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537 (ccus) MERRFRE, BEXNZEFEAKEAN >, RIEEFESEECENZERS
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EXNMLREERETERANEALATE, BFELARAREERNHR. PANRHRTEEE
MERN—ERNHHTAENKAA SLEN, FHRAXRTER, HMXEIERNHEL
BAKEFIAFNEFER. MEFN, UEHRESEIIBELA M T RANERRAS T
AR, ESAReTDE.

EHiRERESZNET: CCUS®/R

ATERH (ERNDE) MEFR, CCUs B LmSEAME, YABEEREAEN CCUS ¥
AFHGRRRANE W AIRENA—ERENR. EHirseRE (IEA) % 2017 T 2018 FL
By (EFREBRRE) (WEO) IREFWEBTFUURSER *°. ZREGREFERE, 2| 2020 F,
R A SR EEIRAERT R 12% E 22%.

FRlRERXRTER, WREVREE WEMEETENERFREFNARS. XEER
AETIERKARIRT R, BOLBEAKEEMAAEHEERE, FIRFEERFT —RBNRBEE.
ERAERBRMEP, F=0—MEORRHEAE 10 5. ZRIELERANEHRFLNE,
BRI A EXEEEEFAIHN.

B4, EMENAFENEERHEASIEN ccus REER, WNTIW 2°Cc B LEBREHE
EXEE, XWEERRENES.

1 United Nations Framework Convention on Climate Change. Paris Agreement. COP 21 Meeting. December, 2015. https://
unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement

2 For the purposes of this paper, CCUS is used to collectively refer to projects that utilize CO, to generate revenue, such as
enhanced oil recovery (EOR), as well as projects that utilize dedicated geological storage of CO,.

3 IPCC (Intergovernmental Panel on Climate Change). Climate Change 2014 Mitigation of Climate Change. Working Group

Il Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. UK: Cambridge

University Press, 2014. https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_frontmatter.pdf .

4 International Energy Agency. World Energy Outlook 2017 (WEO-2017). Paris: IEA, 2017. https://www.iea.org/weo2017/. 5

International Energy Agency. World Energy Outlook 2018 (WEO-2018). Paris: IEA, 2018. https://www.iea.org/weo2018/.
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2020 E%Eﬁ 1,200 5+ E, %2030 £FFEAE 2.15{ZT R, 22050 FFELT 6.64 12T
. B2, AFRERPHTMEHATRRUME. B 2019 FHILEREE—NEERH CCUS (B

J_%HEE (RILEZEREE XA ccus REEMARTE . Aitt, EEF) 2024 FEATRELAE
—MrERBR. XH, ERESR BB ccus HEMBEMNTREEEMEY. b4, ELTESE
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CCUS MY EBRAE

ey, EfFLEX ccus BiRE R AME. —EBMARIEFNEEREIRESIKEA S (CEM) cCus
B (FHER3) GFAEEAN'RAFATARIE® Bz, mSLRARNETRKASMARNDIE
AT EMREMAAST L VREW®, EXEENT RHEERKE VR ARAZRS
FHEA . XEFNOR{RE CCUs ERX—HEIfE. RERIIN 450 REEEEAEHTT TR
REVIBE, ET Lk cCUs MEF I, MRBERTE BT ccus Khx#F. B2, EiE
MR TN BEBMERN TS RXFZRAERERFURAET .

B 3: ESERMKASIW CcCUS B EMPLFHNTERE, HEME CCUS : hBFE S ILERER
S GEIRBRA (2019 F)
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e RN R R R AT
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6 International Energy Agency. Technology Roadmap: High-Efficiency, Low-Emissions Coal-Fired Power Generation. Paris: IEA,
2012. https://webstore.iea.org/technology-roadmap-high-efficiency-low-emissions-coal-fired-power-generation.

7 Clean Energy Ministerial CCUS Initiative. 2019. http://www.cleanenergyministerial.org/initiative-clean-energy-ministerial/
carbon-captureutilization-and-storage-ccus-initiative

8 Carbon Sequestration Leadership Forum (CSLF). 2019. https://www.cslforum.org/cslf/
9 Oil and Gas Climate Initiative. 2019. https://oilandgasclimateinitiative.com/

10 Carbon Capture Coalition. 2019. http ://carboncapturecoalition.org/

11 Carbon Utilization Research Council. 2019. http:/ curc.net/

12 ok T A E R E LR R R &


http://www.cleanenergyministerial.org/initiative-clean-energy-ministerial/carbon-captureutilization-and-storage-ccus-initiative
http://www.cleanenergyministerial.org/initiative-clean-energy-ministerial/carbon-captureutilization-and-storage-ccus-initiative
https://www.cslforum.org/cslf/
https://oilandgasclimateinitiative.com/
http://carboncapturecoalition.org/
http://curc.net/

