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a b s t r a c t

This study aims to provide an up-to-date contemporary bibliometric view of the waste-to-energy in-
cineration literature and a correlative analysis of this field. Based on the bibliometric method, a statistical
analysis was undertaken on papers published from 1999 to 2015 in Science Citation Index (SCI) and the
Social Science Citation Index (SSCI). There were 4348 publications in the field of waste-to-energy in-
cineration. The number of publications per year has increased steadily since 2009. China produced
15.71% of all pertinent articles followed by Japan with 11.37% and USA with 7.97%. China has played a key
role in the collaboration network of 30 most productive countries and regions. In addition, the co-
operation within the European countries was notable. However, China ranked first in all aspects except
h-index. This means China's impact (number of citations) in this field could be further strengthened
though its quantity (number of publications) was the highest. Five clusters were identified from key-
words networks, i.e. Central Cluster node (“combustion”), Cluster(I) (central nodes were “fly ash”,” heavy
metal(s)” and “bottom ash”), Cluster(II) (central nodes were dioxin-related substances), Clusters(III)
(central nodes focused on waste management), and Cluster(IV) “chemistry methods”. These findings are
useful for the future endeavor of waste-to-energy incineration academic research.

& 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Renewable energy has attracted a growing attention due to
global warming and rapid depletion of natural resources [1,2]. It is
well recognized that municipal solid waste (MSW) is a source of
renewable energy due to its composition, e.g. wood or food as
biomass materials [3,4]. As one of most popular approaches,
waste-to-energy incineration helps to reduce the amount of waste
sent to the landfill [5,6]. Waste-to-energy incineration can not only
deal with the rapid growing amount of MSW arguably due to the
expansion of the population but also satisfy the demand for en-
ergy by means of heat and electricity [7,8]. This indeed forms part
of renewable energy production strategies [9,10].

Last decades have witnessed the rapid advancement of waste-
to-energy incineration technologies from simple open pit burning
in the 1950s to waste-to-energy plants with energy recovery as
current practices which is highly efficient [11].

Major concerns to waste incineration plants include the air
pollutants such as dioxins and heavy metals [3]. Indeed, there
were no newWTE facilities in the USA since 1996 for a decade due
to environmental and political pressure [3]. However, recently
waste-to-energy incineration is receiving a growing attention in
many countries due to the promotion of renewable energy de-
velopments and pressure on efficient land use. In Europe, the EU
waste framework directive (2008/98/EC) emphasizes energy re-
covery from waste [5]. Waste incinerators play a critical role for
the energy supply in several northern European countries [11]. The
waste-to-energy incineration was used to treat more than 30%
MSW in Germany. In Asia, in the Chinese government put forward
“The 12th Five-Year Plan (2011–2015)”, which specified that elec-
tricity generated from the waste incineration technologies will
grow by 10%, reaching a proportion of 30% of the total energy mix
in 5 years [12]. In Japan, approximately 80% of MSW is incinerated,
where energy recovery has been included in a certain proportion
of waste incineration plants [13]. In South Korea, the amount of
energy generated from mixed wastes (incineration) contributed to
more than 23% of the renewable energy production [4].

With the advancement of waste incineration and emissions
control technologies, the related body of literature has grown
substantially. Therefore, it is necessary to assess the development
and growth of research related to the waste-to-energy incinera-
tion, especially during the past decade.

Bibliometrics provides a useful tool which quantitatively ana-
lyzes the development and growth of any specific research field
[14–16]. Mathematical and statistical methods can be employed to
examine various characteristics of publications such as the dis-
tributed architecture and variation patterns, which in turn reflect
the status quo of the underlying science and technology [17].
Bibliometrics technique has been adopted in various energy-re-
lated fields such as alternative energy research [14], solar energy
[18], and energy efficiency [19], however not on the waste-to-
energy incineration. The objective of this study is to present a
comprehensive analysis of publications related to waste-to-energy
incineration by means of bibliometric method. As Municipal solid
waste (MSW) is regarded as an important source of renewable
energy, these results not only provide a better understanding of
global hotspots in the specific research related to the waste-to-
energy incineration, but may also provide useful information for
the broader research area of renewable energy.
2. Methods

Multiple methods were employed in order to analyze the
trends and characteristics of researches related to waste-to-energy
incineration. These methods are: bibliometric, social network
analysis, and h-index.

