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Abstract. Green energy has become one of the most recurrent topics of the last decade, with a clear
ascending trend in terms of popularity and strategic relevance. Although the term has been a
fundamental element in the energy, environmental science, or engineering domains, we can now
observe frequent linkages with the highly dynamic and versatile economic context. With this in mind,
in the current paper, we aim to present the related literature approaches that integrated green energy
in economics, while also identifying the evolutionary differences of perspectives and frameworks.
Therefore, the methodology will start by showcasing the clear evolution of the concept, with statistical
overviews that confirm its increasing frequency. Afterward, we will limit the review to the papers that
integrated green energy in the title, in an endeavor to illustrate the main connections and synergies
found within the economic and business area. A selection of 50 papers will be made, 25 being published
in the 2010-2019 period and 25 starting in 2020. Consequently, a classification framework will be
constructed to allocate each paper based on the general subject and the main methodology used. After
profiling the periods and extracting valuable comparisons, the papers will be curated through the
computation of different text-mining techniques, resulting in insightful statistics on the most common
words, complementary concepts, and general sentiment. The study's main conclusion will be the
observed prevalence of a new economic framework, based on economic growth and sustainability:
green growth. Therefore, in terms of contribution, by using data mining and sentiment analysis, we
have extracted valuable information from a large volume of text, methodically proving that green
energy is frequently linked with economic development, and evolving conceptually throughout the last
decades.
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1. Introduction

Recently, the public international agenda frequently integrates concepts such as green
revolution, green economy, or green growth, in all actions plans and strategies designed for the future.
Therefore, sustainable development has become a clear priority for all the major cooperation
institutions, such as the (European Union, 2020), which designed a proposal package entitled A
European Green Deal, or the (UN Climate Change Conference, 2016) where the Paris Agreement was
adopted, one of the most important, legally binding frameworks on climate change. At the same time,
green energy will be part of the 17 Sustainable Development Goals created by the (UN Development
Programme, 2015), along with complementary domains such as clean water and sanitation, sustainable
cities and communities, climate actions, or life on land and below water. We can therefore observe that
at the core of all of these strategies is the conversion to a new, renewable type of energy that promises
to deliver a more sustainable way of production, consumption and ultimately living. As a consequence,
all major states have created national action plans to tackle the transition towards green energy, the
Inflation’s Reduction Act adopted by (The White House, 2022) being a representative example.

Further on, it will be essential to analyze the impact of green energy on the economy as a
whole, since we have seen that we no longer refer to it as a new technology, but as a complex transition
that has to deal first with the multiple climate threats. Therefore, the best way to understand the different
layers of impact and implications of green energy in the economy is to first look at the related literature,
since it approaches the most contemporary issues with an immense level of detail while maintaining its
neutrality and diversity of topics. Consequently, in the current paper, the focus will be set on the experts’
opinions, in an effort to understand what are the predominant subjects of green energy in the economics
area, whether there is an evolution compared to the publication rhythm of the last decades, and what
are the main methodologies and approaches.

In order to reach these objectives, we will first study the concept of green energy as a whole,
identifying the trends in terms of publishing. On this note, we will see a growing popularity of the
notion, a process fueled by the political implications and agendas that we have mentioned earlier. Since
it is a universally claimed concern, the interest developed by international institutions, governments, as
well as private companies has undoubtedly boosted the research in the domain, a phenomenon that will
be demonstrated in quantitative terms throughout the paper. Next, after the main overview of the
subject, we will describe our applicative case study, split into two sections: the configuration of a
classification framework that can be used to determine the main subjects and methods used for analysis
and the insights generated using text mining and sentiment analysis.

Therefore, we consider that the paper contributes to the related field since it brings to light the
evolution of an extremely relevant topic, framed in the fervent economic context. By looking at the
trends in the literature, we can confirm that green energy has become a key priority for the smart
sustainability revolution, being recently analyzed from newer perspectives that clearly impact different
aspects of the economy, whether it’s the business sector, certain industries, human capital, or the overall
economic growth. At the same time, by constructing a classification framework and employing text
mining and sentiment analysis, a subdomain of machine learning techniques, we have extracted
valuable information from a large volume of text, methodically proving that the term is frequently
linked with economic development, evolving conceptually throughout the last decades.

2. Literature review
2.1. General green energy concept

In terms of the general concept and research period, we aimed to showcase the entire evolution
of green energy, from its first appearance in the related literature in the 1990 decade to the present day.
Consequently, we could find a large number of Scopus-indexed papers that included the term either in
the keywords or in the title, with a clear ascending trend in terms of popularity. To confirm that, in
Table 1 and Figure 1 we can see the evolution of the correlated research, with the observation that in
the 2020 period, there were more papers published than in the whole 2010 decade, despite the
significantly shorter timeframe. At the same time, in terms of regional evolution, we can see that China
and India have become the countries that publish the most papers on the subject, compared with the
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United States and Canada in the 2000s. An interesting fact is that Italy and Romania are also among the

countries with the most Scopus-indexed papers throughout the 2010 decade, while Poland has also been

growing its presence, proving that South and Central Europe can be an important center for the

propagation of essential information on the subject.