M EBERERMAEIREN A CCUs AR THTH), BHTXH (ERME) HBREEHF. IBTE
R AFBERREMEHMANERS, EBEXARLS 2°C R LR BHFEN. HRETLHK=RE T
By, BORITHEBGR, MEHSBLFEXNTHIR.
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BWEVEZMA. AREEESBREFALT, WEIRT B CR2HGFAMT, FEHTT
DENRENREELE. IEXBEERI 7 E—R clus RARTENEAR. AE, SEFFHEA—
¥, ERRETEN, BT ccus Al LAERSFEN AT~ MR —PolH, AREIERBARD I8
R R R A RAFEE ALA.

WAT W HAENRER F—RAKE ccus RE, RETIREE, METHRSRE, #mM
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o FHTREASKE (NEX) BRI s SEAYVMARBESHFRE (LFN3WE) | AREKE
KARB[ ccus ml EMIERE, T 2014 I 10 AFFRiEtT

* NRG EEASMNMFIA AEMBESHERE (X8) A 1TERAENRIIRSBL ccus &
B, 2017 EAHRELVIEE.

PRI 18 #E ccus T4k =58
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BECEAEEE ERNEHFT IR DAY DERERES TR £FESEM, IATE HMERAN
B, B3 W EiEmET AR —EEenI A TRk (E0R) 1Rk, ERE A Aquistore I B
“EkER, SEARRIEH A AETF. %0 B HIREIKE P R 3,400 KIREEHH T R,
AU (MMY).,

12 Kohl, A. and Nielsen, R. Gas Purification (5th Edition). USA: Gulf Professional Publishing, 1997.

13 Preston, C.K. The Integrated Carbon Capture and Storage Project at SaskPower's Boundary Dam Power Station. [EA
Greenhouse Gas R&D Programme (IEAGHG) Technical Report 2015-06. UK: [IEAGHG, 2015. https://ieaghg.org/publications/
technical-reports.
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14 International CCUS Knowledge Centre. 2019. https://www.CCUSknowledge.com
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4 140 AL CO/ T, BT ELA Co ML TIREEEAMRIRE R IEE 130 A2HMuihHE,
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29 Knudsen, J.N., Weernes, O., Svendsen, H.F. and Graff, O. Highlights and main findings from the 8-year SOLVit R&D
programme — Bringing solvents and technology from laboratory to industry. 13th International Conference on Greenhouse
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ZE ¥, ACTL AR ASEHIE 1,460 A _F{bik, BEKIL 2400 E, ZELTEHMNTEA
RO ZSARNAMSENSETVERESNHBELEE, LERER. N -SABBERETE
RSB RENESTE. BaT, Wolf S8 EATIICEITERE, BMLTRESREIL
“TO L4 BE A4 Sturgeon B{k" (120 A0 co2 /) # Nutrien SEEGE T HLAEAE =& (30
Tl COz/ ) , EXREIE 4,400 WMEE SR, XE_FBEH Enhance g8 EATHTH
Clive il H32 b miEL .

W —SARBAME L EILERE, PREAE BERENEEBRETE, UALXTHAD
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FE, ALLFE, EEIREFERS . B2, MNFHRABRARZER SFBEGEMKRNE
KERIAMNE.

BARF DT CCUS A FHERE FI RN

HTFFRANRBUREEREMNEH, ccus M FaaMFERFIES. BHEXRNH
5., BR, AgrseMmbeENT Lk, SR T ccus EEPTEMEHS, MiAX
PR 7 RA. BEl, #£ 9T ERMXER 20 PRk ccus REAET, FEEEHEEAL
#ork—HARAES, AASHEES ITENHAMESW B NE#HTT.

33 Enhance Energy Inc. The ACTL Project. September 2019. https://actl.ca
34 Simon, F. Meet Europe’s two ‘most exciting’ CO, capture and storage projects. Euractiv. April 3, 2018.
https://www.euractiv.com/section/energy/news/meet-europes-two-most-exciting-CO -storage-projects/
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ERAMLAIEA. REMLL, BEHSNARBEELRNMR~ £, EREEE
MEFHATEFERGER, MXLzEL2BNMREEAEE OENTMEINR, 53
BTSN TS R NS AHE R BN cous B iEEmE . BFAIRAEA
M RIEAE T FHRE, RFREFMBKH cous = p— ML SHIA.

