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This study was performed to analyze the monthly characteristics of sewage sludge by analyzing the basic
data required for recycling in thermal power generation or as incineration plant auxiliary fuel. Analytical sam-
ples were collected from two sites every month for three years, for 72 samples total. Proximate analysis (such
as moisture, ash, and volatiles), elemental analysis (C, H, O, N, and S), tube furnace-ion chromatography, and
calorimetry (heating value) were performed to evaluate the sludge heating characteristics. Resultantly, the
moisture values were 73.2-89.5% (average 82%), the volatile values (dry basis) 44.8-83.0% (average 66.5%),
and the low heating values (10% moisture basis) 2,014-4,304 kcal/kg (average 3,248 kcal/kg). The low heating
values (10% moisture basis) exceeded the recycling standard of 2,000 kcal/kg, confirming the possibility of
recycling the sludge as fuel. When we looked at the monthly heating value of the sewage sludge, it tended to
be high in November, December, January, and February. Thus it could be concluded that sewage-sludge-based
fuels generated in winter could obtain higher quality with higher heating value when sewage sludge is recycled

as fuel.
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The amount of generated sewage sludge(ton/day)
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Fig. 1. Annual changes in the amount of generated sewage sludge.
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Table 1. Sewage treatment plant status
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1st sewage treatment plant

2nd sewage treatment plant

Grit chamber 39.9 m3 x 4 479 m3 x 4
Screening 10.73 m2 x 5 481 m2 x 7

1st sedimentation pond 1,570 m3 x 3 1,250 m3 x 8
Anaerobic 278.8 m3 x 8 571.2 m3 x 8

Reactor Anoxic 553.5 m3 x 8 11172 m3 x 8
Aerobic 404 m3 x 16 828.2 m3 x 16

2st sedimentation pond 1,356 m3 x 4; 1,570 m3 x 1 3,847 m3 x 4
Disinfection Ozone 11 kg/hr x 2 22 kg/hr x 2
Sludge thickener 739 m3 x 1 150.7 m3 x 1

Sludge dewatering

150 kg/m'hr x 3

150 kg/mhr x 5
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Table 2. Result of the monthly sewage sludge character from the 1st sewage treatment plant

Heating value

Proximate analysis (%)  Ultimate analysis (dry basis, %) Heating value (10% moisture Hd .
(kcal/kg) basis, kealkg) (dry basis,
. . asis, kcal/kg keal/kg)
Moisture Ash  Volatile C H (0] N S Cl Hh HI Hh Hi