Table 1. Number of Scopus-indexed papers integrating the green energy notion

Period Keyword Title Top publishing countries
1990 — 1999 4 4 United Kingdom, Brazil, Japan
2000 - 2009 147 40 United States, Canada, China, Turkey, Taiwan, United Kingdom
2010-2019 1.323 330 United States, China, India, Taiwan, Italy, Romania
2020 -2023 1.566 376 China, India, United States, Pakistan, United Kingdom, Poland
Total 3.040 750 China, India, United States, Taiwan, United Kingdom, Poland

Source: Authors’ own processing, using the Scopus platform, May 2023

Figure 1. Number of Scopus-indexed papers integrating the green energy notion
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The same observations can be drawn by studying analytics from the Web of Science platform.
Although the total number of papers on the subject is lower than the one in Scopus, the same ascending
evolution can be observed, as well as the geographical poles represented by China, the USA, India,
Taiwan, and Poland (Table 2 and Figure 2).

Table 2. Number of Web of Science-indexed papers integrating the green energy notion

Period Title Top publishing countries
1990 — 1999 19 United Kingdom, USA
2000 - 2009 113 United States, Canada, Turkey, China, Germany, Sweden, Japan
2010-2019 664 United States, China, India, Taiwan, Canada, Germany, Italy
2020 -2023 528 China, India, Pakistan, USA, Saudi Arabia, Poland, England
Total 1.324 China, USA, India, Taiwan, Canada, England

Source: Authors’ own processing, using the Web of Science platform, May 2023

Figure 2. Number of Web of Science-indexed papers integrating the green energy notion
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2.2. Green energy in the economics context

However, circling back to the main objective of the paper, we aim to tackle the question: how
is green energy integrated and correlated with the economic context? So, as a consequence, we will
now study the volume of papers that are classified as part of the economics domain, in the same two
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international databases: Scopus and Web of Science. We have also refined and limited the search to the
papers that integrated green energy in the title, considering them the most representative of the subject
at hand. In regards to the period, we can see that the selection is now framed between 2000 and2023,
since we couldn’t find any papers that fit all the above criteria in the 1990 decade (as opposed to the
general green energy concept described before). Therefore, in both Tables 3 and 4, we can see the
number of studies that are part of the broad economic area, such as economics, econometrics, business,
or management, the names being different depending on the platform. In actual numbers, the share will
be relatively low, 13% and 8%, most of the articles being classified in other sections, such as
environment, engineering, or technology.

In terms of the number of papers per period, we can see once again that in each platform, more
than half of the studies have been published in the last 4 years, starting in 2020, proving that the subject
is extremely recent and there is a great deal of information to be studied and shared.

Table 3. Green energy concept in the economics area — Scopus-indexed papers

No of papers by decade
Category Papers

= 2000-2009 2010-2019 = 2020-2023
Economics, Econometrics, and Finance | 95 (13%)
Business, Management, and Accounting 6%

’ 28%

Total 750

66%

Source: Authors’ own processing, using the Scopus platform, May 2023
Table 4. Green energy concept in the economics area — Web of Science indexed papers

No of papers by decade

=2000-2009 2010-2019 = 2020-2023

Category Papers 10%
Economics
Business 112 (8%)
Management 0% 40%
Total 1.328

Source: Authors’ own processing, using the Web of Science platform, May 2023

3. Methodology and data

Given the previous observations, the next step in the analysis is represented by the selection of
the most relevant articles that include green energy in the title and that are classified as economic
research. In terms of the chosen criteria, the periods have been reduced to 2010-2019 and 2020-2023,
since they gather more than 90% of the content that we want to explore (Tables 3 and 4). Therefore, a
total selection of 50 articles was made, in an equal distribution between the two periods, in order to
maintain a good level of comparability, especially in quantitative terms. Also, the fact that the 2020-
2023 period is gaining a massive share of the studies on the subject, despite the shorter timeframe, was
an extra motive for splitting the datasets equally. All the papers were collected from Scopus and Web
of Science databases, two of the most prestigious research platforms. Ultimately, in the selection of
those, the number of citations was the deciding factor.
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Therefore, before implementing the text mining methods, we will first proceed with designing
a classification framework, useful in the allocation of each paper, based on the general subject and the
main methodology employed.

3.1. Classification framework. 2010-2019 decade

Therefore, we will start the analysis with the 25 papers published in the period 2010-2019. The
yearly distribution of the papers can be seen in Figure 3.

Figure 3. Number of selected papers by year
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Source: Authors’ own processing, based on the selected papers

In terms of the main methodology, we have identified 5 classes of general methods used in the
selected literature. An important mention here is that the papers that integrated social studies are found
two times in the table, once in the distinct social-investigative category, and once in the methodological
class (theoretical or applicative). At the same time, we must mention the fact that both classification
frameworks employed a certain level of simplification, in order to collect valuable insights.

