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Executive Summary  
)H ҒҐґҙӇ NB? =IGG?L=C;F ;PC;NCIH M?=NIL JLI>O=?> ;JJLIRCG;N?FS Ғӆҕỗ I@ NIN;F AFI<;F ;HNBLIJIA?HC= #/Ғ 

?GCMMCIHMӆ 3?=NIL;F >?G;H> @IL =IGG?L=C;F ;PC;NCIH CM ?RJ?=N?> NI ;N F?;MN >IO<F? <S ҒҐҕҐ =IGJ;L?> NI 

ҒҐґҙӇ F?;>CHA ӝ C@ NB?L? ;L? HI ;>DOMNG?HNM NI NB? @O?F GCR ӝ NI CH=L?;MCHA #/Ғ ?GCMMCIHMӆ 

4B? G;CH ;CG I@ NBCM QILE CM NI KO;HNC@S NB? PIFOG?MӇ =IMNӇ ;L?; >?G;H> ;H> JIN?HNC;F L?H?Q;<F? ?H?LAS 

=IGJ?NCNCIH CH NB? 5HCN?> 3N;N?M ;H> NB? %5ӛҒҗ @IL MSHNB?NC= E?LIM?H? D?N @O?F JLI>O=?> @LIG L?H?Q;<F? ?F?=ӛ

NLC=CNSӛ<;M?> BS>LIA?H Ө?ӛE?LIM?H?ө ;H> #/Ғ @LIG >CL?=N ;CL =;JNOL? Ө$!#ӛE?LIM?H?өӆ %ӛE?LIM?H? CM ; FIQӛ

FC@?=S=F? #/Ғ ?GCMMCIH ;FN?LH;NCP? NI @IMMCFӛ<;M?> E?LIM?H? D?N @O?Fӆ  7? =;LLS ION ; =IMNӛIJNCGCM?> M=?H;LCI 

;H;FSMCM QCNB NB? G;CH <IOH>;LS =IH>CNCIH I@ ; H?NӛT?LI ?H?LAS MSMN?G CH ҒҐҕҐӆ 

4BCM L?JILN @CH>M NB;N CH MO=B ; M=?H;LCIӇ MCAHC@C=;HN ;GIOHNM I@ $!#ӛE?LIM?H? QCFF <? L?KOCL?> CH NB? 53Ӈ NB? 

%5ӛҒҗ ;H> AFI<;FFSӇ MN;LNCHA CH NB? ҒҐҒҐM ;H> CH=L?;MCHA MCAHC@C=;HNFS OHNCF CN ;==IOHNM @IL ҔҔӝҕҕỗ I@ NIN;F ;PC;ӛ

NCIH @O?F >?G;H> CH ҒҐҕҐӆ 

7CNB CH=L?;M?> >?P?FIJG?HN ;H> >?JFISG?HN I@ NB? N?=BHIFIASӇ NB? JLI>O=NCIH =IMN I@ $!#ӛE?LIM?H? CM JLIӛ

D?=N?> NI >?=FCH? @LIG ґґҒӝґғғ ỂӮ-7BNBӇ,(6 CH ҒҐғҐ NI ҖҔӝҗҕ ỂӮ-7BNBӇ,(6 CH ҒҐҕҐӆ 

!M @IL ;L?; >?G;H>Ӈ NBCM L?JILN @CH>M NB;N $!#ӛE?LIM?H? L?KOCL?M ; @L;=NCIH I@ NB? ;L?; L?KOCL?> @IL JLI>O=CHA 

MSHNB?NC= E?LIM?H? D?N @O?F @LIG <CIFIAC=;F @??>MNI=EM Ө<CIӛE?LIM?H?өӆ #IGJ;L?> NI NB? F?;MN ;L?;ӛCHN?HMCP? 

NSJ? I@ <CIӛE?LIM?H? =IHMC>?L?> CH NBCM L?JILNӇ $!#ӛE?LIM?H? L?KOCL?M ҙҘӆҕỗ F?MM H?N ;L?; ;H> җҘỗ F?MM ALIMM 

;L?;ӆ 

&CH;FFSӇ CN CM @IOH> NB;N NI JLI>O=? $!#ӛE?LIM?H? ?HNCL?FS >IG?MNC=;FFS CH ; @OFFS L?H?Q;<F? ?H?LAS MSMN?GӇ 

Ғґỗ ;>>CNCIH;F H?N ;L?; CH NB? %5ӛҒҗ ;H> ґҐỗ CH NB? 53 CH ҒҐҕҐ QIOF> <? L?KOCL?>Ӈ =IGJ;L?> NI ;H ?H?LAS 

MSMN?G QBC=B CM @OFFS L?H?Q;<F? ?R=?JN @IL NB? =IHNCHO?> OM? I@ @IMMCFӛ<;M?> E?LIM?H? D?N @O?Fӆ 4B?L?@IL?Ӈ 

MIG? ;L?; >?G;H> =IGJ?NCNCIH CMMO?M @IL L?H?Q;<F? ?H?LAS JLI>O=NCIH =;J;=CNC?M CH NB? 53 ;H> NB? %5ӛҒҗ 

G;S ;LCM? @LIG NB? MNLIHA >IG?MNC= JLI>O=NCIH I@ $!#ӛE?LIM?H?ӆ !HS CGJILNM I@ $!#ӛE?LIM?H? QIOF> MBC@N 

;L?; >?G;H> AFI<;FFS ;H> L?>O=? L?ACIH;F ;>>CNCIH;F ;L?; >?G;H>ӆ  

/ONFIIE 

4B? NCG? ;B?;> OHNCF ҒҐҕҐ CM I@ NB? ONGIMN CGJILN;H=? @IL >?FCP?LCHA NB? M=;F? I@ $!#ӛE?LIM?H? JLI>O=NCIH 

C>?HNC@C?> CH NBCM QILEӆ )H MOJJILNCHA CNM L;GJӛOJӇ ; @;MNӇ F;LA?ӛM=;F? >?JFISG?HN I@ L?H?Q;<F? JIQ?L MSMN?GM 

CM OLA?HNFS L?KOCL?> ;FIHAMC>? ;==?JN;H=? @IL MO=B ; MNLIHA ?RJ;HMCIHӆ /NB?L =LCM?M QCNB MBILNӛN?LG <ON BCAB 

CGJ;=NMӇ MO=B ;M #/6)$ӛґҙӇ >CMNL;=N @LIG ;G<CNCIOMӇ FIHAӛN?LG AI;FMӇ S?N NB?S =;H ;FMI ;=N ;M ;H =;N;FSMN @IL 

=FCG;N? ;=NCIHӆ  

4BCM QILE C>?HNC@C?M ґҔ E?S @CH>CHAM <?FIQ ;H> JLIPC>?M ;H IP?LPC?Q I@ NB? >?LCP?> IJNCIHM @IL JIFC=SG;Eӛ

?LM CH =B;JN?L җӆ 
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)ӆ %P?H QCNB MCAHC@C=;HN OM? I@ ?ӛE?LIM?H?Ӈ =IGG?L=C;F ;PC;NCIH >?G;H> MNCFF ALIQM GIL? NB;H 

ґӆҕ NCG?M =IGJ;L?> NI ҒҐґҙ F?P?FM CH NB? 53Ӈ %OLIJ? ;H> AFI<;FFSӆ 

)H IL>?L NI KO;HNC@S NB? ?@@?=N I@ ?ӛE?LIM?H? IH =IGG?L=C;F ;PC;NCIH >?G;H>Ӈ NBCM L?JILN @CLMN ?RJFIL?M ;H OJӛ

J?LӛFCGCN M=?H;LCI QB?L? ;PC;NCIH @O?F >?G;H> CM CH=L?;MCHAFS =IP?L?> <S ?ӛE?LIM?H? OJ NI ґҐҐỗ CH ҒҐҕҐ1ӆ )H 

M;C> M=?H;LCIӇ =IGJ;L?> NI ҒҐґҙӇ NIN;F >?G;H> CH ҒҐҕҐ MNCFF >IO<F?M QILF>QC>?Ӈ ;FGIMN >IO<F?M CH %OLIJ? 

;H> CH=L?;M?M <S IP?L ґӆҕ NCG?M CH NB? 53Ӈ >?MJCN? >?G;H> @;FFCHA >O? NI BCAB?L @O?F =IMNMӆ 

))ӆ *?N @O?F JLI>O=?> QCNB L?H?Q;<F? ?F?=NLC=CNSӛ<;M?> BS>LIA?H ;H> #/Ғ @LIG >CL?=N ;CL =;Jӛ

NOL? Ө$!#ӛE?LIM?H?ө CM CH>CMJ?HM;<F? @IL L?;=BCHA =;L<IH H?ONL;FCNS CH NB? =IGG?L=C;F ;PC;ӛ

NCIH M?=NIL <S ҒҐҕҐӆ 

5HFCE? CH NB? OJJ?LӛFCGCN M=?H;LCIӇ NB? ?RJFIL?> =IMNӛIJNCGCM?> M=?H;LCIM CH>C=;N? ; MB;L? CH >?G;H> @IL ?ӛ

E?LIM?H? FIQ?L NB;H ґҐҐỗ CH ҒҐҕҐӇ <ON MNCFF ALIQCHA @LIG ҒҐғҐ IHQ;L>MӇ L?;=BCHA ҘҒґ 47B NI ҙҐҔ 47B CH 

ҒҐҕҐ @IL @FCABNM ILCACH;NCHA CH %OLIJ?Ӈ ;H> ҕґҙ 47B NI ҕҖҘ 47B NI =IGJF?N?FS L?JF;=? @IMMCFӛ<;M?> E?LIM?H? 

D?N @O?F CH NB? 5HCN?> 3N;N?Mӆ +?S >LCP?LM @IL NB? OJN;E? I@ ?ӛE?LIM?H? ;L? CNM CH=L?;MCHA =IMN =IGJ?NCNCP?H?MMӇ 

CH=L?;M?> =FCG;N? ;G<CNCIH ;H> NB? FCGCN?> ;P;CF;<CFCNS I@ ;FN?LH;NCP? @O?FM ;H> N?=BHIFIAS IJNCIHM @IL FIHAӛ

B;OF @FCABNMӆ 

)H ; =IMNӛIJNCGCM?> M=?H;LCIӇ ;CL NL;@@C= ӨG?;MOL?> CH 2?P?HO? 0;MM?HA?L +CFIG?NL?M Ө20+Mөө CH ҒҐҕҐӇ ;M MBIQH 

CH &CAOL? Ғ CM M?LPC=?> <S ґҙỗ QCNB ?F?=NLC=CNSӇ <S ғҗỗ QCNB BS>LIA?H ;H> <S ҔҔỗ QCNB E?LIM?H? D?N @O?Fӆ 4B? 

@CH;F ?H?LAS >?G;H> CH ҒҐҕҐ CM =IP?L?> <S ҙỗ QCNB ?F?=NLC=CNSӇ <S ғҔỗ QCNB BS>LIA?H ;H> <S ҕҗỗ QCNB E?LIӛ

M?H? D?N @O?Fӆ 4B? JILNCIH I@ @CH;F ?H?LAS >?G;H> =IP?L?> <S E?LIM?H? D?N @O?F >CMJF;S?> CH &CAOL? ғ CM BCAB?L 

NB;H NB? JLIJILNCIH I@ ;CL NL;@@C= M?LPC=?> QCNB E?LIM?H? D?N @O?F >O? NI NB? >C@@?L?HN MJ?=C@C= ?H?LAS ?@@C=C?Hӛ

=C?M I@ NB? ?H?LAS =;LLC?LM =IHMC>?L?>ӆ 

 
1 The portion of fuel demand covered by e-kerosene in 2050 in the US and Europe is set at 100%, and at 95% worldwide. For details, see section 9.1. 
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.IN? IH @CAOL?M ȕ ;H> ȖȽ #/ȕ JICHN MIOL=?M =IOF> <? OM?> @IL ?ɐE?LIM?H?ȼ QBCF? MOMN;CH;<F? JICHN MIOL=?M CH NB? LCABN PIFOG? 

;H> CH JLIRCGCNS NI FIQɐ=IMN BS>LIA?H G;S FCGCN NB? MB;L? >O? NI NL;HMJILN;NCIH ?@@ILNMȼ =;OMCHA $!#ɐE?LIM?H? NI ?G?LA? CH ; 

F;LA?L MB;L?Ȼ 
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)))ӆ 7BCF? <CIG;MMӛ>?LCP?> D?N @O?F JLI>O=NCIH B;M ;NNL;=N?> ;NN?HNCIH CH NB? J;MNӇ CN QCFF <? FCGӛ

CN?> <S MCAHC@C=;HN M=;F;<CFCNS ;H> MOMN;CH;<CFCNS =IHMNL;CHNMӆ  

-IMN MOMN;CH;<F? <CIFIAC=;F @??>MNI=EӇ Q;MN? ;H> L?MC>O? ;L? FCGCN?> CH M=;F?Ӈ ;H> >?=L?;MCHAFS ;P;CF;<F? 

;A;CHMN NB? <;=E>LIJ I@ ; GIL? =CL=OF;L ?=IHIGSӆ 3CGCF;LFSӇ =IHP?HNCIH;F <CIG;MM CM FCGCN?>Ӈ ;M NB? JLI>O=ӛ

NCIH I@ =LIJM ;H> <SӛJLI>O=NM @IL ?H?LAS OM?M CH NB? NL;HMJILN M?=NIL ;FIH? ;FL?;>S L?KOCL?M ґҐỗ ;H> ҕỗ I@ 

;L;<F? F;H> ;H> Ҕỗ ;H> ғỗ I@ ;ALC=OFNOL;F F;H> CH NB? 53 ;H> NB? %5ӛҒҗ L?MJ?=NCP?FSӆ 

)6ӆ ґҐҐỗ I@ E?LIM?H? D?N @O?F >?G;H> =IP?L?> QCNB <CIӛE?LIM?H? G;S L?KOCL? NB? ?HNCL?NS I@ 

;L;<F? F;H> ;P;CF;<F? CH MOMN;CH;<F? =LIJӛLIN;NCIH =S=F?Mӆ  

)@ ґҐҐỗ I@ E?LIM?H? D?N @O?F >?G;H> ;N ;HS NCG? <?NQ??H ҒҐҒҕ ;H> ҒҐҕҐ Q;M =IP?L?> QCNB JF;HN ICFӛ<;M?> 

<CIӛE?LIM?H? IHFSӇ ҒҖӝҒҘỗ I@ NB? ;L;<F? F;H> CH NB? 53Ӈ ;H> ҖҔӝҗґỗ I@ NB? ;L;<F? F;H> CH NB? %5ӛҒҗ QIOF> <? 

L?KOCL?> @IL CNM JLI>O=NCIHӆ !M ; L?MOFNӇ NB? ;L;<F? F;H> L?KOCL?> <INB CH NB? %5ӛҒҗ ;H> NB? 53 QIOF> ?R=??> 

NB? G;RCGOG MB;L? I@ ;L;<F? F;H> QBC=B =;H <? OM?> NI ALIQ ICF =LIJM MOMN;CH;<FS CH ; @IOLӛS?;L =LIJӛLIN;ӛ

NCIH =S=F? Ө;JJLIRӆ Ғҕỗ I@ NIN;F ;L;<F? F;H>өӆ 4BCM QIOF> F?;> NI ;==?F?L;N?> MICF KO;FCNS >?N?LCIL;NCIH ;H> 

P?LS MCAHC@C=;HN =IGJ?NCNCIH QCNB INB?L ;L;<F? F;H> OM?M MO=B ;M NB? JLI>O=NCIH I@ @II> =LIJMӆ  

)H ; GIL? ;L?;ӛ?@@C=C?HN M=?H;LCIӇ QB?L? E?LIM?H? D?N @O?F >?G;H> CM IHFS =IP?L?> <S M?=IH>ӛA?H?L;NCIH <CIӛ

E?LIM?H? @LIG NB? A;MC@C=;NCIH I@ QII> =BCJM @LIG MBILNӛLIN;NCIH @IL?MNLSӇ ґҔӝґҖỗ I@ NB? ;L;<F? F;H> CH NB? 

5HCN?> 3N;N?M ;H> ғҖӝҔҐỗ I@ NB? ;L;<F? F;H> CH NB? %5ӛҒҗ QIOF> <? L?KOCL?> @IL CNM JLI>O=NCIHӆ 3BILNӛLIN;NCIH 

@IL?MNLS =;H ;FMI <? ALIQH IH F;H> INB?L NB;H ;L;<F? F;H>ӆ )H NBCM =;M?Ӈ NB? L?KOCL?> ;L?; QIOF> ;GIOHN NI ҙӝ

ґҐỗ I@ NB? NIN;F MOL@;=? ;L?; I@ NB? %5ӛҒҗ ;H> Ғӝғỗ I@ NB? NIN;F MOL@;=? ;L?; I@ NB? 53ӆ 

6ӆ 'LIMM ;H> H?N ;L?;ӛMJ?=C@C= ?H?LAS SC?F>M I@ $!#ӛE?LIM?H? P;MNFS ?R=??> NBIM? I@ <CIӛE?LIӛ

M?H?ӆ  

4B? H?N F;H> ;L?; L?KOCL?> @IL JLI>O=CHA E?LIM?H? D?N @O?F @LIG NB? F?;MN ;L?;ӛCHN?HMCP? <CI @??>MNI=E ION I@ 

NB? @??>MNI=EM MNO>C?> CH NBCM QILE QIOF> <? ;N F?;MN җҐ NCG?M BCAB?L ӨH?N ;L?;Ӈ M?? &CAOL? Ҕө ;H> ғӆҘ NCG?M 

BCAB?L ӨALIMM ;L?; M?? &CAOL? ҔҒө =IGJ;L?> NI NB;N I@ $!#ӛE?LIM?H?2ӆ 

 

&CAOL? Ҕ  .?N ;L?; L?KOCL?> NI JLI>O=? ґҐҐҐ ECFINIHH?M I@ E?LIM?H? J?L S?;L @LIG >C@@?L?HN JLCG;LS ?H?LAS 

MIOL=?M 

 
2 The comparison is carried out for DAC-kerosene produced with a final electricity mix of PV and wind power (30% and 70% by energy) compared to the least 

area-intensive bio-kerosene production pathway analysed in this work, i.e. via the Alcohol-to-Jet pathway utilising sugarcane. 

DAC-kerosene 

PV/Wind hybrid 

(EU-27)  

54 km
2
 

DAC-kerosene 

PV/Wind hybrid (US)  

45 km
2
 

ATJ 
Sugar cane 

3772 km
2
 



  

 6)ӆ !JJLIRCG;N?FS ҘҐỗ ;H> ҒҐỗ I@ ALIMM F;H> ;L?; =OLL?HNFS >?>C=;N?> NI <CI?H?LAS JLI>O=ӛ

NCIH CH NB? %5ӛҒҗ ;H> NB? 53 L?MJ?=NCP?FS QIOF> <? MO@@C=C?HN NI MOJJFS NB? ?MNCG;N?> E?LIӛ

M?H? D?N @O?F >?G;H> CH ҒҐҕҐ QCNB ?ӛE?LIM?H?ӆ  

4BCM CM PCMO;FFS L?JL?M?HN?> CH &CAOL? ҕӇ QB?L? NB? MKO;L?M QCNB NB? ӓ?Ӕ F;<?F CH>C=;N? ?ӛE?LIM?H?Ӈ ;H> NB? 

MKO;L?M QCNB NB? ӓ"CIӔ F;<?F CH>C=;N? NB? ALIMM ;L?; =OLL?HNFS OM?> @IL NIN;F <CI?H?LAS JLI>O=NCIH CH NB? %5ӛ

Ғҗ ;H> 53 @IL OM? CH ;FF M?=NILM3ӆ 

 

&CAOL? ҕ  #IGJ;LCMIH I@ =OLL?HN F;H> OM?M P?LMOM ALIMM ;L?; L?KOCL?G?HN C@ NB? NIN;F =IGG?L=C;F ;PC;NCIH 

E?LIM?H? D?N @O?F >?G;H> CH NB? %5ӛҒҗ ;H> NB? 53 CH ҒҐҕҐ Q;M =IGJF?N?FS G?N ?CNB?L QCNB <CIӛ

E?LIM?H? @LIG MBILNӛLIN;NCIH @IL?MNLS Ө32&ө IL ?ӛE?LIM?H?ӆ 

  

 
3 It is noted that Figure 5 presents a comparison with bio-kerosene produced via a feedstock presenting ӝ on average ӝ a marginally higher area intensity 

than sugar cane, namely wood from short-rotation forestry (SRF). 

Current land use 

53 

Total agricultural land 

Total arable land 

%5ӛҒҗ 

Bio 
Bio 

Total agricultural land 

Total arable land 

Current land use Explored scenario 
(100% renewable jet 

fuel demand 2050). Ei-

ther bio- or e-kerosene. 

Explored scenario 
(100% renewable jet 

fuel demand 2050).  
Either bio- or e-kerosene. 

