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Abstract: This article provides a critical review of the literature on the relationship between renewable
energies and sustainability considering the three dimensions of sustainability: economic, social, and
environmental. First, a bibliometric tool is used and then a more in-depth analysis of selected literature
is performed, focusing on the type of renewable energy analyzed and the level of development of
countries, the dimension of sustainability focused on and the country’s development level, and the
type of renewable energies focused on and the dimension of sustainability analyzed. It represents
a milestone in the topic giving insights on the state of the art of the research on this research area,
enhancing empirical evidence on the kind of relationships and developing a discussion on how closely
aligned the political and institutional discourses are with the research concerns. We conclude that,
while studies on lower-income countries focus on lower-rung energies, studies on higher-income
countries focus on the study of more diversified sources. Moreover, wind—solar energy is the most
reported in the articles concerned with environmental sustainability. Our main recommendation is to
further investigate the implementation of modern renewable energies in developing countries, to
help those countries to climb the energy ladder toward cleaner energy supply.
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1. Introduction

The concepts of sustainable development and sustainability are interchangeable, and usually
include three dimensions: economic, social, and environmental [1]. The concept of sustainable
development was first provided in the report of the Bruntland Commission, where it was defined as
“meeting the needs of the present generation without compromising the ability of future generations
to meet their own needs” [2], meaning that economic growth, social inclusion, and environmental
protection are the three main pillars of sustainable development [3]. The initial concept of sustainability
was associated with environmental concerns, focused specifically on the preservation of resources.
This has now become a milestone for the entire business community. For example, Herbohn et al. [4]
warned of the risk of extinction of iconic species or loss of entire ecosystems and water resource threats.
Among the most widely acknowledged definitions of sustainability is the so-called triple bottom line
(TBL), in which economic, social, and environmental responsibility are emphasized [5].

One of the most effective ways to achieve sustainability targets is to reduce energy consumption,
along with its many adverse consequences. There are two fundamental ways to do so: employ energy
saving measures or use renewable energy (RE) to generate power. As these energy-related measures
contribute so heavily to sustainability, investors find RE technologies very attractive. Discovering and
implementing new technologies are important steps in the provision of cheap, reliable, ecologically
sound, and accessible energy around the world [6].
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Painuly [7] identified a set of factors that should be considered while assessing the development of
RE, mainly the techno-economic and economic factors. Moreover, numerous studies indicate different
factors that exert an impact on RE development. For example, Aguirre and Ibikunle [8] included
socio-economic factors and countries” income (Gross Domestic Product (GDP) growth or GDP per
capita). In the Renewables 2018 Global Status Report [9], the statistics associated with RE power
production capacities in 2017 show that the biggest economies now produce most of the RE (BRICs
(429 Gigawatts), EU-28 (320 Gigawatts), China (334 Gigawatts), USA (161 Gigawatts), and Germany
(106 Gigawatts)) since they are more inclined to invest in some form of RE [10]. These last authors
pointed out that the domestic availability of conventional fossil fuel resources in most developing
countries is inadequate, which forces those countries to import energy or the fuel to produce it.
Population growth in these countries adds to the demand for imported energy, making the economic
situation of the developing countries even more difficult. Apergis and Danuletiu [11] argued that
there exists a bidirectional causality between energy consumption and economic growth, pointing out
that RE supports economic growth, which in turn encourages the use of more RE. According to these
authors, this results in a virtuous cycle, boosting the economy and benefitting society.

Additionally, there is an empirical regularity between development (or per capita income) and
the energy ladder (i.e., the gradual replacement of fuel fossil sources of energy by renewable sources).
In this line, Ramalho et al. [12] concluded that income growth (associated with democratic countries)
encourages the replacement of hydroelectric and oil sources by coal and nuclear and less by natural
gas and renewable sources such as biomass, wind, and others. Despite the recognized relationship
between renewable energies and the level of development of countries, the research that has been
published on this topic is quite narrow in scope.

Bozkurt and Destek [13] analyzed the consumption of renewable and non-renewable energies to
explore their impacts on the environment using a case study methodology (24 OECD (Organisation for
Economic Co-operation and Development) countries) for the period 1980-2014. In addition, the Alam
and Murad [14] investigated the impact of a set of macroeconomic variables such as economic growth
on renewable energy use in the short run and long run across 25 OECD countries. Zafar et al. [15],
adopting a more general approach, focused on the effects of non-renewable and renewable energy
consumption on economic growth of countries.

It is strategic to study the state of the art about the kind of research that has been published that
focuses on the relationship between countries’ development and the type of RE(s) in a way that makes
it possible to identify which RE(s) are studied and implemented in which countries according to their
level of development. Thus, introducing RE as an alternative energy would help to keep trade balanced,
and securing access to adequate energy supplies is a vital challenge to economic development [16].

The relationship between sustainability and the level of countries” development is an important
topic contributing to a better understanding of whether countries with different levels of development
also have different sustainability behaviors. According to Juknys et al. [17], in the developed countries,
people’s well-being does not necessarily follow from economic growth, and social sustainability
is sometimes not achieved. From the perspective of the same authors, gradually slowing the rate
of economic growth to zero is the natural way to obtain sustainability, especially in countries that
greatly exceed their bio-capacity. Thus, the relationship between countries” development and their
sustainability has become a fashionable topic.

Another issue arises from the literature review, which reveals a strong belief that the concerns about
the different dimensions of sustainability depend on the country on which the study is based. As this
topic is so important, it is strategic to know how it has been studied among the scholarly community.
Zhang et al. [18] investigated the links between research and development, transport, real income,
and transport’s CO, emissions in Organization for Economic Cooperation and Development (OECD)
countries from 1990 to 2015. Wang et al. [19] used panel data techniques to analyze the drivers of
RE use in a group of 32 countries. Basu and Trica [20] analyzed the sustainability of the circular
economy indicators and based on a panel data propose a model for determining the dependency of
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the main circular economy factors on EU economic growth. As these works are quite specific in their
scope, an important contribution to the research community would be a work giving an enlarged and
more comprehensive vision about the type of studies that have addressed the relationship between a
country’s development and the dimension of sustainability more focused on.

There are many works in the literature pertaining to renewable energies and sustainability,
but these topics are typically studied individually or use different research methods and target
different goals. For instance, Picchi et al. [21] performed a literature review to explore the relationship
between renewable energies and ecosystem services for landscape planning and design. Lammers and
Hoppe [22], based on a literature review, investigated what local energy planning and implementation
processes look like in the post-liberalization era. Jenniches [23] reviewed the literature for methods of
assessing economic impacts of the transition to RE generation at the regional level. There are also some
literature reviews on a specific source of RE, such as the work in [24], which explores the water pumping
system, and the research in [25,26] looking at biomass for energy generation. Some research explores
only one dimension of sustainability or specific sectors; for example, Sheikh et al. [27] investigated the
social and political impacts of renewable energies and the authors of [28-30] focused on sustainability
in a supply chain context, presenting it as a multi-disciplinary field with the contribution of many
experts from a variety of areas.

It is also known that the use of RE has a positive impact on environmental sustainability. According
to Franzitta et al. [31], the use of renewable energy sources, in particular wind, solar, biomass, and also
sea waves, will reduce energy dependence on fossil fuels, reduce greenhouse gas (GHG) emissions,
reduce environmental pollution, and improve the efficiency of the electrical grid. There is another
source of RE which is the tidal power that besides contributes to reduce the dependence on fossil
fuels it has a negative hydro-environmental impact since the tidal turbines alter ambient flow patterns
because of the extraction of Kinetic energy [32].

Published research on RE(s) and sustainability has focused on different perspectives. For example,
one topic receiving attention has been the influence on sustainability of a specific source of renewable
energy: (i) Liu [33] focused on nuclear energy, proposing a system to assess the level of sustainability
for a nuclear and renewable energy integration system employing a small modular reactor; (ii) Franzitta
etal. [34] suggested generating electrical energy with a wave energy converter to reduce the production
of electrical energy from traditional power plants and, as a result, their GHG; and (iii) Kyriakopoulos et
al. [25] discussed biomass exploitation for electricity generation in a global-oriented and technological
perspective reported in the literature. Some works also suggest different approaches for assessing
the sustainable performance of renewable energy systems. For example, Wibowo and Grandhi [35]
suggested constructing a performance index of renewable energy system choices using an algorithm
assessing positive and negative ideal solutions. Considering the focus on RE(s), more emphasis
on environmental and economic sustainability is expected, given the usually high costs associated
with RE. In addition, Douziech et al. [36] argued that besides the tidal and waves energy plants
have been considered as green technologies, since they do not alter the climate, conserve resources,
have no harmful effect on human health or ecosystems, and are less harmful to the environment
than conventional means of energy generations, an assessment of the amount of metal used by these
technologies, however, shows an impact, respectively, 11 and 17 times higher than for coal- and
gas-based power generators.

Investment in RE(s) is growing in almost all countries because of the important benefits that
can result, mainly: lower greenhouse gas emissions and fossil fuel dependence, potential economic
benefits, energy supply security [37], monetary benefits for neighboring communities and the entire
region, and reliable energy supply [38]. However, some negative outcomes are also identified, such as
environmental degradation [39], ecosystem disturbance, watershed damage, and noise and pollution
during construction [37,40]. It is also known that energy supports not only the wealth growth but also
the development of countries [41].
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Works on renewable energies and sustainability cover a few topics, including systematic and
quantitative assessment models of the sustainability of renewable energy [42], the study of the
acceptance and impact of a specific renewable energy project (e.g., [43]), and a bibliometric analysis of
a sustainability assessment of a specific RE. Unlike our study, however, these approaches present a
narrow vision that does not contribute to an accurate perception of the state of the art of studies on the
relationship between renewable energies and sustainability.

According to the current literature review, the following research questions are suggested:

RQj: Are there differences between the type of renewable energy focused on in the articles and
the level of development of countries for which they are analyzed?

RQy: Are there differences between the dimension of sustainability focused on in the papers and
the country’s development level?

RQj3: Are there differences between the type of renewable energies focused on and the dimension
of sustainability analyzed in the articles?

As energy is a cornerstone of sustainable development and is the main challenge facing all
countries, both developed and developing [44], it is valuable to determine the state of the art regarding
renewable energies, sustainability, and the level of countries” development. The objectives of this
paper are therefore the following: (i) to analyze the relationship between the type of renewable energy
focused on in the papers and the level of development of countries analyzed therein; (ii) to identify the
relationship between the dimension of sustainability focused on in the papers and the country’s level
of development; and (iii) to identify relationships between the type of renewable energies focused on
in the papers and the dimension of sustainability analyzed. This review important for researchers who
wish to identify hot topics in which research is lacking or that have already been investigated and for
practitioners who wish to stay abreast of research on the topic.

The remainder of this article is structured as follows. Section 2 provides the background of the
topic. Section 3 defines the methodology used, describes the data selection process, and reports an
analysis of data from the sample of articles retrieved. Section 4 performs a more in-depth analysis
to answer the research questions. Section 5 critically analyzes the results, highlighting the interplay
between political discourses, policy, empirical evidence, and the findings of our review. Section 6
concludes and proposes questions for further research.

2. Background

Ness [45] introduced the model of economic development described as “take, make and dispose”,
whereby the exploitation of raw materials and non-renewable energy provided the basis of development
of world economies, which in turn led to unprecedented growth. Unfortunately, this linear economic
model highlights the economic goals at the expense of environmental and social dimensions, pushing
the world to its physical limit. In fact, this linear model threatens the very stability of economies and
the integrity of ecosystems that are vital for human survival. In this line, Yuan et al. [46] focused on
the Chinese case and argued that the rapid economic growth of this country supported in the linear
economic model has made the country a leading world economic power, increased the wealth of the
population, and brought unprecedented business and employment opportunities. The downside is that
all of this has provoked serious natural resource depletion and environmental pollution. In addition,
recognizing the importance of China adopting a circular economy model, Feng and Yan [47] suggested
implementing a framework to change the economic paradigm. Su et al. [48] pointed to environmental
deterioration and scarcity of resources as two of the most urgent problems that must be tackled.
They emphasized the importance of greater efficiency in the use of materials and energy to achieve
a circular economy. Organizations find themselves compelled to implement strategies concerned
simultaneously with the economic growth and sustainability as a way of addressing the challenges
associated to the climate change, resource scarcity, dependence on fossil fuels, uncertainty in government
regulations, high competitiveness, and globalization [49]. In this context, the pure economic business
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perspective of companies is evolving to one that includes more regard for sustainability, adding social
and environmental concerns to their operations as a result.

2.1. Level of Countries” Development and the Type of Renewable Energies

The publication of the 1972 Growth Limits [50] stimulated the international community to
think about an alternative development model more concerned with sustainable global economic
development, social progress, and environmental protection [51]. Sustainable development demands a
collective effort to construct a future for society and the Earth that is both inclusive and sustainable.
Together with businesses and social participants, governments are taking proactive measures to fulfill
the UN’s global sustainable development agenda by 2030 [52]. These ambitions are linked with many
challenges, including the creation of new jobs, sustainable cities and industries, sustaining biodiversity,
sustainable consumption and production, and addressing the challenge of climate change [53]. Energy is
related and supports many sustainable development goals which are central to many of the challenges
and opportunities facing the world and that are associated with income, pollution, and ecosystems.

Concerning energy demand and from the point of view in [54], developing nations differ from
industrialized nations in both quantity and quality. As the standard of living increases, for example,
there is greater demand for electricity in countries and in small, decentralized villages. Therefore,
it would be greatly beneficial to electrify small communities of developing countries with alternative
sources of energy from the outset in parallel with the rising standard of living in those communities.
Gradually disseminating RE(s) to rural communities in a way that keeps pace with their development
would bring considerable long-run benefits to their economies and environments.

