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ABSTRACT

With the increasing exploration of oil and gas into deep waters, the necessity for material development in-
creases for lighter conduits such as composite marine risers, in the oil and gas industry. To understand the re-
search knowledge on this novel area, there is a need to have a bibliometric analysis on composite marine risers.
A research methodology was developed whereby the data retrieval was from SCOPUS database from 1977-2023.
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Then, VOSviewer was used to visualize the knowledge maps. This study focuses on the progress made by conduct-
ing knowledge mapping and scientometric review on composite marine risers. This scientometric analysis on the
subject shows current advances, geographical activities by countries, authorship records, collaborations, funders,
affiliations, co-occurrences, and future research areas. It was observed that the research trends recorded the high-
est publication volume in the U.S.A,, but less cluster affiliated, as it was followed by countries like the U.K., China,
Nigeria, Australia and Singapore. Also, this field has more conference papers than journal papers due to the chal-
lenge of adaptability, acceptance, qualification, and application of composite marine risers in the marine industry.
Hence, there is a need for more collaborations on composite marine risers and more funding to enhance the re-
search trend.

Keywords: Composite Risers; Marine Risers; Marine Structure; Scientometric Review; Bibliometric Analysis; Com-

posite Material; Knowledge Map

1. Introduction

Over the past few years, there have been major de-
velopments in research regarding marine risers and drill
strings, which play an essential part in the production of

(.21 Various scholars

oil and gas offshore installations
have reported that marine risers have great importance
but also with issues related to vortex-induced vibration
(VIV) 34, fatigue performance®7], composite riser on
offshore platform® %), composite riser testing'% 111, and

[12-14]

weight ratio as such the need for lighter conduits,

like composite marine risers. Composite marine ris-
ers are tubular constructions that connect offshore plat-
forms to subsea wells[®71516] On the other hand, in
comparison to typical steel risers, composite marine ris-
ers offer significant advantages as floating platforms re-

217-191  pye to the increased

quire less platform loads!
resistance of composites to fatigue and corrosion, as well
as their reduced weight, they are particularly appealing
for applications that take place in severe environments
and deep aquatic environments. With the increasing in-
tensity of research and development efforts, it is becom-
ing increasingly important to have a full awareness of the
existing knowledge environment to make future break-
throughs on composite risers1%20-23 In the past 20
years, there has been a significant rise in the interest in
hybrid polymers. This has resulted in the creation of a
wealth of information that may be utilised by companies
involved in design as well as relevant enterprises. The
development of materials for composite manufacturing
is still evolving. It offers unique applications that have

been utilised within the oil and gas industry such as com-

posite marine risers[24-28l,

The latter development is
characterised by an increase in material development
for offshore composites. Also, there is an increased de-
mand for energy derived from fossil fuels, which has
resulted in an increase in the activities of exploration,
drilling, and production within the oil and gas indus-
try[3 4 29-311 In general, marine risers can be engineered
in such a way that they can have a variety of configura-

tions, as shown in Figure 1.

Figure 1. A typical application with arrangement of FPSO with
marine risers can be engineered in such with a variety of con-
figuration and showing different layers of the flexible marine
riser.

In addition, these activities have resulted in the
invention of novel processes, technologies, and materi-

32-35] * Additionally, they have led to novel modifica-

als!
tions in a variety of fields. In the latter scenario, some
materials, such as high-grade steel, have been utilised
over the course of time in a variety of offshore con-
structions. These materials used on the marine risers
are characterised by their high reliability along with
extended lifespan!1?1336-391 " Conversely, in order to

lessen the weight of offshore structures such as deck
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loads, there has been a surge in utilising marine com-
posites in establishing components such as marine ris-

ers [14,40-43

1. The technologies called SURF (subsea um-
bilicals, risers, and flowlines), have been identified as
conduits that provide several advantages in the field
of ocean engineering such as excellent resistance to

harsh marine environment[3¢ 44-46],

As a result, in
both the business world and the academic world, there
is a growing amount of research being conducted on
composite risers for use in deep waters. On the aca-
demic aspect, there are increasing studies on compos-

ite risers covering both research[8-1%419.24-27.31] 3p{ re-

1,19,23,32-35] pytthere is the need for further work

views!
on composite risers using research approaches like sci-
entometrics to identify the gaps in the research [ #7-5],
The recent study of Amaechi et al.[' was undertaken us-
ing bibliometrics and meta-analysis to identify the re-
search trend on composite marine risers. However, that
study had gaps in literature necessitating the present pa-
per, including the knowledge maps, visualisation plots,
keywords analysis, word cloud and emerging trends on
composite marine risers. On the business aspect, com-
posite marine risers are a unique application of hybrid
polymer composites that are utilised in the process of
developing marine risers for offshore platforms in the
oil and gas sector. When compared to the size of the
marine industry, offshore composites are not nearly as
widespread as they possibly should be. Whilst there is
an expanding consumer and commercial interest in em-
ploying composites as a replacement to steel in an array
of technical designs, there is still a significant distance
to go in the field. Composites are already being used in
several engineering designs. In the present day, compos-
ites are utilised for a variety of purposes, including indus-
trial, aviation, maritime, and domestic/household appli-
cations. Tubulars, such as composite marine risers and
composite marine hoses, are examples of places where
these applications can be found. Composite risers, which
are a subsea riser type, provide the offshore industry
with a variety of uses and advantages that are unique to
themselves. Both drilling and production are processes
that require transporting oil products from oil wells to
subsea pipelines and marine risers. Several advantages,

such as low weight and cost savings, have been demon-

strated by studies that composite risers have gains in
weight reduction 3644461 Composite risers offer a
number of advantages. Due to this need, these marine
risers need to be constructed with great precision, tak-
ing into consideration aspects such as safe operation and
resistance to corrosion, in addition to deep water set-
tings. In order to facilitate the movement of fluids on oil
platforms, multi-layered conduits such as marine risers
have been developed.