WERHERANLTHRALETNARNER., AXPEENVEULIEA, MURAT X
WREBHHO E, MARETHAENTRMPEAERATRGERE, FANEEEXNE
%, EEFILEFEEASRARENE TEA.

MRGEREERA

RUES A REE DMRARERERELZ, FluaRS. ERME RENRRER
%. BEELAENA, ERERBERFAATEREERGHT. Fd, BEFERAREY
WETHENEEEDNETRA WL TARNFENER, EhaRlEfEiRAEsE co.. EZ
AN T BERAMEMRL. %L 30-90% M RERHE O, MAMERH 3040 =5, B, E
Bk ERCEN SR ERERNAEYS ¥, 201842 §, EEERFEHHEETTRELR
BIME =, WA FENBEERA. EPRMIESThEEERE SEMETIEERAS
DE— 1 RERENFEMRAME . FERPHEC TECMEFIFHHERANETE, §
HF FKEFFMEKERR, BFNARARMEESEEFIEAMRE. EEFRARET
R EER Rz — ENEEMFEMEE, RIS EmERA ST ARA.

HRC EVRERERRSE

BFERECERZERSNELRREREH, EEERAREZRT 2°C NEEREZF
=, #BERKBHE COz. Xo] PLETE & CCus AW REERAE ST (BECCS) XX
W, ZEATERAIFELEFNED RS TRRES, RRLATEURABRES KA
HhiRETF. SENAERRB HTEVRERBESHTF (BECCS) K&, ATEAMREK
HERERN . A2BRHHAAST, B8] TUERR R BNHEcE EHEE AR
M. 2234 BECCS UEMBKR AR, HEHEANRE, "JRE{fER 1100 it/ BA TERA. #F
R f BECCS RAERET IHEEMRANTHE. ZERST cCus WIIRRKRE 7, RS
EWBuRRE Y (WER8) X EBUREIR IR R~ ERETHE.

35 Kniep, J. et al., Integrated Testing of a Membrane CQO, Capture Process with a Coal-Fired Boiler. Presentation at the NETL
CO, Capture Technology Review Meeting. August 8, 2016. www.netl.doe.gov/File%20Library/Events/2016/c02%20cap%20
review/1-Monday/T-Merkel-MTR-Integrated-Membrane-Testing.pdf

36 United States Department of Energy. News Release. February 2018. https://www.energy.gov/articles/energy-department-
invests-44m-advanced-carbon-capture-technologies-projects

37 CSIRO, Australia. Towards Zero Emissions CCS in Power Plants Using Higher Capture Rates or Biomass. IEA Greenhouse Gas
R&D Programme (IEAGHG) Technical Report 2019-02. UK: IEAGHG, 2019. https://ieaghg.org/publications/technical-reports
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EYR. BERIUEBE] #RURREFHFRza®iTE, BENNIlBET2XE, BEE
HMANAENEMEE. TEZHE BECCS RANEYRABREHRORNEHTEMAE. §
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Archer Daniels Midland. ADM Begins Operations for Second Carbon Capture and Storage Project. 2017. https://www.adm.
com/news/news-releases/adm-begins-operations-for-second-carbon-capture-and-storage-project-1.

McDonald, S. lllinois. Industrial Carbon Capture & Storage Project. Presentation. Bioeconomy 2017. July 11, 2017. https://
www.energy.gov/sites/prod/files/2017/10/f38/mcdonald_bioeconomy_2017.pdf

Consoli, C. Bioenergy and Carbon Capture and Storage. Global CCS Institu e. 2019. https://www.globalccsinstitute.com/wp-
content/uploads/2019/03/BECCS-Perspective_FINAL_18-March.pdf.
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o LEYREEASH. HULERET EH SO FIEREMNEIRAMAE, FEET s02#A 02K
KENENREFEAAERNTREN.

o BECCS BUETXMAERENMREY. B MRETNRIFLREACEERXNEDRL
fEf1, FIRSENHMEEMEYROTHENER, HMEHRE PR,

« NHRBILEVREREREFEMEENERK. MEEMRNENEEKENHEEHE
AR R BISHIB KRS A, EYRSRIERGE T E RSB E YRR
A.

o BRTFHEDLSS, BEBEHNRRSEFVHERAFNEFNERR TUIFEEM
RIBRIRER ] BhE R R 2 ERHEYE.

o HERUEWX, BECCS MEMBILTREFTHME. BECCS EMRAHNR, =TREAMBLET
TRILHENDXBERSR, PUEHEEHXAH.