2.1. Bibliometric analysis

Bibliometric method is a combination of quantitative and
qualitative of analysis which involves three typical models: Brad-
ford literature dispersion law, Lotka's law, Zipf's Law [20–22]. It
adopts statistical and mathematical methods to research the dis-
tributed architecture, mathematical regularities, varying pattern
and quantitative management of the information, and subse-
quently investigates the structure, characteristics and patterns of
the underlying science and technology [23]. As one of the most
important methods in the researching of library and information
science and a newly developing discipline, the bibliometric tech-
nique has become one of most commonly adopted method to
measure the progress in a specific scientific field [15]. The research
objects can be all kinds of literatures themselves and the char-
acteristics they reveal such as topics, authors, publication dates
references, contents and so on.

Biblimetrics provides a useful tool to map the literature around
a research field. It includes quantitative and visual processes to
identify patterns and dynamics in scientific publications [24].
Bibliometric analysis has been guided by the objective of revealing
global trends in certain areas of research [25]. The aspects of body
of literature by Bibliometric method include both quantitative
information (e.g. annual outputs, mainstream journals, leading
countries and institutions) and qualitative data (e.g. hotspots and
future research methods directions) [26].

2.2. Social network analysis (SNA)

Social network, which stems from graph theory, is a regulation
or a method of analyzing social relations, focusing on the structure
of relationships, ranging from casual acquaintance to close bonds
[27,28]. Social network analysis is designed to model the dynamics
between focus and relationships which has been employed in
bibliometric related studies. SNA has been employed to highlight
the relationships between various nodes in the networks. In the
context of bibliometrics analysis, these nodes present countries,
institutions, authors and keywords related to a specific research
field. Data visualization plays a crucial role in network research. A
variety of software are available to achieve the data visualization.
Pajek and Gephi are two of powerful visualization tools for SNA. In
this study, the academic collaboration among different countries
and institutes were analyzed by using the Pajek software, and the
clustering analysis of keywords were analyzed by using the Gephi
software.

2.2.1. Co-word analysis
Co-word is one of the content analysis methods, which is
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originated from the late 1970s. As it is easy to operate, Co-word
has been used to search management information systems, ana-
lyze the research trends [18], discover research hotpots [23] and
identify the evolution of research topics [29]. Similar to co-citation
and co-author analysis, co-word aims to identify Co-word and co-
absence of keywords [30]. Based on co-word analysis method,
there are mainly three steps for the clustering analysis (Bibexcel be
used) [31]: (1) extract keywords or themes are retrieved from
existing literature where keywords with high frequency are
identified. Top 30 countries and institutes were selected for ana-
lysis in this paper. As there was no cooperation between some
institutes, only 25 countries and institutes were further analyzed.
Keywords were selected with a frequency greater than 3; (2) co-
words matrix is established by counting the frequency that each
pair of keywords occur in the same paper. This matrix serves as a
Layout:
Force Atlas algorithms
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show label
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Filter

Output: Cluster structure of

Inpu
Co-words

Raw edges and nodes

Fig. 1. Flow chart, step-by-step methodology (Source: http://gephi.org/). Note: Metrics:
the path length for all possible pairs of nodes and give information about how nodes are
a single edge (Source: http://gephi.org/).
critical input to the social network visualization software.

2.2.2. Clusters analysis
Clustering analysis was employed to examine the comprehen-

sive relationship between keywords. Clusters are also called
communities, groups or modules in SNA. It was designed to
measure the structure of networks. Cluster(or community) struc-
ture detection is crucial to reveal the underlying structure of
complex networks [32]. In general, nodes in the same cluster play
similar roles in the network [33].

Modular functions of Gephi software was used in this study to
detect these clusters. The first important part in the Gephi soft-
ware is the Layout module, where Force Atlas2 algorithms were
used to re-position the nodes in the graph. This algorithm can be
used in typical networks of Gephi environment. It spatializes a
Layout module

Modularity module

 the co-words network

t:
 matrix

in this process, the average path length for the network was calculated. It computes
close from each other; Filter: Filters can be created to remove leaves, i.e. nodes with

http://gephi.org/
http://gephi.org/


Fig. 2. TP, TC, and ACPP from 1999 to 2015. Note: TP-total number of publications,
TC-total number of citations, ACPP-average citation per year.
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network by means of simulating the associated physical system. As
a result, the association of a node with its ‘home’ clusters is
identified [33].