In this work, knowledge maps were presented
from a scientometric review on composite marine risers.
These maps were developed using a novel tool together
via a visualisation mapping approach. In Section 1, an in-
troduction to this research was offered, and the method-
ology of the research was presented in Section 2 us-
ing data from Scopus. Following that, the scientomet-
ric study on composite marine risers is performed in or-
der to carry out an initial analysis based on the contents
of the reviewed publications, as presented in Section 3.
In Section 4, the emerging trends on this area are given
whilst Section 5 draws conclusions on the investigation.

2. Methods and Materials

In this section, the materials used and the approach
taken for the data analysis of the study are detailed.

2.1. Research Methodology

To address the research methodology, some under-
standing of the research framework, as shown in Figure
2 which was considered as well as the research ques-
tions addressed is necessary. The research questions ad-
dressed in this investigation include:

e What are the current trends in research on com-
posite risers?

e What types of partnerships have been established
in developing composite risers, and where?

e What knowledge maps can be obtained from the
scientometric review on composite marine risers?

Within the scope of this systematic review, the pub-
lications evaluated were limited to empirical research,
theoretical analyses, and advancements deemed state-
of-the-art. The selected articles for investigation were
required to meet the following criteria: (a) a clearly
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defined methodology; (b) specified outcomes; and (c)
an interpretation that includes explanations of the re-
search limitations. In the process, the conceptual pa-
pers were required to meet several prerequisites, includ-
ing: (a) an organized benchmark selection process; (b) a
properly established timeline; and (c) an analytical pro-
cedure that involved a critical review. Details on the
inclusion/exclusion criteria used is available in recent
meta-analysis study conducted on composite risers!.
The findings from the various publications reviewed
showed that there are advances made in composite ris-
ers. A concise visual documentation of selected papers
was created, encompassing research publications, attri-
bution data, co-authorship, and publication year. Addi-
tionally, this tabulated bibliography featured a thematic
classification of key components. Lastly, the research
methodology also included the exclusion of resources
that were deemed superfluous. As depicted in Figure 3,
the methodology for the scientometric review involved
the use of an online academic database to extract data

relevant to the topic area.

Keyword

WordCloud

Authorship
Strength

Knowledge
Maps

Publication
Citations

Figure 2. Research framework for the scientometric review on
Composite Risers.

2.2. Article Synthesis

The selection process for scholarly articles is a cru-
cial component of the meta-scientific analysis conducted
in this literature review. A primary goal of this review
is to uncover research threads, trends, and advance-
ments related to composite risers. To this end, a pub-
lic database named Scopus, accessed via Lancaster Uni-

versity UK, was utilized, as illustrated in Figure 4. A
total of 139 publications with the term “composite ris-
ers” and 576 publications with the keywords ‘compos-
ite AND risers’ were included in the scientometric anal-
ysis. This selection was made after careful considera-
tion and exclusion of irrelevant material to ensure the
data’s relevance to the study’s focus on composite risers.
The Scopus database was utilized, with descriptors in
the English language. All articles included in the review
were in English, as non-English papers were excluded.
Keywords were sourced from internet search engines,
with “composite risers” being the primary focus of the
research. However, comparisons were also drawn with
“marine risers” and “steel risers” to ascertain develop-
mental trends in other types of marine risers relative to

composite risers.

Figure 3. Research methodology for the scientometric review
on composite risers.

2.3. Scientometric Analysis’ Tools

Regarding this research, the scientometric review
This data un-

derwent further post-processing, incorporating specific

utilized data retrieved from Scopus.

variables and networks, and was then exported. The
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visualization for the knowledge maps was created us-
ing VOSviewer, which is well-validated for scientometric
studies [*7->%, The model was designed with a resolution
of 1.0, applying various normalization methods through

51-55]  The outcomes of the scientometric

VOSviewer!
analysis are detailed in Section 3. The study developed
both the keywords co-occurrence network and the co-
citation network, as they appeared in publications, using

the extrapolated data.

B scopus B scopus

Analyze search results Analyze search results
S

——

?documem results documem results
er & Oocument o
0z .

+  Documents byyear e wcumensr. Documents by year
—— % 5

Figure 4. Scopus database screenshots on the keyword “com-
posite riser”, showing (a) 139 publications using “composite
risers” and (b) 576 publications using ‘composite AND risers’.

3. Scientometric Review and Visu-
alization Mapping

The scientometric review and visualization map-
ping of composite risers are presented in this section, uti-
lizing VOSviewer for the knowledge mapping and data

sourced from the Scopus database.

