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Hierarchy of Solid Waste Hierarchy of Solid Waste 
Management in KoreaManagement in Korea

ReductionReduction
ReuseReuse
RecyclingRecycling
Energy RecoveryEnergy Recovery
IncinerationIncineration
LandfillLandfill
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Treatment Trend of Municipal Treatment Trend of Municipal 
Solid Waste in KoreaSolid Waste in Korea
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MSW Compositional Generation Rate(2001 year)MSW Compositional Generation Rate(2001 year)
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Management Schemes of MSW in KoreaManagement Schemes of MSW in Korea

No

Landfill Incineration
Ash

Organic wastesInorganic wastes

Yes

• Aerobic digestion
• Anaerobic digestion
• Animal feeding

Food wastes

• Papers
• P lastics
• Meta ls
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MSW

Recycling

Source 
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Estimation Methodology   
of CH4 from Landfill : Tier 2
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Questions to be AnsweredQuestions to be Answered

Why should we apply the Tier 2?Why should we apply the Tier 2?

How much the accuracy may be improved How much the accuracy may be improved 
as a result of applying the Tier 2?as a result of applying the Tier 2?

What would be the most efficient What would be the most efficient 
approaches to adopt the Tier 2?approaches to adopt the Tier 2?
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Methane Emission from Landfill: 
(1) Extraction Well, (2) Surface Diffusion

Extraction
Well

Surface
Diffusion

Crack or
Weak Point

A B
Recovery of

Methane
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Year

Generation 
Rate of CH4

(ton/yr)

Composite Gener ation Pattern of CH4

CH4 e mission fro m solid waste
landfilled durin g the  1s t yea r 

2nd year 3rd ye ar

Emission Pattern of CH4 from Landfill over time
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Methodologies suggested by IPCCMethodologies suggested by IPCC
Tier 1Tier 1

CH4 (ton/yr) = (MSW T x MSW F x MCF x DOC x DOCF x F x 16/12 –R) x (1-OX)

Assumptions
(1) CH4 generated by the waste is released in the same year 

the waste is deposi ted

(2) Landfilled amount is relatively constant over time

If waste disposal increases at about 2% per year over a 20~30 year period, 
the Tier 1 method would overestimate emissions by about 20~25%.
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Methodologies suggested by IPCCMethodologies suggested by IPCC

Tier 2Tier 2

Basics
(1) CH4 is emitted over a long period of t ime rather than instantaneously
(2) First-order decay model has been broadly used to model generation rate

of CH4 from landf ills 

L0  : Methane Generation Potential
Mt : Annual am ount of solid was te landfilled
k   : Methane generation cons tant (yr-1)

)}exp(){exp(0
4

ktkcMLQ tCH −−−××=
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Decis ion Tree for CH4 Emiss ions  from Solid Waste Disposal Sites
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What are the difficulties What are the difficulties 
in applying the Tier 2?in applying the Tier 2?

Lack of information on MSW landfilled Lack of information on MSW landfilled 
previouslypreviously

resulting in difficulty in estimating Lresulting in difficulty in estimating L0 0 valuevalue

Lack of information on how to measure Lack of information on how to measure 
the surface diffusion of CHthe surface diffusion of CH44

resulting in difficulty in estimating k valueresulting in difficulty in estimating k value
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Methane Generation KineticsMethane Generation Kinetics

sw
CH MLk

dt
dM

⋅⋅= 0
4Methane Generation Kinetic Equation
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Key Parameters for Tier 2 MethodologyKey Parameters for Tier 2 Methodology

LL0 0 (Methane Generation Potential)(Methane Generation Potential)

L0 = MCF x DOC x DOCF x F x 16/12
MCF: 0.4~1.0
DOC: Country Specific Equation

DOCF : 0.5~0.6
F: 0.4~0.6

DOC(%) = 0.114 x FW + 0.320 x PA + 0.366 x WO + 0.571 x RU
+ 0.061 x SL + 0.114 x AN + 0.285 x OT
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Key Parameters for Tier 2 MethodologyKey Parameters for Tier 2 Methodology

kk (Methane Generation Constant)(Methane Generation Constant)

(1) First Methodology(1) First Methodology

(2) Second Methodology(2) Second Methodology
Best fit to generation rate of CHBest fit to generation rate of CH44 at a certain yearat a certain year
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Surface Diffusion MeasurementsSurface Diffusion Measurements
Digital 

Thermometer

Sampling 
Port

Floating
Tube

48cm

19cm
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Fortran Code for Estimating Fortran Code for Estimating kk valuevalue
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Fortran OutputFortran Output
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LL00 and Kand K values for Korean Landfillsvalues for Korean Landfills

LL00 : 0.15~0.30 ton: 0.15~0.30 ton--CHCH44/ton/ton--wastewaste

k : 0.04~0.09 yrk : 0.04~0.09 yr--11

IPCC default value : 0.05 yrIPCC default value : 0.05 yr--11
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Comparison of CHComparison of CH44 emission emission 
from a Korean Landfill from a Korean Landfill 

between Tier 1 and Tier 2between Tier 1 and Tier 2
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Estimation procedures for CHEstimation procedures for CH44
emission by the Tier 2emission by the Tier 2

Classification of landfills by characteristics

Estimation of k values for characteristic landfills

Estimation of CH4 emissions form individual landfills

Summation of CH4 emission from individual landfills
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Considerations on changing emission Considerations on changing emission 
methodology from Tier 1 to Tier 2methodology from Tier 1 to Tier 2

PrePre--requisitesrequisites
Collecting information on landfill histories of a ll Collecting information on landfill histories of a ll 
landfills: landfill amount, compositions of solid landfills: landfill amount, compositions of solid 
wastes, and landfill period etc.wastes, and landfill period etc.
Monitoring the seasonal emission rates of CHMonitoring the seasonal emission rates of CH4 4 
from the surfaces of representative landfills from the surfaces of representative landfills 

Predicted ProblemsPredicted Problems
Uncertainty arising from the assumption of the Uncertainty arising from the assumption of the 
landfill histories of nonlandfill histories of non--sanitary landfillssanitary landfills
Difficulty in data managements: QA/QC and UADifficulty in data managements: QA/QC and UA
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Thank you very much!
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