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Benefits of expanding high-calorific coal on the life cycle of CO, emissions for
electricity generation in a coal power plant: Fuel transportation, combustion,
air pollutant treatment, and by-product treatment

Jung, Hyun-Rock
Senior Manager, Climate Change Response Team, Korea South-East Power Company, Jinju, Korea

ABSTRACT

Although closure of coal-fired power plants is being pursued as a major means of reducing greenhouse gases, such plants
likely will remain in operation for a long time due to international, social, and economic considerations. In addition, the
international community is promoting a carbon border adjustment mechanism and mandatory climate disclosure to reduce
greenhouse gases. There is emphasis for key corporate players in greenhouse gas reduction to focus on the life cycle
assessment at the business site. Therefore, to achieve carbon neutrality and respond to the demands of the international
community until coal is obsolete, efforts to reduce and manage greenhouse gas emissions centered on the entire life cycle
are necessary. Accordingly, this paper analyzed the benefits of increasing the use of high-calorific coal for the life cycle of
CO, emissions for electricity generation in a coal power plant. To this end, the electricity generation process is divided into
four stages of fuel transportation, combustion, air pollutant treatment and by-product treatment. For each stage, the CO,
emission intensity (kgCO,/MWh) was analyzed in high-calorific, medium-calorific, and low-calorific coal. When high-calorific
coal was expanded, CO, emissions decreased in the fuel transportation and combustion stages but increased in the air pollutant

and by-product treatment stages. Overall, the life cycle of CO, emissions was shortened.
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1. M2 € gl et S72A7AGE R (Nationally

Determined Contributions, NDC)E $H3t9 oM, o]

T 24 | 59 AT BY 25k w2 Asstn BASH] E Fa iktes spdg Ao FE Al
9lom, Z7|ok 20239 7Y QQIAEEZL 2 243} Aoz g 5L fBE ddsty ot SgveEe
(Global Warming) A|tj7} ZUx At s Global 2030 2A7IA SRR A4S 6 AR 714 oY
Boiling) A7} AIZEIIetT ATobe AgiA) olzA A AN Agta A& 7wl ofixge deist
=|9ich olet 715l gl fis) A Z=els L AACPI(PCONGG, 2023), A103 AHSF7[2A L0

FCorresponding author : roogi@koenergy.kr (123beon-gil 32, Sadeul-ro, ORCID ZH&E 0000-0002-8970-6274
Jinju-si, Gyeongsangnam-do, 52852, Korea. Tel. +82-70-8898-1564)

Received: December 29, 2023 / Revised: February 7, 2024 / Accepted: March 25, 2024

* B Q7L A% 7jole) ojzold, 44 slwe] g4 oAk TRthc

http://www.ekscc.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2024.15.2.195&domain=https://ekscc.re.kr/&uri_scheme=http:&cm_version=v1.5

196 3

At 20304 Merbde] W vES A9 HelhE
71 EA 2] 29.9%E Tt 10.2%p =4 19.7%2 A5
THMOTIE, 2023).

e 20228 Yol Bxlo}- a2} AR =
T ofyA 9171 el #HXof AlsE 2a AU
HE 98 ZyloAs gAJoAL 7HA SF A2 Aerdt
A A7k 9 A% 52 Aot 1o H(Lee, 2022),
Seets ofidx) Qe Ae|N Meue] HaE 7
Zot oA A fxAY deAFS A7Ista AT
(EKN, 2023). ©47kA 752 Sl Aghid w27}
BopeA, 3% A4 BoIA AeBEel ey
A8, W LS A% 9 IR 22 5] BAV A
Qs Q7] Yol ojo] Aghe] LU A 43
WOroE k. FELOLE o §3 REAAR BAUA
B 2AVEA 23, &8 ¥ AHAV|&(CCUS, Carbon
Capture, Utility and Storage)¥} $H4| 2 ag /|4 & 11
Qe By So| els|m k. 9] Ajg A4 A A
Aeto] o] =245 CO, HiETo| Haste H<&
oI TIYE S AL WA WA A5

