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Abstract

The lime industry accounts for about 75% of greenhouse gases generated from process emissions, and because large amounts
of fossil fuels are used, the intensity of greenhouse gas emissions per unit of product production is quite high. In order to
respond more accurately and quickly to greenhouse gas regulations, including the domestic emissions trading system, it is
necessary to establish a system for accurately identifying greenhouse gas emission sources and calculating emissions for each
lime manufacturing process. In this study, in order for limestone processing companies to effectively respond to the domestic
greenhouse gas emissions trading system, the operation method, input raw materials, and fuel differences for each type of
limestone kiln were identified through field surveys, and the greenhouse gas emission intensity was analyzed As a results, it was
confirmed that greenhouse gas emissions were reduced when using a Parallel flow regenerative kiln compared to an improved
shaft kiln even when the same amount of limestone was used.
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Fig. 1. Scheme of the quick lime and burned dolomite manufacturing process.
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Fig. 2. Greenhouse gas emission ratio in the lime industry.
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Table 1. Estimation formula for greenhouse gas emissions from stationary combustion (2006 IPCC Guideline)

Greenhouse gas emissions calculation formula

Solid fuel combustion

Gas fuel combustion

Eij=Q; x EC; x EF;; x f; x 10°°
Ei; : Greenhouse gas emissions from fuel combustion (tGHC)
Q; : Fuel usage (measured, ton-fuel)
- Tier 1 (Measurement uncertainty within +7.5%)
- Tier 2 (Measurement uncertainty within +5.0%)
- Tier 3 (Measurement uncertainty within +2.5%)
EC; : Heat coefticient of fuel (MJ/kg-fuel)
- Tier 1 (2006 IPCC Guideline)
- Tier 2 (National specific heat generation value)
* Anthracite for fuel (20.5 TJ/Gg)
* Imported anthracite (23.7 TJ/Gg)
- Tier 3 (Measurement uncertainty within +2.5%)
* Developed by the operator or using data provided by the fuel
supplier
EF;; : Greenhouse gas emission coefficient according to fuel
(kgGHG/TJ-fuel)
- Tier 1 (2006 IPCC Guideline)
* Anthracite for fuel : 94,600 kgGHG/TJ
* Imported anthracite : 98,300 kgGHG/TJ
- Tier 2 (National specific emission coefficient)
* Anthracite for fuel : 95,100 kgGHG/TJ
* Imported anthracite : 100,400 kgGHG/TJ
- Tier 3 (Developed by the operator or using data provided by the
fuel supplier)
f; : Oxidation coefficient of fuel (Not applied CH,, N,O)
- Tier 1 (Default: 1.0)
- Tier 2 (Power generation: 0.99, Etc: 0.98)
- Tier 3 (Developed by the operator)

Eij= Qi x EC; x EF; x f; x 10
E;; : Greenhouse gas emissions from fuel combustion (tGHC)
Q; : Fuel usage (measured, m’-fuel)
- Tier 1 (Measurement uncertainty within +7.5%)
- Tier 2 (Measurement uncertainty within +5.0%)
- Tier 3 (Measurement uncertainty within +2.5%)
EC; : Heat coefficient of fuel (MJ/m’-fuel)
- Tier 1 (2006 IPCC Guideline)
- Tier 2 (National specific heat generation value)
* Natural gas (LNG) : 49.4 TJ/Gg
* City gas (LPG) : 38.9 MJ/m’
* City gas (LPG) : 58.4 MJ/m’
- Tier 3 (Developed by the operator or using data provided by the
fuel supplier)
EF;; : Greenhouse gas emission coefficient according to fuel
(kgGHG/TJ-fuel)
- Tier 1 (2006 IPCC Guideline)
* Natural & City gas (LNG) : 56,100 kgGHC/TJ
* City gas (LPG) : 63,100 kgGHC/TJ
- Tier 2 (National specific heat generation value)
* Natural & City gas (LNG) : 56,100 kgGHC/TJ
* City gas (LPG) : 64,000 kgGHC/TJ
- Tier 3 (Developed by the operator or using data provided by the
fuel supplier)
f; : Oxidation coefficient of fuel (Not applied CH, N,O)
- Tier 1 (Default: 1.0)
- Tier 2, 3 (Default: 0.995)

