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7] ojstoixtielal 7)1

1. A2
AHER= Mg Mt A1l 5O 2 o]Fojd 7hg 7|12 A< A% AmolAE AHE A9e A7, Mast
3 A G Sl tiEAQ U oA ThaH] AFGol] ittt StARIERS] 2] 2021 $H=ie] AFIE 4t
A SA o wh2H, 202149 7]5 S AHIE AARFS 50,4507 £ EE ol AlA| 1390l @t 4]
CED AJIE Ak 2 N3] 2fagolut Bl i AAMA] Ajol] )8t tpR o] ZHE Hok4] -
oA o] FoA| 0L, N ZYg - 1, 23 28] - A3 5} A - ds %JH ZW AT - AHE
= N =

o] ZAEA 2547 1550 da7F 28E CKD(Cement Kiln Dust)7} tiEF
4 Yzitol| A ojatstetart v EEnt 2o CKD+= A Q#7782 575 0] oF 407 ¥/E9] X H]
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Go] Asl] mhizol olF & wigstEe Al=Eo] AWE= Aot Bt Ol&ihiﬁﬂ 8% 2019
@ 7)% AJRIE A0 = gla) MAYsH &2 oF 39,000,000 E 0], AU AR EoAl ARE 2]
o] vl 3915 7155kl QUrk. whehA] FHishHE 7]5o] U8k, AMIE 4141 €] %‘%ﬂ%% =
Q1) CKDE 831 918 bl ohs] =018 Bt ek

o|xkstebA X7 - A% - -8 7]&(Carbon Capture, Utilization & Storage, ©]5} CCUS)-2 A &
ZgofA B sh= oAketRAE TSt AFBIY, RV SgtER Hgketo] #8etk= ]golt)
Az $19] A a5 7 SEt et A SRS e A7 2] o) miRe] BagHe 9
3l CCUSY] 719 % 71 2 Ao 2 ofAFHc) IEA(International Energy Agency)+= 2050 CCUS
O] Hady 7|9EE o 5% = AAF oMY AME A40] -9 CCUS7} A9] §:U3t CO, #4177t
& ALFHTP, CCUST} 2217 AASHHA] AFQEARAE = 2021 99 ‘Net-Zero 42Q3HAF <]
A5 R&D T4 % SR ARIE 21939] A2 ulyl7ks b CO» 4 /1% el $48 CO.8 23

1L
FEAE Azl A48 4 Q= WY BEE gist 71 B AL St MEe) Alx Ve e
A Lst3itt. o|ek o] CCUS 7ol thet G- 9 AL =3l Q= FAIYU0IE BHsial oy
7HA B 9 A e A 0]“4, 20219 W= K-CCUS F1do] G A1 Ade 19 =
oJth. whetr EaLe] BA2 ARIES] FARR] A A4 3o Wdst= CKDE CO,E HHgAl
CaCOsE& Aadste= THgoll tist A1 B7tet BEo] 7 23E nig ez CCUS 2/gs) {ete] vis)
wolsl=t] FAo] Utk #319] H/d2 that 2tk 280 M= CKD H<= 7] '} CCUE o]-8-31
CKDE CaCOsz ghst= o] Aol thal] =ClshH, 3dolA ZAld W7Hs Edle 83 AlAS,
4NN = A2 T JAE AABILA} Sk,

O

)
[}

[‘E
L
_\L“u

=
2. AN 24
CKDE ©< H7|5t= "7 CCU 7]&<S &-83] CKDE CaCOsz Hetst= oz 237 A4t
& Lol BAE £AE £33, ojull, WA &7 TPgollA] eart iAdshe W, stz By, &
SR AR SATIA WY 38R F A3 TATHA WSSt BTt Al drt.
7} CKD £he 17| W
T G 2971 A HlEoll 714 o2 CKDY #7] Bl-&3 viEH CO¢9 HiEd 714s o
3l Aty 4, 2987 A HIE-S ol Yaliate 29871 A84tol Tigk CAPEX(Capital Expendi-
tures)$} OPEX(Operating Expenditures)E A s},
3 BER SAAZHEEHE2020) p. 33 HE

