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A Study on LCA(Life Cycle Assessment) of Leakage from CCS(Carbon
Capture and Storage)

Park Ki Hak!, Kang Hun®, Yun Seong Taek®

"Eco P&G, *University of Suwon, “Korea University

Abstract

This study was set the scenario that carbon dioxide of 3 million ton per year emitted by
coal-fired power plant was captured and compressed to a level of 95%, and stored
underground. The composition of the impurities(5%) in the capture materials was assumed
including the general air pollutant, such as CHj N->O, NOx and Hg, etc, emitted by coal-fired
power plant. Features of this study is not the purity of carbon dioxide, examinate the
magnitude of the environment impact on the 1~5% of impurities. In particular, the
environmental impact of these impurities that appear high is examined.

Through the CCS, net avoidance effect of global warming was 3.88E+09 kg COs-eq/kg.

Weighting result due to leakage in the case of 1% leakage was 3.03E+05 Pt in the water
system and 5.77E+03 Pt in the soil system. And Weighting result due to leakage in the case
of 5% of leakage was 2.88E+04 Pt in the water system and 1.51E+06 Pt in the soil system.
The cause of the environmental impact of the soil system is higher than the water system
appeared by mercury(Hg) and weighting factor of mercury was larger caused in the soil
system. According to the weighting results of the environmental impact, excepting mercury,
5% of leakage was 542E+03 Pt in the soil system. In this case, the avoidance effect was
3.38E+05 Pt. That i1s, excluding mercury, it was analyzed that CCS can reduce the
environmental load.

In the future, there is a need to further study the presence or absence of including an
environmental impact assessment quantification of impurities and collecting materials for safe
CCS. Also, it must quantify the environment effect of lower pH due to carbon dioxide and be

a lot of research on the prediction of changes in the ecosystem.

Keywords: LCA(Life Cycle Assessment), CCS(Carbon Capture and Storage), GWP(Global
Warming Potential), GHGs(Greenhouse Gases)
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3. BEEE4
Ao A WESE d7EEe] 2L oltaEr s 5% 5%9 Ve L dES X3
Aetekde] o35k e 1 MJ] A & wEFH+= 2952 CHy 1.00.E+00 mg/M]J,
N,O 397.E+00 mg/MJ, SO, 6.56.E+01 mg/M], Formaldehyde 5.80.E-05 g/MJ, Mercury(Hg)
410E+00 pg/MJE X3t ot

Table 1. Gate to gate inventory analysis results

Input Qutput
Input Unit Amount leakage
CO; ton 2,850,000 28,500.00
CHy ton 991 9.91
N-O ton 3,936 39.36
SO, ton 65,037 650.37
NOXx ton 61,567 615.67
Capture CcO ton 7,931 79.31
PM < 25 ton 4,689 46.89
PM > 10 ton 5,235 52.35
PM 25~10 ton 551 5.51
Formaldehyde ton 58 0.58
Mercury(Hg) ton 4 0.04
Energy
kW 70,800,000 -
Capture (capture)
eneray Energy KW 333,000,000 -
(Compression)
Transportation km 50 -
Energy
Storage o kW 21,000,000 -
(Injection)
Z X : Dan Jakob Wangen. Life Cycle Assessment of Power Generation Technologies with
CO, Capture. Master of Energy and Environmental Engineering. 2012.

ol dbsbea 300%F £/ Agey] glal EAEE 24 B2 95%° CO, 2850000 E, CH
991 ¥, N,O 3936 ¥, NOx 61,037 ¥, Formaldehyde 58 ¥, Mercury(Hg) 4 £0|v], %3
FEE AEe 236E+01 kWh/ACO, o]tk ¢t oA shol=Zeel 44& xetan
olxelele] Aol 50 km 5 on@th stelZetel A 95 cmoln gEEde

Mpa/yrz FAE 4 & Helou

41 TR GA A 9FE
CCSE &3 dojxe= &4 svade= A8 1.08E+08 kg SO.-eq 943t 800E+06 kg
PO/ —eq, A 7+&w3F 4.09E+09 kg CO.-eq, UAEA 3.891E+07 kg 14-DCB eq, EYF 54
1.133E+08 kg 1,4-DCB eq.9] A FFe] fHaste AL EAHAT. Agatgd og 37499
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Table 2. Characterization result of the capture stage

