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Abstract

The current problem faced by Indonesia in the energy sector is thieedec oil reserves and
production. It is aggravated by the increase in oil demand. Meanwihtierest in using biodiesel from
renewable energy sources continues to increase. In the last dbeadember of publications on this topic has
shown an increase. This study aims to observe the research develapriten conversion of vegetable raw
materials into biodiesel fuel. In this study, the researchers conductdoli@mbtric analysis of various
publications on biodiesel to obtain information regarding the directfogesearch development and the novelty
of studies addressing this topic. In total, the researchers collectethalyded 679 relevant works of literature
published between 2012 and 2022 from the Google Scholar databize keywords used in the search were
“biodiesel”, “rapeseed”, “corn”, “cottonseed”, “sunflower”, “soybean”, “sesame”, and “coconut”. Furthermore,
the researchers employed Harzing’s Publish or Perish and VOSviewer as tools to collect and analyze
publications with the aforementioned keywords. The results showedfthat 679 publications related to
biodiesel, the words with tHéghest frequency of occurrence were “Masjuki”, “Sunflower Oil”, and “USA” as
the author, topic, and country, respectively. Based on the ygarbtitation, the discussion of observing the
properties of biofuel and vegetable oils is a relatively new issue. In additmmumber of papers discussing
biodiesel tends to increase.
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1. Introduction

Biodiesel has several advantages over petroleum fuels. Biodiesel is a renewable energyetiratriem
sulfur, is sufficient in quantity, has a relatively easier manufacturing gspead reduces greenhouse gas
emissions (Tayari et al., 2020; Maheshwari et al., 2022). Biodiesel raw material® aartained from
vegetable oils and animal fats (Putri & Supriyo, 2020). Raw materials froetal#g oils can be derived from
soybeans (Koc et al.,, 2011; Pratigto et al., 2019; Colombo et al.,,264/9) (El Boulifi et al., 2010;
Veljkovica et al., 2018), mustard (Alam & Rahman, 2013; Rana et al., 2019),hjat(Mofijur et al., 2012;
Folaranmi, 2013), rapeseed (Solis et al., 2017; Dworakowska et al., 2013), {Esadoais et al., 2012;
Dawodu et al., 2014), castor beans (Keera et al., 2018; Gonzalez et d),,c2d@hseed (Nabi et al., 2009;
Sinha & Murugavelh, 2016), neem (Ali et al., 2013; Madai et al., 2020), é5gaét et al. 2010; Medipally et
al., 2015), coconut (Hossain et al., 2012; Rasyid et al., 2018), eamtliis (Oniya & Bamgboye, 2014;
Habibullah et al., 2015).
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The manufacture of oil from vegetable raw materials requires pre-treatment, extraotigryrification as
illustrated in Figure 1. The pre-treatment includes cleaning, drying, stripgirtgmilling processes (Koc et
al., 2011). In addition, the extraction steps may need mechanical compresdaests, supercritical fluids,
microwave-assisted tools, and/or ultrasound-assisted devices (Koc et al., 2011).

After extraction, a purification step is required. There are several differéfitaion methods in this step,
such as mechanical purification (i.e., separation, filtration, or centrifugatioajnical purification (i.e.,
degumming, neutralization, or bleaching), and physical purification (ryngdor heating). The presence of
phospholipids is removed by a degumming process, namely the addfittyrdrating agents, precipitation,
and sedimentation. After that, the removal of fatty acids is carried ouhbytealization process. Moreover,
the bleaching step is conducted to remove the color. Furthermore, the sépaiated by centrifugation. To
remove moisture, we carry out the drying or heating process (Schma&9&; Li et al., 2014; Gonzélez et
al., 2020).

Figure 2 shows a general biodiesel production scheme. Three important elemeadistoeesake biodiesel
are vegetable oil, alcohol, and catalyst. The alcohols used are methanol (Putri & QW(#t;oTayari et al.,
2020; Habibullah et al., 2015), butanol, ethanol, propanol, and amyl alcohoktkadc 2011). Meanwhile,
the catalysts used are CaO (Putri & Supriyo, 2020), KOH (Tayari et al., ,202@MH, and H2S0O4
(Habibullah et al., 2015). A catalyst is needed to trigger the reaction betweerd @lcahol (Britannica,
2022).

