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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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A ELIZ 51 Bh A 5 it o

BRBT IS, B AR (EORE EEE SRR Ed A D« X Bk
fify HH L9 A2 328 75 T DA RORE VR e 1) — S P R 1 A\ R B 70 SRV S 28 4, IR R 2
K /IR EE LT

b 7 RRKYE /IR A S T3 2 B4, 3R AT ook T SRR R P O R
B2 A BhHEm A 2 5 R R BB S AR o (AL, SRATTR R BUGE =4 (14 St A0 T B, B E AL HE .

FER P K ATRBE LI, 78 73 A% HAE T AL IRRF R PR BE o 2000 #5148k ) 7K
PeFEAT 73 /My T3 iy ORRTK e B A58 P R

NTRER CRASERAE /SO R AR B ALK B REAE L TR A5 B 2 NI, 3B 2500 fi H
BT, ARBE KA R R AT AT SO (RS, RIS £
PR AR S AT

AN g e VAT SEEN) SR S i N e T

N T R EHT R ARG A R, GRS CE SCRIFEE . 7 dhAnAERT
FhsiE) o HFZSUREHAEN] GE) TRV R E - dh i TERE CoriRE L. BILIR
Bk WOINEME. TAMESE) o PP AhARAEZTE RS AR AR

B 1 S I PR LA ) LA, i I A BRI A AN AR S M /Bl AR 5 A
MItHEs. WAy b B, WRTERE MM T HER I B AREL (ABS) BUAEMI AR, HEZhiZ
SR R ML T A

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) « KREARRIASE T HLE] (CBAM) . 3T &bk 2
8 [T BB B it b v S i it
rRSE5REEHSEZEREAM

—Ub AR, TBROKYE TREE L RENS 5 AM —REZ B S m A

RE SNSRI @ SRS, JRG I TmiESEAA, A 5eHIE A T8 2.

H5TZMRMAL . N7 S2ES. . @ rl 8ok R B s et < EORyr, AirE
VeSS Al R Bt A ST A 2R A B R O

5 AR TR R R R

5 H A REIR A R AUATMAR L, KU T\ L ZA R Ll s, R B R k. (]
BE, WA SRS B A /A S 5 R R et S DR JEURE ™ A TR 2T B AR S AN A i B A 15
B, N5 HAAT W B R A R o PRI D HA AT M R AR 2 TR AN P G . 5 AR SR A B HE I
(A ge)  BRSOKPRAT W B (Rl SRR o Bedh, A REIRAK R &
IERREM I X 77 (PO IR R, AT A RS AT LA it -

3.2 HAR

AR VITEE I MR B B AR T %, S5 H0 INEE R I8, 755 =%/
P2 (RETT2.3.2)  FIGE “ LA RTAEIR “ HTK RS- AR« BIELEF)
H5H G S B AT B E R R SR F T & (E 2.4) BIA, 55 MR E 7
BAIRBEROSCIRIT A0 5, T ST IEH5E T KVRAT IR T 75 O AR . W2 — 7 T 0 LR 4
RUGE AT YE, 55— 7 BT DAL 7 AR 2 M6 s e AR AR A i

3.2.1 YIIRHERABARNA

fis 45 T LASR (A BERHE SR 564, ARG (F] 2045 4B 2050 ) , fEHCR BAHATRE
SERLZK S AR A2 P U TR A o KPR AT MU B T DA B 2 MR RIS I, 0 SR i AR
FPOVEERIAFEIA T IRZIEOLN, BATR BLEEHM SRR T % S5 (CSI/ ECRA, 2017;
Nolting et al., 2018; Ruppert et al., 2020; Schneider, 2019; Scrivener et al., 2018) X}
ARG AT VR, JFEARZET (EE. BRE. 230 WELETM 7N Eas
( 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 KR HERLAT R SO () b . 1% B DATRE 2 3R
PN EE LA, o

> KUB K A R JERER A RE
> KYE BRI HA 3 BRI R I B R 1K T 5
> KIS ERVRUKIR A i B
> e AR A BB
KT IKPe AR EE A P e e, 1§25 (VDZ, 2002) .

