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Abstract With the increase in the world population, urbanization and industrial-
ization, the demand for energy has continuously increased during the last decades.
Fossil fuels (coal, oil, natural gas and their derivatives) are directly related to land and
water degradation and global warming mainly as a consequence of greenhouse gases
(GHG) emissions generated by anthropogenic activity. As an alternative to reduce
GHG emissions, several countries are looking to use renewable energy. Among the
various renewable energies, solar energy is one of the renewable sources in the world.
This article conducts a bibliometric study on the topics; life cycle assessment (LCA)
and photovoltaic solar energy, looking for publications that cover the topic and make
a network map of the main authors cited through the evaluation of 354 articles. The
research was carried out through bibliometric analysis in the Scopus database, from
1998 to 2020. The result of this work may contribute to new research in the area of life
cycle assessment and photovoltaic solar energy, since bibliometric analysis allows
to draw a list of the main publications based on the construction of a theoretical
framework.
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1 Introduction

Throughout the world in recent decades, the concern with the environment has been
increasingly highlighted, according to Haupt and Hellweg [1] due to the problems
caused by human interference. The ability that human beings have to intervene in the
environment to withdraw their livelihood and survival, allowed the exploration and
consumption of resources without thinking about the conservation of the planet and
its ecosystems, only due to environmental catastrophes, high levels of pollution and
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the verification of that the planet’s capacity to recover was being exceeded is that a
movement started in favor of the rational use of the planet’s natural resources [2].

The need to reconcile economic efficiency with the conservation of natural
resources and the preservation of existing ecosystems exposes the concept of sustain-
able development (SD) [3]. Being presented by the World Commission on Environ-
ment and Development in 1987 as “the ability of present generations to meet their
needs without compromising the ability of future generations to meet their needs”
[4] known as the “Our Common Future” report, a concept used until today when it
comes to defining sustainable development.

This concept having gained strength in recent years, as well as the number of tools
developed for managing and monitoring sustainable development [5]. Among these
tools, the life cycle assessment (LCA) stands out, which aims to analyse systems,
be it a product, service or process, from extraction of the raw material through its
conception to its final disposal “from the cradle to the grave”, quantifying the possible
associated environmental impacts [6].

With this, the present work aims to identify the global characteristics of the litera-
ture associated with the theme ACV and photovoltaic solar energy, in order to present
associations and trends that provide a foundation for future work.

2 Theoretical Framework

2.1 Photovoltaic Energy

Solar energy is an important alternative source of energy to fossil fuels and, theo-
retically, the most available source of energy on earth [7]. Through the photovoltaic
effect, solar cells directly convert energy from the sun into electrical energy in a
static, silent, non-polluting and renewable way [8].

Photovoltaic conversion is the direct transformation of sunlight into electricity in
photovoltaic devices, since these devices are robust and simple in design, requiring
very little maintenance, their biggest advantage is the construction as independent
systems to provide outputs from microwatts to megawatts [8, 9].

The basic building block of PV (photovoltaic) devices is a semiconductor element
known as a photovoltaic cell. When the cells are interconnected, the PV module is
integrated with a number of additional components, for example, inverters, batteries,
basic components and assembly systems [10].

Photovoltaic systems produce electricity without polluting the air during their
operation and have a very low “carbon footprint” over their lifetime, providing supe-
rior environmental performance compared to traditional electricity generation based
on fossil fuel technologies [11].
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3 Methodology
3.1 Sample

The first phase of the research (Fig. 1) was responsible for defining the sampling
of the analysis, according to Ramos and Oliveira [12]. The “Scopus” database was
selected for data collection. The search terms used were: (“life cycle assessment
LCA”) AND (“photovoltaic solar energy”), where they were applied to the title,
abstract and keywords fields. A total of 439 publications were extracted, and after
refinement, 354 articles. To refine the research, the following exclusion criteria were
applied.
Publication type: Only original articles and review articles were selected.