As an illustrative tool, the authors of [12,55] described an energy ladder, which relates the energy
mix with the level of a country’s development. According to this energy ladder, richer countries
tend to diversify the energy sources and abandon fossil fuel and hydroelectric sources to a greater
extent, making them more dependent on sophisticated sources of RE (wind, solar, and manufactured
biomass). This calls attention to the question of whether the relationship between RE and sustainability
mirrors the energy ladder or some other relationship between the energy mix and the level of
countries” development.

2.2. The Level of Countries” Development and the Sustainability Dimensions

As mentioned above, sustainability has three dimensions: economic, social, and environmental.
For example, Yamaguchi [16] highlighted the Japanese Official Development Assistance program,
whichjoins a central strategy addressing environmental sustainability and economic growth. This policy
gained visibility at the 1989 Arche Summit, when Japan committed to expanding its contributions
to the environmental field. According to Yamaguchi [16], energy problems represent a worldwide
issue being closely related to the response to global environmental problems and the achievement of
sustainable development.

Another example is the case of Brazil, which, according to the World Bank Classification,
is considered a country with an upper-middle level of development and is the largest soybean
exporter in the world [56]. The growing trade in soybeans has contributed to the deforestation
of the Amazon region [57]. This has spurred migration into the area, causing land grabbing and
land speculation, which exacerbate social conflicts [58]. Deforestation, especially of the Amazon
rain forest, has increased GHG emissions and accelerated biodiversity loss [59]. Because of these
threats, the effectiveness of environmental policies that protect the Amazon region is crucial [60].
The relationships between sustainability and countries’” development is thus an important topic
contributing to a better understanding of whether countries with different levels of development also
have different sustainability behaviors.
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2.3. Relationship between Renewable Energies and Sustainability

Much of society acknowledges the key role of energy in supporting sustainability goals. This is
especially recognized in the case of RE, along with growing attention to the benefits that it can offer
to achieve the “Sustainable Energy for All” goals, to reduce poverty, boost economic growth, and in
general promote sustainable development [61,62]. This justifies the importance of examining published
papers to see the extent to which the relationship between renewable energies and sustainability has
been addressed.

The influence of renewable energies on sustainability has been the focus of some works, but mostly
separately. Some literature reviews on RE(s) can be found with a special focus on methods of assessing
regional economic impacts of a transition to RE generation [23], with the main objective of characterizing
local energy planning and implementation processes in the post-liberalization era [22], or to determine
the social and political impact of RE(s) [27]. In addition, the research developments with renewable
energy source water pumping systems are reviewed in [24]. Renewable energy in the service sector in
general and in the tourism industry specifically is explored in [28]. A literature review on the factors
that affect the performance and growth of clean technology start-up firms was performed by Bjornaly
and Ellingsen [63].

3. Method and Data

3.1. Method

A bibliometric analysis was performed, seeking a better understanding of the directions of scientific
trends concerning the relationship between renewable energies and sustainability. Bibliometric analysis
looks at publications and their properties [64] and adds knowledge domain visualization to gain a
sense of the development and evolution of a knowledge field.

The quality of a bibliometric analysis depends on the quality of the input data, and it is essential
to approach the literature in an unbiased way. The Scopus database for the period 1997-2019 was
used to collect data. This time range was chosen because 1997 was the period when the literature on
renewable energies and sustainability began to grow (see Figure 1). Our period of analysis finishes in
August 2019, the month in which the data were collected.

Title, abstract, and keywords search
in the Scopus database
(723 articles)

Articles only in English
(615 articles)

Peer review journal articles
(excluded: books, book chapters,
and conference proceedings)
526 articles)

v

Content Analysis
(Analysis of inclusion/exclusion
criteria of Table 1)

326 articles

Figure 1. Literature search.
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Bibliometric analysis relies on quantitative methods to investigate a body of publications.
The bibliometric indicators used herein include the total of publications on the research topic during
the period, the main journals in which the research is published, the scientific fields in which the topic
has been covered, the number of citations by journals, the network analysis, and keywords occurrence.
The visualization software VOSviewer (v1.6.10, Centre for Science and Technology Studies CWTS,
Leiden, The Netherlands) was used, which is a science mapping method of bibliometric analysis [65].

The four-step methodology suggested by Zhao and Strotmann [66] was followed in this study:
(i) define the search keywords; (ii) clean and format the data; (iii) make an initial analysis; and (iv)
perform the final data analysis.

Regarding Step (i), using the approach suggested by Fahimnia et al. [67], the title, abstract,
and keywords were searched in the Scopus database (Elsevier, Amsterdam, Netherland). The Scopus
database (Elsevier) was selected because it is the largest database of abstracts and citations for scientific
peer-review literature and includes more than 22,000 titles from international publishers.

Keywords searched in title and abstract were renewable energy, its synonyms (renewable resources,
bioenergy, and bio-energy) and the following renewable energy types: biomass, biofuel, biodiesel,
ethanol, bioethanol, wind energy, wind power, solar energy, solar power, photovoltaic cells, geothermal
energy, heat energy, ocean-power, hydropower, water-energy, water power, hydroelectric power,
and landfill gas. All these keywords were included in a non-exclusive way (with the “OR” particle) to
identify all the articles covering all types of renewable energies. Additionally, the keyword sustainability
(social, environmental, economic sustainability) was also included to those keywords be presented
in the search fields (title, abstract, keywords) in each publication. This procedure made possible to
identify the publications that cover not only the topic of renewable energies but also some dimension
of sustainability.

In Step (ii), the search was limited to articles not only written in English, but also published in
indexed journals that are subject to the peer review process. Books, book chapters, and conference
proceedings were not considered since not all are subject to peer review practices. This stage identified
526 articles. To use VOSviewer, the data were standardized and formatted to a plain text making it
possible to analyze their relevance (see Table 1). A total of 316 records adhered to these filtering criteria.

Table 1. Appraisal Step (ii): inclusion and exclusion criteria.

Inclusion/Exclusion Criteria Rationale

As the research is not restricted to specific journals,
research on units of analysis other than the ones from
the supply side may occur, namely adoption by the
demand side (e.g., families).

1. The article must demonstrate that the adoption of
renewable energies must be made by the supply side
of the economy (namely, but not exclusively, firms)

Considering the wide search parameters, some
articles may approach sustainability as a
secondary issue.

2. The article must focus on at least one dimension
of sustainability.

Considering the wide search parameters, some
articles may approach potential relationships in
hypothetical terms.

3. The article must focus on both the use of renewable
energies and sustainability.

Conceptual articles that do not study a relationship
between renewable energies and sustainability are
not analyzed

4. The article must be based on quantitative or
qualitative analysis, or a mixture of both methods

A summary of the bibliographic search is presented in Figure 1.

In the next steps, an analytical framework was developed to identify some patterns in the research
field. The articles extracted in the second phase were used as the input data and processed using the
Excel (Version 2019 (16.0), Windows, Microsoft, Redmond, Washington, EUA) and VosViewer softwares
(v1.6.10, Centre for Science and Technology Studies CWTS, Leiden, The Netherlands).
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In Step (iii) (developed in Section 4), the time trend of publications and their citations were analyzed,
classifying them into different subfields, identifying the major outlets in terms of quality impact
factors, establishing a keyword network, and characterizing the academic community contributing to
this literature.

Finally, Step (iv) sought to attach meaning to the patterns and data revealed during the synthesis
step. Sense making and interpretation help to understand how arguments, interests, and research
questions have evolved over time and what the focus in the future will tend to be. By doing this,
an indication of the hot topics covered by these researchers is reached and the additional emerging
research fields are identified [67]. It is also in this stage that our research questions were answered.

3.2. An Querview

The literature on renewable energies and sustainability has been growing since 1997, showing an
explosive path from 2004 to August 2019, reaching a peak in 2012 with the publication of 41 documents
(see Figure 2).

45
40
35
30
25
20

15

Number of Publications

10

1997
1998
1999
2000
2002
2003
2004
2005
2006
2007
2008
2009

2001
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Year

Figure 2. Number of articles published on renewable energies and sustainability.

In Figure 2, it is important to note that the number of articles published on the research topic
during 2019 includes only the first eight months (until August) of that year.

3.3. Subject Classification of Publications

The articles selected were published in a great range of journals assigned to one or more subject
categories. Figure 3 shows the top active subject categories of renewable energies and sustainability
publications based on the classification of subject categories in the SCOPUS database. The publication
output for renewable energies and sustainability research is distributed into 10 subject categories.
The three most active categories are Environmental Science (23% of scientific papers), Energy (18% of
scientific papers), and Engineering (13% of scientific papers). Other active subjects include Business,
Management, Accounting, Social Sciences, Agricultural and Biological Sciences, Material Science,
Chemical Engineering, Economics, Econometrics, and Finance.
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3%
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Figure 3. Top active subjects in renewable energies and sustainability publication output.
3.4. Network Analysis—Keywords Co-Occurrence

The “hot topics” in a specific field can be defined by high-frequency keywords in an appropriate
database. The keywords summarize the content of a research article, and serve to focus and refine the
main ideas of the research [68].

For bibliometric application, Figure 4 shows the top keywords in renewable energies and
sustainability papers.
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©._united kingdom-
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Figure 4. Network of co-occurrence keywords.

In this figure, each term is represented by a circle and its size indicates the number of publications
that include that term in the title or abstract. Terms that often co-occur tend to be located close together
in the visualization. The terms are grouped into five clusters by using VOSviewer, of which four are of
significant size. To obtain an unbiased result, keywords that somehow were identical or already used
in the search in the Scopus database were excluded (the keywords excluded were: “sustainability”,
“sustainable development”, “renewable resource”, “biofuel”, “biomass”, “biofuels”, “renewable
energy resources”, “bioenergy”, “alternative energy”, “environmental sustainability”, “renewable
energies”, “renewable energy”, “fossil fuels”, “biodiesel”, “bio-energy”, “biomass power”, “fossil

v v V7 Za

fuel”, “industry”, “solar energy”, “wind power”, “ethanol”, “renewable energy source”, “sustainable

Y/ Za s

energy”, “solar power”, “biogas”, “sustainability assessment”, “photovoltaic system”, “hydroelectric
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power”, “fuels”, “environmental performance”, “biofuel production”, “algae”, “photovoltaic cells”,
“economic sustainability”, “renewable resources”, “energy”, and “geothermal energy”). After all the
requirements were satisfied, VOSviewer generated the network with the next five clusters, which
were carefully analyzed and defined with different classifications: “Pollution effects and control”
(yellow), “Policies and development” (red), “Innovation and production” (purple), “Environment”
(green), and “Economic efficiency” (blue). The main keywords considered as making up part of
the cluster “Pollution effects and control” are: emission control, carbon emission, greenhouse gas,
global warming, gas emissions; energy conservation, economic effects, and social effects. Grouped
into the cluster “Policies and development” are the main keywords: energy policy, energy market,
Eurasia, Europe, energy use, and developing world. Looking at the cluster named “Innovation and
Production”, some of the keywords that can be found are: investment, LCA, competition, innovation,
and cost effectiveness. In the group named “Environment”, the following main keywords can be found:
environmental sustainability, decision making, Brazil, electricity generation, biotechnology. Finally,
in the cluster “Economic efficiency”, the main keywords are: environmental impact, energy efficiency,
bio-refineries, economic analysis, supply chains, profitability, and efficiency.

The network analysis using the keywords occurrence, visualized in Figure 4, presents the focus
and trends of the selected studies on renewable energies and sustainability. There are 2864 keywords
in total. Of these keywords, 632 repeated twice, 333 repeated at least three times, 213 keywords at least
four times, and 147 keywords appeared five times.

The network suggests that the biggest node is “environmental impact”, which occurs 38 times and
is connected to every single cluster, with 79 different links. Itis followed by “LCA” (life cycle assessment)
with 28 occurrences; “climate change”, “energy policy”, “greenhouse gas”, and “investment” with
25 occurrences; and “supply chains” and “carbon emission” with 24 occurrences. According to the
network analysis, it can be concluded that most works on renewable energies and sustainability focus
mainly on environmental problems and attempt to find solutions regarding policies in the supply
chain and investments of the economy.

The clusters and keywords identified highlight a major concern with the environmental and
economic dimensions of sustainability, just after the social dimension of sustainability. It is important
to note the role of innovation in energy production (or production in general) in the literature studied
in this article. It is also worth noting that most of the studies deal with industrial sectors and only a few
with agriculture, services, and tourism. Moreover, the importance of studies concerning the biggest
developing countries in the emergence of this literature is highlighted by bullets related to China,
United Kingdom, India, Germany, and Brazil with a special focus on the policies and development
processes. Notwithstanding, some developed countries or groups of countries (USA and Brazil) appear
within the “Environment” cluster.

3.5. Most Productive Countries on Renewable Energies and Sustainability

In this section, the most productive countries in terms of renewable energies and sustainability
concerns are identified and the temporal distribution of the sample articles, enhancing the main
research topics focused on during the focused period are analyzed.

3.5.1. Spatial Distribution of Most Productive Countries Producing Renewable Energy and Having
Sustainability Concerns Identified in the Articles

The contributions made by different countries to the research topic are estimated by using the
location of the renewable energies investigated by the articles. This means that the most productive
countries are those in which more articles about renewable energies (implanted in those countries)
and sustainability concerns are identified. The renewable energies and sustainability topic cover
55 countries. The most-active countries are identified in Figure 5, in which the most representative are
seen to be the following: USA (13.04%), Brazil (12.08%), EU (European Union) (5.28%), China (5.80%),
and UK (5.80%). The analysis of the country contribution reveals that the top 5 most active countries,
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not considering the “others”, accounting for 43% of all publication outputs, are USA, Brazil, EU,
China, and UK. The “others” category has all the countries that have only one or two articles on the
research topic.
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Figure 5. Most productive countries producing renewable energy and sustainability articles.

