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Background


1.! International communities of GHG recommend for 
individual nation to apply accurate data for handling the 
GHG inventories. 

2.! IPCC guidelines  also suggest for individual nation to apply 
higher level of Tier 2 or 3 for handling the GHG inventories 
then Tier 1. 

3.! Recently in Korea, many research institutes started to 
develop national emission factors in various fields. 

4.! Methane is one of important GHG gases to be controlled .  
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Research Purpose


1.! Korea Environmental  Agency;  
•! Development of  Korean 3 site-specific First Order 

Decay Constant(FOD, k)s  
−! for  a landfill site of Seoul metropolitan area, 
−! for  5 landfill sites of  next larger cities, 
−! for  landfill sites of many small counties . 

2.! Korea standard Research Institute of Standards and 
Science(KRISS); 
•! Development of standard operating procedure(SOP) 

of the uncertainty assessment and validation for the 
assistance of the FODs developed   

•! Validation of FODs developed 
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Inventories of Emission Quantity




5 

FOD(k)


•!  First order decay constant(FOD, k) of solid waste 
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Combined standard uncertainty 

•! Reference 1; GUM(1993)


Setting-up mathmatics al models 
 y = f(x1, x2, . . . xn) 

Identifying uncertainty sources 

Type B; standard uncertainty; 
obtained from QC/QC  

results & reference data  

Type A; standard uncertainty; 
from repeated measurement 

Expanded uncertainty 
(at confidence level 95 %) 

(1) 

(2) 

(3) 

(4) 
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 Reference 2; by Monte-Carlo Simulation;  IPCC Guideline(2006)


1.! Identify uncertainty sources and set up model equations for measuran
d;   

–!   y = f(x1, x2, . . .xN)                       
2.! Obtain the distribution of each input quantity, xi and standard uncertainty

,  u(xi)


5.! Calculate combined standard uncertainty, uc(y), """""""""""""

6.! Calculate expanded uncertainty, U (at confidence level 95 %) .!

U!U!
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Reference 3 
by Matrix calculation Technique used for  uncertainty of  FOD(k) 

1. Matrix expression of nF equation 

               F ([X,Y ])=0 

2. Matrix expression of input and output parameters           

  (Input and output parameter’s notes are m and n. )  

3. Calculating of Fx and Fy 

                      j= 1, …… nF and, 

                      k=1,……….n or m 

4. Sensitivity matrix  

5. Uncertainty matrix of output parameters 
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1. Uncertainty evaluation of total CH4 emission quantity from Da

ejeon solid waste landfill site in 2009  

2. Uncertainty evaluation of amount of solid waste filled to Daeje

on solid waste landfill site between 1996-2008 

3. Uncertainty evaluation of site-specific FOD(k) for Daejeon soli

d waste landfill site  

Application of SOP for evaluation of uncertainty
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Example application to Daejeon landfill site 

Sampling points, 15 x 3 3 emission hole 

Dejeon Waste Landfill(AREA; 271,313 m2) 
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Sampling system & GC instrument used;  


Dynamic sampling method using Chamber 
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Flux data at each point, Ei 

