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Abstract 

The aim of this paper is the scientometric analysis of articles on “scheduling in renewable 

energy” that have been published between 2000 and 2017. For this purpose, the terms 

“scheduling in renewable energy” and “unit commitment in renewable energy” have been 

searched. We have found 1009 articles in the Scopus database which include the terms 

mentioned above. VOSviewer and CiteSpace, as two well-known the scientometric analysis 

tools, have been used. Keywords analysis and citation analysis are two analysis methods that 

have been used in this paper. China and the US are two countries with a high contribution to 

this topic among other countries. Two methods of counting, including full counting and 

fractional counting, have been applied. Citation analysis based on countries, document, 

source, author, and organization have been addressed, and results have been presented. Co-

authorship and co-citation analysis also have been shown. IEEE Transactions journals have 

the most activity in published articles on the topic, while Energy and Engineering are two 

subjects with the most documents. The remaining part of the paper has focused on citation 

analysis and co-citation analysis based on authors, documents, sources, countries, 

organizations, and references. 
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1. Introduction 

Unit commitment (UC) problem includes of specifying the optimal usage of power generating 

units during a scheduling time [1-7]. This optimization problem usually includes many constraints, 

such as ramp rate, minimum up/down time, minimum/maximum generating capacity, system 

reserve requirements, prohibited operating zones, and emission and fuel limits [8-11]. It worth 

mentioning that some researchers use scheduling instead of UC [12]. There are two main types of 

UC problems. In security-constrained unit commitment (SCUC), the main objective is satisfying 

load with minimum cost while considering the network security. In price-based unit commitment 

(PBUC), the main goal is maximizing profit [1, 8, 9, 12]. 

Modern power companies are utilizing both traditional and renewable energy resources to 

generate electricity [13, 14]. This paper presents a Scientometric analysis for articles in the area of 

renewable scheduling which have been published from 2000 to 2017, for this aim, VOSviewer as a 

scientific tool has been used [15-17]. 

2. Keywords Analysis 

The paper is divided into two parts. The first part covers the general concept of scheduling and 

renewable energy. The most common keywords that are used in the articles with the concept of 

scheduling and renewable energy are found. The second part of the paper is focused on citation 

analysis for the mentioned articles. To start the analysis, we have searched the keywords 

“scheduling and renewable energy” and “unit commitment and renewable energy” in the Scopus 

database. The time zone is selected from 2000 until July 2017 for the articles published, except 

conference papers, and book chapters by searching in “title, abstract, and index keywords” and 

1009 articles have been found. Figure 1 shows the most common keywords used in the documents 

by full counting method, while Figure 2 presents the same visualization by fractional counting. 

The colors in Figure 1 and Figure 2 represent different time zones; red color indicates early 

articles, and blue color shows those that have been published before 2013. The other colors are 

applied for articles published between these years. 

Figure 3 indicates different visualization of the most common keywords. The red area has more 

density; the density from red area to the blue area is decreasing  so “wind power, scheduling, 

renewable energies and costs” which belong to the red area have the most density, and the blue 

area with less density covers keywords such as “social networking, optimization framework, and 

energy production”. There exist 268 keywords with the minimum number of 10 times occurrences, 

294 keywords with the minimum number of nine occurrences, 327 keywords with eight 

occurrences in the documents, 380 keywords with seven occurrences in the documents, and 456 

keywords with the minimum number of 6 times occurrences in each document. Table 1 and Table 

2 present the ten most common keywords, with occurrence at least five times in each document, 

on the topic. Scheduling, Renewable energy resources, Optimization, Wind power and Costs, 
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Renewable resource, Renewable energies, Stochastic systems, Renewable energy source, and 

Renewable energy are the most used keywords in the documents. Fuels, Wind speed forecasting, 

Economic operation, Energy conversion, social networking (online), Energy security, Hydroelectric 

power plant, Particle swarm optimization algorithm, Wind and solar power, and Harmony search 

algorithm are samples of the less used keywords in the documents. 

 

Figure 1 Network visualization of scheduling in renewable energy by the full counting method. 

 

Figure 2 Network visualization of scheduling in renewable energy by the fractional 

counting method. 
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Figure 3 Density visualization of keywords. 

Table 1 10 most commonly used keywords. 

Id Keywords  Occurrences  

1 Scheduling  525 

2 Renewable energy resources  381 

3 Optimization 314 

4 Wind power  241 

5 Costs 186 

6 Renewable resource 162 

7 Renewable energies 178 

8 Stochastic systems 142 

9 Renewable energy source 147 

10 Renewable energy 142 

Table 2 10 less used keywords in the area. 