47



AR T bt

15 AKRAPRBRELRS IR AT (88 FRA

WA

e (73

BRI

it | IAE

(AL s 20D
T 1

QR B =AU
HFIT

LR R

FLR 7]

AT

PRERIR: BATSE], ALK

TRt - HU P 1 AR IR K JERRHE . HATE R, KV RRHER K —
BUit B (Z=0AE 2050 4FATD PR AR EERIE SR Bk, O8 T SE B YT M i fe
55, TUH H G 0T 1 % e b st G ok A A B HE T -

PR AR PR st R R R AR ) A AR 0 ok EH BGRB pe i A R A A Rk (20 AR
MHREN =022 —) » A—8HoNERIET FEECA KA e (45 S e &M =7
27 .

TEA = BB, AT DA B oA T2 Rl & 7 2, B eGSR AR DS IR HERL . T X T
P IR AT B AR R TR B HE S, A I sk R 1) S A R B T 9 e ) A S R HE T
SEBRAE R EN R A B .

e A PR Tt 25 2 QR o (R K PR AR, A BT RO SR B R T BRI AR
TR BRI A . 5 B iR P A RRL R, SRR R R T AR ik
R RK YR B ARSI T gk, AT DURSE — @ R, (HIX ARG & 70 2
AP I AR

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

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

TRYEAT ML Bt B 1) 5 P B AR AN S AT AR AR 1, ARMERIRAGH 7). (B8, v T RIRIGE, ATH
B N O % N S D K ST 5 N Y R N v P N =i e
> FAEHI&
> OFTRUKJE AR R L REOR (R AR5

> BRI ST

25 Z TG0 F FEE B SO0 B, B VR L R T ) I A AR SR AR AR . R, T DAV SIVR B R FH A3 1 e B 2 A Vi
Retcisitn I CRPIE A IDPIEY
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3.2.2 PRERI&

HAT, #ophA Pl e = AR i i A =02 — IR B A Rlze . A i AR
B AL SRR (RS0, lH AT BLE At e . BRI S, BATRRY)
A AT IS R FFRTA AR (ABS) o

EiRRERIRE AR, FHEXEPEARBAT AR AR B, SO, IR
IR, BRAFSA RSN, IS AR R, Wil R, BEIRACR . ARSI RRERE. ML
RSB RGHEAER (BRI AR .

3.2.2.1  [RFAUIATHEBRE

Ak, JEI AT DR SE 2 R AT AR AR (IS EHE, HHETZ) 70%; VDZ, 2022) .
IR R F AT AR 1) i RIRLR S P A B R Y . KA IEARI
XEEPRFRY), PR TR S RS B R T AL BRI 2) W LUK AR B A A AR N N Bk,
(TEBUINESE 1D b okl A P2 i B2 v 2 ARG IIHERT  3) W5 IR FEAT AR R (R A= R B oy
Al K A B EAR S A, H e SEE R .

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

fHRHE: RIFATAEMRS

RIEAEEKIE 2 (2022) MR, K] MHREFEMATAEE (ABS) FE i TR
WY i AT B R A A B S (R JRIREAG . WA BRI ANTS KIS e S5 AR T T e
B REE AR, BRTHE. RE. KANTIRRLEE . 53 E &L OKR 1
R EFVRTERBHEKTE) BRI A G LS, SRR S AL R AN Ab 2 e 7 i Bk
AR (RS HENT R EER) .

SRR B RO AL S A R AR L, IR AT AR BB B HE s> 1 —
(%151 kg CO./G))  CHRABAEE KB HI4: (2022) Fl Lechtenbdhmer 25 (2006) ¥k} 471t
B o EXNEEEMRSRRFIMURIA, WA EyiE — Ak, BT, RFEMAT
A BRRL ) A s & T3 40 0y 30%  (ARAEFEE/Ke br<s (20220 1 Lechtenbshmer 45
(2006) BRIHATHED .

FuorbRl Cnpgil. WL RIBRCARSE) IR I8 A e R AR, T AR R
ekl Cndl i AR VE R D) I M e R AEBZE MR . BT E, ST RV =R WA
EISCR BRI E0dE, Tt AR R F AT B E (A TSR ftar. TR JRLE /8
FE) FMmi& = K AE—E AL, TR RE S TR,

T SRR R S R KR B AT B R BRYE . KBTI AT B IR TR A
SRR Y, DA HEARTCIEXN KT R, R aes HAE A REIRE A . (BT KINE,
XEEAPREAT SR B R BT A0 22 B, X 7K YR AT b R R 7 B A 82T B