The second important part is the Modularity module. A
“Modularity Class” value is computed by means of the community
detection algorithm for each node via the Louvain method. As a
kind of state-of-the-art technique, Louvain method (LM) provides
a useful tool to examine large scale weighted networks [34].
Consequently, the partition module can be used to colorize
clusters.

The whole procedure is showed as Fig. 1.

2.3. The impact factor and H-index

For countries, institutions and author of the publications, two
measures of influence are employed in our analysis: the impact
factor (IF) and the h-index. The quality and article diffusion during
the period of study is analyzed through the Impact Factor. Each
article has been assigned the impact factor of the journal in the
year of publication in which it was published. This is the way in
which the average IF value of publications from each center/
country for a specific time period is calculated [35].

The h-index was first proposed by Hirsch [38] to measure the
productivity and impact of published works of not only individual
scholars, but also research organizations, countries, and journals
collectively [36]. H-index is defined as: “…a scientist has index H if
H of his/her Np papers have at least H citations each, and the other
(Np-H) papers have no more than H citations each,” where Np is
the number of papers published over n years [36]. In H-index,
measures for quantity (i.e number of publications) and impact (i.e.
number of citations) are integrated into a single indicator [37,38].
In this study, the h-indexes of research countries and institutes
were calculated.
Fig. 3. Number of articles addressing different subjects, 1999–2015.
3. Results and discussions

The steps to obtain article information related to waste-to-en-
ergy incineration are described as follows:

– Step 1: keywords related to waste-to-energy incineration (i.e.
seed keywords) were screened.

– Step 2: seed keywords were used to search the databases of
Science Citation Index (SCI), the Science Citation Index Ex-
panded (SCIE) and the Social Science Citation Index (SSCI). These
databases cover a wide range of research fields and have been
widely used in bibliometrics related studies as they offer more
consistent and standardized records than others such as Scopus
[39]. SCI and SCIE (Expanded SCI) mainly cover the natural
science and engineering technology. SSCI covers anthropology,
law, economics, history, geography, psychology and so on.
Indeed, web of science is the most popular indexed database
in bibliometrics related studies [40,41]. These keywords are:
“incineration waste” or “incineration municipal solid waste” or
“incineration waste-to-energy”.

– Step 3: all literatures were located and stored in a dedicated
folder.

A total of 4348 documents were retrieved from databases that
were published from 1999 to 2015 These documents were ana-
lyzed according to their types, publication outputs, general pat-
terns, citations, countries and institutions of publication, and
keywords distribution, etc.

3.1. The general patterns

Of 4348 documents related to waste-to-energy incineration
retrieved from SCI and SSCI databases over the last16 years, jour-
nal articles accounted for 82.29% (3578 records). Other types of
documents include proceedings, reviews, meeting abstracts, let-
ters, book chapters, etc. Therefore, only the type of article was
considered in this study. As shown in Fig. 2, the total number of
publications (TP) increased continually, in spite of some fluctua-
tions throughout the period of time. By contrast, the total number
of citations (TC) dropped significantly since 2004. Similarly, the
annual average citation per year (ACPP) experienced a sharp de-
crease in last decade, from the highest (24.63 times) in 2004 to the
lowest (0.26 times) in 2014.

3.2. The distribution of subject categories

These 3572 journal articles related to waste-to-energy in-
cineration covered 164 subject categories in SCI and SSCI data-
bases. The top 5 subjects in terms of the total number and annual
number of published articles are shown in Fig. 3. Articles covering
Environment Sciences and Engineering, Environmental experi-
enced explosive growth since 2006. In contrary, the number of
articles in other areas only gained a slow growth. Thus, the main
research areas of waste-to-energy incineration are Environment
Sciences and Engineering.

3.3. The performance of journals

A total of 656 journals have published articles related to waste-
to-energy incineration from 1999 to 2015. Table 1 listed top
5 journals in terms of the number of publications related to waste-
to-energy incineration. Waste management, Chemosphere, Journal
of hazardous materials, Waste Management & Research, and En-
vironmental Science & Technology were the five most popular
journals in this field. Waste Management took the first place with



Table 1
Top 5 productive journals in the publication of waste-to-energy incineration area
during 1999–2015.