Table 2. Greenhouse gas emission calculation method according to Tier (2006 IPCC Guideline)

Group

Description

Tier 1 E = Q, x EF;

Tier 2 Ei= Qi xr; X EF;

Tier 3

E; = (EF; x Q; ¥ 1; x F;) - Qukp * EFrkp % (1-Frkp)

Tier 4 Continuous Emission Monitoring (CEM)

E; : emission of CO, from lime production based on carbonate(i) inputs (tCO,)
(In case of Tier 1 and 2, Emissions of CO, from lime production)
EF; : emission factor for calcination pure carbonate(i) (tCO,/ton)
(In case of Tier 1 and 2, Emission factor for lime(i), ton CO/ton lime)
Q; : weight or mass of carbonate i consumed, tonnes
(In case of Tier 1 and 2, lime production of type I, tonnes
1; : purity of lime(i) (decimals between 0 to 1)
F; : fraction calcination achieved for carbonate i, (decimals between 0 to 1)

Nomenclature

Qukp : weight or mass of LKD, tonnes
EFkp : emission factor of LKD emitted for lime production (tCO-/ton)

Frkp : fraction calcination achieved for LKD (decimals between 0 to 1)

Resources Recycling Vol. 32, No. 5, 2023
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Table 3. Measures to reduce greenhouse gases in the lime industry process

Group Classification Detail
e * Minimize the occurrence of mobile combustion through the
Facility improvement . . . e . .
installation of crushing facilities and conveyors in the mine
MObﬂ? * Introduction of large trucks
combustion Increase * Fuel converstion of commercial vehicles
operation efficiency * Flattening or paving and adjusting the slope of the mine shaft and
Mining ramp way
process Electric light * Reduce illuminance to minimum safe level
management * Use of high-efficiency light

Electricity use Facility improvement

* Replacement of electric stabilizer in lighting equipment
* Improving fossil fuel process into electricity facilities
* Replacement of old equipment

Alternative energy

* Application of solar, wind power generation and ESS to power facilities

* Introduction of high-efficiency kiln like a parallel flow regenerative kiln

Increase Application of new kilns
energy
efficiency Utilization of waste heat

* Preheating and drying of raw materials in a kiln using waste heat

Renewable energy

* Combination of renewable energy such as hydrogen, syngas and waste
derived fuel

Calcination | pye] conversion -

process Application of eas fuels | - Introduction of gaseous fuels such as LPG, LNG, etc.

pp g * Introduction of gaseous fuels through structural change of old kilns

Introduction of | Gas separation/capture | * Application of membrane, absorption and adsorption method
CCus Pure oxveen combustion * Skip a gas separation process through emission of high concentration
technology Ye of carbon dioxide

Product Mobile Renewable energy * Fuel conversion of commercial vehicles such as application of fuel
shipment combustion vehicles cell

Table 4. Nitrogen oxide emission standards for the lime industry

NOx standard concentration (ppm)
Emitting facilities Facility classification
Initial year Final year
Before January 31, 2007 <140 <100
. Firing facility among
Process c?mbustlon lime/plaster and product From February 1, 2007 to <120 <80
facility . s December 31, 2014
manufacturing facilities
After January 1, 2015 <56 <40
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Fig. 3. The lime industry’s preference rank for greenhouse
gas reduction technologies by question investigation.
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Table 5. Characteristics of type of lime kiln
Company A B C D
. . Parallel Flow Parallel Flow . .
Type of lime kiln Regenerative Kiln Regenerative Kiln Improved shaft kiln Improved shaft kiln
. . Imported anthracite, Imported anthracite, . .
leed. Solid fuel Anthracite for fuel Petroleum coke Imported anthracite Imported anthracite
combustion [T
. Liquid fuel - Kerosene - -
emission
Gas fuel LNG - - -
Process emissions o o o -
(lime production) Quicklime Quicklime Quicklime Quicklime
Limestone
Limestone

