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ABSTRACT

Comparing greenhouse gas (GHG) emissions, 2016 showed an increase of about 7.7% over that recorded in 2010, and an
increase of nearly 1.5% over emissions in 2015. In this study, we investigate the domestic lime classification system in Korea,
which is used to calculate emissions according to the type of lime, originally proposed by the IPCC. Based on the results
of our investigation, we validate the domestic lime classification system and develop a worksheet through which emission
factors according to type can be calculated. Based on our results, the high-calcium lime GHG emission difference is about
1%, the dolomitic lime GHG emission exhibits a difference of about 1%, and the hydraulic lime GHG emission shows a
difference of about 13%.
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1. 2 A A3l A &Y Soll AME-EtH(Osada, You, et al.,
1995; Monshi, Ahmad, Masoud Kasiri Asgarani, 1999;

19909 thi¥] <F 160.2% Z7}5F32, 20104 oH] <F 1.1% Hsieh, Li-Heng, Whiteman JA, 1989).
S715k5iTk o] & A3] A4t viEEs 2A7EA HilEEE A3l= BAFEQl CaO ¥ CaO-MgOE ZEFSIL Sl=
20161 OF 3,483 Gg COeq 19904 tiH] oF 92.5% =7}  BEER F=E 434 2 MRS 445t PARith 43
519, 20159 tiH] oF 1.5% Z7}5FACHGIR, 2018). £ 439]4Q] CaCO,2} W-L-4{Q1 CaMg (COs),0l1A4 Fo] 7}
e 0] AL Hlag, AXE, EF HEAE, Az FHY COE WSSl HTHOR HAES BARY
A, A2AA3), A7} 9 T2 319, A28 A2 S (GHG Protocol). WhA A3] PYAHA] HiEEH = 247FA
of AFgHETh 44319 A9 H5H L, dhg, e, o4 WES HEYE 24 A TH(Lackner et al,

25g, AEARE, 158 5o AMHH. BAawWA 1995; IPCC, 2006).

o] AL A7 9 {7, HE, ZAL 502 AHgHTt EUE H|XEF =9 A§ BEY Fo] £of CaOE A
(Zhang et al., 2013; Yusuf, 2013; H. S. Kim, 2011). =1 23t o]&&o] AA gFHo] qlo] 1LFH A3 F= A
Aol 32 1730 A FUojA AFREL Qlon, gr Ak, IPCCME w43, IEAD], £4443=
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TEE o] AAIBHL ATHIPCC, 2006). SHAIRE =W 4139
35 ¥A49] do] i1, ARAE Ysh= CaO H 7t 7]
g0l dolgte g I w2t et FFY A3E
AIAFSICHKim, 1992; Noh and Choi, 2002).

=] A% A A3] A FHNA HiEEE =
7k APH2 1996 IPCC G/ILE &-85t0] 435]4 ¢ w8
aujro] HEARE o8 27to] iBASE £ 4
Skal ATHGIR, 2013). SHATE post-2012 3]9]of A7 o] up
2} 2020956 2006 IPCC G/LS A2 49 @A) ¢
FZNA Tierl(F A2 ST E= Tier2(F3E 434
&) T2 1LEs H8VMsAde FAESiOF ¥
(Bodansky and Daniel, 2007).

2006 IPCCOf|A AASEAL U= Tierl 22 F 43] A
|FoE &R 4 B F7FEAARE S 9
AH7gol 7Fs st Tier2 22 #3812 43 AN 76t
=2 W A3 EFAAZE IPCCOlA AAGE EFAA} 4
ojsto] o]E o]-&A] Fedt HiET 4Hgol oHh

E3E U A3 A HiEEH= 34 247 HilE R
Bo &Aog Z7lshal glon, o] 2006 IPCC G/LS
gD 4 Qe dHEDE /NEstojof gt 2 AFHolA
= A3 ERAAE 2ASH] IPCCoA AQbstal =
A3]9] FE wWiEdS APYsH] A =u ALt &
FAAE dEY FFE HiEAsE AT+ e
Work-sheetS 7|25t 1 Hj&HS AFYSHo] IPCCO] 54
Aol 2A7EA wiETTt vlastaAl gt
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Table 1. Lime classification system
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= AL 3 T sk 2A7IAE 45
sl Ao E FUlie] W 414 A3lo] ERAAE =2l
ZAFSHSIL) o] &= dj# A1 2006 IPCC G/L ¥ EU, Koera
Stard, SPS 59| 142 7J=[5to] Table 19] AAISHAH.

