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Abstract: Dekarbind — Key points of a roadmap for the decarbonisation of the cement industry

Germany is to become greenhouse gas neutral by 2045. In 2021, the German industrial sector
emitted about 181 million tonnes of CO; equivalents. This means that it accounts for 24 percent
of national greenhouse gas emissions and is the second largest source of emissions in Germany
after the energy industry?2. About two thirds of industrial emissions come from energy-intensive
industry. The steel and cement industries in turn cause more than half of these emissions and are
particularly challenging due to their process-related emissions and high process temperatures.
The decarbonisation of the steel and cement industries is therefore central to achieving
greenhouse gas neutrality.

The decarbonisation of energy-intensive industry requires innovative technological concepts and
suitable, long-term political framework conditions that open up transformation paths for industry
players at an early stage and offer the greatest possible planning security for the necessary
investments. In the project, the researchers developed key points for roadmaps for the
decarbonisation of the steel industry (led by Fraunhofer ISI) and the cement industry (led by the
Wuppertal Institute). The cornerstones of a roadmap for the cement industry developed in work
package 3 and presented here give concrete indications of which technological concepts for
decarbonisation exist in this industry sector, how these can be implemented over time, which
drivers and barriers favour or inhibit these technological paths, and which measures can be
implemented by actors in various fields of action in the short, medium and long term.

In a two-and-a-half-year participation process, the project involved numerous stakeholders from
industry, associations, social interest groups, politics, authorities and science through a series of
workshops and interviews with experts as well as other events. This involvement enabled
transparency, participation and practical relevance of the results. The result is an overall roadmap
for the decarbonisation of the German cement and concrete industry, which presents an overview
of all technological levers and associated drivers, barriers and fields of action. This is
supplemented by three detailed roadmaps for the subsectors "Thermal energy supply”, " New
cements and concrete technologies " and "CO; capture and use or storage (CCUS)", which are
examined in depth.

2 UBA March 2022: Emission overviews in sectors
www.umweltbundesamt.de/sites/default/files/medien/361/dokumente/2022_03_15_trendtabellen_thg nach_sektoren_v1.0.xlsx
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WK CFRBARAG ) DA TR A A A A A e — A B K 7 V5

MR AR, BRI EH #a s %, mbgakasop . sk, A
LB/ mp e b e S
25 5 TAE——S KRBT RAIHLE

KUAT i B 7 [ b B gt 1 ERHLIE, 35 B [ Py A s O SR K e ARt = A2 7 AT b
Mk N B il i AP Pr g th— R 2 5 3 BRI AL
et et s K Je AR gkt AR AR 2 57

Berte Az (k4.0 @HEEHA BIM. &A= 4) gt R 2K IR,
WK R B e . DRIk, Byt T HESh SRtk e /iR e LI T AL .

B ik B R BB SR K e TR B R AR A2 5F i = 2 iR

g KEATREE LTS &R

H&FHIWNN, WIHRh PR ZR AT B 15 K. d TS K8 /R Bk A0 T
WEm, NRLE IR, ACREE T TR IRAEZE AR T IR E . AR AE
A ELIZ 51 Bh A5 15 it o

BRBE BN A, ABRATCRIGRIbAE (CERZ RS R Edar D BExE AR
iyt L A2 328 75 WY DA RORE VR e - ) — S A R N N R B 20 SRV S 2 0, IR R 2
K /IR EE LT .

b 7RG /IR A S T3 2 RS, B AT ok T SRR R P R R
B2 A BhHEm A 2 5 R R BB B AR o (AL, SRATTR R EUGE =4 (14 St AN T B, B EARHE .

FER P K ATRBE LI, 78 73 A% HAE T AL IRRF R PR BE o 2000 #5148k ) 7K
PeFEAT 738/ My NI i BORRTK e B 438 P R

NTRER CRATETRAE /SO R AR B KB REAE L TR A5 B 22 RIS, 38 2500 f H
BT, ARBE KA R R AT AT SO (RS, RIS £
BRI AR S AT

AN g e VAT SEEN) O MY S i N e T

N T BRI ARG G ARG, ORI CE SCRIFE « 77 s b e
FhsE) o HFZ U EAEY] GE) TRV R E 7 I TERE CoriREE L. SR
Bk WOINEME. W AMESE) o PP RhARAEZE RS AR ARG

