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Estimation of Landfill Unit Cost Considering Prohibition of
Direct Landfill and Greenhouse Gas Emission Right

HAI!, HEF

Si-Yong Chung', Seung-Kyu Chun®

{Abstract)

The calculation of the waste landfill unit price at the S landfill located in I city was
analyzed in two cases: Method A by statistical techniques and Method B by reflecting
policy variables such as the prohibition of direct landfilling of household waste and
the right to emit greenhouse gases. As a result, in the case of method B, the landfill
unit price increased by 34.1% to 57.6% depending on the type of waste compared to
method A. By landfill unit price composition, landfill work cost, operation and
management cost, greenhouse gas emission rights transaction cost, and resident
support fund increased by 61.0%, 68.3%, 63.5%, and 34.1% to 57.6%, respectively.
Therefore, considering the characteristics of the landfill, which requires more than 30
years of mid- to long-term operation and management even after the end of the
landfill, policy variables should be identified periodically for stable landfill operation
and management. In addition, periodic activities to calculate the landfill unit cost are
considered necessary, such as predicting the amount of landfill waste and deriving
additional future cost factors such as greenhouse gas emission rights.
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Fig. 1 Schematic diagram of landfill structure and process[11]

Table 1. Design structure and specifications for L1, L2, and L3[7,10]

Landfill site L1 L2 L3
Landfill area(10> m?) 25.0 26.2 8.3
Disposed waste quantity(10° ton) 64.3 80.2 18.2(planned)
Operating period 1992.2 ~ 2000.10 2000.10 ~ 2018.10 2018.9 ~
Cost of building a foundation(10® won) 327 3,374 1,365
Cost of landfill work(10® won) 3,005 4,488 2,467(~22)
Block number & size(aver.) 16(400m x 400m) 25(300m % 300m) 16(240m x 220m)
Waste layer(intermediate covering) 4.5m( »0.5m) 4.5m( »0.5m) 4.5m( »0.5m)
No. of total layer(planned height) 8(40m) 8(40m) 8(40m)
No. of vertical well 329 669 239
No. of simple incinerator - 78 51
Total surface area(10® m?) 2,040 2,525 652
Upper(intermediate, final) 1,300 1,451 647
Bioreactor facility(m’/day) - 3,800 -
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Table 2. Landfill gas collection amount and treatment
status[13]
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* method A : Statistical analysis

Waste landfill (2024 to 2030)
amount * method B : Policy variable
prediction reflection
(2024 to 2030)
Estimating

* Use the TPCC G/L and the
Ministry of Environment's
guidelines(for 30 years)

greenhouse gas
emissions and
transaction costs

I

Amount of collection Amount of use + Infrastructure cost, Landfill

Sum| L1 | L2 | L3 |Power|Incineration| etc Cost calculation work cost, Operation manag.
2015|514 | 54 | 460| - | 335 178 _ by waste landfill] | cost, Follow-up manag. cost,
2016|448 | 46 | 402 | - | 319 129 N cost component TransaC.UO.n cos.t of greenhouse

gas emission rights
2017|422 | 36 [386| - | 339 83 - @
2018|407 | 31 |375| - | 327 79 - 5 ;
stimation o:

2019/ 401 | 33 | 368 | - | 344 >7 _ waste landfill * Cost comparison analysis of
2020|374 | 31 |326 | 17 | 276 60 38 unit cost and method A and method B
2021|391 | 31 | 289 | 71| 283 62 45 Cost Analysis
2022|398 | 28 | 273 | 97 | 317 62 18 Fig. 2 Research Procedures

Table 3. Implementation status of the GHG emissions trading scheme[14]

(unit: tCO,)

1st Plan. period 2nd Plan. period 3rd Plan. period

2015 2016 2017 2018 2019 2020 2021 2022
Emission Quota 122,964 | 130,209 | 129,538 | 1,482,297 | 1,409,749 | 1,616,803 | 1,261,228 | 1,261228
GHG Emission 139,065 149,159 | 140,867 | 1,641,073 1,569,233 | 1,773,488 | 1,384,227 | 1,241,461
Excess Emission 16,101 18,951 11,330 158,776 | 159,484 | 156,685 | 122,999 | -19,767
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Ao 22, LA7IA HiEE AGHE S gE mixed waste(bulk) 0.14 0.09
AAHAE violslo] Ay nfjeeRe 2431} paper 0.40 0.06
fiber 0.24 0.06
food 0.15 | 0.185
SAITIA HYEZF B ukH
2.5 271~ HiE o= wood 0.43 | 0.03
House | garden & park waste 0.20 0.1
LAIA SRS Thofol ofgkelle] ofdle] H) hold diapers 0.24 | 0.06
715 By} dhisly] ulite] 714 ARl uket ok rubber leather 0.39 | 0.03
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oA A 12 Hhgol) ofdt /| Hele 7hg . Y RE
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17 A - OUA| EE
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o 3] © ola H a1l
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+ 0.5, MCF(Methan Correction Factor)+ 1.0, fiber 0.24 | 0.06
OX(Oxidation Factork= 0.1 2-8F$IcH15.16). wood 045 | 0.03
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Table 5. Prediction of the amount of waste in according to statistical analysis(method A)