3.5.2. Temporal Distribution of Most Productive Countries of Renewable Energies and
Sustainability Articles

Figure 6 is a visual presentation of the top 10 countries’ affiliated institutions having at least
one author of each paper published from 1997 to August 2019. It is noticeable that the publication
outputs in this topic have increased dramatically since 2005. This growth in renewable energies and
sustainability publications since this date could reflect the World Summit on Sustainable Development
that took place in Johannesburg in 2002, calling for commitment to “encourage and promote the
development of renewable energy sources to accelerate the shift towards sustainable consumption
and production” [69], which prompted researchers around the world to publish papers on the issue of
renewable energies and sustainability. For example, Omer [70], from the UK, published a work calling
for innovative renewable applications and the need for reinforcing the renewable energy market in
order to better preserve the ecosystem by reducing emissions and to improve environmental conditions
by replacing conventional fuels with renewable energies that produce no air pollution or greenhouse
gases. In addition, Mores et al. [71], whose main author affiliation is with Brazil, analyzed the level
of innovation in the production of green plastic by using ethanol made from sugarcane, which is a
renewable resource, instead of naphtha, which is considered a non-renewable resource in the context
of sustainable supply chain.

Over time, the topic of renewable energies and sustainability has taken different directions and
concerns. In 2009, concerns on performance assessment of renewable energies options and sustainability
(environmental concerns) was the main scope of much of the research in this field developed by
researchers from UK, USA, and Germany. For example, Pearce et al. [72] provided a graphic tool to
determine the return on investment of any energy conservation to encourage the increased deployment
of energy efficiency and renewable energy technologies. In addition, Pigaht et al. [73] addressed
innovative private micro-hydro power projects in Rwanda, exploring the real impact on performance
and sustainability and enhancing the importance of the existence of a true collaboration of local private
and financial sector firms. Halog [74] developed integrative operations-based metrics considering
the multi-expectations of various stakeholders to allow for a sustainable development of biofuels
production supply chains.
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Figure 6. Temporal distribution of top 10 most productive countries of renewable energies and
sustainability articles.

In 2010, researchers affiliated with institutions from the USA, Brazil, Italy, and Canada developed
articles focusing on specific types of renewable energies and their sources making different contributions
to this research topic. For example, Danon et al. [75] focused on wood biomass as a source of energy
production, giving insights on the main factors affecting the sustainability of future commercialization
of wood residue such as the availability of the wood raw material, the development of wood-based
fuel markets, and expectations related to the profit. In addition, Neves [76] listed a set of actions
for companies and governments to be more sustainable promoting a discussion of ethanol, which is
considered one of the most viable clean and renewable fuels used by society until the present.
Espinoza and Vredenburg [77] focused on wind, arguing that environmental, institutional, and cultural
factors play important roles in the emergence of wind energy industries in both industrialized and
emerging economies. Biopolymers were evaluated by Chadha [78] in terms of their chances and risks,
highlighting the importance that biopolymers have gained in the industry and describing the different
strategies that firms apply to employ biopolymer technology successfully.

Many of the publications on renewable energies and sustainability during 2011 have a special
focus on sustainability models [79-81] and sustainability assessment methodologies associated with
renewable energies [82-84]. The affiliation of their authors are mainly institutions in USA (Figure 6).

The year 2012 was very productive in terms of publications, with a specific set of topics being
explored by a considerable number of authors affiliated with USA, Italy, Germany, and Spain, such as
biofuel/bioenergy [85-87], benchmarking analysis and case studies on renewable energies [88-90],
energy policies and governance [91,92], and energetic analysis of renewable energies [93,94].

Many articles on renewable energies and sustainability are observed also during 2017 and
with different research topics. The state of the art of specific renewable energies in some countries
was explored in some articles published in this year, such as biomass energy in Turkey [95] and
Malaysia [96]; biofuel in Malaysia [97], Australia [98], and Sardinia [99]; hydropower in India [100]; and
the energy sector in general in Romania [101]. The policies associated with renewable energies have
also been explored in some articles: (i) Leoneti et al. [102] focused on the policies related to renewable
energy resources regarding their industrial processes, the role of government incentives or subsidies,
and investments of companies in technology development; (ii) Tagotra [103] highlighted policies
associated with the renewable energy sector in India post-Paris negotiations; and (iii) the authors
of [104] underlined the misguided goals and inefficient mechanisms of biofuel policies. The economic
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and financial performance of the renewable energy sector has also been the focus of some of the sample
articles (e.g., [101,105,106]). From these works, it is interesting to highlight the main conclusion drawn
by Paun [101], who considered that the investments in renewable energies have been considerably
opportunistic, based on the wish of the government to maintain the subsidies it introduced, instead
of being based on the realistic long-term financial performance of the companies in this area. It is
also interesting to note that the research unit focused on in the sample articles has changed somewhat
over the years. In fact, the number of articles on supply chain in the renewable energy sector has
showed substantial growth. A focus on the supply chain can be found in [107] about waste paint in
auto industries, in [108] focusing on the solar cell industry, and in biodiesel production using waste
cooking oil [109].

Pertaining to 2019, and considering only the first eight months, the countries where more research
has been performed on the topic are China and Spain. For example, Yu et al. [110] assessed the
sustainability of renewable energy development and use in China’s 30 provinces from 2011 to 2015.

4. The Most Important Topics and Analysis

4.1. Level of Countries” Development Focused on in the Papers and the Type of Renewable Energies Analyzed

This section investigates whether there is a relationship between the level of countries” development
and the type of renewable energies that are addressed in the research articles (RQ;). First, however,
the most explored sources of renewable energies focused on in the sample articles are analyzed.

Several types of renewable energies, with many of the energy sources being approached either
simultaneously or alone are investigated in the research articles, such as biomass, biofuel, multiple
(several renewable energies are focused on simultaneously in the articles), solar, biodiesel, ethanol,
and hydroelectric. Biopolymer and hydrogen are also identified in the sample, but only barely. Table 2
shows the subsample of articles focusing on only one source of renewable energy.

As shown in Table 2, biofuel is the type of renewable energy most focused on in the research
articles, followed by biomass. After biomass, solar, hydroelectric, ethanol, and biodiesel are the sources
of energy most focused on in the sample articles.

The level of a country’s development focused on in the papers and the type of renewable energies
are also reported in Figure 7.

As shown in Figure 7, the main sources of RE focused on in articles developed in high-income
countries (Austria, Canada, Finland, Italy, USA, etc.) are biomass [111-115], wind-solar [116-118],
and biodiesel [104,110,119]. Although the same renewable energies are focused on in countries with
the same level of development, the research objectives are quite different. For example, in [116],
wind-solar is focused on with the objective of suggesting an energy model with the main concern of
improving economic and environmental performance; in [117], an approach is suggested to evaluate the
profitability of the solar energy system in a context of self-consumption; and, in [118], the competitive
market of North Carolina between large solar power producers and utility companies to finance, install,
and operate solar generating systems is analyzed. Considering biomass, Menrad et al. [113] focused
on policy and legislation conditions as mandatory to establish stable conditions and provided planned
security for investment decisions on biomass exploitation, and Plieninger et al. [114] identified pitfalls
impeding a broad implementation of wood energy supply in forestry.

Considering the works about biodiesel, while Oliveira et al. [104] focused on policy mechanisms to
facilitate more socially and environmentally sustainable energy production, Joensuu and Sinkko [119]
explored sustainability and improvement options for biodiesel supply chains.
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Table 2. Main renewable energies focused on in the sample articles.

Biomass Biofuel Solar Biodiesel Ethanol Hydroelectric
1997
1998
1999
2000
2001 1
2002 1
2003
2004
2005 1 1
2006 1 1
2007 1 1 1
2008 1
2009 3 1 1
2010 1 3 2
2011 2 2 2 2 1
2012 1 6 3 2 1
2013 1 1 3 3
2014 1 1 1
2015 3 1 1 1
2016 1 2
2017 3 4 2 3 2 1
2018 4 2 1 2
2019 7 4
Total 25 29 15 9 10 11
20
§15
- -
o 10 | |
Es —3 =
2
S I | PR T
Biogas Biomass Geothermal  Hydroelectric Wind-Solar Biodiesel

Type of Renewable Energy

H High-Income  ®Upper-Middle-Income Lower-Middle-Income Low-Income

Figure 7. Type of renewable energies by level of countries’ development analyzed in the research sample.

In papers focusing on upper-middle-income countries (China, Brazil, Turkey, Malaysia, Colombia,
etc.), the type of renewable energy most studied is biodiesel [109,120,121], and the least studied is
biogas [122,123], but with different aims. In studies about biodiesel, supply chain analysis seems to



Appl. Sci. 2020, 10, 5755 15 of 29

be a critical issue and the idea that firms focusing on individual sustainable development elements
independently are unlikely to find satisfactory solutions to their sustainability problems associated to
biodiesel’s SC seems to be common [109,120]. In addition, Bautista et al. [121] proposed a model to
assess the sustainability of the conditions in the baseline scenario of biodiesel production.

Biomass and hydroelectric are the only two types of RE that have been focused on in the
sample articles independently of the development level of the focused countries. Moreover,
the upper-middle-income and high-income countries are also those in which interest is most focused
on renewable energies. According to the analysis of the sample articles focusing on high-income
countries, several common topics can be identified: (i) energy policies [85,124-130]; (ii) energy
efficiency [99,131-139]; and (iii) technological innovations [93,112,140-143].

In articles focusing on lower-middle-income countries, besides energy efficiency [144,145] and
energy policy [100,103], corporate strategy [73] seems also to be a hot topic.

The results derived from this analysis are in line with those reported in the literature. According
to the authors of [146] and [115], investment in renewable energies depends on the type of economy in
which countries are operating. There are countries that are still operating in the “brown economy”,
which excludes sustainable development, and others that have made the transition to the “green
economy”, which “results in improved human well-being and social equity, while significantly reducing
environmental risks and ecological scarcities” [147]. From the perspective of the authors of [148]
and [149], the concept of green economy has gained great attention because of several important crises
confronting the world in the beginning of the 21st century, such as the financial and economic crisis of
2008, crises in climate, biodiversity, food, fuel, and water. Although the causes of these crises may
differ, UNEP [148] highlighted the misallocation of capital, as the most important being necessary to
change the focus on a great investment in renewable sources of energy.

This resembles the “energy ladder”, i.e., the relationship between development and the energy
mix, which shows evidence that the process of development leads to a progressive replacement of
fossil fuel and hydroelectric sources (and basic biomass) by a more diversified mix that includes solar,
wind, waves, and transformed biomass [12,55].

In fact, in the articles developed in high and upper-middle income countries, the variety of
renewable energies focused on is greater, since those countries invest more in key sectors of the green
economy. This helps to decouple economic growth from its environmental impacts and the use of
resources by shifting from non-renewable to renewable sources of energy.

Based on the results reported in articles focusing on high-income countries, the renewable sources
of energies most studied are biomass, wind-solar, and biodiesel. In upper-middle-income countries,
the type of renewable energy most studied is biodiesel, and the least studied is biogas. Biomass and
hydroelectric sources of energy reveal no relationship with the development level of the countries.

4.2. Relationship between the Sustainability Dimensions and the Level of Countries” Development

This analysis seeks to know if there is a relationship between the dimension of sustainability
focused on in the sample articles and the development level of countries (RQ,) (Figure 8). Two criteria
were used to identify the dimensions of sustainability focused on in the sample:

(i) presence of the following phrases in the title, abstract, or keywords: “economic sustainability”,
“social sustainability”, “environmental sustainability”; and
(ii) mention in the article’s title of the word “sustainability” and in the abstract or keywords some

practices within each dimension of sustainability.

As shown in Figure 8, in the articles focusing on high-income countries (i.e., Australia,
Canada, Finland, Italy, USA, Denmark, Netherlands, Sweden, Germany, etc.), the three
dimensions of sustainability are explored, mostly on the environmental dimension of
sustainability [40,126,136,150-152]. Additionally, in the articles developed about low-income countries
(Rwanda, Senegal, Ethiopia, Indonesia, etc.), the topic of renewable energies and sustainability has
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been less explored. Nevertheless, in the few articles developed in these countries, environmental
sustainability is also the most explored [153-155]. Moreover, considering all the articles that comprise
our sample, the environmental dimension of sustainability has been the most studied, followed by the
economic one.

50
40
30
20

High-Income Upper-Middle-Income Lower-Middle-Income Low-Income

Number of Articles

Income Level (of the analysed country) by World Bank Cathegory

B Economic sustainability M Social sustainability Environmental sustainability

Figure 8. Dimensions of sustainability focused on in articles by development level of countries.

It is also interesting to note that the social dimension of sustainability is explored mainly in
articles focusing on high and upper-middle income countries [124,156]. Summing up, the higher is the
developmental level of the country, the more concern there is with the environmental dimension of
sustainability. The same is observed in our sample regarding the economic dimension of sustainability,
but with much less frequency (see [40,111,117,157-161]). This is consistent with the keyword
co-occurrence network shown in Figure 4, where social concerns did not explicitly emerge.

According to the analysis, there is no clear relationship between the dimension of sustainability
focused on and the development level of countries. It is observed that the environmental dimension is
always the most focused on (followed by the economic one), regardless of the development level of
the country.