Average 83.0 5.6 114 351 52 21.1 55 06 0.1 633 88 3,396 3,293 3,773
Min. 76.6 2.2 80 266 35 120 28 0.1 0.0 403 -150 2,370 2,276 2,633
Max. 89.5 11.6 144 433 65 275 78 11 02 841 2838 4,411 4,304 4,901
RSD(%) 3.8 40.0 153 133 154 165 23.8 354 32.8 185 138.7 156 16.0 15.6
1st-Jan 82.1 4.7 132 416 59 189 66 05 02 762 213 3,833 3,721 4,259
1st-Feb 83.9 3.9 122 396 59 219 71 09 01 703 148 3,928 3,821 4,364
1st-Mar 87.7 2.8 95 407 62 221 73 09 0.1 550 -17 4,025 3,928 4,472
1st-Apr 82.6 5.1 123 366 55 221 53 09 01 713 166 3,689 3,583 4,099
1st-May 83.6 3.8 126 395 6.1 238 65 06 01 710 155 3,897 3,789 4,331
1st-Jun 80.2 6.1 13.7 36.7 6.0 202 55 09 01 794 248 3,607 3,489 4,008
1st-Jul 81.7 5.8 125 346 57 214 56 08 01 710 164 3,493 3,383 3,882
1st-Aug 78.4 9.0 126 266 44 220 42 11 01 689 168 2,873 2,767 3,192
1st-Sep 83.7 5.6 10.7 343 56 194 57 08 0.1 616 65 3,403 3,299 3,781
1st-Oct 80.3 8.3 114 288 35 221 28 06 0.1 519 0 2,370 2,276 2,633
1st-Nov 81.2 7.3 115 311 41 216 35 08 0.1 581 52 2,781 2,684 3,090
1st-Dec 76.8 10.0 132 314 45 162 43 06 01 766 248 2,970 2,859 3,300
2nd-Jan 79.2 7.4 134 362 53 170 49 08 01 802 267 3471 3,357 3,857
2nd-Feb 83.9 2.9 132 411 63 262 78 03 01 747 189 4,178 4,069 4,643
2nd-Mar 85.2 35 113 364 57 275 68 01 01 616 59 3,744 3,643 4,160
2nd-Apr 76.6 11.6 118 271 41 152 32 08 0.1 699 188 2,689 2,583 2,988
2nd-May 81.3 7.8 109 310 47 169 49 05 01 622 86 2,992 2,889 3,324
2nd-Jun 78.0 8.0 140 333 50 201 47 03 01 781 254 3,197 3,083 3,552
2nd-Jul 84.7 4.9 104 348 54 215 55 05 01 578 25 3,402 3,301 3,780
2nd-Aug 80.5 8.3 112 295 43 185 44 0.7 01 624 96 2,880 2,779 3,200
2nd-Sep 84.7 6.2 91 312 48 180 48 0.7 0.1 517 -30 3,044 2,948 3,382
2nd-Oct 81.9 6.5 116 334 49 202 50 04 01 689 150 3,425 3,322 3,806
2nd-Nov 85.7 4.2 101 361 55 214 66 0.6 0.1 548 -9 3,446 3,348 3,829
2nd-Dec 86.4 3.6 10.0 381 57 221 65 0.7 01 555 -5 3,675 3,577 4,084
3rd-Jan 82.5 4.0 135 424 62 214 69 05 00 764 210 3,929 3,816 4,365
3rd-Feb 32.8 4.4 128 358 53 265 56 10 01 623 77 3,259 3,155 3,621
3rd-Mar 85.3 2.5 122 433 65 120 62 08 0.1 720 157 4,411 4,304 4,901
3rd-Apr 81.9 3.7 144 421 63 235 72 06 0.1 841 288 4,184 4,068 4,649
3rd-May 89.5 2.2 83 403 63 248 68 06 0.1 485 -88 4,154 4,062 4,616
3rd-Jun 85.4 4.2 104 358 52 237 56 05 01 606 53 3,735 3,639 4,151
3rd-Jul 86.5 4.5 9.0 308 47 266 42 03 0.2 403 -150 2,687 2,596 2,985
3rd-Aug 85.3 5.6 91 318 52 194 54 03 01 493 -60 3,020 2,922 3,355
3rd-Sep 83.6 6.2 102 270 39 274 34 04 01 441 95 2,421 2,330 2,691
3rd-Oct 85.7 6.0 83 303 46 175 51 0.7 01 454 -95 2,860 2,768 3,178
3rd-Nov 80.7 7.0 123 358 39 197 36 0.7 01 638 113 2,975 2,878 3,305
3rd-Dec 89.0 3.0 80 375 55 220 68 08 0.1 440 -127 3,598 3,509 3,998
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Table 3. Result of the monthly sewage sludge character from the 2nd sewage treatment plant
. Heating value
Proximate analysis (%)  Ultimate analysis (dry basis, %) Heating value (10 % r%lmsture Hd
(kcal/kg) basis, kealkg) (dry basis,
. . ’ g kcal/kg)
Moisture Ash  Volatile C H 0] N S Cl Hh HI Hh Hl
