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Economic Evaluation of Coals Imported in Last 3 Years for Power
Plant Based on Thermal Performance Analysis

Sehyun Baek, Hoyoung Park and SungHo Ko

ABSTRACT

In this study, the economic evaluation for imported coals was conducted for power plant based on thermo-
dynamical performance analysis. The number of coal types considered was 1,755 imported by five power
generation companies in Korea during the 2010-2012. The higher heating value (HHV) of the coals ranged
4,000-6,500 kcal/kg, mostly sub-bituminous. The 1D thermo-dynamical performance modeling was performed
for a 500 MWe standard power plant using PROATES code. It was founded that the low rank coals had
negative effects on the plant efficiency mainly due to the increased heat loss by moisture, hydrogen and flue
gas. Based on the performance analysis, the economic performance of the coals was evaluated. The apparent
price of low-rank coals tended to be significantly lower than design coal; for example, the unit price of coal
with a HHV of 4,000 kcal’kg was 57% of the reference coal having 6,080 kcal/kg. Considering the negative
effects leading to a decrease in the thermal performance, heating value compensation, and increased parasite
load, the corrected unit cost for the coal with 4,000 kcal’kg was 90.7% of the reference coal. Overall, the cost
saving by imported coals was not high as expected.
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Table 1. Recent power generation share rate per power
plant type in domestic market[1]

2011
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Table 2. General definition of raw rank coal for power . U e o A HE e

generation company in KOREA
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Fig. 1. Coal purchase cost vs heating value.
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Fig. 3. IDT of ash vs coal heating value.
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Fig. 4. Ash content of coal vs heating value.
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Fig. 5. Sulfur content of coal vs heating value.
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Table 3. Coal component of power plant

AJebi Ay
& HHV | C | H | O | N | S |Ash| 35
bealg)| (%) | (%) | (%) | (0) | (%) | (%) | =)
WARA [ 4,011 [69.90] 5.05 | 1.17 |20.61| 0.23 | 3.04 | 39.95
Llama | 4,112 [60.17 5.01 |21.47] 149 | 0.60 |11.25]32.22
ECO | 4.236 |67.57|4.631939] 1.79| 0.25 | 6.37 | 35.29
ADARO4S | 4,306 [69.80| 4.95 | 0.9519.20] 0.18 | 4.92 | 35.14
PEABODY(ID) | 4,425 |64.80| 447 | 1.18 |18.34| 1.04 |10.18| 29.35
ROTOSOUTH | 4,520 |70.40( 4.91 | 1.02 20.20| 0.02 | 3.45 | 31.50
CARBOFER(ID) | 4,624 |65.80| 4.86 | 1.00 |17.28] 0.51 |10.55| 27.72
APAU | 4,705 |67.64 4.59 [17.69| 1.27| 0.76 | 8.06 | 28.70
MP | 4811 |66.88] 486 |15.28| 1.30 | 0.96 10.72| 27.26
MEGAPRIMA | 4,909 [69.00| 4.84 | 1.36 |16.98| 0.54 | 7.28 | 25.96
Macquarie | 5,012 |62.65| 4.85 [17.13| 1.85 | 1.26 |12.27| 12.75
BERAU | 5,111 |71.60| 4.96 | 1.64 |15.50] 0.82 | 5.48 | 24.21
SPRING CR | 5,202 [72.70[ 5.31 | 0.92 |14.87| 0.29 | 5.91 | 24.93
KPU | 5305 |67.50(4.90 | 1.27|16.88| 0.11 | 9.34 | 19.83
MP | 5408 66.79] 4.57 |12.07| 2.08 | 0.99 |13.50| 22.34
Tonito | 5,502 |79.14| 437 | 7.23 | 1.40 | 1.24 | 6.63 | 19.97
Indominco | 5,602 |67.94| 5.07 [16.09] 2.07 | 0.82 | 8.00 | 17.43
Rollestone | 5,702 [70.09( 4.78 |11.39| 2.56 | 0.61 |10.57| 18.60
TUGNUISKY | 5,805 |65.20| 4.74 | 101 12.17] 031 |16.58| 9.58
Noble(AU) | 5,895 |65.73| 4.78 | 4.76 | 2.14 | 1.16 |21.43] 9.55
BENGALLA | 5,994 69.50| 432 | 1.64 | 8.78 | 0.54 |15.23| 10.73
PEABODY(NC)| 6,104 [69.20| 4.25 | 1.68 | 6.87 | 0.53 [17.47| 9.16
Flame(SA) | 6,212 70.70| 3.89 | 7.77 | 196 | 0.63 |15.06| 7.30
NOBLE(CO) | 6,309 |74.59| 5.10 | 1.68 | 8.08 | 0.73 | 9.81 | 10.62
CET(CO) | 6418 |7331/4.90 | 1.73 [13.44| 0.71 | 5.91 | 11.97
MOUNTAIN | 6,520 |76.40( 4.20 | 0.98 | 6.47 | 0.31 |11.65| 10.94
APIEEE | 6,080 [69.00/ 430 8.70 | 1.40 | 0.80 | 15.8| 10
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Fig. 6. Thermal performance analysis model of 500 MW standard power plant using PROATES.
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Fig. 7. Example of furnace zone model setup.
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Face joil thgt Sdg2 24 ()3} Lok
Qj = Qj + Qg (1)