4) TEA(2020), p. 74 &=
5 SHROILAK|7| & A2 (2021), p. 5 HE,
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S EMNO A[HIE ZA S Z20IM AEH7 |2 M2| BIES 12e CCU gAY 24 B 2t FAl Fet

14

1) CAPEX 7|4t

CAPEX+ Equipment Costse} Set Up CostsZ WHEHY, <3 1>3} o] Total Equipment
Costs(TEC)E A|£|st gESo] B Set Up Costse] ZEETE [EA BIAME Fste]) S7)
910,000 t/yrE 4§ats}= plante] TECE €87000,0002 AH&38153 01, 20084 7]4;‘— k8- 1103.36 W/ES
2831 W95,992,320,0000]T}. 3G 3t ThA] SR 714 2 $HAkslH W128,331,978,6100] T}, o, Al
HIE A o]l 27 AL AT sl TECE Hig 2 & YA %P%EOH tiste] <3 1>
T Zo] AN, HE40 2 7t 0] 4t @Al <3 2>0f YRt

E oAM= A ZuUjollA €4 <1 cement plante] FRE Fi1ste] 5000 t/day & AAE 43
39T <4+4] 1> ‘six-tenth rule’s #-85}0] %2 CAPEX Fh2 W673,651,541,8745 A8t

CAPEX 74t

Capital Cost Elements Nominal Value
A Process equipment cost (PEC) Sum of all process equipment
Equipment costs B General facilities 10-20% PEC
Total equipment cost (TEC) A+B
C Instrumentation 15% TEC
D Piping 20% TEC
E  Electrical 7% TEC
F Total installed cost (TIC) A+B+C+D+E
G Start-up costs 8% TIC
Set up costs H Engineering 5% TIC
| Owners costs 7% (F+ G +H)
| Engmeeri.ng procuremer,lt, FrG+H ]
construction and owner’s cost (EPCO)
K Project contingency 10% EPCO
Total capital cost (CAPEX) J+K

XIZ:Minh T et al., Comparison of MEA capture cost for low CO, emissions sources in Australia, 2011.1

six-tenth rule

Q n
Costg = Cost 4 X (—B) Q : Capacity
Q4

6) MinhT.Ho et al(2011), p. 51-54 &%
7) 1EA(2008), p. 130-135 &=
8) Stefania Osk Gardarsdottir et al.(2019), p. 6-7 &=
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)))"'l

N

227 CAPEX A2t A1t

ﬁ
N

Total Equipment costs (TEC)

#128,331,978,610

Instrumentation

#19,249,796,791

Piping

#25,666,395,722

Electrical

#8,983,238,503

Total installed cost

#182,231,409,626

Start-up costs

#14,578,512,770

Engineering

#9,111,570,481

Owners costs

#14,414,504,501

Engineering, procurement, construction and
owner’s cost (EPCO)

%220,335,997,378

Project contingency

#22,033,599,738

Total CAPEX

%242,369,597,116

six-tenth rule & = CAPEX

#673,651,541,874

2) OPEX 7{|At

OPEX+= Variable Costs¢} Fixed CostsZ FAETE o= <E 3> 28X
o]

S, W) ) ARE QA $2E Tl FEE W40,0000000.2,

31, salariesE APgst & Lhz] 18-S H|&of] W] Apeith ALl Axt

9) Asmaa Mahdi Al-Hashimi and Ameer Ageed kadhim Al-ardawe(2020), p. 9 &=,
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S EMNO A[HIE ZA S Z20IM AEH7 |2 M2| BIES 12e CCU gAY 24 B 2t FAl Fet

FER) =217 CAPEX 7|AF Zat
N Ratio to Total OPEX(%)
0.38
Direct wages #457,142,857.14 0.08
Indirect wages W342,857,142.86 0.06
Commodities supplies W742,857,142.86 0.13
Service supplies WA57,142,857.14 0.08
Other costs W171,428,571.43 0.03
Fixed Costs 0.62
Salaries %1,200,000,000.00 0.21
Commodity Supplies ¥857,142,857.14 0.15
Service supplies #685,714,285.71 0.12
Interest and Rents W342,857,142.86 0.06
Depreciation #285,714,285.71 0.05
Other costs W171,428,571.43 0.03
Total OPEX W5,714,285,714.29 100%