3.2.2.2 AYkl

AR MNHIARMEE, ERL (FEEAEY. BA AT nOAREHE R R R 4
ET AT B EDRRRL SRR AR MUK A E HARM S & f5, PTSEI R BRI AP Rel A
MR EER RS AT HaE, HAb & ST 2R IEE RN TR YR . (E
BARRIR R L Mk AR, HARERT] Ok 8% K BRnAEmseIEeT H T 0K
Tk, T BASX AR RG0E R M 4E (2 0, Prognos etal.,, 2021)

26 AR R FWIRT MR P A G . EREIEKIAT Wb, T B FE AT AR BT IR A A A RE 5 ELZT 9 70%
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3.223 =

HRrER, EEARRS], SEAKRAEA B Rae B2 Lol &moiel, SREm
K& E R T E . 27 XFZ2KIE] TS, e IRIE RSB T Ak Sl i g 75 28
FURA X, REA RN CATEA) BT IKs) #ffAE
3.2.24 AR

A ME AR R, AR e ] BB e s (A A E . (H A R FF e T AR FE T
FoRAER K (SEMERIER D , MmBERE 7 IHRH .
3.2.25 HEHSMK

R n] K W AR 7 B R Ad A e i phes ., Gl B AR T AL BRI IBE b AT AR AL
# (HAS10 LEILAC 125 W= 3.2.4) AMEHSEE 7T . HirA —X % L) IEED R
LEILAC L2, nISeill I EEMEN. 60% M 7. S5 TR A% 2 Fi S AL AL HRATR ) Bl BB R
{EHLAE K YAT Mk A 1 S A5 A T F-BABITE LR B

ANE R RE YR AT LA AR B R R T, 4% B A s FH AU RT LSRN R ST AR SRR E AR 1)
W, IWNAETFHERE, BRI 8 (BUl i iim 4R A 5 B 77 e — A ik
JHISA) AR AN RRIRA & TR B R 20, g TR R&IERE. HATER, K
FUT AR AR R LS BB R A EE (BT ED .

3.2.3 FHEUKEMBERETBEFEA (NZB)
N T AR P R R i T SRAGER,  RIAE CRUE S 22 A PRI APERIRTER T, 4R 7K
Ye Az = AR e B B R I AR . ik, BATAT DA =A R AT
> AR BRI AR, AL
o fHFLGRERR Eh/K Ve BkHIH B K e
o AETERR EhKYE HEHI B AR & 7
> FEIR B R R UK TR
>R TR R R
XSS ARG S, AN REE IS .
3.23.1 FHBKE

B A EE R S B BT, KBRS C “BBLRE D) HETSEMER 71% (VDZ,
2020a) o FERAERER) CRIBEERD AAcAERE “HALEZRD 7 TS tkim (VDZ,
2020b) o WAL, RHLRUBHERBARIETE Ry, e K AR L AL AR Ok i
TR ARTEbRAE, fEv CiEPED R RIBRE A A | EE AR K Y8 E EE R iR 20%29,
KRN T IRUEEFRIRE S FPERE . 25 18 AW ERAT ML RIDRE 58 e B30, AME R AL IZ 0 R,

7, RS, 2019) —IREFTORIL [ AERCA T g R IR AB B K ) B BB E T, SSH 50% (3%
WP RIFARETT) IOl XA T B AR 20%.

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

29 WA IRAE, FEAHATKPER EE R, ARIBRA KA B LG DY 35% (CEMII/B-LL) o AN, IXAfK e )5 HI AT g
AR

30 SR D R TR SR P R R I R PR AR I . ARYE B BT T R, S R OR SR th B T AU B R IR 2k (DRI:
Direct Reduced Iron) L ZFrEUK.
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VALY RO RIS T B4y B B AT el o DRI, 0T 7Bl e o3 B R B R IR I L
K PR R BURFFAE DT ACT B — 2D BRARARE R B O FRIEA P FR DB X7
T, SRR BT i R B K Ve 2 B At PR 2 72

K8 2021 £ 7 H & Aif¥) DINEN 197-5 TVAR#E, F-ATA G T 7 B 4 22 ml HAth &2 57K
etz bR . XK S =M EER el PR BRI A KA D), REHE E
B Ry R R,

W ERh A AR AL VR Bt 4B} (RCFs: recarbonated concrete fines, BIVRE&E L Ix5REFY)
Z AL G I FRAEAIRED 2 R EE A Sy, ARk TR T A Bk R AU T 65%
B K3 . R S RIS ekl TR IR 7T 2 Mt 5e, (B R aR AL TR &t 4Rk A4
= L EE st — P Tk .

