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Given the continued climate change and global warming, various technologies for greenhouse gas reduction were
discussed worldwide as all 195 countries participated in the Paris Agreement on the reduction of greenhouse gases.
The agreement was adopted at the 21st Conference of Parties to the UNFCCC (COP21), which was held in Paris,
France, in December 2015, and it revealed that reducing CO, is the most efficient method of greenhouse gas
reduction. Accordingly, carbon capture/utilization/storage (CCUS) technology has been noted as a means of making
practical contributions to CO, reduction, and research and development (R&D) activities in many countries are
active in the field of CCUS technology. Therefore, this study aims to provide a basis for CCUS R&D and strategic
support measures by analyzing patent trends in technologies related to CCUS. The patent analysis collected a total
of 10,137 patents in the United States, Korea, Japan, Europe, and China; the number of patents in the United States
was the highest according to patent analysis by country. According to an analysis by technology, capture-related
technology was high at 60%, but given the recent increase in technology related to utilization, technology
demonstration, R&D, and policy support should be continued.

Key words : Patent trend analysis, Carbon dioxide, Capture, Storage, Utilization
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Table 1. Patent searching DB and search range

otslEAs A sle
717 A T3eE ol ibsteka 23 4-2-8-(CCUS
Carbon Capture Utilization and Storage) 7]&°] A
2 MEeZ AAEHAG. 53] 205087 CCUS7]
o] olikslErAa A7l oF 14%E B T F US
Zolgt 7ldishy ®2 R&D FAE A3t Jrk
(OECD/IEA, 2017).

SEARE A &A1 FAlel 1o e AP REe] B
ZHox= B33l CCUS 7142 W 7143 /74414
SR <18l st eiuA FY=a 2ick(Oda and
Akimoto, 2011; Zhu and Fan, 2011). ©]2]3} A3}
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Table 2. Classification of CCUS technologies

Keyword

Search formula

It is a technology to separate CO, from fossil fuel exhaust gas.

Capture Technology divided into capture technology pre-combustion, Oxy Combustion and after combustion.
It is a technology to transfer collected CO, to underground and ocean.
Storage  Technology is divided into underground characterization, evaluation technology, drilling, injection technology,
behavior observation and prediction technology, welcome impact evaluation and follow-up management technology.
It is a technology that converts to valuable-added compounds by recycling it as a useful resource.
Utilization  Technology able to largely divided into chemical and biological conversion, direct utilization. The technical cat-

egories are categorized into catalyst, electrochemistry, bioprocess, light utilization, carbonation and polymer.
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A

2, BM Hi gl J|& HE= FE CCUS7IE9] aa71&e 23, A4, 24 Al 7l
9] 7|2 BER3Iom(Table 2), /1% EF 2 A

2 Aol CCUS 71& ¥R/E H9 Jdes EH, 71995+ 3} Z2oH(Table 3).
A%, B4 Bofe] E3 HAHE B foz 9o CCUS 7I& #57ol 12 Fa537145%E Table 49
), 2000358 20208 6274 Ul e =9 2tk F 1013779 FE537 FHENeH, Ve
559 o=, vi=, A8, 14, S 59 AEE | ol 7 SHEE S3e F 6202 X 2 A3
fl= 531 RS FHsiith(Table 1). Agete T8 53] 15070, Q2 g dgsie
& Y92 Wintelips DBS o]&3lo] E3|2 74 T8 53] 4667 2 V)& EofF BF TEEE 5=

2 AZRESReH, A, aok v A7 % AA w7 FHE

=M2 A4 WeE eith B Wil Tled

Table 3. Searching keywords for trend analysis of CCUS R&D
Keyword Search formula
representation (EF* EE* FA* ) FH* 3| 4* captur* collect® picking* extract®)

(A&%F* (A4 adj %) postcombust® (post adj combust®)
((GLA* solid*) near2 (F* T2+ absorpt*)) LA F* LA F2*
((F2* separat*) near2 (F7* proce* AA* material*)) 2] 34 * F2] ALA]*
ekt g E el WE gl WH e A* membran* & 2]-H*
AaA* (A4 adj A*) (pre adj combust®) precombust*
7}2=3}* gasificat™
((carbon* CO2* ©]4tsleki* (o] 4bs} adj BFA*) ©b7E2* ghAb7lol 2% ghalz) &~
* R 2 B ERAHE (REAY adj (7F2t vhob 2 sl 2 g %) (S ad) ©HAHY)
near2 (5~4&* HYDROGEN) near2 (¥2]* separat*))
(3% part section A4 product* ¥7d synthes* 4=/ * water*) near2 (7}2=* 7] 2=*
T 22 h2nk gp2rE g 22 g A% gas*))