IPCCO| 7% A, IEAID], $344I= F&E
o, A3E Ca0 ¥ CaO-MgO FLHFS AASHcH
(IPCC, 2006). UNI EN 459-1 Building Lime - Part 1:
Definitions, Specifications and Conformity Criteria®] 733
CL90, CL80, CL71, DL85, DL80 5922 AA|5}9oH,
Ca0 % MgO9 3H-E AAISFtH(British Standards
Institution, 2010). KS L 9501:2009 3-8 4 3](industrial
lime)®] 3¢ A3 &4, 14, 2528, £43] &4, 1
=, 2328 AAsHeH, Ca0 FFFS AAISHAH
(Korean Agency for Technology and Standards, 2014).
SPS-KLIC 002-773:2012 A7}-& A4S 9 AHAHLA
(Quick lime and light burned dolomite for steel
manufacture)2] 7§ A3]9] FAREA|1 A FA] Ao
9E BAEC] Zaste] H3lE So dA/do] whgE A
3] ERAAE F7ket9oH, 201240 HAHoz =
9] F9S w2 FZo|th(Korean Limestone Industry
Cooperation, 2015). o] 742 3439 E7E © A&t
sklow, KSof| &= o] QA ARGE I QU= B4
A 14, 289 F4s F7HsH

2.2 43| #3KE +H

=] F KS L 9501 2 SPS-KLIC 002-7739] 7]&

o7 A3, AauA, 243 52 ABibstal gler,

Mineral Content
IPCC G/L UNI EU 459-1 KS L 9501 SPS-KLIC 002-773

CaO(%) MgO(%)
0.93~1.00 Quick Lime CL90 Quick Lime special Quick Lime special
0.90~0.93 Hydraulic Lime Quick Lime first Quick Lime first
0.85~0.90 - Hydraulic Lime CLSO Quick Lime second Quick Lime second
0.80~0.85 - Hydraulic Lime Quick Lime second -

0.725 - - Slaked Lime special -

CL70 _

0.70~0.725 - - Slaked Lime first -
0.65~0.70 - - - Slaked Lime second -
0.55~0.57 0.38~0.41 Dolomitic Lime DLS85 - Light Burned Dolomite first
0.50~0.55 0.30~0.38 - DL80 - Light Burned Dolomite first
0.45~0.50 0.25~0.30 - Light Burned Dolomite second
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20169 7|& 3t=ofl= 207 FAIE0] A5kl Utk o]
Z F9 A= AAE S0z AESE A} 8dA o
A =W A3 FFE 189 BARFS ARSI oY, ALA|
3t 8L Table 20] A|A5L).

A 38]0] AL F TAAS olH °F 161,827 4tono]H,
AAMSH 0] AL F 3GAS 9F 223,234 ton, £ 3|9
A5 1Y

A9l 9F 64,005 tono]T}.

Table 2. Survey results of lime production

Investigation Lime
Division Companies Production

(ea) (ton/yr)

Quick Lime special(A) 3 407,285

Quick Lime first(B) 5 523,139

Quick Lime second(C) 6 687,850

Light Burned Dolomite first(A) 2 160,769

Light Burned Dolomite second (B) 2 62,465
Slaked Lime special(A) 1 -

Slaked Lime first(B) 1 38,403

Slaked Lime second(C) 1 25,602

A3]9] At 3 wiEAS A e slekdEe] o
2} AH51A Eo] 1o, 2006 IPCC Volume 3 Industrial
Processes and Product Use2] Lime Product 50 AH|A|=]
o] THIPCC, 2006). Guidelinesol] A|A|H A3] GHH At
JTH ST A2 19AE 2404 COE HILE]
sheter Hla2 &3 A3 1 tonof|A HiE == COF=
BT BAB]9] AL 56,08, HAH SN o] HA

48.19, £43]9] EAFL 740922 CO, EAFA
018 Y oz 77 ug Ay

L.

R ro

EF; = }3(Q, %) (1)

EF; : §AF4(0) Bi&A5(ton CO»/ton lime)

Qi : AH|E BAMAHY olitsteta WS Skek vl
(ton COs/ton lime)

ri 2HE BHEE()9] CaO, MgO HIE(%)

2= 4 558 499 CaO 3 MgO Bt Hl&2
ol-&ste] HFARL wiEATE NIt 2 AFoA Hi

B2 24712 iEAs WY 503

S M Al ZF 552 e ERAA 0wk A4S
A, B, C, AAWMEA A B, &43] A, B, CE FLE35}0]
7faretl ow, Bi&A 4= upper?} lowerS AHYsto] 23
Ao g Higs A&