3.1. Mapped Network by All Keywords

The post-processed analysis of the keyword-
mapped network was performed using VOSviewer. The
analysis employed the full counting method for co-
occurrence. Three main types of keyword analysis
were conducted: all keywords, author keywords, and
index keywords. For this section’s investigation, “all
keywords” were used to extract data from the Scopus
database. A total of 1,091 different keywords related to
“composite risers” research were identified. The initial
analysis determined the minimum number of keyword
re-occurrences. The thresholds were set as follows:

e 5 keywords: 59 keywords met the threshold.
e 4 keywords: 86 keywords met the threshold.

e 3 keywords: 145 keywords met the threshold.

e 2 keywords: 282 keywords met the threshold.
For the 282 keywords with at least two occur-
rences, the total strength of the co-occurrence links with
other keywords was calculated. The mapped network
was then developed by selecting the keywords with the
highest total link strength, as illustrated in Figures 5
and 6.

Figure 5. Mapping of all keywords on “composite risers” re-
search showing the network visualization. It was generated
using the VOSviewer tool.

Figure 6. Mapping of all keywords on “composite risers” re-
search showing the density visualization. It was generated us-
ing the VOSviewer tool.

Further analysis disregarded smaller data sets,
leading to the generation of 11 clusters, although some
contained only a small number of items. The clusters are

as follows:

® Cluster 1: 46 items ® Cluster 8: 23 items

® (Cluster 5: 29 items
® Cluster 2: 43 items ® Cluster 9: 19 items
® (Cluster 6: 23 items
® Cluster 3: 33 items ® Cluster 10: 10 items
® (Cluster 7: 23 items

® Cluster 4: 29 items ® Cluster 11: 4 item
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The most dominant cluster, Cluster 1, is repre-
sented by an ox-blood red node for ‘marine risers’ in
Figure 5, with 246 links, 69 occurrences, and a total
link strength of 681. Following this is Cluster 7, the or-
ange node for ‘composite risers’ in Figure 5, with 225
links, 48 occurrences, and a total link strength of 529.
Cluster 6, depicted as a sky-blue node for ‘composite
riser’ in Figure 5, has 159 links, 25 occurrences, and a
total link strength of 305. This indicates a higher vol-
ume of research publications on marine risers compared
to composite risers. Cluster 3, a red node in Figure 5,
represents ‘composite materials’, while Cluster 5, a pur-
ple node for ‘offshore oil well production’, has 181 links,
31 occurrences, and a total link strength of 365. Clus-
ter 1 also signifies ‘composite structures’, with 74 links,
14 occurrences, and a total link strength of 114. Key-
words with fewer linkages include ‘accident prevention’,
‘vibration characteristics’, ‘oil field’, ‘tension leg platform,
among others. The keyword occurrences are fully dis-
played using the density visualization in Figure 6.

3.2. Mapped Network by Author Keywords

The post-processed analysis of the keyword-
mapped network was conducted using VOSviewer. This
analysis, based on co-occurrence and employing the full
counting method, focused on author keywords. From
the Scopus database, 202 author keywords associated
with “composite risers” research were identified. The
initial data analysis established the minimum number
of keyword re-occurrences required. The thresholds
were set as follows:

e 5 keywords:
threshold.
e 4 keywords: 7 keywords met the threshold.

6 out of 202 keywords met the

e 3 keywords: 18 keywords met the threshold.
e 2 keywords: 49 keywords met the threshold.

For keywords with at least two occurrences, the to-
tal strength of the co-occurrence links with other key-
words was calculated. The mapped network was then
developed by selecting the keywords with the highest to-
tal link strength, as depicted in Figure 7.

Further analysis was conducted by ignoring
smaller data sets as they were used to generate 7 clus-

ters, but some were also small quantities. Cluster 1 had

10 items, cluster 2 had 9 items, cluster 3 had 7 items,
cluster 4 had 7 items, cluster 5 had 5 items, cluster 6 had
4 items, and cluster 7 had 2 items. The most dominant
cluster is cluster 7 which is seen as the node with orange
colour representing the research on ‘composite riser’ in
Figure 7. It has 36 links, 24 occurrences and a total link
strength of 76. The next dominant cluster is cluster 3
which is seen as the blue node representing ‘offshore en-
gineering’ in Figure 7. It has 10 links, 7 occurrences and
a total link strength of 26. The next dominant cluster is
cluster 4 which is seen as the yellow node representing
‘numerical modelling’ in Figure 7. It has 8 links, 3 occur-
rences and a total link strength of 10. This shows that
there are more research publications on marine risers
than on composite risers. The fourth cluster is cluster 3
which is a red node in Figure 7 for ‘finite element mod-
elling’ It is represented with 7 links, 5 occurrences and
a total link strength of 19. Cluster 2 representing ‘stress
analysis’ is represented with a purple node with 9 links,
3 occurrences and a total link strength of 17. Cluster
1 representing ‘marine riser’ is represented with a red
node with 3 links, 3 occurrences and a total link strength
of 3. Some other author keywords, such as ‘mechanics,
had the least linkages. A full display of the occurrence of
the keyword can be visualised using the density visual-

ization in Figure 8.

bondegimodg)

Sheligprings

Stresnalysic

Figure 7. Mapping of author keywords on “composite risers”
research showing the network visualization. It was generated
using the VOSviewer tool.