Therefore, regarding the results, we can note that multiple papers explored a descriptive
approach, whether purely theoretical, or by illustrating certain statistics and graphical representations.
Besides this framework, social studies, or data analysis and statistical models have been found, along
with the computation of advanced techniques such as panel data or quantitative modeling. The papers
selected and their classification can be seen in Table 5.

Table 5. Main methodology — 2010 - 2019 decade

Type Methodology References
(Lietal., 2011), (Winfield & Dolter, 2014),
Theoretical Explanatory, Descriptive (Cieslik, 2016), (Oncel, 2017),
Statistics, Literature Review (Lachapelle, MacNeil & Paterson, 2017),

(Chernysheva et al., 2019), (Kim, 2019)
(Datta et al., 2011), (Coley & Hess, 2012),

Data Analysis, Statistical Models, (Hartmann & Apaolaza-Ibafiez, 2012),
Regression, Factor Analysis, (Ardito, Petruzzelli & Albino, 2016),
Decision Theory, Structural (Krishnamurthy & Kristrém, 2016),

Equation Modelling, (Sangroya & Nayak, 2017),
Statistical Tests (Ardito, Petruzzelli & Ghisetti, 2019),

(Arroyo & Carrete, 2019), (Stucki, 2019)
(Auer, 2016), (Kruse & Wetzel, 2016),
(Ng & Zheng, 2018),
(Zandi & Haseeb, 2019)
(Zhou & Tamas, 2010),
(Ciarreta, Espinosa & Pizarro-Irizar, 2014),
(Eichner & Pethig, 2014), (Anderloni & Tanda, 2017),
(Yoshino, Taghizadeh-Hesary & Nakahigashi, 2019)

) Soc.ial-' Social & Market Studies (Hartmann & Apaolaza-Ibafiez, 2012), (Cieslik, 2016),
investigative (Surveys, Interviews, (Krishnamurthy & Kristrom, 2016),

Applicative

Advanced Statistics and Models
(Panel Data, Machine Learning)

Quantitative Macroeconomic,
Microeconomic, and Financial
Modeling
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Pilot Projects) (Sangroya & Nayak, 2017),
(Arroyo & Carrete, 2019), (Stucki, 2019)
Source: Authors’ own processing, based on the selected papers

In regard to the main subject, we have identified five broad categories illustrated in Table 6. An
area that integrated multiple papers is related to the green energy market, trade, or macroeconomics. At
the same time, green energy consumption and purchase behavior were repeatedly found, mainly studied
using sociology and qualitative methods, while subjects in the area of policies, projects, and
environmental impact will also be frequent. Green energy engineering and technologies topics come
next, with a focus on patent data, general knowledge, prices, and description of new systems. Lastly,
we have found three articles that approached business and companies-related subjects, such as returns,
stocks, or investments.

Table 6. Main Subject — 2010 - 2019 decade

Subject References
Green energy (Datta et al., 2011), (Hartmann & Apaolaza-Ibanez, 2012),
consumption, adoption, and purchase (Cieslik, 2016), (Krishnamurthy & Kristrom, 2016),
behavior (Sangroya & Nayak, 2017), (Arroyo & Carrete, 2019)
(Zhou & Tamas, 2010),
Green energy (Ciarreta, Espinosa & Pizarro-Irizar, 2014),
market, trade, and macroeconomics (Eichner & Pethig, 2014),
(Yoshino, Taghizadeh-Hesary & Nakahigashi, 2019)
Green energy companies (Anderloni & Tanda, 2017), (Ng & Zheng, 2018),
(stock, returns, investments, costs) (Stucki, 2019)
(Lietal, 2011),
Green energy (Ardito, Petruzzelli & Albino, 2016),
engineering & technologies (Kruse & Wetzel, 2016), (Oncel, 2017),
(Ardito, Petruzzelli & Ghisetti, 2019)
Green energy (Coley & Hess, 2012), (Winfield & Dolter, 2014), (Auer, 2016),
policies, projects, regulations, (Lachapelle, MacNeil & Paterson, 2017),
environmental impact (Chernysheva et al., 2019), (Kim, 2019),
— case studies (Zandi & Haseeb, 2019)

Source: Authors’ own processing, based on the selected papers

3.2. Classification framework. 2020-2023 period

Reaching the 2020s distribution (Figure 4), a first mention that needs to be made is that the
number of citations was clearly limited, given the short period of time, as well as the access to some
titles. At the same time, there were plenty of studies on different green technologies, focusing on
explaining and illustrating the respective mechanisms, with little focus on the economic effects, so those
were excluded from the analysis.

Figure 4. Number of selected papers by year
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In terms of actual results, we have similarities in the classification frameworks, but the overall
distribution did face some dynamics (Table 7). For example, we see that advanced methodologies have
taken the lead detrimental to the theoretical class. Therefore, explanatory papers, or the ones based on
social studies are becoming less sought after, with only 4 articles being classified in this category. Panel
data models became the most common method, together with other econometrics and forecasting
algorithms. Other new methods will be part of decision theory (TOPSIS), portfolio theory, or structural

equation modeling.