B 1 R IR LA ) AN, i A MR A R AR BR I R S M /B 4R S A
MItHEs. WAy b B, WRTERE MM S HER I B AUREL (ABS) BUAEYI AR, HEShiZ
SR R ML

T H AT AR KR K, (HARPRA > O EEE E T B G FHokje sk
TREE LR BNE T A K & . B IEAN I e e ARt , BRI B 2 ERVE E #0215 2
IS IAET . RIUE, AR BIAE A TG PR AP S AT 1k SR A iR R S . S
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SH BN FESER ZE N A4 (CCD) « KKEARRIASE T HLE] (CBAM) . 3T &b 2
8 [T BB B it b v S i it
ArRSE5RIEEHSEZEREAM

—Ue ARG, BROKYE TREE L RENS 5 AM —REZ B S m AT

RE SNSRI @S A E, JRS I TmiESEAA, A4 5eHIE A B 2.

H5TZMRMAL . N7 S2ES. . @l Hr8ok R B s et < EiRyr, AirE
E:LEIR R 154 NN SRV e R I DRSPS i

53 AR TR R R R

5 H A REIRE R AATMAREL, KA T\ L ZAARA R Ll s, R B R Rz . [
Bb, WA SRS B A /A S S R R et S DR JEURE ™ A R TR BT B AR S AN ) i B 5L
B, N5 HAAT W B R AR o PRI D HA AT M R AR 2 TR AN P G . 5 T AR SR A B HE I
(Bl gD BRSOKPRAT W . (Bl SRR o Bedh,  BhiAMe s REJRAK A &R
IERREM I X 77 (PO IR R, AT A RS AT LA it -

3.2 HAR

AR VITEE I MK B R AR T %, S5 H0 INEE R I8, 755 = %0/
P2 (RETT2.3.2)  BIGE “ A RTAEIR “ HTK RS- AR “ BIELEF
H5H S EmATBRE R R SR BRIt S (ST 24) #7544 M5 H #
BAIRBEROSCIRIT A0 5, B ST 3EHE T /KVRAT IR B T 75 O R . 26— 7 T ) LSRR 4
RUGERTATYE, 53— 7 B AT DAL 7 AR 2 M6 s e AR AR B i

3.2.1 YIIRHERABARNA

fisi s AT DASR A BERIHE SRS, MKIZRE (F] 2045 4FEL 2050 ) , fEHAR EAHHE
SEHLK P AN A = A R AT . KR AT ML B B TT LS Bh 2 R R AN I, 8 Sk
FENVEEIANFIA T . IRZIEM T, FATF ZLLA RIS MiERTTR. F5 (CSI / ECRA, 2017;
Nolting et al., 2018; Ruppert et al., 2020; Schneider, 2019; Scrivener et al., 2018) X}
ARARFEIAT VR, JFEARZET (GEE. BRE. 230 MELETH 7AamEs
( Cembureau, 2020; Favier et al., 2018; GCCA, 2021; IEA/CSI, 2018; Material
Economics, 2019; VDZ, 2020a) .

K 15 sKJe A AR s S e T IR HERLAT R SO (o) 2 id . 1% B DATRRE 2 3R
PN EE LA,

> KUB K A R JEORER A RE
> K8 BRI HA T BRI R I B R 1K U 5
> KIS ERURUKIR A i B s
> e AR A RS
KT IKPe AR EE A P e e, 1§25 (VDZ, 2002) .
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AR T P bt

15 ARAPRERELRI SRR (88 FRA

WA

e (73

BRI

it | IAE

(AL s 20D
T 1

QR B =AU
HFIT

LR R

FLR 7]

AT

BORBRIE: BATRE], AR KWE T T

TR Tt - HU L 1 AR IR B K JERRHE . HATE R, KV RRHER K —
BXifa] B (=/DFE 2050 £ERT) PRZ AT BRERKE SR I, DT 58 BUKTEAT M I 5t ik
55, TUH H G 0T 1 % e b Bt G ok A A B HE T -

PR AR PR sk R R R AR ) A AR 0 ok EH BRBR pe i A R A A Rk (20 AR
MHREN =02 —) » A—oMERIET FEECA KA e (245 S S &M =7
27 .