Impact Environmental Environment | Net Environmental )
categories Impact al credit credit unit
ADP 1.22E+05 - +1.22E+05 1/yr
AP 5.93E+04 -1.08E+08 -1.08E+08 kg SO.—eq
EP 1.10E+04 -8.00E+06 ~7.99E+06 kg PO/ —eq
GWP 2.00E+08 -4.09E+09 -3.89E+09 kg COz—eq
HTP 7.84E+03 -3.891E+07 -3.89E+07 kg 1,4-DCB eq
ODP 8.07E-04 - +8.07E-04 kg CFC 11-eq
POCP 2.43E+04 -3.37E+06 -3.35E+06 kg ethylene eq
TETP 1.42E-03 -1.133E+08 -1.13E+08 kg 1,4-DCB eq.

42 #59A 2%

ol L]l #F (B0 km)oll &g A FFLS A AREol o7 &S dAeH, 7t MFHEE
AoE o 2z 574E+05 1/yr, AHA3F 2.79E+05 kg SOz-eq, ESSA 6.66E-03 kg 1,4-DCB
A& AT Ao EHFHAT

F2 s A9 Adad 649E+04 1/yr, 23t 6.30E+04 kg SOx-eq, A 7-3F 7.91E+06
kg COz-eq, Q1AI%A 3.35E+06 kg 1,4-DCB eq., E¥57 759E+01 kg 1,4-DCB eq.& TAIA]7]

= Aow FAEA

@
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Table 3. Characterization result of transportation stage

Ship
Impact o 25 ton land Tanker i
Pipeline , LNG tanker Unit
category transportation 500~
100dwt
20,000 ton
ADP 5.74E+05 6.49E+04 1.11E+05 9.20E+03 1/yr
AP 2.79E+05 6.30E+04 3.42E+05 2.19E+04 kg SOz-eq
EP 5.19E+04 1.11E+04 3.08E+04 419E+02 kg PO -eq
GWP 1.65E+08 7.91E+06 1.40E+07 6.02E+04 kg COz—eq
HTP 3.69E+04 3.35E+06 5.74E+06 4.89E+05 kg 1,4-DCB eq
ODP 3.80E-03 2.40E+00 4.09E+00 3.40E-01 kg CFC 11-eq
POCP 1.14E+05 9.34E+03 2.56E+04 3.21E+04 kg ethylene eq
TETP 6.66E-03 7.59E+01 1.30E+02 1.08E+01 kg 1,4-DCB eq.

4.3 AZTA FHITF

AgadAdNA = F4 Al AUAZE AR, AGAbEel g s FeFo] sk doh Ay
AR o)t AATAY 53 A¥ Adade] 362E+04 1/yr, AHd 3 1.76E+04 kg SOs-eq/kg,
A28t 1.04E+07 kg COz-eq, 1A= 2.32E+03 kg 1,4-DCB eq., 25393 239E-04 kg
CFC 1l-eq, % 3}8t43lE 7.20E+03 kg ethylene eq., E% =4 4.20E-04 kg 14-DCB eq.”7} Z+z}
HiEE = Ao 8 e

Table 4. Characterization result of storage stage

Impact category Environmental impact Unit
ADP +3.62E+04 1/yr
AP +1.76E+04 kg SO.,—eq
EP +3.27E+03 kg PO -eq
GWP +1.04E+07 kg CO.,—eq
HTP +2.32E+03 kg 1,4-DCB eq
ODP +2.39E-04 kg CFC 11-eq
POCP +7.20E+03 kg ethylene eq
TETP +4.20E-04 kg 1,4-DCB eaq.

44 AAA A&

CCS dage] EAst Ax ARt dAHS Aduzd 733E+05 1/yr, 2H33F 356E+05 kg
SO;-eq, A7F=w3t 210E+08 kg COseq, AA=A 470E+04 kg 1,4-DCB eq, LEZ3
484E-03 kg CFC 1ll-eq, #3}&4F3tE 1.46E+05 kg ethylene eq, EY =4 850E-03 kg 1,4~
DCB eq.2 B43%oH, CCSE T3l dofx+= 34 3slgazt= 443 1.08E+08 kg SOs-eq,
BogJgst 800E+06 kg PO, -eq, AT23 409E+09 kg COs—eq, S1AISA 3.891E+07 kg
1,4-DCB eq., #&3}stat3lE 3.37E+06 kg ethylene eq., E% =4 1.133E+08 kg 1,4-DCB eq.2
Bt 21 =9 Ao Hgs AASAS 2% dASAEIN EGF 542> 247 149E+07 kg
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14- DCB eq., 545E+04 kg 1,4-DCB eq.o] 33 au7t 9= Aoz ey

