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It is well known that biomass energy has excellent environmental and economic benefits. The  
increasing international cooperation in the field of biomass energy has promoted the rapid coordi-
nated development of global biomass energy research and industry. This article analyses academic 
papers in this field collected by SSCI or SCI from 2007 to 2016, uses bibliometrics for quantitative 
statistics and data mining, and VOSviewer software to generate international cooperation network 
maps. It also provides in-depth analysis and comprehensive comparison of changes in international 
cooperation in biomass energy research in major countries around the world, and reveals the con-
text and direction of development in the global biomass energy field. The results of this study can 
provide scientific basis and support for the development of other related research work. 
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BIOMASS energy plays an important role in responding to 
global climate change, energy supply and demand contra-
diction, and protecting the ecological environment1. It is 
the world’s fourth largest energy source after oil, coal 
and natural gas, and has become an important force in the  
international energy transformation. At present, many 
countries not only formulate policies and measures to 
promote the development of biomass energy, but also set 
development goals and plans2. The development and  
utilization of biomass energy has attracted extensive  
attention from governments and scientists in various 
countries. 
 International scientific and technological cooperation 
has become an important model for the development of 
scientific research. Making full use of the world’s ad-
vanced scientific and technological resources to develop 
and strengthen international cooperation has become an 
important part of scientific research, and has promoted 
the progress and innovation of science and technology 
(S&T). Energy and the environment are the main con-
cerns of countries around the world. Research on biomass 
energy is the hot topic around the world. With the gradual 
deepening of research on biomass energy, breakthrough 
achievements have been made in the field. However, it is 
necessary to point out that international cooperation plays 
a key role that cannot be ignored. 
 Bibliometrics refers to the use of mathematical and  
statistical methods to quantitatively analyse the cross-
science of all knowledge carriers3–6. It is a comprehensive 

knowledge system that integrates mathematics, statistics 
and philology as a whole, and focuses on quantification7–9. 
Bibliometric methods are widely used in many areas,  
including medical science10, environmental science11, 
management12, business13 and computer science14. 
 Bibliometrics is also common in research through in-
ternational cooperation. Some scholars analysed different 
issues, including the structure of international coopera-
tion networks, cooperation models, cooperation intensity 
and the trend of their changes. Glänzel et al.15 performed 
a bibliometric analysis of scientific cooperation of the 
European Union countries with other highly industria-
lized countries and less advanced countries. Based on the 
bibliometric analysis of the top journals in the energy 
area, Duan16 found that most critical partner countries for 
China are USA, some European countries and Japan. 
With more than 100,000 papers as research samples, Li 
and Zhao17 studied the issues of international cooperation 
in the field of environmental assessment. By using net-
work centralities, they effectively identified the core 
countries in the international cooperation network in this 
field. Merigó et al.18 studied the structure, patterns, and 
maps of international cooperation networks in the field of 
innovation. De Paulo and Porto19 examined international 
cooperation in the field of solar energy technologies. Bib-
liometric and social network analysis methods were used 
to explore the national and international partnerships. 
They indicated that international cooperation in the field 
of solar energy technology is common in some developed 
countries like the Netherlands, Germany and United 
Kingdom. But so far bibliometrics has not been used in 
international cooperation studies in the field of biomass 
energy, which is the focus of the present study. It deals 
with two aspects of the basic situation of international 
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cooperation and international cooperation network in the 
field of biomass energy. 