TEA =3RS, AT DA B oA T2 Rl & 5 2, B eC e S RRHAR SC IR . T xS T
P IR AT B AR R TR B HE S, A I sk R 1) S A R B T 9 e k) A S R HE
SEBRAE R BB A BR .

e A8 P VR 25 R JR e TR KK PR AT SRE, A BT BN — SRR o R TR R A A
TR BRI A 5 B iR A RR R, ORBR R R R T2 AR ik
R ROK e . B AR SR T gk, AT DURSE — @ R HEE R, (HIX Aokl & 700 2
AP I AR

Ko R AR SRR AT e — TR L PR o FRATT TGI8 S Aok AE 7= vh T Z AR G BRI
RO, IKYAT ML AR, M T SR AU T BE K A e Fli SR B — SR, XA R E P2 H,
FRATTRE T Ux i SR 21 ) — S84 i AR AT, i) DURE R A A7 i A BEAH SR 21 1) — S AL Bk
MR AR AL

MRS LS, OB CERD W T EH = FARREE L, gk e B o0 13K
PP HIA B L. XS gy Gt R AR ] 5 — AR (R HE i

IKUEAT MU b5 1) 28 R BOARANSE AR A AR B, ARAERI A 7. (HA2, N TRIBTERE, AUIH
X3 1 CL R BRGUE,  HXS BRI W E I 7 B AR B se
> FAEI&
> OFTRUKJE AR R L REOR (R AR5

> TSR 57

25 Z TG0 F TEE B SO0 B, B VR L R T I I A AR S R AR AR . (R, AT SIVR e R FH A3 1 B 2 A Vi
et cisitn I CRPIE IO PIEY
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3.2.2 PRERI&

HRT, B P e ) — UL = 40 2 — i 2o, SR (0 T 2
B AL ARTERI OLFSO BT DL A R B ST, B AR
SR TR P BTSSR (ABS)

FiRRERIRE AR, FHEXEPEORBAT AR AR R, SO BB, IR
IR, BREFAA RSN, e RS HARA R, Wil PR, BEIRACR . ARSI RRERE. ML
RSB RGMHEAER (BRI AR .

3.2.2.1  [RAUATHEBREL

Ak, JE R DR SE 2 R AT AR AR (IS BHE, HHETZ) 70%; VDZ, 2022) .
TR R F AT A R 1) i RIRLR S P A B Y . KA I AR
XEEPRFRY), PR TR S RS B R T AL BRI, 2) W LUK AR B A AR N N Bk,
(TERV/NESE L) Wb Bkl A =il fe v T2AE IR 3) B R ST AR R B A= DR s o3
SRR K A B B MSE S, sl AR

AL, A KIE] IRFDMRTERRR T 0 E S T . N T AW RKFY)
TR S T, IR FEITE IS A B AL A TR AT W IR S A, R X 2 Ak e ] #E47 3L
AL eis .

5 BAE: BRFMATAERE

WRIEAEEKIE 2 (2022) MR, K] MHKEFEMTAEE (ABS) FE i TR
IRV i AR B R A A B S (R JRIRECHG . W70 BRI ANTS KI5 e S5 AR 7 T e
EFRmEa AR, BRTHE. HE. KANTIRRLEE. 153 E &L ROKRT 1
R EFVRATERBHEKTE) IR A G P, SRR S A R AN b 2 e 7 i Bk
R (RS HENTE EER) .

SRR B FIAE AT S A R AR L, IR AT A R B HE B> 1 —
(%151 kg CO./G))  CARABAEE KR HI4: (2022) Fl Lechtenbdhmer 25 (2006) %k} H 471t
B o EXNEEEMRSRRFIMRIAE, WA EyiE — A k. BT, IV
AR AE PR R & I 208 30% (R4 FE K P 2s (2022) H1 Lechtenbdhmer %%
(2006) BRIHATHED .