Table 7. Main methodology — 2020 - 2023 period

Type Methodology References
Theoretical gﬁﬁii‘)‘ﬁg’zff:f;f’:‘?;iﬁfﬁf;g (Haas, 2021), (Khan, Nasir & Rashid, 2022)
Data Analysis, Statistical Models, (Bhowmik et al., 2020),
Regression, Factor Analysis, Decision (Kaiser et al., 2020), (Mezger et al., 2020),
Theory, Structural Equation Modelling, (Cortez, Andrade & Silva, 2022),
Portfolio Theory, Statistical Tests (Naqvi et al., 2022)
(Chakraborty & Mazzanti, 2020),
(Skordoulis, Ntanos & Arabatzis, 2020),
(Cheng, Shi & Yu, 2021),
. Corrocher & Mancusi, 2021),
Applicative Advanced Statistics and Models ((Huang, Chien & Sadiq, 2022),
(Panel Data, Forecasting, ;
Econometrics, Supervised and . (Husain, Sohag & Wu,‘ 2022),
Unsuperviseéi ML methods) (Li, Dong & Dong, 2022), (Liu et al., 2022),
(Rachidi et al., 2021), (Saqib, 2022),
(Yan et al., 2022), (Yu et al., 2022),
(Zakari et al., 2022), (Zhang & Kong, 2022),
(Shang et al., 2023), (Zakari et al., 2023)
Quantitative macroeconomic and (Detemple & Kitapbayev, 2020),
microeconomic modeling (CGE) (Pradhan & Ghosh, 2022)
Social- Social Studies (Mezger et al., 2020),
investigative (Surveys & Interviews) (Skordoulis, Ntanos & Arabatzis, 2020)

Source: Authors’ own processing, based on the selected papers

In terms of subjects (Table 8), the first observation worth mentioning is the fact that we can see
an increased diversity, with multiple correlations that were not studied before, such as the impact of
certain green aspects on economic growth (green growth) and the sustainability revolution. At the same
time, different socio-economic aspects have been introduced, with a focus on their impact on CO2
emissions (for example human capital, education, and natural resources). The frequency of China case

studies has also increased.

Table 8. Main Subject — 2020 - 2023 period

Subject

References

Green energy
engineering, technologies, innovation,
new materials, optimization

(Bhowmik et al., 2020),
(Chakraborty & Mazzanti, 2020),
(Corrocher & Mancusi, 2021), (Rachidi et al., 2021),
(Pradhan & Ghosh, 2022)

Green energy
consumption, adoption, and purchase behavior

(Mezger et al., 2020),
(Skordoulis, Ntanos & Arabatzis, 2020)

Green energy
market, trade, green growth, financial products,
investments

(Detemple & Kitapbayev, 2020),
(Cortez, Andrade & Silva, 2022),
(Husain, Sohag & Wu, 2022),

(Li, Dong & Dong, 2022), (Naqvi et al., 2022),
(Yan et al., 2022), (Shang et al., 2023)

Green energy
from a sustainability perspective (environmental

impact)

(Khan, Nasir & Rashid, 2022), (Saqib, 2022),
(Zakari et al., 2022),
(Zakari et al., 2023)
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Green energy
nexus with social-economic aspects
(economic growth, human capital, education)

(Huang, Chien & Sadiq, 2022),
(Liu et al., 2022)

Green energy
policies, regulations, infrastructure
— case studies

Kaiser et al., s eng, Shi & Yu, S
i 1., 2020), (Ch Shi & 2021
(Haas, 2021), (Yu et al., 2022),
(Zhang & Kong, 2022)

Source: Authors’ own processing, based on the selected papers

4. Research results and comments

4.1. Most frequent words

After constructing the classification framework, the next section of the paper will explore
different methods that are part of the text-mining family. As a consequence, the first step in this analysis
was to curate the papers and tokenize the data structure. We have removed the references, the stop
words, and the numbers from the articles, in order to obtain a clean data frame. In the computation of
the diagrams below, we have also eliminated key terms such as green energy and economic, as well as
frequently used notions in academia such as table, figure, data, model, countries, or results (not limited
to those). The results are illustrated in a comparative overview between the two periods, in Figure 5 and

Figure 6.

Figure 5. Most frequent words, 2010-2019 decade, various representations
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Figure 6. Most frequent words, 2020-2023 period, various representations
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In both periods, we can profile some keywords that are often linked together with the concept

of green energy, such as renewables, environmental, or technologies. From the economic area, we can

note terms such as market, firms, price, costs, demand, or production, illustrating a business lexicon,

with a focus on the direct microeconomic effect.

To add on that, in order for the comparative view to be complete, we have also illustrated the
words with the highest and lowest growth in terms of frequency (Table 9). The insights generated in
the classification step are confirmed, with certain dynamics, such as the increase of the panel and green
growth models, portfolio and financial subjects, or China case studies. At the same time, the issue of
costs and prices seems to be losing popularity, similar to the projects and technologies/technology
terms. At the same time, the focus on sustainable systems is once again demonstrated, with notions
such as resource, climate, or carbon emissions showing a growth of over 100%.