Data and methods 

ISI Web of Science is the largest and most comprehen-
sive academic information resource in the world20,21. It 
integrates Science Citation Index Expanded (SCIE),  
Social Science Citation Index (SSCI), Arts & Humanities 
Citation Index (A&HCI), and the original conference 
proceedings database on the Web of Knowledge platform. 
Based on the research scope of biomass energy, this study 
adopts the topic retrieval method to search the biomass 
energy research literature from 2007 to 2016 with ‘bio-
mass OR biofuel OR biodiesel OR bioethanol OR bio-
mass power or biogas’22. The retrieval time is 12 April 
2017. The literature types are limited to research articles 
and review, and a total of 172,029 original article records 
were obtained. 
 Essential Science Indicators (ESI) is a literature review 
analysis tool introduced by ISI in 2001 (refs 22–24). This 
is an econometric analysis database established based on 
more than 10 million document records collected by SCI 
and SSCI from over 11,000 academic journals world-
wide. Through this database, users can understand the 
leading countries, journals, scientists, papers and research 
institutions in each field of research, and identify impor-
tant trends and directions in various fields25–27. The 
present study collected all ESI papers in the field of bio-
mass energy to examine international cooperation issues 
in the field. On 12 April 2017, 3185 ESI papers in the 
field of biomass energy were retrieved. The main purpose 
of this study to reveal the international cooperation in the 
field of biomass energy. VOSviewer is a software tool for 
constructing and visualizing bibliometric networks28–30. 
This was used for mapping the international cooperation 
network in the field of biomass energy. 

Results 

With the globalization of S&T, international cooperation 
has become an indispensable and important component in 
this field. As an important measure of optimal allocation 
of resources in national S&T development strategy, inter-
national cooperation plays an important supporting role 
in enhancing national independent innovation capability. 
Using the personalized data mining method, this study sys-
tematically analyses the papers through international  
cooperation in the field of biomass energy, reveals the 
modes and characteristics of international cooperation in 
the field, and describes the status and role of the coun-
tries in the cooperative network. 
 Table 1 lists the number of papers through independent 
research and international cooperation among the top 20 
countries during 2007–2016 in the field of biomass energy. 

With the rapid development of this field, the absolute 
number of publications of various countries in Table 1, 
whether through independent research or international 
cooperation, is growing. For example, the number of  
papers through international cooperation in USA in-
creased from 9775 during 2007–2011 to 13,811 during 
2012–2016, while the number of independent research 
papers increased from 4408 to 9591 in the same period. 
 According to the share of international cooperation and 
independent research, the former has become the main re-
search model of Germany and the UK during 2012–2016. 
The number of papers through international cooperation 
of these two countries far exceeds the results of indepen-
dent research publications. In this period, in addition to 
Germany and the UK, countries with a higher proportion 
of international cooperation include Canada, France, Aus-
tralia, the Netherlands, Sweden, Denmark and Finland.  
 Comparing the changes in the share of international 
cooperation and independent research between the two 
periods, it can be found that the vast majority of countries 
have increased their share of international cooperation. 
This indicates that most countries have given internation-
al cooperation research more attention. However, the  
international cooperation share of China and South Korea 
has shown a downward trend. For example, China’s  
international cooperation share has dropped from 69.00% 
to 30.41%, and South Korea’s share dropped from 
37.93% to 34.71%. 
 Table 2 provides details on international cooperation 
and independent research of ESI publications in the field 
of biomass energy. The conclusions are similar to those 
in Table 1. But it is clear that, for the vast majority of 
countries, the international cooperation rate shown in  
Table 2 is significantly higher than that in Table 1. This 
shows that international cooperation is more conducive to 
yielding high-impact research results in the field of bio-
mass energy.  
 At present, international scientific and technological 
cooperation has gradually become an inevitable choice 
for scientific research31. It is of great significance to ana-
lyse the characteristics of international cooperation be-
tween different countries in the field of biomass energy. 
Table 3 provides the details of the five countries with the 
most cooperation among the top 20 countries (according 
to the international cooperation publication number). 
 During the period 2007–2016, the country with the 
largest number of papers co-authored with USA was Chi-
na, with a total of 3639 publications. This was followed 
by Canada, the UK, Germany, and Australia. As can be 
seen from Table 3, USA is the world’s major partner in 
international cooperation in the field of biomass energy. 
This indicates that these countries played an important 
role in building a strong international cooperation  
network. Table 4 provides information on the most popu-
lar partner of ESI publications in the field of biomass 
energy. We studied the co-authorship of ESI publications 
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Figure 1. Co-authorship of the top 20 countries. 
 

 
 
in the field of biomass energy. Figure 1 presents the co-
authorship of the top 20 countries. 