Quantity of Waste(10*ton)
Type of Waste
2024 2025 2026 2027 2028 2029 2030
Total 1,167.2 | 1,104.5 | 1,051.2 | 1,005.9 | 967.1 933.8 905.0
Sub sum 720.3 713.9 707.8 701.9 696.2 690.5 685.0
Municipal Household Waste 715.8 | 710.5 | 705.2 | 699.9 | 694.7 | 689.4 | 684.2
Coal briquette ash 45 3.4 2.6 2.0 1.5 1.1 0.8
Sub sum 15.5 15.0 14.5 14.1 13.7 13.5 13.2
Domestic |  Workplace municipal waste 6.8 6.3 5.8 5.4 5.0 4.8 4.5
Sewage dredged soil 8.7 8.7 8.7 8.7 8.7 8.7 8.7
Sub sum 4314 375.6 328.9 289.9 257.2 229.8 206.8
Water treatment sludge 2.9 1.8 1.1 0.7 0.4 0.3 0.2
— Intermediate treatment remnants | 341.6 | 286.9 | 240.9 | 2023 | 169.9 | 142.6 | 119.7
Sewage sludge 2.2 2.2 2.2 2.2 2.2 2.2 2.2
Ash 55.3 55.3 55.3 55.3 55.3 55.3 55.3
Others 29.4 29.4 29.4 29.4 29.4 29.4 29.4
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Table 6. Prediction of the amount of waste in reflecting policy variables(method B)

Quantity of Waste(10*ton)
Type of Waste

2024 2025 2026 2027 2028 2029 2030
Total 1,167.2 | 1,104.5 | 1,051.2 | 1,005.9 | 967.1 933.8 905.0

Sub sum 537.5 | 515.2 | 247.9 2.0 1.5 1.1 0.8

Municipal Household Waste 533.0 | 511.8 | 245.3 0.0 0.0 0.0 0.0
Coal briquette ash 45 3.4 2.6 2.0 1.5 1.1 0.8

Sub sum 15.5 15.0 14.5 14.1 13.7 13.5 13.2

Domestic Workplace municipal waste 6.8 6.3 5.8 5.4 5.0 4.8 45
Sewage dredged soil 8.7 8.7 8.7 8.7 8.7 8.7 8.7

Sub sum 152.5 88.7 1125 | 136.7 | 1364 | 136.2 | 136.1

Water treatment sludge 2.9 1.8 1.1 0.7 0.4 0.2 0.1

Intermediate treatment remnants| 62.7 0.0 0.0 0.0 0.0 0.0 0.0

Facilities

Sewage sludge 2.2 2.2 2.2 2.2 2.2 2.2 2.2

Ash 55.3 55.3 79.8 104.4 | 104.4 | 104.4 | 104.4

Others 29.4 29.4 29.4 29.4 29.4 29.4 29.4
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Table 7. Greenhouse Gas Emission Forecast Results

(2024~2053) Table 89 24A7kA WY 7oks HAVl=
(unit: 10°ton) THER Al wet 2471A HiEd AElE
method A | method B % HH'E“(]).]“E‘ tﬂ /\]'%‘8]‘93\]—4'-

CH4 generation 1,944 1,766
O recovery %1 3.3 WIS ORRTL 78 ©=Y 348

CH4 emission 883 801

GHG(CO,) conversion 18,534 16,829
quota 16,205 15,249 2024Q95E 2030971A] 78F 28], wiEg&Y
shortage 2,329 1,581 ], a]e], AR ], A7EA wiEd A
shortage costs(10° won) 41,998 28,499 gu], FHREEF 5 HJ7E EE 28 G

Table 8. Contribution rate of emission trading costs according to physical composition

Method A Method B
Waste properties TC Contribution rate TC Contribution rate
(ton) %) (ton) %)
paper 356,312 40.7 93,822 25.8
fiber 43,098 49 11,348 3.1
Household food 137,743 15.7 36,270 10.0
waste wood 7,810 0.9 2,056 0.6
diapers 132,693 15.2 34,940 9.6
rubber leather 13,523 1.5 3,561 1.0
food 158 0.0 7 0.0
fiber 4,277 0.5 178 0.0
wood 71,918 8.2 2,998 0.8
‘ paper 30,715 3.5 1,280 0.4
B\l;]s;;eess synthetic rubber 8,046 0.9 335 0.1
construction & shredding residues| 30,817 3.5 1,285 0.4
sewager sludge 3,770 0.4 16,158 4.4
wastewater sludge 28,681 3.3 120,903 333
other 6,004 0.7 38,316 10.5
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Table 9. Total cost of each component of the landfill unit cost

(unit: 10° won)