A= Asmaa Mahdi Al-Hashimi and Ameer Ageed kadhim Al-ardawe, Implementing Target Costing within the Supply Chain
to Lean, 2020.1

CKD #7] H|8-& Attt CKD= = 9] A4 /dRo] 23E o] Jon e APA/|E=ZN £ 9

W400,0002] 2] H|-g-o] TAFSHHO, 1E0] SAE A4FE wj) 0.252] CKD7} P gstn = 2l A

73t cement planto] tis] @A}t A CKDE= 1,000,000E0]c}, oo Tt & #7] H|&-& <& 4>
o} At

EXR) =7 CAPEX A4t ZAT}

CKD M2 H| & W400,000/tCKD
CKD 22k 0.2 tCKD/tClinker
= 7| H|E #400,000,000,000
CKD #|7] & Z&3}= COl ts] S8l eharl&d H 8-S APgeit) CO= 297 A 24

A A o= Bt CKDERE st = BAR LR SYAREE wES= COx= 0.507
tCO,/tClinkero|, CKDo|A WHAs}= CO»= S A ABatagol A ¥t A CO» &2 2~6% (5
Z¥kQ1 4% = 2474, 0.02028 1CO./tClinker) 2 Bf&%{th(Michael J. Gibbs et al, 2001)"? w}ety &

10) £7H2021), p. 50-53 &=
11) U.S. Environmental Protection Agency(1993), p.1 & Z.
12) Intergovernmental Panel on Climate Change(IPCC)(2009), p. 3.10-3.17 &=,
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7 A T A AgsH= AR COL BlEF-E 0.52728 tCOy/tClinkero|t), 5009t t/day & AA0]
COz HIEZ-S 2,636,400 tCOy/yrolm, olol] tial] eranlZd Bt 7H4 W21,239/tCOE
488ty 3RO A3AL AE 717 7t v & A At FAHGE L v SIYE 9] Fo]
0.002 o]Q1 Gol| ghaf vl EH-& X F FALGTITE AHIE 4192 0.239% F33hd tiid gAol
SHET) Ba1o) S97 SHE HH%?J B AFFE A3 AL 7179 e CREE 7Eo = RS
954 tCOy/yr7} 2T HiE&d 74 gdo] 1A CO vEFS s71el] w2l &

EIE] iUH 0] W4,501,596,268/yro] S,

b

\*)

X, 297 OPEXS {412 2] #1189 FolA BamlEdl 2012 A9
3 03] OPEXE: Tt %, sl 962 A 297 A0 2 s 24 A58 Ak CAPEXE <h) 2>

£ o] g3) Al4tely, i+ interest rate, n depreciation period in yroJt} it n+= 212} 0.08, 25

ESNF) six-tenth ruleiZt CAPEX 2t

Cpus = C

2o] AakAlo]] 2J8) ¢17F CAPEX Y= W63,106,853.9490] 31, KA OPEXE AZ&31H W401,212,689,446
ot} whehA CKD T #)7] Jriollke] S-7] @7 w92,864/tClinkerd& & 4= Qlth.

CKD e H17| oMl S ot

annual CAPEX #63,106,853,949
- =2 A OPEX W5,714,285,714.29
HE XEHZ|IZE He2| H]& #400,000,000,000
< EtAHiZH ol W4,501,596,268
A OPEX Ww401,212,689,446
2A ttIt #92,864 /tClinker

LL. CCU 7|&2 &85 CKDE CaCOs2 Halsh= it

CKD G 7] Wi} §AFsh 44 0 2 CAPEX 9L OPEXE AALShY o9 WS 48918 njo] 27

A ©7hE E55d 4 vk CAPEX: 2 A st SU3 39S 53] 73 97 4 CAPEXQ}

CCU Plante] CAPEXE M&sith, OPEX+= 297 AJatol thst gkt CCU Plante] OPE
& g0 o M2l g, )3 A Aol et Brjsele Teste] AR

>
X‘U
u:°*'
O

ot

13) Stefania Osk Gardarsdottir et al.(2019), p.8-9 &=
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=

1) CCU Plant2| CAPEX2} OPEX 7|4t

CCU Plant “FEghits} ojatstehs 27 9 887]&S A48t Mg g12] Ao A9] 247kA A
7k 2P whi T} A4 7to]l T3 AL EA, 2021)'E HFERO. 2 400 t COz/days AAIE 53519
T} CCU Plante] CAPEXS} OPEX: <3 6>} 2t

