) since the publication of the article; 2) number of citations of the author with greater citations
in the references of the articles in the portfolio, according to Fig.12.

400 4
- Quadrant A
2 350 - Prominent articles ’
E authored by
i .
2 300 - i prominent authors
8 1
Q 1
5 250
@
ﬁ Relevant i
5 200 articles for the
£ research topic
B 150
@
c
'% 100 A e >< Articles
= authored by
L] - >< 8 A prominent
] - @ authors
= v
"
0 ! bt ‘ ¥ .
0 2 4 8 10 12

Number of citations of the author with more citations in the references

% Renewable energy investments under different support schemes: A real options approach (T. K. Boomsma, N. Meade and S. E. Fleten}
H The use of real options approach in energy sector investments (B. Fernandes, J. Cunha and P. Ferreira)
A Real options theory applied to electricity generation projects: A review (E. A. Martinez Ceseia, J. Mutale and F. Rivas-Dévalos)
@ Real Options versus Traditional Methods to assess Renewable Energy Projects (L. Santos, I. Soares, C. Mendes and P. Ferreira)
=Risk neutral and risk averse approaches to multistage renewable investment planning under uncertainty (S. Bruno, S. Ahmed, A. Shapiro and A. Street)
M Real options approach to renewable energy investments in Mongolia (N. Detert and K. Kotani)
@ Uncertainty analysis of geothermal well drilling and completion costs (M. Z. Lukawski, R. L. Silverman and J. W. Tester)
% A critical analysis of recent advances in the technigues for the evaluation of renewable energy projects (C. Y. Chang)
kdRenewable Energy Policies and Private Sector Investment: Evidence from Financial Microdata {M. Cardenas Rodriguez, I. Ha8&i¢, N. Johnstone, J. Silva and A. Ferey)
/A Evaluating uncertain investment decisions in low-carbon transition toward renewable energy (M. M. Zhang, Q. Wang, D. Zhou and H. Ding)
A Dynamic Real Option-Based Investment Model for Renewable Energy Portfolios (A. C. Passos, A. Street and L. A. Barroso)
Economic evaluation methodologies for renewable energy projects (G. G. Dranka, J. Cunha, J. D. de Lima and P. Ferreira)
@ The impact of policy measures on profitability and risk in geothermal energy investments (T. Compernolle, K. Welkenhuysen, E. Petitclerc, D. Maes and K. Piessens)
Using the binomial model for the valuation of real options in computing optimal subsidies for Chinese renewable energy investments (X. Liu and E. I. Ronn)

Fig.12 - Classification of Articles According to their Academic Relevance.

A horizontal and a vertical line were drawn
dividing the image in four quadrants, which accommodates
the combinations between the number of citations of the
article and the number of citations of the author with higher
citations in the references. Quadrant A accommodates
articles with a great potential to contribute to the research
topic, consisting of prominent articles written by
prominent authors, namely,(Boomsma et al., 2012) and
(Fernandes et al., 2011).

V. CONCLUSION

Given the imminent need to create mechanisms to
mitigate global warming, it becomes crucial to conduct
academic research for improving financial tools and the
viability of renewable energy projects.

Therefore, this study proposed a relevant
theoretical BP, detailing the systematic process used
(Proknow-c), which started with the evaluation of 1,141
articles and resulted in a portfolio of 25 articles, as can be
seen in Fig.7

www.ijaers.com

The bibliometric analyses performed based on the
BP and the references in the BP revealed that: a) the most
prominent journals are Energy Policy, Energy Economics,
and Renewable and Sustainable Energy Reviews; b) the
author, Ferreira, P.,is the only one who participated in three
studies in the selected BP while Fleten S. E. has more than
ten studies in the BP; and ¢) the articles(Boomsma et al.,
2012) and(Fernandes et al., 2011)are the most
academically relevant articles in terms of number of
citations and authors with greater citations in the references
of the articles selected in the final portfolio.

Our analysis of the scientific production on
investments and real options in geothermal plants provides
insights for the better understanding of the topic by the
scientific, business, and social communities. It can
contribute towards the planning and optimisation of future
research. Future studies could perform a systemic content
analysis of the selected portfolio for identifying research
opportunities.

Page | 54


http://www.ijaers.com/

Becker et al.

A limitation of this study is that it only considered
articles indexed in the Scopus and Web of Science
databases between 2011 and 2021.

