Resources Recycling https://doi.org/10.7844/kirr.2022.31.3.40
Vol. 31, No. 3, 2022, 40-52 pISSN : 2765-3439 eISSN : 2765-3447

> ARER <

V.S |

2RSS MBS 0|8t BHAdEst 7|ag 24VIA HIE HAE L MY 24

I

yek - '

]
Ho

AR LA LAT Y UL ATEE AL BT A

Greenhouse Gas Emission Reduction and Economic Benefit Evaluation of Carbon
Mineralization Technology using CFBC Ash
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Abstract

This study analyzed the amount of carbon dioxide reduction and economic benefits of detailed processes of CO, 6,000 tons
plant facilities with mineral carbonation technology using carbon dioxide and coal materials emitted from domestic circulating
fluidized bed combustion power plants. Coal ash reacted with carbon dioxide through carbon mineralization facilities is produced
as a complex carbonate and used as a construction material, accompanied by a greenhouse gas reduction. In addition, it is possible
to generate profits from the sales of complex carbonates and carbon credits produced in the process. The actual carbon dioxide
reduction per ton of complex carbonate production was calculated as 45.8 kgCO,eq, and the annual carbon dioxide reduction was
calculated as 805.3 tonCO,, and the benefit-cost ratio (B/C Ratio) is 1.04, the internal rate return (IRR) is 10.65 % and the net
present value (NPV) is KRW 24,713,465 won, which is considered economical. Carbon mineralization technology is one of the
best solutions to reduce carbon dioxide considering future carbon dioxide reduction and economic potential.
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124,000°E 126.000°E 128.000°E 130.000°E
N
40,000°N 40.000°N
Gangneung 1,000 MW, 2 Unit
Dongha, 560 MW, 2 Unit
38.000°N 38.000°N
Dangjin 1,000 MW, 2 Unit ; Samcheok(Posco) 1,000 MW, 2 Unit
-
Seocheon 1,000 MW, 1 Unit
34.000°N 34.000°N
124.000°E 126.000°E 128.000°E 130.000°E
Fig. 1. Location of CFBC coal power plants in Korea.
Table 1. Quantification of CFBC ash
Component SiO, ALO; | FexOs CaO MgO K0 Na,O TiO, MnO P,Os | Ig. loss
Mass Fraction (wt %) | 32.35 12.48 11.88 22.1 9.55 0.73 0.64 0.63 0.18 0.18 1.61
3.2. gAUSsI 3 3 4H| Hydration
£33 R4S gebjolli= Table 19 A4 Ca0(s) + H,0(1)—Ca(OH), (s) + 65.2kJ/mol (1)
3 e} o] ] ABIHCa0) R Aokl MeO(s)  H.0 (1) MiglOH), () + 370k /mal
(MgO)°| F-E]o] Qltt. ol2fet 1Rk S&AteHES
olAkslet 4} 417 ¥ slo] HaErAIelS A atEA o] Carbonation
ALSfErAS AT BRATE S 2R 0] 29 Bl5HES.C. Ca(OH), + CO,—CaCO; + H,0 + 113kJ/mol 2)

57 4818 (Hydration) 3} 4128 (Carbonation) 2.
2 PHEE, SAIAe] B4 1Y otk 4] (1) %
@22

Mg(OH), + CO,—MgCO, + H,0 + 81kJ/mol

Aol dutd oz ASIARuE(ALO;), A&7}
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Fig. 2. Carbon Mineralization Plant Process.

Table 2. Carbon mineralization plant scale

Carbon
Category Mineralization

Plant
Coal Ash (ton/yr) 16,000
Carbon dioxide (ton/yr) 6,000
Electric power (kW/yr) 1,341,156
Water (ton/yr) 130,785

Complex carbonate production capability
17,585
(ton/yr)

(Si0), 1FoFd(Fe05) 5] tHfRt &3t oA Aot e
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HIE tidos Egteity At 3749 et dead
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Table 3. Explain and assumption of each carbon mineralization process

Process

System boundary

Assumption and limitations

CO; and ash pre-treatment
process

» Carbon dioxide capture process (no compression)
* Coal ash pre-treatment (magnetic separation and grinding)

* Remove Fe,Os in coal ash.