Id  Keywords  Occurrence   

1 Fuels 5 

2 Wind speed forecasting 6 

3 Economic operation 5 

4 Energy conversion 5 

5 Social networking (online) 5 

6 Energy security 5 

7 Hydroelectric power plant 5 

8 Particle swarm optimization algorithm 5 

9 Wind and solar power 5 

10 Harmony search algorithm 5 
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Figure 4 shows clustering regarding keywords found. The most density circles are located in the 

center where belongs to cluster 4 (demand-side management, tidal power), cluster 8 (grid, an 

hour ahead, integral part), and cluster 7 (electricity market, neural network, surveying). There is a 

tree path between clusters showing a growing cluster from one to another. For example, cluster 4 

(demand-side management, tidal power) followed by cluster 2 (energy storage/renewable energy) 

from the top and followed by cluster 8 (grid, an hour ahead) from the bottom. 

 

Figure 4 Clustering based on keywords. 

The given pie chart in Figure 5 compares subjects in the years between 2000 and 2017. Energy 

is the most related subject with 55.8 percent, the next most applied subjects in this issue are 

Engineering, and Computer Science with 52.7 and 22.8 percent, respectively. The other subjects 

have been presented in Figure 5. 

The given line graph in Figure 6 illustrates patterns of growing documents in the most active 

Journals. Overall, it can be seen from the graph that in all these journals, there is an increase in the 

number of documents. However, the International Journal of Electrical Power and Energy Systems 

shows a smooth rise in the rate, while the number of documents in Applied Energy and IEEE 

Transactions on Power Systems increases significantly. Figure 7 shows the co-authorship analysis 

for 77 countries. China and the United States have the most collaborations among the authors, 

while Taiwan, in this case, has less partnership with other countries. 
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Figure 5 Documents by subject area (Source: Scopus). 

 

 

Figure 6 Documents per year by source (the most active Journals, Source: Scopus). 
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Figure 7 Co-authorship analysis of the countries. 

3. Citation Analysis 

The next section illustrates the citation analysis of the documents. Two types of citation 

analysis are used. The first type is based on citation analysis of the authors, documents, sources, 

countries, and organization. The other type of citation is called co-citation which includes cited 

references, cited authors, and cited sources, and. The classification of citation is presented in 

Figure 8. 

 

Figure 8 Flowchart of citation analysis of generated data. 
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Figure 9 Clustering with a timeline view for the citation analysis based on authors. 

The given Figure 9 shows the citation analysis of the authors with a timeline from 2000 with a 

blue color to 2017 with a red color. The areas with the strongest links are located in the center 

where Wang J., Wang X., and Jadid S. exist. 

 

Figure 10 Number of documents for each source. 

Figure 10 presents the citation analysis of the sources. In the given line graph number of 

documents vs. some sources have been shown. It indicates a significant decline in the number of 

sources from above 250 to just below 50; this number then continues to decrease smoothly. 



JEPT 2019; 1(4), doi:10.21926/jept.1904004 
 

Page 9/15 

 

Figure 11 Citation visualization of the sources. 

Figure 11 indicates a general visualization of the sources for a minimum number of at least one 

document. IEEE Transactions on Power System (2496), Applied Energy (638), IEEE Transactions on 

Smart Grid (1600), and IEEE Transactions on Sustainable Energy (721) are among the most 

influential journals in citations. There are 77 countries active in developing papers on the concept 

of “scheduling in renewable energy.” Table 3 indicates citation analysis of the countries, showing 

the top active countries in the topic. United States, China, Iran, Italy, the United Kingdom, and 

Singapore possess the most number of documents and citations for the mentioned topic. 

Table 3 Citation analysis of the countries. 

Id  Country  #Document  #Citation  

1 United States 252 6345 

2 China  227 1780 

3 Iran  94 1194 

4 Italy  55 997 

5 United Kingdom 50 938 

6 Singapore  23 591 

7 Canada  38 494 

8 Portugal  24 463 

9 Saudi Arabia  21 400 

10 Spain  41 1516 

11 Japan  43 455 

12 South korea   28 216 

13 Belgium 22 322 

14 Taiwan  15 291 

15 Australia  31 376 
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16 Hong Kong  19 283 

17 Netherlands  14 225 

18 Egypt  11 255 

19 Denmark  17 180 

20 Germany  39 449 

21 India  51 124 

22 Greece  10 82 

23 France  25 1329 

24 Ireland  13 301 

25 Malaysia  13 77 

26 Pakistan  5 56 

27 Brazil  9 33 

28 Finland  5 66 

29 United Arab Emirates 6 12 

 

 

Figure 12 Citation analysis of the organizations. 