Biomass-

to-Liquid 

from wood 

(SRF) 

Biomass- 
to-Liquid  
from wood 

(SRF) e e 
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6))ӆ 4?=BHC=;F L?H?Q;<F? JIQ?L A?H?L;NCIH JIN?HNC;FM CH NB? 53 ;H> %OLIJ? ?R=??> NB? ?MNCӛ

G;N?> L?H?Q;<F? JIQ?L >?G;H> @IL ?ӛE?LIM?H? JLI>O=NCIH <S ; @;=NIL I@ ґҐ NI ґҐҐӆ  

4B? MB;L? I@ NB? N?=BHC=;F L?H?Q;<F? ?F?=NLC=CNS A?H?L;NCIH JIN?HNC;F H??>?> NI M;NCM@S ?ӛE?LIM?H? >?G;H> 

ҒҐҕҐ CH NB? 53 ;H> CH NB? %5ӛҒҗ QCNB >IG?MNC= MIOL=?M ;GIOHNM NI ;<ION ґỗ ӨґӇҒҕғ 47BӮSL @LIG ґҐҕӇҐҐҐ 

47BӮSLө CH NB? 53 ;H> ;<ION җỗ ӨґӇҙҙҖ 47BӮSL @LIG =IHM?LP;NCP? ҒҗӇҐҐҐ 47BӮSLө CH %OLIJ?ӆ 4B? MB;L? I@ NB? 

N?=BHC=;F L?H?Q;<F? ?F?=NLC=CNS A?H?L;NCIH JIN?HNC;F H??>?> NI M;NCM@S NB? NIN;F ;PC;NCIH @O?F >?G;H> CH NB? 

53 ;H> NB? %5ӛҒҗ QCNB >IG?MNC= MIOL=?M CH ҒҐҕҐӇ Cӆ?ӆ CH=FO>CHA >CL?=N OM? I@ ?F?=NLC=CNS ;H> NB? OM? I@ AL??H 

BS>LIA?HӇ ;GIOHNM NI ;<ION Ғỗ ӨґӇҘғҙ 47BӮSL @LIG ґҐҕӇҐҐҐ 47BӮSLө CH NB? 53 ;H> ;<ION ґґỗ CH %OLIJ? 

ӨҒӇҙҒҘ 47BӮSL @LIG =IHM?LP;NCP? ҒҗӇҐҐҐ 47BӮSLөӆ  

 

6)))ӆ 53 ;H> %OLIJ?;H >IG?MNC= N?=BHC=;F L?H?Q;<F? JIQ?L JLI>O=NCIH JIN?HNC;FM ?R=??> JIӛ

N?HNC;F @ONOL? ?F?=NLC=CNS >?G;H>Ӈ ?P?H CH ; ґҐҐỗ L?H?Q;<F? ?H?LASӛ<;M?> ?H?LAS MSMN?G CHӛ

=FO>CHA ?F?=NLC=CNSӛ<;M?> ?H?LAS =;LLC?LMӆ 

4B?L? CM ;GJF? LIIG <?NQ??H NB? 53 JIN?HNC;F L?H?Q;<F? ?F?=NLC=CNS MOJJFS ;H> >?G;H> I@ ґҐҕӇҐҐҐ 47B?F 

;H> ґҖӇҔҔҐ 47B?F Ө@;=NIL ỹҕө L?MJ?=NCP?FSӇ ;H> F?MM LIIG CH NB? =;M? I@ %OLIJ? ;N ҒҗӇҐҐҐ 47B?F ;H> ґғӇҗґҖ 

47B?F L?MJ?=NCP?FS Ө;F<?CN <;M?> IH MNLIHAFS =IHM?LP;NCP? ;MMOGJNCIHMөӆ 4B? G;CH FCGCN;NCIH @;=?> QB?H CHӛ

MN;FFCHA MO@@C=C?HN CH@L;MNLO=NOL? NI B;LH?MM NB? L?KOCL?> A?H?L;NCIH JIN?HNC;FM CM NB?L?@IL? HIN I@ ; N?=BHC=;F 

H;NOL?Ӈ ;H> =IOF> CHMN?;> <? FCHE?> NI MI=C?N;F ;==?JN;H=? I@ L?H?Q;<F? JIQ?L JF;HNMӆ !M NB? %5ӛҒҗ B;M FIQ?L 

N?=BHC=;F L?H?Q;<F? ?F?=NLC=CNS JIN?HNC;FM NB;H NB? 53Ӈ QC>?MJL?;> ;==?JN;H=? JIM?M ; BCAB?L =B;FF?HA?Ӈ JIӛ

N?HNC;FFS CH=L?;MCHA NB? L?F?P;H=? I@ CGJILNM @LIG NBCM MN;H>JICHN =IGJ;L?> NI NB? 53ӆ 

4B? L?H?Q;<F? ?F?=NLC=CNS A?H?L;NCIH JIN?HNC;F JLI =;JCN; CM AL?;N?L NB;H <INB NB;N I@ NB? %5ӛҒҗ ;H> NB? 53 CH 

G;HS L?ACIHM ;LIOH> NB? QILF>Ӈ MOAA?MNCHA NB;N $!#ӛE?LIM?H? >?G;H> =IOF> MBC@N NIQ;L> CGJILNM @LIG @;ӛ

PIOL;<F? FI=;NCIHM IONMC>? I@ NB? %5ӛҒҗ ;H> NB? 53ӆ (IQ?P?LӇ ; BCAB MB;L? I@ CGJILNM L;CM?M JIFCNC=;F ;H> M?ӛ

=OLCNS CMMO?M L?A;L>CHA MOJJFS LCMEM =IG<CH?> QCNB NB? <?H?@CNM I@ >IG?MNC= JLI>O=NCIH CH MNL?HANB?HCHA NB? 

FI=;F ?=IHIGSӇ A?H?L;NCHA FI=;F P;FO? ;H> CH=L?;MCHA NB? L?MCFC?H=? I@ NB? ?H?LAS MSMN?Gӆ 

 



  

 

 

&CAOL? Җ  #IGJ;LCMIH I@ N?=BHC=;F L?H?Q;<F? ?F?=NLC=CNS JLI>O=NCIH JIN?HNC;FM ;H> JLID?=N?> L?H?Q;<F? 

?F?=NLC=CNS >?G;H> CH ; ґҐҐỗ L?H?Q;<F? ?H?LAS MSMN?G CH %OLIJ? ӨNIJө ;H> NB? 53 Ө<INNIGөӆ 

.IN?Ƚ NB? L?H?Q;<F? ?F?=NLC=CNS JIN?HNC;FM B;P? HIN <??H M=;F?> NI NB? ;<MIFON? ;GIOHNM əNB? 53 JIN?HNC;FM ;L? ; @;=NIL ˸Ș 

BCAB?L NB;H %OLIJ?;H JIN?HNC;FMɚȻ 

Technical renewable electricity potentials Europe 
Total: 27,000 TWh/yr 
(incl. 3,000 TWh/yr for current uses) 

3500,9 $%-!.$ 

Renewable electricity demand 

100% RE scenario for Europe 2050 
Total: 13,716 TWh/yr (all uses) 

Wind onshore Wind offshore Hydro 

Solar 

thermal 

PV 

Geothermal 

Energy system 

(excl. aviation) 

Aviation 
fuels 

Chemical In-

dustry 

%52/0% 

Technical renewable electricity potentials USA 
Total: 105,000 TWh/yr 
(incl. 4,000 TWh for current uses) 

3500,9 $%-!.$ 

Renewable electricity demand 

100% RE scenario for the USA 2050 
Total: 16,440 TWh/yr (all uses) 

Geothermal 

53 

Energy system  

(excl. aviation) Aviation 

fuels 

Chemical Indus-

try 

Hydro 
PV & Solarthermal 

Wind onshore 

Wind offshore 
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)8ӆ 4B? >?G;H> @IL ?ӛE?LIM?H? QCFF F?;> NI ; MO<MN;HNC;F H??> @IL MOMN;CH;<F? #/ҒӇ QBC=B GOMN 

GIMNFS <? G?N QCNB $!#ӆ 

5H;PIC>;<F? ;H> MOMN;CH;<F? JICHN MIOL=?M ;H> $!# ;L? NB? IHFS MIOL=?M I@ #/Ғ ;H;FSM?> CH NBCM QILEӆ $?ӛ

J?H>CHA IH NB? M=?H;LCIӇ ; $!# =;J;=CNS I@ ґҖґ -N NI ҒҘґ -N I@ #/Ғ J?L S?;L QCFF <? L?KOCL?> CH %OLIJ? CH ҒҐҕҐ 

NI JLIPC>? #/Ғ ;M L;Q G;N?LC;F @??>MNI=E @IL ?ӛE?LIM?H? JLI>O=NCIHӆ )H NB? 53Ӈ ?ӛE?LIM?H? >?G;H> QCFF F?;> 

NI ; L?KOCL?> #/Ғӛ $!# =;J;=CNS I@ ґҐҒ -N NI ґҗҖ -N #/Ғ J?L S?;L CH ҒҐҕҐӆ 2?MOFNM CH>C=;N? NB;N ; <F?H>?> #/Ғ 

MOJJFS G;S <? GIMN ?=IHIGC=;FFS PC;<F?Ӈ QCNB MIG? =IHNLC<ONCIH @LIG MOMN;CH;<F? JICHN MIOL=?M NB;N =IOF> 

<? =IHMC>?L?> OH;PIC>;<F? CH NB? MBILN NI G?>COG N?LG QB?L? NB?M? ;L? ;P;CF;<F?Ӈ ;H> QCNB $!# NI =IP?L ;FF 

L?G;CHCHA >?G;H>ӆ 4BCM QILE @CH>M NB;N F;LA? ;GIOHNM I@ #/Ғ ;L? <?MN MIOL=?> PC; $!# NI >?@IMMCFCM? AFI<;FӇ 

%OLIJ?;H ;H> 53 =IGG?L=C;F ;PC;NCIH @FCABN ?GCMMCIHMӆ #/Ғ MNIL;A? =;J;=CNC?M G;S <? L?KOCL?> NI <;F;H=? 

NB? MOJJFS I@ >C@@?L?HN #/Ғ MIOL=?M QCNB NB? >?G;H> @IL ?ӛE?LIM?H? MSHNB?MCMӆ ";M?> IH ;MMOG?> =IMN L?>O=ӛ

NCIHM ;M MN;N?> <S N?=BHIFIAS JLIPC>?LM ;H> <;M?> IH JLID?=N?> ?=IHIGC?M I@ M=;F? ;H> N?=BHIFIAC=;F F?;LHӛ

CHA =OLP?MӇ NB? =IMN I@ $!#ӛE?LIM?H? CM =IGJ;L;<F? IL =FIM? NI NB;N I@ ?ӛE?LIM?H? JLI>O=?> QCNB #/Ғ @LIG 

MOMN;CH;<F? IL L?G;CHCHA OH;PIC>;<F? JICHN MIOL=?MӇ =BC?@FS <CIA;M OJAL;>CHA JF;HNMӇ Q;MN? CH=CH?L;NILM ;H> 

=?G?HN GCFFM ӨM?? 4;<F? ґғөӆ 7BCF? CN CM QILNB G?HNCIHCHA NB;N JICHN MIOL=?M =IOF> <? =B?;J?LӇ NB? PIFOG?M I@ 

MOJJFS ;H> >?G;H> G;S HIN G;N=BӇ IL #/Ғ NL;HMJILN;NCIH G;S HIN <? JIMMC<F? IL ?=IHIGC=;Fӆ 

8ӆ 4B? JLI>O=NCIH =IMN I@ $!#ӛE?LIM?H? QCFF >?=FCH? <S IP?L ҕҐỗ <?NQ??H ҒҐғҐ ;H> ҒҐҕҐ ;H> CM 

MNLIHAFS FI=;NCIHӛ>?J?H>?HNӆ 

,?P?FCM?> =IMN I@ @O?F CM =LO=C;F @IL >?N?LGCHCHA NB? ?=IHIGC= PC;<CFCNS I@ $!#ӛE?LIM?H?ӆ "S ҒҐғҐӇ &CM=B?Lӛ4LIJӛ

M=Bӛ>?LCP?> $!#ӛE?LIM?H? ;MM?MM?> CH NBCM MNO>S CM JLI>O=?> @IL ỂґґҒӝґҖҐӮ-7B&4,Ӈ,(6 ӨỂґӆғғӝґӆҙҐӮEAөӆ !N NB? 

<?MN MCN?MӇ $!#ӛE?LIM?H? JLI>O=NCIH =IMNM QCFF >?=FCH? NI ỂҖҔӝҗҕӮ-7B&4,Ӈ,(6 ӨỂҐӆҗҖӝҐӆҘҘӮEAө CH ҒҐҕҐӆ 4B? =IMN 

L;HA?M CH>C=;N? NB;N NB? JLI>O=NCIH =IMN I@ $!#ӛE?LIM?H? MNLIHAFS >?J?H>M IH CNM JLI>O=NCIH FI=;NCIHӇ ;H> 

GIL? MJ?=C@C=;FFS IH NB? P;LC;NCIH CH IJ?L;NCIH;F NCG?M ;H> =IMNM I@ ?F?=NLC=CNSӇ Q;N?L ?F?=NLIFSMCMӇ $!# JF;HNM 

;H> &CM=B?Lӛ4LIJM=B MSHNB?MCM JF;HNMӆ !M BCABFCABN?> CH NBCM QILEӇ NB? #BCF?;H !N;=;G; L?ACIH CM IH? MO=B ?Rӛ

=?FF?HN MCN? @IL FIQӛ=IMN $!#ӛE?LIM?H? JLI>O=NCIH ;H> =IOF> <?=IG? ;H ?RJILNCHA L?ACIHӇ CH J;LN NB;HEM NI 

L?F;NCP?FS FIQ MBCJJCHA =IMNM >O? NI CNM ;==?MM NI NB? =I;MNӆ  

$!#ӛE?LIM?H? JLI>O=NCIH =IMNM ;L? >IGCH;N?> <S ?F?=NLC=CNS A?H?L;NCIHӆ #IOHNLC?M QCNB MCAHC@C=;HN N?=BHC=;F 

L?H?Q;<F? ?F?=NLC=CNS A?H?L;NCIH JIN?HNC;FM ;N FIQ =IMNM ;L? NB?L?@IL? Q?FFӛMOCN?> NI <?=IGCHA $!#ӛE?LIM?H? 

?RJILN?LMӆ (IQ?P?LӇ JLI>O=NCIH =IMNM G;S <? CH@FO?H=?> MCAHC@C=;HNFS <S =IMN I@ =;JCN;F ;H> FI=;NCIHӛMJ?=C@C= 

LCMEMӆ 

 

&CAOL? җ $!#ӛE?LIM?H? =IMN L;HA?M @IL NB? 5HCN?> 3N;N?M ;H> NB? %5ӛҒҗ @IL ҒҐғҐӇ ҒҐҔҐ ;H> ҒҐҕҐӆ 
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8)ӆ 4B? 53 <?H?@CNM @LIG FIQ?L >IG?MNC= JLI>O=NCIH =IMNM I@ $!#ӛE?LIM?H? NB;H NB? %5ӛҒҗ ;H> 

NB? %5ӛҒҗ MN;H>M NI <?H?@CN GIL? @LIG >CP?LMC@C?> $!#ӛE?LIM?H? CGJILNMӆ 

)H IL>?L NI ;==?MM NB? L?KOCL?> KO;HNCNC?M I@ $!#ӛE?LIM?H? ;N NB? FIQ?MN =IMNM JIMMC<F?Ӈ NB? %5ӛҒҗ G;S L?KOCL? 

CGJILNM I@ $!#ӛE?LIM?H? @LIG 3IONB !G?LC=; Ө0?LOӇ #BCF?Ӈ "IFCPC;өӇ .ILNB !@LC=; Ө-ILI==IӇ !FA?LC;Ӈ %ASJNөӇ NB? 

-C>>F? %;MN Ө/G;HӇ 3;O>C !L;<C;Ӈ 5HCN?> !L;< %GCL;N?Mө ;H> !OMNL;FC;Ӈ ;GIHA INB?LMӇ ;N FI=;F JLI>O=NCIH 

=IMNM I@ ;<ION ỂґґҒïґҒғӇ ỂҘҐӇ ;H> ỂҖҔӮ -7B&4,Ӈ,(6 CH ҒҐғҐӇ ҒҐҔҐ ;H> ҒҐҕҐ L?MJ?=NCP?FSӆ $IG?MNC= =IMNM I@ 

&CM=B?Lӛ4LIJM=Bӛ>?LCP?> $!#ӛE?LIM?H? ;N @;PIOL;<F? MCN?M >?=FCH? @LIG ;LIOH> ỂґғғӮ-7B&4,Ӈ,(6 ӨỂґӆҕҘӮEAө CH 

ҒҐғҐ NI ;LIOH> ỂҗҕӮ-7B&4,Ӈ,(6 ӨỂҐӆҘҘӮEAө CH NB? %5ӛҒҗӇ QB?L?;M CH NB? 53Ӈ =IMNM ;L? JLID?=N?> NI >?=FCH? @LIG 

;<ION ỂґҒғӮ-7B&4,Ӈ,(6 ӨỂґӆҔҕӮEAө CH ҒҐғҐ NI ỂҖҙӮ-7B&4,Ӈ,(6 ӨỂҐӆҘҒӮEAө CH ҒҐҕҐӆ 

8))ӆ (S>LIJIQ?LӇ ;FNBIOAB MNLIHAFS FCGCN?> CH KO;HNCNSӇ =;H MCAHC@C=;HNFS L?>O=? NB? =IMNM I@ 

?;LFS JLI>O=NCIH =;J;=CNC?M I@ $!#ӛE?LIM?H? <S OJ NI ғҐỗ OHNCF NB? ?;LFS ҒҐғҐMӇ NB?L?<S ;C>ӛ

CHA CNM H?;LӛN?LG G;LE?N;<CFCNS ;H> ?RJ;HMCIHӆ 

%RCMNCHA BS>LIJIQ?L L?M?LPICLM =;H <? OM?> NI JLIPC>? FIQӛ=IMN ?F?=NLC=CNS NI =IGJF?G?HN MIF;L 06 ;H> QCH> 

?F?=NLC=CNS A?H?L;NCIH CH NB? ҒҐҒҐM ;H> ҒҐғҐMӇ NB?L?<S =IHNLC<ONCHA NI FIQ?LCHA NB? JLI>O=NCIH =IMN I@ $!#ӛ

E?LIM?H?ӆ 4B? =IMNӛL?>O=CHA =;J;<CFCNS I@ BS>LIJIQ?L =IG?M CH J;LNC=OF;L @LIG CNM MOJJILN CH CH=L?;MCHA NB? 

ONCFCM;NCIH I@ NB? MSHNB?MCM OHCNM ;H> >?=L?;MCHA NB? H??> @IL ?H?LAS MNIL;A?ӆ .IN;<FSӇ NB? BS>LIJIQ?Lӛ;C>?> 

$!#ӛE?LIM?H? IJNCIH <LCHAM =IMN <?H?@CNM @IL L?ACIHM CH HILNB?LH F;NCNO>?M MO=B ;M #;H;>;Ӈ %OLIJ? ;H> %OL;ӛ

MC;Ӈ QBC=B QCNH?MM =IMN L?>O=NCIHM I@ ;<ION ґҐӝғҐỗ ;H> GIL?ӆ !==?MM NI BS>LIJIQ?L @IL $!#ӛE?LIM?H? JLIӛ

>O=NCIH =;H ;==?F?L;N? NB? =IMN L?>O=NCIH I@ $!#ӛE?LIM?H? <S ;<ION ҕӝґҐ S?;LM =IGJ;L?> NI =;M?M QB?L? HI 

BS>LIJIQ?L CM ONCFCM?> CH CNM JLI>O=NCIHӆ 7CNB BS>LIJIQ?Lӛ;C>?> JLI>O=NCIHӇ ; BS<LC> 06ӮQCH> ?H?LASӮBS>LIӛ

?F?=NLC=CNS GCR CM @IOH> NI >?FCP?L NB? =B?;J?MN @CH;F ?H?LAS =IMNӆ (?L?Ӈ BS>LIJIQ?L G;CHFS ;=NM ;M ; MO<MNCNON? 

@IL QCH> JIQ?L ;H> ?H?LAS MNIL;A?Ӈ NSJC=;FFS ;M J;LN I@ ; BS<LC> 06ӮQCH> JLI>O=NCIH ?F?=NLC=CNS GCRӆ (IQ?P?LӇ 

C@ NB? OM? I@ BS>LIJIQ?L Q;M FCGCN?>Ӈ BS>LIJIQ?L QIOF> =IGJF?G?HN 06ӮQCH> ?F?=NLC=CNS A?H?L;NCIH ;H> JLCӛ

G;LCFS <? OM?> NI @CFF NB? MOJJFS A;JM I@ =FIM?ӛNIӛ<;M?FI;> >CL?=N ?F?=NLC=CNS >?G;H> <S MSHNB?MCM ;H> $!# 

OHCNMӇ NBOM CH=L?;MCHA NB? ONCFCM;NCIH L;N? I@ ?F?=NLIFSM?LMӆ $?>C=;N?> H?Q BS>LIJIQ?L JF;HNM QIOF> <? NII 

=IMNFS @IL $!#ӛE?LIM?H? JLI>O=NCIHӇ QBCF? CHP?MNCHA CH L?@OL<CMBCHA ?RCMNCHA >;GG?> BS>LIJIQ?L QIOF> <? 

NB? GIL? ?=IHIGC=;FFS PC;<F? IJNCIHӆ )N CM HIN?> NB;N QBCF? ONCFCMCHA BS>LIJIQ?L =;H MCAHC@C=;HNFS L?>O=? NB? 