Journal name TP % IF2015a

Waste Management 391 10.93 3.22
Chemosphere 213 5.95 3.34
Journal of Hazardous Materials 199 5.56 4.53
Waste Management & Research 175 4.89 1.30
Environmental Science & Technology 136 3.90 5.33

TP: the number of total publications; %, ratio of one journal’s publications to total
number of publications; IF: impact factor.

a Data source: http://www.medsci.cn/sci/.

Fig. 4. Annual number of publications by the 5 most productive countries, 1999–
2015.
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391 articles (10.93%), much higher than Chemosphere, the second
placed journal with 213 articles (5.95%). Among these top five
journals, the impact factor of the Environmental Science & Tech-
nology was the highest (IF¼5.33), though it ranked lower in terms
of the total number of published articles.

3.4. An analysis of countries

3.4.1. The performance of different countries
From 1999 to 2015, 90 countries have contributed to publishing

articles on waste-to-energy incineration. This is contrast to a total
of 191 countries across the world. The initial analysis showed that
25 of 3578 articles lacked the information of author's address. Of
the remaining 3553 articles, only 18.01% involved international
collaboration. Table 2 shows the top ten countries and regions
with respect to a number of indices such as the number of total
published articles, the percentage of publications involved inter-
national collaboration as well as the country's h-index.

In these ten most productive countries and regions, six coun-
tries were from Europe, three were Asian countries and one was
from North America. China is the most productive country with
558 articles, followed by the Japan (404) and USA (283). Moreover,
China is the most productive country with the largest number in
all aspects (i.e. total number of publications, single-country pub-
lications, internationally collaborative publications, and the num-
ber of publications of first author’s country), except h-index. Chi-
na's h-index (29) was only ranked fifth, which indicated that its
impact in this field could be further strengthened. Italy ranked the
first in terms of h-index (40), indicating that it had a relatively
higher level of influence in the field. It is worth noting that the
ranking of single country publications was lower than that of in-
ternationally collaborative publications in most countries, except
Japan, Italy, Spain and Taiwan. In particular, Taiwan ranked 4th in
Table 2
Top 10 productive countries in the publication of waste-to-energy incineration area
during 1999–2015.

Country TP TP R (%) SP R (%) CP R (%) FP R (%) H-index

China 558 1(15.71) 1(14.32) 1(22.03) 1(14.55) 5(29)
Japan 404 2(11.37) 2(10.4) 3(15.78) 2(9.79) 2(33)
USA 283 3(7.97) 5(5.49) 2(19.22) 4(5.66) 2(33)
Italy 283 3(7.97) 3(7.48) 7(10.16) 3(7.09) 1(40)
Germany 227 5(6.39) 6(4.87) 4(13.28) 6(4.9) 4(31)
Sweden 209 6(5.88) 7(4.7) 5(11.25) 7(4.87) 9(28)
Taiwan 207 7(5.83) 4(6.25) 17(3.91) 5(5.43) 10(23)
UK 195 8(5.49) 8(4.29) 6(10.94) 8(4.31) 7(26)
France 173 9(4.87) 9(3.88) 8(9.38) 9(3.94) 7(26)
Spain 158 10(4.45) 10(3.78) 11(7.5) 10(3.72) 5(29)

TP: total publications; SP: single country publications; CP: internationally colla-
borative publications; FP: publications with first author’s country; %, ratio of one
country’s publications to total number of publications; R: Rank.
terms of single country publications whilst ranked 17th in terms of
the number of internationally collaborative publications. Interna-
tional cooperation in the field of waste-to-energy incineration
could be further strengthened.

Fig. 4 shows the top 5 most productive countries with respect
to the time-trend analysis during 1999–2015. It demonstrated that
all the countries experienced an increasing trend in the annual
number of publications. It is worth noting that the number of
papers published by Chinese scholars experienced sharp increase
since 2009 compared to other countries. This may attribute to the
growing attention of the government and public on waste-to-en-
ergy incineration in China.

3.4.2. Cooperation analysis of countries
Based on the social network analysis, the coauthoring re-

lationship amongst the 30 countries in the field of waste-to-en-
ergy incineration was described by means of the cooperation
network diagram (see Fig. 5). Pajek software was employed to
draw the diagram on the basis of co-word matrices generated from
Bibexcel. It could intuitively reflect the relationships among high
frequency keywords. The ultimate graph with nodes of countries
or institutions presented intuitively clear cooperative relationships
among them, and the thickness of these connecting lines de-
monstrated the intensity of cooperation. The thicker the con-
necting line is, the more frequently the two countries cooperate
[23].