BEANEAT 2 QU ey CUiNBR) e R VR LR 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 L 9 B 1 0 K
(CEM II/B-LL) FRI7KJe o 111 Al (107 7 N FH Y TR R OO B0 SR K e FD o FH R ) 1) R A 2
W H AT iE B v

3.2.3.2 FHEEAFH

ERERR EKIBARLL, ANE A Gk i 2Rk 3T RO A 770 mT RS & A HERG Bk T
FEE TR, AHAC TR 2K Ye (LRI KR A4 10%, EEA (EHEG ) AR5k
i GETREREEFIR AT o SR, BT 2 T HESMERE, MR EME dndEts) 1
EAR. M E ST, B EFR TR ke A& (FI3E)  (Scrivener %%, 2018) [N
M. BESARITR BRERREEIL RS FIE T2, Kk, BiEERRatnrEE, ke
2050 FE T I 1BUK, 1~ 5%/ 4 (Favier 4%, 2018; VDZ, 2020a) .

3.2.3.3  7EIREE 5 F 280 ROREEORE 57

TRBE L B AH 7 EOR BT T R I PURSREE W APERN RN Lk S 708 B B R A
[T (R AR F, 5 “aagiet” ML, #5600 R e 4 7 v 5 s oeb Al
PR

FEVR B LA PRI b, s TR B APEESR AN @ A = AR TS,
FATTAT LA i okl v RO e ™ il 1 FH 32 AP 5 AE LR Ip i 505 2 — e AP RS BRI
(RI7K Y 2 PR TR Ao - 1) S ST 9 5 e YR 6 - A 1 6 P P IO RE A NS T L A R Tk B 1 6
i) o WATDCREUHARRS It (0. JREBELAMINGRD AF 530155 B2 B AR I 24 R b o

RS BOKIe RN, FEIREE L RIS = LI IR (IASERD . A 0k BUR BT S
M KA e FRRTREE T AP ORI LGl BEARTAURY,  (FESSIREF) KA sl AT S
JRAE B VL G FRDRE E S [ R B TRt - o (R K L A PR VR RE AN, T RAAE ™ e #RER
ORI e BRI T o 27 BRI W BB S KM, B AZEEILUR JL: K /TR
T AP R AR KA TR i 3 7 R 45 B 22 i T Mk R B AN RN AR = 0 H Y
L v B2 e

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

s2flgn, TEMRSE BRI &7 L 50%I% 2 S0 Tl F R 85 45 200 XC1 iRt L/ VKR & (240 kg/m3) , ATERERRERY PR
PSRRI RG] R i (REREHON XC4 B XF1; s/ VKE Ry 280kg/m3) » XFIBLL T, KIETRERIND L 7%
CHATIHED
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3.23.4 BETEIEN

TR @S 2K T2 Y IR m @ s M TR B R AR . AR R, XL T
25 Rl E UK IR N 2 [ a Re e AR ph e, Dy SRR st R @ sy X On e
RevREE ) ERMEH S SRR . RABEBRE, BATA GELE VPRI SZBR I T & HE I o

JEI E, dEk CBRET4ENE9R2EEL CFKD  Rula . B, AEINER Z M s 2 A0
WA RN AT DAORHR T A R B L. X2 A A 5 S i i A B H AT I A4, AT DL 2
SRR . NER TR FHAEE, ZREORB RIS LR OAEMRE . A, fRET
LRttt (CF IREEL) AR Td R, (HAEH SIS E NSRBI 2 S BULA KIE . 1t
b, DRET YRR ) PT [RI SO (e REATIARR A ke 51 Gn dan T 28 5 A 0t DA S SR 85 ) R 8 ) A o i
BCA AN I AL R ) B 2T 4 B 5 08 ORL TR B . 90 SIE DUAR Ll K %% ( Technische
Universitit Bergakademie Freiberg) ACEEAUMAIEN RGHARM T (IART) IEFERT FEHIA ]
fERTT R T3 PR AE B DR AT AR TR Bt L AT UAC BEINy,  38 27 A2 K AL
Ak, fR4RE C3 0 H s, JRE TR AT 4R TR &+ Bk A EHE IR 78 o 1 R R A Gt 57
BAEHLE RN TELTAERE S, (BB FCN Lo, BREFYETREE L 1) & A A A b BOER A Bk 4T
Hekr RHER, XX NRAIERM B KB (Jackel et al., 2022) o TN 777k B+ & —Fh
AR LR, R P A IR RO AR A [ 22 2 TN g TR AR ST ) S 7 77

N ARG, FRATA DU R Ol N BRI GHEE RO PR B 574 BN R R
fir.  “BEEEVREEL” TrFHBE AR, MRS AT AR, AER AR AN ] JE TS T AS [ ) VR ek
UM “EHFEAR nNERIREUZ R 135K .