FuobbRl Cnpgil. WL RIBRCAREE) IR I8 A e R AR ORARA, T HAR R
ekl Cnd i AR TE R D) I M e R AEBZE MR . BAME, ST RV
EISCR BRI Es0dE, T AR F AT AEARI B E (A TSP adar. TR SRS /8
FE) &= K AE—E AL, TR RE S TR

T SRR R S R KR B AT B R BRYE . KBTI AT B AR TR A
IRLEETREY), DA EARTCIEXN K AT, R aes HAE AREIRE A . B KINE,
XEEAPRLRT SR BB BOR AT A 22 B, X5 7K YR AT b R L 7 B A 82T B

3.2.2.2 AYRk

A NEIARMER, EVRRL (ERAEY . ES. BV v ERHR R R R 4
BT N R EIRL SRR AR AR A B SRS & J5, PSSR, BRI E R A
MM FER RS AR HE, HAb T2 SR E A R TR . 78
BARERGEAN SRS, HMHTT Ok, s, KD BSAEMeETH T OKJe)
Tk, T HAS X AR RGUE RN 4H (2 Prognos etal., 2021)

26 AR R FWIRT MR P A 0 . FEAEEDKIAT Wb, T B AT AR BT IR A I A RE 5 ELZT T 70%
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3.223 =

HErE R, EEARRS], SIEAKRARAE B Rae B8R — @ Lol &moiel, SREm
KA E R T E . 27 XFZKIE] TS, AEfIRIE RSB T Ak Sl % i g 75 28
BURAHIX, REA RN ATEA BT I fffe
3.22.4 AR

A MNE R R, AR e ] BB e s A A E . (H A R FF B T AR FE T
FoRAER K (SEMERIER D , MmBEE 7R A,
3.2.25 HEHESMK

R n] K W RR 7 S B REAd A e i, Gl B AR T A RS IB e b AT R AL A
# (HA10 LEILAC 1.2 W= 3.2.4) AMEHSEE 7T . HilA —X % L) IEE R
LEILAC L2, AISesll I EEMEN. 60%MIH 7. S5 5 FIREE % 2 Fi S AL L ATk ) Bl BB R
(R AR K YRAT b A 1 S AT Ak T F AT LR B

ANE R RE YR AT LA AR B R R, . T, 44 Bl A s FH AU RT LSRN R SR AT AR SRR E AR 1)
W, INATFHERE, BRI 8 ss (BUl i iR A 5 B 7k e — A ik
JHISA) AR AN RRIRA &R B R 2, g TR R&IERE. HATER, K
T AEBREL AR R LA B ) R AT EE (BATTHED .

3.2.3 FHEUKEMBERETIBEFEA (NZB)
N T BEARRRME P R R i T SRAGER,  RIAE CRUE S 22 A PEAN APERIRTER T, 4R 7K
Ye Az AR e B B R L AR . it BATAT DA =AZ AT
> AR BRI AR, AL
o [HFALGRERR $hK Ve BRI B B K e
o NETERR #h KYE HEHIH ALK, & 7
> FEIR B R UK TR
> R TR R R
XSS ARG S, A REE IS .
3.23.1 FHBKE

B A E R S R BT, KBRS C “BRLRE ) HETSER 71% (VDZ,
2020a) o FUERMBERE CRIBEERD AXcaEAE “HAbEER " P Lt s (VDZ,
2020b) o WAL, HLRPBHERBARIE TRy, e AR AR L A R Ok i
TR . ARTEbRAE, 10y CIEPED R RIBORE A A | EE AR K B £ E R R 20%29,
RN T IRUEEFRIRE S FPERE . 25 18 PN BRAT ML RIVRE 58 e A430,  IAKE R AL IZ 0 IR,

7, RS, 2019) —IEFTORIL 1 AERCH T g R IR AB B K ) E P BB E T, SSE 50% (3%
PP RIARETT) IOl XA T B AR 20%.

28 Ho Al AT b T BT SR BER A B AR T BEAE JE WURFEAER (flan, JEESE 1,700°C BIHL%S, L https://coolbrook.com)

29 WRFRARPEIRAE, FEAHATKPER EE R, ARIBRA AT RE LG T DY 35% (CEM II/B-LL) o AN, IXFRKe 15 FI T g
HAHR.

30 SR D R TR SR P R R B R PR AR I . ARYE B BT T R, SRR R th B T AU B R IR 2k (DRI:
Direct Reduced Iron) L ZFrEU.
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AL LA R AR

VALY RO RIS T B4y B B AT el o DRI, AnfRr 7 Bl e o3 B R B s I I L
K PR R BRFFAE DT ACT B — D FRARARE R B SO0 FRIEA P FR DB X7
T, SRR BT s R8T T K Ve 2 B At PR 2 72

K8 2021 £ 7 H &Aif) DINEN 197-5 TvArdE, FA14 G oI 7B Bk e 22 sl HoAth 52 57K
etz . XK =M EER skl PR AR A KA ), REHE E
B Ry R R,

Jee Rt E A AR AL VR Bt £ 4l %} (RCFs: recarbonated concrete fines, R[JVR&E 35K 74
ZEALE IR AEAIRED 2 R EE R S, AR TR T A BB R AU T 65%
B K3 . R S RIS ekl TR IR 7T 2 et 5e, (B EaR AL TR &t 4Rk A4
= L EE s — P T .