As shown in Fig. 5, China has played a key role in the colla-
boration network of 30 most productive countries and regions.
China had developed partnerships with several other countries,
particularly with Japan, USA, Netherlands and UK. The cooperation
between China and Japan is particularly notable, rising to the first
place in terms of intensity. In Japan, approximately 80% of MSW is
incinerated [13], and the incinerated MSW increased 7 times in
China during the last decade (National Bureau of Statistics of
China, 2013). Both Japan and China has a high population density
and experiences difficulties to locate suitable sites for landfill. This
has demanded more researches on the waste-to-energy incinera-
tion. In addition, the cooperation within European countries were
also notable, as energy recovery and GHG emissions reduction
from waste incineration draw more attention in these countries.

3.5. The analysis of institutions

More than half of 1893 articles (53.28%) involved multi-in-
stitutional collaboration. Table 3 showed ten most productive in-
stitutes in the research field of waste-to-energy incineration dur-
ing 1999–2015.

http://


Fig. 5. Collaboration relationships between the 30 most productive countries.

Table 3
Top 10 productive institutions in the publication of waste-to-energy incineration
area during 1999–2015.

Institute TP TP R (%) h-index

Technical University of Denmark, Denmark 113 1(3.18) 1(22)
Chinese Academy of Sciences, China 95 2(2.67) 7(13)
Zhejiang University, China 82 3(2.30) 4(14)
National Institute for Environmental Studies, Japan 58 4(1.63) 2(16)
Tongji University, China 49 5(1.37) 8(12)
The University of Sheffield, UK 47 5(1.32) 2(16)
Kyoto University, Japan 45 7(1.26) 4(14)
Tsinghua University, China 44 8(1.23) 10(9)
National Chung Hsing University, Taiwan 41 9(1.15) 4(14)
National Cheng Kung University, Taiwan 36 10(1.01) 9(11)

TP: total publications; SP: single institute publications; CP: internationally colla-
borative publications; FP: publications with first author’s institute; %, ratio of one
institution’s publications to total number of publications; R: Rank.

Table 4
Subordinates of the top 3 institutes during 1999–2015.

Institute Subordinate TP

Technical University of Denmark,
Denmark

Department of Environment and
Engineering

78

Department of Civil Engineering 23
Institute of Environment and
Resources

15

Chinese Academy of Sciences,
China

Research Center for Eco-Environ-
ment Sciences

45

Dalian Institute of Chemical Physics 14
Institute of Applied Ecology 8

Zhejiang University, China State Key Laboratory of Clean Energy
Utilization

50

Institute for Thermal Power
Engineering

48

College of Environment and Resource
Sciences

6
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Among the top 10 institutes, six came from China, two from
Japan, one from the UK and Denmark respectively. This reiterated
the predominance of China in the research field of waste-to-en-
ergy incineration. The Technical University of Denmark had the
highest contribution with 113 articles in the total volume of pub-
lications, followed by the Chinese Academy of Sciences (95) and
Zhejiang University in China (82). In terms of the h-index, Tech-
nical University of Denmark also ranked the first, followed by
National Institute for National Institute for Environmental Studies,
Japan and The University of Sheffield, UK. These institutes had a
relatively higher level of influence in the research field of waste-
to-energy incineration.

The analysis was extended to departments of the top 3 in-
stitutes (i.e. Technical University of Denmark, Denmark; Chinese
Academy of Sciences, China and Zhejiang University, China, see
Table 4). As the most productive institute on waste-to-energy in-
cineration, the Technical University of Denmark's most productive
subordinate is the Department of Environment and Engineering
(78). Chinese Academy of Sciences is the second ranked productive
institute, and its most productive subordinate is Research Center
for Eco-Environment Sciences (45). The third ranked productive
institute is the Zhejiang University, China with two main sub-
ordinates, i.e. State Key Laboratory of Clean Energy Utilization (50)
and Institute for Thermal Power Engineering (48). These figures
provide useful indication of research performance of institutions
at the department level.
The cooperative relationships among the top 25 productive
institutes during 1999–2015 were shown in Fig. 6. It can be ob-
served that the closest collaborative relationship exists between
the Kyoto University of Japan and National Institute for Environ-
mental Studies of Japan; between National Chung Hsing University
of Taiwan and National University of Kaohsiung of Taiwan; and
between Zhejiang University of China and Chinese Academy Sci-
ence of China. As shown in Fig. 5, the cooperation between in-
stitutions was mainly within the same country. This suggested
opportunities to strengthen the international cooperation in order
to further enhance productivity of these top institutions.