= A3]9] 4A S5 et ik S5 2 A
et A5 ol&sto] WiEgE APYstalth. IPCCet
nE Yol HFHOE AT WS IPCColA] AA|
Sk Tier2 =59] YA 3], HAWMLA, +=74/443] 31752

=
2 RSl HF WA NEFL vmekgch

z

3.1 U Mz| MASH HEAT L WS

Work-sheet 7Hgt

Guidelinesol| A|A|E Tier2 59| 43 FFE A
HE o]gsto] 197 g4tE(Ca0 E CaO-MgO)ollA CO,
2 H3E= ek HleS APt 2aA oA 7 A3
B H]&-E o]&oto] HiEASE ANEsta 3dA 9
A Zr 3] f8E WiEFS Ao, FEHoE F )
EHE AP ol9 T2 AFY L HA P
25| Table 39] work sheetE 7JotH Y.

3.2 o5 M3ERE HIEA

2 AFtolA 7HERt Work-sheetE e} g2 43| F
d, 5992 CaO ¥ CaO-MgO & HiESATE 4t
5} THTable 4).

7 99w 48] 71%0] AAE Ca0 L Ca0-MgO®]
lower™} uppero|-g-5to] HjEA 9] W= AHE ST A
A3 EFL 0.73 ~0.77 ton COy/ton lime2. 2 BjE&A 57}
AHdERon, AAS 9 1542 0.71 ~0.73 ton CO,/ton
limeC & AFFE it A3 1-189 AL 0.67~0.71
ton CO,/ton lime O 2 vjE&A| 57} AMR =90, YA S 2
29 A% 0.63~0.67ton COy/ton limeC & v|&AS7}
APEIQlT. AAaWeA 199 B9 0.46~0.52ton
COy/ton lime2 2 HiEA7F A=A oW, HAmLA
239 B9 041~04602 AHAEUT. 243 EF9] 7
2. 0.43 ~0.48 ton CO,/ton lime 2.2 Hi&A 47} AFHE
o, AA3] 153 23 0.42 ~0.43 ton COy/ton limed}
0.39 ~0.42 ton COy/ton limeC & A EAt}.

=
=
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Table 3. Development of calculating lime emission factor work-sheet

CaO or CaO-MgO

formula weight

CO, formula weight

Stoichiometric ratio

ton CaO or ton

Step 1 ton CO, ton CO, per ton CaO or CaO-MgO
CaO-MgO
A B C
- - A/B
Quick Lime 56.077 44.009 0.785
Light Burnt Dolomite 48.191 44.009 0913
Slaked Lime 74.092 44.009 0.594

Step 2

CaO content

MgO content

Emission factor

%

%

ton CO»/ton lime

D

E

F

(C X D) + (C X E)

Quick Lime A

Quick Lime B

Quick Lime C

Light Burnt Dolomite A

Light Burnt Dolomite B

Slaked Lime A

Slaked Lime B

Slaked Lime C

Step 3

Type of lime production

Type of lime production

emission

Total GHG emission

ton lime ton CO, ton CO,
G H 1
- FXG -

Quick Lime A

Quick Lime B

Quick Lime C

Light Burnt Dolomite A

Light Burnt Dolomite B

Slaked Lime A

Slaked Lime B

Slaked Lime C

Table 4. Estimation of Lime Emission Factors in Korea

Ca0O or CaO-MgO

Emission factor

Division Stoichiometric Ratio (%) (ton CO,/tonlime)

lower upper lower upper

Quick Lime A 0.93 0.98 0.73 0.77
Quick Lime B 0.785 0.90 0.93 0.71 0.73
Quick Lime C 0.80 0.90 0.63 0.71
Light Burnt Dolomite A 0.913 0.80 0.85* 0.73 0.78
Light Burnt Dolomite B 0.70 0.80 0.64 0.73
Slaked Lime A 0.725 0.80 0.43 0.48
Slaked Lime B 0.594 0.7 0.725 0.42 0.43
Slaked Lime C 0.65 0.7 0.39 0.42
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oL AM3git MAZH
3.3 89| HiEAHI+E 0|86t HiEE 4% % IPCCt
H|w
£ A oA AFget 9] A3 R viEAlset IPCC
ol v I E Yol AFFH CaO E CaO-MgO, Emission factor
H919] HAZES Default value= AFY5ITHTable 5).

