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Abstract

This paper aims to analyze quantitatively the growth and development of wind power
generation in world in terms of publication output as reflected in Scopus database during
1980 to 2014(35 years). Total of 20,779 papers published by the researchers in the field
Wind Power Generation (WPG) in various archers to various domains. Firstly, among
the subject category Engineering topped with 38% of documents, in source type category
Conference Papers were 48% as document type and the most preferred journals were
Renewable Energy 6%. Secondly the contributed institutions the North China Electric
Company ranked first with 2.3% papers and the Country based analysis China ranked 1%
with 18% publications followed by USA 16% and India ranked 5" with 5%. Finally Year
wise analysis showed that WPG papers gradually increased with average 594 papers per
year, in 2012 topped with 2706 papers and lowest 42 in the year 1989.

Keywords: Wind Energy, Wind power, Wind Power Generation (WPG), Scientometric Analysis, Year
wiseand  Authorship pattern, etc.

1. Introduction

Wind poweris one of the renewablenergy sources that produce greenhouse gammissions
during power generation and is an alternativdossil fuels and it occupies little land. Wikipedia
describesWind is a form of solar energy. Winds caused byuheven heating of the atmosphere by the
sun, the irregularities of the earth's surface, ratation of the earth. Wind flow patterns modifieg the
earth's terrain, bodies of water, and vegetatiwecorhis wind flow when harvested by modern wind

turbines used to generate electricity.

Denmark generatinground 40% of its electricity from wind, and aadeé 83 other countries
around the world are using wind power to supplyirtieéectricity grids. Wind power production was

around 4% of total worldwide electricity usage, gnddually rising. In the terms of installed winowger
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capacity in the world, India has the fifth largeste. Indian wind energy production, the Wikipedia
describes from various collection resourcas 6f 31 March 2015 the installed capacity of wpaWer in
India was 23,444 MW, mainly  spread WN@g253 MW), Guijarat (3,093
MW), Maharashtra (2,976 MW), Karnataka (2,113 MWR@gjasthan (2,355 MW), Madhya Pradesh (386
MW), Andhra Pradesh (916 MW), Kerala (35.1 MWfy.

across Tamil

Tamil Nadu has become a leader in Wind Power inalnédccording to TEDA (Tamil Nadu
Energy Development Agency, The wind installed cépaie 7349 MW as on 31.07.2014. This is 36% of
the country’s total wind installed capacity. The ppandal wind farm in Tamil Nadu the total capadgty
1500 MW, which is the largest in India. (Table Iddfigure 1 show that top 10 countries wind power

electricity producing countries).

Table 1: Top 10 wind power electricity producing Countrieshe world

Sl. No. Country Wind Power Generatior % of Worldalo
1 USA 140.9 26.4
2 China 118.1 22.1
3 Spain 49.1 9.2
4 Germany 46 8.6
5 India 30 5.6
6 UK 19.6 3.7
7 France 14.9 2.8
8 Italy 134 2.5
9 Canada 11.8 2.2
10 Denmark 10.3 1.9
11 Rest of World 80.2 15

Total 534.3 Twh* 100
Source: ObservER-€electricity production from wind sources 201z
*Teravatt-hours

Figure 1: Top 10 wind power electricity producing Countriaghe world
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3. Objectives

The main objective of the study is to present themh of literature and make the quantitative
assessment of status of Wind Power Generation (We€&arch by analyzing the various features. The
specific objectives are:

* To identify the quantum of wind power generatidarkiture and its growth during the pried 1980
to 2014.

« To identify the Author, document type, Source typabject and country wise distribution of

global WPG research output.

» To measure the Institution and Language wise digion in WPG research literature.

4, M ethodology

The required data collected from Scopus databas¢éhé period 1980 to 2014, nearly 20,779
bibliographic records of contribution in the fieddl Wind Power Generation over the period of 35 gear
The researcher applied the search string “Wind P@eneration” that has used for the data extraction
total 20,779 records downloaded and analyzed bgguMS Excel software applications as per the
objectives of the study. This research study atsoggto explore the growth rate and relative groletrel
during the study period. The study aims to analymethrust areas of research concentration on Wind