Summing up, in the articles focusing on high-income countries, the three dimensions of
sustainability are explored, but with a higher predominance of the environmental dimension of
sustainability. Contrarily, in the low-income countries, the topic of renewable energies and sustainability
has been less explored, but the environmental sustainability is still the most explored. Moreover,
in our sample, the environmental dimension of sustainability has been the most studied, followed by
the economic dimension, but with less frequency. The social dimension of sustainability is studied
only in articles focusing on high and upper-middle income countries. In other words, the higher is
the developmental level of the country, the more concern there is with the environmental dimension
of sustainability.

4.3. Relationship between Renewable Energies and Sustainability

In this section, the relationship between the type of renewable energies focused on in the articles
and the dimension(s) of sustainability (RQs) is explored (Figure 9).

As shown in Figure 9, wind-solar is the type of renewable energy most focused on in the articles,
and the dimension of sustainability most explored in these works is the environmental one, either
alone as in [108,162,163] or together with the economic dimension of sustainability as in [103,116,129].
This same result is observed with biomass, but to a lesser extent since the number of articles focusing
on only the environmental sustainability is low [26,115,164].
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Figure 9. Renewable energies and the dimension of sustainability focused on.

As noted above, Figure 9 underscores that the environmental sustainability alone or with other
sustainability dimensions is the most focused on. The social dimension of sustainability is the
least focused on, as it has become a topic of investigation only more recently (see [71,125,165-167]).
In the sample articles, the social dimension of sustainability is not mentioned in either geothermal or
hydroelectric energy articles.

Biodiesel is clearly the exception to the pattern. In the articles focusing on this source
of energy [120,168,169], the social and economic dimension of sustainability prevails over the
environmental dimension.

The results of the study make it possible to state that there are differences between the type of
renewable energies focused on and the dimension of sustainability analyzed in the articles examined.
The wind-solar source of renewable energy is the most focused on, followed closely by biomass with
the same behavior, with the environmental dimension of sustainability being the most explored.

5. Further Thoughts and Critical Analysis

The results reached with this analysis reveal a relationship between sustainability concerns and
the countries” development level resembling the energy ladder. Despite an increase in the number of
scientific publications on possibilities of prosperity without growth [170], some international strategic
documents, such as the Green Growth Strategy [171], European Union Strategy 2020 [172], and “The
Future We Want” [173], as well as the mainstream economics, still see economic growth (countries’
development level) as a required component of sustainable development. Currently, some world
leaders (e.g., the President of the USA, Donald Trump) dismiss the problem of global warming in the
public discourse, which seems to discourage public and political emphasis on sustainability.

Some researchers state that a possible slowdown in a country’s growth (see, e.g., [174,175]) may
cause a reduction in investments in expensive cleaner technologies and consequently an increase of
environmental and social pressure [176,177].

In this article, a review of literature relating renewable energies (adoption) from the supply side
of the economy and the concept of sustainability is performed, including its three different dimensions:
economic, environmental, and social. To that end, a set of tools from bibliometric analysis was
used and a thorough analysis of the trends in the literature performed, finding that this literature is
more concerned with environmental aspects of sustainability and mimics the empirical fact related
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to the energy ladder with more diversified modern renewable energies studies undertaken in more
developed countries. It is important to discuss the results of this research in the light of the political
and empirical evidence.

Figure 10 summarizes the highlights of this critical discussion.

Sustainability and Renewable Energies

Political and Institutional
Discourse

Mixed, with recent increase in
powerful political discourse
against the environmental
dimension of sustainability

UN Sustainable Development
Goals (SDG) focusing on the
three dimensions of
sustainability:

Social - (1) decreasing hunger,
(2) poverty and (10) inequality);
Economic - (8) economic
growth;
Environmental - (13) climate
action and (7) clean energy.

Empirical Evidence
Energy Ladder

Developed Countries based on
diversified renewable energy
resources

Developing countries still based
on fossil fuels (and some on raw
biomass)

Literature Review

Mixed Sources of Energy
analyzed in richer countries,
with solar-wind energies being
the major contributors for the
analysis

Environmental concerns are
overwhelmingly represented

Social concerns are almost
neglected

On the contrary to what
happens with other sources,
articles focusing on Biodiesel are

also more concerned with the

econ

. Dissociation between public discourse and the UN SDG;

. Dissociation between the UN SDG and literature that almost neglects the social dimension;

. Empirical evidence reveals a hopeful trend mostly due to development;

. Important focus on innovation processes in the literature;

. Need to accelerate research on modern renewable energies in developing (and poor) countries and on the

social dimension in order to accelerate the transition through the energy ladder and help to fulfil the
SDG.

Figure 10. Summary of the critical analysis relating the findings of the article with political discourse
and empirical evidence.

On the side of political agenda, there is a dichotomy between political discourses of some
world leaders against the environmental concerns (namely, related to global warming) (some
newspaper references on the issue are on Vox (https://www.vox.com/2019/2/5/18207337/state-of-the-
union-2019-climate-change) and BBC (https://www.bbc.com/news/world-us-canada-45859325)) and the
United Nations Sustainable Development Goals (https://sustainabledevelopment.un.org/?menu=1300),
which focus on climate change mitigation, green economy, and energy. Notwithstanding, empirical
evidence shows that more developed countries and the more democratic ones tend to diversify the
energy sources and increase investment in modern renewable energies (see, e.g., [12,178]). In fact,


https://www.vox.com/2019/2/5/18207337/state-of-the-union-2019-climate-change
https://www.vox.com/2019/2/5/18207337/state-of-the-union-2019-climate-change
https://www.bbc.com/news/world-us-canada-45859325
https://sustainabledevelopment.un.org/?menu=1300

Appl. Sci. 2020, 10, 5755 19 of 29

the process of development itself leads to a transition toward more investment in renewable energies,
which reveals an optimistic view. If that empirical trend continues in the future, policy makers
might be led to believe that, with only economic and political development, the energy transition
will occur almost automatically. However, both empirical evidence and our review of the literature
reveal a lack of concern with the social effects of adoption of renewable energies regarding income
distribution, employment, and poverty rates, which is in clear contradiction to the United Nations
Sustainable Development Goals. Moreover, the fact that the research relating renewable energies
and sustainability in developing countries almost ignores modern renewable energies is also at odds
with the implementation of those more modern and diversified renewable energies in the process
of development, as empirical evidence has shown. It seems that the scientific community needs to
accelerate research on modern renewable energies in developing (and poor) countries and on the social
dimension in order to accelerate the transition through the energy ladder and help to fulfill the United
Nations Sustainable Development Goals.

All of this underscores that energy plays an important role in the sustainability equation. In fact,
many researchers concluded that energy, mainly RE, is fundamental to meet an important part of
the world’s energy demand and is needed to achieve sustainable development and create business
opportunities, along with the wealth and employment that they bring [179]. The relevance of renewables
in the nowadays energy mix is clear. In fact, their market share is growing strongly. In 2015, 17.5%
of the world’s final energy consumption came from those sources, of which 9.6% was produced by
modern renewable systems using wind, solar, geothermal, bioenergy, and hydropower. In addition,
the share of RE in power generation grew to 22.8% in the same year [180], and there are extensive
concerns about preserving the environment and using renewables as sustainable energies. Renewable
energy and sustainability will thus remain a popular and strategic topic in the future.

6. Conclusions and Research Prospects

The literature bridging renewable energies and sustainability was analyzed, providing the first
critical literature review on the issue that considers the three dimensions of sustainability simultaneously.
To this end, we reviewed and analyzed 316 articles published from 1997 to 2019.

To guide the analysis, three research questions were devised: “Are there differences between the
type of renewable energy focused on in the articles and the level of development of countries in which
they are analyzed?”; “Are there differences between the dimension of sustainability focused on in
the papers and the country’s development level?”; and “Are there differences between the type of
renewable energies focused on and the dimension of sustainability analyzed in the articles?”

Most works on renewable energies and sustainability are concerned with environmental problems,
mainly those focusing on biomass and wind-solar sources of energies and attempt to find solutions
to make the renewable energy production supply chain more sustainable using suitable policies and
investments in the economy. In fact, some authors alert the scholarly community to the importance
of a set of factors that seems to be responsible for the success of the renewable energy production:
(i) the optimization of supply chains and logistics management [181]; (ii) the capacity and location of
supply, collection, and processing centers [182]; and (iii) the supplier selection and the SC network
design [183]. Regarding the type of renewable energies most focused on in the sample articles, biofuel
appears as the most examined followed by biomass, with biodiesel as the least investigated.

The most productive countries in terms of renewable energies and sustainability concerns
in the sample are USA, Brazil, European Union, China, and UK. The research community that
studies the relationship between renewable energies and sustainability covers 55 countries, most of
which are regarded as high development countries. In another work about the economy, energy,
and environment [184], also using a bibliometric analysis as methodology, the same countries were
identified as the main contributors to the development of that research field: China, USA, UK, and some
European Union countries (Italy, Germany, Spain, France, and the Netherlands). The important
contribution of the European Union to the advances in renewable energies and sustainability derives
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also from the Energy Union Package [185] in 2015. This is a Framework that gives priority to energy
policies being supported in the following five priority areas: (1) decarbonization; (2) energy efficiency;
(3) internal energy markets; (4) energy security; and (5) research, innovation, and competitiveness.
This will lead to the adoption of national policies and monetary incentives motivating the research on
renewable energies (energy efficiency) and sustainability (decarbonization). In China, the research topic
of renewable energies and sustainability has also increased, supported mainly by the Energy Research
Institute of China and the Special Fund arrangement created in 2006, which offers subsidies and
grants to renewable energy players such as manufacturers and research institutions in the production
and technological innovation of renewable energies with sustainability concerns. Moreover, China’s
National Mid- and Long-term Plan for Science & Technology (2006-2020) has also been an important
driver in this increased tendency [186].

In USA, several energy efficiency and renewable energy programs are responsible for supporting
much of the research published in top journals, for example the Renewable Energy Research and
Development Program provides financial assistance to conduct balanced research and development
efforts in renewable energies and has existed since the 1970s [187].

The main conclusions are as follows. First, the variety of renewable energies explored in the
literature that address cases in developed countries is greater than the variety of renewable energies
analyzed in the context of developing countries. In the sample articles focusing on low-income
countries, biomass and hydroelectric energy are the only two types of renewable energies that have
been studied. This resembles the empirical evidence on the energy ladder, according to which more
developed countries invest more in more diversified renewable energy sources in their energy mix.
This result also reveals the difference between the research unit focused on by academics and reality.
According to the 2018 report on Global Trends in Renewable Energy [188], developing countries made
up more than 60% of investment in renewable energy of the global investment, while the share of
developed economies is only around 37%. This would indicate that most of the cases focused on by
academics should be in developing countries, but this was not the case. According Apergis [189],
the choice of examining developed countries instead of developing countries is due to the fact that
countries with higher average income tend to care more about the environment than those with
lower average income, thus the study of renewable energies and sustainability is more appropriately
undertaken in these countries.

Second, this study also supports that the environmental dimension of sustainability is the
overwhelming concern among studies addressing countries of all development levels. In fact, even
for lower income countries, economic sustainability concerns are a minority among all the literature
reviewed and social sustainability concerns is not representative. Third, the wind—solar type of energy
is the most focused on in the sample articles, with the environmental sustainability alone or with the
economic sustainability as the most investigated. This reflects what is observed in reality and reported
by the Renewables 2019 Global Status Report [190], which states that the global renewable energy sector
is on an upward trend with the wind and solar sources of energies increasing their shares. Moreover,
wind and solar energy systems are natural complements since solar power concentrates during the
daytime, whereas wind power has greater output at night [191,192]. The main conclusion that can
be drawn is that the environmental dimension of sustainability alone or with other sustainability
dimensions is the most explored and the social dimension of sustainability is the least. Biodiesel is
clearly the exception to the pattern. In the articles focusing on this energy source, social and economic
dimensions of sustainability prevail over the environmental dimension.

A further analysis of the results of this research highlights some contradictory views about the
issue when coming from the political discourse, empirical evidence, and our own review of the
literature. In fact, there are contradictory views coming from the political arena of some of the world’s
leaders vis-a-vis the Sustainable Development Goals of the United Nations. However, although
empirical evidence points to a one-way path that combines development and the energy mix with
a high emphasis on modern renewable energies, the literature review reveals a lack of research on
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developing countries and those modern sources of renewable energies. Furthermore, it reveals a
lack of analysis on the relationship between renewable energies adoption or investments and social
dimensions such as poverty, inequality, and employment.

Summing up, the state of the art of the literature may induce a further delay for developing
countries to adopt cleaner technologies in their energy production. As these findings are independent
of the authors’ affiliation, there is a need and an opportunity to re-focus the literature on studying the
implementation of cleaner renewable energies in developing countries. Considering the economic and
demographic projections, this re-focus of the literature and the potential consequences for increasing the
renewable energy production in developing countries is crucial to achieve the Sustainable Development
Goals. Energy for sustainable development has been one of the most popular topics in the literature
and promises to remain a popular topic in the future also attending to COVID-19. The pandemic
has created the biggest global crisis, sending shock waves through health systems, economies, and
societies around the world. Faced with an unprecedented situation, governments are focused on
bringing the disease under control and reviving their economies. However, the energy sector is also
severely affected by this crisis, which has slowed transport, trade, and economic activity across the
globe, bringing the generation of energy from fossil fuels to a breaking point. Global energy demand
dropped to levels not seen in 70 years and the International Energy Agency (IEA) has estimated that
overall energy-related emissions will decrease by 8% for 2020. This represents an important advantage
for the environment but also a challenge for the renewable energy sector. It will be interesting and
strategic in future works to explore the influence of COVID-19 on the renewable energy sector.

Author Contributions: S.G.—Conceived and designed the analysis. T.S.—Performed the analysis. M.S.—Collected
the data and performed the analysis. All authors have read and agreed to the published version of the manuscript.