AR VR IR A RS B T E R s . SEE AN, arENbUERE S AN
SR, Refg i tH SRS T A SRR — AR A IR B KR A, A R e TR R R R AR
T A LA R — i K 2L

Ak, ATl — R A0 AT H BE SR S5 R AT H 2R 1R S AR KT, (H
AT H AT AR T . X BAYE 3D TR L 2Btk @ 3773, A BT 1E g s s
P B4 R B 2 A A R 35

3.2.3.5 MEFIANRERLKZE R

5 HEZ A R KPeAH L, e RO FH 2R B K P ARG & 70 R L PV R AT PR3e , R
P 6 Z0RRAE A H A EAT RE B R B o AT ] DR AR A PF R IR B R 410y, T s
TREE K e BB R R AR EE VA TR A o SRR I 82 I S K Ve 5 VR i
b AR R EE L R TR R LA o5 L m TR L AR S AR BAE A . [
gb, FETIAHET O ARDKPe RS E @R EOR " RHE AR, RN R A R K
e AR e

3.24 BHWEANAHSHE (ccus)

HAETER, K2 T2, Ra A i fe i A 0 — S F-Joik e 4t e, IR iRk
AR LSS SR A HT B A7 (CCUS) ARk AT SR s th A S B 5K .

33 it 5 A4 kL (Carbon Concrete Composite) C3 T H T 2022 4F 9 H45 W . B ICHR T4k iR & L vl [ i B AR5 85 0.

www.carbon-concrete.org/carbonbeton/recycling

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

36 #R 4 DIN 1045-2 ArERUE NI, F2 2oy s RS EAVMIET 80% IERR /K Ye . RERRERA VE /KR . TERRER A AR /K iE
AN Z R RS BAMK T 20% (00 P K e B U _E R IR SRS T N AU, ke 22 B A UK CEM IT/C-M. B A7k
AIANE TR B /K e 2B 2L 2 770 AS B[R] S T e U
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AT IEAETT R Z Rl 4R 107575, FOUHEARARPRR EBeds) BUfE 2030 /24 (A%
WAe . Mrbedr b ELEAHAR) AT SEIUAUBAL ) AV R o XTI R, 25T TR A5 1
TR (ZHAEEAE) o FATHUHEIIE MBI AR R TT 58 . B SR T EAN SR KV AT e B i 1
AL o

ERME: —EMRMFBETE

FRT HA G, BIBERE (RUd) HEAREGNIAE L] i risiuiod . mise
FSRERN e . Bk, BRERMEERIEHT “REN” P TEHIHMN B, &K
WEFRHIT 90% GZrP=EMrE ZEiETr) - A, &fa 10%EETR ZE T E RS
(FUSA) o JEr] R FEOAMRIAE, N BaiHE &R TR, s, BTEEEAS
BURENE, BEREMNTEGR, AUF KT R R Rt R IR T

Sl t, SRR TLBONTTREY: X PP VEA I R pe fangE = S A
R, TARABEIEABMNE SRR Ak, RRIRIfERET & T 90% (3%~ 4 K FT
HEMRED o« ZTENG ARG ST RELMEL, DU B AT AR )
ThEituE, DA A 4iE B AR S s T A RS, TR = b o g s Sk
Ao MBERMEERE, BATATAFIHZ AR IA T 7 80E. (HARRITIL S 2#F A
N, KB SOEX TMEAAR L) ELN S, FmAENET At E. Bk, 4%
R A BE OB R A kR . T AR A AR IR B R, (R ASE FAR RAE R
VAT A SRR BT LU= AR P [RGB, 2 5 TR IR AR A A 98 . FRATT T DAl Ik 25 <090 5 B HRL A 14
ZRRMEFT R AS, HIbZEEERE 2 (WHA) B, nfUERESEE =T &
AL IHEAT SRR REE T B FI R A