=

3 R 95 AgILT glon, W
wel DA, P eln ALPHoE BHe
oItk AEhe] FIFE CO, EASE AFIE d F2
3 914

Aok BAFS Eoj(Jung, 2022), ARHEAL] CO, A5
gt mHAel o] B & ek

ojzet oA FAAE = 24A7A A H4A F
ARl 714Eol tiste] 7153} oS A %1% P
o xRt ok FEHATS A= Wl SBA A5
2 QIg &4 & WAE ¢ 20261 1°J‘:'E1 |G
Z A E(CBAM, Carbon Border Adjustment Mechanism)
£ 24Z 05 AP oFo]m(Kang, 2023), 7| FHI7}
949 AT 07 G Hoksta olo] et 4
B U A Gabad AL e fEst v
FoHE 7|FEA RsiE FA5k ULHKOSIF,
2023). o] A=E0] 7ML Y= 35 AR BA 9 AR
T 9 2AVA HiET oA MY 49 BeEE
Agsfiof gtth= Ao =, o|F Y5l 7|& 27 A Uil
A BlEE= 2ATEA 0]9] TRAAREIA HiEE = 24
7k dist A H7HLCA, Life Cycle Assessment)”}
g g s}t

% shE Wggfo] 84RO, HiEA ST 2

Journal of Climate Change Research 2024, Vol. 15, No. 2

rd

=
=

w2hA *4%‘:%01 HR| =774 A 9= 5171 9
A 2A7IA 35 283t 3 IAALE] Ao -85t
7] 1%t A S4l9 AL HiEE dEL 6 F

[5HA =QIth Ty Avhdd o] 2AVA viET} i
o AFE AT EHE ALFE] Y Eo] O M (Kim et
al., 2017; Lim and Yoo, 2018), Ax}4o] T3t A7 =
3t 4% M. olof £ =olAe AghdHel Mg
TEFE o] TE COo, HiET &

ol

rUIo 033 —{u:

R
[
A=)
oZi
_I_4

£ ATE Al A B4 3P0l T2 FU Al
2 3304 2020 2E 2022W7HA] $=Q5t AEke] B4
AwE &8Fon, g 77t Ao =Y EF &
H9 Table 1, 29} Zth.

c

=

Table 1. Description of the power plants subject to

this study

Description of fuel

Power Capacity

uantit Transportation
plent (MW Type (ton,cis rece}i]ved) m:thod
A 5,080 Bituminous coal 33,773,575 Bulk carrier
B 2,120 Bituminous coal 14,050,996 Bulk carrier
C 669  Bituminous coal 5,486,506 Bulk carrier
Total 7,869 53,311,077

Table 2. Analysis items and methods of coal

Category Analysis criteria Method

Total moisture As received basis ASTM D 3302/D 3302M

Calorific value Air dry basis ASTM D 5865
Proximate analysis Air dry basis ASTM D 7582
Ultimate analysis As dry basis ASTM D 5373

Total sulfur Air dry basis ASTM D 4239
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Fig. 1. The process of electricity generation in coal power plant
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Table 3. Energy efficiency operation indicator by
size of bulk carrier

Vessel type Size (DWT) EEOI (gCOy/t-nm)
0~9,999 345
10,000 ~ 34,999 11.9
35,000 ~ 59,999 8.9
Bulk carrier
60,000 ~ 99,999 7.6
100,000 ~ 199,999 5.3
more than 200,000 4.7
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Table 4. CO, emission factor, purity and calcination

rate of carbonate salt in FGD

CO, emission factor . Calcination
Carbonate Purity
(EFLcoz, tCO,/ rate
salt (1)
t-carbonate salt) (F)
Limestone 0.4397 0.95 1
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Table 5. The quantity of coal and analysis of calorific value, carbon content by calorific value category of coal