3.3. Mapped Network by Index Keywords

The post-processed analysis of the mapped net-
work by keywords was carried out using VOSviewer. The
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analysis was conducted by co-occurrence via the full
counting method for these different keywords that were
identified as index keywords. From the data retrieved
from the Scopus database, there are 977 index keywords
on “composite risers” research. The data was first anal-
ysed to determine the minimum number of times that
each keyword appeared. Using 28-31 keywords as the
minimum limits, 3 keywords met the threshold. Us-
ing 26-27 keywords as minimum limits, 4 keywords
met the threshold. Using 19-25 keywords as the mini-
mum limits, 5 keywords met the threshold. Using 17-
18 keywords as the minimum limits, 7 keywords met the
threshold. Using 15-16 keywords as the minimum lim-
its, 8 keywords met the threshold. Using 14 keywords
as the minimum limits, 9 keywords met the threshold.
Using 13 keywords as the minimum limits, 12 keywords
met the threshold. Using 12 keywords as the minimum
limits, 17 keywords met the threshold. Using 10-11
keywords as the minimum limits, 19 keywords met the
threshold. Using 9 keywords as the minimum limits, 21
keywords met the threshold. Using 8 keywords as the
minimum limits, 27 keywords met the threshold. Using
7 keywords as the minimum limits, 32 keywords met the
threshold. Using 6 keywords as the minimum limits, 40
keywords met the threshold. Using 5 keywords as the
minimum limits, 55 keywords met the threshold. Using
4 keywords as the minimum limits, 80 keywords met the
threshold. Using 3 keywords as the minimum limits, 132
keywords met the threshold. Using 2 keywords as the
minimum limits, 248 keywords met the threshold. Some
limits were put on the re-occurrence of keywords using
2 keywords. It was calculated on each of the 977 key-
words by using the total strength of the co-occurrence
links with other keywords. The mapped network was
developed by selecting the keywords with the greatest
total link strength, as extrapolated in Figures 9 and 10.

Further analysis was conducted by using all the
data sets to generate 31 clusters. Some of these clus-
ters had large items, such as Cluster 1 had 67 items, clus-
ter 2 had 49 items, cluster 3 had 49 items, cluster 4 had
48 items, and cluster 5 had 57 items. The most domi-
nant cluster is cluster 31, which is represented as the
node with greyish colour, signifying ‘marine risers’ in
Figure 9. It has 576 links, 69 occurrences and a total

link strength of 989. The next dominant cluster is clus-
ter 5, which is represented as the purple node, signifying
‘composite risers’ in Figure 9. It has 483 links, 48 occur-
rences and a total link strength of 756. The next dom-
inant cluster is cluster 12, which is represented as the
sky-blue node, signifying ‘offshore structure’ in Figure 9.
It has 272 links, 25 occurrences and a total link strength
of 368. Cluster 5 signifying ‘offshore oil well production’
is represented with a green node with 351 links, 31 oc-
currences and a total link strength of 530. This shows
that there are more research publications on marine ris-
ers than on composite risers. There are also other clus-
ters representing other index keywords like ‘composite
structures’, ‘offshore technology’, ‘Fiber reinforced plas-
tics’, etc. A full display of the occurrence of the index key-
word is represented via the density visualization in Fig-
ure 10.

Figure 8. Mapping of author keywords on “composite risers”
research showing the density visualization. It was generated
using the VOSviewer tool.
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Figure 9. Mapping of index keywords on “composite risers”
research showing the network visualization. It was generated
using the VOSviewer tool.
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Figure 10. Mapping of index keywords on “composite risers”
research showing the density visualization. It was generated
using the VOSviewer tool.

3.4. Mapped Network by Citations

The relevance of publications in the academic
sphere is gauged by the citations received by the papers,
which consider several factors. These citations can serve
as indicators of the progress achieved by authors and
the impact made by researchers in their field. Various
databases, such as Scopus, Google Scholar, and Research-
Gate, utilize metrics like the h-index and citation counts.
To present a clearer view on the authorship impact, the
citations are classified using Google Scholar. It was done
by considering the number of citations in the subject as
a form of classification for top 15 authors. The citation
analysis was conducted by classifying research works us-
ing the h-index and number of citations for selected au-
thors in Table 1. Using the citation analysis, it was ob-
served that the authors with the highest h-index had the
highest citations, as noticed to be Tan, V.B.C in Table 1,
followed by Tay, T.E, then Ye, ], followed by Morozov, E.V,,
then Jaiman, R.K. down to the last author- Singh, M.

Table 1. The number of citations in the subject for top 10 au-
thors.

Authors h-Index Citations
Tan, V.B.C. 68 10679
Tay, T.E. 50 8098
Ye, J. 45 6541
Morozov, E.V. 34 4939
Jaiman, R.K. 36 3996
Qian, X. 34 3440
Ochoa, 0.0. 23 2425
Sobey, A. 20 1388
Ashraf, M.A. 17 1231
Toh, W. 15 1003
Amaechi, C.V. 20 887
Pham, D.C. 12 812
Wang, C. 10 272
Ragheb, H.A. 7 79
Singh, M. 4 49

In this study, citations are employed to investi-
gate the global impact of research on ‘composite risers’.
The visualizations in Figures 11 and 12 illustrate that
the mapping of citations in ‘composite risers’ research
presents varying cluster densities. This knowledge map-
ping was conducted using a normalization method based
on association strength. The data was grouped into 11
clusters with a resolution of 1.0, and a minimum clus-
ter size of 1.0. Similarly, the clusters were also designed
to be rotated by 90 degrees and the small clusters were
merged. Hence, 85 items were used to generate the
11 clusters. The other small items were clustered sep-
arately but could not be merged into the association as
they fell outside the network of clusters. Cluster 1 con-
tained 19 items, cluster 2 had 17 items, cluster 3 had 9
items, cluster 4 had 9 items, cluster 5 had 7 items, clus-
ter 6 had 5 items, cluster 7 had 4 items, cluster 8 had 4
items, cluster 9 had 4 items, cluster 10 had 4 items, and
cluster 11 had 3 items. However, there is need to have a

further analysis of the authorship trend in Section 3.5.
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Figure 11. Mapping of citations on “composite risers” re-
search showing the network visualization. It was generated
using the VOSviewer tool.

