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Reaching net zero will be virtually impossible without CCUS
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CCUS grows and evolves on the path to net zero
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With ample storage available, success will hinge on getting the infrastructure right
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Government action this decade is crucial
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Figure1.1 Global energy sector CO; emissions from existing power and industrial
facilities, 2019-50

~ 40 ~ 800
3 3
0] G}
30 600
20 400
10 200
0 0
2019 2030 2040 2050 2019-2050

mPower oOlindustry oTransport  OBuildings

@ KIS R e 722350 FH D fig iR 5K

- MBI EE 2o bl 2 f 2 D EBPI OFFRIRIC 70 B, BARRICITE T3, RIEHEmE (FayEse) .
ATE I A REMR B TENBER CEAZIEY H L2 (ZHUTmimic@mim) . %EI3ER
TATHESS & o T — 70 EEBRRI Tl

AL MM T e AP (AR TR 1.6GtCO2) 233 508, Z AU TR 23 7
<. CCUS MMe—DHIBRTH 5,

< BREAAEFY CIX CCUSIZIR LN -HIER D—>TH 5 (o FE:IX ?), Virgin steel (1
ROGEERED TEZ 5D DM, Z OFIEICIE CCUS S, ALk (7 r'=7)
&AL ) =B OPEHEIEIC CCUS A/ N OB THh 5,

« R ARGET mE A TH CCUS D3ME—DHIBR, RIXH AIZITRFZIE 90% H D CO2
NEFENTED, LNG & L THGEDRNC 2N & FREERIER 57220, CO2 IEMERITRA
HIZHH &AL T 7223 CCUS I L 0 i L EOR & L CTHAIA S D,

- REEEER, & 0 bz TIE CCUS IZ L 2 A RUKFRE Z W5, (=L X —5
DR T/N YT U —TIIBKH D T) /A A8 B RURELDS CO2 HIIKD FEETH 5,

ONRRFEKRFEAFE p.23

- CCUS IZ LV IRIRFARBREE N AIREL 725,

s BUED L Z A CCS A ELABRELDN D D/KFRE 2 2 MIFFTRIZ K 2 KOEMIT L DHK
FREOHTH D, HBEOMBE T IXTHINLD, AbLABREINRZR BRI NE S 721
B CIMR R FEK IR SR EBF IR & D,

100% A REHZ #E 2 BEAF O kB (FER 800Mt HEHY) 12 & - TH CCUS IX RV EfT
Th o,
@K B D CO2 Brs



- RFFRZE (negative emissions) (% AF/RF. BECCS\ DACS %, IPCC/SR1.5 = 0%
T2 R, IRFEBREIL Z OB ERT A IIRFE D EE RS T GED~y VLD,

- BECCS (TIEFrfc rlRE72 /S A 7f<77\1i§n4’§ﬁn'ﬂ%_ﬁiﬂébéo DACS DMK = A h=x/L
X—OFETHD (B 2ESH)

CCUS Deployment today p.25

- BUESR TIE CCUS Jgix 2 21 /74 LAEH 40MtCO2 Z fifife L T\ 5,
1T L@ CCUS 1% EOR T, il CCS I Norway @ Sleipner offshore gas field in 1996
ZHo THERET D, 1991 412 offshore oil and gas IEENI XI5 R EBFLHE A S 4,
CCS M a[gEL 72 o7,

- LU 2020 £RIF U COBEET O KBIERG3E CCUS Off, 703, EOR ORITLTLH A
#H) CO2 PEH TIHARWVRICTEE DL E, ZORA R M
TRELASMT 16 @ Project N ZEITF HL TV 5,