@EXD CCU Plant CAPEX & OPEX A

CAPEX OPEX
o121H] W1.152,000,000
N 000,
A A #7,170,000,000 Hoprizs 538,600,000
e
Arg e ¥2,027.279,640
H|2At #1,950,000,000 . Fly Ash #1,818.360,000
otz y
o A+ W381,500,000
JEea
E2/AZTAN $12,210,000,000 2y =28 #108,000
Atgas 362,088,000
Total CAPEX  #21,330,000,000 Total OPEX 6,330,535,640

CKD ©<= #7] oAM= viEde] 74 d9dgo e Qlef ©4 viEy) #% v o] WAsH] &
A9E ©e t7] o 2oz siEE T 9Rlo] Atk wheb T A 1o 1—5— CCU PlantE A7
sto] HiEE = g4 &S S013A4 St g4 viES TAste PHOR EaldAe 89719 CaO%t
COE @sto] CaCOsE et HAS s, A8 ES Buliste {He AT SAlol 784
g BAE Wgsitt. Wi, CCU plantol|lA] rlekg- COE Alefebd 2P &= COx F2 77,830 tCO/yr
(= 1,768,461,713 mol CO»/yr) 9ot} t}&-0 2= CKDERE A8l Ca02] & AAsL 99t =
A% CKD Hi&EFS &8s, 7t plantiit} Ca09] 3 AJolstE & o] alste CKDe| CaO &
TS 50% 2 Ageit), ThglE $HAsHA s plantol|A] HiEEE CaO: 8,915,834,522 mol CaO/yr
ot} CO.9} Ca0= 1112 Hhe-at),

CaCO,4Y satkg Al

CaO+ CO,—CaCO,
5 PAE CaCOs:= 176,863.8559 tCaCOs/yr (= 1,768,461713 mol CaCOs/yr) = A=, Fa Al
ANVAS 11#ste] CaCO52) ©7h= W397,500/t 0.2 AAsitt 9o MRS vlego 2 CaCO; wf 4=
o g APgSiT). ALt Aib= <3 7>1) 4Tk

14)  0l8%H(2021), p. 58-60 A=
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CaCo, & & &of 9

= CO, = 2,630,400 tCO/yr CKD &4 1,000,000 tCKD/yr
co, Exg 77,830 tCOz/yr Ca0o 500,000 tCaO/yr
=1,768,461,713 mol CO,/yr (50%) =8,915,834,522molCa0/yr

CaCO, it

1,768,461,713 molCaCO,/yr
= 176,863.8559 tCaCO,/yr

CaCO; BHof =9 #70,303,382,736.88/yr

Yol|A] AEst Hle} Zro] EhanlEE A Shteke 2848 349,54 tCO,/yrolH, E—T_Fé} Z o] A uf
e 2,558,570 tCO/yrtt, HiE ¢ B o] Zhe] A sl &S 7RI 2 SAEEH Fet 7}

AF
o]
A W21,239/tCO»& A-gato] Tl 20 & AlAkslH W6,154,627,638 400]T}.

—

A A CKDY] TS G2 BT} FF4502 A5 450712 M) v g st
@ ol A= CKDolA KCIL Rejsity, 2e) 244 CKDE) Cal Fhgro] HoIBE CO8} HHS3)
CaCOs§ 35711 Bolick CKDS S48 12 01y MER WTTE B9 KOl #5304 2 3
7he WAE 4 glors, 1A CKD %] 3%e] Boki: JAANaOC)S Folsh 5% F340] 2
4 25 AS 2 melep, e CKDS 35 % 122, B0 CKDS) 3% Felsicla el
CAPEX:= SJolA] AHE 3 AT S A3 TECE 7120 2 Ui 312 APgateh KCl 2ejo] of
$ OPEX= Q17H|oh e1emgl S12istet. A4t 3ol mhe 4] CAPEXS} OPEX= <3 8>9] 7]ty

al
f

i

==

e olN

KCl 22| CAPEX, OPEX

CAPEX OPEX
Total Equipment costs (TEC) #5,687,354,628,000
Instrumentation $%853,103,194,200
Piping #1,137,470,925,600  l74t| #547,692,840,492
Electrical #398,114,823,960
Total installed cost #2,388,688,943,760
Start-up costs #191,095,115,501
Engineering $119,434,447,188
Owners costs %188,945,295,451 ¥ =H| #890,000,865,800
EPCO #2,888,163,801,900
Project contingency %288,816,380,190
Total CAPEX #3,176,980,182,090  Total OPEX #1,437,693,706,292