Average 80.9 6.9 122 339 51 202 51 06 01 690 153 3,310 3,203 3,678
Min. 73.2 34 10.0 243 3.7 109 32 0.2 0.0 543 12 2,120 2,014 2,355
Max. 84.9 13.8 16.0 443 63 269 80 11 02 888 345 4,032 3,922 4,480
RSD(%) 3.4 39.5 11.7 156 14.1 165 21.8 333 36.7 128 565 164 169 16.4
1st-Jan 78.4 6.3 153 385 55 200 61 05 01 879 345 3,664 3,546 4,071
1st-Feb 81.6 5.4 13.0 377 55 206 59 11 01 760 215 3,716 3,606 4,129
1st-Mar 82.8 4.0 132 369 60 264 62 11 01 764 211 3,996 3,886 4,441
1st-Apr 82.3 4.8 129 366 55 241 58 09 01 74 198 3,785 3,677 4,205
1st-May 81.4 5.5 131 369 55 223 47 10 01 744 201 3,601 3,492 4,002
1st-Jun 80.3 7.2 125 31.7 51 213 48 06 0.1 691 155 3,156 3,047 3,507
1st-Jul 79.2 8.0 128 299 52 209 48 0.7 01 712 179 3,082 2,969 3,425
1st-Aug 73.2 13.8 13.0 243 41 152 41 0.7 01 683 184 2,292 2,179 2,547
1st-Sep 76.7 11.8 115 247 41 165 34 0.7 01 618 106 2,388 2,282 2,654
1st-Oct 77.8 9.0 13.2 267 46 224 49 09 01 750 229 3,042 2,933 3,381
1st-Nov 84.0 5.0 110 351 53 216 59 0.7 01 606 56 3,409 3,308 3,788
1st-Dec 81.3 52 135 393 56 206 61 0.6 01 776 232 3,736 3,625 4,152
2nd-Jan 82.0 5.4 126 387 57 186 62 05 0.1 740 193 3,702 3,592 4,113
2nd-Feb 79.6 44 16.0 389 59 262 68 05 01 888 345 3916 3,798 4,352
2nd-Mar 77.9 10.0 121 259 39 204 42 02 01 648 134 2,638 2,536 2,931
2nd-Apr 84.5 4.2 113 395 59 208 57 0.7 01 680 123 3,947 3,843 4,386
2nd-May 79.9 7.3 128 33.7 49 199 45 05 01 755 223 3,381 3,273 3,757
2nd-Jun 82.3 5.8 119 368 53 206 43 04 01 694 149 3,528 3,422 3,920
2nd-Jul 77.6 7.5 149 344 52 217 46 06 01 825 297 3,317 3,200 3,685
2nd-Aug 81.8 8.2 10,0 291 40 176 3.7 06 0.1 543 13 2,687 2,592 2,986
2nd-Sep 81.9 6.7 114 309 48 21.7 49 05 01 601 63 2,990 2,388 3,323
2nd-Oct 83.5 6.3 10.2 309 59 197 47 0.7 01 586 32 3,196 3,089 3,551
2nd-Nov 83.2 5.3 115 378 52 193 56 0.7 01 665 118 3,561 3,458 3,957
2nd-Dec 83.2 4.7 121 384 59 210 61 08 0.1 676 123 3,622 3,514 4,025
3rd-Jan 83.5 3.7 128 443 62 195 6.7 06 01 739 183 4,032 3,922 4,480
3rd-Feb 83.6 34 13.0 395 56 269 66 08 01 727 176 3,988 3,384 4,432
3rd-Mar 82.8 4.6 126 422 63 237 80 04 01 769 214 4,023 3911 4,471
3rd-Apr 81.5 5.9 126 362 53 200 57 0.7 01 726 184 3,534 3,426 3,927
3rd-May 83.8 5.2 11.0 351 52 21.7 48 08 0.1 656 108 3,645 3,544 4,050
3rd-Jun 82.8 6.4 10.8 318 45 217 46 04 0.0 610 71 3,190 3,092 3,545
3rd-Jul 78.6 9.1 123 309 46 172 44 03 02 723 199 3,042 2,934 3,380
3rd-Aug 80.6 9.2 102 274 43 166 41 03 0.0 576 48 2,673 2,572 2,970
3rd-Sep 77.5 123 102 254 3.7 126 32 04 0.0 546 36 2,183 2,082 2,425
3rd-Oct 75.2 13.7 111 257 38 109 36 0.6 0.1 584 82 2,120 2,014 2,355
3rd-Nov 82.0 7.0 11.0 325 60 182 35 0.7 01 604 54 3,020 2,907 3,355
3rd-Dec 84.9 5.1 100 351 50 195 60 08 0.1 562 12 3,353 3,256 3,725
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Fig. 2. The monthly sewage sludge moisture (%) from the 1lst sewage treatment plant.
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Fig. 3. The monthly sewage sludge moisture (%) from the 2nd sewage treatment plant.
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