Table 1.1 Large-scale commercial CCUS projects in operation in 2020

Country Project Operation Source of CO: capture Primary
date CO2 capacity storage type
(Mt/year)
United States  Terrell natural gas 1972 Natural gas 0.5 EOR
(Us) plants (formerly processing
Val Verde)
us Enid fertiliser 1982 Fertiliser 0.7 EOR
production
us Shute Creek gas 1986 Natural gas 7.0 EOR
processing facility processing
Norway Sleipner CO- 1996 Natural gas 1.0 Dedicated
storage project processing
US/Canada Great Plains 2000 Synthetic 3.0 EOR
Synfuels natural gas

(Weyburn/Midale)
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Figure 1.2 Global CO; capture capacity at large-scale facilities by source
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Figure 1.4 Large-scale CCUS projects in development worldwide by application and
storage type
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Figure 1.6 Timeline of CCUS developments, March-September 2020
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Figure 2.1 Global energy sector CO2 emissions reductions by measure in the Sustainable
Development Scenario relative to the Stated Policies Scenario, 2019-70
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Table2.1 Key global CCUS indicators in the Sustainable Development Scenario

2030 2050 2070 Cumulative

Total CO, capture (Mt) 840 5635 10409 240 255

of which from coal 320 1709 2145 64 399

of which from oil 21 M 230 5301

of which from natural gas 96 1733 3209 72948

of which from hiomass 81 955 3010 52 257

of which from industrial processes 312 979 1073 36 562

of which direct air capture n n7 141 8788

of which stored  [CCUREEDB4%. cnc-mmiram=| 690 5266 9533 220 845

of which used [TV ELTERIEDHHBE0GID2%E5 189 369 877 19 409

CO; capture by sector (Mt)

Industry TS 453 2038 2724 77092
Iron & Steel |BXEDER 16 394 723 15772
Chemicals ig?%%liﬂ 178 461 5N 18 363
Cement g 258 1174 141 42 614
Pulp & Paper 0 8 18 343

Power generation 223 1877 4050 87529
from coal 201 895 1031 34378
from natural gas 21 605 1175 26942
from biomass 0 377 1844 26209

Other fuel transformation  [DACT741MEEE. 55 153 1603 2895 66 846

CO, removal (Mt) Storage(£27 1Mt (36%) 76 871 2920 47739
Bioenergy with CO, capture and storage (BECCS) 75 802 2649 45000
Direct air capture with CO, storage (DACS) 1 19 2n 2739

CCUS contribution to sector CO, emissions reductions

Iron & Steel 4% 25% 3% 25%

Cement AT7% 63% 61% 61%

Chemicals 10% 31% 33% 28%

Fuel transformation 86% 86% 92% 90%

Power generation 3% 13% 25% 15%

CCUS »#&El 49 H
- SDS TliE CCUS OAEIMNELREC L - T2 %5, Figure 2.3 ~1 T4 &
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Figure 2.3 Growth in global CO, capture by source and period in the Sustainable
Development Scenario
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Figure 2.4 Global CO; emissions and capture across the energy system in the Sustainable
Development Scenario, 2019-70
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Global COz capture in the Sustainable Development Scenario and Faster Innovation
Case, 2050
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Figure 2.6 Global CO; emissions from existing fossil fuelled power and industrial plants
against the CO; emissions trajectory of the Sustainable Development Scenario,
2019-70
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Figure 2.7 Age structure of existing coal and gas power capacity by region
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Figure 2.8 Global CO; emissions reductions from CCUS retrofits in power generation and
heavy industry in the Sustainable Development Scenario
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Figure 2.11 Global CO; emissions reductions by abatement measure in heavy industry in
the Sustainable Development Scenario relative to the Stated Policies Scenario
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Figure 2.15 CCUS in hydrogen and synthetic fuel production for energy purposes in the
Sustainable Development Scenario, 2070
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Table 2.3 Main carbon removal approaches and technologies