15)
16)

19
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CKDg} 5374 1:29] uigt 270 A KClE 2ot 49 582 CKD 49 oF 30%" & e
2ol AT KC12) -2 300,000t0]t}, KCIO] Tbi= $562.5/19 0 2 129411 W/$ BHg-< 245}
H W727936.88/to]t) o1& ulgho 2 KCl Buj4=0lS W218,381,062,5002. 2 APgatt,

A CAPEX+= %7 plant, CCU plante} KC1 £]¢] CAPEXE 3sh W3,871,961,723 96401 <=
Al 2>5 Ag3}o] L3k A7 CAPEXE W362,720,646,8370]t}. 237 plant, CCU plante} KCl 22

OPEX 2] ghofl A CaCOs 422, el & 422 KCL 0 & A 9J 9t

%) OPEX=W1,154,899,454,771.32

ojtt. 297 97h= A7 CAPEXSH X4 OPEXQ] ¥ 297 g e Umo 2 F&8 4 Qlth
ufgbr] CCUE o]&-sto] CKDE CaCOs= Hehst= oA e] E3971 97 W303,524/tClinker<!

&% 59t

CCUE 0|&310{ CKDE CaC0,2 MBtst= oMol 22H ti7}

annual CAPEX

%362,720,646,837

=2 H OPEX

#5,714,285,714.29

NES CCU OPEX #6,330,535,640

KCl 22| OPEX W1,437,693,706,292

CaCO, Hoj #70,303,382,736.88
49 EtA =T oy W6,154,627,638.40

KCI ol #218,381,062,500
A OPEX %1,154,899,454,771.32
S It %303,524 /tClinker

27 Tl BFR

10>3} o] ek 5= glk

CKD Che )7 CaCo, &t

=27 W673,651,541,874

CAPEX ccu - #21,330,000,000
KCl 22 - #3,176,980,182,090
23H OPEX W5,714,285,714.29

Nz CCU OPEX - #6,330,535,640
KCl 22| OPEX - #1,437,693,706,292
XHH7|2 K2 #400,000,000,000 -
CaCo, Etof . #70,303,382,736.88

%9 EtAHHER i #4,501,596,268 #6,154,627,638.40
KCI Ttof - #218,381,062,500

i
o
¥
m
]

¥92,864 /tClinker

303,524 /tClinker

17) 249719/ 291(2016), p. 2-5 &E,
18) KBZH(2022),p. 45 &=,
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8 C&ES] AIE ©717E w105,000/t9S A8 off, o]= A/dE CKDE < #H7|ot= 499 2
YA @7 w92,864/tClinkeret Akttt CCUE Agal= 49 SH7A W= w303,524/tClinker &
2, O g7)ok= 7B tiH] oF 3.274) =t 2 SlE 4 Utk

I

QP AAE A WA 279 CKD B4 7jo] i 2 A4 ol et whavt 1 15
31, 93]%) TauhE o] o5 Solo] WAstel SuUA W} Wol: Ang Zejet 2
=)

& &k ]
oAM= AIRIE 2hefo] 100% 38 tidel7] wizol gt = g fFol vs) damEd
Hl &5 A&g FEo ‘;%E} EE}EW CCU Xﬂﬁ XMH A3 B Qjol| k= dF wiEH Al Bsto]

34 R

=AY olMIE|E A= £

=UlelM CCUS 7ol 3-85t=7] fsiie o 7Ies 883 3t
01: Sttt BaloflAl= CCU 7l&& 488t CaCOs9k KCl& ’“@’&3}% HALS AT A E
1ol B3 HE S HIEO R, 33 RENMS Sl AlF A CCU 7les 7

53 AZ 154
& Rl B CCU 7} ASIEHE AV} Hisiloh ik B W2 ALY L /28 8

=2 Agsle, 7)) ek TS A ANE AFol gl 4 A% hag AgsL 7
S Shash ebol et A4l A7} Washe. ot 20229 12