Table 5. Characterization results of CCS life cycle

) } Environmental
; Occurring Environmental ;
Impact category Unit ) , ) credit
environmental impact credit
(except mercury)
ADP 1hyr 7.33E+05 -0.00E+00 -0.00E+00
AP kg SO.—eq 3.56E+05 -1.08E+08 -1.08E+08
EP kg PO -eq 6.62E+04 -8.00E+06 -8.00E+06
GWP kg CO.—eq 2.10E+08 -4.09E+09 -4,09E+09
HTP kg 1,4-DCB eq 4.70E+04 -3.891E+07 -1.49E+07
ODP kg CFC 11-eq 4.84E-03 -0.00E+00 -0.00E+00
POCP kg ethylene eq 1.46E+05 -3.37E+06 -3.37E+06
TETP kg 1,4-DCB eaq. 8.50E-03 -1.133E+08 -5.45E+04

CCSE &3 F=H= &
g oSl tE JFuF =
RS AAEA, EF B GG T
o zel o =

[¢]
580E+04 kg 14-DCB eq., E% =4 o] A

rl
2
o of

2 JAA AN 452E+04 kg 1,4-DCB eq., EY =4 ®WFolA 228E+06 kg 1,4-DCB eq.Ql #
o2 717 ¥4 H A
Table 6. Characterization result of exposure(1%)
Impact Ui Water exposure Land leak
category (CCS 1%) (CCS 1%)
ADP 1/yr 0.00E+00 0.00E+00
AP kg SO,—eq 0.00E+00 0.00E+00
EP kg PO —eq 2.59E+05 2.50E+05
GWP kg CO2-eq 0.00E+00 0.00E+00
HTP kg 1,4-DCB eq 5.80E+04 4 52E+04
ODP kg CFC 11-eq 0.00E+00 0.00E+00
POCP kg ethylene eq 0.00E+00 0.00E+00
TETP kg 1,4-DCB eq. 3.78E+04 2.28E+06
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6. 28 2 479 4

ATl = CCSel A4 FdFS AAAHE7E 7Ive S8 E45kler, CCS A%ols e
T = FEA v Avdges AAste] E48dt 500 MWE M ste ol wiE s =
AZF 3008 =9 o]iFEEAE 5% FElor XY fgEste] AS Adsts AvE s AASH
o, H=FT Ec=b%)e] 22 AgsHddod wEss Al gr1ed=4 CH,
N:O, NOx, Hg 5ol &3 Aoz 7Hdsdvt. A% olF FFo i 49T olakstetaol
o3k pHell w& @394l F2 drssded, dRA4R7tE T8 FEAGHLE AT At
= 719 fle Ao®m deiwt B A58 B2 90%~99%9] olqtstek Aol =) ok 1~5%
of E-El FAIF A7 o= A=A AHEYT 53], o5 EE T Il =

“ A4 AESET.  CCSE Bal AT e
3o BN WYY o2 deon], ATeus
2 A% A3 CO, 285E+09 kg COz-eq, CHy 2.08E+07 kg COs-eq, NoO 1.22E+09 kg COs-eq

Lo

= e
of

CCSE B3l wEHE Bde 7, BE EQAR FEol ofFold & glom, ot W%
54 olge] te dFATN BALAZ doA 4+ AT 1%2) CCS rTEol o dFE 4
o) FEPFUT EFAY FEol o 2 FFL AL Aoz Ytk £A FE 3 By

o
FstE 259E+05 kg POS —eqo 2 UERG R, QA 54 W34 580E+04 kg 1,4-DCB eq., &
& =M= 378E+04 kg 14-DCB eq.® WERNEH. EAC] FEd FGds wTelA
259E+05 kg PO —eq, QA5 Aol A 452E+04 kg 1,4-DCB eq., B =

14-DCB eq.ql Aoz zbzb A5 Qo)

2= AT FAHLE oitstE Aol gt A B EYGAEH AL st AEE HrbekA Xsksla,
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4. Dan Jakob Wangen. Life Cycle Assessment of Power Generation Technologies with CO.
Capture. Master of Energy and Environmental Engineering. 2012.
5. MAETP inf. (Huijbregts, 1999 & 2000)
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