Funding: FCT (Fundacao para a Ciéncia e Tecnologia), Project UIDB/05037/2020.

Conflicts of Interest: There is no conflict of interests.

References

1. Linton, J.D.; Klassen, R.D.; Jayaraman, V. Sustainable supply chains: An introduction. J. Oper. Manag. 2007,
25,1075-1082. [CrossRef]

2. United Nations General Assembly. Development and International Co-operation: Environment. In Report
of the World Commission on Environment and Development: Our Common Future; United Nations General
Assembly: Oslo, Norway, 1987.

3. Wichaisri, S.; Sopadang, A. Trends and Future Directions in Sustainable Development. Sustain. Dev. 2017, 26,
1-17. [CrossRef]

4. Herbohn, K.; Walker, J.; Loo, H.Y.M. Corporate Social Responsibility: The Link between Sustainability
Disclosure and Sustainability Performance. Abacus 2014, 50, 422-459. [CrossRef]

5. Yu, M.; Zhao, R. Sustainability and firm valuation: An international investigation. Int. . Account. Inf. Manag.
2015, 23, 289-307. [CrossRef]

6.  Troldborg, M.; Heslop, S.; Hough, R.L. Assessing the sustainability of renewable energy technologies using
multi-criteria analysis: Suitability of approach for national-scale assessments and associated uncertainties.
Renew. Sustain. Energy Rev. 2014, 39, 1173-1184. [CrossRef]

7. Painuly, ].P. Barriers to renewable energy penetration; a framework for analysis. Renew. Energy 2001, 24,
73-89. [CrossRef]

8. Aguirre, M.; Ibikunle, G. Determinants of renewable energy growth: A global sample analysis. Energy Policy
2014, 69, 374-384. [CrossRef]

9.  REN21. Renewables 2018 Global Status Report. 2018. Available online: http://www.ren21.net/wp-content/
uploads/2018/06/17-8652_GSR2018_FullReport_web_-1.pdf (accessed on 11 January 2020).

10. Erbato, T.; Hartkopf, T. Development of Renewable Energy and Sustainability for Off-Grid Rural
Communities of Developing Countries and Energy Efficiency. In Proceedings of the Asia-Pacific Power
and Energy Engineering Conference Power and Energy Engineering Conference (APPEEC), Wuhan, China,
25-28 March 2011; pp. 1-4.


http://dx.doi.org/10.1016/j.jom.2007.01.012
http://dx.doi.org/10.1002/sd.1687
http://dx.doi.org/10.1111/abac.12036
http://dx.doi.org/10.1108/IJAIM-07-2014-0050
http://dx.doi.org/10.1016/j.rser.2014.07.160
http://dx.doi.org/10.1016/S0960-1481(00)00186-5
http://dx.doi.org/10.1016/j.enpol.2014.02.036
http://www.ren21.net/wp-content/uploads/2018/06/17-8652_GSR2018_FullReport_web_-1.pdf
http://www.ren21.net/wp-content/uploads/2018/06/17-8652_GSR2018_FullReport_web_-1.pdf

Appl. Sci. 2020, 10, 5755 22 of 29

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Apergis, N.; Danuletiu, D. Renewable energy and economic growth: Evidence from the sign of panel
long-run. Int. . Energy Econ. Policy 2014, 4, 578-587.

Ramalho, E.A.; Sequeira, T.N.; Santos, M. The effect of income on the energy mix: Are democracies more
sustainable? Glob. Environ. Chang. 2018, 51, 10-21. [CrossRef]

Bozkurt, C.; Destek, M. Renewable Energy and Sustainable Development Nexus in Selected OECD Countries.
Int. ]. Energy Econ. Policy 2015, 5, 507-514.

Alam, M.; Murad, W. The impacts of economic growth, trade openness and technological progress on
renewable energy use in organization for economic co-operation and development countries. Renew. Energy
2020, 145, 382-390. [CrossRef]

Zafar, M.\W.,; Zaidi, S.A.H.; Sinha, A.; Gedikli, A.; Hou, F. The role of stock market and banking sector
development, and renewable energy consumption in carbon emissions: Insights from G-7 and N-11 countries.
Resour. Policy 2019, 62, 427-436. [CrossRef]

Yamaguchi, H. Assessing the Sustainability of Japan’s Foreign Aid Program: An Analysis of Development
Assistance to Energy Sectors of Developing Countries. Bull. Sci. Technol. Soc. 2005, 25, 412-425. [CrossRef]
Juknys, R.; Liobikiené, G.; Dagilitité, R. Deceleration of economic growth—The main course seeking
sustainability in developed countries. . Clean. Prod. 2018, 192, 1-8. [CrossRef]

Zhang, ].W.; Hassan, S.T.; Igbal, K. Toward achieving environmental sustainability target in Organization for
Economic Cooperation and Development countries: The role of real income, research and development, and
transport infrastructure. Sustain. Dev. 2019, 28, 83-90.

Wang, B.; Mi, Z.; Nistor, L; Yuan, X.-C. How does hydrogen-based renewable energy change with economic
development? Empirical evidence from 32 countries. Int. ]. Hydrogen Energy 2018, 43, 11629-11638.
[CrossRef]

Busu, M.; Trica, C.L. Sustainability of Circular Economy Indicators and Their Impact on Economic Growth of
the European Union. Sustainability 2019, 11, 5481. [CrossRef]

Picchi, P.; Van Lierop, M.; Geneletti, D.; Stremke, S. Advancing the relationship between renewable energy
and ecosystem services for landscape planning and design: A literature review. Ecosyst. Serv. 2019, 35,
241-259. [CrossRef]

Lammers, I.; Hoppe, T. Analysing the Institutional Setting of Local Renewable Energy Planning and
Implementation in the EU: A Systematic Literature Review. Sustainability 2018, 10, 3212. [CrossRef]
Jenniches, S. Assessing the regional economic impacts of renewable energy sources—A literature review.
Renew. Sustain. Energy Rev. 2018, 93, 35-51. [CrossRef]

Gopal, C.; Mohanraj, M.; Chandramohan, P.; Chandrasekar, P. Renewable energy source water pumping
systems—A literature review. Renew. Sustain. Energy Rev. 2013, 25, 351-370. [CrossRef]

Kyriakopoulos, G.; Arabatzis, G.; Chalikias, M. Renewables exploitation for energy production and biomass
use for electricity generation. A multi-parametric literature-based review. AIMS Energy 2017, 5, 762-803.
[CrossRef]

Azevedo, S.G.; Sequeira, T.N.; Santos, M.; Mendes, L. Biomass-related sustainability: A review of the
literature and interpretive structural modeling. Energy 2019, 171, 1107-1125. [CrossRef]

Sheikh, N.J.; Kocaoglu, D.F,; Lutzenhiser, L. Social and political impacts of renewable energy: Literature
review. Technol. Forecast. Soc. Chang. 2016, 108, 102-110. [CrossRef]

Asvényi, K.; Juhasz-Déra, K.; Jaszberényi, M.; Michalkd, G. Literature review of renewable energy in the
tourism industry. J. Environ. Manag. Tour. 2017, 8, 476-491.

Taghikhah, F; Voinov, A.; Shukla, N. Extending the supply chain to address sustainability. J. Clean. Prod.
2019, 229, 652—666. [CrossRef]

Sarkis, ]. Handbook on the Sustainable Supply Chain; Edward Elgar Publishing: Cheltenham, UK, 2019.
Franzitta, V.; Milone, D.; Trapanese, M.; Viola, A.; Di Dio, V,; Pitruzzella, S. Energy and Economic Comparison
of Different Conditioning System among Traditional and Eco-Sustainable Building. Appl. Mech. Mater. 2013,
394, 289-295. [CrossRef]

Fallon, D.; Hartnett, M.; Olbert, A.I.; Nash, S. The effects of array configuration on the hydro-environmental
impacts of tidal turbines. Renew. Energy 2014, 64, 10-25. [CrossRef]

Liu, L. Sustainability Development Platform for Nuclear-Renewable Energy Integration: Environmental
Impacts, Economics, and Socio-Political Implications. Int. J. Energy Environ. Econ. 2015, 23, 776-790.


http://dx.doi.org/10.1016/j.gloenvcha.2018.04.015
http://dx.doi.org/10.1016/j.renene.2019.06.054
http://dx.doi.org/10.1016/j.resourpol.2019.05.003
http://dx.doi.org/10.1177/0270467605279322
http://dx.doi.org/10.1016/j.jclepro.2018.04.231
http://dx.doi.org/10.1016/j.ijhydene.2017.03.059
http://dx.doi.org/10.3390/su11195481
http://dx.doi.org/10.1016/j.ecoser.2018.12.010
http://dx.doi.org/10.3390/su10093212
http://dx.doi.org/10.1016/j.rser.2018.05.008
http://dx.doi.org/10.1016/j.rser.2013.04.012
http://dx.doi.org/10.3934/energy.2016.5.762
http://dx.doi.org/10.1016/j.energy.2019.01.068
http://dx.doi.org/10.1016/j.techfore.2016.04.022
http://dx.doi.org/10.1016/j.jclepro.2019.05.051
http://dx.doi.org/10.4028/www.scientific.net/AMM.394.289
http://dx.doi.org/10.1016/j.renene.2013.10.035

Appl. Sci. 2020, 10, 5755 23 of 29

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.
52.

53.

54.

55.
56.

57.

58.

59.

Franzitta, V.; Curto, D.; Rao, D. Energetic Sustainability Using Renewable Energies in the Mediterranean Sea.
Sustainability 2016, 8, 1164. [CrossRef]

Wibowo, S.; Grandhi, S. Sustainability performance evaluation of renewable energy systems. In Proceedings
of the 11th International Conference on Fuzzy Systems and Knowledge Discovery (FSKD), Xiamen, China,
19-21 August 2014; pp. 278-283.

Douziech, M.; Hellweg, S.; Verones, F. Are Wave and Tidal Energy Plants New Green Technologies? Environ.
Sci. Technol. 2016, 50, 7870-7878. [CrossRef] [PubMed]

Cohen, J.; Reichl, J.; Schmidthaler, M. Re-focussing research efforts on the public acceptance of energy
infrastructure: A critical review. Energy 2014, 76, 4-9. [CrossRef]

Stigka, E.; Paravantis, ].A.; Mihalakakou, G.K. Social acceptance of renewable energy sources: A review of
contingent valuation applications. Renew. Sustain. Energy Rev. 2014, 32, 100-106. [CrossRef]
Heras-Saizarbitoria, I.; Zamanillo, I.; Laskurain, I. Social acceptance of ocean wave energy: A case study of
an OWC shoreline plant. Renew. Sustain. Energy Rev. 2013, 27, 515-524. [CrossRef]

Wang, Q.; Su, M,; Li, R.; Ponce, P. The effects of energy prices, urbanization and economic growth on energy
consumption per capita in 186 countries. J. Clean. Prod. 2019, 225, 1017-1032. [CrossRef]

Mocarquer, S.; Barroso, L.; Rudnick, H.; Bezerra, B.; Pereira, M. Balance of power. I[EEE Power Energy Mag.
2009, 7, 26-35. [CrossRef]

Wang, Q.; Zhan, L.; Zhan, L. Assessing the sustainability of renewable energy: An empirical analysis of
selected 18 European countries. Sci. Total Environ. 2019, 692, 529-545. [CrossRef]

Mjahed, S.; Chtourou, S.; Al Moosa, H. A holistic approach to understanding the acceptance of a
community-based renewable energy project: A pathway to sustainability for Tunisia’s rural region. Bus.
Strat. Environ. 2018, 27, 1535-1545. [CrossRef]

Iddrisu, I.; Bhattacharyya, S.C. Sustainable Energy Development Index: A multi-dimensional indicator for
measuring sustainable energy development. Renew. Sustain. Energy Rev. 2015, 50, 513-530. [CrossRef]
Ness, D. Sustainable urban infrastructure in China: Towards a Factor 10 improvement in resource productivity
through integrated infrastructure systems. Int. J. Sustain. Dev. World Ecol. 2008, 15, 288-301.

Yuan, Z.; Bi, J.; Moriguichi, Y. The Circular Economy: A New Development Strategy in China. J. Ind. Ecol.
2008, 10, 4-8. [CrossRef]

Feng, Z.; Yan, H. Putting a Circular Economy into Practice in China. Sustain. Sci. 2007, 2, 95-101.

Su, B.; Heshmati, A.; Geng, Y.; Yu, X. A review of the circular economy in China: Moving from rhetoric to
implementation. J. Clean. Prod. 2013, 42, 215-227. [CrossRef]

Cole, M.; Rayner, A.; Bates, J. The environmental Kuznets curve: An empirical analysis. Environ. Dev. Econ.
1997, 2, 401-416. [CrossRef]

Meadows, D.; Meadows, D.; Ran, J.; Behrens, W. The Limits to Growth; Universe Books: New York, NY, USA,
1972.

Jiahua, P. Ecological civilization: A new development paradigm. China Econ. 2015, 10, 44-71.

United Nations. 17 Goals to Transform Our World. UN Sustain Dev Goal 7 n.d. 2018. Available online:
https://sustainabledevelopment.un.org/sdg7 (accessed on 13 December 2019).

Schmidt-Traub, G.; Kroll, C.; Teksoz, K.; Durand-Delacre, D.; Sachs, ].D. National baselines for the Sustainable
Development Goals assessed in the SDG Index and Dashboards. Nat. Geosci. 2017, 10, 547-555. [CrossRef]
Sorrell, S. Reducing energy demand: A review of issues, challenges and approaches. Renew. Sustain. Energy
Rev. 2015, 47, 74-82. [CrossRef]

Burke, PJ. Income, resources, and electricity mix. Energy Econ. 2010, 32, 616-626. [CrossRef]

MAPA. Ministry of Agriculture, Livestock and Supply, 2009. Available online: www.agricultura.gov.br
(accessed on 17 February 2020).