BEANEAT 2 QB R 1 ey CUANBRT e R VRS L) thERT AT Al s
o (I 28 R A RE AR 7 H BB REUK T 65% MK U, Jo V2 8 2 A e LU A9 B 1 0 K
(CEM II/B-LL) [RI7Ke o 111 A (10785 6 L FH Vi TR R OO B8 o SR 7K e £ o FH R ) 1 R A
W H AT vE B v

3.2.3.2 FEEAH

ERERR EKIBARLL, ANE A Gk i 2Rk 3T BURS G570 mT BRARAS & A HERG e B BOR T
FEE TR, AHEC TR 2K Ye (LRI KYE) A4 10%, EEA (EHE ) AR5k
i GETREREERIR AT o SR, T2 THESMERE, MR EME dndEtEs) 1
EAR. M E ST, B EFR TR ke A& (FI3E)  (Scrivener %%, 2018) [N
M. BESARITR BRERREEIL R S FIE T 2. Wik, Wi tnEE, ke
2050 FE T I 1BUK, 1~ 5% 4 (Favier 25, 2018; VDZ, 2020a) .

3.2.3.3  7EIREE R F 280 BB OB A5

TR B AH 7 EOR BT T R P URSREE iy APERN RN Tk . A& 708 B R ERA
[T CRF) AR F, 5 “aagiRet” M, 75600 B4 7 v 5 e et Al
PR

FEVRBE LA PRI b, R TR B ATEEOSR AN @ A = k) TS,
FATTAT LA i okl v oK e ™ il 1 FH 32 AP 5 AE LR I 005 2 — e AP RS BRI
(RI7K Y 2 AR TR Ao - 1) S ST 5 i Y 6 A 1 6 P i ARORE A NS 1) L A PR A Tt B 11 6
i) o WATPUCREUHARRS It (A0 JRBELAMINGRD Ay B 558 B2 B AR A3 2 R A o

HRELEBOK e RN, FETREE L RIS = L IR (IASERD . A Sk BUR BT S
M KA R FRRTREE T AP ROK RG] . BEARTAURY,  (FESSIRE T KA s AT BE
JRAE B VL G RDRE E S, [ R B TRt b o (R K L A PR VRRE AN, T RAAE 7™ i RER
ORI e BRI T o 27 BRI R BB S T KA, A ZEEICUR J L K /TR
T AP R AR KA TR i 3 7 R 25 B 2 i T Mk R B B AN R AR = 0 H
2L v B2 e

3 IS BB R BUR T A KA KYE (CEMII/B-LL) .

s2flgn, TEMRE PRI &7 L 50%I% 2 S T F R 85 25 200 XC1 iR Bt L i/ VKR i (240 kg/m3) , ANTERERRESRY PR
PSRRI RG] R i (REREHON XC4 B XF1; s/ VKE HE Y 280kg/m3) » XFIBLL T, KIETRERIND L 7%
CHATIHED
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3.2.3.4 RBETEIEN

TR AN &K T 2% IR m @ s M TR B R AR . AR RS, XL T
25 Rl E UK IR N 2 [ AT Re e AR ph e, DS seyR gt R @ sy X On s et
AR FRMEH E SRR . RABEBRIE, BATA GELE VPRI SZBR I T & FE I o

