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ABSTRACT

In this paper, we sought to reduce greenhouse gas emissions from coal power plants by analyzing CO, emissions by coal calorific
value. To this end, the analysis data of coal introduced to three coal power plants in Korea from 2014 to 2021 was used, and
the CO, emissions for high-calorific coal, medium-calorific coal, and low-calorific coal were analyzed. The CO, emission factors
were 95,264 kgCO,/TJ for high-calorific coal, 97,096 kgCO,/TJ for medium-calorific coal, and 100,027 kgCO,/TJ for low-calorific
coal. CO, emission intensity was 891.33 kgCO,/MWh for high-calorific coal, 908.47 kgCO,/MWh for medium-calorific coal, and
935.89 kgCO/MWh for low-calorific coal. Therefore, CO, emissions can be reduced by increasing the proportion of high-calorific
coal compared to low-calorific coal in coal power generation. However, some issues need to be addressed before expanding the
proportion of high-calorific coal. First, as particulate matter emissions are higher for high-calorific coal, the performance of air
pollution prevention facilities must be improved. Second, because the price of high-calorific coal is higher than that of low-calorific
coal, policy changes regarding the individual consumption tax imposed on coal are needed to improve the price competitiveness

of high-calorific coal.
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Table 1. Estimated greenhouse gas emissions and
proportion by power source by 2050 carbon
neutral scenario

(Unit: %, million tCO,eq)

Estimated
Category | Nuclear | Coal | LNG | Renewable | Other L
emissions
A
. 6.1 0.0 0.0 70.8 23.1 0.0
scenario
B
. 7.2 0.0 5.0 60.9 26.9 20.7
scenario
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Table 2. Capacity and gross calorific value of design

coal by power plant
(Unit: MW, kcal/kg, as received)

. . Gross calorific value
Power plant Unit Capacity .
of design coal

#1,2 800 Min 5,700
Y.H #3,4 870 Min 5,500

#5,6 870 Min 4,980

#1,2 560 Min 5,700
S.P #3,4 560 Min 5,700

#5,6 500 Min 4,750

#1 350 Min 3,970
Y.S

#2 328 Min 3,910

% S.P power plant #1,2 were shut down in 2021
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Table 3. Analysis items and methods of coal

Category Analysis criteria Method
. As received
Total moisture . ASTM D 3302/D 3302M
basis
Calorific value Air dry basis ASTM D 5865
Proximate . .
. Air dry basis ASTM D 7582
analysis
Ultimate .
. As dry basis ASTM D 5373
analysis
Total sulfur Air dry basis ASTM D 4239
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Table 4. The quantity of coal and analysis of calorific

value, carbon content

(Unit : ten thousand ton, kcal/kg, %, as received)
Year Quantity Gross calorific | Net calorific Carbon
value value

2014 2,512 5,525 5,202 58.33
2015 2,663 54,89 5,174 57.32
2016 2,658 5,452 5,135 57.36
2017 2,743 5,395 5,078 56.60
2018 2,635 5,425 5,103 57.54
2019 2,460 5,558 5,239 58.03
2020 1,938 5,536 5,219 57.71
2021 1,686 5,498 5,182 56.96

Average 5,481 5,162 57.48
Standard deviation 56 57 0.56

29 Aeto] g/fuE B YK (Gross calorific
value)@} A AL (Net calorific value)> Z+ZF 5,481
kealkg, 5,162 keal/kgO 2 BAE|gon Ard —éﬁjﬁ}
= Z}Z}; 56 kcal/kg, 57 keal/kgO &2 A "%i%k
A7 &2 AoE Yyt $/dE B
¥ HA= 57.48%, 0.56%%E ‘:‘/‘45104“&]
o] 100 kealkg Z71Z5E &4 FFL 0.67% Z715te=

Aoz by

Table 49] B A oJurdaky} eba 2k vlglo g A4
St 7l Ho A 9 CO, Hﬂgﬁ]/m‘ Z+Z} 26.6 kgC/Gl,
97,462 kgCO,/TIZ UEFITHTable 5). 87HE%E Hat CO, Hi
S715= 2006 IPCC 7Io|=RIof|A AAJSh= 7]EF A&t
(Other bituminous coal)¥} o} €K Sub-bituminous coal)2]
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CO, Bl&AIS: 713k 94,600 kgCO/TJ, 96,100 kgCO,/TJ T
H) 3.03%, 1.42% w=AgE ARREE 99,700 kgCOL/TI,
100,000 kgCOy/TIHTh= Z¥Z} —2.24%, —2.54% 2| AF&E]
ATt 2006 IPCC 7to]EgiRlofl= AU A= 5,700 keal/kg
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20149FE 202170 87 g jE Y] BF
o TIFEr 39.20%, 2LTE 15.30%, ADTEr 45.50%2
UEPTHTable 6). 7+ Hds A B A=k 1Y
Fet 5,853 kealkg, SEHE 5,291 kealkg, A B=E 4,524
keal/kgQ 2 EAE|glon, B whA FF TIHR

