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Abstract — Rapid or on-line coal analysis is of great interest in coal industry as it would allow efficient plant operation.

Multivariate analysis has been applied to near-infrared(NIR) spectra coal for investigating the relationship between coal prop-
erties(%) (moisture, ash, volatile matter, fixed carbon, carbon, hydrogen, nitrogen, oxygen, sulfur), heating value(kcal/kg) and
corresponding near-infrared spectral data. The quantitative analysis was carried out by applying PLS(partial least squares
regression) to determine a methodology able to establish a relationship between coal properties and NIR spectral data being
applied mathematical pre-treatments for minimizing the physical features of the samples. As a results of the analysis, this tech-
nique is able to classify the species of coals and to predict the all coal properties except ash, nitrogen and sulfur. The efficient
operation of coal fired power plant is expected owing to real time on-line coal analysis of moisture and heating value.
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Table 1. Major properties of coals (46 coals)
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Species of coal ml(r)l.ll:tilre \sftl::f Ash cl;Ir)I()ec?n Carbon  Hydrogen Nitrogen Oxygen Sulfur (kcl:l%(g)
Indomonco (05_46) 7.96 41.06 6.63 44.35 70.20 5.25 1.35 15.51 0.48 6179
Cnciec (05_47) 6.13 29.23 8.54 56.10 75.03 4.37 0.72 10.22 0.56 6564
Flame (05_48) 2.79 30.92 13.98 5231 71.95 4.69 1.60 6.78 0.61 6771
Cnciec (05_52) 3.74 29.11 9.30 57.85 76.07 441 0.70 8.46 0.70 6921
Shenhua (05_57) 5.52 32.79 8.25 53.44 73.80 4.60 0.93 11.72 0.22 6648
Rio-tinto (05_60) 3.13 31.57 13.82 51.48 72.07 4.85 1.63 6.79 0.41 6743
Bhp (05_62) 2.17 29.16 14.84 53.83 73.63 4.75 1.86 3.96 0.63 6944
Kpc (05_63) 5.75 3942 7.35 47.48 72.10 5.50 1.52 12.45 0.63 6570
Kuzbass (05_64) 3.10 32.60 13.10 51.20 71.23 4.60 1.98 8.29 0.38 6600
Kpc (05_65) 6.28 39.60 3.67 47.45 72.10 547 1.63 16.19 0.70 6572
Arutmin (06_127) 10.89 39.55 13.25 36.31 70.57 5.17 1.13 7.52 0.74 5847
Indominco (06_129) 10.30 39.21 8.24 42.25 66.43 5.48 1.40 16.58 0.92 6030
Bhp (06_130) 1.97 25.67 15.97 56.39 73.23 4.46 1.73 3.46 0.84 6862
Yakutugol (06_131) 2.01 21.81 14.51 61.67 76.27 4.24 0.92 3.48 0.30 7079
Cnciec (06_133) 4.55 28.19 9.89 57.37 75.97 4.49 0.78 7.39 1.01 6832
Xstrata (06_134) 2.53 27.22 14.90 55.35 73.10 4.48 1.58 5.19 0.37 6807
Arutmin (06_135) 7.63 39.59 14.10 38.68 65.23 5.50 1.20 12.22 0.58 6009
Xstrata (06_210) 3.71 23.48 17.10 55.71 75.05 4.09 1.76 0.76 0.58 6664
Cnciec (06_212) 5.01 27.31 12.30 55.38 73.10 4.24 0.79 8.17 0.75 6566
Arutmin (06_214) 8.06 41.16 12.45 38.33 67.79 535 1.11 11.40 0.81 6089
Warkworth (06_215) 3.62 32.14 12.11 52.13 73.20 4.94 1.75 7.06 0.49 6868
Bhp (06_217) 3.99 32.39 14.31 49.31 70.63 4.83 1.74 7.19 0.69 6861
Xstrata (06_218) 1.82 21.83 16.30 60.05 73.30 2.74 1.70 5.19 0.47 6549
Xstrata (07_102) 9.69 30.56 7.50 52.25 75.11 4.66 227 8.98 0.67 6426
Abk (07_104) 9.25 40.77 522 44.76 72.78 4.99 1.42 14.58 0.47 6285
Bhp (07_105) 2.63 32.59 16.47 48.31 69.59 4.48 1.88 6.08 1.05 6606
Kpc (07_106) 10.68 39.70 4.62 45.00 73.09 5.12 1.51 14.47 0.64 6396
Kpc (07_107) 6.69 41.22 4.83 47.26 72.09 522 1.50 15.12 0.90 6688
Xstrata (07_201) 3.48 18.87 20.00 57.65 71.90 3.92 1.59 1.28 0.59 6254
Kpc (07_202) 4.92 4141 5.12 48.55 73.42 5.34 1.66 13.07 1.12 6803
Sebuku (07_203) 9.71 38.34 9.24 42.71 71.82 5.45 1.84 9.77 0.839 6292
Kuzbass (07_204) 2.11 25.04 12.48 60.37 77.03 4.10 1.76 4.10 0.26 6899
Arutmin (07_206) 4.68 41.69 12.56 41.07 68.87 5.38 1.16 10.63 0.79 6337
Sciec (07_207) 337 29.69 15.11 51.83 70.67 431 1.00 7.65 0.73 6437
Kuzbass (07_208) 2.77 30.71 12.04 54.48 74.78 4.57 2.02 5.85 0.40 6864
Abk(06_101) 2~5 mm 17.94 39.56 345 39.05 71.03 5.35 1.15 18.14 0.15 5539
Abk(06_101) under 2 mm 17.54 39.36 6.09 37.01 67.70 5.21 0.98 18.58 0.14 5393
Abk(06_101) over 5 mm 18.20 38.72 3.83 39.25 70.13 5.24 1.18 18.63 0.14 5479
Berau(06_102) 2~5 mm 21.21 36.62 6.40 35.77 66.17 5.03 1.29 18.69 0.70 5197
Berau(06_102) under 2 mm 2221 35.10 7.97 34.72 64.20 4.89 1.16 19.01 0.49 4830
Berau(06_102) over 5 mm 22.63 37.18 3.00 37.19 70.13 5.34 1.35 18.99 0.31 5372
Kideco(06_103) 2~5 mm 24.93 38.30 2.36 34.41 69.13 5.30 0.86 21.43 0.14 4949
Kideco(06 103) under 2 mm 25.29 37.84 2.98 33.89 69.40 5.24 0.84 20.40 0.13 4762
Kideco(06_103) over 5 mm 23.98 39.80 1.65 34.57 69.97 5.46 0.81 21.48 0.11 5042
Xstrata(06_104) 2~5 mm 2.63 22.06 17.04 58.27 72.20 4.10 1.70 4.04 0.46 6625
Xstrata(06_104) under2 mm 498 22.12 14.79 58.11 74.70 4.21 1.76 3.08 0.68 6716