JLI>O=NCIH =IMN I@ $!#ӛE?LIM?H?Ӈ CN CM MNLIHAFS FCGCN?> CH PIFOG? ;H> NB?L?@IL? @;=?M =IGJ?NCNCIH QCNB INB?L 

?H> OM?Mӆ 

 

8)))ӆ 5NCFCMCHA #/Ғ @LIG >CL?=N ;CL =;JNOL? CHMN?;> I@ #/Ғ @LIG JICHN MIOL=?M CH ҒҐҕҐ IHFS G;Lӛ

ACH;FFS CH=L?;M? NB? JLI>O=NCIH =IMN I@ ?ӛE?LIM?H? <S Ґỗ NI Ҙỗӆ 

$!# CM ;H ?H;<FCHA N?=BHIFIAS NB;N ;FFIQM ?ӛE?LIM?H? JLI>O=NCIH MCN?M NI @IFFIQ NB? <?MN L?H?Q;<F? ?H?LAS 

JLI>O=NCIH MCN?M ;H> CM CH>?J?H>?HN @LIG =IH=?HNL;N?> #/Ғ MIOL=?Mӆ  

,I=;NCIHM QCNB JLI>O=NCIH =;J;<CFCNC?M @IL MOMN;CH;<F? IL OH;PIC>;<F? #/Ғ @LIG JICHN MIOL=?M ;L? MNLIHAFS 

FCHE?> NI CH>OMNLC;F JF;HNMӇ QBC=B G;S <? FI=;N?> @OLNB?L ;Q;S @LIG C>?;F FI=;NCIHM @IL AL??H BS>LIA?H JLIӛ

>O=NCIHӆ 4BCM =;H L?MOFN CH JLIBC<CNCP?FS BCAB NL;HMJILN;NCIH =IMNM @IL ?CNB?L BS>LIA?H IL #/Ғ ;H> BCABFCABNM 

NB? ;>P;HN;A? I@ $!# ;M ; N?=BHIFIASӇ QBC=BӇ CH =IHNL;MNӇ =;H <? CHMN;FF?> CH ; QC>? L;HA? I@ A?IAL;JBC=;F FIӛ

=;NCIHMӆ 

4B? FIHAӛN?LG JLC=? JL?GCOG I@ #/Ғ @LIG $!# CM NB?L?@IL? L?F;NCP?FS FIQ =IGJ;L?> NI NB? <?H?@CNM I@ CHP?MNӛ

CHA CH ; N?=BHIFIAS QBC=B =;H <? @F?RC<FS CHMN;FF?> ;N NB? <?MN L?H?Q;<F? ?F?=NLC=CNSӛ<;M?> BS>LIA?H JLI>O=ӛ

NCIH FI=;NCIHM AFI<;FFSӆ 
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8)6ӆ %5ӛҒҗ ;H> 53 JIFC=SG;E?LM B;P? ;FL?;>S M?N MIG? =IH>CNCIHM QBC=B =;H ;FFIQ NB? ?RJ;Hӛ

MCIH I@ $!#ӛE?LIM?H?ӆ 4I>;SӇ NB?S B;P? NB? OHCKO? IJJILNOHCNS NI ;==?F?L;N? NB? ?RJ;HMCIH I@ 

$!#ӛE?LIM?H? CH KO;HNCNC?M L?KOCL?> CH NB? ?H?LAS GCR I@ NB? @ONOL?ӆ  

!H IP?LPC?Q I@ NB? JL?>IGCH;HN IJNCIHM @IL JIFC=SG;E?LM CM MOGG;LCM?> CH NB? JIFC=S JLCG?L Ө=B;JN?L җөӆ 

  



  

Background  
)H ҒҐґҙӇ NB? =IGG?L=C;F ;PC;NCIH M?=NIL 

?GCNN?> ;FGIMN ґ 'N I@ =;L<IH >CIRC>? 

Ө#/ҒөӇ ;==IOHNCHA @IL ;<ION Ғӆҕỗ I@ NIN;F 

AFI<;F ;HNBLIJIA?HC= #/Ғ ?GCMMCIHM 

Ө'L;P?L ?N ;Fӆ ҒҐҒҐөӆ 4B? M?=NIL;F >?G;H> 

@IL =IGG?L=C;F ;PC;NCIH CM ?RJ?=N?> NI ;N 

F?;MN >IO<F? <S ҒҐҕҐ =IGJ;L?> NI ҒҐґҙӇ 

F?;>CHA NI ; LCM? CH AL??HBIOM? A;M Ө'('ө 

?GCMMCIHM Ө(;>?L ?N ;Fӆ ҒҐҒҐ ;H> %52/ӛ

#/.42/, ҒҐҒҒөӆ 4B?M? ?GCMMCIHM ;L? 

=;OM?> <S <OLHCHA ;PC;NCIH @O?FӇ QCNB 

@IMMCFӛ<;M?> E?LIM?H? D?N @O?F <?CHA NB? 

GIMN =IGGIHFS OM?> ;PC;NCIH @O?F NI 

>;N? Ө>?LCP?> @LIG )%! ҒҐґҙөӆ 

)H NBCM =IHN?RNӇ MSHNB?NC= E?LIM?H? MSHӛ

NB?MCM?> @LIG L?H?Q;<F? ?F?=NLC=CNSӛ

<;M?> BS>LIA?H ӨAL??H BS>LIA?Hө ;H> 

#/Ғ Ө?ӛE?LIM?H?ө B;M L?=?CP?> CH=L?;M?> 

;NN?HNCIH CH L?=?HN S?;LM ;M ;H ;FN?LH;ӛ

NCP? NI @IMMCFӛ<;M?> E?LIM?H? D?N @O?F 

Ө+,- ҒҐґҙӉ 2;@@CH?LC? (?C>? ҒҐґҙө >O? NI 

FC@?=S=F? ?GCMMCIHM JIN?HNC;FFS OJ NI ҙҕỗ 

FIQ?L NB;H @IMMCFӛ<;M?> E?LIM?H? D?N @O?F 

C@ MOMN;CH;<F? #/Ғ MIOL=?M ;L? OM?> 

Ө3=BGC>N ?N ;Fӆ ҒҐґҖөӆ 

3OMN;CH;<F? #/Ғ JICHN MIOL=?M4 ;L? FCGӛ

CN?> ;H> L;CM? JIN?HNC;F CMMO?M L?A;L>CHA 

NB?CL FC@?=S=F? =;L<IH @IINJLCHN Ө2;G ?N 

;Fӆ ҒҐҒҐөӆ $CL?=N ;CL =;JNOL? I@@?LM ; N?=Bӛ

HIFIAC=;F MIFONCIH NI =;JNOL? #/Ғ @LIG 

;CL ;N FC@?=S=F? =;JNOL? L;N?M I@ IP?L ҙҐỗ 

NI>;S ;H> BCAB?L =;JNOL? L;N?M CH NB? @Oӛ

NOL? Ө$?ONT ?N ;Fӆ ҒҐҒґөӆ %ӛE?LIM?H? JLIӛ

>O=?> QCNB #/Ғ @LIG $!# Ө$!#ӛE?LIӛ

M?H?ө CM NB?L?@IL? I@ MCAHC@C=;HN CHN?L?MN 

;M ; @O?F QCNB FIQ FC@?=S=F? #/Ғ ?GCMMCIHM 

NB;N CM ;<F? NI MO<MNCNON? @IMMCFӛ<;M?> 

E?LIM?H? D?N @O?Fӆ 

 
4 A point source of CO2 is any source that is a single localised emitter, such as fossil fuel power plants, oil refineries, industrial process plants, waste incinera-

tors, cement mills, and pulp and paper plants. Sustainable point sources are point sources whose lifecycle CO2 emissions are close to zero. Unavoidable and 

sustainable point sources are cement mills, waste incinerators, pulp and paper plants. In line with the scope of this study, it is assumed that fossil fuel-

based point sources will be phased out for cost, climate, air pollution and sustainability reasons, and they are therefore not considered in this work. 

)H@ILG;NCIH @IL <?NN?L L?;>;<CFCNS 

$?@CHCNCIHM 

%ӛE?LIM?H? 

+?LIM?H? D?N @O?F JLI>O=?> QCNB BS>LIA?H @LIG Q;N?L ?F?=NLIFӛ

SMCM JIQ?L?> QCNB L?H?Q;<F? ?F?=NLC=CNS ӨAL??H BS>LIA?HөӇ ;H> 

#/Ғ @LIG >CL?=N ;CL =;JNOL? JIQ?L?> QCNB L?H?Q;<F? ?H?LAS IL 

#/Ғ @LIG MOMN;CH;<F? IL OH;PIC>;<F? JICHN MIOL=?MҔӆ 

$!#ӛE?LIM?H?  

+?LIM?H? D?N @O?F JLI>O=?> QCNB AL??H BS>LIA?H ;H> #/Ғ @LIG 

>CL?=N ;CL =;JNOL? JIQ?L?> QCNB L?H?Q;<F? ?H?LASӆ 

*?N @O?F  

+?LIM?H? D?N @O?Fӆ 

%H?LAS 5HCNMӈ >C@@?L?HNC;NCIH <S @CH;F ?H?LAS NSJ? 

!FF ?H?LASӛL?F;N?> OHCNM J?LNCH?HN NI ?ӛE?LIM?H?Ӈ OHF?MM INB?Lӛ

QCM? CH>C=;N?>Ӈ ;L? ?RJL?MM?> J?L B?;N I@ =IG<OMNCIHӇ FIQ?L 

B?;NCHA P;FO? Ө,(6өӇ CH N?L;Q;NNӛBIOLM Ө47BNBӇ,(6өӆ 4B? @IFFIQӛ

CHA MO<M=LCJNM ;L? CHNLI>O=?> QB?L? >??G?> OM?@OF NI =F;LC@S 

QBC=B @CH;F ?H?LAS NSJ? IL QBC=B @CH;F ?H?LAS =;LLC?L NB? G?;Mӛ

OL? ;JJFC?M NIӆ 

47BNBӇ,(6  

B?;N I@ =IG<OMNCIHӇ FIQ?L B?;NCHA P;FO?Ӊ OHF?MM INB?LQCM? CHӛ

>C=;N?>Ӈ NBCM ;JJFC?M NI ?ӛE?LIM?H?ӆ 

47B?F  

QB?H ?F?=NLC=CNS CM G?;HNӆ 

%H?LAS 5HCNMӈ >C@@?L?HNC;NCIH <S @CH;F ?H?LAS =;LLC?L 

47B&4,Ӈ,(6  

QB?H ;FF FCKOC> @O?FM JLI>O=?> PC; &CM=B?Lӛ4LIJM=B 3SHNB?MCM 

CH=Fӆ BS>LI=L;=ECHA ;L? G?;HNӆ 

47B(ҒӇ,(6  

QB?H IHFS BS>LIA?H CM G?;HNӆ 

5HCN =IHP?LMCIH @IL E?LIM?H? 

ґ 47BNBӇ,(6   

ҘғӇғғғ G?NLC= NIHH?M IL Ҙғӆғ ECFINIHH?Mӆ 
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1 DAC-kerosene  demand  
4BCM =B;JN?L L?JILNM NB? L?MOFNM =IH=?LHCHA NB? ;GIOHN I@ $!#ӛE?LIM?H? L?KOCL?> NI G??N JLID?=N?> =IGG?Lӛ

=C;F ;PC;NCIH @O?F >?G;H> CH NB? 53Ӈ CH %OLIJ?Ӈ ;H> AFI<;FFS <?NQ??H ҒҐғҐ ;H> ҒҐҕҐӆ !CL NL;@@C= >?P?FIJG?HN 

CM @CLMN =;F=OF;N?> CH IL>?L NI MO<M?KO?HNFS ;MM?MM NB? >?P?FIJG?HN I@ NB? @O?F GCRӇ CH=FO>CHA NB? >?G;H> @IL 

$!#ӛE?LIM?H? CH ; H?NӛT?LI ҒҐҕҐ M=?H;LCIӆ 

1.1 Air traffic development  

)H IL>?L NI =;F=OF;N? NB? >?G;H> @IL $!#ӛE?LIM?H?Ӈ ;CL NL;@@C= >?P?FIJG?HN CH =IGG?L=C;F ;PC;NCIH CM @CLMN 

KO;HNC@C?> ;N IH?ӛS?;L CHN?LP;FM <?NQ??H NB? S?;L I@ L?NOLH NI ҒҐґҙ >?G;H> PIFOG?M ;H> ҒҐҕҐӇ CH NBL?? A?Iӛ

AL;JBC=;F L?ACIHMӈ NB? 53Ӈ %OLIJ?5 ;H> QILF>QC>? @IFFIQCHA NB? G?NBI>IFIAS L?JILN?> CH ґҐӆґӆ 

!CL NL;@@C= CM KO;HNC@C?> ;M L?P?HO? J;MM?HA?L ECFIG?NL?M Ө20+өӇ N;ECHA @IOL G;CH @;=NILM CHNI ;==IOHN QB?H 

=;F=OF;NCHA CNM =B;HA? IP?L NCG?ӈ S?;L I@ L?NOLH NI JL?ӛ#/6)$ NL;@@C= PIFOG?MӇ FIHAӛN?LG NL;@@C= ALIQNB @IL?ӛ

=;MNMӇ >?P?FIJG?HN I@ @O?F =IHMOGJNCIH ?@@C=C?H=S ;H> NB? ?@@?=N I@ @O?F JLC=? CH=L?;M? IH >?G;H>ӆ 

)H IL>?L NI ;MM?MM NB? ?@@?=N I@ @O?F JLC=? CH=L?;M? IH NL;@@C= >?P?FIJG?HNӇ NQI M=?H;LCIM ;L? =;F=OF;N?>ӈ ; 

<;M?FCH? M=?H;LCI Ө3ґө CH <OMCH?MMӛ;MӛOMO;F Ө"!5ө =IH>CNCIHMӇ ;H> ;H ?RJFIL;NCP? M=?H;LCI Ө3Ғө QB?L? NL;@@C= CM 

CH=L?;MCHAFS IJ?L;N?> QCNB ?ӛE?LIM?H?Ӈ OJ NI ґҐҐỗ I@ E?LIM?H? D?N @O?Fӛ<;M?> 20+M CH ҒҐҕҐ CH NB? 53 ;H> %Oӛ

LIJ?Ӈ ;H> ҙҕỗ I@ 20+M CH ҒҐҕҐ QILF>QC>?ӆ 

4B? L?MOFNM I@ NB? M?=IH> M=?H;LCI ӨM?? 4;<F? ґӇ &CAOL? Ҙӝ&CAOL? ґҐө L?JL?M?HN ; GIL? =IHM?LP;NCP? ?MNCG;N? I@ 

;CL NL;@@C= >?P?FIJG?HNӆ 

 

4;<F? ґ #IGG?L=C;F ;PC;NCIH NL;@@C= >?P?FIJG?HNӆ 

2?ACIH 
5HCN 

Ө"FHӆө 
ҒҐґҙ ҒҐҒҐ ҒҐҒҕ ҒҐҒҖ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

3ґӈ "!5 M=?H;LCI 

'FI<;F 20+ ҘӇҙҐҒ ғӇҐҒҗ ҘӇҔҕҗ ҘӇҙҐҒ ґҐӇҔґҔ ґҒӇҖҗҐ ґҕӇҔґҕ ґҘӇҗҕҕ ҒҒӇҘґҙ 

%OLIJ? 20+ ҒӇҔґҙ җҒҖ ҒӇҔґҙ ҒӇҔҙҔ ҒӇҘґҘ ғӇҒҘғ ғӇҘҒҔ ҔӇҔҕҕ ҕӇґҘҙ 

53 20+ ґӇҘҙҐ Җґҕ ґӇҘҙҐ ґӇҙғҒ ҒӇґҐҗ ҒӇғҔҙ ҒӇҖҒҐ ҒӇҙҒґ ғӇҒҕҖ 

3Ғӈ ?ӛE?LIM?H? M=?H;LCI 

'FI<;F 20+ ҘӇҙҐҒ ғӇҐҒҗ ҘӇҔҕҗ ҘӇҙҐҒ ґҐӇґғґ ґґӇҔҘҘ ґғӇҖҗҗ ґҖӇҘҐҒ ҒҐӇҘҘҗ 

%OLIJ? 20+ ҒӇҔґҙ җҒҖ ҒӇҔґҙ ҒӇҔҘґ ҒӇҖҗҔ ҒӇҙҒҕ ғӇғҕҘ ғӇҙҕҔ ҔӇҗґҐ 

53 20+ ґӇҘҙҐ Җґҕ ґӇҘҙҐ ґӇҙҒғ ҒӇҐґҒ ҒӇґґґ ҒӇғґґ ҒӇҖҐҘ ҒӇҙҗҖ 

 
5 Europe is geographically defined as in the International #CPCF !PC;NCIH /LA;HCM;NCIHӒM Ө)#!/ө >?@CHCNCIH, i.e. the area embracing Europe and the Asian part of 

the former USSR territory, north to the North Pole and including Turkey (ICAO 2021 and 1991). Europe serves as proxy for the EU-27. 



  

&CAOL? Ҙӝ&CAOL? ґҐ MBIQ NB? =;F=OF;N?> >?P?FIJG?HN I@ ;CL NL;@@C= CH =IGG?L=C;F ;PC;NCIH CH NB? NQI M=?H;LCIM 

>?M=LC<?> ;H> NB? NBL?? L?ACIHM OH>?L ;H;FSMCMӆ 

 

&CAOL? Ҙ 53 =IGG?L=C;F ;PC;NCIH ;CL NL;@@C= >?G;H> >?P?FIJG?HN M=?H;LCIM ҒҐґҙӝҒҐҕҐӆ 

 

&CAOL? ҙ %OLIJ?;H =IGG?L=C;F ;PC;NCIH ;CL NL;@@C= >?G;H> >?P?FIJG?HN M=?H;LCIM ҒҐґҙӝҒҐҕҐӆ 
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&CAOL? ґҐ 'FI<;F =IGG?L=C;F ;PC;NCIH ;CL NL;@@C= >?G;H> >?P?FIJG?HN M=?H;LCIM ҒҐґҙӝҒҐҕҐӆ 

4B? FIQ?L >?G;H> CH NB? M?=IH> M=?H;LCI CH ;FF A?IAL;JBC=;F L?ACIHM ?R?GJFC@C?M BIQ >?G;H> MNCFF ALIQM MCAӛ

HC@C=;HNFS CH M=?H;LCIM QB?L? NB? @O?F JLC=? CH=L?;M?M MCAHC@C=;HNFSӆ !M MBIQH CH &CAOL? ґґӇ =IGJ;L?> NI ҒҐґҙ 

;H> CH NB? ?ӛE?LIM?H? M=?H;LCIӇ >?G;H> MNCFF GIL? NB;H >IO<F?M QILF>QC>?Ӈ ;FGIMN >IO<F?M CH %OLIJ? ;H> 

CH=L?;M?M <S IP?L ґӆҕ NCG?M CH NB? 53ӆ 

 

 

&CAOL? ґґ #IGG?L=C;F ;PC;NCIH ;CL NL;@@C= >?G;H> ALIQNB CH ҒҐҕҐ =IGJ;L?> NI ҒҐґҙ QCNBION Ө3ґө ;H> QCNB 

Ө3Ғө =IMN CH=L?;M? >O? NI ?ӛE?LIM?H? OM?ӆ 
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!M NB? AI;F I@ NBCM QILE CM NI =;F=OF;N? KO;HNCNC?M I@ $!#ӛE?LIM?H? ;H> NB?M? ;L? >CL?=NFS JLIJILNCIH;F NI =IGӛ

G?L=C;F ;PC;NCIH NL;@@C=Ӈ NB? >?=CMCIH B;M <??H G;>? NI OM? NB? L?MOFNM @LIG NB? "!5 M=?H;LCI ;M ; <;MCM @IL 

@OLNB?L =;F=OF;NCIHMӆ 4BCM CM ; GIL? =IHM?LP;NCP? =BIC=? ;H> B?L?<S ;==IOHNM @IL OH=?LN;CHNC?M CH NB? >;N; 

MO=B ;M NB? S?;L I@ L?NOLH NI ҒҐґҙ NL;@@C= ;H> FIHAӛN?LG NL;@@C= ALIQNB L;N?Mӆ 

1.2 DAC-kerosene demand  

4B? >?G;H> @IL $!#ӛE?LIM?H? D?N @O?F ;H> INB?L ;PC;NCIH @O?FM @IL %OLIJ? ;H> NB? 53 CM JLID?=N?> OHNCF ҒҐҕҐӆ 

4B? @IFFIQCHA E?S J;L;G?N?LM ;L? OM?> NI >?N?LGCH? NB? @CH;F ?H?LAS >?G;H> @IL ;PC;NCIH @O?FMӈ 20+ >;N;Ӈ 

@O?F MB;L?MӇ E?LIM?H? D?N @O?F MB;L?M ;H> @F??NӛQ?CABN?> ?@@C=C?H=Sӆ 4B? 20+ >?G;H> @IL AFI<;FӇ %OLIJ?;H ;H> 

53 G;LE?NM CM ?MNCG;N?> CH M?=NCIH ґӆґӆ 

!M CFFOMNL;N?> CH 4;<F? ҒӇ +B;FCFC ?N ;Fӆ ӨҒҐґҙө JLID?=N NB;N NIQ;L>M ҒҐҕҐӇ ;PC;NCIH @O?F MB;L?M QCFF <? >IGCH;N?> 

<S MSHNB?NC= D?N @O?FM ӨBS>LIA?H ;H> FCKOC> @O?FMө @IL FIHAӛB;OF @FCABNMӇ QBCF? >CL?=N ?F?=NLC=CNS QCFF JLCG;LCFS <? 