JEI E, dEk CBRET4ENE9R2EEL CFKD  Rula . B, AEINER Z M ] s 2 A0
WA RN AT DAORHR T A R B L. IR A A 5 S i i A4 B H AT A 4N,  m] DL 2
SRR . NER TR FHMAEE, ZREOR RS LR OAEMRE] . A, fRET
YriRdtt (CF IREEL) AR T@ R, (A48 HBEE RSB NI L 2 R BUSA RIER . 1t
b, BRETHETR St 1) PT RSO (e BTSSR A ke 451 Gn Gan ] 8 5 A 2t AN S SR 85 ) R 8 ) A o i
B AN 7 IR AL e R ) L B 4T 4 B 5 08 ORL TR B . 90 SIE DUAR Ll K %% ( Technische
Universitit Bergakademie Freiberg) ACEEAUMAEI RGHARM T (TART) IEFERT A
fERTTZ . T3 PR AE BB DR AT AE TR Bt L AT A UAC BEINy, 38 277 A2 K Ak
Aokrb. R C3 WUHSHEIE, RETELT 4R S B A RHE PRI 78 R AT & T 5t
PAHLGUE R ATRAVELTYERE S, EWF TN oI, AR 4R TR et 1 25 A dn b BOES A TR 2T
ek RHER, XX NRAIRR M B KB (Jackel et al., 2022) o TN 7 ¥R B+ & —Fh ik
AR B LR, R A IR RO AR A [ 22 2 i TN g TR AR ST ) S 7 77

N ARG, FRATAT DU A Ol N BRI GHEE RO Hh R B 57 A BN R R
B “BAEEVREEL” J7EGBAE AR, MRS AR, AR AN [ 2 T AN (] T e
LECI “HEHFEARL” (U NERIEREEZ IR £ 2O .

T AR VR IR A RS B T E R s L. SiEE AN, arEPURE S AN
R, Refg it tH SRS A ESRTR T — AR A IR B KR A, A R e TR R R R AR
T A LA R — i K 2L

Ak, ATl — R A AT H BE SR S5 R AT H B TR S AR KT, (H
AT H AT MR T . X BAYE 3D FTEI T 2Bt Eib @ 5073, A BT 1E g sl
FH W B 45 R B 8 A8 A 35

3.2.3.5 HEFIANRERLHZE R

5 H A Z A R KPe AR L, e RO FH R B K P ARG 70 R L PV R AT P36, R
P 6 Z0RRAE A ) A EAT RE B R 2 o 3RAT T ) DURAE AR A P 2RI B IR Bt 410, AT Rg
TREE K K e BB R R A0 EE VA TR A o SRR I 82 I S K Ve 5 VR i
b AR R e R TR R LA o5 L m TR L AR U AR BAE A . [
gb, FETIAHET R ARDK PR RS E R EOR " EHEER, R N R A R K
e AR EEL

3.24 BHWHEANAHSHE (ccus)

HAETER, K2 T2, Ra A i fe i A 0 — S AP Joik e 4ot e, IR iRk
AR LSS SRR A H B A7 (CCUS) ARk AT Sl s rh R SR B 3K .

33 it 5 A4kl (Carbon Concrete Composite) C3 T H T 2022 4F 9 H 45 B BT 4R &L vT S i B AR5 RS0

www.carbon-concrete.org/carbonbeton/recycling

342 W,. {41 www.housedruck.de
355 M. {541 www.zirkulaer.com

36 #R 44 DIN 1045-2 ArtERUE RN, T2 2y s RS EAVMIET 80% IERR /K YE . RERRERA VE KV . MR EL A A4 K ie
L RS AR BEAMICT 20080 5 7K e 5 U _E AT TR e L SR A N AU RF 22 B A 7K CEM 1L/C-M. B47KE
AIANETERR B /K e 2B 2L 2 770 AS B [R] S T e s U
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AL LA R AR

BT IEAETT R Z Rl 8 107578, FOUHEARARPRR GBeds) BUfE 2030 /24 (A%
WAe . Mbedr B ELEAHAE) AT SEIUAUBAL ) AV R o XTI R R, 25T TR A5 VO gk
TR (ZHAEEAE) o FAVHUHE IS MBI AR R TT 5. B S T EAN SR KV AT W e B i 1
AL o

ERME: —EMBRMBETE

PR HA T, BRERE (R HAREGNIAE L] rsiuiod . mise
FSREN e . Bk, BREMEERIEH T “RED” BPTEHRIPEMN B . K
WEFHIT 90% GZr=EMrE ZEiETr) - A, &ja 10%EETR ZEAT B RS
(FUSA) o fEr] R FEOAMRIAE, N BaiHE &R TR, s, BTFEEHAS
BURENE, BEREMNTEGR, AUT KT R R Rt R IR T