Search term
definition

Choice of database Research field

(“life cycle
assessment LCA”) Title, summary

AND and keywords
(“photovoltaic
solarenergy”)

mmmmeeell 439 publications
%W—

Publication type:
original articles
and review articles

354 articles —

Fig. 1 Phase 1 (sample definition). Adapted from Ramos and Oliveira [12]
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3.2 Data Analysis

For the second phase, with the sampling defined, all available metadata were
imported, such as: abstract, authors, keywords, journal, references, number of cita-
tions, among other data. They were exported and later analysed using Microsoft
Office Excel 2010 and Vos Viewer software. It was possible to extract the results
sought in the work, such as: publications per year, journals with the largest number
of publications, authors with the largest number of publications, most cited authors,
institutions with the largest number of publications, countries with the largest number
of publications, map of co -quotation and map of words co-occurrence.

4 Results and Discussion

Regarding the results of the survey with a sample of 354 articles, the first information
extracted was the number of publications per year (Fig. 2). It is observed that the
number of publications remains without much fluctuation until 2009, and from then
on growing, until reaching a number of 78 publications in 2019, showing that there
is a trend line, resulting from a possible maturation of this field of research.

314 different journals were found. The top 10 journals in terms of quantity of
publications are shown in Table 1, with more than 50% of the total sample. The
journals Journal of Cleaner Production and Applied Energy have the highest repre-
sentation, with 37 and 28 publications respectively. Regarding the Impact Factor (IF)
index, the periodical Renewable And Sustainable Energy Reviews stands out, which
presented the highest index in 2018.
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Fig. 2 Number of publications per year. Adapted from SCOPUS (2019)
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Table 1 Analysis of the 10 main journals
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Newspaper name Quantity publications | % IF - 2018 | IF - last 5 years
Journal of cleaner 37 10,45 6,395 7,051
production

Applied energy 28 791 8,426 8,558
Renewable and sustainable | 23 6,5 10,558 11,239
energy reviews

Progress in photovoltaics 19 5,37 6,34 6,355
research and applications

Renewable energy 18 5,08 5,439 5,257
Energy 17 4.8 5,537 5,747
Solar energy 15 4,24 4,674 4,807
Solar energy materials and | 15 4,24 6,019 5,105
solar cells

Energies 14 3,95 2,707 2,99
International journal of life | 11 3,11 4,868 5,524

cycle assessment

Table 2 Analysis of the top
10 countries

The 354 articles were analysed according to their origin, geographic and institu-
tional, resulting in 56 countries and 160 different institutions. With regard to coun-
tries, shown in Table 2, the top ten in terms of quantity of publications represent
almost 70% of publications. The United States leads the list in relation to the number
of publications (64), followed by Italy (51) and the United Kingdom (44) in third

position.

Name of the country | Quantity publications | % of articles
United States 64 13,25
Italy 51 10,56
United Kingdom 44 9,11
Spain 37 7,66
China 33 6,83
France 22 4,55
Germany 20 4,14
Greece 18 3,73
Switzerland 16 3,31
Netherlands 15 3,11




72

Table 3 Analysis of the main

institutions

Table 4 Analysis of the 10

main authors
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Institution Name

Quantity publications

Chinese Academy of Sciences

12

University of Manchester 11
Universitat de Lleida 10
Department of Chemical Engineering |9
and Analytical Science

Universita degli Studi di Siena 8
Danmarks Tekniske Universitet 8
King Mongkuts University of 7

Technology Thonburi

Universita degli Studi di Palermo

Columbia University in the City of
New York

Author’s name

Quantity publications

Chemisana, D

Azapagic, A

Lamnatou, C

Espinosa, N

Gheewala, S.H

Basosi, R

Cellura, M

Krebs, F.C

Longo, S

(o)W e N e N e N e N EEN I EEN [ e el le ol INe}

Parisi, M.L

Due to the variety of institutions found in the sample, the majority with a low
index of publications, it is inconclusive to cover the most representative portion of
them. Given the above, only the nine main institutions were analysed in terms of
quantity of publications, as shown in Table 3.