OM?> @IL MBILNӛB;OF @FCABNMӆ 4B? DOMNC@C=;NCIH @IL CH=L?;MCHA NB? MB;L? I@ BS>LIA?H CM >O? NI CNM BCAB?L ?@@C=C?H=S 

=IGJ;L?> NI E?LIM?H?Ӈ CNM ?@@?=NCP? L?>O=NCIH I@ NB? L?G;CHCHA AFI<;F Q;LGCHA JIN?HNC;F I@ <OLHCHA BS>LI=;Lӛ

<IHM CH NB? OJJ?L ;NGIMJB?L? ;H> ; MNLIHA JOMB @IL =FCG;N?ӛH?ONL;FCNS ;M ; JL?ӛ=IH>CNCIH @IL H?NӛH?A;NCP? 

?GCMMCIHM Ө"OLEB;L>N ?N ;Fӆ ҒҐґҘӉ ,OH> ?N ;Fӆ ҒҐґҗөӆ 

 

4;<F? Ғ &O?F MB;L?M ;MMOG?> NBLIOABION NB? NL;HMCNCIHӆ 

&O?F NSJ? ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

%F?=NLC=CNS ҐӆҐỗ ҐӆҐỗ ҐӆҐỗ ґӆҒỗ Ҕӆҗỗ ґҐӆҕỗ ґҘӆҗỗ 

(S>LIA?H ҐӆҐỗ ҐӆҐỗ ҐӆҐỗ Ғӆғỗ ҙӆғỗ ҒґӆҐỗ ғҗӆҔỗ 

+?LIM?H? ґҐҐӆҐỗ ґҐҐӆҐỗ ґҐҐӆҐỗ ҙҖӆҕỗ ҘҖӆҐỗ ҖҘӆҕỗ Ҕғӆҙỗ 

 

)H 4;<F? ғ E?LIM?H? D?N @O?F CM @OLNB?L >CPC>?> CHNI NBL?? G;CH =;N?AILC?Mӈ @IMMCFӛ<;M?> D?N @O?FӇ <CIӛE?LIM?H? 

;H> ?ӛE?LIM?H?Ӈ ONCFCMCHA #/Ғ @LIG $!# ;H> JICHN MIOL=?Mӆ !M ; L?MOFN I@ MOMN;CH;<CFCNS =IH=?LHMӇ CH J;LNC=OF;L 

@IL <CI>CP?LMCNSӇ <CIӛE?LIM?H? CM BCABFS L?MNLC=N?>Ӈ ;MMOGCHA HI ?H?LAS =LIJM ;L? OM?>Ӈ <ON L;NB?L <CIӛ<;M?> 

L?MC>O?MӇ Q;MN? ;H> <SӛJLI>O=NMӆ 4BCM FCGCN;NCIH CM ;FMI MOJJILN?> <S =IMN =IHMC>?L;NCIHM ;M >CM=OMM?> CH 

=B;JN?L ғӆ 4L;HMCNCIHCHA ;Q;S @LIG @IMMCFӛ<;M?> E?LIM?H? CH ;PC;NCIH F?;>M NI ; G;MMCP? JB;M?ӛCH I@ ?ӛE?LIӛ

M?H? D?N @O?Fӆ 
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4;<F? ғ +?LIM?H? D?N @O?F MB;L?M ;MMOG?> NBLIOABION NB? NL;HMCNCIHӆ 

+?LIM?H? NSJ? ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

&IMMCF ҙҙӆҙỗ ҙҙӆҙỗ ҙҙӆҙỗ ҘҔỗ ҔҘỗ ґҒỗ Ґỗ 

"CIӛE?LIM?H? Ґӆґỗ Ґӆґỗ Ґӆґỗ ґỗ Ғỗ ғỗ ғỗ 

%ӛE?LIM?H?  Ґỗ Ґỗ Ґỗ ґҕỗ ҕҐỗ Ҙҕỗ ҙҗỗ 

 

4I >?LCP? NB? ?H?LAS >?G;H> @IL ;PC;NCIH @O?FMӇ NB? L?F;NCP? MB;L?M ;H> 20+ >?G;H> H??> NI <? FCHE?> PC; NB? 

;P?L;A? ?@@C=C?H=C?M I@ NB? >C@@?L?HN G;CH JLIJOFMCIH NSJ?Mӆ 4OL<CH? ?@@C=C?H=C?M ;L? >?LCP?> @LIG +B;FCFC ?N ;Fӆ 

ӨҒҐґҙө ;H> -O?FF?L ?N ;Fӆ ӨҒҐґҘө ;H> @OLNB?L =;FC<L;N?> NI @F??NӛQ?CABN?> ?@@C=C?H=S <;M?> IH MNI=EM I@ ;FF ;PC;ӛ

NCIH NSJ?Mӆ 4;<F? Ҕ JL?M?HNM NB? @F??NӛQ?CABN?> ?@@C=C?H=C?Mӆ 

 

4;<F? Ҕ &F??NӛQ?CABN?> ?@@C=C?H=C?M @IL NB? G;CH JLIJOFMCIH NSJ?M OM?> NBLIOABION NB? NL;HMCNCIH CH OHCNM 

I@ J;MM?HA?L ECFIG?NL?M ӨJӛEGөӆ 

0LIJOFMCIH NSJ? 5HCN ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

%F?=NLC=CNS Ө>CL?=Nө E7B?FӮJӛEG Ґ Ґ Ґ ҐӆґҖҖ Ґӆґҕҙ ҐӆґҕҔ ҐӆґҔҘ 

(S>LIA?H Ө>CL?=Nө E7B(ҒӮJӛEG Ґ Ґ Ґ ҐӆғґҘ ҐӆғҐҖ ҐӆҒҙҕ ҐӆҒҘҕ 

+?LIM?H? ӨH?Q JF;H?Mө E7BNBӮJӛEG Ґӆҕґҗ ҐӆҔҙҐ ҐӆҔҖҕ ҐӆҔҔҒ ҐӆҔґҙ ҐӆғҙҘ Ґӆғҗҗ 

+?LIM?H? ӨMNI=E ;P?L;A?ө E7BNBӮJӛEG Ґӆҕҕҕ Ґӆҕғғ ҐӆҕҐҔ ҐӆҔҗҙ ҐӆҔҕҔ ҐӆҔғґ ҐӆҔҐҙ 

 

!PC;NCIH =;H NL;HMCNCIH NI ; GIL? MOMN;CH;<F? CH>OMNLS <S MQCN=BCHA @LIG @IMMCF @O?FM NI L?H?Q;<F? ?ӛE?LIM?H?ӆ 

4B? ?ӛE?LIM?H? J;NBQ;S CM AL;>O;FFS <?=IGCHA GIL? JLIGCH?HN ;M IH? JIMMC<F? J;NBQ;S @IL ?ӛ@O?F @IL MOMӛ

N;CH;<F? ;PC;NCIHӆ 3NO>C?M B;P? MBIQH NB;N >??J >?@IMMCFCM;NCIH CH ;PC;NCIH L?KOCL?M =;L<IHӛH?ONL;F @O?FM NI 

L?JF;=? ?H?LASӛ>?HM? @IMMCF @O?FM Ө"IA>;HIP ?N ;Fӆ ҒҐҒґӉ 2;G ?N ;Fӆ ҒҐґҙӉ ҒҐҒҐӉ *;=I<MIH ?N ;FӇ ҒҐґҙөӆ !M 

MBIQH CH NBCM =B;JN?LӇ JLID?=NCIHM @IL ҒҐҕҐ CH>C=;N? ; ALIQCHA >?G;H> @IL ?ӛE?LIM?H? @LIG ҒҐғҐ IHQ;L>Mӆ 

4B? @CH;F ?H?LAS >?G;H> @IL ;PC;NCIH @O?FM B;M <??H =;F=OF;N?> OMCHA ?KO;NCIH ґӆ 7B?L? Ө&%$%Ӈ(Ӈ+ө CM @CH;F ?Hӛ

?LAS >?G;H> @IL ?F?=NLC=CNS %Ӈ BS>LIA?H ( ;H> E?LIM?H? D?N @O?F +Ӊ Ө20+Lө CM L?P?HO? J;MM?HA?L ECFIG?NL?M CH 

L?ACIH LӉ Ө&3%Ӈ(Ӈ+ө CM @O?F MB;L?M ;H> Ө%́Ӈ(Ӈ+ө CM @F??NӛQ?CABN?> ?@@C=C?H=Sӆ %KO;NCIH Ғ ?MNCG;N?M NB? @CH;F ?H?LAS 

>?G;H> @IL ?;=B E?LIM?H? D?N @O?F NSJ?Ӈ QB?L? Ө&%$&Ӈ"Ӈ$ө CM NB? @CH;F ?H?LAS >?G;H> @IL @IMMCF &Ӈ <CI " ;H> 

$!#Ӯ03 $0 L?MJ?=NCP?FSӉ Ө&%$+ө CM NB? @CH;F ?H?LAS >?G;H> @IL E?LIM?H?Ӊ ;H> Ө+3&Ӈ"Ӈ$0ө CM NB? E?LIM?H? D?N @O?F 

MB;L?M FCMN?> CH 4;<F? ғӆ  



  

             &%$ȟȟ 20+  Ͻ&3ȟȟ Ͻʂȟȟ   ρ 

                     &%$ȟȟ &%$ Ͻ+3ȟȟ    ς 

 

2?A;L>CHA >??J >?@IMMCFCM;NCIH I@ NB? ;PC;NCIH CH>OMNLSӇ ?ӛE?LIM?H? ;==IOHNM @IL NB? F;LA?MN MB;L? I@ ?ӛ@O?FMӆ 

4B? >?G;H> @IL ?ӛ@O?FM QCFF CH=L?;M? MCAHC@C=;HNFS OHNCF ҒҐҕҐ ;M NB? >?G;H> @IL @IMMCF @O?FM >?=FCH?M >O? NI NB? 

NL;HMCNCIHӆ  

&CAOL? ґҒ ;H> &CAOL? ґғ MBIQ NB;N NB? AFI<;F >?G;H> @IL ?ӛE?LIM?H? CM ;LIOH> җҖҖςҗҘҘ 47BNB CH ҒҐғҐ ;H> 

CH=L?;M?M MCAHC@C=;HNFS NI ;LIOH> ғӇҖҔҐӝғӇҙҗҗ 47BNB CH ҒҐҕҐӆ %ӛE?LIM?H? >?G;H> CM ?RJ?=N?> NI CH=L?;M? @LIG 

;<ION ҒҐҒӝҒґғ 47BNB CH ҒҐғҐ NI ҘҒґӝҙҐҔ 47BNB CH ҒҐҕҐ @IL @FCABNM ILCACH;NCHA CH %OLIJ?ӆ 4I =IGJF?N?FS L?JF;=? 

@IMMCF E?LIM?H? CH 53 ;PC;NCIHӇ ?ӛE?LIM?H? >?G;H> QIOF> H??> NI CH=L?;M? @LIG ґҕҒӝґҕҙ 47BNB CH ҒҐғҐ NI ;Jӛ

JLIRCG;N?FS ҕґҙӝҕҖҘ 47BNB CH ҒҐҕҐӆ  

&CAOL? ґҒ MBIQM NB;N $!#ӛ<;M?> ?ӛE?LIM?H? >?G;H> CM JLID?=N?> NI CH=L?;M? MCAHC@C=;HNFS @LIG ҒҐғҐ NI ҒҐҔҕ 

<ON NI >?=FCH? CH ҒҐҕҐ >O? NI ALIQCHA MB;L?M I@ BS>LIA?H OM? CH ;PC;NCIHӆ !M NB? G;CH ;FN?LH;NCP? ?ӛ@O?F CH 

B;L>ӛNIӛ;<;N? ;PC;NCIHӇ ?ӛE?LIM?H? CM ?RJ?=N?> NI OH>?LAI G;MMCP? ALIQNB @LIG ҒҐғҕ IHQ;L>Mӆ )H =IHMC>?L;ӛ

NCIH I@ @ONOL? >?G;H> @IL ;PC;NCIH @O?FMӇ CN ;JJ?;LM NB;N $!#ӛE?LIM?H? QCFF B;P? ; @ONOL? G;LE?Nӆ #OLL?HNFSӇ 

IHFS ґҙ $!# JF;HNM IJ?L;N? CH %OLIJ?Ӈ #;H;>; ;H> NB? 5HCN?> 3N;N?M Ө)%! ҒҐҒґөӆ %H;<FCHA NB? OM? I@ $!# CH ?ӛ

E?LIM?H? JLI>O=NCIH @IL %OLIJ?Ӈ NB? 53 ;H> AFI<;F ;PC;NCIH QIOF> L?KOCL? ; MCAHC@C=;HN M=;F?ӛOJ I@ N?=BHIFӛ

IAS >?P?FIJG?HN ;H> L?>O=? =;JNOL? =IMNMӆ 
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4;<F? ҕ &CH;F ?H?LAS >?G;H> @IL "!5 M=?H;LCI NBLIOABION NB? NL;HMCNCIHӆ 

&O?F NSJ? 5HCN ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

'FI<;FӇ "!5 M=?H;LCI 

%F?=NLC=CNS 47B?FӮSL Ґ Ґ Ґ Ғҕ ґґҕ ғҐғ Җғғ 

(S>LIA?H 47B(ҒӇ,(6ӮSL Ґ Ґ Ґ ҙҔ ҔҔҐ ґӇґҖғ ҒӇҔҒҘ 

+?LIM?H? D?N @O?F 47BNBӇ,(6ӮSL ȗȼȜȗȗ ȔȼșȔȖ ȘȼȕȘȔ ȘȼțȘȓ șȼȓȕȓ ȘȼȘȖȘ ȗȼȔȓȓ 

&IMMCF E?LIM?H? 47BNBӇ,(6ӮSL ҔӇҙғҙ ґӇҖґґ ҔӇҔґґ ҒӇҘҐҘ җҒҒ Ґ Ґ 

"CIӛE?LIM?H? 47BNBӇ,(6ӮSL ҕ Ғ ҕғ ґґҗ ґҘґ ґҖҖ ґҒғ 

%ӛE?LIM?H? Ө$!#Ӯ03ө 47BNBӇ,(6ӮSL Ґ Ґ җҘҘ ҒӇҙҒҕ ҕӇґґҗ ҕӇғҖҙ ғӇҙҗҗ 

%OLIJ?Ӈ "!5 M=?H;LCI 

%F?=NLC=CNS 47B?FӮSL Ґ Ґ Ґ Җ ҒҘ җҒ ґҔҔ 

(S>LIA?H 47B(ҒӇ,(6ӮSL Ґ Ґ Ґ ҒҔ ґҐҙ ҒҗҖ ҕҕҒ 

+?LIM?H? D?N @O?F 47BNBӇ,(6ӮSL ȔȼȖȗȖ ȖțȚ ȔȼȗȕȔ ȔȼȘȔș ȔȼȗȜȖ ȔȼȖȔȘ ȜȖȕ 

&IMMCF E?LIM?H? 47BNBӇ,(6ӮSL ґӇғҔҒ ғҘҖ ґӇґҙҔ җҒҘ ґҗҙ Ґ Ґ 

"CIӛE?LIM?H? 47BNBӇ,(6ӮSL ґ Ґ ґҔ ғҐ Ҕҕ ғҙ ҒҘ 

%ӛE?LIM?H? Ө$!#Ӯ03ө 47BNBӇ,(6ӮSL Ґ Ґ Ғґғ җҕҘ ґӇҒҖҙ ґӇҒҗҕ ҙҐҔ 

53Ӈ "!5 M=?H;LCI 

%F?=NLC=CNS 47B?FӮSL Ґ Ґ Ґ ҕ ҒҐ Ҕҗ ҙҐ 

(S>LIA?H 47B(ҒӇ,(6ӮSL Ґ Ґ Ґ ґҗ җҕ ґҘґ ғҔҖ 

+?LIM?H? D?N @O?F 47BNBӇ,(6ӮSL ȔȼȓȘȓ Ȗȕț ȔȼȓșȖ ȔȼȓțȘ ȔȼȓȕȖ țșȕ ȘțȘ 

&IMMCF E?LIM?H? 47BNBӇ,(6ӮSL ґӇҐҔҙ ғҒҗ Ҙҙғ ҕҒґ ґҒғ Ґ Ґ 

"CIӛE?LIM?H? 47BNBӇ,(6ӮSL ґ Ґ ґґ ҒҒ ғґ ҒҖ ґҘ 

%ӛE?LIM?H? Ө$!#Ӯ03ө 47BNBӇ,(6ӮSL Ґ Ґ ґҕҙ ҕҔҒ ҘҗҐ ҘғҖ ҕҖҘ 

 



  

4;<F? Җ &CH;F ?H?LAS >?G;H> @IL NB? ?ӛE?LIM?H? M=?H;LCI NBLIOABION NB? NL;HMCNCIHӆ 

&O?F NSJ? OHCNM ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

'FI<;FӇ ?ӛE?LIM?H? M=?H;LCI 

%F?=NLC=CNS 47B?FӮSL Ґ Ґ Ґ ҒҒ ґҐҒ ҒҗҒ ҕҗҙ 

(S>LIA?H 47B(ҒӇ,(6ӮSL Ґ Ґ Ґ Ҙҕ ғҙґ ґӇҐҔҒ ҒӇҒҒҒ 

+?LIM?H? D?N @O?F 47BNBӇ,(6ӮSL ҔӇҙҔғ ґӇҖґғ ҕӇґҐҙ ҕӇғҐҕ ҕӇғҔґ ҔӇҙҕҘ ғӇҗҕғ 

&IMMCF E?LIM?H? 47BNBӇ,(6ӮSL ҔӇҙғҘ ґӇҖґґ ҔӇҒҙҒ ҒӇҕҔҖ ҖҔґ Ґ Ґ 

"CIӛE?LIM?H? 47BNBӇ,(6ӮSL ҕ Ғ ҕґ ґҐҖ ґҖҐ ґҔҙ ґґғ 

%ӛE?LIM?H? Ө$!#Ӯ03ө 47BNBӇ,(6ӮSL Ґ Ґ җҖҖ ҒӇҖҕҒ ҔӇҕҔҐ ҔӇҘґҐ ғӇҖҔҐ 

%OLIJ?Ӈ ?ӛE?LIM?H? M=?H;LCI 

%F?=NLC=CNS 47B?FӮSL Ґ Ґ Ґ Җ Ғҕ ҖҔ ґғґ 

(S>LIA?H 47B(ҒӇ,(6ӮSL Ґ Ґ Ґ ҒҒ ҙҖ ҒҔҕ ҕҐґ 

+?LIM?H? D?N @O?F 47BNBӇ,(6ӮSL ґӇғҔғ ғҘҗ ґӇғҔҙ ґӇғҕґ ґӇғґґ ґӇґҖҗ ҘҔҖ 

&IMMCF E?LIM?H? 47BNBӇ,(6ӮSL ґӇғҔҒ ғҘҖ ґӇґғғ ҖҔҘ ґҕҗ Ґ Ґ 

"CIӛE?LIM?H? 47BNBӇ,(6ӮSL ґ Ґ ґғ Ғҗ ғҙ ғҕ Ғҕ 

%ӛE?LIM?H? Ө$!#Ӯ03ө 47BNBӇ,(6ӮSL Ґ Ґ ҒҐҒ Җҗҕ ґӇґґҕ ґӇґғҒ ҘҒґ 

53Ӈ ?ӛE?LIM?H? M=?H;LCI 

%F?=NLC=CNS 47B?FӮSL Ґ Ґ Ґ Ҕ ґҗ ҔҒ Ҙғ 

(S>LIA?H 47B(ҒӇ,(6ӮSL Ґ Ґ Ґ ґҖ ҖҖ ґҖҒ ғґҗ 

+?LIM?H? D?N @O?F 47BNBӇ,(6ӮSL ґӇҐҕҐ ғҒҘ ґӇҐґҕ ҙҗҕ ҙҐҒ җҗҐ ҕғҕ 

&IMMCF E?LIM?H? 47BNBӇ,(6ӮSL ґӇҐҔҙ ғҒҗ ҘҕҒ ҔҖҘ ґҐҘ Ґ Ґ 

"CIӛE?LIM?H? 47BNBӇ,(6ӮSL ґ Ґ ґҐ ґҙ Ғҗ Ғғ ґҖ 

%ӛE?LIM?H? Ө$!#Ӯ03ө 47BNBӇ,(6ӮSL Ґ Ґ ґҕҒ ҔҘҗ җҖҗ җҔҖ ҕґҙ 
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&CAOL? ґҒ &CH;F ?H?LAS >?G;H> CH =IGG?L=C;F ;PC;NCIHӆ 

 

 

&CAOL? ґғ &CH;F ?H?LAS >?G;H> @IL ?ӛE?LIM?H? D?N @O?F <;M?> IH $!#Ӯ03ӆ 

 

 

  



  

4B? >?G;H> @IL ?ӛE?LIM?H? F?;>M NI ; MO<MN;HNC;F >?G;H> @IL MOMN;CH;<F? #/Ғӆ )H NBCM MNO>SӇ MOMN;CH;<F? #/Ғ 

L?KOCL?> NI JLI>O=? ?ӛE?LIM?H? D?N @O?F CM =;JNOL?> @LIG MOMN;CH;<F? IL OH;PIC>;<F? JICHN MIOL=?M ;H> @LIG 

NB? ;CL NBLIOAB $!#ӆ 4B? JICHN IL =IH=?HNL;N?> MIOL=?M I@ #/Ғ =IHMC>?L?> CH=FO>? FCG?MNIH?ӛ<;M?> #/Ғ ?GCMӛ

MCIHM @LIG =?G?HN GCFFM6Ӈ JOFJ ;H> J;J?L GCFFMӇ ;H> Q;MN? CH=CH?L;NILMӆ 6;LCIOM INB?L JIN?HNC;F F;LA?ӛM=;F? 