Conclusion 

Through a literature review of relevant international bio-
mass energy research papers, the international coopera-
tion from 2007 to 2016 has been revealed from a 
quantitative and qualitative perspective. The analysis  
results are as follows: 
 (1) In the field of biomass energy, the number of re-
search papers has grown rapidly, indicating that research-
ers are paying more attention to this field. (2) The main 
countries for biomass energy research are USA, China, 
Germany, India and the UK. Among them, USA ranks 
first in the field in absolute research, and China ranks 
second, but China’s research literature in this field has 
grown the fastest, indicating that it has considerable  
potential in research in this field. (3) The country with 
the largest number of papers co-authored with USA is 
China, followed by Canada, the UK, Germany and Aus-
tralia. USA is the world’s major partners in international 
cooperation, and it has become the leading force in inter-

national cooperation in the field of biomass energy. (4) 
The vast majority of countries have increased their share 
of international cooperation. International cooperation is 
more conducive to yielding high-impact research results 
in the field of biomass energy.  
 In summary, international biomass energy research has 
developed rapidly and international cooperation has  
become an important method for research in this field. 
Actively attracting international innovation forces and  
resources, and strengthening cooperation with the deve-
loped countries can further enhance the academic influ-
ence of research in the field of biomass energy. 
 
 

1. Herbert, G. J. and Krishnan, A. U., Quantifying environmental 
performance of biomass energy. Renew. Sust. Energ. Rev., 2016, 
59, 292–308. 

2. Yu, D. J. and Xu, C., Mapping research on carbon emissions trad-
ing: a co-citation analysis. Renew. Sust. Energ. Rev., 2017, 74, 
1314–1322.  

3. Elango, B. and Ho, Y. S., A bibliometric analysis of highly cited 
papers from India in Science Citation Index Expanded. Curr. Sci., 
2017, 112(8), 1653–1658. 

4. Merigó, J. M. and Yang, J. B., A bibliometric analysis of  
operations research and management science. Omega, 2017, 73, 
37–48. 



GENERAL ARTICLES 
 

CURRENT SCIENCE, VOL. 117, NO. 11, 10 DECEMBER 2019 1792

5. Yu, D. J., Xu, Z. S. and Wang, W. R., Bibliometric analysis of 
fuzzy theory research in China: A 30-year perspective. Knowl.-
Based Syst., 2018, 141, 188–199. 

6. Yu, D. J., Xu, Z. S. and Fujita, H., Bibliometric analysis on the 
evolution of applied intelligence. Appl. Intell., 2019, 49(2), 449–
462. 

7. Laengle, S. et al., Forty years of the European Journal of Opera-
tional Research: a bibliometric overview. Eur. J. Oper. Res., 
2017, 262(3), 803–816. 

8. Yu, D. J., Wang, W. R., Zhang, S., Zhang, W. Y. and Liu, R. Y., 
A multiple-link, mutually reinforced journal-ranking model to 
measure the prestige of journals. Scientometrics, 2017, 111(1), 
521–542. 

9. Wang, P., Zhu, F., Song, H. and Hou, J., A bibliometric profile of 
Current Science between 1961 and 2015. Curr. Sci., 2017, 113(3), 
386–392. 

10. Takahashi, R. and Kajikawa, Y., Computer-aided diagnosis: a sur-
vey with bibliometric analysis. Int. J. Med. Informat., 2017, 101, 
58–67. 

11. Zhang, S., Mao, G., Crittenden, J., Liu, X. and Du, H., Ground-
water remediation from the past to the future: a bibliometric anal-
ysis. Water Res., 2017, 119, 114–125. 

12. Oraee, M., Hosseini, M. R., Papadonikolaki, E., Palliyaguru, R. 
and Arashpour, M., Collaboration in BIM-based construction net-
works: a bibliometric-qualitative literature review. Int. J. Project 
Manage., 2017, 35(7), 1288–1301.  

13. Sarin, S., Haon, C. and Belkhouja, M., A bibliometric analysis of 
the knowledge exchange patterns between major technology and 
innovation management journals (1999–2013). J. Prod. Innov. 
Manage., 2018, 35(1), 2–8. 