REFERENCES

[1] Arent, D. J., Wise, A., & Gelman, R. (2011). The status and
prospects of renewable energy for combating global
warming [Article]. Energy Economics, 33(4), 584-593.
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
79955664178&d0i=10.1016%2fj.enec0.2010.11.003&partn
erlD=40&md5=b15d1550c43a0c4fc01edb038738cf4d

[2] Boomsma, T. K., & Linnerud, K. (2015). Market and policy
risk under different renewable electricity support schemes.
Energy, 89, 435-448.
https://doi.org/10.1016/j.energy.2015.05.114

[3] Boomsma, T. K., Meade, N., & Fleten, S. E. (2012).
Renewable energy investments under different support
schemes: A real options approach. European Journal of
Operational Research, 220(1), 225-237.
https://doi.org/10.1016/j.ejor.2012.01.017

[4] Bruno, S., Ahmed, S., Shapiro, A., & Street, A. (2016). Risk
neutral and risk averse approaches to multistage renewable
investment planning under uncertainty. European Journal of
Operational Research, 250(3), 979-989.
https://doi.org/10.1016/j.ejor.2015.10.013

[5] Calvetti, E.S., Lacerda, R. T. O., & Bernardes, M. L. (2019).
UM ESTUDO BIBLIOMETRICO SOBRE AVALIACAO
DE DESEMPENHO NO PROCESSO DE
DESENVOLVIMENTO AGIL DE SOFTWARE SOB A
PERSPECTIVA DO CONSTRUTIVISMO. Revista
Brasileira de Gestdo e Inovagdo, 6, 1-28.
https://doi.org/10.18226/23190639.v6n3.01

[6] Cardenas Rodriguez, M., Has¢ic, 1., Johnstone, N., Silva, J.,
& Ferey, A. (2015). Renewable Energy Policies and Private
Sector Investment: Evidence from Financial Microdata.
Environmental and Resource Economics, 62(1), 163-188.
https://doi.org/10.1007/s10640-014-9820-x

[7] Chang, C. Y. (2013). A critical analysis of recent advances
in the techniques for the evaluation of renewable energy
projects. International Journal of Project Management,
31(7), 1057-1067.
https://doi.org/10.1016/j.ijproman.2013.03.001

[8] Chenet, H., Zamarioli, L., Kretschmer, B., & Narvaez, R.
(2019). From transformational climate finance to
transforming the financial system for climate.

[9] Compernolle, T., Welkenhuysen, K., Petitclerc, E., Maes,
D., & Piessens, K. (2019). The impact of policy measures on
profitability and risk in geothermal energy investments.
Energy Economics, 84.
https://doi.org/10.1016/j.enec0.2019.104524

[10] Costa, T., Silvia Lopes, Fernandez-Llimés, S. L., F., Lopes,
M. J. A. P. F. (2012). A Bibliometria e a Avaliacdo da
Producdo Cientifica: indicadores e ferramentas ACTAS
Congresso nacional de bibliotecarios, arquivistas e
documentalistas, Portugal.

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(2)-2022

[11] Detert, N., & Kotani, K. (2013). Real options approach to
renewable energy investments in Mongolia. Energy Policy,
56, 136-150. https://doi.org/10.1016/j.enpol.2012.12.003

[12] Dranka, G. G., Cunha, J., de Lima, J. D., & Ferreira, P.
(2020). Economic evaluation methodologies for renewable
energy  projects. AIMS  Energy, 8(2), 339-364.
https://doi.org/10.3934/ENERGY.2020.2.339

[13] Ensslin, L., Ensslin, S. R., Dutra, A., Nunes, N. A., & Reis,
C. (2017). BPM governance: a literature analysis of
performance evaluation. Business Process Management
Journal, 23(1), 71-86. https://doi.org/10.1108/BPMJ-11-
2015-0159

[14] Fernandes, B., Cunha, J., & Ferreira, P. (2011). The use of
real options approach in energy sector investments.
Renewable and Sustainable Energy Reviews, 15(9), 4491-
4497. https://doi.org/10.1016/j.rser.2011.07.102

[15] Ferreira, M. C. R. d. C., Amorim Sobreiro, V., Kimura, H.,
& Luiz de Moraes Barboza, F. (2016). A systematic review
of literature about finance and sustainability [Article].
Journal of Sustainable Finance and Investment, 6(2), 112-
147. https://doi.org/10.1080/20430795.2016.1177438

[16] Fleten, S. E., Linnerud, K., Molnar, P., & Tandberg
Nygaard, M. (2016). Green electricity investment timing in
practice: Real options or net present value? Energy, 116,
498-506. https://doi.org/10.1016/j.energy.2016.09.114

[17] Fuss, S., Szolgayovd, J., Khabarov, N., & Obersteiner, M.
(2012). Renewables and climate change mitigation:
Irreversible energy investment under uncertainty and
portfolio  effects. Energy Policy, 40(1), 59-68.
https://doi.org/10.1016/j.enpol.2010.06.061