Brandao, A.S.P. Agricultural Growth in Brazil in 1999/2004, Explosion of Soybean and Cattle Ranching and Their
Impact on the Environment; IPEA: Brasilia, Brazil, 2005.

Rodrigues, A.S.L.; Ewers, R M.; Parry, L.; Souza, C.; Verissimo, A.; Balmford, A. Boom-and-Bust Development
Patterns Across the Amazon Deforestation Frontier. Science 2009, 324, 1435-1437. [CrossRef]

Cerri, C.C.; Maia, S.M.E,; Galdos, M.; Cerri, C.E.P; Feigl, B.].; Bernoux, M. Brazilian greenhouse gas emissions:
The importance of agriculture and livestock. Sci. Agricola 2009, 66, 831-843. [CrossRef]


http://dx.doi.org/10.3390/su8111164
http://dx.doi.org/10.1021/acs.est.6b00156
http://www.ncbi.nlm.nih.gov/pubmed/27294983
http://dx.doi.org/10.1016/j.energy.2013.12.056
http://dx.doi.org/10.1016/j.rser.2013.12.026
http://dx.doi.org/10.1016/j.rser.2013.07.032
http://dx.doi.org/10.1016/j.jclepro.2019.04.008
http://dx.doi.org/10.1109/MPE.2009.933417
http://dx.doi.org/10.1016/j.scitotenv.2019.07.170
http://dx.doi.org/10.1002/bse.2211
http://dx.doi.org/10.1016/j.rser.2015.05.032
http://dx.doi.org/10.1162/108819806775545321
http://dx.doi.org/10.1016/j.jclepro.2012.11.020
http://dx.doi.org/10.1017/S1355770X97000211
https://sustainabledevelopment.un.org/sdg7
http://dx.doi.org/10.1038/ngeo2985
http://dx.doi.org/10.1016/j.rser.2015.03.002
http://dx.doi.org/10.1016/j.eneco.2010.01.012
www.agricultura.gov.br
http://dx.doi.org/10.1126/science.1174002
http://dx.doi.org/10.1590/S0103-90162009000600017

Appl. Sci. 2020, 10, 5755 24 of 29

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Nesheim, I.; Reidsma, P.; Bezlepkina, I.; Verburg, R.; Abdeladhim, M. A ; Bursztyn, M.; Chen, L.; Cisse, Y.;
Feng, S.; Gicheru, P; et al. Causal chains, policy trade offs and sustainability: Analysing land (mis)use in
seven countries in the South. Land Use Policy 2014, 37, 60-70. [CrossRef]

Pietrosemoli, L.; Rodriguez-Monroy, C. The Venezuelan energy crisis: Renewable energies in the transition
towards sustainability. Renew. Sustain. Energy Rev. 2019, 105, 415-426. [CrossRef]

Akadiri, S.S.; Alkawfi, M.M.; Ugural, S.; Akadiri, A.C. Towards achieving environmental sustainability target
in Italy. The role of energy, real income and globalization. Sci. Total Environ. 2019, 671, 1293-1301. [CrossRef]
Bjornali, E.S.; Ellingsen, A. Factors Affecting the Development of Clean-tech Start-ups: A Literature Review.
Energy Procedia 2014, 58, 43-50. [CrossRef]

Vinkler, P. The Evaluation of Research by Scientometric Indicators; Chandos Learning and Teaching Series;
Chandos Publishing: Oxford, UK, 2010. [CrossRef]

Noyons, E.C.M.; Moed, H.E; Luwel, M. Combining mapping and citation analysis for evaluative bibliometric
purposes: A bibliometric study. J. Assoc. Inf. Sci. Technol. 1999, 50, 115-131. [CrossRef]

Zhao, D.; Strotmann, A. Analysis and Visualization of Citation Networks. Synth. Lect. Inf. Concepts Retrieval
Serv. 2015, 7, 1-207. [CrossRef]

Fahimnia, B.; Sarkis, J.; Davarzani, H. Green supply chain management: A review and bibliometric analysis.
Int. J. Prod. Econ. 2015, 162, 101-114. [CrossRef]

Chen, Y.; Chen, C.M.; Hu, Z.G. The Principle and Application of Citation Spatial Analysis; Science Press: Beijing,
China, 2014.

DEFRA. Energy Resources, Sustainable Development and Environment; DEFRA: Doncaster, UK, 2002.

Omer, A. Energy, environment and sustainable development. Renew. Sustain. Energy Rev. 2008, 12, 2265-2300.
[CrossRef]

Mores, G.D.V,; Spanhol, C.P,; Barichello, R.; Pedrozo, E.A. Sustainability and innovation in the Brazilian
supply chain of green plastic. J. Clean. Prod. 2018, 177, 12-18. [CrossRef]

Pearce, ].M.; Denkenberger, D.; Zielonka, H. Accelerating applied sustainability by utilizing return on
investment for energy conservation measures. Int. J. Energy Environ. Econ. 2009, 17, 61-79.

Pigaht, M.; van der Plas, R.J. Innovative private micro-hydro power development in Rwanda. Energy Policy
2009, 37, 4753-4760. [CrossRef]

Halog, A.B. Models for evaluating energy, environmental and sustainability performance of biofuels value
chain. Int. J. Glob. Energy Issues 2009, 32, 83. [CrossRef]

Danon, G.; Andjelic, M.; Glavonji¢, B.; Kadovi¢, R.; Furtula, M. Wood biomass for energy in Montenegro.
Therm. Sci. 2010, 14, 783-798. [CrossRef]

Neves, M. Clean energy policies for China: The case of ethanol. China Agric. Econ. Rev. 2010, 2, 472-483.
[CrossRef]

Espinoza, J.; Vredenburg, H. Towards a model of wind energy industry development in industrial and
emerging economies. Glob. Bus. Econ. Rev. 2010, 12, 203. [CrossRef]

Chadha, A. From carbon to carbohydrates: Corporate strategies for biopolymer technology development. J.
Commer. Biotechnol. 2010, 16, 159-167. [CrossRef]

Palit, D.; Malhotra, R.; Kumar, A. Sustainable model for financial viability of decentralized biomass gasifier
based power projects. Energy Policy 2011, 39, 4893—-4901. [CrossRef]

Dragisic, C.; Ashkenazi, E.; Bede, L.; Honzadk, M.; Killeen, T.; Paglia, A.; Semroc, B.; Savy, C. Tools and
methodologies to support more sustainable biofuel feedstock production. J. Ind. Microbiol. Biotechnol. 2010,
38, 371-374. [CrossRef]

Okada, A.; Nishioka, A.; Omori, T.; Yasaka, Y. Global approach to sustainability achieved through electric
power transmission & distribution technology. Hitachi Rev. 2011, 60, 352-355.

Pittenger, D.M. Evaluating Sustainability of Selected Airport Pavement Treatments with Life-Cycle Cost,
Raw Material Consumption, and Greenroads Standards. Transp. Res. Rec. |. Transp. Res. Board 2011, 2206,
61-68. [CrossRef]

Caliskan, H.; Hepbasli, A. Exergetic cost analysis and sustainability assessment of an Internal Combustion
Engine. Int. J. Exergy 2011, 8, 310-324. [CrossRef]

Halim, L; Srinivasan, R. A knowledge-based simulation-optimization framework and system for sustainable
process operations. Comput. Chem. Eng. 2011, 35, 92-105. [CrossRef]


http://dx.doi.org/10.1016/j.landusepol.2012.04.024
http://dx.doi.org/10.1016/j.rser.2019.02.014
http://dx.doi.org/10.1016/j.scitotenv.2019.03.448
http://dx.doi.org/10.1016/j.egypro.2014.10.407
http://dx.doi.org/10.1016/B978-1-84334-572-5.50001-9
http://dx.doi.org/10.1002/(SICI)1097-4571(1999)50:2&lt;115::AID-ASI3&gt;3.0.CO;2-J
http://dx.doi.org/10.2200/S00624ED1V01Y201501ICR039
http://dx.doi.org/10.1016/j.ijpe.2015.01.003
http://dx.doi.org/10.1016/j.rser.2007.05.001
http://dx.doi.org/10.1016/j.jclepro.2017.12.138
http://dx.doi.org/10.1016/j.enpol.2009.06.039
http://dx.doi.org/10.1504/IJGEI.2009.027975
http://dx.doi.org/10.2298/TSCI100217005D
http://dx.doi.org/10.1108/17561371011097768
http://dx.doi.org/10.1504/GBER.2010.034894
http://dx.doi.org/10.1057/jcb.2009.30
http://dx.doi.org/10.1016/j.enpol.2011.06.026
http://dx.doi.org/10.1007/s10295-010-0858-7
http://dx.doi.org/10.3141/2206-08
http://dx.doi.org/10.1504/IJEX.2011.039793
http://dx.doi.org/10.1016/j.compchemeng.2010.08.004

Appl. Sci. 2020, 10, 5755 25 of 29

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.
96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Jorgensen, M.; Andersen, B. The controversies over bioenergy in Denmark: ‘Bio” is not the same as
‘sustainable’. Environ. Eng. Manag. . 2012, 11, 2101-2119. [CrossRef]

Kuczynski, J.; Boday, D. Bio-based materials for high-end electronics applications. Int. |. Sustain. Dev. World
Ecol. 2012, 19, 557-563. [CrossRef]

Telkamp, R. How biofuels could take off. Sustain. Account. Manag. Policy J. 2012, 3, 235-243. [CrossRef]
Volkmann, N.; Borner, K. The Deutsches EnergieRohstoff-Zentrum Freiberg: Advanced prospects for applied
organic petrology, focused on the generation of coal based chemical products. Int. ]. Oil Gas Coal Technol.
2012, 5, 399-409. [CrossRef]

Zhu, L.; Ketola, T. Microalgae production as a biofuel feedstock: Risks and challenges. Int. . Sustain. Dev.
World Ecol. 2011, 19, 268-274. [CrossRef]

Flénet, F. Mitigation of greenhouse gas emissions in the French winter oilseed rape in order to produce
sustainable biodiesel. Oléagineux Corps Gras Lipides 2012, 19, 164-168. [CrossRef]

Rehman, I.; Kar, A.; Banerjee, M.; Kumar, P.; Shardul, M.; Mohanty, J.; Hossain, I. Understanding the political
economy and key drivers of energy access in addressing national energy access priorities and policies. Energy
Policy 2012, 47, 27-37. [CrossRef]

Zezza, A. Creating a Sustainable Market for Biofuels: Some Governance Issues. EuroChoices 2012, 11, 41-48.
[CrossRef]

Koroneos, C.J.; Kalemakis, I. Exergy indicators in the building environment. Int. J. Exergy 2012, 11, 439-459.
[CrossRef]

Boateng, C.O.; Keat, T.L.; JitKang, L. Sustainability assessment of microalgal biodiesel production processes:
An exergetic analysis approach with Aspen Plus. Int. J. Exergy 2012, 10, 400-416. [CrossRef]

Toklu, E. Biomass energy potential and utilization in Turkey. Renew. Energy 2017, 107, 235-244. [CrossRef]
How, B.S.; Lam, H.L. Integrated biomass supply chain in Malaysia: A sustainable strategy. Chem. Eng. Trans.
2017, 61, 1573-1578.

Mohsin, R.; Kumar, T.; Majid, Z.A.; Kumar, I.; Wash, A. Assessment of usage of biofuel in aviation industry
in Malaysia. Chem. Eng. Trans. 2017, 56, 277-282.