Preheating Zone

Image
Calcination Zone

Cooling Zone

Preheating Zone

Calcination Zone

Cooling ZoneI \

f If Cooling Air

Table 6. Results of greenhouse gas emission intensity by lime kiln type

Company A B C D

Amount of activity data (Output, ton) 102,452 153,072 44,574 72,165

Total GHG emissions (tCO-eq) 100,928 153,769 45,811 73,603

(1) GHG intensity (Emissions/Activity) 0.9851 1.0045 1.0277 1.0199

(2) GHG intensity for purity application (tonCO,/t) 0.9851 0.9964 0.9978 1.0199

Content of carbonate minerals (%) 100 99.2 97.05 100

ARESR= A 25 0.9851 tonCO/t, 57 L AJekS ARS U 3kAS 59] gkS A83517] YA A = AR
SHe RAIRE 1.0045 onCOLM, ARHTIS SR EF 2 A3k 511, 0l 919) Al Eawelot AR

251.0277 tonCO,/t D 1.0199 tonCO/t 02 LFEFITE
o] ke AANE | AYE ABIHE A9 F8o|
4% SpElo] 22 0] 4314 E A ST 2t
2 HiEFo| FAad 4 ke 2SS RSttt o714 4
514 U] SRS WA Tier 2 AP} 4312
EMA|(Lime Kiln Dust, LKD)9] ¥AFHQxp) T £
(Fi), St2E(Fikp) 285k Tier 3 AMIHHS 282
A UL} YR w2l AN &S B
222 0.2 HOIh Tier 20] S 2 Ao =
Y= fa T A BEY ¢EE WMERE W, B, C
o A9 oF 0.82.9% AT UoiA GRS At
A gAY FER F/dE o] ¥Make /ISIHh ot =

A7 ol tet 4}k 5ol YRSt AA| Lee(2020)
S IPCCOA Eisle A8 gdeA9]), Faue
H(ALEA D)), 243)(73/d4 )2t =l 4319 A 5
' mobE BAES S8 /NS s Al E 085tk
SA7IA B ETEE v BFek. B7E T Eel o
£ 2A7IA HiEF Aot U Zle B0 & 39l
o, Ul 43 7] S dlolg 75 9 siEAs
7F A& ook Rt LATIA MiEF A TR
A& Zog Basiiet.

=4 A3 2PAE diFE TP e,
A AR g A A g2 ESRE 293
= GAIEo] Hirkseoltt. olof] 247 50l e

Aol S A 328 A 55, 2023
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UAHAA = Fej&aol A% = giofl = Aol
A 2A7EA S A A A4z 717 = A BM
Aoz Mgl <l 49 ool 5oz A9]dA|
fiEo] E3E & < 371 Wizell U 43] 7% =
glol8 7= 9 wiEAle Aol ol P asith 1
2|3l AR AR M ARLE AHdEet ofyet 49]
Atdolx 9] Aol S| wH 49 A, A=
dghe flRt A= 7iA H 48] Aljlel Agiet Cccus 7]
< A4S, Ad71e] Aol 28 FAH A H7t 52
FZ A A o] FolEr "agt Ao g Helrk

2 Sk MEAARA AR T A

A WhE 712 TPPA(GES A Folt47)7e oy

288 /1% YPPABM) O WA 1540] £13

RO 4% AAHAIE0) BM BPuAle) TEs

ehe vl Folth. FAIA 7ol W= 4% Wit )

SRR B 5 I BMAS AP A ABAG] 22
=

3
AE Tt Al F T Aol

23] 7154 Y] 247 A HiE S0l 5 2415 f1s A
A AR FFE 247 IS E45H 24
AT FAZRAAZ)E AR A ESE UM 88
o] RE|o] Z& ¥ AFAE AMGStE s 247 A
HjEso] sk s SRIFTh E3L 434 A%
9] £5E vHSR= Tier 2 APYHIH 0 2 HE 9F 0.8%9]
AR TS ERIF1 o, o]of we} A 3] EHA|(Lime
Kiln Dust, LKD)2] ¥R Qi kp) T <= (F;), SFAE(Fikp)
< A-85k= Tier 3 APIHHS 283 H- 2A7kA H
EFL UL AT F 07 Helrh

a8y = AN AP R S4TI9 E
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£ *Yote dAIS0] dirkeoln] 2A47EA 59 I
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