Figure 12. Mapping of citations on “composite risers” re-
search showing the density visualization normalized using
the association strength method of normalization via the
VOSviewer tool.
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3.5. Mapped Network by Authors

As seen in the visualizations in Figures 13 and
14, the mapping of the authors on ‘composite risers’ re-
search reveals varying cluster densities. The mapping in-
dicates that only a few countries have high research den-
sities in the field of composite risers. This data was post-
processed in VOSviewer using the co-occurrence node
of the network and was conducted with a normalization
method based on association strength. The data were
grouped into 11 clusters with a resolution of 1.0 and a
minimum cluster size of 1.0. The clusters were designed
to be rotated by 90 degrees, and the smaller clusters
were merged, resulting in a total of 189 items used to
generate the 11 clusters. The other small items were
clustered into small clusters but could not be merged
into the association as they fell outside the network of
clusters. Cluster 1 contained 44 items, cluster 2 had 25
items, cluster 3 had 25 items, cluster 4 had 21 items, clus-
ter 5 had 18 items, cluster 6 had 15 items, cluster 7 had
13 items, cluster 8 had 11 items, cluster 9 had 8 items,
cluster 10 had 5 items, and cluster 11 had 4 items. It
was observed that the affiliation with the highest num-
ber of research works did not have the publications with
the most co-authorship relations, as seen in Figures 13
and 14. However, this scientometric analysis revealed
that the main co-authors primarily focused on compos-
ite marine risers and related subjects. Different nodes
are coloured to show the interactions and research time-
lines for developments in composite risers. The authors
in the red node made significant contributions to the de-
velopment of composite materials as they collaborated
with various Joint Industry Projects (JIPs) on composite
marine risers, particularly between 1986-2005, predom-
inantly in the United States of America (U.S.A.) and Nor-
way. The authors on the purple nodes conducted exten-
sive research from 2011-2022, mainly in Australia and
China.

3.6. Mapped Network by Countries

As seen in the visualizations in Figures 15 and 16,
the knowledge mapping of research countries on 'com-
posite risers’ research reveals varying cluster densities.

The mapping indicates that only a few countries have

high research densities in the field of composite risers.
This data was post-processed in VOSviewer using the co-
occurrence node of the network and was conducted with
a normalization method based on association strength.
The data were grouped into 2 clusters with a resolu-
tion of 1.0 and a minimum cluster size of 1.0. The clus-
ters were designed to be rotated by 90 degrees, and the
smaller clusters were merged, resulting in a total of 11
items used to generate the 2 clusters. The other small
items were clustered separately but could not be merged
into the association as they fell outside the network of
clusters. Cluster 1 comprised 6 items (Brazil, France,
India, Norway, Singapore, and the United States), while
cluster 2 consisted of 5 items (Australia, China, Denmark,
Nigeria, and the United Kingdom). In conclusion, the
U.S.A. recorded the highest publication volume but less
co-occurrence with other affiliations outside the cluster,
which was strongly followed by countries like the UK,

China, Nigeria, Australia and Singapore.

iy
feog

.........

Figure 13. Mapping of authorship on “composite risers” re-
search showing the network visualization. It was generated
using the VOSviewer tool.

Figure 14. Main authors with more than 5 co-authorship re-
search publications on “composite risers”, the density (size and
red colour) accordingly to co-authorship importance (number
of co-authorships). It was generated using the VOSviewer tool.
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Figure 15. Mapping of publication countries on “composite ris-
ers” research showing the overlay visualization. It was gener-
ated using the VOSviewer tool.

Figure 16. Mapping of publication countries on “composite ris-
ers” research showing the density visualization. It was gener-
ated using the VOSviewer tool.

3.7. Mapped Network by Co-Authorship

As seen in the visualizations in Figure 17, the map-
ping of co-authorship impact on ’‘composite risers’ re-
search revealed varying cluster densities. The study in-
cluded data from 269 authors working on composite ris-
ers. The full counting method was used, setting the max-
imum number of authors per publication at 25. Thresh-
olds were established based on the minimum number
of authors, with 3 items meeting the threshold for 8 au-
thors, 6 items for 7 authors, 9 items for 6 authors, 14
items for 5 authors, 27 items for 4 authors, 35 items for
3 authors, and 81 items for 2 authors. Limits were im-
posed on the recurrence of authors, calculated for each
of the 269 authors by using the total strength of the
co-occurrence links with other keywords. The network
map was developed by selecting the keywords with the
highest total link strength, as shown in Figures 17 and
18.

The mapping indicates that fewer countries exhib-
ited heavy research densities in the bibliometric output
obtained on composite marine risers. These data were
post-processed in VOSviewer using the co-authorship
node of the network and were analyzed with a normal-

ization method based on association strength. The data
were organized into 4 clusters with a resolution of 1.0
and a minimum cluster size of 1.0. The clusters were
designed to be rotated by 90 degrees, and the smaller
clusters were merged. As a result, 26 co-authorship
items were utilized to generate the 4 clusters. Cluster
1 contained 9 items, cluster 2 also had 9 items, clus-
ter 3 had 4 items, and cluster 4 had 4 items.
observed that there is a significant relationship of co-

It was

authorship within composite riser research. The highest
co-authorship density indicates that the research works
with the most co-authorship relations, as seen in Fig-
ures 17 and 18.