McGrath, J.F; Goss, K.F,; Brown, M.W.; Bartle, J.R.; Abadi, A. Aviation biofuel from integrated woody
biomass in southern Australia. Wiley Interdiscip. Rev. Energy Environ. 2016, 6, e221. [CrossRef]

Yazan, D.M.; Mandras, G.; Garau, G. Environmental and economic sustainability of integrated production in
bio-refineries: The thistle case in Sardinia. Renew. Energy 2017, 102, 349-360. [CrossRef]

Grossman, M.; Rao, M.N. Towards sustainable small hydro power development in Himachal Pradesh, India.
Int. |. Glob. Energy Issues 2017, 40, 166-183. [CrossRef]

Paun, D. Sustainability and Financial Performance of Companies in the Energy Sector in Romania.
Sustainability 2017, 9, 1722. [CrossRef]

Leoneti, A.B.; Aragao-Leoneti, V.; Galina, S.V.R.; Porto, G.S. The methylic versus the ethylic route:
Considerations about the sustainability of Brazilian biodiesel production. Environ. Dev. Sustain. 2016, 19,
637-651. [CrossRef]

Tagotra, N. The Political Economy of Renewable Energy: Prospects and Challenges for the Renewable Energy
Sector in India Post-Paris Negotiations. India Q. A J. Int. Aff. 2017, 73, 99-113. [CrossRef]

Oliveira, G.D.L.; McKay, B.; Plank, C. How biofuel policies backfire: Misguided goals, inefficient mechanisms,
and political-ecological blind spots. Energy Policy 2017, 108, 765-775. [CrossRef]

Li, S.; Ngniatedema, T.; Chen, F. Understanding the Impact of Green Initiatives and Green Performance on
Financial Performance in the US. Bus. Strat. Environ. 2017, 26, 776-790. [CrossRef]

Ji, Q.; Zhang, D. How much does financial development contribute to renewable energy growth and
upgrading of energy structure in China? Energy Policy 2019, 128, 114-124. [CrossRef]

Ordouei, M.H.; Elkamel, A. New composite sustainability indices for Cradle-to-Cradle process design: Case
study on thinner recovery from waste paint in auto industries. J. Clean. Prod. 2017, 166, 253-262. [CrossRef]
Chen, Y.-W.; Wang, L.-C.; Wang, A.; Chen, T.-L. A particle swarm approach for optimizing a multi-stage
closed loop supply chain for the solar cell industry. Robot. Comput. Manuf. 2017, 43, 111-123. [CrossRef]
Guabiroba, R.C.D.S,; Da Silva, RM.; Cesar, A.D.S.; Da Silva, M.A.V. Value chain analysis of waste cooking oil
for biodiesel production: Study case of one oil collection company in Rio de Janeiro—Brazil. . Clean. Prod.
2017, 142, 3928-3937. [CrossRef]


http://dx.doi.org/10.30638/eemj.2012.262
http://dx.doi.org/10.1080/13504509.2012.721404
http://dx.doi.org/10.1108/20408021211282331
http://dx.doi.org/10.1504/IJOGCT.2012.048984
http://dx.doi.org/10.1080/13504509.2011.636083
http://dx.doi.org/10.1051/ocl.2012.0453
http://dx.doi.org/10.1016/j.enpol.2012.03.043
http://dx.doi.org/10.1111/j.1746-692X.2012.00224.x
http://dx.doi.org/10.1504/IJEX.2012.050255
http://dx.doi.org/10.1504/IJEX.2012.047510
http://dx.doi.org/10.1016/j.renene.2017.02.008
http://dx.doi.org/10.1002/wene.221
http://dx.doi.org/10.1016/j.renene.2016.10.055
http://dx.doi.org/10.1504/IJGEI.2017.086618
http://dx.doi.org/10.3390/su9101722
http://dx.doi.org/10.1007/s10668-015-9756-5
http://dx.doi.org/10.1177/0974928416686584
http://dx.doi.org/10.1016/j.enpol.2017.03.036
http://dx.doi.org/10.1002/bse.1948
http://dx.doi.org/10.1016/j.enpol.2018.12.047
http://dx.doi.org/10.1016/j.jclepro.2017.07.247
http://dx.doi.org/10.1016/j.rcim.2015.10.006
http://dx.doi.org/10.1016/j.jclepro.2016.10.064

Appl

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

. Sci. 2020, 10, 5755 26 of 29

Yu, S.; Zheng, Y.; Li, L. A comprehensive evaluation of the development and utilization of China’s regional
renewable energy. Energy Policy 2019, 127, 73-86. [CrossRef]

Malladi, K.T.; Quirion-Blais, O.; Sowlati, T. Development of a decision support tool for optimizing the
short-term logistics of forest-based biomass. Appl. Energy 2018, 216, 662—677. [CrossRef]

Neri, E.; Passarini, F; Cespi, D.; Zoffoli, F,; Vassura, I. Sustainability of a bio-waste treatment plant: Impact
evolution resulting from technological improvements. J. Clean. Prod. 2018, 171, 1006-1019. [CrossRef]
Menrad, K.; Klein, A.; Kurka, S.; Emberg, A. Interest of industrial actors in biorefinery concepts in Europe.
Biofuels Bioprod. Biorefining 2009, 3, 384-394. [CrossRef]

Plieninger, T.; Thiel, A.; Bens, O.; Hiittl, R.F. Pathways and pitfalls of implementing the use of woodfuels in
Germany’s bioenergy sector. Biomass Bioenergy 2009, 33, 384-392. [CrossRef]

Van Dam, J.; Junginger, M.; Faaij, A.; Jiirgens, I; Best, G.; Fritsche, U. Overview of recent developments in
sustainable biomass certification. Biomass Bioenergy 2008, 32, 749-780. [CrossRef]

Cassettari, L.; Bendato, I.; Mosca, M.; Mosca, R. Energy Resources Intelligent Management using on line
real-time simulation: A decision support tool for sustainable manufacturing. Appl. Energy 2017, 190, 841-851.
[CrossRef]

Chiaroni, D.; Chiesa, V.; Colasanti, L.; Cucchiella, F; D’Adamo, I.; Frattini, F. Evaluating solar energy
profitability: A focus on the role of self-consumption. Energy Convers. Manag. 2014, 88, 317-331. [CrossRef]
Gaul, C.; Carley, S. Solar set asides and renewable electricity certificates: Early lessons from North Carolina’s
experience with its renewable portfolio standard. Energy Policy 2012, 48, 460-469. [CrossRef]

Joensuu, K,; Sinkko, T. Environmental sustainability and improvement options for agribiomass chains: Straw
and turnip rape. Biomass Bioenergy 2015, 83, 1-7. [CrossRef]

Hall, J.; Matos, S.; Silvestre, B. Understanding why firms should invest in sustainable supply chains: A
complexity approach. Int. J. Prod. Res. 2012, 50, 1332-1348. [CrossRef]

Bautista, S.; Pérez, A.T.E.; Narvaez, P.; Camargo, M.; Morel, L. A system dynamics approach for sustainability
assessment of biodiesel production in Colombia. Baseline simulation. J. Clean. Prod. 2019, 213, 1-20.
[CrossRef]

Zhang, X.; Ma, F. Energy evaluation of different straw reuse technologies in Northeast China. Sustainability
2015, 7, 11360-11377. [CrossRef]

Almeida, C.; Frimaio, G.S.; Bonilla, S.; Da Silva, C.C.; Giannetti, B.F. An evaluation of a MSW-to-energy
system using Emergy synthesis. Int. J. Environ. Sustain. Dev. 2012, 11, 258-273. [CrossRef]

Haldi, P.A ; Frei, C.; Beurskens, L.; Zhuikova, N. Multicriteria/multi-stakeholders comparative assessment of
electricity generation scenarios in the sustainability context: A Swiss case study. Int. |. Sustain. Dev. 2002, 5,
102-124. [CrossRef]

Zhang, Q.; Tang, W.; Liu, J.; Duffield, C.; Hui, F; Zhang, L.; Zhang, X. Improving Design Performance by
Alliance between Contractors and Designers in International Hydropower EPC Projects from the Perspective
of Chinese Construction Companies. Sustainability 2018, 10, 1171. [CrossRef]

Probert, T. Burning biomass. Mater. World 2012, 20, 24-26.

Cucchiella, F; D’Adamo, I.; Gastaldi, M. Profitability analysis for biomethane: A strategic role in the Italian
transport sector. Int. |. Energy Econ. Policy 2015, 5, 440—449.

Osorio-Tejada, J.L.; Sastresa, E.L.; Scarpellini, S. A multi-criteria sustainability assessment for biodiesel
and liquefied natural gas as alternative fuels in transport systems. J. Nat. Gas Sci. Eng. 2017, 42, 169-186.
[CrossRef]

Kealy, T. Stakeholder outcomes in a wind turbine investment. Renew. Energy 2017, 101, 1157-1168. [CrossRef]
Bekun, EV.; Alola, A.A.; Sarkodie, S.A. Toward a sustainable environment: Nexus between CO, emissions,
resource rent, renewable and nonrenewable energy in 16-EU countries. Sci. Total Environ. 2019, 657,
1023-1029. [CrossRef]

Thomas, S.; Dargusch, P.; Griffiths, A. The Drivers and Outcomes of the Clean Development Mechanism in
China. Environ. Policy Gov. 2011, 21, 223-239. [CrossRef]

Kveselis, V.; Dzenajavicieng, E.F.; Masaitis, S. Analysis of energy development sustainability: The example of
the lithuanian district heating sector. Energy Policy 2017, 100, 227-236. [CrossRef]

Borge-Diez, D.; Colmenar-Santos, A.; Pérez-Molina, C.; Lopez-Rey, A. Geothermal source heat pumps under
energy services companies finance scheme to increase energy efficiency and production in stockbreeding
facilities. Energy 2015, 88, 821-836. [CrossRef]


http://dx.doi.org/10.1016/j.enpol.2018.11.056
http://dx.doi.org/10.1016/j.apenergy.2018.02.027
http://dx.doi.org/10.1016/j.jclepro.2017.10.082
http://dx.doi.org/10.1002/bbb.144
http://dx.doi.org/10.1016/j.biombioe.2008.08.013
http://dx.doi.org/10.1016/j.biombioe.2008.01.018
http://dx.doi.org/10.1016/j.apenergy.2017.01.009
http://dx.doi.org/10.1016/j.enconman.2014.08.044
http://dx.doi.org/10.1016/j.enpol.2012.05.043
http://dx.doi.org/10.1016/j.biombioe.2015.08.014
http://dx.doi.org/10.1080/00207543.2011.571930
http://dx.doi.org/10.1016/j.jclepro.2018.12.111
http://dx.doi.org/10.3390/su70911360
http://dx.doi.org/10.1504/IJESD.2012.050462
http://dx.doi.org/10.1504/IJSD.2002.002562
http://dx.doi.org/10.3390/su10041171
http://dx.doi.org/10.1016/j.jngse.2017.02.046
http://dx.doi.org/10.1016/j.renene.2016.10.007
http://dx.doi.org/10.1016/j.scitotenv.2018.12.104
http://dx.doi.org/10.1002/eet.576
http://dx.doi.org/10.1016/j.enpol.2016.10.019
http://dx.doi.org/10.1016/j.energy.2015.07.005

Appl.

134.

135.

136.
137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Sci. 2020, 10, 5755 27 of 29

Gliedt, T.; Hoicka, C.E. Energy upgrades as financial or strategic investment? Energy Star property owners
and managers improving building energy performance. Appl. Energy 2015, 147, 430-443. [CrossRef]
Henriques, J.; Catarino, ]. Sustainable Value and Cleaner Production—research and application in 19
Portuguese SME. |. Clean. Prod. 2015, 96, 379-386. [CrossRef]

Plack, J.F. A lesson plan for sustainability. Eng. Syst. 2013, 30, 44—48.

Fuller, J.; Ayre, L. Benchmarking the North American Atmospheric Fluidized Bed Industry. Energy Stud. Rev.
2012, 19, 53-62. [CrossRef]

Loncar, D.; Ridjan, I. Medium term development prospects of cogeneration district heating systems in
transition country—Croatian case. Energy 2012, 48, 32-39. [CrossRef]

Verbruggen, A. Performance evaluation of renewable energy support policies, applied on Flanders’ tradable
certificates system. Energy Policy 2009, 37, 1385-1394. [CrossRef]

Diehl, W.; Sittinger, V.; Szyszka, B. Thin film solar cell technology in Germany. Surf. Coat. Technol. 2005, 193,
329-334. [CrossRef]

Ishida, Y.; Bannai, M.; Ishimaru, K.; Yokoyama, R.; Nakazawa, S.; Yunoue, H. The sustainable energy service
company (ESCO) experience at DIC Corporation. Energy Sustain. II 2009, 121, 129-136.

Kettle, ].; Goran, R.; Vanderhoek, N.; Harlin, A.; Allender, B. Is the Australian pulp and paper industry still
at the crossroads? Appita J. 2012, 65, 222-229.

Jones, P; Salter, A.M. Modelling the economics of farm-based anaerobic digestion in a UK whole-farm
context. Energy Policy 2013, 62, 215-225. [CrossRef]

Pambudi, N.A.; Itoi, R.; Jalilinasrabady, S.; Glirtiirk, M. Sustainability of geothermal power plant combined
with thermodynamic and silica scaling model. Geothermics 2018, 71, 108-117. [CrossRef]

Field, J.L.; Tanger, P.; Shackley, S.J.; Haefele, S.M. Agricultural residue gasification for low-cost, low-carbon
decentralized power: An empirical case study in Cambodia. Appl. Energy 2016, 177, 612—-624. [CrossRef]
Zeb, R.; Salar, L.; Awan, U.; Zaman, K.; Shahbaz, M. Causal links between renewable energy, environmental
degradation and economic growth in selected SAARC countries: Progress towards green economy. Renew.
Energy 2014, 71, 123-132. [CrossRef]

EDUI. Ecological Development Union International. 2010. Available online: http://www.green-edui.org/en/
jingji.html (accessed on 28 December 2019).

UNEP. Green Economy Report. 2011. Available online: http://www.unep.org/greeneconomy/ResearchProducts/
GEBriefingPapers/tabid/79434/language/en-US/Default.aspx (accessed on 13 December 2019).