Power Generation (WPG) research.
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Scopus is dibliographic databassontainingabstractandcitationsfor academic journadrticles
It covers nearly 22,000 titles from over 5,000 jmh#rs, of which 20,000 apeer-reviewedournals in
the scientific, technical, medical, and social scés. Owned Dbilsevierand is available online
by subscription Searches in Scopus also incorporate searcheast@ftpdatabase$cientometrics is the
guantitative study of the disciplines of sciencedahon published literature and communication. This
could include identifying the emerging areas ofestfic research, examining the development of

research over time, or geographic and organizdtiiettibutions of research.
5. Resultsand Discussions

5.1. Year-wise distribution of Publications

During the study period 1980 to 2014, the year wvaisalysis reflected with average 594 papers
per year. From the year 1980 the wind power geilogratticles gradually increased in particular rafte
year 2007 get the momentum in this field and toppild 2706 papers in the year 2012 and the lowest
just 42 in the year 1989. The trend shows that Whwiver Generation (WPG) publications have
gradually increased. (Table 2 and Figure 2 showtt®a35 years of contributions).

Table 2: Year wise distribution of publications

Sl. No Yeal Publication % Cumulative %
1 198( 82 0.3¢ 82 0.3¢
2 1981 12C 0.5¢ 20z 0.97
3 198: 104 0.5C 30¢€ 1.47
4 198: 10€ 0.51 41z 1.9¢
5 198¢ 11¢ 0.57 531 2.5¢€
6 198¢ 14¢ 0.7z 68C 3.27
7 198¢ 72 0.3t 752 3.62
8 1987 49 0.2¢ 801 3.8t
9 198¢ 75 0.3¢ 87¢€ 4.22
10 198¢ 42 0.2C 91¢ 4.4z
11 199( 45 0.2z 962 4.6
12 1991 52 0.2¢ 101t 4.8¢
13 199z 73 0.3t 108¢ 5.2¢
14 199z 70 0.3/ 115¢ 5.57
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15 199/ 86 0.41 124+ 5.9¢
16 199¢ 92 0.4« 133¢ 6.4
17 199¢ 12¢ 0.6z 146¢ 7.0¢
18 1997 10¢€ 0.52 157¢ 7.51
19 199¢ 89 0.4: 166~ 8.0C
2C 199¢ 12¢ 0.62 1791 8.62
21 200(¢ 13¢ 0.68 192¢ 9.2%
22 2001 171 0.82 2097 10.0¢
23 200z 254 1.2Z 2351 11.3]
24 200¢ 37¢ 1.8C 272¢ 13.11
25 200¢ 52¢ 2.5t 325: 15.6¢
26 200t 56¢ 2.7z 381¢ 18.3i
27 200¢ 70¢ 3.3¢ 452¢ 21.7
28 2007 994 4.7¢ 5517 26.5¢
28 200¢ 120¢ 5.7¢ 6721 32.3¢
3C 200¢ 172 8.2¢ 8441 40.6z
31 201C 206¢ 9.9¢ 1051( 50.5¢
32 2011 2347 11.3( 1285 61.8%
33 201z 270¢ 13.0% 1556: 74.9(
34 201: 2691 12.9¢ 1825« 87.8¢
35 201/ 252¢ 12.1¢ 2077¢ 100.0(
Total 20779 100.00

Figure 2: Year Wise Publications
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5.2. Author wise contributions

Author wisecontributions sho, Senju, T ranked first and published articles, Funabashi. T
published 81 articles andhen. Z published 73 articl in the field of WindPower Generation (NPC

The Total 46ecords published without the aut name mentioned asnonymous. (Table 2 and Figure

show top 25 authors contributior

Table 3: Author wise contributions

SI. No Author Publication %
1 Senjyu, T 90 1.8¢
2 Funabashi, 81 1.67
3 Chen, zZ 73 1.5C
4 Yona, A 66 1.3¢
5 Blaabjerg, F 65 1.3¢
6 Muljadi, E. 51 1.0¢
7 Strbac, C 49 1.01
8 Tamura, « 49 1.01
9 Kling, W.L. 48 0.9¢
10 Anon (Anonymous 46 0.9t
11 Lee, W.J 46 0.9t
12 Pinson, F 46 0.9t
13 Jenkins, N 45 0.9:
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14 Flynn, D 44 0.91
15 Takahashi, F 42 0.87
16 El-Saadany, E. 40 0.82
17 Gomis-Bellmunt, O 39 0.8C
18 Urasaki, N 38 0.7¢
19 O'Malley, M. 37 0.7¢
20 Karki, R. 36 0.74
21 Billinton, R. 34 0.7C
22 Erlich, I. 34 0.7C
23 Cai, X. 33 0.6¢
24 Kaldellis, J.K 33 0.6¢
25 Keane, A 33 0.6¢