Vegetable raw materials
Pre-treatment
v
Extraction
v
Purification
v
Vegetable Oil

Fig. 1. The process of making vegetable oil

Four methods can be used for the reaction, namely pyrolysis, dilution maked hydrocarbons,
microemulsion, and transesterification (Tweddell et al., 1998; Shimada et al;,\¥8&habe et al., 2002).
Transesterification is a method commonly used to produce biodiesel from veg#tabRrincipally, this
transesterification process aims to convert (tri, di, mono) glycerides contaiweddtable raw materials into
methyl esters or alkyl esters of fatty acids (biodiesel) and glycerol (Suleman ét18l), I this process, the
oil and alcohol react with each other for 15 minutes to two hours at an ambient tenepefa0-75°C (Chitra
et al., 2005; Tayari et al., 2020; Putri & Supriyo, 2020). The byymiodf the transesterification process is
glycerol. In this process, biodiesel is separated from glycerol ytymar centrifugation (Ramadhas et al.,
2005; El-Mashad et al., 2008).
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Fig. 2 The process of making biodiesel

The increase in science and technology intensively encourages scientists itteek@nturrent direction
of research development in certain fields of science, such as biodiesel or briquettesudy of research
trends may allow researchers to inspire themselves with the latest findings, compargédhef sesearch,
and observe trends for future research. Bibliometric analysis can be usethlyzing research trends
(Nugraha et al., 2022). In this study, the researchers applied a bibloapmgiroach to analyze the available
works of literature on biodiesel technology at Google Scholar. Those workspuglished from January
2012 to December 2021. In addition, this analysis particularly emphasized biddieselegetable raw
materials.

2. Methods

The researchers used Harzing’s Publish or Perish software for gathering articles addressing the topic of

2

biodiesel. The keywords used in the search were “biodiesel”, “rapeseed”, “corn”, “cottonseed”, “sunflower”,
“soybean”, “sesame” and “coconut”. In total, the researchers successfully collected 679 relevant works of
literature published between 2012 and 2022 from the Google Scholar databasemBuoeththe researchers
employed VOSviewer software to map the obtained articles. Mapping was made basedvordkeynd
things related to keywords. In addition, mapping was also carried out batesl author of the literature. The
resulting keyword map was based on co-occurrence to position nodes (irséhithesappropriate keywords)
on the map. The researchers also utilized Microsoft Excel for mappingetireof publication for both

individual and whole keywords.
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3. Resultsand Discussion
3.1.The bibliometric analysis of number of publications

A total of 1000 publications on the theme of biodiesel with the raw materisdp@deed, corn, cottonseed,
sunflower, soybean, sesame, and coconut have been identified in thée Gobglar database. Those
publications are published from 2012 to 2021 in article forms, includiiyinal research articles, review
articles, and editorials. All publications are written in English. 679 out of 9@ selected as the most
related to the topic of rice husk-based briquette. The publications were take® iforRlat for further
analysis using VOSviewer.

3.2.The bibliometric analysis of names of authors

The author’s name written in the papers and appearing more than 5 times in the Google Scholar database
was registered in the analysis. Of the 2290 article authors, 15 met the thresholdrBassaciation strength
settings, thewhor’s name that appears the most is “Masjuki” with 19 documents and a total link strength of
15 as shown in Table 1. The author has a strong relationship with the writers named “Kalam”, “Mamat”, and
“Mofijur” as shown in Figure 3. In the same figure, wean see that the author named ‘“Rasul” is connected
with the authors nhametMamat” and “Mofijur”. Meanwhile, the author named “Aswath” is connected with
“Rasul”. In Table 1, it can be seen that these authors are the six authors with the most articles. In this case, it
can be said that these six authors with the most articles are related either directhecityindir

Table 1. Names of authors appearing more than 5 times

Selected Author Documents Total link
strength
& masjuki, hh 19 15
¥ kalam, ma 13: 14
& | mofijur, m 6| -
v .rasul, g ' 9| -
& 'mamat., T ' ..7_ 3
v |ashwath, n 5| 5
W demirbas, a 5 0
v .dunn, ro 5: 0
£ .giakl:n..lmi:, Eg 6| 0
i gunstone, fd 7| 0
@ ilkilic, c 5 :
J__lingle. ap 5| 0
) 'man:hett_i,jm 5| 0
o romanao, sd 5| 0
& .sharma_. mp 5 3
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mamat, r

maﬁ, hh

ashwath, n rasdly mg

mofijgr, m kal* ma

Fig. 3 A bibliometric analysis of names of authors by the nunalbelocuments with linked authors

Table 2 Keywords appearing more than 10 times

Setgcted' Term | 'Occurrences ¥ | Relevance
®  |sunflower oil | 304 0.20
@ |soybean ol 296 0.20
# rapeseed oil 194 0.16
IE cormn oil 173 D2
@ fuel 124 0.1
& | peanut 107 B8.37
& |blend 79 0.68
W crop 78 207
. transesterification 0 064
W |safflower &5 0.36
& |effect 61 0.26
W | peformance 60 0.89
@ |methyl ester 55 0.34
& diesel 54 0.78
! coconut oil 51 0.30
lﬂ cotton 42 1.18
_ﬂ sy 42 0.26
lg] diesel eng Fn_e 42 E.'.I"I;i
l Emission 41 0.84
W | catalyst 39 0.49
| ®  llipase 37 1.12
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3.3.The bibliometric analysis of keywords

Keywords provided by the authors of the papers and appearirgthar 10 times in the Google Scholar
database were registered in the analysis. of 3860 keywords, 141 met the thrfEsbaidmber of mentions of
these 141 keywords was then counted and sorted. By limiting 60% of ster@evant terms, we got 85
keywords as shown in Table 2. Based on Tableh@ keywords that appear the most are “sunflower”,
“soybean oil”, “rapeseed oil”, “corn oil”, and “fuel” with the number of occurrences of 304, 296, 194, 173,
and 124, respectively.

