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Abstract

火力発電所等から出る二酸化炭素の回
収・貯蔵（CCS）技術の研究開発と
導入がどこまで進んでいるかを、各国
の特許取得状況から解析した。

1 Introduction

1.1. Climate change and CCS
�����ZDV� WKH�ZDUPHVW� \HDU� RQ� UHFRUG� E\� IDU� >�@��
0RVW�RI�WKH�REVHUYHG�LQFUHDVH�LQ�JOREDO�DYHUDJH�WHP-
SHUDWXUHV�VLQFH�WKH�PLG���WK�FHQWXU\�LV�YHU\�OLNHO\�
�＞���� SUREDELOLW\�� GXH� WR� REVHUYHG� LQFUHDVH� LQ�
DQWKURSRJHQLF�JUHHQKRXVH�JDVHV��*+*V��FRQFHQWUD-

WLRQV�>�@��7KH�FOLPDWH�ZLOO�FRQWLQXH�WR�FKDQJH�RYHU�
WKH�FRPLQJ�GHFDGHV�DV�PRUH�DQG�PRUH�KHDW�WUDSSLQJ�
*+*V�HPLWWHG�E\�KXPDQ�DFWLYLWLHV�DFFXPXODWH�LQ�WKH�
DWPRVSKHUH��2Q� WKH�RWKHU�KDQG�� LI�QRW� IRFXVLQJ�RQ�
FRVWV��KXPDQLW\�FDQ�VROYH�WKH�*+*V�FRQFHQWUDWLRQV�
SUREOHP�E\�¿IWHHQ�DYDLODEOH�DQG�LPSOHPHQWHG�WHFK-
QRORJLHV�� LQFOXGLQJ� FDUERQ� GLR[LGH� �&2��� FDSWXUH�
DQG�VWRUDJH��&&6��>�@��&&6�LV�D�FXUUHQWO\�DYDLODEOH�

+XDQ�/LX��
��*UDGXDWH�6FKRRO�RI�3ROLF\�6FLHQFH��5LWVXPHLNDQ�8QLYHUVLW\��2VDND��-DSDQ

Spatial-Temporal Distribution of Carbon Capture Technology 
Drawing on Patent Data

Carbon capture & storage (CCS) is a currently available technology that can allow industrial sectors to 
meet deep emissions reduction goals. The development of carbon capture technology is vital to make 
CCS viable. As a significant output indicator of innovation, patent can provide a comprehensive view 

on innovation activities. This study aims to present an overview on carbon capture technology, in the attempt to 
characterize spatial and temporal distribution based on patent bibliometrics. We make a retrieval strategy and built a 
database set of 9847 patents in span of forty years from Derwent Innovations Index database. About temporal trend, 
this study reveals slow increasing phase and sharp increasing phase by annual patent count. Then we presents 
emerging stage and growth stage by cumulative patent count, drawing on theoretical model of technology life cycle. 
Year of 2006 is the turning point apparently, but it’s not an accident due to shifts emerged in governments, innovators 
and firms in years before. About spatial distribution, this study highlights eight countries (Japan, USA, France, China, 
Germany, Netherlands, UK and Korea) who have most of patents in the world in terms of top 50 patent assignee 
codes. We also introduce another means of CCS project for comparing study between innovation and operation, 
finding an obvious spatial overlap between patent layer and project layer. Then four categories of countries are 
found by distinguishing innovational features and (or) commercial statuses. The study tries to show the relative 
technical development trends across major countries. French occupies top mostly, China ranks up quickly, Japan, 
USA and Germany rank down relatively. Based on analysis above, we speculate that “Good Time” of carbon capture 
technology is coming, but operation of CCS project is still in slow growth due to some limitations.

Keywords   Carbon Capture Technology, Spatial-Temporal Distribution, Patent Bibliometrics, CCS



202

Huan Liu

WHFKQRORJ\� WKDW� FDQ� DOORZ� LQGXVWULDO� VHFWRUV� �H�J���
IRVVLO�IXHO�SRZHU�JHQHUDWLRQ��LURQ�DQG�VWHHO��FHPHQW��
QDWXUDO�JDV�SURFHVVLQJ��RLO�UH¿QLQJ��HWF���WR�PHHW�GHHS�
HPLVVLRQV�UHGXFWLRQ�JRDOV��&&6�FDQ�FRQWULEXWH�RQH�
VL[WK�RI�&2��HPLVVLRQ�UHGXFWLRQV�UHTXLUHG�LQ�������
DQG�FDQ�FRQWULEXWH�����RI�WKH�FXPXODWLYH�HPLVVLRQV�
UHGXFWLRQV�EHWZHHQ������DQG������FRPSDUHG� WR�D�
EXVLQHVV�DV�XVXDO� DSSURDFK�� ZKLFK� ZRXOG� FRUUH-
VSRQG�WR�D���&�ULVH�LQ�DYHUDJH�JOREDO�WHPSHUDWXUH�>�@�
� &&6�LV�QRW�D�VLQJOH�WHFKQRORJ\�EXW�LQYROYHV�WKH�
LPSOHPHQWDWLRQ� RI� WKH� IROORZLQJ� SURFHVVHV� LQ� DQ�
LQWHJUDWHG�PDQQHU��VHSDUDWLRQ�RI�&2��IURP�PL[WXUHV�
RI�JDVHV��H�J���WKH�ÀXH�JDVHV�IURP�D�SRZHU�VWDWLRQ�RU�
D�VWUHDP�RI�&2��ULFK�QDWXUDO�JDV��DQG�FRPSUHVVLRQ�
RI�WKLV�&2��WR�D�OLTXLG�OLNH�VWDWH��WUDQVSRUW�RI�WKH�&2� 
WR�D�VXLWDEOH�VWRUDJH�VLWH��LQMHFWLRQ�RI�WKH�&2��LQWR�D�
JHRORJLF�IRUPDWLRQ�ZKHUH�LW�LV�UHWDLQHG�E\�D�QDWXUDO�
�RU�HQJLQHHUHG��WUDSSLQJ�PHFKDQLVP�DQG�PRQLWRUHG�
DV�QHFHVVDU\�>�@��)RU�HQKDQFLQJ�&2��XVDJH��XWLOL]D-
WLRQ�RI�&2��LV�LQWHJUDWHG�LQWR�&&6�DV�&&86�LQ�VRPH�
FRXQWULHV��VXFK�DV�&KLQD�>�@��'XH�WR�WKH�IDFW�WKDW�&2� 
LV�XVHG�PDWXUHO\�LQ�¿HOGV�VXFK�DV�HQKDQFHG�RLO�UHFRY-
HU\� �(25��� HQKDQFHG� FRDO�EHG�PHWKDQH� �(&%0���
&2��FKHPLFDO�XWLOL]DWLRQ�DQG�&2��ELRWUDQVIRUPDWLRQ��
1RQHWKHOHVV��WKHVH�LV�QR�HVVHQWLDO�GLIIHUHQFH�EHWZHHQ�
&&6�DQG�&&86�
� 0DQ\�&&6�WHFKQRORJLHV�DUH�FRPPHUFLDOO\�DYDLO-
DEOH�WRGD\�DQG�FDQ�EH�DSSOLHG�DFURVV�GLIIHUHQW�VHFWRUV��
&2��FDSWXUH� WHFKQRORJLHV� LQFOXGH�W\SHV�RI�FDSWXUH�
V\VWHPV��VHH�)LJ�����VXFK�DV�SRVW�FRPEXVWLRQ��SUH�
FRPEXVWLRQ� DQG� R[\IXHO� FRPEXVWLRQ��ZKLFK� KDYH�
EHHQ�DYDLODEOH� LQ�QDWXUDO�JDV�SURFHVVLQJ�� IHUWLOL]HU�
PDQXIDFWXULQJ�DQG�K\GURJHQ�SURGXFWLRQ��&2��WUDQV-
SRUW�WHFKQRORJLHV�DUH�WKH�PRVW�WHFKQLFDOO\�PDWXUH�LQ�

&&6��LQFOXGLQJ�SLSHOLQH�DQG�VKLSSLQJ��&2��VWRUDJH�
WHFKQRORJLHV� LQFOXGH�PDQ\�RI�VDPH� LQ�RLO�DQG�JDV�
LQGXVWU\�DQG�KDYH�EHHQ�SURYHQ�WR�EH�HFRQRPLFDOO\�
IHDVLEOH�XQGHU�VSHFL¿F�FRQGLWLRQV�

1.2. Carbon capture innovation activity
,Q�PRVW�&&6�V\VWHPV�� WKH�FRVW�RI�FDSWXUH��LQFOXG-
LQJ�FRPSUHVVLRQ��LV�WKH�ODUJHVW�FRVW�FRPSRQHQW�GXH�
WR�DQ�DGGLWLRQDO�KLJK�HQHUJ\�SHQDOW\��ZKLFK�FRXOG�EH�
UHGXFHG�E\�WHFKQLFDO�GHYHORSPHQW�DQG�HFRQRPLHV�RI�
VFDOH�>���@��)XUWKHUPRUH��LQ�WKH�YLHZ�RI�WHFKQRORJ\��
WKH�GHYHORSPHQW�RI�&2��FDSWXUH�WHFKQRORJLHV�LV�YLWDO�
WR�PDNH�&&6�YLDEOH�>��@��0HDQZKLOH�� LQ� WKH�YLHZ�
RI�SDWHQW�ELEOLRPHWULFV��ZH�¿QG� WKDW�PRVW�RI�&&6�
SDWHQWV�UHIHU�WR�&2��FDSWXUH�WHFKQRORJLHV�LQ�WHVWLQJ�
H[WUDFWLRQV�ZKLFK�ZHUH�GRQH�DW�WKH�EHJLQQLQJ�RI�WKLV�
VWXG\��6RPH�IRUPHU�VWXGLHV�DOVR�UHYHDOHG�WKDW�FDU-
ERQ�FDSWXUH�SDWHQWV�DFFRXQW�IRU�D�ODUJH�SDUW�LQ�&&6�
SDWHQWV��H�J���>�����@���+HQFH��VXLWDELOLW\�RI�&&6�LQ�
LQGXVWULDO�DSSOLFDWLRQV�PRVWO\�GHSHQGV�RQ�WKH�FRVWV�
DQG�UHDGLQHVV�RI�FDUERQ�FDSWXUH�>�@��)RU�IRFXVLQJ�RQ�
WKH�PRVW�NH\�SRLQW��ZH�VWXG\�RQ�FDUERQ�FDSWXUH�WHFK-
QRORJ\�LQ�WKLV�SDSHU�
� 7KHUH�DUH�D�QXPEHU�RI�SRVVLELOLWLHV�IRU�WKH�PHD-
VXUHPHQW�RI�LQQRYDWLRQ�>��@��ZKLFK�FDQ�EH�GLYLGHG�
LQWR� WZR� FDWHJRULHV�� LQSXW�EDVHG� LQGLFDWRUV� DQG�
RXWSXW�EDVHG� LQGLFDWRUV�� 3DWHQW� LV� FRQVLGHUHG� DV� D�
VLJQL¿FDQW�RXWSXW�LQGLFDWRU�RI�LQQRYDWLRQ�RU�D�WDQ-
JLEOH�VLJQ�RI�NQRZOHGJH��ZKLFK�FDQ�JLYH�D�YDOXDEOH�
LQVLJKW�LQWR�LQQRYDWLYH�DFWLYLW\�RI�DQ�REMHFW�WHFKQRO-
RJ\�>��@��7KH�PDLQ�DGYDQWDJH�RI�SDWHQW�LV�WKDW�WKH\�
DUH�SXEOLFO\�DYDLODEOH�IRU� UDWKHU� ORQJ� WLPH�SHULRGV�
DQG�SURYLGH�GHWDLOHG�WHFKQRORJLFDO�LQIRUPDWLRQ�>��@��
3DWHQW� LV�XVHG� LQ�SURYLGLQJ�D�FRPSUHKHQVLYH�YLHZ�

Fig. 1.  Carbon capture and storage (CCS) chain. (Note: Modified based on Rubin et al., 2012 [7] and IEA, 2013 [5].)
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RQ�LQQRYDWLRQ�DFWLYLWLHV�LQ�PDQ\�GRPDLQV��LQFOXGLQJ�
ORZ�FDUERQ�ZLWKRXW�D�GRXEW��,Q�IRUPHU�UHIHUV�RQ�ORZ�
FDUERQ�LQQRYDWLRQ�DFWLYLWLHV��SDWHQW�FRXQW�SURYLGHV�D�
ZHDOWK�RI�LQIRUPDWLRQ�RQ�LQQRYDWLRQV�DQG�LQYHQWRUV�
DV�D�NLQG�RI�LQGLFDWLRQ��H�J���>��±��@�
� 6HYHUDO�VWXGLHV� LQYHVWLJDWHG�&&6�WHFKQRORJ\�RU�
FDUERQ�FDSWXUH� WHFKQRORJ\�E\�XVLQJ�SDWHQW�ELEOLR-
PHWULFV��'HFKH]OHSUHWUH�>��@��:,32�>��@�DQG�2(&'�
>��@�DQDO\]HG�D�FOXVWHU�RI�&&07V��FOLPDWH�FKDQJH�
PLWLJDWLRQ� WHFKQRORJLHV��ZKLFK� LQFOXGHG�&&6�DV�D�
SDUW��JDYH�EULHI�RYHUYLHZV�RQ�&&6�WHFKQRORJ\��&ULV-
WLQD�>��@��/L�>��@�DQG�=KDQJ�>��@�IRFXVHG�RQ�VSHFL¿F�
WHFKQLFDO�URXWHV�DQG�UHDJHQWV�LQ�FDUERQ�FDSWXUH�GUDZ-
LQJ�RQ�SDWHQW�ELEOLRPHWULFV�RU�GUDZLQJ�RQ�SDWHQW�ELE-
OLRPHWULFV�DQG�DUWLFOH�ELEOLRPHWULFV� WRJHWKHU��:DQJ�
>��@�GUHZ�SDWHQW�PDS�RI�&&6�DQG�GLVFXVVHG� WHFK-
QRORJLFDO�IHDWXUHV�LQ�QLQH�FRXQWULHV��0LDR�>��@�GUHZ�

GHYHORSPHQW�SDWKV�E\�D�GLIIHUHQW�PHWKRG�IURP�RWKHUV�
ZKLFK�ZDV�SDWHQW�FLWDWLRQ�DQDO\VLV��:H�UHYLHZ�WKHVH�
VWXGLHV�DQG�PDNH�D�JHQHUDO�FRPSDULVRQ��VHH�7DEOH����
� )LUVW��ZH�FDQ�GLYLGH� WKHVH�DUWLFOHV� LQWR� WZR�FDW-
HJRULHV�E\�GLVWLQJXLVKLQJ�WKH�SXUSRVH�RI�VWXG\��2QH�
FDWHJRU\� LV� D�JHQHUDO� UHSRUW�ZKLFK� WDNH�&&6�DV� D�
VXSSOHPHQWDO� ¿HOG� UDWKHU� WKDQ� DQ� HVVHQWLDO� SDUW��
$QRWKHU�FDWHJRU\�LV�IXOO�RI�VSHFLDOL]HG�ZRUGV�ZKLFK�
IRFXV�RQ� WHFKQLFDO� URXWHV�PDLQO\��%XW� IHZ�VWXGLHV�
SD\�DWWHQWLRQ�RQ�DQ�RYHUDOO�VSDWLDO�WHPSRUDO�DQDO\-
VLV�LQ�VFDOH�RI�DOO�FDUERQ�FDSWXUH�WHFKQRORJLHV��IRU�D�
GHHSHU�XQGHUVWDQG�RQ�GHYHORSPHQWDO�WUHQG�DQG�WHFK-
QRORJLFDO�GLVWULEXWLRQ�
� 6HFRQG��SDWHQW�FRXQW�GLIIHUV�ZLGHO\�DFURVV�VWXGLHV�
IURP�����WR�������SUREDEO\�GXH�WR�YDULRXV�GDWDEDVHV��
GLYHUVH�UHWULHYDO�VWUDWHJLHV�DQG�GLVWLQJXLVKLQJ�WLPH�
VSDQ��,Q�JHQHUDO�EXW�QRW�DEVROXWHO\��VHDUFKLQJ�LQ�VHY-

Table 1  Former studies related to carbon capture technology by patent bibliometrics.

Refer Description Database set Source

'HFKH]OHSUHWUH
�����>��@

7RRN�&&6�DV�RQH�RI�WKLUWHHQ�FOLPDWH�FKDQJH�PLWLJDWLRQ�WHFKQRORJLHV��SURYLGHG�DQ�
DQDO\VLV�RI�JHRJUDSKLF�GLVWULEXWLRQ�DQG�LQWHUQDWLRQDO�GLIIXVLRQ�LQ�DQ�RYHUDOO�YLHZ��
&&6�LV�QHJOLJLEOH��������RI�DOO�¿HOGV¶�SDWHQWV�

����&&6�SDWHQWV 3$767$7

:,32
�����>��@

7RRN�&&6�DV�RQH�RI�QLQH�DOWHUQDWLYH�HQHUJ\�WHFKQRORJLHV��GHVFULEHG�&&6�WUHQGV�YHU\�
EULHÀ\�LQ�WHUPV�RI�WHFKQRORJ\��DOWKRXJK�&&6�LV�QRW��VWULFWO\�VSHDNLQJ��DQ�DOWHUQDWLYH�
HQHUJ\�

�����&&6�
SDWHQWV

(32��
:,32��
86372��
-32��.,32��
6,32

2(&'
�����>��@

7RRN�FDUERQ�FDSWXUH�DV�RQH�RI�WHQ�&&07V��SUHVHQWHG�JURZWK�UDWH��LQYHQWLYH�DFWLYLW\��
PDMRU�DSSOLFDQWV�DQG�DYHUDJH�SDWHQW�IDPLO\�VL]H�ZLWK�RWKHU�WHFKQRORJLHV�WRJHWKHU�

�����FDUERQ�
FDSWXUH�SDWHQWV 3$767$7

:DQJ
�����>��@

3UHVHQWHG�&&6�SDWHQW�NH\�ZRUG�PDS�E\�7KRPVRQ�'DWD�$QDO\]HU�DQG�$XUHND��
GHVFULEHG�JURZWK�DQG�,3&�GLVWULEXWLRQ�EULHÀ\��GLVFXVVHG�QLQH�FRXQWULHV¶�
WHFKQRORJLFDO�IHDWXUHV�

�����&&6�
SDWHQWV ',,

&ULVWLQD
�����>��@

*DYH�DQ�RYHUYLHZ�WKURXJK�SDWHQWV�DSSOLFDWLRQV�DQG�VFLHQWL¿F�DUWLFOHV�WRJHWKHU��
SUHVHQWHG�¿YH�WHFKQLFDO�URXWHV��DEVRUSWLRQ��DGVRUSWLRQ��PHPEUDQHV��HQ]\PDWLF�DQG�
WKHUPRG\QDPLFV�

�����FDUERQ�
FDSWXUH�SDWHQWV (32

0LDR
�����>��@

3XW�IRUZDUG�UHVHDUFK�LGHDV�EDVHG�RQ�SDWHQW�FLWDWLRQ�DQDO\VLV�DSSURDFK��GLIIHUHQW�IURP�
RWKHU�UHIHUV�LQ�WKLV�WDEOH��'UHZ�WKH�&&6�GHYHORSPHQW�PDS�DQG�LGHQWL¿HG�WKH�PDLQ�
SDWKV�E\�DOJRULWKP�RI�SDWK�UHFRJQLWLRQ�ZKLFK�EDVHG�RQ�SDWHQW�FLWDWLRQ��

�����&&6�
SDWHQWV 86372

Li
�����>��@

*DYH�GHWDLOV�RQ�VHYHQW\�QLQH�UHSUHVHQWDWLYH�SDWHQWV��SUHVHQWHG�WKUHH�WHFKQLFDO�URXWHV��
VROYHQW��VRUEHQW�DQG�PHPEUDQH��PDGH�SHUVSHFWLYHV�RQ�SRWHQWLDO�WHFKQLFDO�URXWHV�

�����FDUERQ�
FDSWXUH�SDWHQWV (VSDFHQHW

=KDQJ
�����>��@

*DYH�D�EULHÀ\�RYHUYLHZ�RI�IRXU�WHFKQLFDO�URXWHV��DEVRUSWLRQ��DGVRUSWLRQ��FU\RJHQLF�
DQG�PHPEUDQH��DQG�WKUHH�UHDJHQWV��DEVRUSWLRQ�UHDJHQW��DGVRUSWLRQ�UHDJHQW�DQG�
PHPEUDQH�UHDJHQW��E\�SDWHQW�DQG�DUWLFOH�DQDO\VLV��GLVFXVVHG�&&6�SROLFLHV�LQ�&KLQD�

�����FDUERQ�
FDSWXUH�SDWHQWV 86372

1RWH��3$767$7�IRU�(XURSHDQ�3DWHQW�2I¿FH�:RUOGZLGH�3DWHQW�6WDWLVWLFDO�'DWDEDVH��(32�IRU�(XURSHDQ�3DWHQW�2I¿FH��:,32�IRU�
:RUOG�,QWHOOHFWXDO�3URSHUW\�2I¿FH��86372�IRU�8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2I¿FH��-32�IRU�-DSDQ�3DWHQW�2I¿FH��.,32�IRU�
.RUHDQ�,QWHOOHFWXDO�3URSHUW\�2I¿FH��6,32�IRU�6WDWH�,QWHOOHFWXDO�3URSHUW\�2I¿FH�RI�WKH�3HRSOH¶V�5HSXEOLF�RI�&KLQD��',,�IRU�'HUZHQW�
,QQRYDWLRQV�,QGH[�GDWDEDVH�



204

Huan Liu

HUDO�GDWDEDVHV��H�J���:,32�>��@�XVHG�VL[�GDWDEDVHV��
RU�VHDUFK�LQ�DQ�LQWHJUDWHG�GDWDEDVH��H�J���2(&'�>��@�
XVHG�3$767$7�DQG�/L�>��@�XVHG�(VSDFHQHW���FRXOG�
SURYLGH� D�PRUH� VXLWDEOH� UHVXOW�� +RZHYHU�� 'HFKH-
]OHSUHWUH�>��@�DQG�:DQJ�>��@�JRW�IHZHU�SDWHQWV�IURP�
LQWHJUDWHG�GDWDEDVH�3$767$7�DQG�'HUZHQW�,QQRYD-
WLRQV�,QGH[�GDWDEDVH��7KH�UHDVRQ�ZH�H[DPLQH�LV�WKH�
LQFRPSOHWH�VHDUFK�H[SUHVVLRQ�LQ�WKHLU�VWXGLHV�
� )LQDOO\��SDWHQW�IDPLO\�ZDV�XVHG�SRSXODUO\��$�SDW-
HQW�IDPLO\�LV�D�VHW�RI�VLPLODU�SDWHQWV�WDNHQ�LQ�YDUL-
RXV�FRXQWULHV�WR�SURWHFW�D�VLQJOH�LQYHQWLRQ��7KHUHIRUH�
DQDO\VLV� E\� SDWHQW� IDPLO\� UHÀHFWV� WKH� QXPEHU� RI�
LQYHQWLRQV�SUHVHQW�PRUH�DFFXUDWHO\�
� 7KHUHE\��RXU�VWXG\�DLPV�DW�H[WHQGLQJ�WKHVH�SUHYL-
RXV�VWXGLHV�WKURXJK�WKH�FUHDWLRQ�RI�D�PRUH�FRPSOHWH�
GDWDEDVH�VHW�IURP�'HUZHQW�,QQRYDWLRQV�,QGH[�GDWD-
EDVH��E\�XVLQJ�D�PRUH�VXLWDEOH�VHDUFK�H[SUHVVLRQV��
7KHQ��KLJKOLJKWV�GHYHORSPHQW�VWDJHV�LQ�IRUW\�\HDUV�
DQG�DQDO\]HV�JHRJUDSKLFDO�IHDWXUH�LQ�WHUPV�RI�FRXQ-
WULHV��,Q�DGGLWLRQ��HPSOR\V�GDWDEDVH�RI�&&6�SURMHFWV�
DW� ¿UVW� LQ� VLPLODU� VWXGLHV�� WKXV�PDNLQJ� XV� DEOH� WR�
UHYHDO�RYHUODS�RI�SDWHQW�OD\HU�DQG�SURMHFW�OD\HU�
� 7KH�UHPDLQGHU�RI�WKLV�DUWLFOH�LV�VWUXFWXUHG�DV�IRO-
ORZV��6HFWLRQ���RXWOLQHV�WKH�GDWD�VRXUFH�DQG�UHWULHYDO�
VWUDWHJ\��'DWDEDVH�LQ�6HFWLRQ���LV�XVHG�LQ�6HFWLRQ���
WR�DQDO\]H� WHPSRUDO�GLVWULEXWLRQ�RI�FDUERQ�FDSWXUH�
LQ�WHUPV�RI�\HDUO\�DQG�FXPXODWLYH��6HFWLRQ���VKRZV�
VSDWLDO� GLVWULEXWLRQ�� DQG� DGRSWV� DQRWKHU�PHDQV� RI�
&&6�SURMHFW�FRXQW�IRU�FRPSDUDWLYH�VWXG\�EHWZHHQ�
SDWHQW�DQG�SURMHFW��6HFWLRQ���FRQWDLQV�D�FRQFOXGLQJ�
GLVFXVVLRQ�

2 Patent database set and retrieval 
strategy
,Q� WKLV� VWXG\�� 'HUZHQW� ,QQRYDWLRQV� ,QGH[� �',,��
GDWDEDVH� RI�:HE� RI� 6FLHQFH� �IURP� WKH� ,�6�,��:HE�
RI�.QRZOHGJH�� LV�XVHG� WR� VHDUFK�DQG�DQDO\]H�SDW-
HQW�GDWD�VHW��',,�GDWDEDVH�LV�D�ZLGHO\�DFFHSWHG�SDW-
HQW�GDWD�VRXUFH�WKDW�FRYHUV�RYHU������PLOOLRQ�EDVLF�
LQYHQWLRQV�IURP����ZRUOGZLGH�SDWHQW�LVVXLQJ�DXWKRU-
LWLHV��)RU�SDWHQW�ELEOLRPHWULFV�VWXG\��WKH�PRVW�IXQGD-
PHQWDO�WDVN�LV�WR�VHW�WKH�UDQJH�RI�UHWULHYDO�DQG�FKRRVH�

DSSURSULDWH� LQGH[�ZRUGV��%DVHG�RQ� IRUPHU�VWXGLHV�
�VHH�7DEOH�����VHDUFK�LQGLFDWRUV�LQ�WKLV�VWXG\�LQFOXGH�
WZR�GLPHQVLRQV��VHDUFK�WRSLFV�DQG�VHDUFK�,3&�FRGHV�
� $ERXW�VHDUFK� WRSLFV��ZH�FROOHFWHG�NH\�ZRUGV�RI�
W\SHV�RI�FDUERQ�FDSWXUH�SURFHVVHV��FRPELQHG� WKHP�
DV�RQH� WRSLF� VHDUFK� H[SUHVVLRQ�E\� ORJLF�RSHUDWRUV��
:KLOVW��IRU�D�PRUH�ULJRURXV�VHDUFK�UHVXOW��ZH�LGHQWL-
¿HG�WKHVDXUXV�GHWDLOV�RI�,3&�FRGHV�UHODWHG�WR�WKRVH�
NH\�ZRUGV��FRPELQHG�WKHP�DV�RQH�,3&�FRGHV�VHDUFK�
H[SUHVVLRQ�E\�ORJLF�RSHUDWRUV�WRR��,3&�V\VWHP�LV�WKH�
PRVW� SRSXODU� KLHUDUFKLFDO� FODVVL¿FDWLRQ� V\VWHP� RI�
SDWHQWV�DPRQJ�FRXQWULHV�RU�RUJDQL]DWLRQV�ZLWK�RI¿-
FLDO�SDWHQW�RI¿FHV��ODXQFKHG�E\�WKH�:RUOG�,QWHOOHFWXDO�
3URSHUW\� 2UJDQL]DWLRQ� �:,32���:H� WHVWHG� GR]HQV�
RI� FRPELQHG� VHDUFK� WRSLFV� DQG� VHDUFK� ,3&� FRGHV��
FRPSDUHG�UHVXOWV�RI�LQSXWWLQJ�GLIIHUHQW�H[SUHVVLRQV��
DGRSWHG�WKH�PRVW�VXLWDEOH�H[SUHVVLRQV�DIWHU�WULDO�DQG�
HUURU��,Q�WHVWLQJ��ZH�IRXQG�D�GR]HQ�RI�ZRUOG�IDPRXV�
YHKLFOH� FRPSDQLHV�� ZKLFK� DUH� QRW� SURIHVVLRQDO� LQ�
GRPDLQ� RI� FDUERQ� FDSWXUH� DW� DOO��0RVW� RI� SDWHQWV�
DSSOLHG�E\�WKRVH�YHKLFOH�FRPSDQLHV�UHODWHG�WR�DXWR-
PRELOH� H[KDXVW�JDVHV�SROOXWLRQ�FRQWURO��7KHUHIRUH��
ZH�H[FOXGHG�WKLV�LQWHUIHUHQFH�WHFKQRORJ\�H[SUHVVLRQV�
E\�XVLQJ�ORJLF�RSHUDWRU�³QRW´��&RPSDULQJ�ZLWK�IRUH-
JRLQJ�VWXGLHV��DV�IDU�DV�ZH�NQRZ��LW�LV�WKH�¿UVW�WLPH�WR�
H[FOXGH�H[KDXVW�FRQWURO�WHFKQRORJLHV�LQ�SDWHQW�GDWD�
VHDUFKLQJ� E\� ORJLF� RSHUDWRU�� IRU� DFFHVVLQJ� D�PRUH�
FRQFHQWUDWLYH�GDWDEDVH�VHW�RI�FDUERQ�FDSWXUH�SDWHQWV�
� ([SUHVVLRQV� RI� VHDUFK� WRSLFV� DQG� VHDUFK� ,3&�
FRGHV�XVHG�LQ�WKLV�VWXG\�DUH�DV�EHORZ�
� 6HDUFK�WRSLFV��GHVFULSWLRQ�VHH�7DEOH��D����&2��RU�
�FDUERQ�GLR[LGH���DQG��FDSWXU�RU�UHFRYHU�RU�VHSD-
UDW�RU�UHPRY�RU�DEVRU�RU�DGVRU�RU�PHPEUDQ�RU�
FU\RJHQ�RU�HQ]P�RU�FRPEXVW�RU�SXUL�RU�FRQFHQ-
WUDW�RU�H[WUDFW�RU�FRPSUHVV�RU�WKHUPR��QRW��FDU�
RU�DXWR�RU�YHKLFO�RU�HQJLQ�RU�H[KDXVW��
� 6HDUFK� ,3&� FRGHV� �WKHVDXUXV� GHVFULSWLRQ� VHH�
7DEOH� �E��� �%��'�������� RU� %��'�������� RU�
%��'��������RU�%��'��������RU�%��'��������RU�
%��'��������RU�%��'��������RU�%��'��������RU�
%��'�������� RU� %��'�������� RU� &��%��������
RU� &��%�������� RU� )��-�������� RU� )��-��������
RU�)��-��������RU�)��-��������RU�)��-��������RU�
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)��-���������QRW��+��0��������RU�+��0���������
� 7KH�¿QDO�SDWHQW�GDWD�VHDUFKLQJ�ZDV�FRQGXFWHG�RQ�
$SULO�������$�WRWDO�RI������SDWHQW�¿OHV�ZHUH�IRXQG�
LQ�WLPH�VSDQ�RI�IRUW\�\HDUV�IURP������WR�������)RU�
HDFK�SDWHQW�LQ�RXU�GDWDEDVH��VHYHUDO�GDWD�¿HOGV�ZHUH�
H[WUDFWHG�VXFK�DV�DXWKRUL]DWLRQ�\HDU��DVVLJQHH�QDPH��
DVVLJQHH�FRGH�DQG�,3&�FRGH�HWF�

Table 2a  Descriptions of search topics

Search topics Descriptions
� &2� &2���&2��
� FDUERQ�

GLR[LGH
FDUERQ�GLR[LGH�

� FDSWXU FDSWXUH��FDSWXUHG��FDSWXULQJ��HWF�
� UHFRYHU UHFRYHU��UHFRYHU\��UHFRYHUHG��UHFRYHULQJ��

HWF�
� VHSDUDW VHSDUDWH��VHSDUDWHG��VHSDUDWLQJ��

VHSDUDWLRQ��HWF�
� UHPRY UHPRYH��UHPRYHG��UHPRYLQJ��UHPRYHU��

HWF�
� DEVRU DEVRUE��DEVRUEHG��DEVRUELQJ��DEVRUEHQW��

DEVRUSW��DEVRUSWLYH��DEVRUSWLRQ��HWF�
� DGVRU DGVRUE��DGVRUEHG��DGVRUELQJ��DGVRUEDEOH��

DGVRUS��DGVRUSWLRQ��DGVRUSWLYH��HWF�
� PHPEUDQ PHPEUDQH��PHPEUDQRXV��HWF�
�� FU\RJHQ FU\RJHQ��FU\RJHQLF��HWF�
�� HQ]\P HQ]\PH��HQ]\PHV��HQ]\PLF��

HQ]\PRO\VLV��HWF�
�� FRPEXVW FRPEXVW��FRPEXVWHG��FRPEXVWLQJ��

FRPEXVWLRQ��FRPEXVWLEOH��HWF�
�� SXUL SXULI\��SXUL¿HG��SXULI\LQJ��SXUL¿FDWLRQ��

HWF�
�� FRQFHQWUDW FRQFHQWUDWH��FRQFHQWUDWHG��FRQFHQWUDWLQJ��

FRQFHQWUDWLRQ��HWF�
�� H[WUDFW H[WUDFW��H[WUDFWHG��H[WUDFWLQJ��H[WUDFWLYH��

H[WUDFWLRQ��H[WUDFWDEOH��H[WUDFWDQW��HWF�
�� FRPSUHVV FRPSUHVV��FRPSUHVVHG��FRPSUHVVLQJ��

FRPSUHVVLYH��FRPSUHVVLEOH��
FRPSUHVVLRQ��HWF�

�� WKHUPR WKHUPR��WKHUPRG\QDPLFV��HWF�
�� FDU FDU�
�� DXWR DXWR��DXWRPRELOH��DXWRPRWLYH��HWF�
�� YHKLFO YHKLFOH��HWF�
�� HQJLQ HQJLQH��HWF�
�� H[KDXVW H[KDXVW��H[KDXVWHG��H[KDXVWLQJ��HWF�

Table 2b  Thesaurus descriptions of search IPC codes

IPC codes Thesaurus descriptions
� %��'������� 6HSDUDWLRQ
� %��'������� 6HSDUDWLRQ�RI�JDVHV�RU�YDSRXUV��

5HFRYHULQJ�YDSRXUV�RI�YRODWLOH�VROYHQWV�
IURP�JDVHV

� %��'������� E\�DGVRUSWLRQ
� %��'������� ZLWK�VWDWLRQDU\�DGVRUEHQWV
� %��'������� E\�DEVRUSWLRQ
� %��'������� $EVRUELQJ�XQLWV��/LTXLG�GLVWULEXWRUV�

WKHUHIRU
� %��'������� E\�GLIIXVLRQ
� %��'������� ZLWK�JDV�OLTXLG�FRQWDFW
� %��'������� &DWDO\WLF�SURFHVVHV
�� %��'������� E\�FDWDO\WLF�SURFHVVHV
�� &��%������� XVLQJ�FDWDO\VWV
�� &��%������� &DUERQ�GLR[LGH
�� )��-������� $UUDQJHPHQWV�RI�GHYLFHV�IRU�WUHDWLQJ�

VPRNH�RU�IXPHV
�� )��-������� 3URFHVVHV�RU�DSSDUDWXV�IRU�OLTXHI\LQJ�RU�

VROLGLI\LQJ�JDVHV�RU�JDVHRXV�PL[WXUHV
�� )��-������� 3URFHVVHV�RU�DSSDUDWXV�IRU�VHSDUDWLQJ�

WKH�FRQVWLWXHQWV�RI�JDVHRXV�PL[WXUHV�
LQYROYLQJ�WKH�XVH�RI�OLTXHIDFWLRQ�RU�
VROLGL¿FDWLRQ

�� )��-������� E\�UHFWL¿FDWLRQ��L�H��E\�FRQWLQXRXV�
LQWHUFKDQJH�RI�KHDW�DQG�PDWHULDO�EHWZHHQ�
D�YDSRXU�VWUHDP�DQG�D�OLTXLG�VWUHDP

�� )��-������� IRU�DLU
�� )��-������� 6HSDUDWLQJ�JDVHRXV�LPSXULWLHV�IURP�

JDVHV�RU�JDVHRXV�PL[WXUHV
�� +��0�

������
$X[LOLDU\�DUUDQJHPHQWV�RU�SURFHVVHV��
H�J���IRU�FRQWURO�RI�SUHVVXUH��IRU�
FLUFXODWLRQ�RI�ÀXLGV

�� +��0������� &RPELQDWLRQ�RI�IXHO�FHOO�ZLWK�PHDQV�IRU�
SURGXFWLRQ�RI�UHDFWDQWV�RU�IRU�WUHDWPHQW�RI�
UHVLGXHV

3 Temporal distribution of carbon 
capture technology
3UDFWLWLRQHUV� DQG� UHVHDUFKHUV� DUH� RIWHQ� LQWHUHVWHG�
LQ��UHJDUGLQJ�WR�D�FHUWDLQ�WHFKQRORJ\�¿HOG��ZKDW�WKH�
WHQGHQF\�LV�DQG�ZKHUH�LW�ZLOO�GULYH�WR��)RU�HYDOXDW-
LQJ�SURJUHVV�LQ�FDUERQ�FDSWXUH�LQQRYDWLRQ�DSSURDFK��
ZH�H[WUDFW�GDWD�RI�DXWKRUL]DWLRQ�\HDU�IURP�GDWDEDVH�
VHW��LGHQWLI\�VKLIWV�E\�\HDUO\�JURZWK�DQG�FXPXODWLYH�
GHYHORSPHQW��DQG� WKHQ�GUDZ�VRPH�VLPLODU�FRQFOX-
VLRQV�IURP�GLYHUVH�YLHZV�
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�����<HDUO\�GHYHORSPHQW�RI�SDWHQW�FRXQW
)LJ�� �� SUHVHQWV� DXWKRUL]HG� FDUERQ� FDSWXUH� SDWHQWV�
\HDUO\�VLQFH�������DV�PHDVXUHG�E\�SDWHQW�FRXQW��7KH�
WUHQG� VKRZV� WZR� SKDVHV� FOHDUO\�� ��� ÀXFWXDQW� DQG�
VORZ� LQFUHDVLQJ�SKDVH�� ��� VKDUS� LQFUHDVLQJ�SKDVH��
$SSDUHQWO\��\HDU�RI������LV�WKH�WXUQLQJ�SRLQW�RI�WHFK-
QRORJ\�GHYHORSPHQW��,Q�ÀXFWXDQW�DQG�VORZ�LQFUHDV-
LQJ�SKDVH�EHIRUH�������DQQXDO�SDWHQW�FRXQW�LQFUHDVHG�
VORZO\�� HYHQ� QHJDWLYH� JURZWK� LQ� VRPH� \HDUV��7KH�
$$*5��DYHUDJH�DQQXDO�JURZWK�UDWH��ZDV�RQO\�������
7KH�DQQXDO�DYHUDJH� LV�DERXW�����SDWHQWV�� ,Q�VKDUS�
LQFUHDVLQJ� SKDVH� VLQFH� ������ DQQXDO� SDWHQW� FRXQW�
LQFUHDVHV�TXLFNO\��WKH�$$*5�ZDV�������IURP������
WR�������7KLV�SKDVH�SUHVHQWV�D�OLQHDU�LQFUHDVLQJ�ZLWK�
KLJK�FXUYH�VLPLODULW\��5�� ���������VHH�)LJ������7KH�
DQQXDO� DYHUDJH�FRXQW� IURP������ WR������ LV� DERXW�
�����QHDUO\���WLPHV�RI�IRUPHU�SKDVH�
� 7KH�VKDSH�LQFUHDVLQJ�VLQFH������LV�QRW�DQ�DFFL-
GHQW�RI�FRXUVH��LPSOLHV�PDQ\�VKLIWV�
� )LUVW�� WKHUH� LV� D� ZLGH� DJUHHPHQW� DPRQJ� ����
H[SHUWV�VXUYH\HG�LQ�$OSKHQ¶V�VWXG\�>�@�WKDW�FDSWXUH�
IDFLOLWLHV� DUH� QRW� VXEVWDQWLDOO\� GLIIHUHQW� IURP�FRQ-
YHQWLRQDO� LQGXVWULDO� IDFLOLWLHV��7KXV� LQ�PRVW�\HDUV��
FDUERQ�FDSWXUH� WHFKQRORJ\�ZDV�DSSOLHG� LQ�JHQHUDO�
VHFWRU�DQG�JUHZ�VORZO\��$V�FDUERQ�FDSWXUH�EHLQJ�D�
FUXFLDO�WHFKQRORJ\�LQ�&&6�FKDLQ��LQQRYDWLRQ�DFWLYL-
WLHV�KDYH�EHHQ�ERRPLQJ�

� 6HFRQG�� FRQVLGHULQJ� LW� XVXDOO\� QHHGV� \HDUV� WR�
GHSOR\�DQG�LPSOHPHQW�LQQRYDWLRQ�DFWLYLWLHV�E\�JRY-
HUQPHQWV�DQG�LQQRYDWRUV��WKH�LQFUHDVLQJ�WUHQG�LQ�FDU-
ERQ�FDSWXUH�WHFKQRORJ\�IURP�QHZ�FHQWXU\�VHHPV�WR�
UHÀHFW�D�VLJQL¿FDQW�LQÀXHQFH�RI�FOLPDWH�FKDQJH�SROL-
FLHV�VLQFH�WKH�VLJQLQJ�RI�WKH�.\RWR�3URWRFRO�LQ�������
'HFKH]OHSUHWUH� >��@� DOVR� SRLQWHG� RXW� WKDW� .\RWR�
3URWRFRO�DIIHFWHG�LQQRYDWLRQV�LQ�D�FOXVWHU�RI�FOLPDWH�
FKDQJH�PLWLJDWLRQ�WHFKQRORJLHV�LQFOXGLQJ�&&6�WHFK-
QRORJ\��SUREDEO\�GXH�WR�LQQRYDWRUV�UHDFWHG�VZLIWO\�
WR�SROLF\�FKDQJHV��SULYDWH�VHFWRU�UHFHLYHG�D�VWURQJ�
VLJQDO�DQG�PDQ\�FRXQWULHV�WRRN�HDUO\�DFWLRQ�EHIRUH�
UDWL¿FDWLRQ�
� 7KLUG��WKH�LQFUHDVLQJ�WUHQG�LV�DOVR�UHODWHG�WR�HQYL-
URQPHQWDO� FRQFHUQV� DQG� FRPPHUFLDO� GULYHV� >��@��
6OHLSQHU�SURMHFW� LQ�1RUZHJLDQ�FRQWLQHQWDO� VKHOI� LV�
D�PLOHVWRQH� HIIRUW� RI� FDUERQ�PLWLJDWLRQ��ZKLFK� LV�
FDOOHG�³WKH�PRWKHU�RI�DOO�&&6�SURMHFWV´��VHSDUDWHV�
DQG�LQMHFWV���0W�&2��LQWR�VDOLQH�IRUPDWLRQ�HDFK�\HDU�
VLQFH� ����� >��@��2Q� WKH� RWKHU� KDQG�� VHYHUDO�&&6�
SURMHFWV�DUH�GULYHQ�E\�FRPPHUFLDO�XWLOL]DWLRQ�RI�&2� 
OLNH�&2��LQMHFWLRQ�IRU�HQKDQFHG�RLO�UHFRYHU\��(25���
� ,Q�DGGLWLRQ��SDWHQW�FRXQWV� LQ������DQG������GR�
QRW�FRUUHVSRQG�ZLWK�WKH�UHDOLW\��GXH�WR�WKH�WLPH�ODJ�
EHWZHHQ�DSSOLFDWLRQ�DQG�DXWKRUL]DWLRQ��7KHUHE\��WKH�
ODVW� WZR�\HDUV� DUH�XVHG� IRU� FRPSDULQJ� UDWKHU� WKDQ�
DQDO\]LQJ�H[DFWO\�

Fig. 2.  Annual patent count of carbon capture by authorized year, linear 1 presents trend from 1976 to 2006, linear 2 presents trend 
from 2006 to 2013. (Data Source: Derwent Innovations Index Database, 2016.)
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�����7HFKQRORJ\�OLIH�F\FOH�RI�FDUERQ�FDSWXUH
7KH�FRQFHSW�RI�WHFKQRORJ\�OLIH�F\FOH�LV�DOZD\V�SUH-
VHQWHG�WR�PHDVXUH�WHFKQRORJLFDO�FKDQJHV��EHJLQQLQJ�
IURP�$UWKXU�>��@��DQG�LW�LQFOXGHV�WZR�GLPHQVLRQV�DQG�
IRXU�VWDJHV��7ZR�GLPHQVLRQV�DUH�FRPSHWLWLYH�LPSDFW�
DQG� LQWHJUDWLRQ� LQ� SURGXFWV� RU� SURFHVV� ����� SDWHQW�
FDQ�EH�UHJDUGHG�DV�D�SURGXFW�RI� LQQRYDWLRQ�DFWLYL-
WLHV��)RXU�VWDJHV�DUH�HPHUJLQJ��JURZWK��PDWXULW\�DQG�
VDWXUDWLRQ�VWDJHV��$FFRUGLQJ�WR�$UWKXU¶V�GH¿QLWLRQ��
WKH� HPHUJLQJ� VWDJH� LV� D�QHZ� WHFKQRORJ\�ZLWK� ORZ�
FRPSHWLWLYH�LPSDFW�DQG�ORZ�LQWHJUDWLRQ�LQ�SURGXFWV�
RU�SURFHVVHV��,Q�WKH�JURZWK�VWDJH��WKHUH�DUH�SDFLQJ�
WHFKQRORJLHV�ZLWK�KLJK�FRPSHWLWLYH�LPSDFW�WKDW�KDYH�
QRW�\HW�EHHQ�LQWHJUDWHG�LQ�QHZ�SURGXFWV�RU�SURFHVVHV��
,Q�WKH�PDWXULW\�VWDJH��VRPH�SDFLQJ�WHFKQRORJLHV�DUH�

LQWHJUDWHG�LQWR�SURGXFWV�RU�SURFHVVHV��,Q�WKH�VDWXUD-
WLRQ�VWDJH��D�WHFKQRORJ\�EHFRPHV�D�EDVH�WHFKQRORJ\�
DQG�PLJKW�EH�UHSODFHG�E\�D�QHZ�WHFKQRORJ\��)LJ���D�
LOOXVWUDWHV�WKH�6�FXUYH�GH¿QLWLRQ�RI�IRXU�VWDJHV�
� )LJ���E�SUHVHQWV�FXPXODWLYH�SDWHQW�FRXQW�RI�FDU-
ERQ�FDSWXUH�IURP������WR�������&RPSDULQJ�WR�WKHR-
UHWLFDO�PRGHO�RI�WHFKQRORJLFDO�OLIH�F\FOH�VKRZHG�LQ�
)LJ���D��WXUQLQJ�SHULRG�RI�HPHUJLQJ�VWDJH�WR�JURZWK�
VWDJH�LV�KLJKOLJKWHG�LQ�)LJ���E��IURP������WR������
DURXQG��$V�D�FRQVHTXHQFH��WZR�VWDJHV�RI�WHFKQRORJL-
FDO� OLIH�F\FOH�FDQ�EH�IRXQG����� WKH�HPHUJLQJ�VWDJH�
DQG����WKH�JURZWK�VWDJH��:H�EHOLHYH�WKDW�WKH�JURZWK�
VWDJH�LV�FRPLQJ��D�VKDUS�LQFUHDVLQJ�RI�SDWHQW�FRXQW�
ZLOO�EH�DYDLODEOH�LQ�IXWXUH�\HDUV��1HHG�WR�SRLQW�RXW�
WKDW�� WZR� VWDJHV� RI� WHFKQRORJLFDO� OLIH� F\FOH� DUH� LQ�

Fig. 3a.  The S-curve concept of a 
technological life cycle by cumulative 
patent count. (Note: Modified based on 
Ernst, 1997 [30].)

Fig. 3b.  Technological life cycle 
of carbon capture by cumulative 
patent count. (Data Source: 
Derwent Innovations Index 
Database, 2016.)
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WHUPV�RI�FXPXODWLYH�SDWHQW�FRXQW��GLIIHUHQW�IURP�WZR�
SKDVHV�E\�DQQXDO�SDWHQW�FRXQW�PHQWLRQHG�LQ�)LJ����

4 Spatial distribution of carbon cap-
ture technology
,Q�WKH�SUHYLRXV�VHFWLRQ��ZH�JLYH�D�GLVFXVVLRQ�RQ�WHP-
SRUDO�WUHQG�LQ�RYHUDOO�FRXQWULHV��)RU�DVVHVVLQJ�ZKLFK�
FRXQWULHV�DUH�OHDGLQJ�WKH�LQQRYDWLRQ�DQG�ZKLFK�FRXQ-
WULHV�DUH�PRUH�DFWLYH�LQ�SURMHFW�RSHUDWLRQ��ZH�IRFXV�
RQ� VSDWLDO� GLVWULEXWLRQ� RI� WHFKQRORJ\� DQG� SURMHFW�
WRJHWKHU��$W�¿UVW��GLVWULEXWLRQ�RI�SDWHQW�LV�SUHVHQWHG�
LQ� WHUPV� RI� WRS� ��� DVVLJQHH� FRGHV�� 7KHQ�� VSDWLDO�
FRPSDULVRQ�EHWZHHQ�SDWHQW�DQG�SURMHFW�LV�SUHVHQWHG��
/DVWO\��ZH�WU\�WR�GLVFXVV�UHODWLYH�GHYHORSPHQW�WUHQGV�
DPRQJ�KLJK�WHFK�FRXQWULHV�
� :H�LGHQWLI\�VSDWLDO�GLVWULEXWLRQ�RI�SDWHQW�DFURVV�
FRXQWULHV�LQ�WHUPV�RI�DVVLJQHH�FRGH��DQG�WU\�WR�KLJK-
OLJKW� WKH�UHODWLYH�GHYHORSPHQW� WUHQGV�DPRQJ�KLJK�
WHFK�FRXQWULHV�E\�XVLQJ�GDWD�RI�DVVLJQHH�FRGH� WRR��
7KXV�� DVVLJQHH�FRGH� VKRXOG�EH�GLVFXVVHG� LQ� IURQW��
7KH�ZLGH�UDQJH�RI�FRPSDQ\�QDPH�YDULDWLRQV�WKDW�FDQ�
H[LVW�LQ�DQ\�SDWHQW�GDWDEDVH�LV�D�GRFXPHQWHG�SURE-
OHP�� %HWZHHQ� PLVVSHOOLQJV�� WUDQVOLWHUDWLRQV� IURP�
RWKHU� ODQJXDJHV�� DQG� DEEUHYLDWLRQV� IRU� FRPPRQ�

ZRUGV��VXFK�DV�³&R�´�IRU�³&RPSDQ\´�RU�³/WG´�IRU�
³/LPLWHG´���PDQ\�GLIIHUHQW�YHUVLRQV�RI�D�FRPSDQ\�
QDPH�FDQ�EH�UHFRUGHG�LQ�D�SDWHQW�GDWDEDVH��DQG�WKLV�
FDQ�KDPSHU�DFFXUDWH�NH\ZRUG�UHWULHYDO�>��@��/XFNLO\��
'HUZHQW�LQGH[HUV�DGGUHVV�WKLV�SUREOHP�E\�DVVLJQHH�
FRGH��(YHU\�SDWHQWHH�LQ�',,�KDV�RQH�DVVLJQHH�FRGH��
KRZHYHU�RQH�DVVLJQHH�FRGH�XVXDOO\�FRQWDLQV�PDQ\�
SDWHQWHH�QDPHV��3DWHQWHH�QDPHV�WKDW�DUH�FRQWDLQHG�LQ�
RQH�DVVLJQHH�FRGH�DOZD\V�KDYH�UHODWLRQVKLSV�WR�HDFK�
RWKHU� LQ�PDQ\�FDVHV�� VXFK�DV�EHORQJLQJ� WR�D�VDPH�
FRPSDQ\��FRPSDQ\�PHUJHU�DQG�UHVWUXFWXULQJ��HYHQ�
PLVVSHOOLQJ�RI�QDPH��&RQVHTXHQWO\��ZKHQ�ZH�WU\�WR�
VXUYH\�WKH�LQQRYDWLRQDO�OHYHO�RI�D�FRPSDQ\�LQ�',,��
ZH�H[WUDFW�SDWHQWV�E\�DVVLJQHH�FRGH��WKHQ�ZH�ZRQ¶W�
H[FOXGH�YDOLG�GDWD�RU�LQFOXGH�LQYDOLG�GDWD��1HHG�QRW�
WR�SRLQW�RXW�WKDW�',,�LV�WKH�RQO\�SDWHQW�GDWDEDVH�WKDW�
LQFOXGH�DVVLJQHH�FRGH��,W�LV�DOVR�DQ�LPSRUWDQW�UHDVRQ�
IRU�XV�WR�FKRRVH�',,�DV�SDWHQW�GDWD�VRXUFH�

�����6SDWLDO�GLVWULEXWLRQ�RI�WHFKQRORJ\
:H�H[WUDFW� GDWD� RI� DVVLJQHH� FRGHV� LQ� FDUERQ� FDS-
WXUH�SDWHQW�GDWDEDVH�VHW��)RU�D�PRUH�FOHDU�DQG�YDOLG�
UHVXOW��ZH�FKRRVH�WRS����DVVLJQHH�FRGHV�IURP�WRWDO�
����� FRGHV� �VHH�7DEOH� ����7RS� ��� DVVLJQHH� FRGHV�
RZQ� ����� SDWHQW� ¿OHV�� DFFRXQW� IRU� ������� RI� DOO�

Fig. 4a.  Spatial distribution of top 50 assignee codes, of patents belong to top 50, of patent belong to non-
business assignee codes in top 50. (Data Source: Derwent Innovations Index Database, 2016.)
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Table 3  Basic Information of Top 50 Assignee Codes. (Note: Totally 55 assignee codes because of 6 tying in 50th. Data Source: 
Derwent Innovations Index Database, 2016.)