BRMBER B

Ak, BRB NREE TESMWARISEERRIZSAEIESEN Y. EEREE
—MRRRERA, EEENTTEEELEMRMEEIE ZhifR. EEERREIET,
BRARSEmAZZURGE. BTERTZ2STNERESENRD (F8978%ME) . AMEET
WMELEFE. AEERSTRR, EXRETSEImYARRIPEaE T ZARERE. 5
SAREASRMEL, EERRIETFENBREAFTENESc—. SRERTZ/AMESH
tb, EERRIERTHESERD, FREST-SARNREXNBERS (>60%M8EXT 12-
15%) . Bt TUAKERFEE-SUREUAERFIENTASHEASEENER. FLHERE
HHEEE] —SRREERENENTESE, EERRIETENERVERE EsnEx
M SR, TIME] FENET.

41 United States Department of Energy. Pre-Combustion Capture. 2019. https://www.energy.gov/fe/science-innovation/
carbon-capture-and-storage-research/carbon-capture-rd/pre-combustion-carbon
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e HRCO:EE6870%, ZUFTUTZEREMAE BREESE, CoF=2475MH/H, 4
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o HHET 95% LI LAY SOk, NOx, BRI IR BIESE.

HEREERNEE, F—P R ATRERFRPLRSAEE FMIFIE, FH%E 280 TE COy, H
BEEHANHTFHEARNTAMARKIT A 2000-2300 8o/ TR *. SHXHENIEHEBLE, HARBRARET
KA=4rz—. 2 ATREERFEHEEE NRENEENLEP2EA, RE B88RFRERZEM
M B REARY 1.5 B 2.0 45, XHZMES N BEREE SEHPTIT AN A SERENHSHE
(ccus) HEER. XENELEREEMFRAT, MENBAREMEZERANZm, MEISENHTERN
E—REATEERR LB .

BRI ATRANT BEZMPEARAEA S, ATHEEERERE MFEE
(Cs BEJRFA PR S)44E4R)

42 Spero, C. and Yamada, T. Callide Oxyfuel Project — Final Results. Oxyfuel Technologies Pty Ltd. March 2018. https://www.
globalccsinstitute.com/resources/publications-reports-research/callide-oxyfuel-project-final-results/

43 Spero, C. Callide Oxyfuel Project — Lessons Learned. Global CCS Institute. May 2014.

44 Spero, C. Callide Oxyfuel Project. Presentation to the IEAGHG Oxyfuel Combustion Network. October 27-30, 2015. https://
ieaghg.org/docs/General_Docs/50xy%20presentations/Keynote%20Address/K03%20-%20C.%20Spero%20(CS%20
Energy).pdf

45 Costs quoted in 2017 Australian Dollars (AU$).
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I TRRERESENES Y.

FIASREARFAHERE, BATR~L Co,, RNXTUESHED, MNMf TRERBIE
F5FREE COBRENNEAR — L5 T. MEIDLE_SAE, IARPENEZEAIHR
% 45 MERMBILEGH, MAFREER LB N o6 AN T AR TR RN
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SEM B T =BEER ORI S . ILARMMMKFRBSIHERF L, RIEAEXNT S
BREY 5 T T RFAEEF#ET PR METR R 7.

46 NETPower. 2019. https://www.netpower.com

47 North Dakota Senate. News release. February 2018. https://www.hoeven.senate.gov/news/news-releases/hoeven-
announces-700000-in-doe-funding-for-energy-and-environmental-research-center-at-und-to-develop-allam-cycle

48 Laumb, J. Advanced Coal-Fired Power Cycles. Presentation. 5 * Annual Minnesota Power Systems Conference. November 2018.
https://www.ccaps.umn.edu/documents/CPE-Conferences/MIPSYCON-PowerPoints/2018/
AdvancedCoalFiredPowerCycles.pdf
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49 Reprinted by the International Energy Agency. Five Keys to Unlock CCS Investment. Paris: IEA, 2017. https://webstore.iea.
org/five-keys-to-unlock-ccs-investment.
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50 Energy Futures Initiative. Advancing Large Scale Carbon Management: Expansion of the 45Q Tax Credit. May 2018.
www.energyfuturesinitiative.org/news/2018/5/22/efi-policy-paper-how-the-45q-credit-may-spur-carbon-capture-innovation.

51 Richards, H. Carbon Dioxide from Coal Plants Has an Interested Buyer from Oil and Gas. If the Costs Come Down. Casper
Star Tribune: October 2017. www.trib.com/business/energy/carbon-dioxide-from-coal-plants-has-an-interested-buyer-from/
article_db13a06a-af61-52b5-858d-ff0330dc1e54.html.

52 Petra Nova Parish Holdings, LLC, W.A. Parish Post-Combustion CO, Capture and Sequestration Project, www.osti.gov/
servlets/purl/1344080
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