However, this scientometric analysis has revealed
that the main co-authors primarily focused on com-
posite risers. Different nodes are color-coded to dis-
play the interactions and research timelines for devel-
opments in composite risers. The authors associated
with the red node have made significant contributions
to the development of composite risers and composite
materials for marine risers, originating from Amaechi
C.V. (identified as Cluster 1), such as Refl!.

larly, the authors linked to the green node have heav-

Simi-

ily contributed to the development of composite mate-
rials, with the major starting point for a research path
seen from Wang C. (identified as Cluster 2), as depicted
in Figures 17 and 18. Therefore, this study demon-
strates that both authors, among others, invested con-
siderable time working on composite risers, resulting in
doctoral research with high-quality publication outputs
and co-authorships. Nonetheless, this does not imply
that other researchers or doctoral studies on composite
risers were not conducted, as we identified few doctoral
theses that were conducted on composite risers showing

the evolving trend in the subject [ 56-62],

Figure 17. Mapping of co-authorship on “composite risers” re-
search showing the overlay visualization. It was generated us-
ing the VOSviewer tool.

10
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Figure 18. Mapping of co-authorship on “composite risers” re-
search showing the density visualization. It was generated us-
ing the VOSviewer tool.

3.8. Mapped Network by Organisations (or
Affiliations)

The post-processed analysis of the mapped net-
work by organizations (or affiliations) was carried out
using VOSviewer, as shown in Figure 19. The analysis
was conducted using the full counting method, setting
the maximum number of organizations per document at
25, ignoring documents co-authored by a large number
of organizations, with the minimum number of organi-
zations set at 1 and a minimum number of citation for
an organization at 0. There were 197 organizations in
the affiliation list, determined by using the total strength
of the bibliographic coupling links with other organiza-
tions. Out of the 197 affiliations, the largest set of con-
nected items consisted of 152 items. These were used
to generate 11 clusters, although some contained only
small quantities. Cluster 1 had 51 items, cluster 2 had 33
items, cluster 3 had 15 items, cluster 4 had 11 items, clus-
ter 5 had 10 items, cluster 6 had 8 items, cluster 7 had 7
items, cluster 8 had 7 items, cluster 9 had 5 items, clus-
ter 10 had 3 items, and cluster 11 had 2 items. Figure
19 illustrates the extensive networking of various affil-
iations and international networks established through
the research works on g_gpqposi.te risers.

Figure 19. Mapping of affiliations on organisations that re-
search on “composite risers” showing the network visualiza-
tion normalized using the association strength method of nor-
malization. It was generated using the VOSviewer tool.

3.9. Word Cloud on Publication Keywords

The scientometric analysis of the search terms used
in this study, along with the publication keywords, was
conducted by post-processing the keywords to form
word clouds. Using a word cloud generator, the key-
words are displayed in descending order of prominence,
from the most to the least bold, and from the highest to
the lowest frequency. Voyant Tools, an open-source web-
based application for text analysis, is utilized to analyse
the keywords. It provides a web-based reading and anal-
ysis environment for digital texts, promoting meticulous
reading and analysis of texts or corpora. This tool is par-
ticularly useful for academics in the fields of engineering,
information technology, data analysis, and the humani-
ties, as well as for librarians, researchers, students, and
the public.

Voyant Tools can be used to examine user-uploaded
texts, internet texts, or other online texts like author key-
words and publication keywords. The publication key-
words for this study were obtained from the top 85 ar-
ticles on 'composite riser’ sourced from Google Scholar.
The extracted publication keywords yielded a total of
1,390 keywords and 415 unique keyword forms. How-
ever, the most frequent keywords in the corpus were:
composite (88 occurrences); riser (72); risers (50); de-
sign (24); and engineering (20), as illustrated in Figure
20.

Legend: | @ composite | @ design| @ @riser | @ risers

Figure 20. Bubblelines on the frequencies for 5 top keywords
on composite riser research.

The keywords identified include thermoplastic
composite pipe, composite riser, thermal gradient, flex-
ible riser, tensile armor, carbon fiber, composite tensile
armor, deep sea oil riser, marine composites, composite
materials, computational fluid dynamics, ocean waves,
vibrations, vortices, composite structure, strength, con-
figuration, axial tension, CPR design, prediction, fail-
ure mode, requirement, composite production riser, un-
bonded flexible riser, finite element model, composite
tube, offshore engineering, numerical modeling, stress
distribution, choke, marine system, drilling riser, and

11
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others. The analysis of these keywords was conducted
using the Cirrus reader in Voyant Tools. The trends
in the words, correlations from word frequencies, and
segment inter-connectivity between the words demon-
strate a strong correlation among the keywords, as de-
picted in Tables 2 and 3. Further analysis of the correla-
tion and significance of composite riser research is pre-
sented in Figure 21.

Table 2. Parameters for publication keywords.

Parameters Values
Total keywords 1,390
Unique keyword forms 415
Vocabulary Density 0.299
Readability Index 26.494
Average Words Per Sentence 1390.0

Table 3. Keyword Correlation and Significance on composite riser research.