Figure 12 presents the citation analysis of the organizations. In the above-mentioned Figure 

department of electrical engineering, the department of industrial engineering, department of 

energy technology, and school of computer engineering have been bold and are the largest circles 

showing the top institutes for energy and scheduling based on citation reports. The last part of 

citation analysis is applied to the documents. Table 4 gives information about the citation analysis 

of the top articles with the highest number of citations showing the cluster they belong to and also 

the name of journals. The top articles belong to cluster 1 and cluster 6, where IEEE Transaction on 

Power Systems exists. 
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Table 4 Citation analysis of the documents. 

Id  Authors  Article title  Journal  Citation  #cluster  

1 [18] A fuzzy –optimization approach for generation scheduling 
with wind and solar energy systems 

IEEE Transactions on Power Systems 169 4 

2 [19] Sizing of energy storage for microgrids IEEE Transactions on Smart Grid 228 4 

3 [20] Unified stochastic and robust unit commitment IEEE Transactions on Power Systems 106 1 

4 [21] Robust unit commitment with wind power and pumped 
storage hydro 

IEEE Transactions on Power Systems 320 1 

5 [22] Security-constrained unit commitment with volatile wind 
power generation 

IEEE Transactions on Power Systems 447 6 

6 [23] Evaluating the impacts of real –time pricing on the usage 
of wind generation 

IEEE Transactions on Power Systems 123 7 

7 [24] Stochastic energy scheduling in microgrids with 
intermittent renewable energy resources 

IEEE Transactions on Smart Grid 102 2 

8 [25] Multiobjective intelligent energy management for a 
microgrid 

IEEE Transactions on Industrial 
Electronics 

199 2 

9 [26] A microgrid energy management system based on the 
rolling horizon strategy 

IEEE Transactions on Smart Grid  169 2 

10 [27] Optimal scheduling of a renewable microgrid in an isolated 
load area using mixed-integer linear programming 

Renewable Energy 219 3 

11 [28] Short-term scheduling and control of active distribution 
systems with high penetration of renewable resources 

IEEE Systems Journal 126 3 
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For the next section, co-citation analysis is used. For this purpose, three different units are 

calculated.  For each of the cited references, the total strength of the co-citation links with other 

cited references is calculated. The cited references with the greatest total link strength have been 

selected. There are 29072 cited references with a minimum number of 1 cited references. The red 

area on the left side of Figure 13 shows the area with the most density and the highest number of 

cited references where Shahidehpour M., Wang J., and Litvinov E., exist. 

 

Figure 13 Co-citation analysis regarding cited references. 

Figure 14 depicts the co-citation analysis for cited authors between the years 2000 and 2017. 

28189 authors have worked on “scheduling in renewable energy.” Figure 14 indicates cited 

authors for a minimum number of 1 citation. The highly cited authors have been located in large 

green circles; for example, Wang, J. (green circle) belongs to cluster 2 with 534 citations. 

 

Figure 14 Co-citation analysis of cited authors. 
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The chart in Figure 15 shows changes in the number of citations versus the number of sources 

regarding the Co-citation analysis of the cited sources. Overall, there is a fall in the given chart. 

Figure 15 shows a sharp decline from 10715 sources for one citation in each source to 2019 

sources for two citations in each source. However, the chart shows then smooth drop-in changes.  

 

Figure 15 Co-citation analysis of sources. 

4. Conclusions 

In this paper, a scientometric analysis of “scheduling in renewable energy,” for a time zone 

between 2000 and 2017, has been investigated. Keywords analysis and citation analysis was the 

purpose of this paper. For the first one, the most common keywords have been found. Two ways 

of full counting and fractional counting with VOSviewer software has been used, and the ten most 

and the ten least common used keywords have been identified. In this part, co-authorship 

collaboration between countries also has been applied resulting in identifying China and the 

United States as countries with the highest contribution to the topic. Moreover, IEEE Transactions 

journals have been identified as the most activity in published articles in the field, while Energy 

and Engineering are two subjects with the most published articles. The second part of the analysis 

covers citation analysis and co-citation analysis; for this purpose, citation analysis has been 

categorized based on country, document, source, author, and organization. For co-citation 

analysis, three units, including cited references, cited authors, and cited sources, have been 

analyzed; for example, the highest number of cited references, Shahidehpour M., Wang J., and 

Litvinov E. have been identified. As a future direction, it is suggested to use other review 

techniques such as systematic review, bibliometric review, etc. However, the review could be 

addressed on the specific fields of renewable energy including biomass, solar, wind, etc. 
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