Samplin
g site 

Temp. 
℃ 

Press. 
mbar 

Conc. 
µg/L 

Flux 
mg/m2mi

n 
Sampli
ng site 

Temp. 
℃ 

Pressure 
mbar 

Conc. 
µg/L 

Flux 
mg/m2min 

S1-1 31.2 1008.5 1,865  74.2  S8-3 26.4 1011.3 726  28.9  

S1-2 30.3 1008.5 776  30.9  S9-1 31.2 1010.1 2,447  97.4  

S1-3 30.7 1008.5 396  15.8  S9-2 31.8 1010.1 4,326  172  

S2-1 30.5 1009.7 286  11.4  S9-3 32.1 1010.1 675  26.9  

S2-2 31.6 1009.7 1,310  52.2  S10-1 31.4 1008.4 4,692  187  

S2-3 32 1009.7 3,756  150  S10-2 30 1008.4 4,658  185  

S3-1 30.3 1010.6  1,119  44.6  S10-3 29.4 1008.4 1,385  55.1  

S3-2 29.7 1010.6  509  20.3  S11-1 29.9 1008.4 3,823  152  

S3-3 30.8 1010.6  460  18.3  S11-2 30.5 1008.4 63,223  2,517  

S4-1 26.9 1011.3 2,294  91.3  S11-3 30.3 1008.4 3,791  151  

S4-2 27.2 1011.3 493  19.6  S12-1 29.4 1008.4 139  5.54  

S4-3 28.7 1011.3 2,385  95.0  S12-2 29.5 1008.4 168  6.68  

S5-1 31.1 1010.6 0  0  S12-3 27.2 1008.4 35.0  1.39  

S5-2 30.2 1010.6 5.07  0.20  S13-1 30.5 1007.6 1,592  63.4  

S5-3 31.6 1010.6 3.38  0.13  S13-2 29 1007.6 2,529  101  

S6-1 28.5 1010.6 1,185  47.2  S13-3 29.7 1007.6 1,341  53.4  

S6-2 28.1 1010.6 432  17.2  S14-1 31.5 1007.6 90.9  3.62  

S6-3 30.2 1010.6 420  16.7  S14-2 31.6 1007.6 214  8.52  

S7-1 26.5 1010.6 543  21.6  S14-3 30.9 1007.6 155  6.19  

S7-2 26.1 1010.6 1,075  42.8  S15-1 32.6 1007.6 1,612  64.2  

S7-3 29.7 1010.6 947  37.7  S15-2 31.8 1007.6 2,246  89.4  

S8-1 27 1011.3 1,270  50.6  S15-3 29.9 1007.6 1,354  53.9  

S8-2 26.6 1011.3 1,480  58.9  SD 370.7 

Average 109.9 SE 55.3 
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1. Uncertainty evaluation of total CH4 emission from DEAJE

ON Solid waste landfill site in 2009  

2. Uncertainty evaluation of amount of solid waste for DEAJ

EON Solid waste landfill site from 1996-2009 

3. Uncertainty evaluation of site-specific FOD(k) for DEAJE

ON Solid waste landfill site  

Step of evaluation of uncertainty
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•! Corrected emission 
quantity of CH4 in t
he year of 2009 at D
EAJEON Waste La
ndfill 

•!  QR2009  , ton/yr  

Corrected total emission quantity 

Surface measured emission hole measured 

DEAJEON Waste Landfill(AREA; 271313 m2) 
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Corrected emission quantity in 2009; QR2009 

……….............……….1 

where, 

                QR2009; Actual quantity after oxidation and recovery correction (ton/yr) 

               Q 2009 ; Measured quantity of CH4 emission in 2009(ton/yr) 

               OXT ; Oxidation ratio (0.1, u=±10%) 

                R ; Recovery ratio (0.2, u=±10%) 
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             Q2009   ; Determined CH4 emission in 2009 (ton/yr) 
             ESURFACE  ; Determined CH4 emission from surface in 2009 (ton/yr) 
             ETW   ; CH4 emission from 3 emission holes in  2009 (ton/yr) 

                                                                                   ……….....................................……….3 

               E 
o
 ; Average flux of CH4 emission ( 45 point)      

               Aw;  Landfill area (271313 m2 , u=±5%)  

                                                                       ……………………………………………….4 

                       E o = Average flux of CH4 emission (109.9 mg/m2min) 
                       Ei = Flux of CH4 at measurement point i    
                       n = Number of the measurement point (45 point) 
                                f homo=1; Factor of data dispersion (u =±0.5)            

Equations ; Q2009,  ESURFACE  &  Eo
  



18 

           Ei = Flux of CH4 at measurement point i   
           Ci=  CH4 Conc. of point i (ppm)                                    Achamber= 0.1256 m2, surface area of chamber 
           Mw= 16.01 g/mol , molecular weight (g/mol)                Tstd= standard temp.   
           Vgas=22.4 L/mol (gas volume at STP)                            Tchamber=temp. of sampling condition (u =±0.9%) 
           QSWEEP = 5 L/min, input gas flow (u =±5%)                Pstd= standard pressure 
            Pchamber= pressure at sampling time (u =negligible) 

