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Abstract

This study investigated changes in waste characteristics, leachate quality, and landfill gas generation at the S landfill site to
evaluate future landfill management strategies under changing waste-management policies. Waste composition, proximate
analysis, elemental composition, leachate characteristics, and landfill gas generation data collected during 2021-2025 were
analyzed and compared with historical records. The results showed that combustible waste fractions remained high in recycled
residues, whereas the organic content of landfilled waste was substantially lower than that reported for conventional municipal
solid waste. Proximate and elemental analyses indicated relatively low biodegradable organic fractions and reduced carbon
content in the incoming waste stream. Long-term monitoring revealed that leachate BOD concentrations decreased markedly
from levels exceeding 2,000 mg/L during the early operational stage to below 200 mg/L in recent years. Similarly, the
BOD/CODcr ratio continuously declined, indicating progressive landfill stabilization and reduced biodegradability of the landfill
mass. Landfill gas generation also decreased significantly, with methane production declining by more than 32.8% compared with
earlier operational periods. These trends suggest that future landfill management may require a transition from biologically
oriented leachate treatment toward more physicochemical treatment approaches as leachate becomes increasingly refractory. In
addition, the declining methane generation raises questions regarding the long-term economic feasibility of landfill gas recovery
systems. The findings provide practical information for establishing future leachate-treatment and landfill-gas management
strategies, particularly in preparation for forthcoming restrictions on the direct landfilling of combustible waste.
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Table 1. Waste treatment and disposal capacities in Busan
Metropolitan City

Treatment and disposal volume
Items

(ton/d)*
Incineration 470
Waste-to-energy facility 688
Landfill 596

* Busan Metropolitan City, 2025
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Table 2. Classification of Waste delivered to the S landfill

site
Items Accepted waste
W1~W5 Bulk market waste
W6 Waste-to-energy facility residues
W7 Recycling residues
W8~W10 Screenings from food waste recycling

facilities
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Table 3. Twelve-category composition of waste delivered to the S landfill site (2021~2025) (unit : %)
Items Food Paper Textile Plastis Wood Rll:);:}rliid c(ziszizilidc Metal Yard cootri;iﬁ; Screening  Diaper
waste waste waste waste waste waste waste waste waste waste Shldge waste
2021 5.6 5.8 3.1 22.5 0.5 0.4 0.9 1.9 10.0 18.6 29.0 1.7
2022 4.1 7.8 3.7 27.1 0.3 0.5 0.9 1.0 10.0 13.0 29.4 2.2
2023 11.8 7.5 2.4 24.7 0.2 0.2 1.5 1.7 11.1 7.2 30.7 1.0
2024 13.8 7.0 2.7 21.1 0.2 0.7 1.0 1.8 10.5 5.5 31.6 4.4
2025 10.9 9.4 3.7 21.9 1.1 0.8 1.8 0.4 10.0 7.4 314 1.2
Average 9.2 7.5 3.1 23.4 0.5 0.5 1.2 1.4 10.4 10.3 30.4 2.1
Table 4. Proximate analysis results of waste delivered to the S landfill site (2021~2025) (unit : %)
ltems 2021 : 2022 2023 2024 2025 Average
wW.C CC AC W.C CC AC W.C CC AC WC CC AC WC CC AC WwW.C cCC AcC
W-1 443 503 54 42.0 531 49 357 539 104 39.6 524 80 22.6 595 205 36.8 538 9.4
W-2 50.6 41.6 7.8 458 474 6.8 560 367 7.3 455 508 3.7 529 386 85 50.1 430 69
W-3 32,5 57.4 10.1 380 550 7.0 37.0 562 6.8 287 548 165 29.8 56.8 13.4 33.2 56.0 10.8
W-4 83.1 150 1.9 794 186 20 757 202 40 71.2 251 3.7 659 225 11.6 751 203 4.6
W-5 409 413 17.8 340 488 17.2 344 468 188 31.7 548 135 341 367 292 350 457 193
W-6 255 57.4 17.1 253 652 95 250 662 88 21.7 686 97 135 777 88 222 67.0 10.8
W-7 1.3 978 09 24 9.1 15 34 914 52 1.7 926 57 64 8.1 55 30 932 38
W-8 71.8 246 3.6 69.1 263 4.6 722 196 82 57.1 326 103 753 154 93 69.1 237 7.2
W-9 72.7 240 33 732 21.8 5.0 705 252 43 527 417 56 638 296 66 666 285 4.9
W-10 73.1 22.8 41 727 225 48 67.8 274 48 502 442 56 675 284 41 663 291 4.6
Average 49.6 432 7.2 482 433 85 478 443 7.9 40.0 51.8 82 432 452 11.6 457 460 83
*W.C : Water content, C.C : Combustible content, A.C : Ash content
Table 5. Elemental composition (C, H, O, N, and S) of waste delivered to the S landfill site (2021~2025) (unit : %)
2021 2022 2023 2024 2025
fiems H O N § C H ON § C H ON S C H O N S C H O N S
W-1 303 41 143 07 005 406 58 123 03 005 5.7 61 362 03 005 692 108 147 12 ND 629 97 207 05 00
W-2 273 37 162 09 005 339 48 157 07 004 462 64 341 06 000 650 96 236 04 ND 627 83 204 12 01
W-3 401 56 182 08 006 441 62 188 04 005 591 86 236 03 006 643 98 240 03 ND 630 94 160 02 00
W-4 442 54 382 28 026 408 51 378 35 029 422 55 350 16 003 439 59 376 18 ND 457 59 350 39 00
W-5 319 45 117 04 004 436 61 126 03 005 509 71 202 06 006 610 95 150 06 ND 5.0 80 194 08 02
W-6 404 55 191 06 006 489 70 259 05 005 375 53 246 03 005 626 95 210 03 ND 613 93 223 19 00
W-7 745 109 74 03 009 760 113 56 02 009 792 110 13 01 000 716 86 57 04 ND 801 126 164 02 00
w8 - - - - - - - - - - 357 44 26 26 084 399 55 222 46 ND 381 47 279 44 18
w9 - - - - - - - - - - 449 66 316 30 005 482 68 291 59 ND 467 67 309 58 02
w-10 - - - - - - - - - - 49 62 363 26 017 40 59 293 38 ND 518 76 325 43 00