Assignee code Main assignee name Patent count Country &ODVVL¿FDWLRQ
� $,5/�& $,5�/,48,'(�6$ ��� )UDQFH &RPSDQ\
� /,10�& /,1'(�$* ��� *HUPDQ\ &RPSDQ\
� $,53�& $,5�352'�	�&+(0�,1& ��� 86$ &RPSDQ\
� 0,72�& 0,768%,6+,�+($9<�,1'�&2�/7' ��� -DSDQ &RPSDQ\
� 6+(/�& 6+(//�,17�5(6�0,-�%9 ��� 1HWKHUODQGV &RPSDQ\
� ,16)�& ,167�)5$1&$,6�'8�3(752/( ��� )UDQFH ,QVWLWXWH
� $/60�& $/6720�7(&+12/2*<�/7' ��� )UDQFH &RPSDQ\
� (662�& (;;2102%,/�5(6�	�(1*�&2 ��� 86$ &RPSDQ\
� 8192�& 823�//& ��� 86$ &RPSDQ\
�� 35$;�& 35$;$,5�7(&+12/2*<�,1& ��� 86$ &RPSDQ\
�� %572�& %2&�*5283 ��� 8. &RPSDQ\
�� +,7$�& +,7$&+,�/7' ��� -DSDQ &RPSDQ\
�� 6+$1�1 6+$1'21*�6(5,�3(7527(&+�'(9�&2�/7' ��� &KLQD &RPSDQ\
�� 72.(�& 726+,%$�.. �� -DSDQ &RPSDQ\
�� 1,,2�& 1,3321�6$162 �� -DSDQ &RPSDQ\
�� %$',�& %$6)�$* �� *HUPDQ\ &RPSDQ\
�� 613&�& &+,1$�3(752/(80�	�&+(0�&253 �� &KLQD &RPSDQ\
�� *(1(�& *(1(5$/�(/(&75,&�&2 �� 86$ &RPSDQ\
�� <$:$�& 1,3321�67((/�&253 �� -DSDQ &RPSDQ\
�� 81,&�& 81,21�&$5%,'(�&253 �� 86$ &RPSDQ\
�� 6,(,�& 6,(0(16�$* �� *HUPDQ\ &RPSDQ\
�� .2(5�& .25($�,167�(1(5*<�5(6 �� .RUHD ,QVWLWXWH
�� .$17�& .$16$,�(/(&75,&�32:(5 �� -DSDQ &RPSDQ\
�� '2:&�& '2:�&+(0�&2 �� 86$ &RPSDQ\
�� )8-)�& )8-,�),/0�&253 �� -DSDQ &RPSDQ\
�� &$/,�& &+(9521�86$�,1& �� 86$ &RPSDQ\
�� +,7*�& %$%&2&.�+,7$&+, �� -DSDQ &RPSDQ\
�� ,6+,�& ,6+,.$:$-,0$�+$5,0$�+($9<�,1' �� -DSDQ &RPSDQ\
�� .(3&�& .25($�(/(&75,&�32:(5�&253 �� .RUHD &RPSDQ\
�� .2%0�& .2%(�67((/�/7' �� -DSDQ &RPSDQ\
�� 8%(,�& 8%(�,1' �� -DSDQ &RPSDQ\
�� 8<=+�& 81,9�=+(-,$1* �� &KLQD 8QLYHUVLW\
�� %(,-�1 %(,-,1*�<(-,1*�7(&+12/2*<�&2�/7' �� &KLQD &RPSDQ\
�� 87,-�& 81,9�7,$1-,1 �� &KLQD 8QLYHUVLW\
�� 6(,7�& 680,7202�6(,.$�&+(0�&2�/7' �� -DSDQ &RPSDQ\
�� &+,.�1 &+,.<8�.$1.<2�6$1*<2�*,-,768�.(1.<8 �� -DSDQ ,QVWLWXWH
�� &++8�1 &+,1$�+8$1(1*�*5283�&/($1�(1(5*<�7(&+12/ �� &KLQD &RPSDQ\
�� 5(1$�1 5(6�,167�1$1-,1*�&+(0�,1'�*5283 �� &KLQD &RPSDQ\
�� &+6&�1 &+,1(6(�$&$'�6&,�352&(66�(1*�,167 �� &KLQD ,QVWLWXWH
�� '832�& '8�3217�'(�1(02856�	�&2�(�, �� 86$ &RPSDQ\
�� 8<4,�& 81,9�4,1*+8$ �� &KLQD 8QLYHUVLW\
�� 0$78�& 0$7686+,7$�(/(&�,1'�&2�/7' �� -DSDQ &RPSDQ\
�� :$1*�, :$1*�< �� &KLQD ,QGLYLGXDO
�� )/82�& )/825�7(&+12/2*,(6�&253 �� 86$ &RPSDQ\
�� =+$1�, =+$1�, �� &KLQD ,QGLYLGXDO
�� .$:,�& .$:$6$.,�67((/�&253 �� -DSDQ &RPSDQ\
�� 0(0%�1 0(0%5$1(�7(&+12/2*<�	�5(6�,1& �� 86$ &RPSDQ\
�� 8<&+�1 81,9�&+,1$�3(752/(80 �� &KLQD 8QLYHUVLW\
�� 8<'$�& 81,9�'$/,$1�7(&+12/2*< �� &KLQD 8QLYHUVLW\
�� $*(1�& $*(1&<�2)�,1'�6&,�	�7(&+12/2*< �� -DSDQ ,QVWLWXWH
�� %53(�& %3�$/7(51$7,9(�(1(5*<�,17�/7' �� 8. &RPSDQ\
�� *(25�1 *(25*(�/25'�0(7+2'�5(6�	�'(9�$,5�/,48,'( �� )UDQFH &RPSDQ\
�� -,$1�1 -,$1*68�58,)(1*�7(&+12/2*<�,1'�&2�/7' �� &KLQD &RPSDQ\
�� 1,,7�& '2.85,768�*<26(,�+2-,1�6$1*<2�*,-8768�62 �� -DSDQ ,QVWLWXWH
�� 8<6(�& 81,9�6287+($67 �� &KLQD 8QLYHUVLW\
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�����SDWHQW�¿OHV��7RS����DVVLJQHHV�LQFOXGH�PRVW�RI�
LQÀXHQWLDO�FRPSDQLHV��LQVWLWXWHV�DQG�XQLYHUVLWLHV�LQ�
FDUERQ�FDSWXUH�WHFKQRORJ\�LQ�WKH�ZRUOG��,Q�DGGLWLRQ��
EHFDXVH�RI���DVVLJQHH�FRGHV�W\LQJ�LQ���th��WKHUH�DUH�
¿IW\�¿YH�DVVLJQHH�FRGHV�LQ�WRS����
� )LJ���D�VKRZV� WKDW� WRS����DVVLJQHH�FRGHV�������
SDWHQWV��DUH�FRQFHQWUDWHG�LQ�HLJKW�FRXQWULHV²-DSDQ��
86$��)UDQFH��&KLQD��*HUPDQ\��1HWKHUODQGV��8.�DQG�
.RUHD�LQ�RUGHU�IURP�PRVW�WR�IHZHU��)LUVW��(DVW�$VLD��
(8�DQG�1RUWK�$PHULFD�KDYH�PRVW�RI�SDWHQWV�LQ�WKH�
ZRUOG�� FRPSDULQJ� WKH� HFRQRPLF� YLWDOLWLHV� LQ� WKHVH�
DUHDV��7KH�RQO\�GHYHORSLQJ�FRXQWU\�LV�&KLQD��ZKRVH�
SDWHQW� FRXQW� LV� LQFUHDVLQJ� TXLFNO\� LQ� ODVW� �� \HDUV��
6HFRQG�� WKH� SHUIRUPDQFH� RI� -DSDQ� LV� SDUWLFXODUO\�
LPSUHVVLYH�DV�LW�UDQNV�¿UVW�ERWK�LQ�SDWHQW�FRXQW�DQG�
DVVLJQHH�FRGH�FRXQW��1HYHUWKHOHVV�� LQYHQWRUV� IURP�
(8�KDYH�PRUH�SDWHQWV�LQ�DYHUDJH��(DFK�LQYHQWRU�LQ�
1HWKHUODQGV�KDV�����SDWHQWV��LQ�)UDQFH�KDV�����DQG�
LQ�*HUPDQ\�KDV������2Q�WKH�RWKHU�KDQG��HDFK�LQYHQ-
WRU�IURP�86$��8.��-DSDQ��.RUHD�DQG�&KLQD�KDV�����
�����������DQG����SDWHQWV��7KLUG��FRXQWULHV�LQ�(DVW�
$VLD�DQG�)UDQFH�KDYH�PRUH�QRQ�EXVLQHVV�DVVLJQHHV�
VXFK�DV�XQLYHUVLWLHV��LQVWLWXWHV�DQG�LQGLYLGXDOV������
RI�SDWHQW�¿OHV�LQ�.RUHD������LQ�&KLQD������LQ�)UDQFH�
DQG�����LQ�-DSDQ�DUH�FRQWULEXWHG�E\�QRQ�EXVLQHVV�
LQYHQWRUV��7KLV�VWDWXV�KLJKOLJKWV�WKH�IXQGDPHQWDO�UROH�
RI�UHVHDUFK�EDVHG�RUJDQL]DWLRQV�ZKR�JHW�WKH�¿QDQFLDO�
DVVLVWDQFHV�IURP�JRYHUQPHQWV�LQ�VRPH�FRXQWULHV�

�����&RPSDULVRQ�EHWZHHQ�WHFKQRORJ\�DQG�SURMHFW
$OO�RI�RXU�GLVFXVVLRQV�DERYH�DUH� WU\LQJ� WR�FKDUDF-
WHUL]H� IHDWXUHV� RI� VSDWLDO�WHPSRUDO� GLVWULEXWLRQ� E\�
SDWHQW��+RZHYHU��SDWHQW�LV�QRW�WKH�RQO\�LQQRYDWLRQ�
LQGLFDWRU��$QRWKHU� ZLGHO\� XVHG� LQGLUHFW� DSSURDFK�
LV�WKH�HIIHFW�RI�WHFKQRORJ\��:H�FRQVLGHU�ODUJH�VFDOH�
LQWHJUDWHG� &&6� SURMHFW� DV� DQ� DSSUR[LPDWH� HIIHFW�
RI� FDUERQ� FDSWXUH� WHFKQRORJ\�� DOVR� D� ¿QDO�RXWSXW�
SURGXFWLRQ�RI�LQQRYDWLRQ��7KXV�WKLV�VWXG\�HPSOR\V�
FRXQW�RI�SURMHFWV�IRU�XQGHUVWDQGLQJ�WKH�VSDWLDO�UHOD-
WLRQVKLS�EHWZHHQ�SDWHQWV�DQG�SURMHFWV��,Q�DGGLWLRQ��
D�ODUJH�VFDOH�LQWHJUDWHG�&&6�SURMHFW�LV�D�IXOO�FKDLQ�
SURMHFW� �VHH�)LJ�� ����ZKLFK� LV�GH¿QHG�DV� D�SURMHFW�
LQYROYLQJ�WKH�FDSWXUH��WUDQVSRUW�DQG�VWRUDJH�RI�&2� 

DW�D�VFDOH�RI����DW�OHDVW���������WRQV�RI�&2��DQQX-
DOO\�IRU�D�FRDO±EDVHG�SRZHU�SODQW�����DW�OHDVW���������
WRQV�RI�&2��DQQXDOO\�IRU�RWKHU�HPLVVLRQV±LQWHQVLYH�
LQGXVWULDO�IDFLOLWLHV�>��@�
� )LJ���E�SUHVHQWV�VSDWLDO�GLVWULEXWLRQ�RI�IRUW\�ODUJH�
VFDOH� LQWHJUDWHG� &&6� SURMHFWV�� ZKLFK� DUH� GLVWLQ-
JXLVKHG�LQ�¿YH�VWDJHV�>��@��LGHQWLI\��HYDOXDWH��GH¿QH��
H[HFXWH�DQG�RSHUDWH��1DPHO\�VRPH�RI�SURMHFWV�DUH�LQ�
RSHUDWLRQ�DQG�VRPH�RI�WKHP�ZLOO�EHJLQ�LQ�WKH�FRPLQJ�
\HDUV��DOWKRXJK�D�IHZ�RI�WKHP�ZLOO�EH�FDQFHOOHG��
� )LUVW��DV�PRUH�DQG�PRUH�FRXQWULHV�GUDZLQJ�D�SODQ�
IRU�&&6�GHYHORSPHQW��&&6�GHPRQVWUDWLRQ�SURMHFWV�
DUH�RSHUDWHG�ZRUOG�ZLGHO\��&DQDGD��1RUZD\��8.��
1HWKHUODQGV��86$�DQG�$XVWUDOLD�DUH�HDUO\�ELUGV��ZKR�
SODQQHG�IXOO�VFDOH�&&6�GHPRQVWUDWLRQV�LQ�D�YDULHW\�
RI�DSSOLFDWLRQV�EHIRUH������>��@��WKHQ�&KLQD��.RUHD��
$OJHULD��%UD]LO��6DXGL�$UDELD�DQG�8QLWHG�$UDE�(PLU-
DWHV�DUH�LQYROYHG�LQ�WKH�OLVW�
� 6HFRQG�� DQ� REYLRXV� VSDWLDO� RYHUODS� LV� IRXQG�
EHWZHHQ�SDWHQW�OD\HU��)LJ���D��DQG�SURMHFW�OD\HU��)LJ��
�E���7KHUH�DUH����ODUJH�VFDOH�LQWHJUDWHG�&&6�SURMHFWV�
LQ�86$��&KLQD��(8�DQG�&DQDGD��DFFRXQWV�IRU�������
RI����SURMHFWV� LQ� WKH�ZRUOG��2Q�WKH�RWKHU�KDQG��DV�
ZH�KDYH�GLVFXVVHG�DERYH��(DVW�$VLD��(8�DQG�1RUWK�
$PHULFD� RZQ� WKH�PRVW� SDWHQWV� LQ� WKH�ZRUOG��7KH�
RYHUODSV�EHWZHHQ�SDWHQWV�DQG�SURMHFWV�LPSO\�D�FUX-
FLDO�UROH�RI�LQQRYDWLRQ�WR�GHYHORSPHQW�RI�&&6�
� )LQDOO\�� &2��(25� �HQKDQFHG� RLO� UHFRYHU\�� LV�
WKH�PRVW�SULPDU\�VWRUDJH�W\SH�LQ�&&6�FKDLQ��GULYHV�
WZHQW\�WKUHH�ODUJH�VFDOH�LQWHJUDWHG�&&6�SURMHFWV��$V�
D�SUDFWLFHG�FRPPHUFLDOO\�WHFKQRORJ\�VLQFH�WKH�HDUO\�
����V�LQ�86$��LQMHFWLRQ�RI�&2��WR�LPSURYH�UHFRYHU\�
RI�RLO�ZDV�RSHUDWHG�LQ�QHDUO\�����SURMHFWV�JOREDOO\�
VLQFH� ����� >�@�� 6LJQL¿FDQWO\�� &2��(25� LPSURYHV�
ODUJH�VFDOH�LQWHJUDWHG�&&6�SURMHFWV�QRW�RQO\�LQ�VR�
FDOOHG�KLJK�WHFK�FRXQWULHV��DOVR�LQ�VR�FDOOHG�ORZ�WHFK�
EXW�RLO�ULFK�FRXQWULHV��VXFK�DV�6DXGL�$UDELD��8QLWHG�
$UDE�(PLUDWHV�DQG�%UD]LO��&&6�SURMHFWV�DUH�PXFK�
PHDQLQJIXO� IRU� WHFKQLFDO�GLIIXVLRQ��E\�FKDQQHOV�RI�
LQWHUQDWLRQDO�WUDGH�DQG�IRUHLJQ�GLUHFW�LQYHVWPHQW�>��@�
� )LJ����SUHVHQWV�¿IWHHQ�FRXQWULHV�LQ�WHUPV�RI�SDW-
HQW� DQG� SURMHFW�� UHYHDOV� IRXU� FDWHJRULHV��7KH� IRXU�
FDWHJRULHV�SRLQW�RXW�WKUHH�PDLQ�DVSHFWV��)LUVW��D�FRU-
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UHODWLRQ�LV�IRXQG�EHWZHHQ�SURMHFWV�DQG�WHFKQRORJLHV��
DOWKRXJK�LV�ZHDN��6HFRQG��ODFN�RI�WHFKQRORJ\�FDQQRW�
EORFN�SURMHFW�RSHUDWHG��RQ�FRQWUDU\��KLJK�WHFK�LV�QRW�
WKH�VXI¿FLHQW�FRQGLWLRQ�RI�&&6�SURMHFW��7KLUG��DV�D�
FRPSOH[�V\VWHP�SURMHFW��&&6�SURMHFW�LV�OLPLWHG�E\�
PDQ\�IDFWRUV��EXW�&2��VRXUFHV�DQG�VLQNV�OLH�DW� WKH�

FRUH�RI�IHDVLELOLW\�>��@�
� &DWHJRU\ Ⅰ LQFOXGHV�86$�DQG�&KLQD��WKH�ELJJHVW�
GHYHORSHG�DQG�GHYHORSLQJ�FRXQWU\��HDFK�RI�WKHP�KDV�
PRUH�SDWHQWV� DQG�PRUH�SURMHFWV� DW� WKH� VDPH� WLPH��
86$�DQG�&KLQD�ERWK�DUH�RLO��JDV��SURGXFLQJ�FRXQ-
WULHV�DQG�GHSHQG�KHDYLO\�RQ�FRDO�DV�D�IXHO�>�@��)XU-

Fig. 4b.  Spatial distribution of forty large-scale integrated CCS projects, include five 
stages of identify, evaluate, define, execute and operate. (Note: More details can be found 
in data source: Global CCS Institute, 2016 [33].)

Fig. 5.  Four categories of fifteen countries in terms of patent count of top 50 assignee codes and 
large-scale integrated CCS project. (Data Source: Derwent Innovations Index Database, 2016 and 
Global CCS Institute, 2016.)
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WKHUPRUH��DV�WKH\�DOO�KDYH�YDVW�WHUULWRULHV�DQG�ZDWHUV��
LW¶V�SRVVLEOH�WR�¿QG�PRUH�DSSURSULDWH�JHRORJLF�IRU-
PDWLRQV��%\� ,($�� DOPRVW�����RI�&&6�SURMHFWV� LV�
H[SHFWHG�WR�EH�GHSOR\HG�LQ�&KLQD�DQG�86$��LQ�ZKHUH�
&&6�FRXOG�JURZ�WR�EHFRPH�D�PDMRU�LQGXVWU\�LQ�LWVHOI�
>��@�
� &DWHJRU\ Ⅱ�LQFOXGHV�1HWKHUODQGV��8.�DQG�.RUHD��
HDFK�RI�WKHP�KDV�IHZHU�SDWHQWV�DQG�IHZHU�SURMHFWV�
WKDQ�&DWHJRU\�Ⅰ��0RVW�RI�SURMHFWV�LQ�&DWHJRU\ Ⅱ�DUH�
LQ�VWDJH�RI�HYDOXDWH��VWDQGLQJ�IRU�QHHGLQJ�DURXQG�¿YH�
\HDUV�WR�EH�LQ�VWDJH�RI�RSHUDWH�
� &DWHJRU\�Ⅲ LQFOXGHV�-DSDQ��)UDQFH�DQG�*HUPDQ\��
ZKLFK�DUH�DOO�GHYHORSHG�DQG�KLJK�WHFK�FRXQWULHV�LQ�
FDUERQ�FDSWXUH��&DWHJRU\�Ⅲ�DQG�Ⅰ�VWDQG�RXW�DV�ZRUOG�
OHDGHUV� LQ� LQQRYDWLRQ� RI� FDUERQ� FDSWXUH� WRJHWKHU��
+RZHYHU� FDWHJRU\�Ⅲ� FRXQWULHV� GR�QRW� LPSOHPHQW�
DQ\�ODUJH�VFDOH�SURMHFW��SDUWO\�GXH�WR�UHVWULFWLRQ�RI�
VXLWDEOH�JHRORJLFDO�VWRUDJH�RSWLRQV��H�J���-DSDQ��DQG�
ODFN�RI�&2��VRXUFHV��H�J���)UDQFH�DQG�*HUPDQ\��
� &DWHJRU\�Ⅳ�LQFOXGHV�&DQDGD��$XVWUDOLD��1RUZD\��
$OJHULD��%UD]LO��6DXGL�$UDELD�DQG�8QLWHG�$UDE�(PLU-
DWHV��HDFK�RI�WKHP�LV�LPSOHPHQWLQJ�RU�SODQ�WR�LPSOH-