…………………………………… 5 

           Asample= Response of sample from GC  
           Astd = Response of standard gas from GC 
           Cstd= 503.53 ppm, Conc. of standard gas( u =±0.25%) 
           f chamber=1; factor due to in-homogeneity in chamber (u =±5%) 
           flin-water=1; factor due to non-linearity and water-effect (u =± 0.01%) 

………………………………………………… 6 

Equation of Ei  & Ci  
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     ETW       ; CH4 emission from 3 emission holes in  2009 (ton/yr) 
     CTW1~3  ; Flux of 3 emission holes  
                    CTW1 =227 g/m3min (u±11.7 g/m3min)  

                             CTW2 =219 g/m3min (u± 1.4 g/m3 min ) 

                     CTW3 =54.7 g/m3min (u± 2.0 g/m3 min)  
     Atw ;  Area of emission hole = 0.785 m2 (u± 2%) 
     Vtw ; velocity of emission hole = 0.2 m/sec (u± 2%) 
     fIR ; factor due to uncertainty of measurement of IR  = 1 (u± 5%) 

………………… 7 

Equation of ETW    
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Uncertainty Budget ; E1-1 ;                           ; 

No Input Unit Standard 
uncertainty 

Symbol value 

1 Cstd 503.5 ppm 1.25 
2 Astd 1308.5 - 13.6 
3 As1-1 7592.8 - 20.8 
4 Mw 16 g/mol 0 
5 Vgas 22.4 L/mol 0 
6 Qsweep 5.0 L/min 0 
7 Achamber 0.126 m2 0 
8 Tstd 273 K 0 
9 Ts1-1 304 K 2.73 

10 Pstd 1013 mbar 0 
11 Ps1 1008.5 mbar 0 
12 flin-water 1 - 0.011 
13 fchamber 1 - 0.028 

Output E1-1 74.2 ton/yr 2.54 (3.43%) 
U ton/yr 5.02 (6.76%) 
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Uncertainty Budget; Esurface  

No INPUT Standard 
uncertainty 

No Input Standard 
uncertainty Symbol Value (ton/yea

r) 
Symbol Value (ton/yea

r) 
1 E1-1 74.2  2.54 24 E8-3 28.9  0.9 
2 E1-2 30.9  1.1 25 E9-1 97.4  3.3 
3 E1-3 15.8  0.55 26 E9-2 172  6.1 
4 E2-1 11.4  0.40 27 E9-3 26.9  1.08 
5 E2-2 52.2  1.84 28 E10-1 187  6.6 
6 E2-3 150  5.20 29 E10-2 185  6.3 
7 E3-1 44.6  1.55 30 E10-3 55.1  1.9 
8 E3-2 20.3  0.71 31 E11-1 152  5.3 
9 E3-3 18.3  0.64 32 E11-2 

10 E4-1 91.3  3.15 33 E11-3 151  5.1 
11 E4-2 19.6  0.68 34 E12-1 5.54  0.2 
12 E4-3 95.0  3.26 35 E12-2 6.68  0.2 
13 E5-1 0  0 36 E12-3 1.39  0.05 
14 E5-2 0.20  0.0073 37 E13-1 63.4  2.2 
15 E5-3 0.13  0.0046 38 E13-2 101  3.6 
16 E6-1 47.2  1.64 39 E13-3 53.4  1.8 
17 E6-2 17.2  0.60 40 E14-1 3.62  0.1 
18 E6-3 16.7  0.59 41 E14-2 8.52  0.3 
19 E7-1 21.6  0.76 42 E14-3 6.19  0.2 
20 E7-2 42.8  1.51 43 E15-1 64.2  2.2 
21 E7-3 37.7  1.31 44 E15-2 89.4  3.1 
22 E8-1 50.6  1.74 45 E15-3 53.9  1.9 
23 E8-2 58.9  2.07 46 AW 271313 13565.6 

Output ESURFACE 7873 791 (10.0%) 47 fhomo 1 0.080 

U 1582 (20.1%) 
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1.! QR2009 = 14378 ton/yr ± 18 %(CL of 95 %) 

•! Measurement Uncertainty = 6.8 %(CL of 95 %) 

•! Uncertainty  with measurement and data variation uncertai

nty = 20 %(CL of 95 %) 

2.! Measurement uncertainties are highly correlated and uncertai

nty  of data variation has random characteristic. 