Table 5. Comparison of CO, emission factor of this study and 2006 IPCC guideline

(Unit : kgC/GI, kgCO,/TJ)

2006 IPCC guideline
(Lower, Upper : 95% confidence interval) This study
Category N o
Other bituminous coal Sub-bituminous coal
Default value Lower Upper Default value Lower Upper Average value
Carbon
o 25.8 - - 26.2 - - 26.6
emission factor
CO, emission
fact 94,600 89,500 99,700 96,100 92,300 100,000 97,462
actor

Table 6. CO; emission factor of coal by calorific value category (2014 ~ 2021)

Category Unit High calorific coal Medium calorific coal Low calorific coal
Classification criteria
. kcal/kg > 5,500 5,000~5,500 < 5,000
(net calorific value)
Proportion % 39.20 15.30 45.50
Average kcal/kg 5,853 5,291 4,524
Net calorific value
Standard deviation kecal/kg 214 148 422
Average % 63.68 58.59 51.77
Carbon
Standard deviation % 2.96 2.47 4.66
Carbon emission factor kegC/GJ 26.0 26.5 27.3
CO, emission factor kgCO,/TJ 95,264 97,096 100,027

Journal of Climate Change Research 2022, Vol. 13, No. 4



KEIo] iR W CO, HiEY

63.68%, =ATEt 58.59%, AIFEO] 51.77%% YERGT]H
olE i o R A eAuEAIE 1 GE 26.0 kgC/G,
23l 26.5 kgC/GI, ADeFEr 27.3 kgC/GIZ BAHEQoH,
CO, &AL 1 Geer 95,264 kgCO,/TI, ZELEE 97,096
kgCO,/TJ, A BEro] 100,027 kgCO/TIZ VeERth 18
el ZdFERS 2006 IPCC 7to|=allo)A AAJst 7Et &
ekt ol RO] CO, viEAlS: Mol 2= v, A
ek ol eke] CO, HiEAIS: ATHE 100,000 kgCO,/TI
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A Qe 935.89 kgCO/MWhOE UERFOH, 87U : 1
 @do A 911.89 kgCO/MWhO.Z EAE| Q)
HTable 7). o= 87HAE BHa A AL 5,162 keal/kg
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Table 7. CO; emission intensity by calorific value

category
High Medium Low
Category Unit calorific | calorific | calorific Total
coal coal coal
CO,
o kgCO,/
emission 891.33 908.47 935.89 911.89
. . MWh
intensity
Growth or
Reduction % -2.26 —0.38 2.63
rate
xO Ol 2 x
4, 22 A=S 2t 71=H, EHAEH A
4.1, 712X M - MEREH I7|2F YXAE d57Hd

Fehe 1.49%2 1.698) &7

olzke}h

20 v

I A ekl

o W FF 539%
2380 7] RGO, 4, i
T Hol7t g0

Table 8. Sulfur, nitrogen, ash content and emission intensity by calorific value category (2014 ~ 2021)

Category Unit High calorific coal Medium calorific coal Low calorific coal

Content % 0.48 0.48 0.36

Sulfur
Emission intensity kgSO,/MWh 3.67 4.04 3.57
Content % 1.49 1.25 0.88

Nitrogen
Emission intensity kgNO,/MWh 18.66 17.35 14.21
Content % 12.81 8.59 5.39

Ash

Emission intensity kgAsh/MWh 48.92 36.28 26.63
Particulate matter kgPM/MWh 35.03 26.71 19.93
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Agko] I HFE ARlEY AaAekE, 312 H 4.2, ZHH M - MEO| CHSE JHEAHIN FHIHM
T 24E FIste] COo, 9y wied APgrIEt 22 v
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o] A AAeket Ucke] vjZ=eF 3,57 keSOMWh o] 7@ T SEHIAICK Pl BjAle} HopRere st B EF (o
ZELO. 367 kgSO/MWhE 1.03H) 7] Ak=Eglom, Aa ool =7/ A okl glon, aitr oz Age) o
ABHEe AIdZer Uoke] wiEeF 14.21 kgNOyMWh TjH] ol w2t Al 7FAo0] A Fig 1.2 =A% 0% 5§