IPCCOJlA= 143, TEAS|(FAMLA), 47444
3(aA3)og BHsla 9lod, ZF2He] Ca0 or CaO-MgO
d #i&A4E 2006 Guideline®]] AIA|SFATE. IPCCOIA] A|A]
t 1ZEAole Y] 4D EG3 fAkSH, HiEA
= 0.013}o] &2 FAbs}T} TEA S]] A9 §h=ro] APAtel=

AHMT QARSI & 2709] GEoR EREo] Fid
A 15 HUh= 0.02 #317, AWM 29 Hik= 0.09 W
o}, IPCCOJlA] AAIGE =7/ 43] 9] 79 CaO2] 9|7} -2
vlom, ghto] MDY 14, AAAF 28, &43] B, 243
15, &43] 27 5ol Zge]o] vlurt H™s] gkt

U A3 838 ABAERS IPCC Tier2 $239] default
value®} £ AolA 7L wiEAlSE H8oto] WiEH%S
APttt 1 ZEA519] A9 IPCC HiEAIFE 283t v
ETFE 305,464 ton, This study HIEAISTE 223t wiE&=ke
309,537 ton O & F 1% 2fo]2 =jo] YA 5] EFF} Zjo|7}h
A LAYsHA] gttt TEAB]9] - IPCC HiEAISTE &

o

j)

t oM.

83t ¥iETHS 171,890 ton, This study BiEAE 283t Hj
ST 169,484 ton 0= OF 1% Ao]7} TSIt 7444

319] B IPCC HiEATE 83 HiETFS 752,246 ton,
This study HIEAITE 283 HlET2 863,890 tonO= ©F

13%= 2 zfo]7h TSIt

Table 5. Comparison of carbonate and emission
factors by IPCC and Korean lime

Default value for Emission
o Cao or CaO-MgO factor
Division

This This

IPCC IPCC
study study
Quick Lime A 0.95 0.97 0.75 0.76
Quick Lime B 0.92 0.72
Quick Lime C 0.85 0.67
Light Burnt Dolomite A | 0.75 0.76 0.59 0.45
Light Burnt Dolomite B 0.71 0.42
Light Burnt Dolomite C 0.68 0.40
Slaked Lime B 0.87 0.79

- 0.85 0.77
Slaked Lime C 0.75 0.68

2E7tA BiEAS HE
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Fig. 1. Comparison of greenhouse gas emission in
lime production by lime classification
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3129 4% Zolo] vl3) FAHe] Yol gol o} A=
91 579 Azl Al PCColAE F 37HIR
45)g FRelol TS AHINL AT, B2 B
A319] &= 9 Aol S| 87HA = AAIS] FHEE AL Sl

2 Qo)A CaO I MgOQ] AAte] 7|dto =z 3l=to]
A3 {Fd WiEAFE APEst7] A% Work-sheetE 7H
5} TE QuicklimeS] CaO ¥ MgO G- IPCC 0.95
ojm, ¥=r2 0972 0.02F%= ztol7} TSIt Light
Burnt Dolomite®] CaO ¥ MgO &35 IPCC 0.850]H,
2o WF 081 $FO0F 0.044%E o]zl WA}
Slaked lime2] CaO ¥ MgO -5 IPCC 0.750]H, gt
22 WP 078 $20 0.03% Hol7} WA A
2 QuicklimeE A| 2]t Light Burnt Dolomite®] 7% 27}
A], Slaked lime®] 7-¢- S7HA = 75 0] 2 49d P4t
H a0 2 Mg09] Foe] we /1% BRE AYA
AA| 2A7EA viEFo] FFS vE Aol

olof A3] fFY HiETS IPCCY ERA ALt v et
A3}, Quicklime ¥ Light Burnt Dolomite®] 73-9- IPCC &
FAAR F 1% Zol&2 FUjo] &/} & AolE HolA|
24okth. SHA|NE Slaked lime®] 79~ IPCC EFAA Lt <F
13% o] T4 2 o] Telet % UUrk. o] IPCC
oflA] A|AI Slaked limeE FE 44449 HLA7F HWom,
IPCCO] #7711 Qol|% gholA Fits= A& F=
Agoz U3 Aolrt LA Ao AR,

mebA, Sy A3 247k I HiEe] AESt JHE
g 1&2 siAE 712 IPCC EFA A ) 2-0] 257

=
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Hop= 2 438 Ca0 Y CaO-MgOS F4og FE
g0} A7F A&EofoF 5, 5ol B2 AR HlolH
5= Easith

oo} go| gh=2] A3] 7|&o| St oy 5 H Hf
Al A7 X152 A4S AT =y 247ks JHE
29 dg FIAE 4 dom, ARIAY] B9 Tierd T
PS W29l viEFS 4ol 7hed ot

ARAE
A7 4R Yoz A EY
71583} o8 7N EAIG Y] A dS o AGE QL
SUTHIAE S : 20180013000002).
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