Karekezi, S.; Kimani, J; Onguru, O. Climate Change and Energy Security in East Africa
Energy Policy Paper, Energy, Environment and Development Network for Africa. 2009.
Available online: http://www.afrepren.org/Pubs/articles/presentations/EnergyClimate%20Change%?20and%
20Poverty%20Alleviation_ GNESD_PolicyPaper?%20- AFREPREN.pdf (accessed on 3 January 2020).
Goodfield, D.; Anda, M.; Ho, G. Carbon neutral mine site villages: Myth or reality? Renew. Energy 2014, 66,
62-68. [CrossRef]

Arkhipkin, A.; Barton, J.; Wallace, S.; Winter, A. Close cooperation between science, management and
industry benefits sustainable exploitation of the Falkland Islands squid fisheriesa. ]. Fish Boil. 2013, 83,
905-920. [CrossRef]

Konrad, C.; Strittmatter, J.; Griinert, A.; Brule, M.; Roth, M.; Herter, M.; Gottlicher, G.; Biehl, R.; Bott, A.
Regional energy concepts—based on alternative biomass cultivation for rural areas and its efficient energy
usage. Int. |. Sustain. Dev. Plan. 2013, 8, 59-74. [CrossRef]

Lalog, F. Information at the interface between supply and demand for indicators: The use of a model with
estimated parameter values as a base for indication in multicriteria analyses. Int. ]. Sustain. Dev. 2007, 10,
33-45. [CrossRef]

Larson, S. Index-based tool for preliminary ranking of social and environmental impacts of hydropower and
storage reservoirs. Energy 2007, 32, 943-947. [CrossRef]

Arifin, B. Transaction Cost Analysis of Upstream-Downstream Relations in Watershed Services: Lessons
from Community-Based Forestry Management in Sumatra, Indonesia. Q. J. Int. Agric. 2006, 45, 361-375.
IlIsley, B.; Jackson, T.; Lynch, B. Addressing Scottish rural fuel poverty through a regional industrial symbiosis
strategy for the Scottish forest industries sector. Geoforum 2007, 38, 21-32. [CrossRef]

Mousavi, S.; Bossink, B. Firms’ capabilities for sustainable innovation: The case of biofuel for aviation.
J. Clean. Prod. 2017, 167, 1263-1275. [CrossRef]


http://dx.doi.org/10.1016/j.apenergy.2015.02.028
http://dx.doi.org/10.1016/j.jclepro.2014.02.030
http://dx.doi.org/10.15173/esr.v19i2.541
http://dx.doi.org/10.1016/j.energy.2012.07.025
http://dx.doi.org/10.1016/j.enpol.2008.11.032
http://dx.doi.org/10.1016/j.surfcoat.2004.08.219
http://dx.doi.org/10.1016/j.enpol.2013.06.109
http://dx.doi.org/10.1016/j.geothermics.2017.09.003
http://dx.doi.org/10.1016/j.apenergy.2016.05.100
http://dx.doi.org/10.1016/j.renene.2014.05.012
http://www.green-edui.org/en/jingji.html
http://www.green-edui.org/en/jingji.html
http://www.unep.org/greeneconomy/ResearchProducts/GEBriefingPapers/tabid/79434/language/en-US/Default.aspx
http://www.unep.org/greeneconomy/ResearchProducts/GEBriefingPapers/tabid/79434/language/en-US/Default.aspx
http://www.afrepren.org/Pubs/articles/presentations/EnergyClimate%20Change%20and%20Poverty%20Alleviation_GNESD_PolicyPaper%20-AFREPREN.pdf
http://www.afrepren.org/Pubs/articles/presentations/EnergyClimate%20Change%20and%20Poverty%20Alleviation_GNESD_PolicyPaper%20-AFREPREN.pdf
http://dx.doi.org/10.1016/j.renene.2013.11.058
http://dx.doi.org/10.1111/jfb.12098
http://dx.doi.org/10.2495/SDP-V8-N1-59-74
http://dx.doi.org/10.1504/IJSD.2007.014412
http://dx.doi.org/10.1016/j.energy.2006.09.007
http://dx.doi.org/10.1016/j.geoforum.2006.02.005
http://dx.doi.org/10.1016/j.jclepro.2017.07.146

Appl

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

. Sci. 2020, 10, 5755 28 of 29

Pearce, P.; Mills, N.; Winter, P. Novel sludge management options for a large UK water company. Water Pr.
Technol. 2014, 9, 179-185. [CrossRef]

Pascoe, S.; Cannard, T.; Dowling, N.; Dichmont, C.M.; Breen, S.; Roberts, T.; Pears, R.]J.; Leigh, G M.
Developing Harvest Strategies to Achieve Ecological, Economic and Social Sustainability in Multi-Sector
Fisheries. Sustainability 2019, 11, 644. [CrossRef]

O’Gorman, M.J. Tennessee’s New, Old, Contradictory, and Ultimately Transformative Green Economy: How
Personal Stories of Climate Change in an Evangelical, “Red” State Are Amending Green Job and Sustainable
Economy Definitions. Int. ]. Sustain. Policy Pr. 2014, 8, 109-131. [CrossRef]

Lu, Y,; Zhu, X,; Cui, Q. Effectiveness and equity implications of carbon policies in the United States
construction industry. Build. Environ. 2012, 49, 259-269. [CrossRef]

Wadin, J.L.; Ahlgren, K.; Bengtsson, L. Joint business model innovation for sustainable transformation of
industries—A large multinational utility in alliance with a small solar energy company. J. Clean. Prod. 2017,
160, 139-150. [CrossRef]

Kolar, J.L. Alternative energy: Environmental and economic factors associated with renewable energy and
creating new integrated energy management systems. Environ. Qual. Manag. 1999, 8, 63-92. [CrossRef]
Andrieu, N.; Piraux, M.; Tonneau, J.P. Design of sustainability indicators of the production systems in
Brazilian semi-arid area by the analysis of biomass flows. Int. J. Sustain. Dev. 2007, 10, 106-121. [CrossRef]
Mattila, T.; Judl, J.; Macombe, C.; Leskinen, P. Evaluating social sustainability of bioeconomy value chains
through integrated use of local and global methods. Biomass Bioenergy 2018, 109, 276-283. [CrossRef]
Munasinghe, M.; Jayasinghe, P.; Deraniyagala, Y.; Matlaba, V.].; Dos Santos, J.F.; Maneschy, M.C.; Mota, J.A.
Value-Supply Chain Analysis (VSCA) of crude palm oil production in Brazil, focusing on economic,
environmental and social sustainability. Sustain. Prod. Consum. 2019, 17, 161-175. [CrossRef]

Fedorova, E.; Pongracz, E. Cumulative social effect assessment framework to evaluate the accumulation
of social sustainability benefits of regional bioenergy value chains. Renew. Energy 2019, 131, 1073-1088.
[CrossRef]

Lamers, P.; McCormick, K.; Hilbert, J.A. The emerging liquid biofuel market in Argentina: Implications for
domestic demand and international trade. Energy Policy 2008, 36, 1479-1490. [CrossRef]

Zhang, Y; Jiang, Y.; Zhong, M.; Geng, N.; Chen, D. Robust Optimization on Regional WCO-for-Biodiesel
Supply Chain under Supply and Demand Uncertainties. Sci. Program. 2016, 2016, 1-15. [CrossRef]

Delhey, J.; Steckermeier, L.C. The Good Life, Affluence, and Self-reported Happiness: Introducing the Good
Life Index and Debunking Two Popular Myths. World Dev. 2016, 88, 50-66. [CrossRef]

OECD. Towards Green Growth, Organisation for Economic Co-Operation and Development; OECD: Paris, France, 2011.
European Commission. Europe 2020: A Strategy for Smart, Sustainable and Inclusive Growth. 2010. Available
online: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2010:2020:FIN:EN:PDF (accessed on
3 January 2020).

United Nations. The future we want. In Proceedings of the Outcome Document of the United Nations
Conference on Sustainable Development, Rio de Janeiro, Brazil, 20-22 June 2012.

Sequeira, T.N.; Gil, PM.; Oscar, A. Endogenous growth and entropy. J. Econ. Behav. Organ. 2018, 154, 100-120.
[CrossRef]

Komlos, J. Has Creative Destruction Become More Destructive? ; Working Paper no. 20379; National Bureau of
Economic Research: Cambridge, MA, USA, 2014; Available online: https://www.nber.org/papers/w20379
(accessed on 23 December 2019).

Van den Bergh, J. Environment versus growth—A criticism of “degrowth” and a plea for “a-growth”. Ecol.
Econ. 2011, 70, 881-890. [CrossRef]

Brown, S.P.; McDonough, LK. Using the Environmental Kuznets Curve to evaluate energy policy: Some
practical considerations. Energy Policy 2016, 98, 453-458. [CrossRef]

Opperman, J.J.; Royte, J.; Banks, J.; Day, L.R.; Apse, C. The Penobscot River, Maine, USA: A Basin-Scale
Approach to Balancing Power Generation and Ecosystem Restoration. Ecol. Soc. 2011, 16, 4. [CrossRef]
Asif, M.; Muneer, T. Energy supply, its demand and security issues for developed and emerging economies.
Renew. Sustain. Energy Rev. 2007, 11, 1388-1413. [CrossRef]

IEA/IRENA/UN. Tracking SDG7. The Energy Progress Report 2018. IEA/IRENA/United Nations Statistic
Division/World Bank Group/World Health Organization. 2018. Available online: https://www.irena.org/
publications/2018/May/Tracking-SDG?7-The-Energy-Progress-Report (accessed on 3 January 2020).


http://dx.doi.org/10.2166/wpt.2014.021
http://dx.doi.org/10.3390/su11030644
http://dx.doi.org/10.18848/2325-1166/CGP/v08i04/59466
http://dx.doi.org/10.1016/j.buildenv.2011.10.002
http://dx.doi.org/10.1016/j.jclepro.2017.03.151
http://dx.doi.org/10.1002/tqem.3310080308
http://dx.doi.org/10.1504/IJSD.2007.014417
http://dx.doi.org/10.1016/j.biombioe.2017.12.019
http://dx.doi.org/10.1016/j.spc.2018.10.001
http://dx.doi.org/10.1016/j.renene.2018.07.070
http://dx.doi.org/10.1016/j.enpol.2007.12.023
http://dx.doi.org/10.1155/2016/1087845
http://dx.doi.org/10.1016/j.worlddev.2016.07.007
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2010:2020:FIN:EN:PDF
http://dx.doi.org/10.1016/j.jebo.2018.07.019
https://www.nber.org/papers/w20379
http://dx.doi.org/10.1016/j.ecolecon.2010.09.035
http://dx.doi.org/10.1016/j.enpol.2016.09.020
http://dx.doi.org/10.5751/ES-04117-160307
http://dx.doi.org/10.1016/j.rser.2005.12.004
https://www.irena.org/publications/2018/May/Tracking-SDG7-The-Energy-Progress-Report
https://www.irena.org/publications/2018/May/Tracking-SDG7-The-Energy-Progress-Report

Appl.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Sci. 2020, 10, 5755 29 of 29

Lee, M.; Cho, S.; Kim, J. A comprehensive model for design and analysis of bioethanol production and
supply strategies from lignocellulosic biomass. Renew. Energy 2017, 112, 247-259. [CrossRef]

Ghaderi, H.; Pishvaee, M.S.; Moini, A. Biomass supply chain network design: An optimization-oriented
review and analysis. Ind. Crop. Prod. 2016, 94, 972-1000. [CrossRef]

Sharma, B.; Ingalls, R.; Jones, C.; Khanchi, A. Biomass supply chain design and analysis: Basis, overview,
modeling, challenges, and future. Renew. Sustain. Energy Rev. 2013, 24, 608-627. [CrossRef]

Toril, ].U.; Ruiz-Real, J.L.; Milan-Garcia, J.; De De Pablo-Valenciano, J. Energy, Economy, and Environment:
A Worldwide Research Update. Energies 2019, 12, 1120. [CrossRef]

European Commission. A Framework Strategy for a Resilient Energy Union with a Forward-Looking Climate
Change Policy. In Energy Union Package. Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee, the Committee of the Regions and the European Investment
Bank; European Commission: Brussels, Belgium, 2015.

Andrews-Speed, P; Zhang, S. Renewable Energy Finance in China. In Renewable Energy Finance: Powering the
Future; Donovan, C., Ed.; Imperial College Press: London, UK, 2015.

Congressional Research Service. Renewable Energy and Energy Efficiency Incentives: A Summary of Federal
Programs; Congressional Research Service: Washington, DC, USA, 2019. Available online: https://crsreports.
congress.govR40913 (accessed on 23 December 2019).

Frankfurt School—UNEP. Global Trends in Renewable Energy Investment 2018. 2018. Available online:
http://www.fs-unep-centre.org (accessed on 22 December 2019).

Apergis, N. Does renewables production affect income inequality? Evidence from an international panel of
countries. Appl. Econ. Lett. 2014, 22, 865-868. [CrossRef]

REN21. Renewables 2019 Global Status Report (Paris: REN21 Secretariat). 2019. Available online: https:
/fwww.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf (accessed on 22 December 2019).
Yang, H.; Lu, L.; Zhou, W. A novel optimization sizing model for hybrid solar-wind power generation system.
Sol. Energy 2007, 81, 76-84. [CrossRef]

Yang, H.; Wei, Z.; Chengzhi, L. Optimal design and techno-economic analysis of a hybrid solar-wind power
generation system. Appl. Energy 2009, 86, 163-169. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.renene.2017.05.040
http://dx.doi.org/10.1016/j.indcrop.2016.09.027
http://dx.doi.org/10.1016/j.rser.2013.03.049
http://dx.doi.org/10.3390/en12061120
https://crsreports.congress.gov R40913
https://crsreports.congress.gov R40913
http://www.fs-unep-centre.org
http://dx.doi.org/10.1080/13504851.2014.982852
https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf
https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf
http://dx.doi.org/10.1016/j.solener.2006.06.010
http://dx.doi.org/10.1016/j.apenergy.2008.03.008
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Background 
	Level of Countries’ Development and the Type of Renewable Energies 
	The Level of Countries’ Development and the Sustainability Dimensions 
	Relationship between Renewable Energies and Sustainability 

	Method and Data 
	Method 
	An Overview 
	Subject Classification of Publications 
	Network Analysis—Keywords Co-Occurrence 
	Most Productive Countries on Renewable Energies and Sustainability 
	Spatial Distribution of Most Productive Countries Producing Renewable Energy and Having Sustainability Concerns Identified in the Articles 
	Temporal Distribution of Most Productive Countries of Renewable Energies and Sustainability Articles 


	The Most Important Topics and Analysis 
	Level of Countries’ Development Focused on in the Papers and the Type of Renewable Energies Analyzed 
	Relationship between the Sustainability Dimensions and the Level of Countries’ Development 
	Relationship between Renewable Energies and Sustainability 

	Further Thoughts and Critical Analysis 
	Conclusions and Research Prospects 
	References