[18] Kim, K., Park, H., & Kim, H. (2017). Real options analysis
for renewable energy investment decisions in developing
countries. Renewable and Sustainable Energy Reviews, 75,
918-926. https://doi.org/10.1016/j.rser.2016.11.073

[19] Kozlova, M. (2017). Real option valuation in renewable
energy literature: Research focus, trends and design.
Renewable and Sustainable Energy Reviews, 80, 180-196.
https://doi.org/10.1016/j.rser.2017.05.166

[20] Lacerda, R. T.d. O. (2021). Disciplina de revisédo sistematica
da literatura: bibliometria, andlise de conteldo e
identificagdo de oportunidades de pesquisa do Programa de
Pds Graduacdo em Administracdo. UFSC. Notas de aula. In.

[21] Lacerda, R. T. d. O., Ensslin, L., & Ensslin, S. R. (2012).
Uma analise bibliométrica da literatura sobre estratégia e
avaliagdo de desempenho [A bibliometric analysis of
strategy and performance measurement]. Gestdo &amp;
Producdo, 19(1), 59-78. https://doi.org/10.1590/S0104-
530X2012000100005

[22] Li, H. X., Edwards, D. J., Hosseini, M. R., & Costin, G. P.
(2020). A review on renewable energy transition in
Australia: An updated depiction. Journal of Cleaner
Production, 242.
https://doi.org/10.1016/j.jclepro.2019.118475

[23] Liu, X., & Ronn, E. I. (2020). Using the binomial model for
the valuation of real options in computing optimal subsidies
for Chinese renewable energy investments. Energy
Economics, 87.
https://doi.org/10.1016/j.enec0.2020.104692

Page | 55


http://www.ijaers.com/
https://www.scopus.com/inward/record.uri?eid=2-s2.0-79955664178&doi=10.1016%2fj.eneco.2010.11.003&partnerID=40&md5=b15d1550c43a0c4fc01edb038738cf4d
https://www.scopus.com/inward/record.uri?eid=2-s2.0-79955664178&doi=10.1016%2fj.eneco.2010.11.003&partnerID=40&md5=b15d1550c43a0c4fc01edb038738cf4d
https://www.scopus.com/inward/record.uri?eid=2-s2.0-79955664178&doi=10.1016%2fj.eneco.2010.11.003&partnerID=40&md5=b15d1550c43a0c4fc01edb038738cf4d
https://doi.org/10.1016/j.energy.2015.05.114
https://doi.org/10.1016/j.ejor.2012.01.017
https://doi.org/10.1016/j.ejor.2015.10.013
https://doi.org/10.18226/23190639.v6n3.01
https://doi.org/10.1007/s10640-014-9820-x
https://doi.org/10.1016/j.ijproman.2013.03.001
https://doi.org/10.1016/j.eneco.2019.104524
https://doi.org/10.1016/j.enpol.2012.12.003
https://doi.org/10.3934/ENERGY.2020.2.339
https://doi.org/10.1108/BPMJ-11-2015-0159
https://doi.org/10.1108/BPMJ-11-2015-0159
https://doi.org/10.1016/j.rser.2011.07.102
https://doi.org/10.1080/20430795.2016.1177438
https://doi.org/10.1016/j.energy.2016.09.114
https://doi.org/10.1016/j.enpol.2010.06.061
https://doi.org/10.1016/j.rser.2016.11.073
https://doi.org/10.1016/j.rser.2017.05.166
https://doi.org/10.1590/S0104-530X2012000100005
https://doi.org/10.1590/S0104-530X2012000100005
https://doi.org/10.1016/j.jclepro.2019.118475
https://doi.org/10.1016/j.eneco.2020.104692

Becker et al.

[24] Lukawski, M. Z., Silverman, R. L., & Tester, J. W. (2016).
Uncertainty analysis of geothermal well drilling and
completion costs. Geothermics, 64, 382-391.
https://doi.org/10.1016/j.geothermics.2016.06.017

[25] Macedo dos Santos, R., & Kobashi, N. (2009).
BIBLIOMETRIA, CIENTOMETRIA, INFOMETRIA:
conceitos e aplicagdes.2.