Sl t, SRR EBONTTRE: X PR T VEA I R e g = S A
R, TARABEIEABMNE SRR k. RRIRIHERET T 90% (3% A R FT
HIEMRETD o« ZIENG AR TIEGE DY RELMEL, DU AN AT AR )
ThEituE, DA A AiE BEE AR S s T AR, TR = b o g s St
Ao WHARAMEERE, FATAT AR R IIE AR INA T #7duE. (HKRETIES 2N
N, KB SOEX TMEAAR L) SELMN S, FHAENET At E. Bk, a4
R A BE OB R A LR . T AR AR IR B R R, R AR RE R 7
VAT AR BT LU= AR P [RGB, 2 5 T AR A A 98 . FRATT AT DAl I 25 <070 15 B HE A 14
HRRMEFT R MAS, HIbZEEERE 2 (WHA) B, U EREREE =&
AL IHEA SRR REE T B FI R A

Bedp EEEERE (LEILACSTTEE) (D) HE AT TZHRMHTIE (4 66%) DL
BBepedr = AR HER (29 90-95%) , &t HEHERNY 60%. S THiERMZ L) 4iF
) AR, ZVEIER RS, WTH T ESSUE A . PRSI AR e i i AR AR
FERRTTTHAFAERAMIN . 39 HATE R, FRHABEIAKTTERT DY R, il 4aiK-r, »
BN A RIS AE R HL ) AN [E Y SN 28« LEILAC J7 ] 5 vy 3hRe ) £ = A W Rl Rk s, B
AT AE B I F S AR B A TR . 40 BE28 LBk T BB I X AR AR RIS Ak
HH, MTIFEAR T &9, A ] RekE = A B I3 (CAPEX) o 7E B B IFARR
o, T mAMENESE 1T AR M A 5 0E

EEPEIR AR S oM 7 VR IETE T R B E6 41, 7E CLEANKER#2I H H, & KA=H /R 493
|+ (Vernasca) —Z ik L) (%A~ TRL-7) R THEIEHR TR,

RN Hills etal. (2016) . ieaghg (2013) . Project LEILAC (2021) . Voldsund et al.
(2019) IR I H L FEH 1T vy ik FlFid

dnfer B R K eAT I “ AN HTIRE G B AR AR E R, XA A A2 . T SORE
F R AR 2 R 25
> EEA R AR TSR, BRTREA T oAb D
> T AR A A AR B A E T R
> TEALERIHL T E AT

37 % [R B AAIRPE S B R W ISR AR, ARGV T2 iR AR TR i P

38 LEILAC = {RHERE A K FKYE (www.project-leilac.eu/leilac2-project)

39 TR ENRAARAR A= 0GR B0, AE 9 #GER Ahs2 HTAR R BLE DT G

40 HHTIEFE LEILAC2 T H RAEZE N & K47 LEILACT X5 L) A<k (www.project-leilac.eu/leilac2-project) »
41 DekarbInd il H A ANIR TR R 32 A R ERTIR =Fh 7772 F.

%2 CLEANKER = M §5 4§38 T2 #et (www.cleanker.eu)
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AL LA R AR

BeAt,  HATIEAERT O — S A A 7 % (S WG RAED o iZWEFE AL T-4130
BB HSR A REIR 7 SR BRVF B, PRI H AKX — TN B SR VEBE 2 A

5 BHE: K —EALBR D BB A

“NECOC” It H 3 7EWF FL K A J] i — BAMBRII QBT ik . ik B e E (H) X =
SEACHBEAT P AL, R R TR e A I SRR ORBD) A B2, R
WRRZHT e (CHa) 3K Y IRD D SR AR SR AN S o 44 S A 24 1hE 55 90 B P g — 1R
SIRE 4, T HREME K. 5 RBE AR RGBT KA 52 (AR (7] T 1 A
R, R AR th R R RIIE

FEVFZAEOUN, SR i A7 ik, s 00 JLBE T iE M . ST AH N R R Al ¥t /2 7K
PeAT WLt R EE R, T SCHAE Xt MR TT e

3.2.41 Z“FALRE AL
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59 Bellona 2021: www.bellona.org/about-ccs/bellona-and-ccs
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