#/Ғ JICHN MIOL=?M ;L? HIN ;P;CF;<F?ӆ &IMMCF @O?Fӛ<;M?> JF;HNM ;L? HIN =IGJ;NC<F? QCNB H?NӛT?LI N;LA?NM ;M NB? 

#/Ғ @LIG D?N @O?F CM ?GCNN?> CHNI NB? ;NGIMJB?L?ӆ 4BCM ;JJFC?M NI @IMMCFӛ@O?FF?> JIQ?L ;H> B?;N JF;HNM ;H> =IHӛ

P?HNCIH;F MN??F GCFFMӆ "CIG;MM JF;HNM @IL JIQ?L ;H> B?;N ;L? ?RJ?=N?> NI IJ?L;N? F;LA?FS ;M J?;E?L JF;HNM 

QBC=B QIOF> F?;> NI BCAB #/Ғ =;JNOL? =IMNM >O? NI CHMN;FF;NCIH =;J;=CNS L?KOCL?G?HNM QCNB FIQ ONCFCM;NCIHӆ #/Ғ 

MIOL=?M HIN =IP?L?> CH NBCM L?M?;L=B G;S CH=FO>? <CI@O?F JF;HNMӇ M?Q;A? JF;HNMӇ <L?Q?LC?MӇ ?N=ӆ 7BCF? NB?CL 

M=;FCHA G;S G;N=B NB? L;NB?L >?=?HNL;FCM?> JLI>O=NCIH I@ ?ӛE?LIM?H?Ӈ NB?S ;L? NSJC=;FFS JL?M?HN ;N MCAHC@Cӛ

=;HNFS MG;FF?L M=;F?M =IGJ;L?> NI NBIM? I@ NB? ?ӛE?LIM?H? JLI>O=NCIH JF;HNM ;MM?MM?> CH NBCM MNO>S7ӆ ";M?> 

IH GIMN L?=?HN L?M?;L=B Ө';FCGIP; ?N ;FӆӇ ҒҐҒҒөӇ NBCM QILE ?MNCG;N?M NB;N $!# QCFF <? L?KOCL?> NI MOJJFS ;N 

F?;MN Җғỗ I@ @??>MNI=Eӛ#/Ғ >?G;H>Ӈ >?J?H>CHA IH M=?H;LCI ;MMOGJNCIHMӆ  

)H IL>?L NI KO;HNC@S NB? CGJFC=;NCIHM L?MOFNCHA @LIG ?GJFISCHA >C@@?L?HN KO;HNCNC?M I@ #/Ғ @LIG $!# CH ?ӛE?LIӛ

M?H? JLI>O=NCIHӇ NBL?? JIMMC<F? =IGJIMCNCIHM I@ @??>MNI=Eӛ#/Ғ MIOL=?M ;L? ?RJFIL?>ӆ ";M?> IH ';FCGIP; ?N 

;Fӆ ӨҒҐҒҒөӇ 4;<F? җ JL?M?HNM NB? >C@@?L?HN MB;L?M I@ NB? #/Ғ MIOL=?M ONCFCM?> ;M @??>MNI=E @IL ?ӛE?LIM?H? JLIӛ

>O=NCIH CH NBL?? >C@@?L?HN M=?H;LCIMӆ 4B? M=?H;LCIM ;MMOG? >C@@?L?HN ONCFCM;NCIH L;N?M ӨCH <L;=E?NMө I@ ;P;CF;<F? 

JICHN MIOL=?Mӆ 

 

4;<F? җ %RJFIL?> M=?H;LCIM I@ @??>MNI=E #/Ғ MIOL=?M =IGJIMCNCIH @IL ?ӛE?LIM?H? JLI>O=NCIHӆ 

3B;L?M I@ #/Ғ @LIG $!# ;H> JICHN MIOL=?M ONCFCM?> CH ?ӛE?LIM?H? JLI>O=NCIH @IL >C@@?L?HN =;JNOL? M=?H;LCIM CHӛ

=FO>CHA >C@@?L?HN ONCFCM;NCIH L;N?M ӨCH <L;=E?NMө I@ ;P;CF;<F? JICHNM MIOL=?M 

$?M=LCJNCIH 03  $!# 

3=?H;LCI ґӈ .I JICHN MIOL=? Ґỗ ґҐҐỗ 

3=?H;LCI Ғӈ #?G?HN ӨҐỗөӇ JOFJ ;H> J;J?L ӨґҐҐỗөӇ Q;MN? CH=CH?L;NIL ӨҕҐỗө ґҕỗ Ҙҕỗ 

3=?H;LCI ғӈ #?G?HNӇ JOFJ ;H> J;J?LӇ ;H> Q;MN? CH=CH?L;NIL Ө;FF ґҐҐỗө ғҗỗ Җғỗ 

 

)H ;>>CNCIH NI <?CHA IH? I@ NB? @?Q H?A;NCP? ?GCMMCIHM N?=BHIFIAC?M Ө.%4Mө ;P;CF;<F? @IL L?GIPCHA #/Ғ @LIG 

NB? ;NGIMJB?L? Ө;M =;L<IH =;JNOL? ;H> MNIL;A? ӝ ##3өӇ $!# CM =LO=C;F @IL ?ӛ@O?F JLI>O=NCIH Ө;M =;L<IH =;JNOL? 

;H> ONCFCM;NCIH ӝ ##5өӆ )H NB? )%! .?N :?LI %GCMMCIHM M=?H;LCI Ө)%! ҒҐҒґөӇ $!# CM ?RJ?=N?> NI =;JNOL? IP?L Ҙҕ 

-N #/ҒӮSL <S ҒҐғҐ ;H> ;JJLIRCG;N?FS ҙҘҐ -N #/ҒӮSL <S ҒҐҕҐӆ !M MO=BӇ $!# CM ;H ?MM?HNC;F FIHAӛN?LG IJNCIH @IL 

=;JNOLCHA #/Ғ ;==IL>CHA NI )%! ӨҒҐҒґөӆ "IA>;HIP ?N ;Fӆ ӨҒҐҒґө ?MNCG;N? ;H ;HHO;F #/Ғ =;JNOL? QCNB $!# I@ 

 
6 According to BHL & LBST (2022), th? ?RN?HN NI QBC=B =?G?HN JLI>O=NCIH =;H <? =IHMC>?L?> ӑOH;PIC>;<F?Ӓ CM =OLL?HNFS ; GIPCHA N;LA?N ;M L?M?;L=B ;H> 

development is underway that may allow for cement recycling in future. Hence, there may be a technology lock-in risk attributed with the use of CO2 from 

cement production. 
7 E-E?LIM?H? JF;HNM ӑ;N M=;F?Ӓ ;MM?MM?> CH NBCM MNO>S ;L? CH NB? L;HA? of ~100 tPtL/h while e.g. large biogas and cement plants used as CO2 point source would 

typically be sufficient for supplying an equivalent of ~1 and ~20 tPtL/h respectively. 
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;<ION ҒӇґҘҐ -N #/ҒӮSL <S ҒҐҕҐ @IL ?ӛ@O?F >?G;H>Ӈ QCNB @OLNB?L >?G;H> ;LCMCHA @IL ?ӛ=B?GC=;FM ;H> H?NӛH?A;ӛ

NCP? ?GCMMCIHMӆ &OLNB?LGIL?Ӈ $!# =;H =FIM? NB? =;L<IH FIIJ I@ ?ӛ@O?FM <S L?=;JNOLCHA #/Ғ ?GCNN?> >OLCHA NB?CL 

OM? JB;M? ;==IL>CHA NI 2;G ?N ;Fӆ ӨҒҐҒҐөӆ 

#/Ғ $!# >?G;H> B;M <??H =;F=OF;N?> OMCHA ?KO;NCIH ғӆ 7B?L? $!#$%- CM $!# =;J;=CNS >?G;H>Ӈ +$!#Ӯ03 CM ?ӛ

E?LIM?H? D?N @O?F ӝ $!#Ӯ03 N;E?H @LIG 4;<F? ҕ ;H> 4;<F? Җ @IL "!5 ;H> ?ӛE?LIM?H? M=?H;LCIM ӝ @OFF FI;> BIOL CM 

Ө&,(өӇ $!# OHCNM LOH IH H?;L <;M?FI;> ӨҘӇҐҐҐ BIOLMө Ө"L?S?L ?N ;Fӆ ҒҐҒҐө ;H> #/Ғ >?G;H>M Ө=;L<IH&4,ө ;M L;Q 

G;N?LC;F CHJON @IL ?ӛE?LIM?H? D?N @O?F ;L? ;MMOG?> NI <? ҐӆҒҘҔ EA#/ҒӮE7B&4,Ӈ((6 Ө&;MCBC ?N ;Fӆ ҒҐґҗөӆ (IQ?P?LӇ 

#/Ғ L?KOCL?> NI JLI>O=? &4, G;S <? L?>O=?> <S OJ NI ґҖỗ C@ NB? =;L<IH CH JOLA? A;M ;H> FCABN @O?F A;M?M CM 

=;JNOL?> ;H> L?=S=F?> ;M @??> A;M @IL @O?F MSHNB?MCM Ө&;MCBC ;H> "L?S?LӇ ҒҐҒҒөӆ )H NBCM L?M?;L=BӇ NBCM IJNCIH CM 

HIN =IHMC>?L?> CH AFI<;F IL L?ACIH;F #/Ғ >?G;H> <ON B;M <??H =IHMC>?L?> CH NB? 0IQ?LӛNIӛ,CKOC> Ө0N,ө GI>?F 

;H> L?MJ?=NCP? &4, =IMNӆ 

 

               $!# + Ⱦ  Ͻ
 
Ͻ ÃÁÒÂÏÎ  σ 

 

4;<F? Ҙ NI 4;<F? ґҐ MBIQ NB;N F;LA? ;GIOHNM I@ #/Ғ ;L? NI <? MIOL=?> PC; $!# NI >?@IMMCFCM? AFI<;FӇ %OLIJ?;H 

;H> 53 =IGG?L=C;F ;PC;NCIHӆ %;=B L?ACIHӒM #/Ғ $!# >?G;H> CM =;F=OF;N?> CH NIHH?M I@ #/Ғ J?L S?;Lӆ 4B? MCGӛ

JFC@C?> MNLO=NOL? I@ NB? #/Ғ MOJJFS <S $!# OHCNM CM JL?M?HN?> CH &CAOL? ґҔӆ  

!==IL>CHA NI 4;<F? Ҙ NI 4;<F? ґҐӇ NB? AFI<;F #/Ғ >?G;H> MIOL=?> <S $!# QCFF F?;> NI ; $!# =;J;=CNS >?G;H> 

I@ ;LIOH> җґғӝґӇҒғҗ -N #/Ғ J?L S?;L @IL ; H?;L <;M?FI;> IJ?L;NCIH I@ $!# OHCNM I@ ҘӇҐҐҐ BIOLM J?L S?;Lӆ )H %Oӛ

LIJ?Ӈ $!# =;J;=CNS >?G;H> CM ;LIOH> ґҖґӝҒҘґ -N #/Ғ J?L S?;LӇ QBCF? CH NB? 53Ӈ $!# =;J;=CNS >?G;H> CM 

;LIOH> ґҐҒӝґҗҖ -N #/Ғ J?L S?;L CH ҒҐҕҐӆ 4B? L;HA?M CH $!# =;J;=CNS >?G;H> ;L? =;OM?> <S NB? ;MMOG?> 

;P;CF;<CFCNS I@ #/Ғ JICHN MIOL=?Mӆ ";M?> IH <INB "!5 ;H> ?ӛE?LIM?H? M=?H;LCIMӇ #/Ғ >?G;H> CM JLID?=N?> NI 

ALIQ MCAHC@C=;HNFS @LIG ҒҐғҐ IHQ;L>MӇ L?;=BCHA CNM J?;E CH ҒҐҔҕӇ ;H> >?=FCHCHA MIG?QB;N <S ҒҐҕҐӇ ;M MBIQH 

CH &CAOL? ґҕӆ 

 

 

&CAOL? ґҔ #/Ғ MOJJFS MNLO=NOL? I@ $!# OHCNMӆ !<<L?PC;NCIHӈ 4%3 ӝ NB?LG;F ?H?LAS MNIL;A?ӆ 

  



  

4;<F? Ҙ $!# JLI>O=NCIH =;J;=CNS >?G;H> @IL @??>MNI=E #/Ғ MIOL=?M =IGJIMCNCIH M=?H;LCI ґ Ө$!# ӝ ґҐҐỗӇ 

03 ӝ Ґỗөӆ 

2?ACIH 5HCNM ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

"!5 

'FI<;F -N#/ҒӮSL Ґ Ґ ҒҔҕ ҙґҐ ґӇҕҙґ ґӇҖҗҐ ґӇҒғҗ 

%OLIJ? -N#/ҒӮSL Ґ Ґ ҖҖ ҒғҖ ғҙҕ ғҙҗ ҒҘґ 

53 -N#/ҒӮSL Ґ Ґ ҕҐ ґҖҙ ҒҗҐ ҒҖҐ ґҗҖ 

%ӛE?LIM?H? 

'FI<;F -N#/ҒӮSL Ґ Ґ ҒғҘ ҘҒҕ ґӇҔґҒ ґӇҔҙҖ ґӇґғҒ 

%OLIJ? -N#/ҒӮSL Ґ Ґ Җғ ҒґҐ ғҔҗ ғҕҒ Ғҕҕ 

53 -N#/ҒӮSL Ґ Ґ Ҕҗ ґҕҒ Ғғҙ ҒғҒ ґҖґ 

 

4;<F? ҙ $!# JLI>O=NCIH =;J;=CNS >?G;H> @IL @??>MNI=E #/Ғ MIOL=?M =IGJIMCNCIH M=?H;LCI Ғ Ө$!# ӝ ҘҕỗӇ 

03 ӝ ґҕỗөӆ 

2?ACIH 5HCNM ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

"!5 

'FI<;F -N#/ҒӮSL Ґ Ґ ҒҐҘ җҗғ ґӇғҕғ ґӇҔґҙ ґӇҐҕґ 

%OLIJ? -N#/ҒӮSL Ґ Ґ ҕҖ ҒҐҐ ғғҖ ғғҗ Ғғҙ 

53 -N#/ҒӮSL Ґ Ґ ҔҒ ґҔғ ҒғҐ ҒҒґ ґҕҐ 

%ӛE?LIM?H? 

'FI<;F -N#/ҒӮSL Ґ Ґ ҒҐғ җҐґ ґӇҒҐҐ ґӇҒҗґ ҙҖҒ 

%OLIJ? -N#/ҒӮSL Ґ Ґ ҕғ ґҗҙ Ғҙҕ Ғҙҙ Ғґҗ 

53 -N#/ҒӮSL Ґ Ґ ҔҐ ґҒҙ ҒҐғ ґҙҗ ґғҗ 
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4;<F? ґҐ $!# JLI>O=NCIH =;J;=CNS >?G;H> @IL @??>MNI=E #/Ғ MIOL=?M =IGJIMCNCIH M=?H;LCI ғ Ө$!# ӝ ҖғỗӇ 

03 ӝ ғҗỗөӆ 

2?ACIH 5HCNM ҒҐґҙ ҒҐҒҐ ҒҐғҐ ҒҐғҕ ҒҐҔҐ ҒҐҔҕ ҒҐҕҐ 

"!5 

'FI<;F -N#/ҒӮSL Ґ Ґ ґҕҔ ҕҗғ ґӇҐҐҒ ґӇҐҕҒ җҗҙ 

%OLIJ? -N#/ҒӮSL Ґ Ґ ҔҒ ґҔҘ ҒҔҙ ҒҕҐ ґҗҗ 

53 -N#/ҒӮSL Ґ Ґ ғґ ґҐҖ ґҗҐ ґҖҔ ґґґ 

%ӛE?LIM?H? 

'FI<;F -N#/ҒӮSL Ґ Ґ ґҕҐ ҕҒҐ ҘҘҙ ҙҔҒ җґғ 

%OLIJ? -N#/ҒӮSL Ґ Ґ ҔҐ ґғҒ ҒґҘ ҒҒҒ ґҖґ 

53 -N#/ҒӮSL Ґ Ґ ғҐ ҙҖ ґҕҐ ґҔҖ ґҐҒ 

 

 

&CAOL? ґҕ 4IN;F #/Ғ >?G;H> @IL ?ӛE?LIM?H? JLI>O=NCIHӆ 



  

2 Projection  of DAC-kerosene  costs   

2.1 Cost model  

,IQӛ=IMNӇ =IHMCMN?HN L?H?Q;<F? ?F?=NLC=CNS ;H> AL??H BS>LIA?H MOJJFS @ILG NB? <;=E<IH? I@ ?ӛ@O?F JLI>O=ӛ

NCIHӆ )H NBCM =IHN?RNӇ NBCM QILE >?M=LC<?M NB? @CH;H=C;F ;H> N?=BHC=;F ;MMOGJNCIHM I@ NB? =LCNC=;F ?F?=NLC=CNS A?Hӛ

?L;NCIH N?=BHIFIAC?M CH=FO>?> CH NBCM MNO>Sӆ 4BLIOABION NB? NL;HMCNCIHӇ NB?M? J;L;G?N?LM ;L? PCN;F @IL >?N?Lӛ

GCHCHA NB? =IMNӛ=IGJ?NCNCP?H?MM I@ $!#ӛE?LIM?H?ӆ &IL @CH;H=C;F ;H> N?=BHC=;F ;MMOGJNCIHMӇ NBCM QILE N;E?M 

NB? FC@?NCG? I@ L?H?Q;<F? JIQ?L JF;HNM ;H> NB?CL &,(Ӈ ;M Q?FF ;M NB? =IMNM I@ ?F?=NLC=CNS A?H?L;NCIHӇ CHNI =IHӛ

MC>?L;NCIHӆ 4BCM MNO>SӒM L?F?P;HN ?F?=NLC=CNS A?H?L;NCIH N?=BHIFIAC?M CH=FO>? MIF;L 06 ;H> QCH> JF;HNMӆ 4B? >?ӛ

AL?? I@ NB?CL JIQ?L IONJON >?J?H>M MNLIHAFS IH L?MIOL=? ;P;CF;<CFCNS ;H> =IMNMӆ 

4B? ;H;FSMCM CM J?L@ILG?> ;N ;H BIOLFS M?KO?HNC;F N?GJIL;F L?MIFONCIHӇ ;FFIQCHA NB? GI>?F NI =;JNOL? ;H> 

L?MIFP? NB? P;LC;<F? L?H?Q;<F? ?F?=NLC=CNS CHN?AL;NCIH =B;FF?HA?Mӆ 4B? BIOLFS MIF;L CLL;>C;NCIH ;H> QCH> 

MJ??>M ;L? CH ; ҐӆҔҕẼ᾿Ữ᾿ҐӆҔҕẼ MJ;NC;F L?MIFONCIH ;H> N;E?H @LIG .!3! >;N;<;M?M Ө3N;=EBIOM? ;H> 7BCNFI=EӇ 

ҒҐҐҘӇ ҒҐҐҙө ;H> ;L? J;LNFS L?JLI=?MM?> <S NB? '?LG;H !?LIMJ;=? #?HNL? Ө3N?NN?LӇ ҒҐґҒөӆ &??>ӛCH NCG? M?LC?M 

@IL @CR?>Ӈ IJNCG;FFS NCFN?> 06 MSMN?GM ;L? =;F=OF;N?> <;M?> IH '?LF;=B ?N ;Fӆ ӨҒҐґґө ;H> (OF> ?N ;Fӆ ӨҒҐҐҘө NI 

G;RCGCM? ;HHO;F A?H?L;NCIH <S =IHMC>?LCHA NB? IJNCG;F 06 GI>OF? ;HAF? ;N ?;=B HI>?Ӈ N;ECHA CHNI ;==IOHN 

NB? CLL;>C;H=? ;HAF?Ӈ N?GJ?L;NOL? ;H> =FIO> CGJ;=N IH BIOLFS A?H?L;NCIHӆ &??>ӛCH NCG? M?LC?M @IL MCHAF?ӛ;RCM 

NL;=ECHA 06 CM <;M?> IH !@;H;MS?P; ?N ;Fӆ ӨҒҐґҘөӇ QBC=B =IHMC>?LM ; BILCTIHN;F HILNBӛMIONB ILC?HN;N?> MCHAF?ӛ

;RCMӇ =IHNCHOIOMFS NL;=ECHA MSMN?G ;H> AFI<;F BILCTIHN;F CLL;>C;NCIH Ө'()өӇ >CL?=N HILG;F CLL;>C;NCIH Ө$.)өӇ 

INB?L ?HPCLIHG?HN;F =IH>CNCIHM Ө?ӆAӆӇ ;G<C?HN N?GJ?L;NOL?ө ;H> 06 MSMN?G =IGJIH?HNM MO=B ;M =;<FCHAӇ CHӛ

P?LN?LM ;H> NL;HM@ILG?LMӆ &??>ӛCH NCG? M?LC?M I@ QCH> JIQ?L JF;HNM ;L? =;F=OF;N?> @IL %.%2#/. ӨҒҐґҔө MN;H>ӛ

;L> ғ᾿-7 QCH> NOL<CH?M Ө%ửґҐґө QCNB BO< B?CABN =IH>CNCIHM I@ ґҕҐ GӇ ;==IL>CHA NI '?LF;=B ?N ;Fӆ ӨҒҐґґөӆ 

4B? F?P?FCM?> =IMN I@ ?F?=NLC=CNS Ө,#/%ө I@ MIF;L 06 ;H> QCH> JIQ?L CM <;M?> IH G?NBI>M >?M=LC<?> CH &;MCBC ?N 

;Fӆ ӨҒҐҒґөӆ 4B? ,#/% B;M <??H =;F=OF;N?> OMCHA ?KO;NCIHM !ғ ;H> !Ҕ CH NB? ;HH?Rӆ ! Q?CABN?> ;P?L;A? =IMN I@ 

=;JCN;F Ө7!##ө I@ җỗ CM ;MMOG?> @IL ;FF L?ACIHMӆ 4B? ;HH?R Ө4;<F? ғҒө JLIPC>?M NB? @CH;H=C;F ;H> N?=BHC=;F ;Mӛ

MOGJNCIHM @IL IHMBIL? QCH> ;H> 06 N?=BHIFIAC?Mӆ !M >CM=OMM?> CH NB?CL L?MJ?=NCP? L?@?L?H=?MӇ 06 ;H> QCH> 

JIQ?L JF;HNM ;L? JLID?=N?> <;M?> IH >?JFISG?HN ;H> F?;LHCHA L;N?Mӆ 3IF;L 06 ;H> QCH> L?JL?M?HN NB? NQI 

G;CH JCFF;LM I@ NB? ?H?LAS NL;HMCNCIHӆ #IMN L?>O=NCIHM CH L?H?Q;<F?MӇ J;LNC=OF;LFS MIF;L 06 ;H> QCH> JIQ?L 

B;P? <??H =IHMCMN?HN IP?L NB? F;MN >?=;>? ;H> ;L? ?RJ?=N?> NI =IHNCHO? CHNI NB? H?RN >?=;>?ӆ !M MBIQH CH NB? 