- Not measured

- Large waste (W-1~5), the average of C for 2021-2025 (50.9, 47.0, 54.1, 43.3, 48.7) is 48.8%
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Table 6. Leachate characteristics at the S landfill site (2016~2025)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025  Average
pH 7.9 - 8.1 8.0 8.0 8.2 8.3 7.9 7.7 8.1 8.0
CODc:  1428.0 - 2293.8 36427  1969.0 2,0464 2,166.1 1,562.9 12185 1542.7 17073
BOD 160.3 - 212.6 228.3 205.2 187.8 150.8 126.2 142.0 148.9 151.1
SS 37.4 - 28.4 39.3 242 17.6 12.5 28.7 19.2 67.2 29.0
T-N 1650.3 - 2200.0 1989.2 18472 19355 12,1789 12929 11627 1943.6 1,702.7
T-P 13.40 - 24.35 22.22 20.00 19.50 20.90 11.25 10.36 17.26 15.85
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Fig. 1. Long-term changes in BOD and CODcr concentrations of landfill leachate (2002~2025).
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Table 7. Long-term variations in CODcr, BOD, and BOD/CODcr ratio of influent leachate at the S landfill site (2002~2025)

2002 2005 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
CODc, 4815.0 2257.0 1428.0 - 2293.8 3642.7 1969.0 2,046.4 2,166.1 1,562.9 1,218.5 1,542.7
BOD 2667.0 1429.0 160.3 - 212.6 228.3 205.2 187.8 150.8 126.2 142.0 148.9
Ratio
(BOD/CODc) 0.55 0.63 0.11 0.09 0.09 0.10 0.09 0.07 0.08 0.11 0.09
1.0 +
08 T
=
B 06 1
[]
O
O o041
]
o
m
0.2 T
0.0 t t t t t t t t t t {
2002 2005 2016 2018 2019 2020 2021 2022 2023 2024 2025
Years
Fig. 2. Long-term changes in the BOD/CODcr ratio of landfill leachate (2002~2025).
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Table 8. Landfill gas generation and composition at the S landfill site (2012~2025)

Items Total landfill gas generation

Methane generation in landfill gas

Methane concentration in landfill gas

(N*/d) (Nm'/d) %)

2012 19,752 8,690 44.0
2013 24,646 10,744 42.5
2014 24,312 10,211 42.0
2020 16,632 6,782 40.0
2021 12,654 5,696 44.0
2022 19,069 9,046 47.0
2023 13,166 6,347 48.5
2024 15,193 7,204 46.8
2025 13,861 6,375 46.2
Average 17,699 7,899 44.5

(2) S el -,

30,000 T

25,000 +

20,000 +

15,000 -

10,000 +

Gas production (Nm)/month)

5,000 -

2020

2021 2022

Years

2023

OLandfill gas generation

-“/vMethane generation

2024 2025

Fig. 3. Changes in gas concentration and methane production at the Landfill Site (2020~2025).
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