Table 9. Words with the highest and lowest frequency growth, in a comparative overview

WORD 22%1109' 22%22‘;' Growth% WORD 22%1109' 22%22(;' Growth%
GROWTH 171 623 264% COSTS 362 83 -77%
FINANCIAL 94 321 245% SOLAR 381 112 1%
NATURAL 65 217 234% PROJECTS 204 85 -58%
SUSTAINABLE 80 261 226% SOCIAL 326 141 -57%
RESOURCE 95 291 207% SUPPORT 213 93 -56%
CONSUMPTION 113 334 196% COMPANIES 212 93 -56%
EMISSIONS 107 301 181% COST 271 123 -55%
CLIMATE 85 223 162% PRICE 433 206 -52%
PANEL 97 246 154% TECHNOLOGIES 516 248 -52%
POLICIES 96 232 142% SYSTEM 185 89 -52%
CHINA 99 232 134% PRICES 221 115 -48%
CARBON 159 368 131% DEMAND 268 146 -46%
PORTFOLIO 94 205 118% MARKET 578 358 -38%
INVESTMENT 224 364 63% TECHNOLOGY 332 207 -38%

Source: Authors’ own processing, based on the selected papers

4.2. Collocations

The next step in the analysis will consist of the analysis of bigrams or the combinations of two
words. Therefore, we can identify key concepts that are frequently found in conjecture with the green
energy concept, in the area of economics. We have computed the comparative frequency diagrams, in
the graphical representations available in Figures 7 and 8. In terms of interpretation, in the 2010 decade,
a vast majority of collocations will showcase different energy-correlated aspects, such as technologies,
costs, firms, policies, projects, laws, sources, or prices. Complementary, from the economic area, we
have found concepts such as energy costs, energy firms, green firms, investor demand, social enterprise,
energy prices, and economic growth.

In comparison, starting in 2020, economic growth has become the most common collocation
(besides green energy and renewable energy), followed closely by green growth. At the same time, we
can observe new notions such as green economics, green trade, or energy policy, all of them gaining
new positions in terms of frequency versus the previous decade. More than that, we can also confirm
the methodological insight, that of an increase in the use of panel data models, since both unit root and
cross-sectional collocations are entering the most used expressions (Figure 8).
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Figure 7. Most frequent bigrams, 2010-2019 decade, various representations
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Figure 8. Most frequent bigrams, 2020-2023 period, various representations
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Lastly, in a graph representation available in Figure 9, we can see the network of bigrams and
how they are connected. In this case, the results are similar for both periods, so we have illustrated only
one perspective. The economic terms such as prices, industry, firms, sector, costs, and production will
be strongly connected with the energy notion, while economic growth, social enterprise, environmental
degradation, or carbon dioxide are between the other links. A mini cluster of technical terms can also

be profiled, composed of grid, applications, smart, and patent words.
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Figure 9. Bigrams network
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4.3. Economy co-occurrence

Next, we will explore the presence of co-occurrences or the most common terms that are
associated with the economy word. They can be seen both in Table 10 and Figure 10, through the use
of dendrograms. The strength of the co-occurrence will show the depth of the relationship, or how
common will the two words be found together. We can note that starting in 2020, words such as circular,
greener, transitioning, or sustainability will be prevalent, compared to enterprise, community, moral
or international, which will be prevalent in the previous decade. That will confirm once again the fact
that green energy is seen as a vector for sustainable economic development, through its transformative
characteristics.

Table 10. Co-occurrences with the economy word, in @ comparative overview

2010-2019 2020-2023
Term Strength Term Strength

POLITICAL 216.2 CIRCULAR 65
MORAL 183.9 POLITICAL 42.8
GLOBAL 101.9 SUSTAINABLE 36.5
ENTERPRISE 50.2 LOW 34.1
REVIEW 48.9 CARBON 31.7
STATE 43.1 TRANSITIONING 27.9
OPEN 40.1 SUSTAINABILITY 26.6

DEVELOPMENT 39.4 ENVIRONMENTAL 25
COMMUNITY 38.5 GREEN 24.8
INTERNATIONAL 37.8 FOSSIL 23.5
PROJECT 30.5 GREENER 22.2

SOCIAL 26.8 CLIMATE 21
ENERGY 25.6 DECARBONIZED 19.9
COMPARATIVE 25.1 ECO 19.7

Source: Authors’ own processing, based on the selected papers
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Figure 10. Co-occurrences with the economy word, dendrograms
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4.4. Sentiment Analysis

The last method employed will be sentiment analysis, a frequently used model in natural
language processing or text analysis, in domains such as social media, marketing, or advertising. When
applying this framework to our selection of papers, we aim to identify whether there is a general
sentiment in the exploration of the green energy concept, either viewed from a positive perspective,
focused on benefits, or a negative, critical one, focused on issues and risks. Therefore, in Figures 11
and 12 we can see the word frequency by sentiment, classified as negative and positive. In 2010, in the
first category, words such as risk, disagreement, degradation, or volatility are seen as having a negative
valence, while the usual terms that describe the new technologies and economic framework associated
with green energy will take a positive nuance (clean, innovation, smart, sustainable, strong,
competitive, consistent). At the same time, we can see that the number of words classified as positive
will be higher, considering the criteria of a frequency bigger than 40.