where
Qy : net radiative heat for face j
Q. : convective heat for face j

Open face®] Qg+ 0]l wall facex= 4] (2)9} 2
ZA) sidewalls ¥ boundary wall face®] heat gain

iZQy7t Hrh.

flo K

Qi = hg * A ™ (tamean - trace) )
where
hy  : gas side convective heat transfer coefficient
A . heat transfer surface area

temean : the mean gas temperature in the cavity
tmee : surface temperature of the wall deposits

Source wall zone, i} sink wall zone, j7Fo] BALE
AGe A (3)7} a1, gas volumeT} wall zone j7H
A E mdE

Qrij = SiSEi - Ej) 3)

where
SiS; . total exchange area which allows for the pre-
sence of the absorbing gas as well as multiple

wall reflections
4

Ei : emissive power of the surface i = o*T;

E; : emissive power of the surface j = G*Tj4
Qrgj = GSj.(Eg - Ej) )
where

GSj : total exchange area which allows for gas self-
absorption and multiple reflections from any
reflecting boundary walls.

Eg : emissive power of the gas

: 6%0.5%(Tgn" + Tgout')

for open face :

for wall face
G*Tgface4
Ej : emissive power of the surface j = cs”‘Tj4

u}2bA] wall zone j9 net radiant energy+= 2] (5)2}
Zol uhehd 4 st

Qrj=i=1,NS SiSI(Ei- Ej) + GSj (Eg - Ej) 0)

PROATES ]| 4] pressure drop, energy balance, mass
balance= Fig. 87} 7+o] residuals e 2 AALEH,

I QouT

CP, AREA

HOUT, POUT, TOUT,

HIN, PIN, TINVIN, SIN, VOUT, SOUT, XOUT,

XINWIN

-  CP, AREA (e

Residual(1) =Py—Pou —0.5* (Cp/Area®)*((VintVou)/2)*Win®
Residual(2) = (Hin— Hout)*Win—Qout
Residual(3) = Wout— Win

Fig. 8. Residual equations
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Table 4. The properties of design coal for used in perfor-
mance data sheet

Table 5. Comparison result for performance data and
model analysis in various load point

100% Load 75% Load

Description - . N -
7]%\61]44\33]} 7]%\614*4\%74

Water/Steam Temperature

Primary SH Outlet 469 | 468 | 1 |449|459 | -10

Platen SH Inlet 448 (447 | 1 |433 1435 | -2
PlatenSHOutlet 507|507 | 0 | 503|508 | -5
Final SH Inlet 4921492 | 0 | 489|491 | -2
Final SH outlet 541|541 | 0 | 541|541 O
Primary RH Outlet 449 1448 | 1 [4521452] 0
Final RH Inlet 449 1448 | 1 |452]452| O
Final RH out 541|541 0 | 541|541 O

Gas Temperature

Furnace Exit 1211{1220 -9 |1125|1128| -3

Platen SH Gas Inlet |1126(1127| -1 [1039|1032| 7

Final RH Gas Inlet | 948|943 | 5 | 869 |853| 16

Final SH Gas Inlet 819 | 821 | -2 | 754|745 | 9

Primary RH Gas Inlet| 688 | 688 | 0 | 643 | 633 | 10
Economiser Gas Inlet | 446 | 446 | 0 | 423 |418| 5
Economiser Gas Outlet| 347 | 347 | 0 |322(322| O
Airheater Gas Inlet 34713471 0 322322 O
Airheater Gas oulet 117 {117 0 | 106 | 104 | 2