Unit
Category .m . High calorific coal Medium calorific coal Low calorific coal Total
(as receive basis)
Classification criteria
. keal/kg = 5,500 5,000 ~ 5,500 < 5,000 -
(net calorific value)
Quantity ten thousand ton 2,246 829 2,256 5,331
Proportion % 42.12 15.56 42.32 100
Average kcal/kg 5,868 5,316 4,440 5,178
Net calorific
Standard
value andar keal/kg 163 148 476 784
deviation
Average % 62.46 58.15 50.28 56.64
Carbon Standard
o % 2.87 233 4.95 731
deviation
3.2. 95 +& ©A CO, HiEH=+ H]Eo] A YehtaL Qlo], ALFHoA 1aFHOo =
445 5 AR B 0|97 WA W S92
Am & DAY CO, MEAT AES A% & AT o) zjojo] 9lee o 2 9tk @y wAEro] Aul 3
HFz] A 33l H 2= -
& Hd AL 3ol 20205 E 20228700 A” S 50} goagperac F71st o g At Sl 9lo] UA
2 1:
ol o18d RSl Hjstef IEF AFA AN 7% o) wgosm gysae o8t He B JFo
=& AE 4okt £ dFollde 5% At o o) wal urger Wy 20130 zjolo] 9lee o &
FYESOl i Aot Qo] Al A7 TjAlstel 9 gy
Segon BAL ARt YuHoR AT Sie
29 Mol A Ao AsFHESS WA 4
Z:!O] O]_'_O1 Z]—]:- ]’%, /8_@],'_:{ XH—Q}TE()]:%zl\‘Q}' /H% 4\“{'},\‘ Vessel size
Eo}: /\]-O]Oﬂ é— X]—O]7]— 0‘]7] U:H ]1:]‘ ‘j_ﬂ_]_ /'\}\ J‘E. 5126 -o-Transport distance
100,000 5,000
Aot £ AHYRH £ A7 PEALAA 7]
448 712728 48519t
SMAE 59t A5k ko] A1gH Aute] 2719} g
£ T
AE TEF HEHZ B4 A3 Fig. 29 Zo] 14 z 3,126 :
Fe pdol AHGE Aol WE 2] 9 S A 2o
2 5
103,006 DWT, 5,126 nm (Nautical mile)@ UERF O, i 8 e =
Aggeto RGO 2 B4 dute] B 7] % . ke
5% At B2 oz BAsgt
AehidolA) AF8THe e W SelEw glod,

2938 A1) B4, Mg 7h 9 At 2Qlo ujet 4]
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High calorific coal Medium calorific coal Low calorific coal

Fig. 2. Vessel size and transport distance by calorific
value category of coal
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Fig. 3. Proportion of country of origin by calorific
value category of coal
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Table 6. Energy efficiency operational indicator and
CO; emission factor by calorific value category
of coal at fuel transportation stage

High Medium Low
Category Unit calorific calorific calorific
coal coal coal
Energy
efficiency
operational  gCO,/t'nm 53 7.6 7.6
indicator
(EEOIL)
CO, emission
factor kgCO,/T] 1,106 1,297 1,278
(EFt;co2)
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9] CO, HiEATE SETHY AT thH] 2.68%,
5.93% A UERT

Table 7. Carbon emission factor and CO; emission
factor by calorific value category of coal at
fuel combustion stage

High Medium Low
Category Unit calorific calorific calorific
coal coal coal
Carbon emission
factor kgC/GJ 254 26.1 27.0
(EFic)
CO, emission
factor kgCO,/TI 93,066 95,630 98,928
(EF¢;co2)
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Table 8. Sulfur, nitrogen and ash content by calorific value category of coal

(Unit : %, as received)