Figure 11. Word frequency by sentiment, 2010-2019 decade
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In regards to the 2020 evolution, we can note that sustainable has become the most frequent
positive word, along with innovation, proving that the sustainability revolution is vastly integrated into
the economics area of green energy. Other words that show a positive sentiment and are more frequent
than in the last period are trust, progress, improve, optimal, or dynamic, all of them showing the aspects
that are gaining the stakeholders’ interest.
Another view we can use is represented in Figure 13, in which we used a data frame composed
of all 25 studies selected in each period. The positive sentiments are represented above the origin, while
the negative below, both of them creating an intuitive graphic that follows the content of the papers.
We can therefore conclude that a generally positive perspective will be prevalent since the chart will
show a more intense trajectory above the origin.

Figure 13. Evolution of the general sentiment, throughout the selected papers
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Lastly, using different lexicons found in the R Studio environment, we calculated the number
of words based on the sentiment (Table 11). We can see clearly that in both periods, the positive attitude
will be prevalent, almost doubling the number of words specific to the negative sentiment. Other
complementary feelings identified are trust, joy, or anticipation, proving that green energy can inflict a
perspective of enthusiasm and confidence for the economic future. Starting in 2020, we can also see
that fear and disgust decreased more than other sentiments, which confirms the overall positive view
generated in the related literature.

Table 11. Words frequency, based on sentiment, in a comparative overview

st | 20 b | 2030208 0|
POSITIVE 15.295 15.960 +4%
TRUST 9.144 9.308 +2%
NEGATIVE 7.428 7.057 -5%
JOY 4.689 4.808 +3%
ANTICIPATION 4.057 4.125 +2%
FEAR 3.399 2.799 -18%
SADNESS 2.756 2.654 -4%
ANGER 2.440 2.496 +2%
DISGUST 1.938 1.605 -17%
SURPRISE 1.521 1.506 -1%

Source: Authors’ own processing, based on the selected papers

Therefore, we can conclude that the new green energy framework is presented with the potential
to positively impact society, especially in the context of an uncertain and threatened climate and an
overall vulnerable economy.

5. Conclusions

In conclusion, the following results can be reiterated. The green energy concept has increased
in frequency, with the volume of published papers on the subject growing year after year. Regionally,
China and India have become the main producers of studies and articles, with a transition from the
American continent. In regards to the economic perspective, the vast majority of the papers will
integrate subjects such as green energy consumption and purchase behavior, impact on businesses,
markets, or trade, and policy implications. In terms of methodology, recently, more complex models
have been described, that integrate panel data, econometrics, or forecasting algorithms.

Subsequently, evolving in 2020 versus the previous period is the interest in a whole new
economic framework, with collocations such as green, circular, transitioning, or environmental
economy increasing significantly in frequency. We can interpret those as characteristics of the new
model that from a simplistic perspective will have two objectives: to generate economic growth (the
most common concept in the 2020s) and to integrate sustainable principles that can minimize the climate
and environmental threats. Merging the two goals together, we obtain the green growth concept, which
will be extremely popular in the related literature of the last few years. Finally, the general sentiment of
the papers will be a positive one throughout the studied periods, with the literature focusing on the
benefits and constructive characteristics of the new green energy model: sustainable, innovative, strong,
smart, and competitive.

Having all of the above in mind, future research directions could focus on breaking down the
new green economy and green growth frameworks, describing each element and its impact on the
economy as a whole, whether we refer to macroeconomic or environmental effects. At the same time,
a great deal of methodologies is found in the related literature, both qualitative and quantitative, so an
overview of the extent to which they can be used in the economic analysis could prove to be extremely
beneficial for future experts' research, as well as public and international institutions’ interests.



Andreea PERNICI, Stelian STANCU and Monica-loana VULPE, Exploring green energy in economics:

30 conceptual evolution. A literature review based on text mining and sentiment analysis

References

Anderloni, L., & Tanda, A. (2017). Green energy companies: Stock performance and IPO returns.
Research in International Business and Finance, 39, 546-552.

Ardito, L., Petruzzelli, A. M., & Albino, V. (2016). Investigating the antecedents of general purpose
technologies: A patent perspective in the green energy field. Journal of Engineering and
Technology Management, 39, 81-100.

Ardito, L., Petruzzelli, A. M., & Ghisetti, C. (2019). The impact of public research on the technological
development of industry in the green energy field. Technological Forecasting and Social
Change, 144, 25-35.

Arroyo, P., & Carrete, L. (2019). Motivational drivers for the adoption of green energy: The case of
purchasing photovoltaic systems. Management Research Review, 42(5), 542-567.

Auer, B. R. (2016). How does Germany's green energy policy affect electricity market volatility? An
application of conditional autoregressive range models. Energy Policy, 98, 621-628.