*Coal name (Year_Ship Number): In spite of the same coal name, the coal properties are different with each other according to ship number.
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Table 2. Results for calibration RMSEC (%) and prediction RMSEP (%) errors after every data pre-treatment and numbers of PLS components
(Proximate analysis and heating value)

Property Pre-treatment R RMSEC RMSEP
MSC derivative RMSEC RMSEC avg (%) RMSEC range (%) RMSEP RMSEP avg (%) RMSEP range (%)
x x 0.95 2.14 23.93 9.12 2.16 24.15 9.20 5
x Ist dev. 0.95 2.17 2426 9.25 2.06 23.03 8.78 4
. x 2nd dev. 0.96 1.91 21.36 8.14 224 25.05 9.54 6
Moisture
@) x 0.97 1.74 19.45 7.41 1.12 12.52 477 5
@) Ist dev. 0.97 1.68 18.78 7.16 1.15 12.86 4.90 4
@) 2nd dev. 0.99 0.92 10.29 3.92 1.10 12.30 4.69 7
x x 0.86 3.41 10.19 14.94 4.78 14.29 20.95 7
x Ist dev. 0.92 2.65 7.92 11.61 4.61 13.78 20.20 8
Volatile x 2nd dev. 0.81 4.70 14.05 20.60 6.33 18.92 27.74 2
matter ) x 0.98 1.39 4.15 6.09 2.10 6.28 9.20 10
) Ist dev. 0.98 1.40 4.18 6.13 2.07 6.19 9.07 7
@) 2nd dev. 0.94 2.21 6.61 9.68 241 7.20 10.56 3
x x 0.94 1.70 17.20 8.93 2.95 29.84 15.49 10
x Ist dev. 0.91 1.99 20.13 10.45 2.77 28.02 14.55 6
Ash 2nd dev. 0.92 1.89 19.12 9.93 2.85 28.83 14.97 6
@) x 0.91 2.12 2145 11.13 244 24.68 12.82 5
@) Ist dev. 0.94 1.72 17.40 9.03 2.51 25.39 13.18 6
@) 2nd dev. 0.92 1.89 19.12 9.93 2.50 25.29 13.13 4
x x 0.91 3.47 7.27 12.49 423 8.86 15.23 10
x Ist dev. 0.98 1.47 3.08 5.29 3.38 7.08 12.17 10
Fixed x 2nd dev. 0.78 5.78 12.10 20.81 6.29 13.17 22.64 4
carbon ) x 0.98 1.48 3.10 5.33 1.66 3.48 5.98
) Ist dev. 0.99 0.77 1.61 2.77 1.83 3.83 6.59 10
) 2nd dev. 0.97 1.77 3.71 6.37 1.91 4.00 6.88 5
x x 0.80  407.00 6.51 17.57 587.00 9.38 25.34 10
x Ist dev. 0.95  187.00 2.99 8.07 475.00 7.59 20.50 10
Heating x 2nd dev. 0.61  693.00 11.08 29.91 839.00 13.41 36.21 4
value @) x 0.94  206.00 3.29 8.89 146.00 2.33 6.30 4
@) Ist dev. 0.97  142.00 2.27 6.13 148.00 2.37 6.39 6
@) 2nd dev. 0.97  139.00 2.22 6.00 142.00 2.27 6.13 6
AnbA o ® FA 9 A ERS BE AR AR 3hE UER 3lt}. 1 o= 38 F] B 1EEE AElR ARkl S5
A FEth 94 REe] YRR TSRS A9 o 9elA 7] wizoltt. 5 pyrite(33)9} sulfate salts(GHar)AH F71315;
A eketh aElar SR oA 2o Aol Erks 2 A9 GelMs 1 BAo] v @ARE, S-HeE 3
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Table 3. Results for calibration RMSEC (%) and prediction RMSEP (%) errors after every data pre-treatment and Numbers of PLS