Hydration Process

* Hydration process of ash with water

« Hydration reaction rate is 48%

Carbonation Process

« Carbonation process of hydrated ash and CO,

« Carbonation reaction rate is 90%

Product post-treatment process

packaging)

» Complex carbonate post-treatment (dehydration and product

Upstream process

Core process

Downstream process

Coal ash >

Hydration reaction

Carbonation reaction Complex carbonate]

h

Waste water

Recycdling

Fig. 3. System boundary and flow chart of carbon mineralization plant.
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Table 4. Inventory data used carbon mineralization under the GTG (Gate to Gate) system

ged - 44

o=

Ho

. i Input Output
Classification B A
Parameter Unit Amount Parameter Unit Amount
CO; kg 379.10 CO, kg 379.10
N, kg 1361.71 N, kg 1361.71
0, kg 137.79 0, kg 137.79
CaO kg 442.00 CaO kg 385.97
MgO kg 191.00 MgO kg 68.90
Fe,0; kg 237.60 ALO; kg 151.59
ALOs kg 249.60 N{O)) kg 303.23
CO; and ash pre-treatment SiO, kg 647.00
process K0 kg 14.60
Na,O kg 12.80
TiO, kg 12.60
MnO kg 3.60
P,0s kg 3.60
etc kg 153.40
Ig. loss kg 32.20
Electricity kWh 26.12
CaO kg 385.97 CaO kg 274.24
MgO kg 68.90 MgO kg 48.82
ALOs kg 151.59 Ca(OH), kg 147.60
Hydration Process SiO, kg 303.23 Mg(OH), kg 29.04
Water kg 7437.53 AlLOs kg 151.59
Electricity kWh 19.35 SiO, kg 303.23
Water kg 7392.65
CO, kg 379.10 CO, kg 302.38
Na kg 1361.71 N, kg 1361.71
0, kg 137.79 0, kg 137.79
CaO kg 274.24 CaO kg 274.24
MgO kg 48.82 MgO kg 48.82
. Ca(OH), kg 147.60 Ca(OH), kg 44.29
Carbonation Process
Mg(OH), kg 29.04 Mg(OH), kg 8.67
ALOs kg 151.59 CaCOs kg 139.58
SiO, kg 303.23 MgCOs kg 29.39
Water kg 7392.65 AlLOs kg 151.59
Electricity kWh 332 SiO, kg 303.23
Water kg 7424.08
CaO kg 274.24 Product kg 1000.0
MgO kg 48.82 Waste water kg 7424.08
Ca(OH), kg 44.29
Mg(OH), kg 8.67
CaCOs kg 139.58
Product post-process
MgCOs; kg 29.39
ALO; kg 151.59
Si0, kg 303.23
Water kg 7424.08
Electricity kWh 2.75

Resources Recycling Vol. 31, No. 3, 2022
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Table 5. Amount of resources required to produce 1ton of complex carbonate

Materials Direction Group Unit Amount
CO, Input Flue gas kg 76.7
Water Input Utility kg 13.5
Coal Ash Input Raw materials kg 909.7
Electricity Input Energy kw 81.4
Complex carbonate Output Product kg 1,000
Complex carbonates 57
post-treatment €02 capture and ;r)u ® &
pre-treatment o Substantial
g‘: 60 €02 Reduction
S« 45.8
B 40
Carbonation 5w 3122
&
% " 9 8.2 9.4 i
= [ ] Y —

Hydration

(a) Percent contribution of CO, emission

Total CO2 co2
emission

CO2 capture Hydration Carbonation ~ Complex
carbonates
post-
treatment

and pre-
treatment

reduction by
carbonation

(b) CO; emissions and substantial CO, reduction

Fig. 4. Characterization for global warming potential (GWP) of carbon mineralization process.
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FEAQ S 92
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413, o kSRt a7bE BA AT}

A gagEoh 549 AAARI oliteletAa 5
ZFe APgshr] sl A FFB7H IFHF F AT

235HGWP, Global Warming Potential) E4J2 0|83}

A}, 24 18014040 7788 71HEO 2 Table 59} o] &
A Tton APAEA] ZH 9] S04 EAY == ofAte}