[26] Martinez-Cesefia, E. A., & Mutale, J. (2011). Application of
an advanced real options approach for renewable energy
generation projects planning. Renewable and Sustainable
Energy Reviews, 15(4), 2087-2094.
https://doi.org/10.1016/j.rser.2011.01.016

[27] Martinez Cesefia, E. A., Mutale, J., & Rivas-Davalos, F.
(2013). Real options theory applied to electricity generation
projects: A review. Renewable and Sustainable Energy
Reviews, 19, 573-581.
https://doi.org/10.1016/j.rser.2012.11.059

[28] Masson-Delmotte, V., P. Zhai, A. Pirani, S., L. Connors, C.
P., S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis,
M. Huang, K. Leitzell, E. Lonnoy, J. B., & R. Matthews, T.
K. M., T. Waterfield, O. Yelekgi, R. Yu and B. Zhou (eds.).
(2021). IPCC, 2021: Climate Change 2021: The Physical
Science Basis. Contribution of Working Group | to the
SixthAssessment Report of the Intergovernmental Panel on
Climate Change (Cambridge University Press. InPress.,
Issue. C. U. P. In & Press.

[29] Passos, A. C., Street, A., & Barroso, L. A. (2017). A
Dynamic Real Option-Based Investment Model for
Renewable Energy Portfolios. IEEE Transactions on Power
Systems, 32(2), 883-895.
https://doi.org/10.1109/TPWRS.2016.2564983

[30] Popescu, I. S., Hitaj, C., & Benetto, E. (2021). Measuring
the sustainability of investment funds: A critical review of
methods and frameworks in sustainable finance [Review].
Journal of Cleaner Production, 314, Article 128016.
https://doi.org/10.1016/j.jclepro.2021.128016

[31] Ritzenhofen, 1., & Spinler, S. (2016). Optimal design of
feed-in-tariffs to stimulate renewable energy investments
under regulatory uncertainty - A real options analysis.
Energy Economics, 53, 76-89.
https://doi.org/10.1016/j.eneco0.2014.12.008

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(2)-2022

[32] Ryszawska, B. (2016). Sustainability transition needs
sustainable finance [sustainability transition; sustainable
finance; climate finance; green finance]. Copernican
Journal of Finance & Accounting, 5(1), 10.
https://doi.org/10.12775/cjfa.2016.011

[33] Santos, L., Soares, I., Mendes, C., & Ferreira, P. (2014). Real
Options versus Traditional Methods to assess Renewable
Energy Projects. Renewable Energy, 68, 588-594.
https://doi.org/10.1016/j.renene.2014.01.038

[34] SAUNDERS, M. N. K., LEWIS, P., THORNHILL, A. .
(2009). Research Methods for Business Students. (Fifth
edition ed.). Harlow.

[35] Schachter, J. A., & Mancarella, P. (2016). A critical review
of Real Options thinking for valuing investment flexibility
in Smart Grids and low carbon energy systems. Renewable
and Sustainable Energy Reviews, 56, 261-271.
https://doi.org/10.1016/j.rser.2015.11.071

[36] Vanti, N. A. P. (2002). Da bibliometria a webometria: uma
exploracéo conceitual dos mecanismos utilizados para medir
o registro da informagcdo e a difusdo do conhecimento [From
bibliometry to webometry: a conceptual exploration of
several forms of measuring information and knowledge].
Ciéncia da Informacéo, 31(2), 369-379.
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0
100-19652002000200016&lang=pt

[37] Wesseh, P. K., Jr., & Lin, B. (2015). Renewable energy
technologies as beacon of cleaner production: A real options
valuation analysis for Liberia. Journal of Cleaner
Production, 90, 300-310.
https://doi.org/10.1016/j.jclepro.2014.11.062

[38] Zhang, M. M., Wang, Q., Zhou, D., & Ding, H. (2019).
Evaluating uncertain investment decisions in low-carbon
transition toward renewable energy. Applied Energy, 240,
1049-1060. https://doi.org/10.1016/j.apenergy.2019.01.205

[39] Zhang, M. M., Zhou, D. Q., Zhou, P., & Chen, H. T. (2017).
Optimal design of subsidy to stimulate renewable energy
investments: The case of China. Renewable and Sustainable
Energy Reviews, 71, 873-883.
https://doi.org/10.1016/j.rser.2016.12.115

Page | 56


http://www.ijaers.com/
https://doi.org/10.1016/j.geothermics.2016.06.017
https://doi.org/10.1016/j.rser.2011.01.016
https://doi.org/10.1016/j.rser.2012.11.059
https://doi.org/10.1109/TPWRS.2016.2564983
https://doi.org/10.1016/j.jclepro.2021.128016
https://doi.org/10.1016/j.eneco.2014.12.008
https://doi.org/10.12775/cjfa.2016.011
https://doi.org/10.1016/j.renene.2014.01.038
https://doi.org/10.1016/j.rser.2015.11.071
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-19652002000200016&lang=pt
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-19652002000200016&lang=pt
https://doi.org/10.1016/j.jclepro.2014.11.062
https://doi.org/10.1016/j.apenergy.2019.01.205
https://doi.org/10.1016/j.rser.2016.12.115