;HH?R Ө4;<F? ғҒөӇ NB? =IMN I@ 06 N?=BHIFIAC?M CM ?RJ?=N?> NI >?=FCH? L;JC>FS NBLIOABION NB? NL;HMCNCIH GIL? 

NB;H QCH>ӆ &CAOL? ґҖ MBIQM NB? ,#/% @IL IJNCG;FFS @CR?>Ӈ NCFN?> 06 ;H> MCHAF?ӛ;RCM NL;=ECHA 06 @IL ҒҐҒҐӝҒҐҕҐ ;N 

ґҐӛS?;L CHN?LP;FMӆ 4B? ,#/% CM ; @OH=NCIH I@ &,( ;H> =IMN ;MMOGJNCIHMӉ =IHM?KO?HNFSӇ L?ACIHM QCNB BCAB?L &,( 

A?H?L;N? FIQ?Lӛ=IMN ?F?=NLC=CNSӆ !N NB? <?MN MCN?MӇ NB? ,#/% I@ @CR?>Ӈ NCFN?> ;H> MCHAF?ӛ;RCM NL;=ECHA 06 >?=FCH?M 

@LIG ;LIOH> ỂґҙӝҒҐӮ-7B CH ҒҐҒҐ NI ;<ION ỂҗӝҘӮ-7B CH ҒҐҕҐӆ ,IQӛ=IMN 06 QIOF> <? ;==?MMC<F? ;=LIMM NB? 

AFI<? @LIG ҒҐғҐ IHQ;L>MӉ GIL? NB;H N?H L?;F F;LA?ӛM=;F? JLID?=NM ;L? EHIQH @IL ,#/% <?FIQ ỂҒҐӮ-7Bӆ $O? NI 

CNM CH=L?;MCHA =IMNӛ=IGJ?NCNCP?H?MM ;H> ?R=?FF?HN L?MIOL=? =IH>CNCIHM QILF>QC>?Ӈ MIF;L 06 QCFF ?G?LA? ;M NB? 

>IGCH;HN MIOL=? I@ ?F?=NLC=CNS A?H?L;NCIHӆ 
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&CAOL? ґҖ ,?P?FCM?> =IMN I@ 06 @CR?>Ӈ NCFN?> ӨF?@Nө ;H> MCHAF?ӛ;RCM NL;=ECHA ӨLCABNө @IL ҒҐҒҐ ӨNIJөӇ ҒҐғҐ ӨOJJ?L 

=?HNL?өӇ ҒҐҔҐ ӨFIQ?L =?HNL?ө ;H> ҒҐҕҐ Ө<INNIGөӆ 

7CH> ,#/% CM >?JC=N?> CH &CAOL? ґҗӆ 4B? ,#/% I@ QCH> JIQ?L >?J?H>M GIL? IH FI=;NCIH ;H> MBIQM ; MCAHC@Cӛ

=;HN P;LC;NCIH ;=LIMM NB? AFI<?ӆ 7CH> ,#/% >?=FCH?M @LIG ;LIOH> ỂҒҕ NI ґҕӮ-7B CH ;L?;M QCNB NB? <?MN L?ӛ

MIOL=?Mӆ 4B? ,#/% ;H> SC?F> I@ 06 ;H> QCH> JIQ?L ;L? ;>IJN?> @LIG &;MCBC ?N ;Fӆ ӨҒҐҒґөӆ 

 



  

 

&CAOL? ґҗ ,?P?FCM?> =IMN I@ QCH> ?F?=NLC=CNS Өғ -7 QCH> NOL<CH?MӇ ґҕҐ G BO< B?CABNӇ JIQ?L JF;HN =IH@CAOL;ӛ

NCIHө @IL ҒҐҒҐ ӨNIJ F?@NөӇ ҒҐғҐ ӨNIJ LCABNөӇ ҒҐҔҐ Ө<INNIG F?@Nө ;H> ҒҐҕҐ Ө<INNIG LCABNөӆ 

 

2.1.1 DAC-kerosene based on PV-wind electricity supply and low -temperature DAC  

)H NBCM MO<ӛM?=NCIHӇ NBCM QILE >?M=LC<?M NB? JLI=?MM?M OM?> NI =IHP?LN ?F?=NLC=CNSӇ Q;N?L ;H> #/Ғ NI ?ӛ@O?FMӇ Cӆ?ӆӇ 

NB? ?ӛE?LIM?H? J;NBQ;SӇ ;M Q?FF ;M NB? ;MMI=C;N?> =IMN =IGJIH?HNMӆ 4B? <;M? M=?H;LCI Ө,4 $!#ӛE?LIM?H?ө CH 

NBCM MNO>S CM <;M?> IH NB? L?MOFNM I@ &;MCBC ;H> "L?S?L ӨҒҐҒҒөӇ QBC=B GI>?F NB? =IMN ;H> IJNCG;F IJ?L;NCIH I@ 

?ӛE?LIM?H? JLI>O=NCIHӇ CH=FO>CHA L?H?Q;<F? ?F?=NLC=CNS JLI>O=NCIHӇ ;H ?F?=NLIFSM?LӇ #/Ғ $!# MSMN?G ;H> BSӛ

>LI=;L<IH MSHNB?MCM CH@L;MNLO=NOL?ӆ 4B? BS>LI=;L<IH MSHNB?MCM OHCN CH=FO>?M ; &CM=B?Lӛ4LIJM=B Ө&4ө L?;=NILӇ 

QCNB L?P?LM? Q;N?LӛA;M MBC@N Ө27'3ө ;H> @O?F OJAL;>CHA ӨBS>LI=L;=E?Lө OHCNӆ 4B? N?=BHC=;F ;H> @CH;H=C;F ;Mӛ

MOGJNCIHM I@ E?S ?ӛE?LIM?H? JLI>O=NCIH =IGJIH?HNM OM?> CH NBCM ;H;FSMCM ;L? JL?M?HN?> CH NB? ;HH?R Ө4;<F? 

ғґөӆ 4B? P;FO? =B;CH I@ ?ӛ@O?F JLI>O=NCIH CM MBIQH CH &CAOL? ґҘ Ө&;MCBC ;H> "L?S?LӇ ҒҐҒҒөӆ 

4B? ?ӛE?LIM?H? JLI>O=NCIH JLI=?MM =IHMCMNM I@ NQI G;CH MN?JMӆ )H NB? @CLMN MN?JӇ MSHA;M ӨGCRNOL? I@ (Ғ ;H> #/ө 

CM JLI>O=?> OMCHA BS>LIA?H Ө(Ғө JLI>O=NCIH <S Q;N?L ?F?=NLIFSMCM ;H> =;L<IH GIHIRC>? Ө#/ө <S NB? 27'3 

L?;=NCIHӆ &IL BS>LIA?H JLI>O=NCIHӇ NB? Q;N?L ?F?=NLIFSMCM JF;HN OM?M ?F?=NLC=;F JIQ?L NI =IHP?LN Q;N?L NI (Ғ 

;H> IRSA?H Ө/Ғөӆ (Ғ =;H <? JLI>O=?> <S >C@@?L?HN ?F?=NLIFSM?LMӇ CH=FO>CHA NB? JLINIH ?R=B;HA? G?G<L;H? 

?F?=NLIFSMCM =?FF Ө0%-%#өӇ ;FE;FCH? ?F?=NLIFSMCM =?FF Ө!%#ө ;H> MIFC> IRC>? ?F?=NLIFSMCM =?FFӆ (IQ?P?LӇ ;FE;FCH? 

N?=BHIFIAS CM ;MMOG?> CH NBCM ;H;FSMCM <;M?> IH =IMNMӇ ;JJFC=;NCIHM ;H> M=;F;<CFCNSӆ #/Ғ =;JNOLCHA CM ;MMOG?> 

G;CHFS @LIG ;G<C?HN ;CL NBLIOAB $!#Ӈ QBCF? JICHN MIOL=?M ;L? =IHMC>?L?> CH P;LC;NCIHMӆ (?;N ;H> ?F?=NLC=CNS 

L?KOCL?> @IL $!# IJ?L;NCIH ;L? MOJJFC?> @LIG Q;MN? B?;N L?=IP?L?> @LIG NB? &CM=B?Lӛ4LIJM=B JLI=?MM ;H> 

?F?=NLIFSM?LMӇ ?F?=NLC=CNSӛ<;M?> B?;N JOGJM ;H> >CL?=N ?F?=NLC=CNS =IHMOGJNCIHӆ ! >?N;CF?> >?M=LCJNCIH I@ NB? 

G?NBI>MӇ >;N; ;H> ;MMOGJNCIHM IH #/Ғ $!# =;H <? @IOH> CH &;MCBC ?N ;Fӆ ӨҒҐґҙөӆ &IL MSHA;M JLI>O=NCIHӇ #/Ғ 

;H> (Ғ ;L? OM?> CH NB? ?H>INB?LGC= JLI=?MM I@ 27'3 NI JLI>O=? =;L<IH GIHIRC>? Ө#/өӆ ! GIL? >?N;CF?> >?ӛ

M=LCJNCIH ;H> ?KO;NCIHM IH NB? JIQ?LӛNIӛMSHA;M Ө?F?=NLIFSMCM ;H> 27'3ө JLI=?MM =;H <? @IOH> CH &;MCBC ?N ;Fӆ 

ӨҒҐґҖөӆ 

)H NB? M?=IH> MN?JӇ NB? MSHA;MӛNIӛFCKOC> =IHP?LMCIH >?FCP?LM &CM=B?Lӛ4LIJM=B FCKOC>M @LIG QBC=B ?ӛE?LIM?H? 

D?N @O?F CM ?RNL;=N?>ӆ 4B? MSHA;MӛNIӛFCKOC> JLI=?MM =IHMCMNM I@ NQI MN?JMӈ &4 MSHNB?MCM ;H> JLI>O=N OJAL;>CHAӆ 

)N CM QILNB G?HNCIHCHA NB;N NB?L? ;L? NQI G;CH JLI>O=NCIH J;NBQ;SM @IL =IHP?LNCHA MSHA;M NI FCKOC> @O?FMӈ NB? 
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&4 J;NBQ;S ;H> NB? G?NB;HIF J;NBQ;Sӆ )H NBCM ;H;FSMCMӇ NB? &4 LION? CM M?F?=N?>Ӈ QBC=B B;M <??H OM?> IH 

F;LA? CH>OMNLC;F M=;F?M @IL >?=;>?M ;H> CM NSJC=;FFS <;M?> IH =I;F IL @IMMCF G?NB;H? @??>MNI=E @IL NB? MSHA;Mӆ 

4B? &4 JLI=?MM =IHP?LNM NB? MSHA;M NI >C@@?L?HN =B;CHM I@ MSHNB?NC= BS>LI=;L<IHM Өӛ#(ҒӛөHӇ I@N?H L?@?LL?> NI ;M 

MSH=LO>?ӆ 4BCM JLI=?MM CM BCABFS ?RINB?LGC=ӆ !>>CNCIH;F CH@ILG;NCIH IH P;LCIOM NSJ?M I@ &4 MSHNB?MCM =B;L;=ӛ

N?LCMNC=M =;H <? @IOH> CH &;MCBC ?N ;Fӆ ӨҒҐґҖөӆ 5JAL;>CHA NB? &4 FCKOC>M Ө&4,ө NI D?N @O?F ;H> INB?L BS>LI=;L<IHM 

=IGJLCM?M M?P?L;F MN?JMӇ HIN;<FS BS>LI=L;=ECHAӇ CMIG?LCM;NCIH ;H> >CMNCFF;NCIHӆ 

 

 

&CAOL? ґҘ 3=B?G;NC= I@ NB? P;FO? =B;CH ?F?G?HNM CH NB? JLI>O=NCIH I@ 0IQ?LӛNIӛ,CKOC>M OMCHA L?H?Q;<F? 

?F?=NLC=CNSӇ #/Ғ @LIG $!# ;H> NB? &CM=B?Lӛ4LIJM=B JLI=?MMӆ 

!<<L?PC;NCIHM CH &CAOL? ȔțȽ ;FE;FCH? ?F?=NLIFSM?L ə!%#ɚȼ L?P?LM? Q;N?LɐA;M MBC@N ə27'3ɚȼ &CM=B?Lɐ4LIJM=B ə&4ɚȼ A;MIOM <SɐJLI>ɐ

O=NM ə,&'ɚȻ 4B? >C;AL;G CM MCGJFC@C?> NI @I=OM IH NB? G;CH =IGJIH?HNMȻ 

4BCM MNO>S >?P?FIJM NQI GI>?F =IH@CAOL;NCIHM @IL $!#ӛE?LIM?H? JLI>O=NCIH <;M?> IH NB? ;JJFC?> $!# MSMӛ

N?GMӆ 4B? $!# N?=BHIFIAC?M OM?> CH NBCM L?M?;L=B ;L? FIQӛN?GJ?L;NOL? MIFC> MIL<?HN Ө,4 $!#ө ;M NB? >?@;OFN 

MIFONCIH ;H> BCABӛN?GJ?L;NOL? ;KO?IOM MIFONCIH Ө(4 $!#ө ;M ; P;LC;NCIH =;M?ӆ ,4 $!# CM NB? G;CH N?=BHIFIAS 

;P;CF;<F? @IL =IGG?L=C;F M=;F? CGJF?G?HN;NCIH ;H> @OLNB?L >?P?FIJ?> <S M?P?L;F =IGJ;HC?MӇ QBCF? (4 $!# CM 

I@@?L?> <S IH? =IGJ;HS Ө&;MCBC ?N ;FӆӇ ҒҐґҙөӆ ";MC= $!# JLI=?MM?M OM? MIFP?HN IL MIFC> MIL<?HNM ;M NB? =;JNOL? 

G?>C; ;H> L?A?H?L;NCIH GI>OF?ӆ 4B? (4 $!# MSMN?G =IHMCMNM I@ NQI =IHH?=N?> =B?GC=;F =S=F?Mӆ )H NB? ;<ӛ

MILJNCIH =S=F? ӨґMN =S=F?өӇ #/Ғ CM =;JNOL?> @LIG NB? ;NGIMJB?L? OMCHA ; MIFP?HN CH NB? ;<MILJNCIH =IFOGHӆ 4B? 

MIFONCIH @ILG?> CH NB? ;<MILJNCIH =S=F? CM NB?H NL;HMJILN?> NI NB? L?A?H?L;NCIH =S=F? ӨҒH> =S=F?ө ;H> #/Ғӛ

>?JF?N?> ;CL F?;P?M NB? MSMN?Gӆ 4B? ,4 $!# MSMN?GM B;P? ; MCHAF? OHCN QCNB MIFC> MIL<?HNӇ QB?L? ;>MILJNCIH 

;H> >?MILJNCIH ӨL?A?H?L;NCIHө N;E? JF;=? IH ; MN?Jӛ<SӛMN?J <;MCMӆ 

4B? ,4 ;H> (4 $!# MSMN?GM ;L? GI>?FF?> ;==IL>CHA NI &;MCBC ?N ;Fӆ ӨҒҐґҙөӆ )H NB? >?@;OFN GI>?F =IH@CAOL;NCIHӇ 

,4 $!# CM OM?> ;H> (4 $!# CM CHP?MNCA;N?> CH ; P;LC;NCIH =;M?Ӊ BIQ?P?LӇ ?F?=NLC=CNS CM MOJJFC?> <S ; BS<LC> 

06ӮQCH> MSMN?G CH <INB =;M?M @IL MOMN;CH;<CFCNS L?;MIHMӆ ! MOMN;CH;<F? ;H> ;@@IL>;<F? (4 $!# MSMN?G MBIOF> 

<? @OFFS ?F?=NLC@C?> Ө&;MCBC ?N ;Fӆ ҒҐґҙөӇ QBC=B CM N?=BHC=;FFS JIMMC<F? Ө#;L<IH %HACH??LCHA ҒҐґҘөӆ 4BOMӇ ; @OFFS 



  

?F?=NLC@C?> (4 $!# MSMN?G =IH@CAOL;NCIH CM =IHMC>?L?> CH NBCM MNO>Sӆ 4B? ?H?LAS =IHMOGJNCIH I@ ,4 $!# MSMӛ

N?GM CM G;CHFS CH NB? @ILG I@ B?;N ;N ;<ION ґҐҐI#Ӈ QBC=B =IOF> <? MOJJFC?> <S ; >CL?=N ?F?=NLC= B?;N?L CH =IGӛ

<CH;NCIH QCNB ; B?;N JOGJ @IL CH=L?;M?> ?@@C=C?H=Sӆ 

4B? =IMN I@ H?Q N?=BHIFIAC?M <?@IL? NB?CL QC>?MJL?;> >?JFISG?HN CM CHB?L?HNFS OH=?LN;CHӆ $!# CM ; L?F;NCP?FS 

H?Q ;H> CHHIP;NCP? N?=BHIFIAS CH ;H ?;LFS MN;A? I@ >?P?FIJG?HNӆ 4B? =IMNM I@ $!# MSMN?GM ;L? MNCFF L?A;L>?> 

;M NB? G;CH I<MN;=F? @IL ; <LI;>?L =IHMC>?L;NCIH I@ $!# MSMN?GM ;M ;H CGJ;=N@OF MIOL=? @IL MOMN;CH;<F? #/Ғ 

MOJJFSӆ (IQ?P?LӇ $!# G;S <? =IMNӛ=IGJ?NCNCP? ?;LFC?L IH QCNB MCAHC@C=;HN =IGG?L=C;FCM;NCIH ;H> P;MN CGJF?ӛ

G?HN;NCIH IP?LNCG?Ӈ G;ECHA CN =IMNӛ=IGJ?NCNCP? QCNB JICHN MIOL=? =;L<IH =;JNOL? ;H> ;H ;@@IL>;<F? =FCG;N? 

=B;HA? GCNCA;NCIH IJNCIHӆ 4B? @CH;H=C;F ;H> N?=BHC=;F ;MMOGJNCIHM @IL <INB N?=BHIFIAC?M ;L? N;E?H @LIG 

&;MCBC ?N ;Fӆ ӨҒҐґҙөӇ ;M MBIQH CH NB? ;HH?R Ө4;<F? ғґөӆ !M >CM=OMM?> CH &;MCBC ?N ;Fӆ ӨҒҐґҙөӇ NB? =;JCN;F ?RJ?H>Cӛ

NOL?MӇ ?H?LAS >?G;H>M ;H> =IMNM I@ $!# ;L? JLID?=N?> <;M?> IH >?JFISG?HN ;H> F?;LHCHA L;N?M @LIG ҒҐҒҐ NI 

ҒҐҕҐӆ 4BOMӇ =IHMC>?LCHA =IMN L?>O=NCIH QCNB F?;LHCHA ?@@?=NMӇ $!# ?G?LA?M ;M NB? FIHAӛN?LG MOMN;CH;<F? IJӛ

NCIH @IL =;JNOLCHA #/Ғӆ 

4B? L?MOFNM I@ NB? =IMN ;H;FSMCM I@ $!#ӛ&4, QCNB ,4 $!# ;L? JL?M?HN?> <?FIQӆ !PC;NCIH CM I@N?H =IHMC>?L?> 

IH? I@ NB? GIMN >C@@C=OFN M?=NILM NI >?@IMMCFCM? <?=;OM? I@ NB? =IGJF?RCNS ;H> =IMN =B;FF?HA?M CHPIFP?> Ө2;G 

?N ;Fӆ ҒҐґҙӉ ҒҐҒҐөӆ )N CM OHCKO?FS B;L> NI >?@IMMCFCM? <?=;OM? ;CL NL;P?F OM?M ; FIN I@ ?H?LASӉ GIL? CGJILN;HNFSӇ 

NB? MIӛ=;FF?> ӑ>LIJӛCHӒ L?JF;=?G?HN @IL =IHP?HNCIH;FFS >?LCP?> D?N @O?F CM MNCFF CH CNM ?;LFS >?P?FIJG?HN MN;A? 