Beip EEEERE (LEILACSTTEE) (0D HE AT TZHXMHTIE (% 66%) DL
BBesedr = AR HER (29 90-95%) , &t HEHERNL 60%. S THiERMZ L) 4iF
) MK, ZEAER RS, WTH T ESSUE A . PRSI AR e i AR AR
FERRTT THAFAERARMIN . 39 HATE R, FRHABEIAKTERT DY R, il ek, »
BNt ] [E] IR A L 22 BN R [ ) B A . LEILAC J7 3] 5 H e | 4 72 AR i[RI 3wz, B
A AE B I B S AR B AT AT, 40 BE28 R BR T BB g X AR S AR RIS Ak
B, MRS T &9, A ] RelE = A B M R T3 (CAPEX) o 7£ H B IEIARR
o, T mAMENESLE 1T AR M B S 0E

EEPEIR AR S oM 7 VR IELE T & B E6 41, 7E CLEANKER#2I H H, & KA /R 993
|+ (Vernasca) M—Z ik L) (%A~ TRL-7) R TEEHRTE,

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

dnfer B R KYATI “ AN HTIRE G 1) AR AR R, XA R A2 . T SORE
F R AR 2 R 25
> EEA R AR TSR, AT REA T oAb D
> T AR A A AR G A E T R
> AR E AT

37 % R BAARPE S B B R W IR IR AR, ARGV T2 iR AR T i P

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

39 FEEINRHARAR A =0, AE 9 3 AR S2 IR R BLSET7 I 80

40 H{7IEAE LEILAC2 Wi H FHESE N 1 1KiE47 LEILACT R8T IStk (www.project-leilac.eu/leilac2-project)
41 DekarbInd i H A AR ARG R 3 B REERTIR =Fh 777 F.

42 CLEANKER = il #5 3 T 24 F=i5 & #kl (www.cleanker.eu)
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BeAt,  HATIEAERT O — S A A 7% (S WG RAED o iZWFFE AL T-4130
BB MR REIR 7 SR BRVF B, PRI H AKX — TR F SR VuBE 2 A

5 BHE: K —EALBR D R AR AN

“NECOC” Tl H 3 fERT FU/K A [t € — AR I BT 55 IZNEBERMAE (H) X
SEACHEBEAT AL, R R TP e o A I SRR ORBD) R B2, R
WRRZ H e (CHa) 3XAS P IRD D BRI AR AR AN S o 44 S A 24 1hE 57 90 Bl P g — 1R
SRS, T HREME K. 5 RER AR AR G AT KA S M BEA i RT3 7 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 WLl R BEEE R, T SCHAE Xt R TT e

3.2.41 Z“FALRE AL

FEEMEAT WA, SRR T2 B =S b (S 05 B 2 S iA AR A
[ B —Fho7 a0, AEFEA AT AR R RS X TR A RIRIE, BOVENTRE
filifb 25 S FRAE IE A4 N B R AE . (EH AR R RE S AN B . — S8 T2 7E T
FOSRES, ARRAHT 15 G R R ISR ME T . MRS AN SORME S, SRR L R
REM SR PR B R T P AR K — D) BBy AR BT () Rk A St “H
R ORA, BIMEASKR AR SR M T5E, B0 WReEE My — sk, REdERE. Hil
IEBAAEART S ISR — S A i R PR IR F R Ak e

5 BHE: MBI R LA T I
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47 f5li0: https://fastcarb.fr/en/home F! www.berlin.de/sen/uvk/umwelt/kreislaufwirtschaft/projekte/rc-beton/transportbeton
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https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:L:2009:140:0114:0135:DE:PDF

SHEYLLEL: 2021 FFABRARIEALSIAN Tk i £ 7 A2 i) — S8 BRHEIUS 5 363 A2 btk (www.iea.org/reports/global-

energy-review-co2-emissions-in-2021-2)

55 www.carbfix.com/codaterminal

56 JRFRIAHE E 2021: www.umweltbundesamt.de/themen/wasser/gewaesser/grundwasser /nutzung-belastungen/carbon-capture-
storagettgrundlegende-informationen

57 Green Peace 2011: www.greenpeace.de/themen/endlager-umwelt/co2-endlagerung/mogelpackung-ccs
58 Germanwatch 2017: www.germanwatch.org/de/stichwort/ccs

59 Bellona 2021: www.bellona.org/about-ccs/bellona-and-ccs
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