Figure 3: Author wise contributions

Author wise distribution

M Publications

5.3. Document Wise Distribution

The Global Wind Pow: Generation (WPG) has produced a tahl2C,779 publications. The
highest number of publications was 9848%) Conference Papers, Jouradicles 885 (43%), Review
572 (3%), there Undefined documents we461 (2.2%) and so on. (Tablea®d Figure 3 show the
document wise contributions clear
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Table 4: Document Type Wise Publication

Sl. No. Document Typ Publication %
1 Conference Pap 9872 47.5]
2 Article 885t 42.6:
3 Review 572 2.7
4 Conference Revie 381 1.8:
5 Article in Pres 14t 0.7C
6 Note 141 0.6¢
7 Book Chapte 112 0.5¢
8 Short Surve 7€ 0.37
9 Business Atrticl 74 0.3¢
1C Book 5C 0.24
11 Lettel 15 0.07
12 Repor 15 0.07
13 Editorial 8 0.0
14 Erratun 2 0.01
15 Undefinec 461 2.22

Total 2077¢ 100.0(

Figure 4: Document Type Wise Publication
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5.4. Resear ch Area/Subject wise contribution

The global Wind Power Generation (WPG) has prod@3cksearch areas in the Scopus
database classifies papers it indexes Engineefig11(38%), Energy 10680 (34%), Computer Science
2294 (7%) and so on. (Table 4 and Figure 4 clesdrbyw the Research Areas/ Subject wise contribdtions

Table5: Research Area/ Subject wise contribution

Sl. No Subject Are Publication %
1 Engineerin 1203! 38.4:
2 Energ) 1068( 34.1:
3 Computer Scienc 229¢ 7.3
4 Environmental Scien 150¢ 4.81
5 Physics and Astronor 782 2.5C
6 Earth and Planetary Scien 764 2.44
7 Materials Scienc 63E 2.0z
8 Mathematic 58C 1.8¢
9 Chemical Engineerir 52z 1.67
10 Social Science 37€ 1.2C
11 Business, Management and Accoun 254 0.81
12 Chemistn 222 0.71
13 Agricultural and Biological Scienc 15€ 0.5(C
14 Economics, Econometrics and Fina 132 0.4z
15 Decision Scienc¢ 112 0.3¢
16 Multidisciplinary 10t 0.3¢
17 Biochemistry, Geneticand Molecular Biolog 50 0.1¢
18 Medicine 46 0.1t
19 Arts and Humanitie 23 0.07
20 Health Professiol 8 0.0z
21 Psycholog 7 0.0z
22 Neuroscienc 5 0.0z
23 Pharmacology, Toxicology and Pharmace! 5 0.0z
24 Immunology and Microbiolog 4 0.01
25 Undefinec 3 0.01
26 Nursing 1 0.0C
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27 Veterinar 1 0.0C
Total 3130¢ 100.0(
Figure 4: Research Area/ Subject wise contribution
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5.5. Country wise Distribution

The country wise distribution said tt134 different countries witB077¢ documents in the field
of Wind Power Generation (RRG).China topped with 3830 (18%) publicatioltSA 331¢ (16%),
United Kingdom 14017%) and Japan10 (5%). India published@09 (5%) publications with"
position. (Tables and Figure 5 show the top 25 countries contrilmgtiin thisfield).

Table 6: Country wise Distribution

Sl. No. Country Publication %
1 Chine 383( 18.4:
2 United State 331¢ 15.97
3 United Kingdon 1401 6.74
4 Japal 105( 5.0t
5 India 100¢ 4.8¢€
6 German 92¢ 4.4
7 Canad 801 3.8t
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8 Spair 66€ 3.21
9 Denmarl 55¢ 2.6¢
1C Iran 49¢ 2.4(C
11 Australie 46¢ 2.2¢
12 ltaly 46¢ 2.2¢
13 South Kore 371 1.7¢
14 Franc 361 1.74
15 Netherland 291 1.4C
16 Brazil 28€ 1.3¢
17 Taiwar 27¢ 1.32
18 Portuga 267 1.2¢
18 Greec: 262 1.27
2C Irelanc 24¢ 1.1¢
21 Swedel 227 1.0¢
22 Turkey 222 1.07
23 Egyp! 182 0.8¢
24 Belgium 157 0.7¢
25 Norway 15€ 0.7t