7‘”‘?*%% 18.66 kgNO/MWhE 1318] A AbzEjqicy, 7 =he LS AT tlia] 7FAA]e<l GCI (Global
21 3ES Ageret ATk viEeF 26.63 kgAsh/MWh coal index)2} ICI3 (Indonesian coal index)Q] A=W 712
H] T HERS 48 92 kgAsh/MWhE 1.848)] =4 AFEE] QI S HoFl Qltk GCls 2304 BAtels Adds
o|ZA AlESE IAISHE, AAAISHE 9 3]1o] Qte] uij&ak 6,000 keal/kg®] AJeto]] Tt 712 2]4=0]H(Globalcoal, 2022),
o|-g3slo] u|AHX|(Particulate matter) DT+ HlETRS AF ICI3+= RATYA|ofoflA] AAkel= A PEde 4,600 keal/kg®]
Hghow, AFHS 93] Lim et al.(2020)0] THEFT FAlSH, Aeto]] it 7FA A2 (Argus, 2022) Fig. 10]41= GCI9} ICI3
A2ASHE 9 3j5o] et oA AeASR 0345, 0079, ) 7FA PSS ICBE GCIo 22 AFNIET 6,000
0.662 X3Yck oA Abget njwA] gute] vk ;1 kealkgol et RIZHAS ARSI
deFet 35.03 kgPM/MWh, ZLEr 26.71 kgPM/MWh, A F
EF 19.93 kgPM/MWhZ LEREO W, X FaFet tiju] 24 150 - - 100
B2 1344, IFFERS 176H] =A HAEAE BiEske
Zlog BATQT] 120
o|Z % Aehl Ao A HEAPA Al T FHT HISZ i
4 SAVIA AFol= ool AUA, wAHA] siEF
w=A ok webd g g
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], 2 9 A7y 22 g7 2F BRI 30 7
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19} 9 71 2.9 PAIAI A} TS IS Table s ame o wis zm mm wm
99} o] @2 dlito] AQEE= g AU HEAES] A=
Zo] HU|EZE 93t AHo] AMA A Y AA| 57 o]F Fig. 1. Trend of global coal index (GCI) and
oj&jo} & Aolt}. Indonesian coal index (ICI3)
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Table 9. Cost of performance improvement of Fig. 194 Hi= HI} 201575 202197H4] ICI3+=
environmental facilities in coal power plants GCI tH] 4> 73.23%, X[ 95.75%, B+t 88.48% =

o7 AIPHe ngFeHt Wt 12% o4 7hdo] @

Category | Uni rover it A FHYEo} 9ee & 4 YUk Cho et alQUIRONA 4]

Al B lc|p | B |Toul  guo drels WAl 40%E A5 o), A

Number of o] LAV S-S AT 1T S A A

units to be | - 10 | 2 2 2 2 18 24| 27} W2 A7) Q3 A}49] Yolo] F 2 9t} u}

improved o D B A ALY oy adye
Capacity | MW | 6,040 | 1,000 | 1,000 | 1,600 | 1,000 | 10,640 o] 7}7 #AAHo| "Qasi}.

— MRl daEle Ae Jhd, shgesu, A

Cost won 462 97 168 | 235 300 | 1,262 /\ﬂ =il 3}@& =9 7]]5]— —‘?‘—EHH]E_ ?-Aés;]o—] gl_g_tq’ 7z} g}

o] AmuloA AASh= BlE2 20219 =UUHS 7]
Fow A 7170l 51%R 7P 1 A4 36%,

(Source : e Korea Economic Daily, 2022)
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Table 10. Comparison of fuel cost by
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calorific value category

Category Unit High calorific coal Medium calorific coal Low calorific coal
Net calorific value kcal/kg 5,853 5,291 4,524
Coal price US$/ton 133.92 121.06 93.48
Freight US$/ton 14.91 14.91 10.69
c . Individual consumption tax won/kg 49 46 43
ase
Fuel cost U$/MWh 73.17 74.40 70.02
Individual consumption tax won/kg 43 43 43
Case 2
Fuel cost U$/MWh 71.17 73.30 70.02
Individual consumption tax won/kg 43 46 49
Case 3
Fuel cost U$/MWh 71.17 74.40 72.61
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Table 11. An analysis on the effectiveness of high calorific coal expansion

Category Unit As-Is To-Be Difference
Net calorific value kcal/kg 5,162 5,853 691
Capacity MW 500 500
Utilization factor % 80 80 -
Power generation MWh 35,040,000 35,040,000 -
CO, emission factor kgCO,/MWh 911.89 891.33 -20.56
CO, emissions tCO, 31,952,626 31,232,203 —720,423
Cost of performance improvement - 70 70
Operating .
Fuel cost billion won 2,970 2,854 -116
cost
Total 2,970 2,924 —46
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UEgon, B gAauEASs 9 Co, HiEAsE 26.6
kgC/GJ, 97,462 kgCOy/TIZ EAE| Q.
Aehhd2 Bde|o dAay A 9 d7]ed
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