Keyword Term1 Keyword Term2 Correlation Significance
Composites Fibers 0.49236596 0.1482661
Composite TCP/Installation 0.48819634 0.15226409

CFRP Structure 0.49099028 0.14957803
CFRP Finite 0.51214755 0.13017447
Structure TCP 0.49099028 0.14957803
Local Pipe 0.46974897 0.17072928
Finite Model 0.47043753 0.17001721
Finite Optimization 0.51214755 0.13017447
Numerical Tailored 0.5 0.14111328
Numerical TCP/Polymers 0.5 0.14111328
Pipe Thermal 0.5021624 0.13912636
Pipe Wall 0.50529116 0.13628195
Homogenization Materials 0.5069794 0.13476211
Pipes Platforms 0.5063697 0.13530977
Marine Tensile 0.50676763 0.13495219
Risers Weight 0.50034325 0.14079669
Failure Properties 0.5048268 0.13670182
End Joint 0.5039527 0.13749437
Flexible Thermoplastic 0.49455026 0.14619748
Reliability Stress 0.49009803 0.15043268
Pipeline Stress 0.49055243 0.14999706
Fiber Glass 0.48412293 0.15623225
CPR Flexible 0.48173594 0.15623225
CPR Joint 0.8409599 0.0022994
Buckling CPR 0.51915985 0.124105975
Buckling Collapse 0.81483537 0.0040860
Delamination Risers 0.5547002 0.09607159
Laminate Liner 0.8179178 0.0038358
Fatigue Life 0.84953594 0.0018623
@ compose | @ dsin | & engncrng @i @ st ’ Figure 21 illustrates that some keywords are com-

o018

3 4 5 ] 7 H
Document Segments (Composite riser, composit...)

Figure 21. Trend on relative frequencies and document seg-
ments for 5 top keywords.

pound words, formed by combining multiple words. The
analysis shows that ‘composite riser’ has the highest rel-
ative frequency at 0.093660, while ‘engineering risers’
have the lowest relative frequencies. A comprehensive
analysis of the keywords resulted in the creation of word
clouds for the publication keywords. The word cloud

analysis revealed that certain words have higher den-
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sities than others, as depicted in Figure 22. The key-
words that were occurring most frequently are displayed
in larger font sizes and distinct font colours. Addition-
ally, it was noted that the term ’risers’ appeared more
frequently in the publications than other keywords.

Figure 22. Word cloud on publication keywords on the com-
posite riser research.

4. Emerging Trends and Future Di-
rections

Composite marine risers are a one-of-a-kind appli-
cation of hybrid polymer composites that are utilised
in the process of producing marine risers for offshore
platforms within the oil and gas sector. In addition
to that, this study demonstrates how cutting-edge tech-
niques can be utilised for conducting scientific literature
evaluations. This paper also provides an overview of
the research that has been conducted on composite ris-
ers!!, as well as the application of scientific literature
review in this industry and other relevant fields. How-
ever, there are limitations in this scientometric review as
it did not consider the doctoral research works and did
not consider non-English publications. It was found that
there are various related doctoral works on composite
risers[6-621, The processes that were conducted in this
scientometric review are centred on the published data
that was gathered from the Scopus database'l. Within
the framework of the study design, the utilisation of re-
cent scholarly publications from the Scopus database as
well as high-impact journal papers and conference pa-
pers pertaining to the topic matter was incorporated. Al-
though some sorting was done because it was observed
that certain linked articles on marine composites were

captured and reviewed by taking into consideration the
current state of the art on composite risers, some sort-
ing and evaluation was done. Furthermore, future re-
search can examine various composite riser industry re-
quirements and standards, including those from ABS,
BSI, DNV, NIS, ISO, and API, encompassing current reg-
ulations. Lastly, there should be more numerical models
on the thermal conductivity, structural integrity, and ver-
ification studies on composite risers as well as full-scale
experimental testing on composite risers.

The analysis reveals that the research in composite
marine riser has several emerging trends, like:

e Smart Risers: Implementing sensors and data an-
alytics to provide real-time monitoring and intel-
ligent control of composite risers.

e Multi-Scale  Modelling: Integrating  different
modelling scales (microscopic, mesoscopic, and
macroscopic) to accurately predict the behaviour
of composite risers under complex loading condi-
tions.

o Full-scale experimental testing: There is the need
to have more work on full-scale experimental test-
ing of composite risers(!], as current publications
are not recent which shows a gap in this area. The
current full-scale experimental testing works are
other tubular composite pipes, but there is the
need for those on composite risers. This is fur-
ther confirmed by the findings of this study that
there is the need for more industry and JIP collab-
orations.

e Bio-inspired Design: Utilizing principles from na-
ture to develop novel composite materials and
structures with enhanced performance.

e Optimization and Machine Learning: Utilizing op-
timization approaches and machine learning for
designing composite marine risers are also emerg-
ing areas on composite marine risers’ research.

e Sustainable Marine Structures: Recent sciento-

metric works that cover developments in sustain-

able marine structures! ¢3-%0] exist, but further
developments should include composite marine
risers. While the procedure in the present study
was carried out by first extracting the data using

the Scopus database prior to correlating it with an-
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other data source -Web of Science (WoS) database,
the use of other academic databases are recom-
mended for future study. Similar instance with
trends is the recent study on composite marine
risers’ bibliometric review and meta-analysis [!].