Figure 6: Country wise Distribution
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5.6. Source Titlewise Distribution

Source wise analysis shows that, the highest nusndigrublications were in Renewable Energy
650 (6%), Energy Policy 359 (3%), IEEE Power anérgp Society General Meeting 352 (3%) and so
on in the field of Wind Power Generation (WPG). lflea6 and Figure 6 show the top 25 ranking Source

Titles during the 35 years study period.

Table 7: Source Title wise Distribution

Sl. No. Source Titl Publication %

1 Renewable Ener 65C 5.52

2 Energy Polic 35¢ 3.0t

3 IEEE Power and Energy SocieGeneral Meetin 352 2.9¢

4 IEEE Transactions on Power Systt 324 2.7

5 Advanced Materials Resea 30& 2.5¢

6 Wind Engineerin 304 2.5¢

7 Applied Mechanics and Materi 29t 2.51

8 Dianli Xitong Zidonghua Automation of Electric Wer Systems 290 2.46
Renewable and Sustainable Energy Rev 27¢ 2.3¢€

10 Energy 267 2.21

11 IEEE Transactions on Energy Conver: 22¢ 1.8¢

12 let Conference Publicatio 221 1.8¢

13 Applied Energ 21¢ 1.8t
Zhongguo Dianji Gongcheng Xuet Proceedings of the Chine

14 Society of Electrical Engineering 211 1.79

15 Dianwang Jishu Power System Techno 19¢ 1.6¢

16 Proceedings of the Universities Power Engingetionference 185 1.57

17 Asia Pacific Power and Energy Engineering Cafee Appeec 180 1.53
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18 wind Energ' 16€ 1.41
18 IECON Proceedings Industrial Electronics Confer: 151 1.2¢
20 Taiyangneng Xuebao Acta Energiae Solaris S 13t 1.1¢
21 IEEE Transactions on Sustainable En 131 1.11
Dianli Xitong Baohu Yu Kongzl Power System Protection a
22 Control 131 1.11
23 Energy Conversion and Managern 12C 1.0z
24 Powe 117 0.9¢
25 International Journal of Electrical Power and Ege®gstem 115 0.98

Figure 7: Source Title wise Distribution
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5.7. Ingtitution wise Distribution

In the field of Wind Power Generation PG), only 23nstitutions have published more tF100 papers

in the study periodNorth China Electric Power Univers is top leading research institutions w478
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publications followed by IEEE 380, Tsinghua Universvith 248, and so on. (Table 7 and Figure 7 show

that top 25 most productive institutions in WPQdie

Table 8: Institution wise Distribution

Sl. No. Affiliation Publication %
1 North China Electric Power Univers 47€ 2.3(
2 IEEE 38C 1.8¢
3 Tsinghua Universit 24¢ 1.1¢
4 Aalborg Universite 232 1.12
5 Danmarks Tekniske Universi 211 1.0Z
6 National Renewable Energy Laborai 18¢ 0.91
7 China Electric Power Research Insti 17t 0.8¢4
8 Zhejiang Universit 174 0.8
9 State Gri 14z 0.6¢
10 Chongging Universit 14z 0.6¢
11 University of Strathclyd 13€ 0.6t
12 Delft University of Technolog 131 0.6
13 Indian Institute of Technology De 12t 0.6(
14 University College Dubli 11¢ 0.57
15 Huazhong University of Science and Technology 911 0.57
16 Xi'an Jiaotong Universi 117 0.5¢
17 Shanghai Jiaotong Univers 112 0.5¢
18 University of Manchest 10¢ 0.52
18 Tianjin University 10¢ 0.52
20 Southeast Universi 107 0.51
21 Ethniko MetsovicPolytechnici 103 0.5
22 University of the Ryukyt 101 0.4¢
23 Daneshgahe Azad Esle 10C 0.4¢
24 University of Tokyt 98 0.47
25 Universitat Politecnica de Catalur 97 0.47
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Figure 8: Institution wise Distribution
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5.8. Keyword wise Distribution

The keyword wis@nalysis show that, there were 160 keywords terms used/ind Power Generatio

(WPG) publications during the study period 1980 to 2 The top keyword terrWind Power with
12783(11%) publicationgElectric Power Generation with 53d9%) publications, Wind Turbines wi
3889 (3%) publications and so (Table 8 and Figure 8 show that topkywords term used WPG

field.