Capture expansion  FE 7}k AA TpaE FRA Tp Ak J2 X Tp2*
(AF2* oxy* 02 =A%) adj2 (A Z* manufact™)) AFAA] Z*
Oxyfuel* =2FA* (3 adj AF&*) (pure near2 oxy*)
718 A (F7]* air D 4&* nitro* 2 41 ¥ cold*) near2 (& 2]* separat*))
SHER* F4-27* (§4 near2 TF*)
(FA* Bg* ggh+ AA* AA*) near2 (F5* F2H* absorpt™ adsorpt*))
((oF91* amine* PR U* JR1]o}* QFRLfol* QFR L] of* QFR 1] oF* ammonia* NH3)
near2 (% &2+ absorpt*))
SAEF* B FF ggE o AAF4* AA4F 4% chemisorbent® physisorbent™
liquefact® <Y 3}*
Az A4-23* (A4 near2 %)
(38 v A*) adj <=¥* adj A4*) (chemical adj loop* adj combust®))
representation (A AH* 7 g]* WHE* storing® storag® sequestrat® seal®)
HEAY* NFA* ANFAG* A FAG* (X F* X Z* geologic* ground* under-
ground* strata*) near2 (*7* ZAz]* UHE* storag* sequestrat™ seal*))
EOR* (Enhanced adj Oil* adj recovery®) 213 5% (& adj 3]4%)
ECBMR* (Enhanced adj Coal adj2 Methane*) 4] &k& | €3] 5=* (2] gk* adj2 v &* adj
5] %) (A gh* adj2 o &3] 4F)
(Y A* (supercritic* adj fluid*)) near2 (FY* inject™))
FASH* AFA Y (FY* A+ AE* storag* sequestrat® seal* inject™) adj (5
Storage 1% capacity*))

expansion AR GFZ* fPFE2* dRYFE* A F7tAE* A E2* (saline adi2 aquifers®)
(coal adj beds™®)
af A A (3l 9+ 8 4 * A8l * (deep adj sea) ocean submarine seafloor®) near2 (A
A+ Ag]* Y+ storag® sequestrat® seal*))
Hgslo] =g o] E* s|=g o] E* lo] =g o]E* hydrate*
FEAGF AFAZ* (NE*F FEY) adj AL
(Z%* calcium* PF2Y]F* magnecium* F3-2F3l &% F45A48E* (F4 adj A3}
E*) metal-oxid* (metal adj oxid*)) near2 (¥+-3-* react* A 7* 7 z2]* TH* storag*
sequestrat® seal*)))
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Table 3. Continued

AR S s - A - ke - oAl

T o

Keyword Search formula
representation (A 3+ W3+ conver* transformat* utiliz*)
FHRM* ZF2BU1* ZRy)* FHEu)s Z 2 FFEo* ZEJ)* carbonate®
F}ulH o] E* 7} Zulv] o] E* Carbamate™
ol iAJopd[ o] E* o] Jopf|o]* o] -AJopuo]* ofo] AJoff|o]* ((o] ¥ ofo] &
* is0*) adj (Alo}dlol* cyanat*)) isocyanat® iso-cyanat*
Fh2E* 72 8* 7Ry FHEQ)* JL5% COOH* carboxy*
A 7k FA A 2 G A 7 A (A adj (FF2* 7] 2% 71 4)*)) ((synthesis synthetic
syn) adj gas®) syngas*®
o gk wjgk* ch4* methan*
Weg WeddZ: mALdIZ* velE* v € ¢ -&* methanol* methylalcohol®
ZHF HRE T xx Zb2* glgae* GE24* FEEZI* chlorophyl* 1Al ZHF* microal-
gae*
AJHE* ARE* QU E* ARE* AA=* HE* A= g g =
* cement*
b gt Askr A A o] Ex Al A0 EX A A o|EF Al A | B Al ATl E
* Aol Ex Alg|ZdEto| B Aol EX AZAE* (AE* AlE*) adj (A
o] E* Alo|E* Zelo]E* Zelo]E*) silicate® SiO4
eabdg* (B4 adj Z4*) (calcium adj carbonate) Calciumcarbonat®* NaHCO3* §-7]
BEAR*
eabul 2 * (§H4F adj PF2W]*) (magnesium adj carbonate) Magnesiumcarbonat*
MgCO3*
FEENFAS (FE adj E2FE 3 (mineral adj carbonat™®)
€b2F * (carbonate near2 mineral*) €224 (B4F adj Z5*) (Calcium adj carbon™*)
LA}l E* calcite® Whaf A *
FEsH FE S mineralizat*
Tizati A * &A* Lot EWE* solvent™ solut®
Utilization expansion  wJuj* W@zbA|* @ ztN* refrigerant* coolant*