Table 6. The properties of coals for blending

C H (0] N S | Ash [Moist| GCV

COAL %dry |%dry | %dry | %dry |%dry [%dry | % |kcal/kg

Suek |67.60(4.62 [11.58| 1.47 | 0.47 |14.26(10.33| 5977

NCA |68.80| 4.47 | 8.38 | 1.59 | 0.48 [16.28(12.21| 5907

PRB |71.50]4.91 |16.34| 0.95 | 0.52 | 5.78 |25.22| 5170

Arch (70.40| 4.89 {17.50] 0.92 | 0.40 | 5.89 |29.13| 4835

Table 7. Burner operating condition

Furnace Fuel Type 1 Fuel Type 2

Level name % name %

F burner Suek 40% PRB 60%

E burner Suek 40% PRB 60%

D burner Suek 40% PRB 60%

C burner NCA 50% Arch 50%

B burner NCA 50% Arch 50%

A burner NCA 50% Arch 50%

C H (0] N S | Ash |Moist| GCV

COAL %dry | %dry | Y%odry | %dry | %dry | %dry | % |kcal/kg

Design|69.00| 4.30 | 8.70 | 1.40 | 0.80 {15.80(10.00 6,080
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Table 8. Comparison result for real time measured data ES(UYTAN) Y B 52 W
and model analysis 91.0 s o
. 341k e *
Description %f T By | pd BUs ::Z 7,.'0’*’"
A3 |9 2 8% L0 ces to
BOILER Efficiency 88.34(86.14 | 0.2 [88.19(0.15 ::Z o *o°
Water/Steam temp. wo L0 *
Economiser Inlet 281.8/281.8| 0.0 |281.8] 0.0 a0 *
Economiser Outlet 315.5/311.8 | 3.8 |316.8|-1.3 820 S CEEEEP ITISS OSSR EIEOS
Primary Superheater Inlet [424.5|420.5| 4.0 |425.5|-1.0 4’000“3'/‘:; LA TEEES M@s;i)kcavkg
Platen SH Inlet 453.5/444.0| 9.6 |453.9(-0.4 ) . - .
Primary SH Outlet 4679 456.0 1 12.0 | 268.4 105 Fig. 9. Boiler efficiency vs coal heating value.
Platen SH Outlet 507.3|501.8| 5.6 |506.8| 0.5
Final SH Inlet 495.4[490.6| 4.8 |494.9(05 e BTN G AR S iU
Boiler SH Outlet 541.1/541.1] 0.0 |541.1] 0.0 s -~ o
RH Spray 176.4/176.4| 0.0 |176.4| 0.0 410 e .'0' o
Boiler RH Inlet 283.7|278.5| 5.2 |278.5|5.2 405 . +
Primary RH Outlet 469.1]446.9 | 22.2 1469.2 |-0.2 *:"5’ . .u' ¢
Final RH Inlet 450.91429.1|21.8 |451.0|-0.1 200 ’0.‘0
Boiler RH Outlet 541.2[541.2| 0.0 |541.2] 0.0 s o
Gas temp. 380
PA to Furnace 318.1[322.6| -45 [319.8]-1.6 ‘“‘;Qi&@f“‘:“’fmv%@{fqu'is
Air Heater SA Outlet  [294.1{297.4| -3.3 |294.2|-0.1 Ho0taalle 6500 keallke
Furnace Exit 1230.3(1227.3| 3.0 12133 [17.1 Fig. 10. Plant efficiency vs coal heating value.
Platen SH Gas Inlet 1131.0(1135.4| -4.4 [1119.7 |11.3
Final RH Gas Inlet  |968.6|952.4| 163 | 9648 | 3.8 = s &< 4834 Fig 9 81 103 o] A<
Final SH Gas Inlet 847.11827.1|20.1 | 847.4|-0.3 %h‘:/‘]: ?;—]j;% z—iﬁf@, o7k fé‘:} %ood ig—% ?_li]—
Primary RH Gas Inlet |726.4|693.1|33.3 |729.4|-3.0 :5‘; = %;% ‘:?Ef o ;}j}g;qg;oﬂx;:’;; ji
Economiser Gas Inlet 459.8/449.7| 10.1 | 462.6 | -2.8 -
Economiser Gas Outlet [346.4|351.5| -5.1 |348.5|-2.2 2ol 71RA Hiu] ST ofef wet naz)7) &
, HEgo] S/ th
AirHeater Gas Inlet 346.4|351.5| -5.1 | 348.5|-2.2 Hola AFe AAL Q&d 7S Ha3lo] o)
AirHeater Gas Outlet 127.9{129.2| -1.3 | 128.5|-0.5 o} 7ro] AL 2= 9ir}. 1L} o] AL LA Fle ¥
Q1 shoblz Hlofiz ojelgol ot
d FZ st g mEe NELHLE 7P
gk Aejoluh, AAl D WA 23 AXF A E o Output
5 np = X 100 [%) (6)
71719 E37F Sl dEola Al 24 whet Hy >xmy + B
2w e w ejne] e g Watel] o3
AT @ FA o] HBtE Aol wEbA] A w2kx] ASME PTC 4 7|22 E4AR[3]S AHE5H
2 de® BT 4 B R 710G Fe9l EEAT Ade BAsY