Table 9: Keyword wise Distribution

Sl. No Keyworc Publication %
1 Wind powe 1278: 10.9¢
2 Electric power generatit 530¢ 4.5¢€
3 Wind turbine: 388¢ 3.3¢
4 Electric utilities 3467 2.9¢
5 Power generatic 2511 2.1¢
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6 Electric generato 198¢ 1.71
7 Wind power generatic 1962 1.6¢
8 Wind farnr 1751 1.5C
9 Electric powettransmission networ! 172( 1.4¢
1C Computer simulatic 169z 1.4t
11 Solar energ 1657 1.4z
12 Asynchronous generat 163( 1.4C
13 Wind energ 163( 1.4C
14 Renewable energy resour 162( 1.3¢
15 Renewable energi 155¢ 1.3¢
16 Optimizatior 144: 1.2¢
17 Electricity generatio 133: 1.1
18 Distributed power generati 127: 1.0¢
19 Electric power systen 1272 1.0¢
2C Wind turbine 124~ 1.07
21 Wind generatio 121 1.04
22 Renewable resour 1191 1.0z
23 Wind spee 116t 1.0C
24 Energy storag 1004 0.8¢
25 Renewable ener: 99C 0.8t

Figure 9: Keyword wise Distribution
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Keywords distribution
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5.9. Language wise distribution

Among the languages in Wind Power Generation (WlbJications, English topped with 18684 (90%)
publications followed by Chinese with 1438 (7%)r@an 218 (1%), Japanese 178 (0.86%) and so on.
(Table 9 and Figure 9 shows that languages disioiu

Table 10: Language wise distribution

SI.No. | Languag | Publication %
1 Englisk 1868¢ 89.8:
2 Chines: 143¢ 6.91
3 Germal 21¢& 1.0t
4 Japanes 17¢ 0.8¢
5 Korear 5¢ 0.2¢
6 Polist 46 0.2z
7 Frenct 41 0.2¢
8 Spanis| 29 0.1«
9 Russial 23 0.11
1C Portugues 22 0.11
11 Italian 11 0.0t
12 Czect 7 0.0z
13 Turkisk 7 0.0z

www.ijnglt.com



International Journal of Next Generation Library and Technologies (ISSN 2395-5201)
Volume 1 Issue 2 / May 2015

14 Dutck 6 0.0z
15 Croatiar 4 0.0z
16 Finnist 4 0.0z
17 Sloven: 3 0.01
18 Serbial 2 0.01
19 Afrikaans 1 0.0c
2C Bulgariar 1 0.0C
21 Estonial 1 0.0c
Irish
22 gaelic 1 0.00
23 Lithuaniar 1 0.0cC
24 Norwegiar 1 0.0C
25 Persial 1 0.0c
26 Sloval 1 0.0c
27 Other: 9 0.04
Total 2079¢ 100.0(

Figure 10: Language wise distribution
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6. Conclusion

This paper has highlighted quantitatively the dwtions made by thwind Powe Generation (WPG)

Research Literatureas reflected i1Scopus database. During 35 years petimdChina is lead in Wir
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research publications and ranked 1st with 18% patitins followed by USA 16% and India rankéd 5
with 5%. Source wise analysis shows that, the lghembers of publications were in Renewable Energy
6%), Energy Policy 359 3%, IEEE Power and Energgi€@p General Meeting 3%.This analysis
classifies papers it indexes Engineering 38%, Bngd§o, Computer Science 7% with 27 various Subject
Areas. Among the languages, English topped with §@#blications followed by Chinese with 7%),
German 1%, Japanese 0.86%) and so on. In the Msaramalysis showed that Wind Power Generation
papers gradually increased with an average of B8drds per year in particular after the year 2087 g
the momentum in this field and topped with 2706gvapn the year 2012 and the lowest just 42 in the
year 1989. The trend shows that Wind Power Gemer&VPG) publications have gradually increased.
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