Category 1 Category 2 I(I,lzezlf%(g I(I,lze‘til}f)%o];
Site usage fee 37,926 6,668
Infrastructure cost -
landfill infrastructure cost 29,827 5,244
Landfill cost 175,836 68,958
Landfill work cost leachate treatment cost 12,040 12,040
Landfill gas treatment cost 34,757 34,757
Operation management cost 237,664 237,664
Final covering cost 17,267 5,577
Follow-up management cost | Landfill gas & leachate management cost 27,142 8,767
Inspection fee 72 23
Transaction cost of greenhouse gas emission rights 41,998 28,499
Resident support fund 61,453 40,820
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Table 10, Cost per ton of waste landfill disposal (method A: 2024~2030)

Cost(won/ton)

Infy Landfill |Operation |Follow-up| Emission |Resident
Total " | work manag. | manag. | trading | support

70,582 0 31,203 | 19,962 6,234 6,766 | 6,417
(100%) | (0.0%) | (44.2%) | (283%) | 8.8%) | 9.6%) | 9.1%)
63,139 0 31,203 | 19,962 6,234 0 5,740
(100%) | (0.0%) | (49.4%) | (31.6%) | (9.9%) | (0.0%) | (9.1%)
106,253 | 38,739 | 31,203 | 19,962 6,234 456 9,659
(100%) | (36.5%) | (29.4%) | (18.8%) | (5.9%) | (0.4%) | (9.1%)

Type of Waste

Household Waste

Municipal

Coal briquette ash

Workplace municipal waste

vomee Sewage dredged soil 65,767 0 31,203 | 19,962 6,234 2,389 | 5,97
(100%) | (0.0%) | (47.4%) | (30.4%) | (9.5%) | (3.6%) | (9.1%)

Water treatment sludge 67,869 0 31,203 19,962 6,234 4,300 6,170

(100%) | (0.0%) | (46.0%) | (29.4%) | 9.2%) | (6.3%) | (9.1%)

Intermediate treatment rempants 111,463 | 38,739 | 31,203 19,962 6,234 5,191 10,133

(100%) | (34.8%) | (28.0%) | (17.9%) (5.6%) 4.7%) | 9.1%)

Facilities Sewage sludge 65,767 0 31,203 | 19,962 6,234 2,389 | 5,979
(100%) | (0.0%) | (47.4%) | (30.4%) | (9.5%) | (3.6%) | (9.1%)

Ash 63,640 0 31,203 | 19,962 6,234 456 5,785

(100%) | (0.0%) | (49.0%) | (31.4%) (9.8%) 0.7%) | 9.1%)

Others 106,253 | 38,739 | 31,203 | 19,962 6,234 456 9,659

(100%) | (36.5%) | (29.4%) | (18.8%) | (5.9%) | (0.4%) | (9.1%)

Table 11. Cost per ton of waste landfill disposal (method B: 2024~2030)

Cost(won/ton)

Landfill |Operation |Follow-up| Emission |Resident
Totl | Infra, work | manag. | manag. | trading | support

111,222 0 50,228 | 33,589 6,234 11,061 | 10,111
(100%) | (0.0%) | (45.2%) | (30.2%) | (5.6%) 9.9%) | 9.1%)
99,056 0 50,228 | 33,589 6,234 0 9,005
(100%) | (0.0%) | (50.7%) | (33.9%) | (6.3%) 0.0%) | 9.1%)
142,488 | 38,739 | 50,228 | 33,589 6,234 745 12,953
(100%) | (27.2%) | 35.3%) | (23.6%) | (4.4%) | (0.5%) | (9.1%)

Type of Waste

Household Waste

Municipal

Coal briquette ash

Workplace municipal waste

Domestic Sewage dredged soi | |192351] 0 [5028 [ 33,589 | 6234 | 3905 | 9.396

(100%) | (0.0%) | (48.6%) | (32.5%) (6.0%) (3.8%) | (9.1%)

Water treatment sludge 106,788 0 50,228 | 33,589 6,234 7,029 9,708

(100%) | (0.0%) | (47.0%) | (31.5%) | (5.8%) | (6.6%) | (9.1%)

Intermediate treatment remnants 151,004 ] 38,739 | 50,228 | 33,589 6,234 8486 | 13728

(100%) | 25.7%) | 33.3%) | (22.2%) | (4.1%) | (5.6%) | (9.1%)

. 103,351 0 50,228 | 33,589 6,234 3,905 | 9,396
Facilities Sewage sludge

(100%) | (0.0%) | (48.6%) | (32.5%) | (6.0%) | (3.8%) | (9.1%)
99,875 0 50,228 | 33,589 6,234 745 9,080
(100%) | (0.0%) | (50.3%) | (33.6%) | (6.2%) | (0.7%) | 9.1%)
142,488 | 38,739 | 50,228 | 33,589 6,234 745 12,953
(100%) | (27.2%) | 35.3%) | (23.6%) | (4.4%) | (0.5%) | (9.1%)

Ash

Others
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