(L, + AL)

=100 — —L "7
np = 100 H+B

% 100 [%] @)

where
1y : Boiler thermal efficiency (%)
L, : Total heat loss from boiler [kcal/kg]
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= LR 7h2) L A 5 2) L2 21 42) ST M) E Y| EE 4w
+Lma(%7]‘/;:€r:)+Luc(U]ﬁ%i)"‘Lr( 0;_3_)+Lum 175000
(3154 44)  —

. 165000
AL : Heat loss correction [kcal/kg] 160000 LR SO
H, : Higher heating value of fuel kcal’kg 155000 | g% < .
PR
B : Total heat credit [kcal/kg] EZZZZ N N N Q'eéﬁe *e
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Fig. 11. Boiler heat losses vs coal heating value.
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Table 9. Apparent cost vs corrected cost for coals
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WARA

4,011

78,148

38.5

1.52

1.03

1.0070

122,480

L-Lanna

4,112

72,028

38.9

1.48

1.02

1.0067

109,701

ECO

4,236

67,921

39.2

1.44

1.02

1.0063

100,046

ADARO45

4,306

84,401

39.1

1.41

1.02

1.0060

122,439

Peabody(ID)

4,425

102,784

39.5

1.37

1.02

1.0056

144,471

Rotosouth

4,520

96,732

39.2

1.35

1.02

1.0053

133,401

CARBOFER

4,624

95,490

39.6
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1.02
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128,248
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1.29

1.01

1.0047
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4,811
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1.0043

125,595
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6,104
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1.00

1.00
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6,212
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1.00
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6,309
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Fig. 15. Internal power consumption vs coal heating value.
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Table 10. Apparent cost vs corrected cost for coals
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WARA

4011 | 70,268 |38.5|1.52 | 1.03 [ 1.0070 | 110,129 | 90.7%

L-Lanna

4112 | 72,753 389|148 | 1.02 | 1.0067 | 110,805 | 91.2%

ECO

4236 | 75,828 392|144 | 1.02 | 1.0063 | 111,693 | 92.0%

ADAROA45

4306 | 77,560 39.1 | 1.41 | 1.02 | 1.0060 | 112,515 | 92.7%

Peabody(ID)

4425 | 80,502 [39.5|1.37 | 1.02 [ 1.0056 | 113,152 | 93.2%

Rotosouth

4520 | 82,850 [39.2 | 1.35| 1.02 [ 1.0053 | 114,257 | 94.1%

CARBOFER

4624 | 85421 |39.6(1.31 | 1.02 [ 1.0050 | 114,725 | 94.5%

APAU

4705 | 87,426 {399 (1.29 | 1.01 | 1.0047 | 115,003 | 94.7%

MIP

4811 | 90,045 [399|1.26 | 1.01 | 1.0043 | 115,851 | 95.4%

Megaprime

92,466 140.0| 1.24 | 1.01 | 1.0040 | 116,395 | 95.8%

Macquarie

5012 | 95,013 |40.4 | 121 | 1.01 | 1.0036 | 116,608 | 96.0%

BERAU

5111 | 97,460 |40.2 | 1.19 | 1.01 | 1.0033 | 117,531 | 96.8%

Springereek

5202 | 99,709 |40.1 | 1.17 | 1.01 | 1.0030 | 118,204 | 97.3%

KPU

5305 102,256 |40.4 | 1.15 | 1.01 | 1.0026 | 118,461 | 97.5%

MIP

104,808 | 40.6 | 1.12 [ 1.01 | 1.0023 | 118,864 | 97.9%
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Noble(AU)
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Peabody(NC)

6104 | 122,007 | 41.2 | 1.00 | 1.00 | 0.9999 | 121,600 |100.1%

Flame(SA)

6212 124,672 141.5]0.98 | 1.00 | 0.99%6 | 121,622 |100.2%

Noble(CO)

6309 127,074 | 41.1{0.96 | 1.00 [ 0.9992 | 122,551 |100.9%

CET(CO)

6418 129,769 | 41.3 | 0.95 | 1.00 | 0.9989 | 122,696 |101.0%

Mountail

6520 132,290 | 41.5]0.93 | 1.00 | 0.9985 | 122,865 |101.2%
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6080 | 121,414 |41.2| 1.00 | 1.00 | 1.0000 | 121,414 | 100%
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