Figure 4 shows that the keywords that appear are grouped into fstersluCluster #1 has 26 keywords,
represents characters for various types of biodiesels, and is colored retkr @R has 24 keywords,
represents the relationship between physical properties and raw materials of biodiesetotorédsgreen.
Cluster #3 has 19 keywords, represents the evaluation of biodiesel prodantida,colored blue. Cluster #4
has 8 keywords, covers various herbal oils, and is colored yellow. Finhlste€C#5 has 8 items, discusses
the manufacture of biodiesel by transesterification process with methanol and a catdlistolored purpl

safflofwer oil

sesame oil .
paim kernel oil

- densi
criticalireview peaggcoil visg@sity et

liggse rice bgan gil
O cottonseed oil
_ coconut oil %
s @ ol gacorn oil :
g o 543 metl'u Jester
transestggification’ < syntesis &
sunflower off.
cat.;!y:t i i saigver e
investigationtuel property
edible vegetable oil & quality SOYb(?a_n : perfopmance
methanol ‘:"% g f@ emission characteristic
rapeseed oil 7 effect Blgnd  <ogine
o iR ce O -
bwmﬁ&m Siew oy - & | b i
iy emigsion
& usa X3Pt
'*W malaysia
praduct 5 o AL
s addmunsoybeambiodiesdb‘@qd'ﬁnzﬁIend
wheat' table & .
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hazelnut

diesgkfuel

Eis

&

Fig. 4 A bibliometric analysis of themes by the number of o@nwges and the relationship between themes

3.4.The bibliometric analysis of country

Table 3 shows the names of the countries listed in the titles and abstracts of thedaadlgles. The 10
names of countries with the most articles sequentially are the United States, Malaysia, Brazil, [Tamkey
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Canada, Indonesia, Italy, India, and Nigeria. This nhumber does not necessddéteirttie number of
publications from each of these countries. This is possible because noagigdeymentions the name of the
country.

3.5.The bibliometric analysis of publication development

Figure 5 shows the number of publications on biodiesel from 20122. Z& seen in the figure, the
number of publications fluctuates. However, the number of publications teridsréase in that period.
Figure 6 shows the theme of publication between 2013 and 2016. Basedyeartioé publication, it can be
seen that the discussion on observing the properties of biofuels agighblegoils has become a relatively
recent topic.

100
90

o .Q .
50 .

40

30

20

10

Jumlah Publikasi

2010 2015 2020 2025
Tahun Publikasi

Fig. 5 Years of publication of articles related to biodlese

3.6.The bibliometric analysis of country

Table 3 shows the names of the countries listed in the titles and abstracts of thedaaslgles. The 10
names of countries with the most articles sequentially are the United States, Malaysia, Brazil, [Tamkey
Canada, Indonesia, Italy, India, and Nigeria. This number does not necessddteirttie number of
publications from each of these countries. This is possible because noaigdeymentions the name of the
country.
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Figure 5 shows the number of publications on biodiesel from 20122®. 205 seen in the figure, the
number of publications fluctuates. However, the number of publications teridsréase in that period.
Figure 6 shows the theme of publication between 2013 and 2016. Basedyeartioé publication, it can be
seen that the discussion on observing the properties of biofuelsegethble oils has become a relatively

recent topic.
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Fig. 6 A bibliometric analysis of themes by year of publication

4. Conclusion

Studies on biodiesel have been widely carried out and published in the last dectde.study, the
researchers conducted a bibliometric analysis to review the research developmenesébiicn vegetable
oil. The papers observed in this study were published betweena?@12021 and taken from the Google
Scholar database. In this study, the researchers attempted to illustrate the relatinosbiphase works of
literature. Based on the bibliometric analysis on 679 relevant articles, the words witthtbet Frequency of
occurrence were “Masjuki”, “Sunflower Oil”, and “USA” as the author, topic, and country, respectively. In
addition, based on the year of publication, we may see that the number of remddicdtions addressing
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this topic over the past decade has increased. Furthermore, the themedhglikerproperties of biofuels
and vegetable oils has become a relatively new issue.
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