3.6. An analysis of keywords

Author keywords describe main topics of articles and are
usually used to analyze the emerging trends in research [42,43]. A
total of 6700 author keywords were supplied by 3578 articles, of
which 5132(76.60%) of which h were used only once, and 733
(10.94%) keywords were used twice. A large number of keywords
appeared only once, which indicates a variety of research prio-
rities. 295 (4.4%) keywords appeared more than 3 times, indicating
that they were related to main research streams of waste-to-en-
ergy incineration.

Cluster analysis was undertaken in order to identify main re-
search streams by using Gephi, an interactive visualization and



Fig. 6. Cooperation network of the top 25 productive institutes.
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exploration platform for all kinds of networks. The bibliometric
networks were visualized and clustered. The data displayed ac-
cording to the Force Atlas2 Layout. As shown in Fig. 7, these
clusters varied in size and partially overlapped.

As shown in Fig. 7, the Central Cluster is related to thermal
treatment technologies, including combustion, gasification, bio-
mass and pyrolysis. The “Combustion” is the node with the biggest
size in the Central Cluster. Combustion is also called incineration,
which is one of most popular thermal treatment methods applied
to deal with different types of waste [44]. The Central Cluster was
surrounded by Cluster (I), (II) and (III).

Central nodes of the Cluster(I) were “fly ash”, “heavy metal(s)”
and “bottom ash”; Central nodes of the Cluster (II) were dioxin-
related substances, such as “dioxin(s)”, “PCDD/Fs”, “PCDD” and
“PCDD/F”. The two Clusters were strongly interconnected with
pollutants, which is the most important area in waste-to-energy
incineration research. Central nodes of the Cluster (III) focused on
management areas, such as “life cycle assessment (LCA)”, “waste
management”, and “recycling”. This is another core area in waste-
to-energy incineration related researches.

Cluster (IV) is somewhat separate from other clusters with the
smaller size nodes. It represented some chemistry methods, for
leachate treatment, such as “Electrochemical Oxidation”, “Anodic
Oxidation”, “anaerobic digestion” and “Electrochemical Degrada-
tion”. Although leachate is one of most critical pollutants, sig-
nificantly less attention has been placed on leachate treatment,
which demands future research.

The network analysis of keywords provided a useful indication
of main topics within the waste-to-energy incineration research
area. Temporal trends of main clusters (I), (II) and (III) were ana-
lyzed in order to obtain a deeper understanding of these topics.

3.6.1. Clusters (I) and (II) – pollutants
About 50% keywords were about pollutions derived from the

incineration process. This suggested that environmental issues
associated with waste-to-energy incineration have drawn most
attention from scholars. Under this topic, 1257 references were
retrieved in the SCI and SSCI databases. The keyword of “ash”
(TP¼371) was the top pollutant, followed by “dioxin-related sub-
stances” (TP¼357) and “Heavy metal” (TP¼262). This indicated
atmospheric pollutants from waste incineration were mostly
concerned by scholars in this field.

Keyword “ash” included “fly ash” and “bottom ash”. Most of ash
related researches focused on “fly ash” (80%). Although a certain
amount of heating and power energy is generated during the
MSW incineration process, the MSW-incinerated fly ash is a ha-
zardous waste which poses a serious threat to surroundings.
Combustion emissions were one of major contributors of air pol-
lutants such as the fine particle (PM2.5) [45]. Moreover, the fly ash
may contain a number of contaminants, such as heavy metals,
polycyclic aromatic hydrocarbons (PAHs), and polychlorinated di-
benzo-p-dioxins and dibenzofurans (PCDD/Fs) [46]. A growing
number of researches focused on the combined pollution from fly
ash produced by the waste incineration. As a result, the keyword
“ash” was much more popular than other keywords (see Fig. 8).