;H> =IGG?L=C;FCM;NCIH CM MNCFF ?RJ?HMCP?ӆ !M =IMNM ;L? =LCNC=;F NI ?=IHIGC?MӇ B;PCHA ;==?MM NI FIQӛ=IMN ?ӛ@O?FM 

=IOF> <? ; =LO=C;F ;>P;HN;A? CH NB? @ONOL? NI >?@IMMCFCM? NB? ;PC;NCIH CH>OMNLSӆ ,?P?FCM?> =IMN I@ @O?F Ө,#/&ө CM 

?MNCG;N?> <;M?> IH NB? G?NBI>M >?M=LC<?> CH "IA>;HIP ?N ;Fӆ ӨҒҐҒґөӆ ,#/& B;M <??H =;F=OF;N?> OMCHA ?KO;ӛ

NCIH !ҕ CH NB? ;HH?Rӆ 4B? AFI<;F >CMNLC<ONCIH I@ &4, =IMNM CM MBIQH CH &CAOL? ґҙӇ ;JJFSCHA NB? ;MMOG?> @CH;Hӛ

=C;F ;H> N?=BHC=;F J;L;G?N?LM @IL NB? S?;LM ҒҐғҐӝҒҐҕҐ ;N ґҐӛS?;L CHN?LP;FMӉ ;<MIFON? P;FO?M @IL NB? %5ӛҒҗ ;H> 

53 ;L? JL?M?HN?> CH NB? ;HH?R Ө4;<F? ғҒөӆ 

'FI<;FFSӇ &4, =IMNM >?=FCH? NBLIOAB NB? NL;HMCNCIHӇ ;M MBIQH CH &CAOL? ґҙӆ "S ҒҐғҐӇ &4, =IOF> <? JLI>O=?> @IL 

ỂґҐҕӝґҕҐӮ-7B&4,Ӈ((6 ӨỂґӆғғӝґӆҙҐӮEAөӇ >?J?H>CHA IH NB? FI=;NCIH CH NB? QILF>ӆ &4, JLI>O=NCIH =IMNM ;N <?MN 

MCN?M =IOF> >?=FCH? NI ỂҖҐӝҗҐӮ-7B&4,Ӈ((6 ӨỂҐӆҗҖӝҐӆҘҘӮEAө CH ҒҐҕҐӆ $IG?MNC= =IMNM I@ &4, >?=FCH? @LIG ;LIOH> 

ỂґҒҕӮ-7B&4,Ӈ((6 ӨỂґӆҕҘӮEAө CH ҒҐғҐ NI ;LIOH> ỂҗҐӮ-7B&4,Ӈ((6 ӨỂҐӆҘҘӮEAө CH NB? %5ӛҒҗӇ QB?L?;M CH NB? 53Ӈ =IMNM 

;L? JLID?=N?> NI >?=FCH? @LIG ;<ION ỂґґҕӮ-7B&4,Ӈ((6 ӨỂґӆҔҕӮEAө CH ҒҐғҐ NI ỂҖҕӮ-7B&4,Ӈ((6 ӨỂҐӆҘҒӮEAө CH ҒҐҕҐӆ 

&4, =IMNM ;L? ?RJ?=N?> NI >?=L?;M? <S ҔҔỗ CH NB? %5ӛҒҗ ;H> Ҕғỗ CH NB? 53 <S ҒҐҕҐӇ =IGJ;L?> NI NB? =IMN F?Pӛ

?FM I@ ҒҐғҐӆ !MC>? @LIG NB? ;P;CF;<CFCNS I@ L?MIOL=?MӇ Cӆ?ӆ BCAB &,(Ӈ NB? =IMN I@ ?ӛ@O?FM CM F;LA?FS >?N?LGCH?> <S 

NB? =IMN I@ MOMN;CH;<F? ?F?=NLC=CNSӆ !M MBIQH &CAOL? ґҙӇ NB?L? CM =IHMC>?L;<F? >CP?LA?H=? CH &4, =IMNM ;=LIMM 

NB? QILF>Ӈ G;CHFS >O? NI P;LC;NCIH CH ?F?=NLC=CNS =IMNMӆ  

4;<F? ґґ L?JILNM $!#ӛ&4, =IMNM @LIG ҒҐғҐӝҒҐҕҐ CH NB? 53 ;H> %OLIJ? ;N =IMNӛ;NNL;=NCP? MCN?Mӆ 4BIM? ;L? M?ӛ

F?=N?> @IL NB? CH>C=;N?> =IMNM <;M?> IH MJ;NC;F L?MIFONCIH CH &CAOL? ґҙӆ )GJILNM G;S <? =IHMC>?L?> @LIG #BCF?Ӈ 

.ILNB !@LC=;Ӈ NB? -C>>F? %;MN ;H> !OMNL;FC;Ӈ ;GIHA INB?LMӇ QCNB JLIPC>?> FI=;F JLI>O=NCIH =IMNM ?R=FO>CHA 

=IMNM @IL NL;HMJILN;NCIHӆ #IMNM ;L? JLIPC>?> CH OHCNM I@ NB? BCAB?L B?;NCHA P;FO? Ө((6ө QCNB P;FO?M @IL NB? 

FIQ?L B?;NCHA P;FO? Ө,(6ө CH <L;=E?NMӆ 
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4;<F? ґґ $!#ӛ&4, =IMNM @LIG ҒҐғҐӝҒҐҕҐ CH NB? 53 ;H> %OLIJ? ;N @;PIOL;<F? MCN?Mӆ 

9?;L 5HCN %5ӛҒҗ 53 )GJILN 

ҒҐғҐ ỂӮ-7BNBӇ((6 ґҒҕ Өґғғө ґґҐ Өґґҗө ґҐҕӛґґҕ ӨґґҒӛґҒғө 

ҒҐҔҐ ỂӮ-7BNBӇ((6 Ҙҕ Өҙґө ҘҐ ӨҘҕө җҕ ӨҘҐө 

ҒҐҕҐ ỂӮ-7BNBӇ((6 җҐ Өҗҕө Җҕ ӨҖҙө ҖҐ ӨҖҔө 

 

  

 

&CAOL? ґҙ $!#ӛ&4, =IMNM @IL ҒҐғҐ ӨNIJ F?@NөӇ ҒҐҔҐ ӨNIJ LCABNө ;H> ҒҐҕҐ Ө<INNIGө <;M?> IH Ө&;MCBC ;H> "L?S?LӇ 

ҒҐҒҒөӆ #IMN OHCNM ;L? CH BCAB?L B?;NCHA P;FO?ӆ 

4B? MN??J >?=FCH? CH MIF;L 06 ;H> ?F?=NLIFSM?L =;J?R F?;>M NI ; 06 >IGCH;H=? CH AFI<;F L?ACIHM LC=B CH MIF;L 

L?MIOL=?MӇ ;M >?GIHMNL;N?> CH &CAOL? ҒҐӆ ,IQӛ=;J?R ?F?=NLIFSM?LM ;FFIQ NB? IJ?L;NCIH I@ ?F?=NLIFSM?LM ;N 

FIQ?L @OFF FI;> BIOLM QBC=B CH=L?;M?M NB? 06 MB;L?ӆ 4B? BCAB 06 ?F?=NLC=CNS MOJJFS MB;L?M OJ NI ?HNCL?FS MOJJFSӛ

CHA NB? ?F?=NLC=CNS @IL NB? @OFF AL??H BS>LIA?H MOJJFS ;H> IP?L;FF JF;HN IJ?L;NCIH ;L? @IOH> ;FL?;>S CH ҒҐғҐӇ 

QBCF? NBCM ?@@?=N <?=IG?M ?P?H GIL? >IGCH;HN <S ҒҐҔҐ ;H> ҒҐҕҐӆ 

 



  

  

 

&CAOL? ҒҐ 3B;L? I@ MIF;L 06 ?F?=NLC=CNS A?H?L;NCIH CH $!#ӛ&4, =IMNM @IL ҒҐғҐ ӨNIJ F?@NөӇ ҒҐҔҐ ӨNIJ LCABNө ;H> 

ҒҐҕҐ Ө<INNIGө <;M?> IH Ө&;MCBC ;H> "L?S?LӇ ҒҐҒҒөӆ 

%F?=NLC=CNS >?FCP?LM ;FF NB? ?H?LAS L?KOCL?> @IL $!#ӛ&4, JLI>O=NCIHӆ 4B? =IMN MB;L? I@ ?F?=NLC=CNS CH NB? @CH;F 

$!#ӛ&4, P;LC?M ;LIOH> NB? QILF>Ӈ >?J?H>CHA IH FI=;F L?MIOL=? =IH>CNCIHMӇ ;M MBIQH CH &CAOL? Ғґӆ 4B? L?F;NCP? 

=IMN MB;L? MFCABNFS >?=FCH?M @LIG ;<ION ғҕӝҔҐỗ CH <?MN MCN?M CH ҒҐғҐ NI ;<ION ғҐӝғҕỗ CH <?MN MCN?M CH ҒҐҕҐӆ 4B? 

INB?L G;DIL INB?L =IMN @L;=NCIHM CH L?ACIHM LC=B CH MIF;L L?MIOL=?M ;L? &CM=B?Lӛ4LIJM=B JF;HNM Ө;<ION ҒҐӝҒҕỗөӇ 

?F?=NLIFSM?LM Ө;<ION ҒҐỗөӇ $!# OHCNM Ө;<ION ґҐӝґҕỗө ;H> <;F;H=CHA ;H> MNIL;A? OHCNM Ө;<ION ґҐӝґҕỗөӆ 
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&CAOL? Ғґ #IMN MB;L? I@ ?F?=NLC=CNS MOJJFS CH $!#ӛ&4, =IMNM @IL ҒҐғҐ ӨNIJ F?@NөӇ ҒҐҔҐ ӨNIJ LCABNө ;H> ҒҐҕҐ Ө<INӛ

NIGө <;M?> IH Ө&;MCBC ;H> "L?S?LӇ ҒҐҒҒөӆ  

.IN? NB;N ?F?=NLC=CNS CM NB? JF;HNɇM IHFS ?H?LAS CHJON @IL @O?F JLI>O=NCIHȻ 

  



  

2.1.2 DAC-kerosene based on PV -wind electricity supply and high -temperature DAC  

)H NB? @IFFIQCHAӇ NB? L?MOFNM I@ NB? =IMN ;H;FSMCM I@ &4, QCNB (4 $!# ;L? JL?M?HN?>ӆ 'FI<;FFSӇ NB? =IMNM I@ 

$!#ӛ&4, >?=FCH? NBLIOABION NB? NL;HMCNCIHӇ MBIQCHA NB? MNLIHA CGJ;=N I@ =IHNCHOIOM >?=FCH? CH =IMNM I@ L?ӛ

H?Q;<F? ?F?=NLC=CNSӇ ;M >?JC=N?> CH &CAOL? ҒҒӆ )N CM ?PC>?HN NB;N >?=FCH? CH MIF;L 06 =IMNM F?;>M NI ; FIQ?L =IMN I@ 

?ӛE?LIM?H?Ӈ ?MJ?=C;FFS CH L?ACIHM QCNB ?R=?FF?HN MIF;L L?MIOL=? =IH>CNCIHMӆ !N <?MN MCN?MӇ NB? $!#ӛ&4, JLI>O=ӛ

NCIH =IMNM =IOF> >?=FCH? @LIG ;LIOH> ỂґґҗӮ-7B&4,Ӈ,(6 CH ҒҐғҐ NI ;<ION ỂҖҙӮ-7B&4,Ӈ,(6 CH ҒҐҕҐӆ 

 

&CAOL? ҒҒ (4 $!#ӛ&4, =IMNM @IL ҒҐғҐ ӨNIJ F?@NөӇ ҒҐҔҐ ӨNIJ LCABNө ;H> ҒҐҕҐ Ө<INNIGөӆ #IMN OHCNM ;L? CH BCAB?L 

B?;NCHA P;FO?ӆ 

&OFFS ?F?=NLC@C?> (4 $!# N?=BHIFIAS JLIPC>?M NB? IJJILNOHCNS NI LOH NB? MSMN?G ?HNCL?FS IH L?H?Q;<F? ?F?=ӛ

NLC=CNSӆ !M CFFOMNL;N?> CH &CAOL? ҒҒӇ NB? JIN?HNC;F MCN?M @IL F;LA?ӛM=;F? $!#ӛ&4, JF;HNM ;L? NBIM? QCNB BCAB &,( @IL 

L?H?Q;<F? N?=BHIFIAC?MӇ ?MJ?=C;FFS MCHAF?ӛ;RCM NL;=ECHA 06 JIQ?L JF;HNMӆ $!# JF;HNM ;L? =;JCN;FӛCHN?HMCP?Ӊ 

=IHM?KO?HNFSӇ CN CM ?MM?HNC;F NI LOH NB?G IH BCAB &,(Ӈ QBC=B QIOF> L?KOCL? BCAB ?F?=NLC=CNS ;P;CF;<CFCNSӆ 4I 

GCHCGCM? =IMNMӇ (4 $!#ӛ&4, JLI>O=NCIH @;=CFCNC?M ;L? <?MN MOCN?> CH L?ACIHM QCNB ?R=?FF?HN MIF;L L?MIOL=? =IHӛ

>CNCIHM ;M FIQӛ=IMN ?F?=NLC=CNS CM NB? G;CH JCFF;L I@ FIQӛ=IMN ?ӛ@O?FMӆ 

&CAOL? Ғғ MBIQM NB? =IMN L;NCI I@ (4 $!#ӛ&4, NI ,4 $!#ӛ&4, ;H> NB? ;>>CNCIH;F =IMN I@ (4 $!# =IGJ;L?> NI ,4 

$!# @IL &4,ӆ 4B? L?MOFNM MBIQ NB;N &4, <;M?> IH (4 $!# CM ;<ION ҕӝґҐỗ GIL? ?RJ?HMCP? NB;H NB? ,4 $!# 

LION?ӆ 4B?L? ;L? M?P?L;F L?;MIHM @IL BCAB?L =IMNM CH NB? (4 $!# LION? =IGJ;L?> NI ,4 $!#Ӈ ;M MBIQH CH &CAOL? 

Ғғӆ ,4 $!# ;=BC?P?M FIQ?L =;L<IH =;JNOL? =IMNM NB;H NB? (4 $!# LION?ӆ .IN;<FSӇ NB? ,4 $!#ӛ&4, MSMN?GM ;L? 

?=IHIGC=;FFS @;PIOL;<F? >O? NI FIQ?L B?;N MOJJFS =IMNM ;H> NB? JIMMC<CFCNS NI OM? Q;MN? B?;N @LIG INB?L MSMӛ

N?GMӇ CH J;LNC=OF;L &4 MSHNB?MCM ;H> ?F?=NLIFSM?LMӆ )H ;>>CNCIHӇ ,4 $!#ӛ&4, MSMN?GM B;P? GIL? IJNCIHM @IL 

JLIPC>CHA B?;NӇ MO=B ;M B?;N JOGJMӇ QBC=B ;L? GIL? ?H?LASӛ?@@C=C?HN ;H> =;H <? JIQ?L?> >CL?=NFS QCNB L?ӛ

H?Q;<F? ?F?=NLC=CNSӆ )N CM QILNB G?HNCIHCHA NB;N <INB ,4 ;H> (4 $!#ӛ&4, JLI>O=NCIH JF;HNM H??> NI <? FI=;N?> 

;N ?R=?FF?HNӇ P?LS FIQӛ=IMN L?H?Q;<F? ?F?=NLC=CNS MCN?M NI <LCHA @CH;F JLI>O=NCIH =IMNM >IQHӆ )H NB? =;M? I@ ;=ӛ

=?MM NI P?LS FIQӛ=IMN IL @L?? Q;MN? B?;N @IL NB? ,4 $!# MSMN?GӇ CNM >?J?H>?H=S IH P?LS FIQӛ=IMN ?F?=NLC=CNS CM 

L?F;NCP?FS FIQ?Lӆ 4B? ,4 $!# MSMN?G MBIQM BCAB GI>OF;LCNS ;H> B;M HI >?G;H> @IL ?RN?LH;F Q;N?Lӆ (IQ?P?LӇ 

,4 $!# N?=BHIFIAS G;S =;JNOL? GICMNOL? =IHN;CH?> CH NB? ;CL CH ;>>CNCIH NI #/ҒӇ ;H> NBCM ;P;CF;<F? Q;N?L G;S 

<? OM?> CH NB? ?F?=NLIFSMCM MN?Jӆ 
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&CAOL? Ғғ !>>CNCIH;F =IMN I@ (4 $!# =IGJ;L?> NI ,4 $!# @IL $!#ӛE?LIM?H? @IL ҒҐғҐ ӨNIJ F?@NөӇ ҒҐҔҐ ӨGC>>F? 

F?@Nө ;H> ҒҐҕҐ Ө<INNIG F?@Nөӆ #IMN L;NCI I@ (4 $!# NI ,4 $!# @IL $!#ӛE?LIM?H? @IL ҒҐғҐ ӨNIJ LCABNөӇ 

ҒҐҔҐ ӨGC>>F? LCABNө ;H> ҒҐҕҐ Ө<INNIG LCABNөӆ 

4B? %5ӛҒҗ MN;H>M NI <?H?@CN @LIG @O?F CGJILNMӆ %ӛE?LIM?H? JF;SM ; PCN;F LIF? CH ;=BC?PCHA =FCG;N? H?ONL;FCNS 

CH NB? %5ӛҒҗ ;H> NB? 53 <S ҒҐҕҐӆ 2;G ?N ;Fӆ ӨҒҐҒҐө MBIQ NB;N NB? %5ӛҒҗ ;H> 53 ;L? ;<F? NI <?=IG? @OFFS =FCӛ

G;N?ӛH?ONL;F <S ҒҐҕҐ C@ NB?S =IGJFS QCNB NB? ;G<CNCIOM 0;LCM !AL??G?HNӆ 4B? =IMNӛ?@@?=NCP?H?MM I@ ?ӛE?LIӛ

M?H? CH=L?;M?M ;M NB? =IMN I@ L?H?Q;<F? ?F?=NLC=CNS >?=FCH?Mӆ (IQ?P?LӇ NB? %5ӛҒҗ G;S L?KOCL? CGJILNM I@ $!#ӛ

E?LIM?H? D?N @O?F @LIG 3IONB !G?LC=; Ө0?LOӇ #BCF?Ӈ "IFCPC;өӇ .ILNB !@LC=; Ө?ӆAӆ -ILI==IӇ !FA?LC;Ӈ %ASJNөӇ NB? 

-C>>F? %;MN Ө/G;HӇ 3;O>C !L;<C;Ӈ 5HCN?> !L;< %GCL;N?Mө ;H> !OMNL;FC;Ӈ ;N FI=;F JLI>O=NCIH =IMNM I@ ;<ION 

ỂґҐҕӝґґҕӇ ỂҗҕӇ ;H> ỂҖҐӮ-7B CH ҒҐғҐӇ ҒҐҔҐ ;H> ҒҐҕҐ L?MJ?=NCP?FSӆ 

/QCHA NI NB?CL JLIJ?LNC?MӇ ?ӛ@O?FM =;H <? MNIL?>Ӈ NL;HMJILN?> ;H> NL;>?> QILF>QC>?ӆ 4BCM L?M?;L=B MBIQM NB;N 

L?ACIHM QCNB ?R=?FF?HN L?H?Q;<F? L?MIOL=?MӇ G;CHFS MIF;LӇ MO=B ;M =IOHNLC?M ;H> L?ACIHM CH 3IONB !G?LC=; ;H> 

!@LC=;Ӈ <ON ;FMI !OMNL;FC;Ӈ =;H <?=IG? ?RJILN?LM I@ L?H?Q;<F? @O?FMӆ )N CM QILNB G?HNCIHCHA NB;N ?ӛ@O?FM =;H <? 

JLI>O=?> >IG?MNC=;FFS @IL CH=L?;M?> M?F@ӛMO@@C=C?H=S ;H> M?=OLCNS CH NB? %5ӛҒҗӆ (IQ?P?LӇ NB? L?ACIH =;H <?ӛ

=IG? ;H CGJILN?L ;H> <?H?@CN @LIG FIQ?L =IMN JLI>O=NCIH ;N <?MN MCN?Mӆ .IN;<FSӇ =IOHNLC?M ;H> L?ACIHM QCNB 

?R=?FF?HN MIF;L L?MIOL=? MCN?M ;LIOH> NB? ?KO;NIL B;P? GIL? ;NNL;=NCP? IJJILNOHCNC?M NI JLI>O=? ?ӛ@O?FM MCH=? 