blo] O Fatg* ((upo] &% A& * g AEENAFY) adj2 (LA TFA*
Zwr g v* Ze b L FRF PR G R Al Al
gh g Zal g F2E22 %)) bioplastic* biodegradabl* (bio* adj (plastic* degrad-
abl*)) A &3 *

] 2]* (water adj treatment)

shp* Q. H et QH 4 (L ad) H ) B A dF 2t QEE* slop* sewage*
((waste* dirty) adj water*)

(X2 H-A* preserv* maintain) near3 (food* 2] F* F =% S 2]* 2 2] §* 7}F 2] F%))
F}H Q1% caffeine* BAFSE* (B4} adj & F*) (carbonated adj drink)

2FZ* ingsecticide® pesticide* E%* soil*

(&H* weld* 9% Z2=* 43* mold*) near3 (F<* ™ E* metal*))

AT EF (XA adj (FhEF AN EE A F gpat gh2rE gt g 22F gas* 7] A]F))

&4 714 * (greenhous* adj gas®) A 7&* (A7 adj &%) (2E* ozon®) Z |2
ZhaF (2 ZY ) adj (FFE* N EF A ghaF gpaak g 2% Jf2i* gast))

freongas® (freon adj gas™)

AA7bE* (8 A 49 104) adj OFE* N &* A2t gk gpars 7] 2 )
A% gas*)) (natural adj gas®) 78 7F2=* "Alo]Ad S E" (casing adj head*) 4712
* AA7F2* (wet dry (oil adj well)) adj gas™®)

& 3}&-3} ek A* chlorofluorocarbons® (chloro adj (fluoro adj carbon®)) A 22 ZF Q&
JlE* ZEEZZORIIEF FEFIZOFIIEF qZFIT o RJHES (FER

A2R) adj (FFLE* ZFQEH) adj FFEY)

783} ek A* Perfluorocarbon* (Perfluoro adj (carbon*)) ¥ EFQ E2718* HIZZ o
E7E: JERoaslEs HuFoag}E:

FAE3EAL* (F4 adj (B3} adj ©4*)) hydrofluorocarbon* (hydro adj (fluoro adj
carbon*)) EFQLEFEA* FlO|EZEFQETIEF S| ER X FQ IR

Others

(carbon* CO2* o]Atstehi* whin* FhE* (o]44s} adj ©4¥) ©@A7FA* ©Atb7to}

Cc02 2% B 2% BRAbg) 2ok RLpERAbE (ERAL adj (FF2* Zpoflax g A g %)) (-
4 adj BHAH)
CCS (CCS* CCUS* CCRS* CCU* CCR¥%)




53] AH ¥4g §E CCUS a7l 59 24 495

Table 4. Number of effective patents associated with CCUS technologies

(Unit: item)
Korea Japan UsS EU China Total
1,775 3,029 1,680 957 2,696 10,137
C S U C&S C&U C&S&U Total
5,777 1,069 2,671 150 466 4 10,137