Keywords of “dioxin-related substances (i.e. PCDD, PCDD/Fs,
PCDD/F, dioxin et al.)” are also worth noting (Fig. 8). Due to its
highly hazardous substances, PCDD/Fs are one of critical impeding
factors for the adoption of MSW incineration. Since 1970s, a large
number of studies have been conducted on dioxin-related sub-
stances. In spite of notable achievements, the mechanisms of
PCDD/Fs formation and the influence of critical factors remained
debatable. As shown in Fig. 7, the researches on dioxin-related
substances increased steadily from 1999 to 2015. Nevertheless, it
remains unclear the appropriate ratio of homogeneous to het-
erogeneous PCDD/Fs for waste incinerators [47], which demands
future research.

During the incineration process, heavy metals could remain in
final residues and in gaseous emissions [48]. This may lead to
severe environmental pollution. Therefore, the thermodynamics
behavior of heavy metal should be examined with the assistance
of kinetic information [49]. Other critical pollutants include Fe, Cu,
Cr, Al, and Cd [50]. Due to rapid development of air pollution
control measures for municipal solid waste incineration, more
attention has been paid to solid residues [51]. As a result, the
keywords “heavy metal” has increased continuously since 1999
(Fig. 7).

3.6.2. Clusters (III) – management
Under this topic, 603 references were retrieved from the SCI

and SSCI databases. In this field, “life cycle assessment (LCA)” was
the largest area, followed by “waste management”, “recycling” and
“Energy recovery”. It’s worth noting the frequency of “LCA” has
increased significantly recently (Fig. 8). This showed that the life
cycle approach has been recognized as the most appropriate ap-
proach to study waste-to-energy incineration related issues. Dur-
ing last decades, life cycle assessment (LCA) has been used ex-
tensively to evaluate the environmental benefits and drawbacks of



Fig. 7. The co-words network (478 nodes, 3888 links). Nodes represent papers and links represent shared reference between papers. Large nodes have more shared
references. The length of connection between the two nodes represents the total co-words frequency of the two Approximate location of clusters is indicated with: the
Central Cluster was combustion; Cluster(I) central nodes were “fly ash”, “heavy metal(s)” and “bottom ash”; Clusters(II) central nodes were dioxin-related substances; Clusters
(III) central nodes focused on waste management area; Clusters(IV) represent some chemistry method of leachate treatment. Colors indicate the listed clustered topics.
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various waste management approaches, including waste-to-en-
ergy incineration technologies. However, a detailed and systematic
review of assessment choices and inventory data specifically re-
lated to waste-to-energy incineration technologies are needed
[52].
“Energy recovery” is also one of top keywords for the research
field of waste-to-energy incineration. The heat value of MSW is
generally low in most regions. This could present as a critical
barrier for the promotion of waste incineration as a kind of re-
newable energy development. This is argubally due to lack of



Fig. 8. The growth trend of main keywords.
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garbage classification in those regions. Garbage classification can
not only improve the efficiency of waste incineration, but also
helps to achieve “recycling” of resources [12].
3.7. Citation analysis

Table 5 showed the top 5 most highly cited articles (TI), jour-
nal’s title (SO), author’s name and country (RP-CC), year (PY) and
total citations (TC). Most of authors are from European countries.
The most highly cited article was entitled “Management of muni-
cipal solid waste incineration residues”. The authors of this article
were from a working group where member are scholars from
Austria, Italy, Denmark, Germany. This paper was published in
Waste Management with 133 total citations. It specially focused on
assessing the environmental impacts of residues derived from
waste incineration, as well as treatment methods available to
mitigate such impacts.

The second and third highly cited articles focused on utilizing
fly ash. One article introduced an innovative vitrification technique
to stabilize and recycle toxic incinerator fly ash; the other article
systematically reviewed nine possible applications of fly ash, fol-
lowed by proposing a framework for the selection of the best
technology and final products.

The last two highly cited articles mainly focused on manage-
ment areas. All these authors came from KTH (Royal Institute of
Technology) in Sweden. The article entitled “Life cycle assessment
of energy from solid waste – part 1: general methodology and
results” showed a detailed description of the LCA evaluation pro-
cess, including the provision of waste management hierarchy
system in order to achieve the conversion of waste to renewable
fuel, and to evaluate the quality management methods. The other
article entitled “Municipal solid waste management from a sys-
tems perspective” placed the focus on the advantages and dis-
advantages of different waste treatment methods (e.g. incinera-
tion, materials recycling and biological treatment) compared with
landfill.
Table 5
Top 5 most highly cited articles in waste-to-energy incineration area during 1999–2015