Carbon removal

Current .
ey Approach I potential COz capture cost
type (cumul. to 2100, (USD/tC0Oz)
category
GtCO2)*
Bioenergy with CCS Technology  Demonstration 100-1170 15-85
Direct Air Capture and Technology  Demonstration 108-1000 135-345
Storage
Enhanced weathering of Enhanced Fundamental 100-367 50-200
minerals natural research
processes
Land management and Enhanced Early adoption 78-1468 30-120
biochar production natural
processes
Ocean Enhanced Fundamental 55-1027
fertilisation/alkalinisation natural research
processes
Afforestation/reforestation Nature- Early 80-260 5-50
based adoption**

- BECCS & DACS O£ DOfhod> NE (T4 2ENAE, BRMAKFIC K 22372 < S
BMb D THED, o, TRUNDOFBIT T IETE BRI TRMERIEDRD TRE VR
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Table 2.5 DAC plants in operation worldwide, 2020

co t
CO; storage Start-up z capv ure
Company Country Sector capacity
or use year
(tCO2/year)
Climeworks  Switzerland Greenhouse Use 2017 900
fertilisation
Climeworks  Switzerland Beverage Use 2018 600
carbonation
Climeworks Germany Power-to-X Use 2019 3
Climeworks  Netherlands Power-to-X Use 2019 3
Climeworks Germany Power-to-X Use 2019 3
Climeworks  Switzerland Power-to-X Use 2018 3
Climeworks Germany Customer R&D Use 2015 1
Climeworks  Switzerland Power-to-X Use 2016 50
Climeworks Italy Power-to-X Use 2018 150
Climeworks Germany Power-to-X Use 2020 50
Climeworks Iceland Mineralisation of Storage 2017 50
CO;

Carbon Canada Power-to-X - 2015 365 (max)
Engineering

Global United - - 2013 2500
Thermostat States

Global United - - 2010 500
Thermostat States

Global United - - 2019 4000
Thermostat States

Note: Power-to-X refers to a suite of technologies that convert electricity into other forms of energy such as
ammeonia or hydrogen.

Figure 2.18 Current cost of CO, capture for carbon removal technologies by sector

BECCS - power generation I

BECCS - other fuel transformation .

BECCS - industry I
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UsDIco,
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Figure 2.19 Global CO2 capture from biomass and DAC for use or storage in the Sustainable
Development Scenario
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Figure 2.20 Global CO; capture from BECCS by sector (left) and bioenergy primary demand
(right) in the Sustainable Development Scenario
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Figure 3.4 Levelised cost of CO; capture by sector and initial CO; concentration, 2019
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Figure 3.7 Shipping and offshore pipeline transportation costs
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Figure 3.8 Theoretical CO; storage capacity by region
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57 @ Storage cost 1£$35/tCO2 TH 5 ([X13.10), LU Z D pUTHE /R DFRGED LA

Figure 3.10 Indicative CO; storage cost curve for the United States (onshore and offshore)
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Figure 4.5 CCUS in Europe in the Sustainable Development Scenario
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Figure 5.1 World COz capture capacity average annual additions to 2030 by sector in the
Sustainable Development Scenario
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Table 5.1 Main policy instruments for CCUS development and deployment

Category Types Examples
Capital funding provided directly to targeted = UK CCUS infrastructure
Grant projects or through competitive programmes to fund
support overcome high upfront costs. « EU Innovation Fund
» Tax credits based on CO: + US45Qand 48A tax credits
captured/stored/used. + MNetherlands’ SDE++ scheme
« Contracts-for-difference (CfD) mechanisms » UK power sector CfD
covering the cost differentials between arrangements
Operational production costs and a market price.

N « Feed-in tariff mechanisms with long-term

subsidies . .
contracts with low-carbon electricity
producers.

«  Cost-plus open book mechanisms in which
governments reimburse some costs as they

are incurred, reducing risk for the contractor.