% C : Capture, S : Storage, U : Utilization
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Fig. 1. Number of CCUS(Carbon Capture Utilization and Storage) patent applications per year.
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Fig. 7. Patent applicant status by major market country.
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Praxair Technology 14 Fuelcell Energy Inc 8
Tokyo Electric Power . Comning Incorporated 7
. 13 |
Company Holdings - -
Mitsubishi Chemicals 13
Alstom Technology 68
South University 59
ExxonMobil Res & Eng 18
China Petrol & Chemical 45
Tianjin University 38
Zhejiang University 32
China Huaneng Group Clean 3
Energy Technology Research Institute
Tenghua University 0
Toshiba Corp 30
Dalian University Of Technology 29
General Electric 25
South China Univ. Of Technology 18
Sichuan Universil 18
China University Of Petrol 18
Beijing University Of 18
Chemical Technology
Huazhong University of Science & Technology 17
Saudi Arabian il 16
North China Electric Power University 15
Air 15
Changsha Zichen Technology 15
Develog t Co
Sun Yat-Sen University 13
Si Ag 13
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53] AR 4% 5% CCUS dmid 5 24 503
Table 5. Patent applicant status by technical classification
(Unit: item)
1. Capture 2. Storage 3. Utilization
Alstom Technology 281 KIGAM 74  ExxonMobil Res & Eng 117
Toshiba Corp 251 KAIST 32 Calera Corporation 74
Mitsubishi Heavy 233  Daewoo Shipbuilding & 28 KIGAM 70
Marine Engineering Co., Ltd.
ExxonMobil Res & Eng 220 Peter Eisenberger 25 Omya International 55
General Electric 214 KIOST 23 KEPCO 37
KIER 166 Saudi Arabian Oil 21 KIER 35
KEPCO 113 New Health Sciences, Inc. 14  Saudi Arabian Oil 35
Hitachi Ltd 74  IFP Energies Nouvelles 12 Doosan Heavy Industries & 32
Construction Co., Ltd.
IHI Corporation 69 KIER 11 Univ Of Southern California 31
Peter Eisenberger 64 Mitsui E&S Holdings 9  Kiverdi Inc 31
*Calera Corporation 62  Statoil Petroleum AS 8  Palmer Labs LLC 30
Saudi Arabian Oil 61 KIMM 8  Hyundai Motor Company 24
Air Liquide 59  The Trustees Of Columbia 8 8 Rivers Capital LLC 21
University
Dioxide Materials 56 KORDI 8  Toshiba Corp 19
Praxair Technology 51  Dalian University Of Technology 8  Kilimanjaro Energy Inc 18
Nippon Steel Corp 50 BP Alternative Energy 8  Neumann Systems Group, Inc. 17
International Limited
Southeast University 49  Omya International 7  Meidensha Corp 16
Siemens Ag 45 THE OHIO STATE 7  Lanzatech New Zealand 16
UNIVERSITY
Korea Shipbuilding & Offshore Engi- 44 KEPCO 7 IHI Corporation 15
neering Co.,Ltd.
Mcalister Technologies 44 POSCO 7  Zhejiang University 14
Air Products & Chemicals 43  PROSTIM LABS, LLC 7  Wuhan Kaidi Engineering 14
Technology Research Institute
Corning Incorporated 40  Mcalister Technologies 7 Mitsubishi Chemicals 14
China Petroleum & Chemical 38 Central Research Institute Of 7  Mitsubishi Heavy 14
Electric Power Industry
Membrane Technology & Research 36  Tokyo Electric Power Company 6  KAERI 13
Holdings
Lanzatech New Zealand 36  Tianjin University 6 KAIST 13
Samsung Electronics Co., Ltd. 33 Univ Of Southern California 6  Nippon Steel Corp 13
Research Institute Of Innovative 33  RIST 6 POSCO 12
Technology For The Earth
Co2 Solutions Inc. 33 Delphi Technologies, Inc. 6 JFE Steel Corp 12
Tianjin University 32  Ben M. Enis 6  UNIVERSITY OF SOUTH 11
ALABAMA
Mitsubishi Hitachi Power Systems 31  China University Of Petroleum 6  Korea University 11
Fluor Technologies Corporation 30 Delphi Technologies, Inc. 6  Skyonic Corporation 11
- - Ben M. Enis 6  Southeast University 11
- - China University Of Petroleum 6  Central Research Institute Of 11
Electric Power Industry
- - - - Dow Global Technologies 11
Zashe FAOAT F) FFAAAAATY, & 299 BH9] A% Fuje] 2AAL T A7kl
AFAIEd Tol A AAFCE B2 E4E sl 9] A7 EU80] =2 AoE BAERe
AL B & gk, Y FoplE FHUAIEATAe] A%, BE
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