Title

Management of municipal solid waste incineration residues
Vitrification of fly ash from municipal solid waste incinerator
Possible applications for municipal solid waste fly ash
Life cycle assessment of energy from solid waste - part 1: general methodology and
results

Municipal solid waste management from a systems perspective

SO: the publication journal; RP-CC: country of correspondence author; PY: publish year
4. Conclusions

Bibliometric technique offers a quantitative perspective which
provides a better understanding of the characteristics associated
with body of literature related to waste-to-energy incineration
research. This study provides a suite of indicators that can be
combined to provide a useful picture for the development of
waste-to-energy incineration research, such as TP, TC, ACPP, IF and
so on. Moreover, the visualized SNA method adopted in this study
provides an innovative tool which could be used in future biblio-
metric studies to analyze hot topic in renewable energy research
fields.

Using bibliometric methods, characteristics of the waste-to-
energy incineration literature from 1999 to 2015 based on the SCI
and SSCI databases were examined. This study revealed that there
was an increasingly level of research activities on waste-to-energy
incineration in terms of the number of publications. However, the
total number of citations (TC) dropped significantly since 2004.
China is an important contributor to the waste-to-energy in-
cineration literature with the most publications (558), followed by
the Japan (404) and USA (283). However, China's impact in this
field could be further strengthened as its h-index ranked only 5th.
The analysis of institutions showed that the Technical University of
Denmark was the most significant contributor with 113 papers and
its most productive subordinate was the Department of Environ-
ment and Engineering.

This study also found that five core journals, namely Waste
Management, Chemosphere, Journal of Hazardous Materials,
Waste Management & Research, and Environmental Science &
Technology, contribute to about 32% of the total journal literature
on waste-to-energy incineration. “Environment Sciences” is the
hottest subject with the most waste-to-energy incineration
publications.

The cooperation analysis of countries showed that only small
proportion of waste-to-energy incineration related studies in-
volved international collaboration. Therefore, efforts are required
to encourage more collaboration amongst researchers from dif-
ferent countries to tackle this field. International collaboration is
also helpful for capacity building and may assist the technology
transfer to deal with various issues associated with waste-to-en-
ergy incineration. This could be very useful for developing coun-
tries that are generally short of capital and technical expertize to
deal with sustainability related issues.

The analysis of keywords showed there were two hot topics in
waste-to-energy incineration research area. The first is pollutants
research, such as “fly ash”, “heavy metals”, “dioxin-related sub-
stances”, the second is management research, such as “life cycle
assessment (LCA)”, “energy recovery” and “recycling”. The temporal
trends showed that LCA onwaste-to-energy incineration increased
significantly recently, however, relatively little methodological
consistency exists between individual LCA studies in waste-to-
energy research area. The keyword “ash” was much more popular
than other keywords from 1999 to 2015. Most of ash related re-
searches ate “fly ash”, which may contain a number of
.

Author SO RP-CC TC PY

Polettini, A[53] Waste Management Italy 133 2003
Park, YJ[54] Journal Of Hazardous Materials South Korea 128 2002
Ferreira, C[55] Journal Of Hazardous Materials Denmark 127 2003
Finnveden, G[56] Journal Of Cleaner Production Sweden 118 2005

Eriksson, O[57] Journal Of Cleaner Production Sweden 118 2005

; TC: total citation
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contaminants, such as heavy metals and dioxin.
China is the most productive country in the research field of

waste-to-energy incineration, because China has a high population
density and experiences difficulties in locating suitable landfill
sites, which has demanded to develop waste-to-energy incinera-
tion plants. Waste-to-energy is considered as playing an important
role in not only the energy mix to fulfill fast growing energy de-
mands but also combating climate change. Environmental issues
such as pollutant emission attract most attention in the existing
body of knowledge, which clearly indicates a growing public
concern on positional environmental issues associated with waste-
to-energy incineration process. Therefore, it could be an effective
policy to facilitate the development of waste-to-energy incinera-
tion plants by mandating the requirements of reducing environ-
mental impacts associated with the waste incineration. The gov-
ernment could implement the Maximum Available Control Tech-
nology (MACT) regulations to reduce the emissions of heavy metal
and dioxins in fly ash. In addition to that, the research policy on
the waste-to-energy area could possibly focus on the technology
for Air Cleaning System.
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