Components (Ultimate analysis)

Property Pretreatment RMSEC RMSEP PC
MSC  derivative RMSEC RMSECavg (%) RMSEC range (%) RMSEP RMSEP avg (%) RMSEP range (%)
x x 0.30 4.52 6.31 35.23 6.66 9.30 5191 10
x Ist dev. 0.52 3.50 4.89 27.28 6.34 8.85 49.42 8
x 2nd dev. 0.12 8.11 11.32 63.21 10.40 14.52 81.06 3
Carbon
O x 0.70 1.99 2.78 15.51 1.87 2.61 14.58 2
O Ist dev. 0.90 1.22 1.70 9.51 1.78 2.49 13.87 7
O 2nd dev. 0.93 1.01 1.41 7.87 1.55 2.16 12.08 6
x x 0.74 0.40 8.34 14.51 0.61 12.71 22.13 10
x Ist dev. 0.81 0.34 7.09 12.33 0.59 12.30 21.40 8
x 2nd dev. 0.51 0.63 13.13 22.85 0.85 17.71 30.83 3
Hydrogen
O x 0.92 0.19 3.96 6.89 0.32 6.67 11.61 5
O Ist dev. 0.94 0.17 3.54 6.17 0.21 438 7.62 5
O 2nd dev. 0.92 0.19 3.96 6.89 0.22 4.58 7.98 2
x x 0.53 0.33 23.19 21.04 0.40 28.11 25.50 7
x Ist dev. 0.30 0.49 34.44 31.24 0.47 33.03 29.96 2
. x 2nd dev. 0.40 0.37 26.00 23.59 0.44 30.92 28.05 3
Nitrogen
O x 0.46 0.35 24.60 2231 0.35 24.60 22.31 2
O Ist dev. 0.46 0.35 24.60 2231 0.36 25.30 22.95 2
O 2nd dev. 0.41 0.36 25.30 22.95 0.38 26.70 24.22 2
x x 0.93 2.06 18.68 9.94 2.69 24.39 12.98 6
x Ist dev. 0.90 2.46 22.30 11.87 3.04 27.56 14.67 3
x 2nd dev. 0.92 231 20.94 11.15 3.03 27.47 14.62 5
Oxygen
O x 0.97 1.33 12.06 6.42 1.99 18.04 9.61 8
O Ist dev. 0.97 1.33 12.06 6.42 1.99 18.04 9.61 6
O 2nd dev. 0.96 1.51 13.69 7.29 1.99 18.04 9.61 4
x x 0.55 0.26 4591 25.76 0.25 44.15 24.77 3
x Ist dev. 0.56 0.24 42.38 23.78 0.24 42.38 23.78 3
Sulfur x 2nd dev. 0.71 0.20 35.32 19.81 0.21 37.08 20.80 5
O x 0.67 0.21 37.08 20.80 0.22 38.85 21.79 4
O Ist dev. 0.57 0.24 42.38 23.78 0.22 38.85 21.79 2
O 2nd dev. 0.98 0.06 10.60 5.94 0.19 33.55 18.82 9
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Fig. 6. Comparison RMSEC and RMSEP obtained for each property after classifying the species of coal with RMSEC and RMSEP without classifi-
cation of coal.

Table 4. Results for calibration RMSEC (%) and prediction RMSEP (%) errors after classification of the species of coal and numbers of PLS

Components
Property Pre-treatment Group B Group € Group D
RMSEC RMSEP PC RMSEC RMSEP PC RMSEC RMSEP PC
Moisture 1.81 1.35 1 1.66 2.21 2 0.20 1.14 7
Volatile 0.83 0.96 1 1.32 1.47 1 0.17 243 8
Ash 0.29 1.24 4 0.21 1.00 5 1.31 2.90 4
Fixed C. 1.34 1.51 3 1.01 1.26 2 1.69 1.73 4
Carbon 1.75 2.16 2 1.01 1.66 3 1.59 2.10 2
MSC, 2nd dev.

Hydrogen 0.11 0.13 1 0.12 0.026 5 0.31 0.43 3
Nitrogen 0.06 4.78 3 0.07 0.09 3 0.22 0.32 4
Oxygen 1.76 1.98 2 0.19 0.31 4 0.24 2.54 7
Sulfur 0.10 0.12 3 0.16 0.18 2 0.21 0.20 1
H.V. 209 198 6 98 195 3 167 180 2
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