Bhowmik, C., Kaviani, M. A., Ray, A., & Ocampo, L. (2020). An integrated entropy-TOPSIS
methodology for evaluating green energy sources. International Journal of Business
Analytics (IJBAN), 7(3), 44-70.

Chakraborty, S. K., & Mazzanti, M. (2020). Energy intensity and green energy innovation: Checking
heterogeneous country effects in the OECD. Structural Change and Economic Dynamics, 52,
328-343.

Cheng, D., Shi, X., & Yu, J. (2021). The impact of green energy infrastructure on firm productivity:
Evidence from the Three Gorges Project in China. International Review of Economics &
Finance, 71, 385-406.

Chernysheva, N. A., Perskaya, V. V., Petrov, A. M., & Bakulina, A. A. (2019). Green energy for belt
and road initiative: economic aspects today and in the future. International Journal of Energy
Economics and Policy, 9(5), 178-185.

Ciarreta, A., Espinosa, M. P., & Pizarro-Irizar, C. (2014). Is green energy expensive? Empirical
evidence from the Spanish electricity market. Energy Policy, 69, 205-215.

Cieslik, K. (2016). Moral economy meets social enterprise community-based green energy project in
rural Burundi. World Development, 83, 12-26.

Coley, J. S., & Hess, D. J. (2012). Green energy laws and Republican legislators in the United States.
Energy Policy, 48, 576-583.

Corrocher, N., & Mancusi, M. L. (2021). International collaborations in green energy technologies:
What is the role of distance in environmental policy stringency? Energy Policy, 156, 112470.

Cortez, M. C., Andrade, N., & Silva, F. (2022). The environmental and financial performance of green
energy investments: European evidence. Ecological Economics, 197, 107427.

Datta, A., Ray, A., Bhattacharya, G., & Saha, H. (2011). Green energy sources (GES) selection based
on multi-criteria decision analysis (MCDA). International Journal of Energy Sector
Management, 5(2), 271-286.

Detemple, J., & Kitapbayev, Y. (2020). The value of green energy under regulation uncertainty. Energy
Economics, 89, 104807.

Eichner, T., & Pethig, R. (2014). International carbon emissions trading and strategic incentives to
subsidize green energy. Resource and Energy Economics, 36(2), 469-486.

European Union (2020). A European Green Deal. Available online:
[https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-
deal _en].

Haas, T. (2021). From green energy to the green car state? The political economy of ecological
modernisation in Germany. New Political Economy, 26(4), 660-673.

Hartmann, P., & Apaolaza-Ibanez, V. (2012). Consumer attitude and purchase intention toward green
energy brands: The roles of psychological benefits and environmental concern. Journal of
Business Research, 65(9), 1254-1263.



Romanian Journal of Economics/Revista Romana de Economie 3

ISSN-L: 1220-5567, eISSN: 2344-4657, (57), 2/2023, www.revecon.ro

Huang, S. Z., Chien, F., & Sadiq, M. (2022). A gateway towards a sustainable environment in emerging
countries: the nexus between green energy and human Capital. Economic research-
Ekonomska istrazivanja, 35(1), 4159-4176.

Husain, S., Sohag, K., & Wu, Y. (2022). The response of green energy and technology investment to
climate policy uncertainty: An application of twin transitions strategy. Technology in Society,
71, 102132.

Kaiser, M., Bernauer, M., Sunstein, C. R., & Reisch, L. A. (2020). The power of green defaults: the
impact of regional variation of opt-out tariffs on green energy demand in Germany.
Ecological Economics, 174, 106685.

Khan, K. I., Nasir, A., & Rashid, T. (2022). Green practices: A solution for environmental deregulation
and the future of energy efficiency in the post-COVID-19 era. Frontiers in Energy Research,
10, 878670.

Kim, S. Y. (2019). Hybridized industrial ecosystems and the makings of a new developmental
infrastructure in East Asia’s green energy sector. Review of International Political Economy,
26(1), 158-182.

Krishnamurthy, C. K. B., & Kristrom, B. (2016). Determinants of the price-premium for green energy:
Evidence from an OECD cross-section. Environmental and Resource Economics, 64, 173-
204.

Kruse, J., & Wetzel, H. (2016). Energy prices, technological knowledge, and innovation in green energy
technologies: a dynamic panel analysis of European patent data. CESifo Economic Studies,
62(3), 397-425.

Lachapelle, E., MacNeil, R., & Paterson, M. (2017). The political economy of decarbonisation: From
green energy ‘race’to green ‘division of labour’. New Political Economy, 22(3), 311-327.

Li, J., Dong, X., & Dong, K. (2022). Is China’s green growth possible? The roles of green trade and
green energy. Economic Research-Ekonomska IstraZivanja, 35(1), 7084-7108.

Li, W., Song, G., Beresford, M., & Ma, B. (2011). China's transition to green energy systems: The
economics of home solar water heaters and their popularization in Dezhou city. Energy
Policy, 39(10), 5909-5919.