PHQW�&&6�ODUJH�VFDOH�SURMHFWV��DOWKRXJK�WKH\�DUH�QRW�
KLJK�WHFK�FRXQWULHV�LQ�FDUERQ�FDSWXUH�¿HOG��1RUZD\�
LV�WKH�¿UVW�FRXQWU\�WKDW�RSHUDWHG�D�SLORW�VFDOH�&&6�
SURMHFW� LQ� ������ FDSWXULQJ� &2�� IURP� QDWXUH� JDV�
SURFHVVLQJ�DQG�LQMHFWLQJ�LQ�JHRORJLF�IRUPDWLRQ�RII-
VKRUH�ZLWKRXW�(25��&DQDGD�DQG�$XVWUDOLD�DUH�HDV\�
WR�H[SORUH�IHDVLEOH�JHRORJLF�IRUPDWLRQV�GXH�WR�YDVW�
WHUULWRULHV�DQG�ZDWHUV�OLNH�86$�DQG�&KLQD��3URMHFWV�
LQ�&DQDGD��$OJHULD��%UD]LO��6DXGL�$UDELD�DQG�8QLWHG�
$UDE�(PLUDWHV�DUH�DOO�DERXW�RLO�DQG�JDV�LQGXVWULHV��
VRPH�RI�SURMHFWV�FDSWXUH�&2��IURP�QDWXUH�JDV�SUR-
FHVVLQJ��VRPH�RI�VWRUDJH�&2��IRU�(25�

�����5DQN�FKDQJLQJ�LQ�WRS����DVVLJQHH�FRGHV
)RU� WU\LQJ� WR� KLJKOLJKW� WKH� UHODWLYH� WUHQGV� DFURVV�
PDMRU�KLJK�WHFK�FRXQWULHV��ZH�H[DPLQH� WKH� WRS����
DVVLJQHH�FRGHV�LQ�ODVW����\HDUV�LQ�WHUPV�RI�FRXQWU\��
$V� QRWHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� FRXQWULHV� VXFK�
DV� -DSDQ��86$��)UDQFH��&KLQD��*HUPDQ\��8.�DQG�
.RUHD�KDYH�PRUH�SDWHQWV�WKDQ�RWKHU�FRXQWULHV��7KXV��
FRPSDQLHV�RU�LQVWLWXWHV�IURP�WKHVH�FRXQWULHV�DUH�FRQ-
VHTXHQWO\�LQYROYHG�LQ�WRS����DVVLJQHH�FRGHV�

Fig. 6a.  Top 10 assignee codes in 10 years, five-letter code presents assignee code, number 
in bubble presents patent count, bubble dimension represents the patent count belong to 
assignee code.
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� $ERXW�)LJ���D�DQG��E��WKH�\�D[LV�UHSRUWV�UDQNLQJ�
RI� WRS����DVVLJQHH�FRGHV�E\�\HDU��)LJ���E� LV�EDVHG�
RQ�)LJ���D��SUHVHQWLQJ� WKH� WUHQGV�PRUH�YLVXDOO\�E\�
VRPH�DUURZV�WKDW�UHSUHVHQW�FRXQWULHV��)LUVW��LW�LV�YHU\�
LPSUHVVLYH�WKDW�)UHQFK�FRPSDQLHV�RFFXSLHG�LQ��VW�DQG�
�QG�PRVWO\��VXFK�DV�$OVWRP��$/60�&��DQG�$LU�/LT-
XLGH��$,5/�&��WRSSHG�WKH�OLVW�IRU�VHYHQ�WLPHV�LQ�WHQ�
\HDUV�WRJHWKHU��6HFRQG��&KLQHVH�FRPSDQLHV�HPHUJHG�
IUHTXHQWO\�VLQFH�������QRWDEO\�WRSSHG�LQ�������&KLQD�
6LQRSHF��DQG�DUUDQJHG�IURP��QG�WR��th�LQ�������&KLQD�
+XDQHQJ��6KDQJKDL�/RQJNLQJ�DQG�$QKXL�+XDHUWDL���
,W�VHHPV�WKDW�LQYHQWRUV�IURP�&KLQD�ZLOO�DSSO\�PRUH�
SDWHQW�¿OHV�LQ�\HDUV��7KLUG��UDQNV�RI�FRPSDQLHV�IURP�
-DSDQ�� 86$� DQG�*HUPDQ\� DUH� ORZHU� WKDQ� EHIRUH��
PDLQO\�GXH�WR�LQLWLDWLYHV�RI�&KLQHVH�FRPSDQLHV�

5 Conclusion
7KLV� VWXG\� DGRSWV� DW� OHDVW� �� SDWHQW� LQGLFDWRUV� IRU�
TXDQWLI\LQJ�VSDWLDO�WHPSRUDO�GLVWULEXWLRQ�RI�FDUERQ�

FDSWXUH�WHFKQRORJ\�E\�SDWHQW�ELEOLRPHWULFV��0HDQ-
ZKLOH��WKH�VWXG\�DGRSWV�GDWD�VHW�RI�ODUJH�VFDOH�LQWH-
JUDWHG�&&6�SURMHFW�IRU�FRPSDULQJ�ZLWK�SDWHQW��)LUVW��
ZH�VSHFXODWH� WKDW�³*RRG�7LPH´�RI�FDUERQ�FDSWXUH�
WHFKQRORJ\� LV� FRPLQJ�� DOWKRXJK� ODWHU� DQG�ZHDNHU�
WKDQ�VRPH�RWKHU�ORZ�FDUERQ�WHFKQRORJLHV��$V�FRXQW�
RI�DXWKRUL]HG�SDWHQWV�NHHSV�LQFUHDVLQJ�UDSLGO\�VLQFH�
������WKH�WHFKQRORJ\�OLIH�F\FOH�RI�FDUERQ�FDSWXUH�LV�
RU�ZLOO�EH�VRRQ�LQ�JURZWK�VWDJH��6HFRQG��FDUERQ�FDS-
WXUH�SDWHQWV�GLVWULEXWH�PDLQO\�LQ�(DVW�$VLD��(8�DQG�
1RUWK�$PHULFD��+RZHYHU�&&6�SURMHFWV�ORFDWH�PRUH�
ZLGHO\��7KLUG��LQ�WKH�YLHZ�RI�LQQRYDWLRQ��FDUERQ�FDS-
WXUH�WHFKQRORJLHV�LV�YLWDO�WR�PDNH�&&6�YLDEOH��+RZ-
HYHU��LQ�WKH�YLHZ�RI�FRPPHUFLDOL]DWLRQ��&&6�SURMHFW�
RSHUDWLRQ�LV�LPSHGHG�E\�OLPLWDWLRQV��LQFOXGLQJ�&2� 
VRXUFHV� DQG� JHRORJLFDO� FRQGLWLRQV�� )URP� IRUPHU�
VWXGLHV�>���������@��OLPLWDWLRQV�DOVR�LQFOXGH�ODFN�RI�
SROLF\�DQG�HFRQRPLF�GULYHUV��UHVWULFWLRQV�IURP�ORFDO�
ODZV�DQG�LQWHUQDWLRQDO�FRQYHQWLRQV��HQYLURQPHQWDO�
FRQFHUQV�RQ�FDUERQ�HVFDSH�IURP�VWRUDJH��HWF�

Fig. 6b. Top 10 assignee codes in 10 years and trends of countries, a bubble with capital letter represents 
an assignee code, capital letter in bubble represent country that own this assignee code, bubble dimension 
represents the patent count belong to assignee code, an arrow presents the relative development trend of 
country whose name is signed in arrow. (Note: Because of tied codes, assignee codes in last ranks were 
omitted in some years. Data Source: Derwent Innovations Index Database, 2016.)
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� 7KLV� VWXG\�KDV� VRPH� OLPLWDWLRQV� WKDW� VKRXOG�EH�
DFNQRZOHGJHG��)LUVW��ZH�JLYH�D�UHYLHZ�E\�PHDQV�RI�
SDWHQW�FRXQW��EXW�VRPH�ELDVHV�H[LVW�GXH�WR�WKH�IDFW�
WKDW�SDWHQW�FRXQW�GRHV�QRW�UHSUHVHQW�WKH�ZKROH�SRUW-
IROLR�RI�SDWHQW�DQDO\VLV��6HFRQG��WKHUH�FDQ�EH�VRPH�
ELDVHV�LQ�FURVV�FRXQWU\�FRPSDULVRQV�E\�WRS����RU�WRS�
���DVVLJQHH�FRGHV�UDWKHU� WKDQ�DOO�DVVLJQHHV��7KLUG��
ZH�FDQ¶W�JLYH�GHHS�GLVFXVVLRQV�RQ�H�J���LQWHUQDWLRQDO�
WHFKQRORJ\�GLIIXVLRQ�DQG�SURMHFW�GHYHORSPHQW�WUHQG��
GXH� WR� LQVXI¿FLHQF\�RI� UHVHDUFK�PHWKRGV�� ,Q�DGGL-
WLRQ�WR�DGGUHVV�WKHVH�OLPLWDWLRQV��IXUWKHU�VWXG\�ZLOO�
SODFH�PRUH�HPSKDVLV�RQ�WKH�PHWKRG�RI�SDWHQW�ELEOLR-
PHWULFV��H�J���FLWDWLRQ�DQDO\VLV��E\�XVLQJ�YLVXDOL]LQJ�
DQG�DQDO\]LQJ�VRIWZDUH��IRU�SURYLGLQJ�D�ZLGHU�VFDOH�
GLVFXVVLRQ� DQG� D� SUHFLVH� DQDO\VLV�� FKDUDFWHUL]LQJ�
WHFKQRORJ\�VSLOORYHU�DQG�GLIIXVLRQ�DFURVV�FRXQWULHV��
DQG�SUHVHQWLQJ�VXJJHVWLRQV�RI�&&6�GHYHORSPHQW�IRU�
RUJDQL]DWLRQV��JRYHUQPHQWV��LQQRYDWRUV�DQG�¿UPV�
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