looseness-1With regard to the main authors, shown in Table 4, the top ten in terms
of quantity of publications represent almost 20% of the publications. The author
Chemisana, D. has the largest number of publications (9), followed by Azapagic, A.
and Lamnatou, C. both with 8 publications.
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Fig. 3 Network map of the main authors mentioned

Through a cocitation analysis, in which the authors cited by the 354 articles in
the sample, 1206 different authors were found. The analysis considers that when two
authors are cited by the same article, they have a link and the set of these links form
the chains of authors. Figure 3 shows the networks formed by the authors who were
cited at least once within the sample, resulting in a total of 139 authors divided into
13 different streams, distinguished by colors. Regarding the relevance of the authors,
the greater the circumference, the greater the number of citations.

The map resource was used to analyse the content of the articles, considering the
words that occur in the title, in binary count, in which the occurrence in the article is
verified, regardless of frequency. 1030 different words were found. Figure 4 shows
the word map. This confirms that the publications address, in addition to LCA,
the issues of environmental impact and photovoltaic solar energy, such as module,
environmental impact, energy flow, solar PV, among others.

Table 5 shows the 10 most cited publications, including the average citation per
year (CY) and journal name. With respect to publication sources, Renewable and
Sustainable Energy Reviews tops the list, occurring twice. The most cited work was
published by the journal Renewable Energy.
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Fig. 4 Map of words co-order

5 Conclusion

Bibliometric analyses were carried out based on a sample of 354 articles covering
the topic of LCA applied to photovoltaic solar energy, which allowed observing the
growth in bibliometric terms. It is observed that the use of LCA as a tool to support
environmental management is growing, both in terms of the number of publications
and its relevance. The works were classified into 19 different subject categories, the
majority of which are in the Energy area. The main journals found were: Journal of
Cleaner Production and Applied Energy.

There are 10 authors who have the greatest influence in the literature, with
Chemisana, D. being the main one. The country with the largest number of publica-
tions is the United States, while the most relevant institution is the Chinese Academy
of Sciences, in China.

The result of this work may help further research in the field of photovoltaic solar
energy and life cycle analysis, since bibliometric analysis allows drawing a network
map based on the construction of the theoretical framework.
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Table 5 10 Most cited publications
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Year

Number of citations

CY

Publication

Periodical

2006

400

28,5

Dynamic life cycle
assessment (LCA) of
renewable energy
technologies

Renewable energy

2013

279

399

Review on life cycle
assessment of energy
payback and greenhouse
gas emission of solar
photovoltaic systems

Renewable and sustainable
energy reviews

2013

255

36,4

Life cycle assessment
(LCA) of electricity
generation technologies:
Overview, comparability
and limitations

Renewable and sustainable
energy reviews

2015

230

46

Perovskite photovoltaics:
Life-cycle assessment of
energy and environmental
impacts

Energy and environmental
science

2015

222

44.4

Integrated life-cycle
assessment of
electricity-supply
scenarios confirms global
environmental benefit of
low-carbon technologies

Proceedings of the national
academy of sciences of the
United States of America

2008

201

16,8

Life cycle assessment of
photovoltaic electricity
generation

Energy

2013

162

23,1

Life cycle water use for
electricity generation: A
review and harmonization
of literature estimates

Environmental research
letters

2006

149

10,6

Life cycle assessment

study of solar PV systems:

An example of a 2.7 kWp
distributed solar PV
system in Singapore

Solar energy

2012

134

16,8

Life cycle greenhouse gas
emissions of crystalline
silicon photovoltaic
electricity generation:
systematic review and
harmonization

Journal of industrial ecology

2005

118

7.8

Energy, cost and LCA
results of PV and hybrid
PV/T solar systems

Progress in photovoltaics:
Research and applications
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