Liu, H., Alharthi, M., Atil, A., Zafar, M. W., & Khan, 1. (2022). A non-linear analysis of the impacts of
natural resources and education on environmental quality: Green energy and its role in the
future. Resources Policy, 79, 102940.

Mezger, A., Cabanelas, P., Lopez-Miguens, M. J., Cabiddu, F., & Riidiger, K. (2020). Sustainable
development and consumption: The role of trust for switching towards green energy. Business
Strategy and the Environment, 29(8), 3598-3610.

Nagqvi, B., Rizvi, S. K. A., Hasnaoui, A., & Shao, X. (2022). Going beyond sustainability: The
diversification benefits of green energy financial products. Energy Economics, 111, 106111.

Ng, A., & Zheng, D. (2018). Let's agree to disagree! On payoffs and green tastes in green energy
investments. Energy Economics, 69, 155-169.

Oncel, S. S. (2017). Green energy engineering: Opening a green way for the future. Journal of Cleaner
Production, 142, 3095-3100.

Pradhan, B. K., & Ghosh, J. (2022). A computable general equilibrium (CGE) assessment of
technological progress and carbon pricing in India's green energy transition via furthering its
renewable capacity. Energy Economics, 106, 105788.

Rachidi, N. R., Nwaila, G. T., Zhang, S. E., Bourdeau, J. E., & Ghorbani, Y. (2021). Assessing cobalt
supply sustainability through production forecasting and implications for green energy
policies. Resources Policy, 74, 102423.

Sangroya, D., & Nayak, J. K. (2017). Factors influencing buying behaviour of green energy consumer.
Journal of Cleaner Production, 151, 393-405.

Saqib, N. (2022). Green energy, non-renewable energy, financial development and economic growth
with carbon footprint: heterogeneous panel evidence from cross-country. Economic research-
Ekonomska istrazivanja, 35(1), 6945-6964.

Shang, Y., Lian, Y., Chen, H., & Qian, F. (2023). The impacts of energy resource and tourism on green
growth: evidence from Asian economies. Resources Policy, 81, 103359.



1 Andreea PERNICI, Stelian STANCU and Monica-loana VULPE, Exploring green energy in economics:

conceptual evolution. A literature review based on text mining and sentiment analysis

Skordoulis, M., Ntanos, S., & Arabatzis, G. (2020). Socioeconomic evaluation of green energy
investments: Analyzing citizens’ willingness to invest in photovoltaics in Greece.
International Journal of Energy Sector Management, 14(5), 871-890.

Stucki, T. (2019). Which firms benefit from investments in green energy technologies? The effect of
energy costs. Research Policy, 48(3), 546-555.

The White House (2022). Inflation Reduction Act. Available online:
[https://www.whitehouse.gov/cleanenergy/inflation-reduction-act-guidebook/].

UN Climate Change Conference (2016). The Paris Agreement. Available online:
[https://unfcce.int/process-and-meetings/the-paris-agreement].

UN Development Programme (2015). Sustainable Development Goals. Available online:
[https://www.undp.org/sustainable-development-goals].

Winfield, M., & Dolter, B. (2014). Energy, economic and environmental discourses and their policy
impact: The case of Ontario’ s Green Energy and Green Economy Act. Energy Policy, 68,
423-435.

Yan, L., Wang, H., Athari, S. A., & Atif, F. (2022). Driving green bond market through energy prices,
gold prices and green energy stocks: evidence from a non-linear approach. Economic
Research-Ekonomska Istrazivanja, 35(1), 6479-6499.

Yoshino, N., Taghizadeh—Hesary, F., & Nakahigashi, M. (2019). Modelling the social funding and spill-
over tax for addressing the green energy financing gap. Economic Modelling, 77, 34-41.

Yu, H., Wei, W., Li, J., & Li, Y. (2022). The impact of green digital finance on energy resources and
climate change mitigation in carbon neutrality: Case of 60 economies. Resources Policy, 79,
103116.

Zakari, A., Oryani, B., Alvarado, R., & Mumini, K. (2023). Assessing the impact of green energy and
finance on environmental performance in China and Japan. Economic Change and
Restructuring, 56(2), 1185-1199.

Zakari, A., Tawiah, V., Khan, 1., Alvarado, R., & Li, G. (2022). Ensuring sustainable consumption and
production pattern in Africa: Evidence from green energy perspectives. Energy Policy, 169,
113183.

Zandi, G., & Haseeb, M. (2019). The importance of green energy consumption and agriculture in
reducing environmental degradation: Evidence from sub-Saharan African countries.
International Journal of Financial Research, 10(5), 215-227.

Zhang, D., & Kong, Q. (2022). Green energy transition and sustainable development of energy firms:
An assessment of renewable energy policy. Energy Economics, 111, 106060.

Zhou, H., & Tamas, M. M. (2010). Impacts of integration of production of black and green energy.

Energy Economics, 32(1), 220-226.

© 2023 The Institute of National Economy - Romanian Academy. All Rights Reserved.
Disclaimer: The views expressed in this document are solely those of the author(s).