Category High calorific coal Medium calorific coal Low calorific coal

Average 0.46 0.40 0.29

Sulfur
Standard deviation 0.13 0.17 0.19
Average 1.52 1.30 0.82

Nitrogen
Standard deviation 0.31 0.33 0.24
Average 11.89 10.40 5.44

Ash

Standard deviation 3.55 5.41 3.29

Table 9. CO; emission factor by calorific value category in the air pollutant removal and by—product treatment

stage

(Unit : kgCO/TJ)

Category High calorific coal ~ Medium calorific coal =~ Low calorific coal
Flue gas desulfurization
1,056 1,025 901
(EFr,l,COZ)
Air pollutant removal Transportation Limestone 17.12 16.61 14.60
(EFm.icoz) Ammonia 1.48 1.40 1.06
Transportation Ash 156 150 94
By-product treatment
(EFp,ico2) Gypsum 159 154 135
] BAARES vfFoR frlogRY L WARL AR £4 2 Ab WAG: Do) TIFHL A4S
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Table 10. CO, emission intensity by calorific value category in the process of electricity production

Category Unit High calorific coal Medium calorific coal Low calorific coal
CO, emission intensity kgCO/MWh 10.48 12.29 12.11
Fuel transportation
Proportion % 1.16 1.32 1.26
CO, emission intensity kgCO/MWh 881.58 905.86 937.11
Combustion
Proportion % 97.39 97.31 97.61
Air pollutant CO, emission intensity kgCO,/MWh 10.18 9.88 8.68
removal Proportion % 112 1.06 0.90
CO, emission intensity kgCO/MWh 2.98 2.88 2.17
By-product treatment
Proportion % 0.33 0.31 0.23
CO, emission intensity kgCO,/MWh 905.22 930.91 960.07
Total
Proportion % 100 100 100
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15.56%, AGeet 4232%2 Vebgeh 283 B A9
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Appendix 1. List of factors for calculating CO, emission coefficient by the process of electricity production
CO, emission coefficient Factor Description Unit Source
Energy efficiency operation indicator of
EEOI gy etliciency op ¢CO,/tnm IMO, 2021
fuel(i) transport vessel
Fuel transportation
(EF f,l-,g()z) D; Transport distance of fuel(i) nm Activity data
EC, Net calorific value of fuel(i) MlI/kg-fuel(i) Activity data
EFZC Carbon emission factor of fuel(i) kgC/GJ-fuel(i) Calculation
Combustion Cm,i Carbon ration of fuel(i) - Activity data
(EF; co,) . . . .
) EC, Net calorific value of fuel(i) MlI/kg-fuel(i) Activity data
3.664 Ration of molecular weights of CO, and C - -
EF CO, emission factor of carbonate salt in
1,CO, tCO,/t-carbonate salt KLIC, 2023a
FGD
Mass of carbonate salt consumed per unit . .
Q . . t-carbonate salt/t-fuel(i) Calculation
Flue gas desulfurization weight of fuel(i)
EF, .
(EL5i.c0) 7, Purity of carbonate salt - KIPHRD, 2022
F Calcination rate of carbonate salt - KLIC, 2023b
EC, Net calorific value MlJ/kg-fuel Activity data
EF CO, emission factor for transportation
m,CO, . kgCO,/ton-km KEITI, 2023
means of process raw materials
Transportation of process Mass of process raw materials required per  t-process raw materials .
raw materials @ . . . . Calculation
unit weight of fuel(i) /t-fuel(i)
(EFm.i,COZ)
D, Transport distance of process raw materials km Activity data
EC, Net calorific value MJ/kg-fuel Activity data
EF CO, emission factor for transportation
.C0, kgCO»/ton-km KEITI, 2023
- means of by-product
Mass of by-products generated per unit t-by-product
BY'prOduct treatment Qz‘ yp N fgf 1() p /:/;) l() Calculation
weight of fuel(i -fuel(i
(EF, i,CO,)
D, Transport distance of by-product km Activity data
EC, Net calorific value MJ/kg-fuel Activity data
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