rr‘

Sa0] g AFgs AAA SAST} BB ke

Axtstiet. At 2xt Bt 1 ton BAtel a3t =
s

A2 o]AlSlErA 76.7 kg, & 13.5 kg, A€HA] 909.7 kg
|, BhAkS} g F7g0llA] 31.4 kgo] Eo] A= QI
T 24, £, §hS, Fug 59 del S f15] 81.4
kWOl Ao 2|7} Y a3t A0 =& &=k
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23} E4E whgsto] ojilsleta: HiSsko R Hest
A HojErt SAsksA, AAEE, 438749 of
Abshea HiETgo] ZH2F 26~30 %2 HIE= A|Hj&{o]]
A, FA IS 15 %R vl WA YR 7100
Y] ARgo] T F oA IS 30.9 kgCOseq
oL, eitelEgol A A5 2 76.7 kgCOzeq= A
Jo], E3PehAled 1 ton AY4to] whE ojAtStEA A5
°F 45.8 kgCOreq R LEIHTE 05 71 37 % ol4atatet
4 BYF 71F 6,000 tonCO,/A T2 FH 02 ShAkSHe
| 17,585 ton/d 2] E-abebaked AAkT} 805.3 ton/ 2]
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2 g2 39 AA Bl 71E AAE &
Z(TEA, Techno Economic Analysis) 7|2 283t A
94 0 & TEA= /i ASAACIA 2 ARgE =1
HEOR V& = AR BAA HE B71E 4= Utk
T3 7]E0 1 W AL 73S B 5 lom i
2o g AAAJouR] & ESS(Energy Storage System) 5
W EE, Hho]Q ofufA] W ETfAE, 4 A, CCUS
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Table 6. Assumption factors for economic evaluation of
carbon mineralization plant

Category Factor
ISBL factor 2.9373%)
DE 0.337
X 0.1°7
Y 0.05*
oS 0.3%D
! 0.07°

n 30
CRF 0.081
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Net Present Value), Y5-<=2]E(IRR, Internal Rate of Re-
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Sof ofef W 2L 2elo] BALHE AT 2
87} Uk
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= O

£ 52 uslo] FHSALY, T 7PIEE Table 6
s

e

Expenditures)¥} HH|E 2Fsh=t] 285 = 95 &3
o x| ARSERS EISE -2-%H]-8(OPEX, Operating
Expenditure) @ = A5, 2 BAke B9 et
O] il oot A& wof o]0 g MAsigich
AAB|FEAH]-G(CAPEX) =] 7+ 2 AA]8)-E, 2704}
£ 5os Het, A8 4SS fls %A
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-&5to] ALstAH
ISBL= (Y] Cost,) x ISBL factor 3)
OSBL= ISBL < OS @)

0]7] A, Costi= AXGA]8]-8(Y), OS(Offsite factor)=
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1ALH|-82 Q1w 8] fAH], 2HHE] 5= J1Est
of AFgstaiet. A B2 A HE= H-EH Y HI&(B/C
ratio, Benefit Cost Ratio), J5<=2lE(IRR, Internal Rate
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SHoH, Z4Zo] A Hi= 4] (10)~(12)°]] 213 AlLFst et

T

BlCRtio = Y} (B/(14r)/(G/0+))  (10)

NPV= 3B )/t (n
T

35— )/ + 1R =0 (12)

o171 A, tor= 24712 A1), T= 247132 S40),
B= Al to]49] HRY(KRW, 9), Ce= Al to] 4] H]
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AR EhAGE: |
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A 4 ojiksterA Y FAF0 2 AlF e Ao 7H
stglom, A 8AE 9 MRk ohgat o] 4
et 7R tond 1,2009 0.2 A7t AR
100 tono]H, A2 272 kW 70402 HHAEF
132 kWhO = APg g}, 17dH]= 7429, oz 191 7]
#02 A7t Q17IH|E 95,000,0009.0 2 AGsIIrt.
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filo
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= AE0l0] A= gaiEd 5
0] o & APgotolct. BEAIES A= EA hAIA)
2 WislglE 7390 @7k= £ 13,0009, ojAksketa
HlZd 7142 219 7|2 tond 20,0008 0 2 AT

Table 7. Economic analysis of carbon mineralization plant
(Unit : KRW)

Capital Expenditures (CAPEX)

Carbon Mineralization Plant
(CO, 6,000ton/y)

Annual CAPEX 26,628,153
Operating Expenditures (OPEX)

Operation cost 81,608,890
Labor cost 95,000,000
Administrative cost 19,000,000
Overhead cost 9,500,000
Research cost 2,533,000
Annual OPEX 207,641,890

Total annual cost
234,270,043

Total annual cost ‘

Revenue

244,605,000
Economic feasibility result

B/C (Benefit and Cost) ratio ‘ 1.05

Total annual revenue ‘
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