Interim summary 
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1. Uncertainty evaluation of total CH4 emission from DEAJE

ON Solid waste landfill site in 2009  

2. Uncertainty evaluation of amount of solid waste for DEAJ

EON Solid waste landfill site from 1996-2008 

3. Uncertainty evaluation of site-specific FOD(k) for DEAJE

ON Solid waste landfill site  

Step of evaluation of uncertainty
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      DDOCm,T ; Mass of decomposable degradable organic carbon at the start of the 

                         reaction in the year, T 

      WT, i ; Amount of waste of  type i in the year, T 

      DOCi ; Ratio of organic carbon of  type i  

      DOCf,i ; Fraction of DOC of  type i that can decompose (fraction) 

      MCF =1; CH4 correction factor for aerobic decomposition in the year, T (fraction) 

       i = 1 – N ; type of  waste 

Equation of DDOCm,T 
………………………………… 8 
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Value Rubber Others Wood Fibers Sludge Food Paper Sub total 
1996 857 35000 60450 0  50000  4285.71  13043.4 358,759  
1997 13,432  52,706  15,586  0  64,058  151,402  61,576  358,759  
1998 11,388  41,318  13,724  0  80,410  115,705  55,334  317,879  
1999 9,308  42,888  10,293  0  59,349  88,695  45,917  256,449  
2000 4,088  49,640  18,506  0  62,634  75,665  49,859  260,391  
2001 3,869  67,744  11,826  0  584  81,432  53,984  219,438  
2002 3,942  51,867  11,096  0  73,000  7,008  13,140  160,053  
2003 4,234  65,116  11,461  0  37,486  42,705  57,415  218,416  
2004 1,971  48,801  2,884  0  1,424  40,333  60,335  155,746  
2005 986  28,434  2,957  0  2,738  0  19,747  54,860  
2006 1,022  44,056  2,738  0  1,168  1,533  21,280  71,796  
2007 1,095  55,553  2,628  0  6,424  5,293  18,287  89,279  
2008 1,095  55,553  2,628  0  6,424  5,293  18,287  89,279  
2009 1,095  55,553  2,628  0  6,424  5,293  18,287  89,279  

Yearly data of waste in DEAJEON landfill (WT,i, ton/yr) 

Value Rubber Others Wood Fibers Sludge Food Paper 
DOCi (%) 58.42 22.97 35.96 45.61 15.77 26.64 40.55 
DOCf, i (%) 11.5 43.1 32.4 38.2 12.2 51.9 55.7 

MCF 1 



26 

Year DDOC m,T 
Standard  

Uncertainty 

1996 15954 2233 

1997 43948  6161 

1998 36,497  5109 

1999 29,846  4178 

2000 30,273  4238 

2001 31,807  4453 

2002 12,034  1684 

2003 27,660  3872 

2004 24,531  3434 

2005 7,738  1083 

2006 9,790  1370 

2007 10,865  1521


2008 10,865  1521


2009 10,865  1521


Data & Uncertainty of DDOCm,T 

(unit; ton/yr) 
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Interim summary 

1.! Uncertainty data on the amount of waste were obtained  fr

om local government office . 

2.! Uncertainty data on the amount of waste had uniform PD

Fs  with maximum values of ±20 %. 

3.! Uncertainty data on the amount of waste were  shown stro

ng correlationship.  
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1. Uncertainty evaluation of total CH4 emission from DEAJE

ON Solid waste landfill site in 2009  

2. Uncertainty evaluation of amount of solid waste for DEAJ

EON Solid waste landfill site from 1996-2008 

3. Uncertainty evaluation of site-specific FOD(k) for DEAJE

ON Solid waste landfill site  

Step of evaluation of uncertainty
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Matrix expression of equations; 

where DDOCma,T ;  DDOCm accumulated in the SWDS at the end of year T                        

           DDOCmd,T ; DDOCm deposited into the SWDS in year T 

            F ; fraction of CH4, by volume, in generated landfill gas (fraction) 