= Carbon taxes, which impose a financial = MNorway carbon tax on
penalty on emissions. offshore oil and gas
Carbon « ETSs involving a cap on emissions from large European ETS
pricing stationary sources and trading of emissions « China ETS
certificates. = Canada federal Output-
Based Pricing System

FEIF—EIT, ZhUAMCEERNS], CCUS MADTIEA =X L, BUH - B, U 27885, 1/
R—3 g & RD&D IZH LT i & RSB T Sh T\ 5,

CFERTO CCUS 71 Px 7 Mk e LCHNHEE DM, K\ THE Lol &<
W5, HiIEOFE L TiEsIN D Gorgon Project M$55M, 1+ % D Quest © C$840B d
HiA 7 TOMBZ ST T D, #BE LMY & IIBIHIESE & fiBh&7s, & 5.2 2H
(R B2 TIFHRF R THRIEL TV D 21 OXRBIE CCUS 7' ¥= 7 b ~DBERAHE DRI
NEEDBNTWND, ZOH T Carbon Pricing @i Norway @ Sleipner & Snohvit
D 2HEDHTIH %,

CCUSIZOWVWTIEF—D2 TR TEZAIANA—T HBORIT eV (MUl Z L1200 HiTiRes)

« BRINCTIEARTE Norway @D 2 {4 L7203, pipeline I3 PESERR M ICBERE L. IrREalii a2 o
=7 =L TW5b, BINTE AL b TAKT), BEEY ., KFAEFETH LD CRPFHRITINE .
cBURFIE B2 7203, BRI ERRBE A L C D8RR = X b 23 E BRI

BILOTELEELEHMOBEME T, Zo5g HlE? CCUSHMO X v 7 Th 5,
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Table 5.3 Policy implications of CCUS deployment by sector

Transport and

Likely monopolistic market for CO2
transport

Sector characteristics Implications for policy

Transport and storage assets may need to
be regulated or owned/operated by
governments

High capital costs of transport and  Grant funding or financing support may be
storage .
storage infrastructure needed
Co-ordination and alignment of Targeted funding of integrated projects
timelines with capture development (e.g. around industrial hubs) or volume
needed guarantees
Uncertainties over long-term May require public liability cap or transfer of
ownership and liability for stored ownership to governments post-closure
CO2
International competiveness for Compensate for additional cost; mitigate
traded commeodities with low profit  additional cost along the value chain;
rmargins consider border adjustments; create
Industry demand for low-carbon products
~ Range of applications, technologies  Policies and implementation models must
I and scale be flexible
=[] ]
Soo Current high cost of capture in RD&D required
rany applications
High credit risk, uncertain markets  Capital financing and operational support
and expected short payback may be required
Low cost of CO; capture Smaller financial incentive for CO; capture
Hydrogen than in other sectors may be needed
production Uncertainty over future demand Policy support to stimulate demand for low-
(e carbon hydrogen in heat, industry and/or

End use may be in clusters of high
energy demand and/or production

transport

Focus on early opportunities by
incentivising production in industrial
clusters with CCUS infrastructure
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High capital cost of retrofits Capital support or guaranteed operational
revenue
Power
generation Power markets vary significantly Different policies required nationally;
= among regions and countries experience in other regions not always

transferable

11 Load factors for plants equipped Flexibility to accommaodate a potential

with CCUS may fall over time as transition from baseload to flexible

more renewables are integrated generation

Uncertain climate benefits Policy incentives need to be linked to robust

life-cycle assessments of emissions savings

COz use

Uncertain demand for CO; use Public procurement measures to consider

COz-derived products

High energy needs and costs for RD&D support to reduce costs and prove

CO: conversion to fuels and feasibility of technology at scale

chemicals

Immature application with Focus on proving feasibility at scale and
— uncertain costs and demand lowering costs; stimulate demand through
E—— targets or CO: certificate trading
MNo recognition of value of negative  Include carbon remaoval in emissions trading
ALARL emissions frameworks or other tradeable credits
i
LAY

Measurement and verification of Policy incentives need to be linked to robust

carbon removal life-cycle assessments of emissions savings

AL 159-160
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Figure 5.2 CCUS policy measures by stage of technology development

Large prototype Demonstration Early adoption Mature
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