& Roste T AlFel A7
9 209 AL R ) AESte] o E QUW #7183} CCUS 714 o] 83to] 243t o|Atstera
& Wsto] Alzo] BUe AE S wrleR 2RI o 28, dHid oz Ak &go] foJg o
= o33t
HIESH TR HIEe 7|E da =T

249) A A AIE Hig ez, FA ARIE Aol N e SaniEd R gl T e vl
FE T7IE ¢ 4 ok s ganiEd B olo 2 Qs CCUS 71& 48 Al g4 Azt gt
44 o5& H7] ofe] TFolvh EU-ETSY viEd 99 T2 Qs 7o Agsil 73e
TS d9A e 2 8, B FE ARTY] AdelAlE ofds] H3dEE Algdtt 1
L 2} atede] Fof 4 dgTdol AE o] ol 3iF 7IEE 97141 38, EU-ETS 3712 71ee2 3
A & 57%7F f/3E T vldolth?. 283 e sh=at g ARy WA wiEE] 80%E F3E
T OVdO.= H7gstal Qlom, 2020190 30% = tha ZERAIZATE =Ule] & da o] 7|l =%
2 g2 HSY FETE A8 A5 WiEd Tl i) gag wiEshs A}l dE
o] Y& Mo 7 W fut At} BAEE HIES W 29 =M viEd ZiAlY anAd =
A g 7disith

19) &

1£21(2022), p10-11 &=
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v
0
r
4

= x oT

2050 ga5d ofd ¥ g 344 5 4F B 1A BRo] S et g viEgE A4t
Aol AV S FHslr] Y3t Weto] BRSHA, SUle] Atz B4 EEe It g4 A A
£ EE3he AL offth oo EaloMe tiEA o = B HiET o] B2 ARIEATYd] tigt CCU2| 7
A BAE Sk AR Aol W2 CCUS A48 49 BT 297 Y3t vyl of 3] o) &
Ao 2 BT wjehA] & Asho 2l CKDO) CaCOs29] 1gh + e vhas w2 W] The Wby
ofl Bl AV Y-S 254 1§t Ao = dHET) CKDE B #7|sh= 49 B vlEdS Be
U HlEd T Rl olF w7l Q5] ganE il 4-ojo] WAste] Wy Yok Al HTh,

CCUS AAAIL sl Qs
2 CCU 7Y 71& sd=rt AHid e 2 W7 uigol &Y 2719 @77} &0, 71& Xﬂ%ﬁ H] 23
& W APFEAHo] ofsitt. whebA AE QAo S 3t HEg A Al At
HEo] CCU A& W& W27 93t R&D(Research and Development) Ex}o] tj$t 2] ko)
7} o] Foj Ao} 3,

ki

L

EIM= S ARIE dAC] tig A= vE|2 Qle] 89 Al Hatsted BAld £4E s
mzol suie] S £713] W g Hdhe SAl7E St % pilot plant AAE & =1 A7
S gee] NGt o[EE sriste, CCU 71@ S 483 ARLE Al%iel vijet 841 248 F
BR7} ek S5t Al SN =] CaCOs A A& HIFL 2, =4 QM A9 =
it AT} tlEo] HiEE AT g A9 AmAdel] tigh 271491 A7t Fesit,

émgﬂ:m
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o 1Bl |SFHEAE O MatE IE-SE(CCU) 7|t 221, 2021
o &0 “EU BT AXEHALIZ(CBAM2 WTO TBT &d |4, I, 2022
o Mol LY A|HIEANO| EIAZE

ZT| Tfr M|, 2022
2MItA HiEZF 4FY Good Practice, 2009
o 2P0 2| 201 “A[HIE HIO[EhA LA EO]| EXHol= UsHUS2| Sofl & 5 E4”, "XIZIMOIZ-, H|
25¢ H35, 2016, pp. 43-48

o 2P0 2| 501 “YA HIO|IHA TIAEE 0125 PSS MIE 2 S35 WA "XHE2M012 -, X267
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o O| =AY, “HSEHISH 0|0t ZT Bl ok U] 5 MES MEISHUTA| M| 2ATEA KHZIF ot
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