           16/12 = molecular weight ratio CH4/C (ratio) 
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Uncertainty Evaluation by Matrix c│alculation Technique 
        for  uncertainty evaluation of FOD(k) 

1. Matrix expression of nF equation 

               F ([X,Y ])=0 

2. Matrix expression of input and output parameter           

        (Input and output parameters are m and n. )  

3. Calculating of Fx and Fy 

                      j= 1, …… nF and, 

                      k=1,……….n or m 

4. Sensitivity matrix  

5. Uncertainty matrix of output parameters 
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Uncertainty Budget for output quantities & k  

INPUT Value 
standard 

u 
x1 ##$% m2009 10,865.14 1,521.12 
x2 ##$% m2008 10,865.14 1,521.12 
x3 ##$% m2007 10,865.14 1,521.12 
x4 ##$% m2006 9,789.82 1,370.58 
x5 ##$% m2005 7,738.29 1,083.36 
x6 ##$% m2004 24,530.84 3,434.32 
x7 ##$% m2003 27,659.81 3,872.37 
x8 ##$% m2002 12,033.71 1,684.72 
x9 ##$% m2001 31,807.47 4,453.05 
x10 ##$% m2000 30,272.99 4,238.22 
x11 ##$% m1999 29,846.37 4,178.49 
x12 ##$% m1998 36,497.10 5,109.59 
x13 ##$% m1997 44,009.37 6,161.31 
x14 ##$% m1996 15,954.90 2,233.69 
x15 & 0.5 0.025 
x16 ' R2009 25210.42  1279  

OUTPUT Value combined 
u OUTPUT Value combined 

u 
y1 ##$% md2009 14854.08  16562  y16 ##$% ma2009
 98758.07  8746  
y2 ##$% md2008
 15560.27  17345  y17 ##$% ma2008
 103453.21  9178  
y3 ##$% md2007
 16391.49  18263  y18 ##$% ma2007
 108979.56  9711  
y4 ##$% md2006
 17369.85  19327  y19 ##$% ma2006
 115484.27  10423  
y5 ##$% md2005
 18711.80  20779  y20 ##$% ma2005
 124406.25  11456  
y6 ##$% md2004
 20654.51  23176  y21 ##$% ma2004
 137322.46  11548  
y7 ##$% md2003
 19968.26  22466  y22 ##$% ma2003
 132759.88  10980  
y8 ##$% md2002
 18606.57  20727  y23 ##$% ma2002
 123706.64  11046  
y9 ##$% md2001
 19770.20  22311  y24 ##$% ma2001
 131443.13  10710  
y10 ##$% md2000
 17639.17  19935  y25 ##$% ma2000
 117274.82  9502  
y11 ##$% md1999
 15402.52  17460  y26 ##$% ma1999
 102404.35  8232  
y12 ##$% md1998
 12845.43  14743  y27 ##$% ma1998
 85403.41  6997  
y13 ##$% md1997
 8658.21  10251  y28 ##$% ma1997
 57564.52  6302  
y14 ##$% md1996
 2399.76  2904  y29 ##$% ma1996
 15954.90  2234  
y15 ( 0.163  0.013 
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Interim summary 

1.! FOD value was calculated with numerical method, so mat

rix technique  of uncertainty combining was incorporated.  

2.! FOD = 0.163 ± 16 % (CL of 95 %) 
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•! We have developed a standard procedure and continued to modify it for the pr

eparation of uncertainty of FOD of methane which would be used for the calc
ulation of national or site-specific GHG emission inventory in the category of 
solid waste land-fill site. And, as an example, we it to a FOD value obtained f
rom Daejeon land-fill site in Korea. From the application, some tips for prope
r treatment of uncertainty were found and it is as follows;    

1.! FOD value of Daejeon land-fill site was 0.163 for methane emission with standar

d uncertainty of 0.013(8.3 %) and expanded uncertainty was 0.026(16 %).

2.! Total methane emission quantity obtained from the study was over-estimated if i

ncluding extream value. 
3.! The treatment of correlation between uncertainties for propagation was very imp

ortant.

4.! Since there was no data for seasonal variation of emission, future work is needed. 


Conclusions 
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