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Abstract. With an aim to better understand the past research on remanufacturing,
this paper presents a literature review using the citation network analysis. Based on
objective information (i.e., citations among journals and articles), a brief overview of the
research on remanufacturing is provided. More specifically, two analyses are described:
(1) centrality analysis of journals to identify the most influential journals in the field of
remanufacturing and (2) cluster and content analysis of articles to recognize the research
topics and communities of great attention in the field. It is expected that the results can
provide researchers with an approximate idea of the journals and research topics that are
important and promising.
Keywords: Remanufacturing, Citation network analysis, Degree centrality, Modularity
analysis, Cluster analysis, Content analysis

1. Introduction. As remanufacturing (i.e., the process of restoring used, discarded prod-
ucts to a like-new condition) has received increasing attention, the number of publications
in the field of remanufacturing has increased significantly in past decades. According to
Scopus (i.e., one of the largest databases of peer-reviewed literature [1]), more than 7,700
articles have been published in the area of remanufacturing since the 1960s, and the
number of annual publications shows a significant increasing trend, as depicted in Figure
1.

With an aim to better understand the past research on remanufacturing, this paper
presents a literature review that is based on the citation network analysis. Most litera-
ture reviews on remanufacturing have been conducted based on the authors’ subjective
analysis (e.g., [2-7]). For example, R. Kumar and P. Ramachandran classified the re-
search topics of the research on revenue management in the remanufacturing field from a
subjective perspective [2]. Unlike the other reviews, this paper presents a review based
on objective information, i.e., citations among both journals and articles. The citation
network analysis is a bibliometric method that has been widely used in many research
fields including science, technology, the humanities, and the social sciences [8-10]. To the
authors’ best knowledge, this work is the first citation network analysis targeting the area
of remanufacturing.

More specifically, this paper introduces the following two analyses, as shown in Figure
2. First, a centrality analysis of the journals is conducted to identify the influence of
the journals in the field of remanufacturing. Next, a cluster and content analysis of the
articles is performed to understand the research topics in the field.

The rest of the paper is organized as follows. Section 2 presents an overview of the
research, describing the data collection and analysis. Section 3 presents the analysis
results. Lastly, Section 4 concludes the paper, suggesting future research directions.
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Figure 1. Publications in the field of remanufacturing (cumulative graph)

Figure 2. Publications in the field of remanufacturing

2. Overview of the Research. As shown in Figure 2, the citation network analysis in
this paper consists of the following three parts: (1) data collection, (2) centrality analysis
of journals, and (3) cluster and content analysis of articles. The network-analysis software
package NetMiner4.0 and the statistical software R were used for the analyses.

2.1. Data collection. In this study, the bibliographic information of approximately
7,700 remanufacturing articles from 1967 to 2017 was used for the analysis. The data
collection was conducted via Scopus (scopus.com). Considering whether the article title,
keywords, or abstract include any of the six words, “remanufacture”, “remanufactur-
ing”, “remanufactured”, “refurbish”, “refurbishing”, and “refurbished”, a total of 1,431
primary-source articles were first collected. Next, 6,301 articles that directly cite the
primary sources were added, while the articles with 10 or fewer citations or without an
abstract (approximately 400 articles) were removed from the analysis.
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The information was stored in the following two types of Excel file: (1) a link file
representing the citation relationships between the journals or between the articles, and
(2) a main file including the article information. The link file defines two types of nodes
(i.e., source and target), where the source and the target indicate a cited and a citing
journal or article, respectively. (For instance, if Article X is cited in Article Y, X becomes
a source and Y becomes a target.) A link between two nodes flows from the source to the
target. The main file is the database of the article information. It stores the bibliographic
information for the content analysis in the order of the article ID (assigned arbitrarily),
author/s, article title, published year, journal, abstract, and keywords.

As shown in Figure 3, the citation network in this paper consists of nodes and links.
Here, each node represents a journal or an article, and the link between two nodes repre-
sents the citation relationship between the nodes.

Figure 3. The network consists of nodes and links.

2.2. Centrality analysis of journals. It is commonly accepted that the more times
that a journal is cited, the greater the influence of that journal in the research field. To
identify the journals that are greatly influential in the remanufacturing field, this study
conducted a centrality analysis of the journals.

Centrality is a common measure in a network analysis that is used to identify the power
and influence of a node [11]. The centrality of a node represents how central the location
of a node in an entire network; that is, how important a node is [12]. Among the various
centrality measures, this study used degree centrality that was proposed by Freeman and
is used to measure the number of links that belong to a node in a network [13].

Depending on the direction of the link, two types of degree centrality are relevant here:
in-degree and out-degree centralities. Since this study aims to identify those journals that
are more frequently cited compared with the others, out-degree centrality is of interest.

At the same time, to confirm that the out-degree centrality significantly differs by
journal (i.e., certain journals are more frequently cited than others), the network degree
centralization index was computed using Equation (1). If the index value is greater than
1, it represents a large difference between the centrality values among the nodes.

Network degree centralization index =

∑
everynode

(max. centrality − node’s centrality)

#node − 2
.

(1)

2.3. Cluster and content analysis of articles. In general, researchers cite other ar-
ticles on similar research topics or methodologies. If the cluster analysis is performed
according to the citations, articles sharing similar research topics or methodologies will
be clustered into a group.

To identify the cluster structure of the collected articles, this study first conducted
clustering using the modularity analysis. The modularity analysis configures a network
such that the number of links in a cluster is greater than the numbers of links between the
clusters. This analysis used the CNM (Clauset-Newman-Moore) algorithm that is known
as a useful tool in the discovery of clear clusters that correspond to specific topics [14].
As one of the cohesion algorithms, it starts in a completely non-clustered situation and
combines small clusters one by one to improve the modularity value. Here, the modularity
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value is a quantitative measure of the clustering quality, and it ranges from 0 to 1 [15]. A
higher modularity value means that more meaningful clusters have been derived.