En-

ergy: Adapting composite riser technologies for

e Integration with Offshore Renewable
applications in offshore wind energy systems and
wave energy systems (0],

e Qualification Requirements: The investigation

also determined various studies on the compos-

ite risers(!l that met the necessary qualification
requirements such as VIV 34, fatigue>-7], qualifi-
cation 8], layer configuration > 371 and response-

based reliability (671,

However, a systematic re-
view is required for investigating these require-
ments, as well as other aspects of composite riser
reliability.

e Guidelines and Design Codes: There is the need
for more guidelines on composite riser which will

13,311 ' mechanical re-

enable the structural design!

[39, 40] Lt [67] Al 3
sponses , reliability !®’!, subsea pipeline de
commissioning [®®! and monitoring[®® 7%, Further
works on standardisation can be conducted which
will enhance standards elaboration. Further re-
search can examine composite riser industry re-
quirements and standards, like ABS, BSI, DNV, NIS,

ISO, and AP], with current regulations.

In summary, the discussion on the emerging trend
will be incomplete without a tabulated list on some re-
search themes. Thus, the research theme from this sci-
entometric review is given in Table 4.

5. Conclusions

This study is presented on the scientometric re-
view that have been conducted on composite marine
risers. In this paper, the research methodology taken
is also described. The knowledge maps are developed
by providing the SCOPUS data and post-processing it in
VOSviewer with detailed description of the visualization
mapping. This is crucial because a significant amount
of information gained from research on composite ma-

rine risers can be obscured by the sheer volume of arti-

cles published annually. Consequently, it is important
to analyze the trends using bibliographic output of re-
search on composite marine risers, as in earlier CPR bib-
liometric review!!. To conduct a comprehensive evalu-
ation of the research landscape of composite marine ris-
ers, this work utilizes knowledge maps and scientomet-
ric analysis. We have identified major research issues,
significant authors, institutions, and emerging trends
in the field using bibliometric data and visualization
tools. The aim of this study is to provide a valuable re-
source for researchers, engineers, and other stakehold-
ers interested in the development and implementation
of composite marine risers. The knowledge maps ob-
tained from the scientometric review on composite ris-

ers present a novel contribution to marine engineering.

Table 4. The research theme on the emerging areas from this
scientometric review.

Research Theme References
Marine Riser [1,2,71]
Vortex-induced vibration (VIV) 3.4
Fatigue damage [5-7,72-74]
Composite riser [1,8,9,31,37-39]
Composite riser testing [10,11, 44, 46]
Weight ratio [12-14]
Composite material [1,15,16,42]
Qualification [10,11,18,25]
Structural design [13,31,47]
VOSviewer [1,47-55]
Composite Marine Risers [1,56-62]
Sustainable Marine Structures [1,63-66, 71]
Scientometric Analysis [1,47-55, 63-66]
Marine Structure [63-70]
Reliability [67, 74]
Subsea pipeline decommissioning (68]
Flexible riser [17,18,27]
Coupling (28,29, 36]
Composite pipe [31,38]
doctoral thesis on composite risers [56-62]
[24-26]

Composite riser end-fitting

Composite riser review [1,23,32, 34,35, 43]

Mechanical responses [39,44,71]
Monitoring [18,33,69]
Guideline [69,70]
Offshore platform [2,8,9,18,19,72]
Global design [3,13,72-74]

Local design [3,12,14,71,75-77]

Some of the most important findings from this
study are as follows: firstly, it was observed that the re-
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search trends recorded the highest publication volume
in the U.S.A. but less cluster affiliated, as it was followed
by countries like the U.K., China, Nigeria, Australia and
Singapore. Secondly, this field has more conference pa-
pers than journal papers due to the challenge of adapt-
ability, acceptance, qualification, and application of com-
posite marine risers in the marine industry. Hence, there
is a need for more collaborations on composite marine
risers and more funding to enhance the research trend.
Although this is a scientometric study, it did not exam-
ine the research conducted on composite risers for use
in marine environments as there is need for further work
with tabulated data to compare the designs. Also, a com-
prehensive analysis of composite risers was carried out
using the SCOPUS database, comparing results from two
distinct retrieval periods could be also done aside from
1977-2023, as a closer timeframe may present different
trends. Thirdly, the result of the analysis based on the
available literature on composite risers showed that an-
notated bibliography can be performed in future work
on this area. Fourthly, to visualize the presented re-
sults, this study has successfully given knowledge maps
through the comprehensive data analysis which was con-
ducted with the aid of cutting-edge technologies like
VOSviewer to develop knowledge maps.

Finally, the impact of the research and this scien-
tific analysis on composite risers were presented. The
data retrieved from publications span fields such as sci-
ence, engineering, and general research. This includes
journal articles, review articles, conference papers, and
notes. Due to the challenges of adaptation, acceptance,
qualification, and application of composite risers in the
industry, more conference papers were found in the area
than journal publications. This analysis also highlights
the efforts made in producing publications, patents, and
design codes or standards relevant to the topic. Further-
more, this scientometric study on the subject showcases
recent developments, geographical activity by countries,
authorship records, collaborations, funding organiza-
tions, connections, co-occurrences, and areas requiring
further investigation. Thus, another systematic review
isrequired to comprehensively investigate the necessary
qualification requirements that were met by composite

risers. Further research can examine various composite

riser industry requirements and standards, like ABS, BS],
DNV, NIS, ISO, and API, with current regulations.
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