14. Yu, D. J., Xu, Z. S. and Wang, X. Z., Bibliometric analysis of 
support vector machines research trend: a case study in China. Int. 
J. Machine Learn. Cyber., 2019, in press, doi:10.1007/s13042-
019-01028-y. 

15. Glänzel, W., Schubert, A. and Czerwon, H. J., A bibliometric 
analysis of international scientific cooperation of the European 
Union (1985–1995). Scientometrics, 1999, 45(2), 185–202. 

16. Duan, L., Analysis of the relationship between international coop-
eration and scientific publications in energy R&D in China. Appl. 
Energ., 2011, 88(12), 4229–4238. 

17. Li, W. and Zhao, Y., Bibliometric analysis of global environmen-
tal assessment research in a 20-year period. Environ. Impact  
Assess. Rev., 2015, 50, 158–166. 

18. Merigó, J. M., Cancino, C. A., Coronado, F. and Urbano, D., Aca-
demic research in innovation: a country analysis. Scientometrics, 
2016, 108(2), 559–593. 

19. De Paulo, A. F. and Porto, G. S., Solar energy technologies and 
open innovation: a study based on bibliometric and social network 
analysis. Energ. Policy, 2017, 108, 228–238. 

20. He, X. R., Wu, Y. Y., Yu, D. J. and Merigó, J. M., Exploring the 
ordered weighted averaging operator knowledge domain: a biblio-
metric analysis. Int. J. Intell. Syst., 2017, 32(11), 1151–1166. 

21. Yu, D. J., Xu, Z. S, Pedrycz, W. and Wang, W., Information 
Sciences 1968–2016: a retrospective analysis with text mining and 
bibliometric. Inform. Sci., 2017, 418, 619–634. 

22. Yu, D. J. and Meng, S., An overview of biomass energy research 
with bibliometric indicators. Energ. Environ., 2018, 29(4), 576–
590. 

23. Weingart, P., Impact of bibliometrics upon the science system:  
inadvertent consequences? Scientometrics, 2005, 62(1), 117–131. 

24. Fu, H. Z., Chuang, K. Y., Wang, M. H. and Ho, Y. S., Characteris-
tics of research in China assessed with Essential Science Indica-
tors. Scientometrics, 2011, 88(3), 841–862. 

25. Cova, T. F., Pais, A. A. and Formosinho, S. J., Iberian universi-
ties: a characterisation from ESI rankings. Scientometrics, 2013, 
94(3), 1239–1251. 

26. Merigó, J. M., Pedrycz, W., Weber, R. and de la Sotta, C., Fifty 
years of Information Sciences: a bibliometric overview. Inform. 
Sci., 2018, 432, 245–268. 

27. Yu, D. J., Xu, Z. S. and Šaparauskas, J., The evolution of Tech-
nological and Economic Development of Economy: a bibliometric 
analysis. Technol. Econ. Dev. Econ., 2019, 25(3), 369–385. 

28. Van Eck, N. J. and Waltman, L., Software survey: VOSviewer, a 
computer program for bibliometric mapping. Scientometrics, 
2010, 84(2), 523–538. 

29. Van Eck, N. J. and Waltman, L., Citation-based clustering of pub-
lications using CitNetExplorer and VOSviewer. Scientometrics, 
2017, 111(2), 1053–1070. 

30. Wong, D., VOSviewer. Tech. Serv. Q., 2018, 35(2), 219–220. 
31. Cheng, Y., Johansen, J. and Hu, H., Exploring the interaction be-

tween R&D and production in their globalisation. Int. J. Oper. 
Prod. Manage., 2015, 35(5), 782–816. 

 
ACKNOWLEDGEMENTS. This study was supported by the Ministry 
of Education of Humanities and Social Science Project (No. 
19YJC630208) and the Qinglan Project of Jiangsu Province (2019), and 
the Natural Science Foundation of Jiangsu Province (BK20180821), 
China. 
 
Received 1 May 2018; revised accepted 1 August 2019 
 
doi: 10.18520/cs/v117/i11/1785-1792 

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