After the cluster structure is derived, the next step is the examination of the keywords
of each cluster to reveal the research topics and interests of the cluster that have been
actively studied. For such a content analysis, the abstracts of the articles of each cluster
were analyzed using the frequency analysis. The nouns in the abstracts were extracted,
and the frequency values of these words were analyzed to extract the distinctive nouns
that represent each cluster.

3. Analysis Result.

3.1. Centrality analysis of journals. This study first conducted an out-degree cen-
trality analysis of the journals on remanufacturing. NetMiner 4.0 (analyze > centrality
> degree; main process setting: sum of weight) was used for the analysis. In this study,
a total of 1,817 journals were analyzed, and Table 1 shows a part of the result, i.e., the
top five journals based on the centrality value.

Table 1. Centrality analysis results: Top five journals and their ranks by
article count

Rank Journal name Centrality*
Article count

(rank)
1 Management Science 1.15 21 (56)
2 International Journal of Production Economics 1.09 369 (2)
3 Production and Operations Management 1.07 83 (10)
4 European Journal of Operational Research 0.92 156 (4)
5 Journal of Cleaner Production 0.71 381 (1)

* Network degree centralization index: 1.15

A higher centrality value indicates that a journal is more frequently cited and its in-
fluence in the field of remanufacturing is stronger. According to the results, the journal
Management Science is the most cited journal in the area of remanufacturing (including
self-citations), followed in sequence by International Journal of Production Economics,
Production and Operations Management, European Journal of Operational Research, and
Journal of Cleaner Production.

This study also compared the journal ranks by centrality value with those by article
count. The results showed that the two ranks are different. For instance, Journal of
Cleaner Production has published the most articles on remanufacturing, whereas it was
ranked fifth in terms of its centrality value. This implies that, in the remanufacturing
field, a journal that has published many articles is not necessarily a journal that has been
frequently cited.

3.2. Cluster and content analysis of articles. The citation network analysis of the
articles was conducted in the following two steps: modularity analysis for clustering and
content analysis (i.e., frequency analysis of the abstracts) of each cluster. In this study,
NetMiner4.0 (cohesion > community > modularity) and R were used for the clustering
and frequency analyses, respectively.

In the analysis of the citation relationships of approximately 7,300 articles, a total of
42 clusters were formed. Next, the content analysis was performed for the top 12 clusters,
which account for more than 90% of the total data, to identify the characteristics of each
cluster. A frequency analysis of 6,580 articles was conducted, and the Appendix shows a
portion of the results. Please note that the following general words were removed from the
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analysis as they appear redundantly across the clusters: remanufacture, product, system,
method, approach, analysis, result, paper, study, model, process, and problem.

Most of the articles in the remanufacturing field include the terms “supply chain”,
“environment”, and “sustain”. Each cluster, however, also contains some words that
reveal the distinctive characteristics of each of the clusters, and the Appendix shows
the common words (highlighted) and the unique words (bold) for each cluster. Table 2
presents a summary of the characteristics of each cluster. For example, it is evident that
the focus of Cluster G36, which forms the largest cluster, is money-related topic such
as price, profit, retail, and market. The cluster mainly deals with the pricing issues in
remanufacturing, such as the extent of the incentives that should be offered to the supplier
of the products and the determination of the optimal retail price for the maximization
of the remanufacturing profit. Cluster G41 addresses the inventory-management issues
in product recovery, while G37 includes research on network algorithms that is for the
purpose of optimizing various network problems (e.g., reverse-logistics network, closed-
loop supply chain network, and recovery network).

Table 2. Main research topics in remanufacturing

Cluster Research Topic
1 G36 Cost and profit in market
2 G41 Inventory management in product recovery
3 G35 Design for disassembly
4 G39 Quality management
5 G40 Supply Chain Management (SCM) using dynamic modeling
6 G31 Green design
7 G32 Material energy efficiency
8 G34 Reverse-logistics process framework
9 G42 Creating value for closed-loop supply chains
10 G33 Sustainable management of electronic waste
11 G38 Product-service-system business model
12 G37 Optimization models for various network problems

These results help researchers in the identification of the kinds of research communities
(according to the research topics) that exist in the remanufacturing field and the research
topics that have been actively studied in the area.

4. Conclusion. With the aim of the attainment of an improved understanding of the re-
search in the field of remanufacturing, this paper conducted two citation network analyses
for journals and articles, respectively.

First, the centrality of the journals from a remanufacturing standpoint was examined
by using the out-degree centrality analysis. In a comparison of the rank of the degree
centrality with the rank of the number of publications, it was revealed that the number
of articles does not necessarily represent the influence of a journal. Based on the citation
relationships among the journals, the following journals were identified as the most in-
fluential journals in the field: Management Science, International Journal of Production
Economics, Production and Operations Management, European Journal of Operational
Research, and Journal of Cleaner Production.

Next, the cluster and content analysis was conducted for the remanufacturing articles.
By performing the modularity analysis, a total of 42 clusters were formed, revealing that
the top 12 clusters cover 90% of the articles. The frequency analysis of the article abstracts
showed that following 12 research topics have received great attention in the field: cost
and profit in market, logistics and inventory, design for disassembly, quality management,
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capacity optimization, green design, material efficiency, reverse logistics, closed-loop sup-
ply chains, electronic-waste recycling, product-service system, and optimization through
network.

This study helps researchers in the identification of the journals of importance and
topics that have been actively researched in the remanufacturing area. One limitation of
the study, however, is that the network analysis was conducted without a consideration
of time. To better identify the research trends in the remanufacturing field, time must be
included in future analyses.
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