=IMNӛCH>O=CHA M?;MIH;F P;LC;NCIHM ;L? ;N ; GCHCGOGӆ 2;G ?N ;Fӆ ӨҒҐҒҐө BCABFCABN NB;N NB? CHN?LH;NCIH;F NL;>? I@ 

?ӛ@O?FM <LCHAM ;<ION <?H?@CNM @IL =IOHNLC?M CH NB? %5ӛҒҗӆ !M NB? =IMN I@ ?ӛ@O?F >?=FCH?M NBLIOABION NB? NL;HMCӛ

NCIHӇ NB? %5ӛҒҗ MN;H>M NI <?H?@CNӇ ?P?H CH NB? @;=? I@ >?=FCHCHA L?H?Q;<F? ?F?=NLC=CNS =IMNMӇ G?;HCHA NB;N NB? 



  

%5ӛҒҗ H??>M NI MNL;N?ACM? FIHAӛN?LG NL;>CHA QCNB E?S J;LNH?LM ;LIOH> NB? QILF>ӆ ! =IG<CH;NCIH I@ FI=;F JLIӛ

>O=NCIH CH NB? %5ӛҒҗ ;H> CGJILNM G;S <? NB? <?MN Q;S NI =IG<CH? MOJJFS M?=OLCNS ;H> =IMNӆ 

2.1.3 DAC-kerosene based on hydropower -aided electricity supply and low -temperature DAC  

)H NB? @IFFIQCHAӇ NB? L?MOFNM I@ BS>LIJIQ?Lӛ;C>?> &4, M=?H;LCIM ;L? JL?M?HN?>ӆ )H NB?M? M=?H;LCIMӇ BS<LC> 

BS>LIӮ06ӮQCH> JIQ?L JF;HNM ;L? NB? MIOL=? I@ L?H?Q;<F? ?F?=NLC=CNS @IL &CM=B?Lӛ4LIJM=B ;H> ,4 $!# MSMN?GMӆ 

4B? @IFFIQCHA BS>LIJIQ?Lӛ;C>?> &4, CM =IHMNL;CH?> ;M @IFFIQMӈ 

Â #IHMNL;CHN ґӈ (S>LIJIQ?L A?H?L;NCIH CM FCGCN?> CH ; MN?Jӛ<SӛMN?J JLIAL?MMCIH @LIG ; GCHCGOG I@ ҒҕӝҕҐỗ 

;H> ґҐҐỗ I@ NB? BCAB?L B?;NCHA P;FO? I@ NB? &4, ;HHO;F MOJJFSӉ 

Â #IHMNL;CHN Ғӈ (S>LIJIQ?L =;J;=CNS CM FCGCN?> CH ; MN?Jӛ<SӛMN?J JLIAL?MMCIH @LIG ; GCHCGOG I@ ҕҐỗӇ ґҐҐỗ 

;H> ғҐҐỗ I@ NB? BCAB?L B?;NCHA P;FO? I@ NB? &4, BIOLFS <;M?FI;> MOJJFSӉ 

Â #IHMNL;CHN ғӈ ! G;RCGOG I@ ґҐỗ I@ ; L?ACIH;F BS>LI >;G =;J;=CNS ;H> ;HHO;F ?F?=NLC=CNS A?H?L;NCIH =;H 

<? =IHMOG?> CH ; HI>? I@ ; F;LA?ӛM=;F? &4, JF;HNӆ 

4B? JIN?HNC;F I@ BS>LIJIQ?L QILF>QC>? CM CHP?MNCA;N?> CH N?LGM I@ ;P;CF;<F? =;J;=CNSӇ A?H?L;NCIH JIN?HNC;F 

;H> =IMNMӆ (S>LIJIQ?L CM ; P;FO;<F? L?H?Q;<F? ?H?LAS L?MIOL=?ӆ .IN;<FSӇ >;GG?> BS>LIJIQ?L JF;HNM ;L? ;H 

?R=?FF?HN >CMJ;N=B;<F? L?H?Q;<F? L?MIOL=? ;H> =;H ;=N ;M PCLNO;F MNIL;A? ;H> JLIPC>? @F?RC<CFCNS CH ;H ?H?LAS 

MSMN?Gӆ &CAOL? ҒҔ CFFOMNL;N?M NB? AFI<;F =;J;=CNS ;H> NB? ,#/% I@ BS>LIJIQ?L @IL ҒҐғҐӝҒҐҕҐ ;N ґҐӛS?;L CHN?Lӛ

P;FMӆ 4B? BCAB?MN =;J;=CNS JIN?HNC;F CM @IOH> CH "L;TCFӇ #;H;>;Ӈ 3J;CHӇ 4OLE?SӇ .ILQ;SӇ 2OMMC;Ӈ #BCH; ;H> MIG? 

J;LNM I@ NB? 53Ӈ J;LNC=OF;LFS NB? 7?MN?LH MN;N?Mӆ 4B?M? =IOHNLC?M IL L?ACIHM B;P? ; BS>LIJIQ?L =;J;=CNS ;<IP? 

ґҐ '7ӆ 4B? BS>LIJIQ?L JIN?HNC;F CM Q?FF ;<IP? Ґӆҕ '7 CH GIMN I@ NB? QILF>ӒM L?ACIHMӇ ;M CFFOMNL;N?> CH &CAOL? 

ҒҔӆ !N <?MN MCN?MӇ NB? ,#/% I@ BS>LIJIQ?L CM CH NB? L;HA? I@ ỂґҐӝғҐӮ-7Bӆ 
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&CAOL? ҒҔ (S>LI >;G L?ACIH;F =;J;=CNS CH ҒҐғҐ ӨNIJ F?@NөӇ ҒҐҔҐ ӨGC>>F? F?@Nө ;H> ҒҐҕҐ Ө<INNIG F?@Nөӆ ,?P?Fӛ

CM?> =IMN I@ ?F?=NLC=CNS I@ BS>LIJIQ?L CH ҒҐғҐ ӨNIJ LCABNөӇ ҒҐҔҐ ӨGC>>F? LCABNө ;H> ҒҐҕҐ Ө<INNIG 

LCABNөӆ 

4B? MB;L? I@ QCH> JIQ?L CH NB? 06ӮQCH> ?F?=NLC=CNS MOJJFS GCR >?=L?;M?M <S CH=L?;MCHA BS>LIJIQ?L QCNB 

BCAB?L FCGCNM CH G;CH =IHMNL;CHNM ґ ;H> ҒӇ QBCF? NB? CGJ;=N I@ NB? ?@@?=N CM L?>O=?> @LIG ҒҐғҐ NI ҒҐҕҐ CH GIMN 

J;LNM I@ NB? QILF>ӆ 4B? CGJ;=N I@ BS>LIJIQ?L IH NB? MB;L?M I@ NB? 06ӮQCH> GCR @IL ҒҐғҐ ;H> ҒҐҕҐ CM CFFOMӛ

NL;N?> CH &CAOL? Ғҕӆ 2?MOFNM MBIQ NB;N ҒҐӝғҐỗ I@ QCH> ?F?=NLC=CNS CM MO<MNCNON?> <S BS>LIӛ?F?=NLC=CNS QB?L? 

BCAB?L MB;L?M ;L? ;FFIQ?>ӆ 7BCF? ; MO<MNCNONCIH I@ OJ NI ҕҐỗ I@ QCH> ?F?=NLC=CNS =;H <? I<M?LP?> CH P;LCIOM 

L?ACIHMӇ CH INB?L L?ACIHMӇ MO=B ;M CH 3Q?>?HӇ QCH> ?F?=NLC=CNS QIOF> <? ?HNCL?FS MO<MNCNON?> OMCHA NB? MIFONCIHӇ 

Cӆ?ӆ @LIG BS<LC> 06ӮQCH> NI BS<LC> 06ӮBS>LIӛ?F?=NLC=CNS MOJJFSӉ NB?M? ?@@?=NM =;H <? I<M?LP?> CH ҒҐғҐ ;H> 

ҒҐҕҐӇ QCNB NB? F;NN?L M??CHA ; GIL? MO<MN;HNC;F CGJ;=N I@ BS>LIJIQ?Lӆ )N CM QILNB G?HNCIHCHA NB;N BS>LIJIQ?L 

CM MNLIHAFS FCGCN?> CH N?LGM I@ PIFOG?Ӈ ;M CN CM ?RCMNCHA BS>LIJIQ?L NI <? G;CHFS =IMNӛ;NNL;=NCP?ӆ 4B? =IMN I@ 

H?Q BS>LIJIQ?L QIOF> <? NII BCABӆ 

 



  

 

&CAOL? Ғҕ )GJ;=N I@ BS>LIJIQ?L IH 06ӮQCH> MB;L?Mӆ (S>LIJIQ?L ?F?=NLC=CNS FCGCNӈ Ґỗ I@ &4, ;HHO;F MOJJFSӇ 

BS>LIJIQ?L =;J;=CNS FCGCNӈ Ґỗ I@ &4, BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨґMN LIQ F?@Nө ;H> ҒҐҕҐ ӨґMN 

LIQ LCABNөӇ BS>LIJIQ?L ?F?=NLC=CNS FCGCNӈ Ғҕỗ I@ &4, ;HHO;F MOJJFSӇ BS>LIJIQ?L =;J;=CNS FCGCNӈ ҕҐỗ 

I@ &4, BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨҒH> LIQ F?@Nө ;H> ҒҐҕҐ ӨҒH> LIQ LCABNөӇ BS>LIJIQ?L ?F?=NLC=ӛ

CNS FCGCNӈ ҕҐỗ I@ &4, ;HHO;F MOJJFSӇ BS>LIJIQ?L =;J;=CNS FCGCNӈ ґҐҐỗ I@ &4, BIOLFS <;M?FI;> MOJJFS 

CH ҒҐғҐ ӨғL> LIQ F?@Nө ;H> ҒҐҕҐ ӨғL> LIQ LCABNөӇ BS>LIJIQ?L ?F?=NLC=CNS FCGCNӈ ґҐҐỗ I@ &4, ;HHO;F 

MOJJFSӇ BS>LIJIQ?L =;J;=CNS FCGCNӈ ғҐҐỗ I@ &4, BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨҔNB LIQ F?@Nө ;H> 

ҒҐҕҐ ӨҔNB LIQ LCABNөӆ 

 

&LIG ; =IMN J?LMJ?=NCP?Ӈ BS>LIJIQ?L MCAHC@C=;HNFS L?>O=?M &4, =IMNM CH .ILNB?LH %OLIJ? ;H> .ILNB !G?LC=;ӆ 

4B? =IMN <?H?@CN I@ BS>LIJIQ?L CH L?F;NCP? HOG<?L =;H <? PCMO;FCM?> CH &CAOL? ҒҖӆ #IMN L?>O=NCIH CM CH NB? 

L;HA? I@ ґҐӝґҕỗ CH G;HS =;M?MӇ QBCF? CN =;H L?;=B OJ NI ҔҐỗ CH =;M?M I@ BCAB ;P;CF;<CFCNS I@ BS>LIJIQ?L CH 

=IG<CH;NCIH QCNB BCAB 06ӮQCH> =IMN CH P;LCIOM L?ACIHMӇ ;M MBIQH CH &CAOL? ҒҖӆ .IN;<FSӇ NB? FIQ?MN &4, =IMN 
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L?ACIHM CH NB? QILF> ;L? MNCFF B;L>FS CH@FO?H=?> <S NB? ;P;CF;<CFCNS I@ BS>LIJIQ?Lӆ 4BCM L?M?;L=B MBIQM NB;N 

=IOHNLC?M IL L?ACIHM =FIM? NI NB? ?KO;NIL ;L? =B;L;=N?LCM?> <S ?R=?FF?HN L?H?Q;<F? L?MIOL=?MӇ G;CHFS MIF;LӇ 

QBC=B ;L? HIN MCAHC@C=;HNFS CH@FO?H=?> <S BS>LIJIQ?Lӆ 4B? JF;OMC<F? L?;MIH @IL NBCM CM NB? @;PIOL;<F? ?=IHIGӛ

C=M I@ BS<LC> 06ӮQCH> ,#/% IL 06 ,#/% QB?L? NB? QCH> L?MIOL=? CM FCGCN?>Ӊ <INB CH =IG<CH;NCIH QCNB ;@@IL>;ӛ

<F? BS>LIA?H MNIL;A?ӆ )H ;>>CNCIH NI NB?CL ?R=?FF?HN MIF;L =IH>CNCIHMӇ NB? FIQ?MN =IMN =IOHNLC?M <?H?@CN @LIG 

NB? >?=FCHCHA =IMNM I@ MIF;L 06 N?=BHIFIAC?Mӆ 

 

 

&CAOL? ҒҖ )GJ;=N I@ BS>LIJIQ?L IH F?P?FCM?> =IMN I@ &4, ӨL?F;NCP?өӆ (S>LIJIQ?L ?F?=NLC=CNS FCGCNӈ Ғҕỗ I@ &4, 

;HHO;F MOJJFSӇ BS>LIJIQ?L =;J;=CNS FCGCNӈ ҕҐỗ I@ &4, BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨґMN LIQ F?@Nө 

;H> ҒҐҕҐ ӨґMN LIQ LCABNөӇ BS>LIJIQ?L ?F?=NLC=CNS FCGCNӈ ҕҐỗ I@ &4, ;HHO;F MOJJFSӇ BS>LIJIQ?L =;J;=ӛ

CNS FCGCNӈ ґҐҐỗ I@ &4, BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨҒH> LIQ F?@Nө ;H> ҒҐҕҐ ӨҒH> LIQ LCABNөӇ BS>LIӛ

JIQ?L ?F?=NLC=CNS FCGCNӈ ґҐҐỗ I@ &4, ;HHO;F MOJJFSӇ BS>LIJIQ?L =;J;=CNS FCGCNӈ ғҐҐỗ I@ &4, BIOLFS 

<;M?FI;> MOJJFS CH ҒҐғҐ ӨғL> LIQ F?@Nө ;H> ҒҐҕҐ ӨғL> LIQ LCABNөӆ 

 

! GIL? CHӛ>?JNB PC?Q I@ NB? CGJ;=N I@ BS>LIJIQ?L IH NB? F?P?FCM?> =IMN I@ &4, CM JL?M?HN?> CH &CAOL? ҒҗӇ BCABӛ

FCABNCHA NB? GIMN ;H> F?;MN CGJ;=N?> =IOHNLC?M IL L?ACIHM QILF>QC>?ӆ 4B? =IMN <?H?@CN I@ BS>LIJIQ?L CH ;<ӛ

MIFON? HOG<?LM CM PCMO;FCM?> CH &CAOL? Ғҗӆ &4, =IMN L?>O=NCIH CM CH NB? L;HA? I@ ỂґҐӝғҐӮ-7B&4,Ӈ,(6 <ON =;H <? 

BCAB?LӉ BIQ?P?LӇ NB? =IMN L?>O=NCIH >?=L?;M?M IP?L NCG?ӆ 



  

!M BCABFCABN?> CH NBCM L?M?;L=BӇ >C@@?L?HN =IOHNLC?M ;H> L?ACIHM <?H?@CN @LIG NB? CGJ;=NM I@ BS>LIJIQ?L NI P;Lӛ

CIOM ?RN?HNMӆ 4B? NIJ <?H?@C=C;LC?M I@ BS>LIJIQ?Lӛ;C>?> M=?H;LCIM ;L? =IOHNLC?M CH NB? HILNB?LH B?GCMJB?L?Ӈ 

QBCF? FIQӛ=IMN JLI>O=NCIH MCN?M <?H?@CN NB? F?;MNӆ .IN;<FSӇ NB? =IMN <?H?@CNM I@ BS>LIJIQ?L ;L? BCAB?MN CH 

=IOHNLC?M IL L?ACIHM QB?L? =IMNӛCH>O=CHA M?;MIH;F P;LC;NCIHM ;L? ;N ; BCAB F?P?Fӆ (IQ?P?LӇ NB? CGJ;=N I@ BSӛ

>LIJIQ?L IH &4, =IMNM CM FIQ ;N <?MN JLI>O=NCIH MCN?M MCH=? =IMNӛCH>O=CHA M?;MIH;F P;LC;NCIHM ;L? ;N ; GCHCӛ

GOGӆ 4BOMӇ >O? NI CNM >CMJ;N=B;<CFCNSӇ >;GG?> BS>LIJIQ?L =IHNLC<ON?M NI IP?L;FF MSMN?G @F?RC<CFCNS QB?H 

06ӮQCH> ?F?=NLC=CNS CM FCGCN?>ӆ 

(S>LIJIQ?L ;C>M NB? L;JC> G;LE?N;<CFCNS I@ $!#ӛE?LIM?H?ӆ 4B? JF;OMC<F? L?;MIH @IL NBCM JB?HIG?HIH CM NB? 

;P;CF;<CFCNS I@ FIQӛ=IMN BS>LIJIQ?L ;N NB? MN;LN I@ NB? NL;HMCNCIHӆ 4B? ?RCMNCHA BS>LIJIQ?L L?M?LPICLM JLIPC>? 

FIQӛ=IMN ?F?=NLC=CNS NI =IGJF?G?HN MIF;L 06 A?H?L;NCIH ;N NB? <?ACHHCHA I@ NB? NL;HMCNCIH QB?H QCH> JIQ?L CM 

HIN S?N =IMNӛ=IGJ?NCNCP?ӆ .IN;<FSӇ NB? IJNCIH I@ BS>LIJIQ?Lӛ;C>?> &4, <LCHAM =IMN <?H?@CNM @IL L?ACIHM CH NB? 

HILNB?LH F;NCNO>?Ӈ MO=B ;M #;H;>;Ӈ %OLIJ? ;H> %OL;MC;Ӈ QBC=B QCNH?MM =IMN L?>O=NCIHM I@ ;LIOH> ґҐӝғҐỗ IL 

?P?H BCAB?Lӆ &4, =IMNM >?=FCH? NBLIOABION NB? NL;HMCNCIH <S CH=L?;MCHA BS>LIJIQ?L QCNB BCAB?L FCGCNM CH G;CH 

=IHMNL;CHNM ґ ;H> ҒӇ QBCF? NB? CGJ;=N I@ NB? ?@@?=N CM L?>O=?> @LIG ҒҐғҐ NI ҒҐҕҐ CH GIMN J;LNM I@ NB? QILF>ӆ 

4BCM L?M?;L=B MBIQM NB? JIMMC<CFCNS I@ ; @;MN?L JB;M?ӛCH I@ &4, <S ;<ION ҕӝґҐ S?;LM =IGJ;L?> NI NB? <;M? 

M=?H;LCI ;M CFFOMNL;N?> CH &CAOL? ҒҖ ;H> &CAOL? ҒҘӆ 4BCM JB?HIG?HIH CM G;>? JIMMC<F? <S FIQӛ=IMN BS>LIJIQ?L 

;H> CM G;CHFS I<M?LP?> CH NB? HILNB?LH B?GCMJB?L? CH #;H;>;Ӈ %OLIJ? ;H> %OL;MC;ӆ #IOHNLC?M CH NB? AFI<;F 

MOH <?FN =;H JL?>IGCH;HNFS <?H?@CN @LIG FIQӛ=IMN MIF;L JIQ?Lӆ 
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&CAOL? Ғҗ )GJ;=N I@ BS>LIJIQ?L IH F?P?FCM?> =IMN I@ &4, Ө;<MIFON?өӆ (S>LIJIQ?L ?F?=NLC=CNS FCGCNӈ Ғҕỗ I@ &4, 

;HHO;F MOJJFSӇ BS>LIJIQ?L =;J;=CNS FCGCNӈ ҕҐỗ I@ &4, BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨґMN LIQ F?@Nө 

;H> ҒҐҕҐ ӨґMN LIQ LCABNөӇ BS>LIJIQ?L ?F?=NLC=CNS FCGCNӈ ҕҐỗ I@ &4, ;HHO;F MOJJFSӇ BS>LIJIQ?L =;ӛ

J;=CNS FCGCNӈ ґҐҐỗ I@ &4, BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨҒH> LIQ F?@Nө ;H> ҒҐҕҐ ӨҒH> LIQ LCABNөӇ 

BS>LIJIQ?L ?F?=NLC=CNS FCGCNӈ ґҐҐỗ I@ &4, ;HHO;F MOJJFSӇ BS>LIJIQ?L =;J;=CNS FCGCNӈ ғҐҐỗ I@ &4, 

BIOLFS <;M?FI;> MOJJFS CH ҒҐғҐ ӨғL> LIQ F?@Nө ;H> ҒҐҕҐ ӨғL> LIQ LCABNөӆ 

 

'FI<;FFSӇ BS>LIJIQ?Lӛ;C>?> &4, =IMNM >?=FCH? NBLIOABION NB? NL;HMCNCIHӇ ;M CFFOMNL;N?> CH &CAOL? ҒҘӆ "S ҒҐғҐӇ 

&4, =IOF> <? JLI>O=?> @IL ỂґҐҗӝґҒҘӮ-7BNBӇ,(6Ӈ >?J?H>CHA IH FI=;NCIHӆ !M NB? MSMN?G MQCN=B?M @LIG BS<LC> 

06ӮQCH> MSMN?GM NI BS<LC> 06ӮQCH>ӮBS>LIӇ =IMNM CH G;HS L?ACIHM I@ NB? QILF> >?=FCH? HINC=?;<FSӆ )H NB? BSӛ

>LIJIQ?Lӛ;C>?> M=?H;LCIMӇ NB? FIQ?MN =IMN ;=BC?P?> CM CH NB? L;HA? I@ ỂҕғӝҙҐӮ-7BNBӇ,(6 ӨỂҕҐӝҘҕӮ-7BNBӇ((6 ө CH 

ҒҐҕҐ CH GIMN J;LNM I@ NB? QILF>Ӈ ;M CFFOMNL;N?> CH &CAOL? ҒҘӆ 

 
























































































































































