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- Waste sector
- Solid Waste Disposal: First Order Decay (FOD) method

« |PCC Inventory Software (version 2.691)

« \Waste sector worksheets
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e
Waste Sector

 Volume 5 of the 2006 IPCC Guidelines provides methodological
guidance for estimation of CO,, CH, and N,O emissions from Waste
sector:

« Solid waste disposal (4A)

* Biological treatment of solid waste (4B)

* Incineration and open burning of waste (4C)
« Wastewater treatment and discharge (4D)

* Typically, CH, emissions from solid waste disposal sites (SWDSs) are
the largest source in Waste sector

» Biogenic CO, emissions are not included in Waste sector

 All greenhouse gas (GHG) emissions from waste-to-energy should be
estimated and reported under Energy sector
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e
Solid Waste Disposal

« Decomposition of organic materials in waste under anaerobic environment
produces significant amount of CH,

« \Waste disposal practices in SWDSs vary in the control, placement of waste and
management of the site
 Methane correction factor (MCF) reflects the way waste is managed and the effect of
site structure and management practices on CH, generation. It accounts for the fact
that unmanaged SWDSs produce less CH, from a given amount of waste than
anaerobic managed SWDSs.
» Methodology in the 2006 IPCC Guidelines for estimating CH, emissions from
SWDS is based on FOD method

 Degradable organic component in waste at landfills decays slowly throughout a few
decades during which significant amount of CH,and CO, are formed (some N,O,
NMVOCs, NO, and CO)

» CH, emissions are estimated as actual annual emissions

* A simple spreadsheet model (IPCC Waste Model) to assist countries in using the
FOD method https://www.ipcc-nqqip.iqes.or.ip/public/2006q|/vo|5 html
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https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.html

.-
Solid Waste Disposal: FOD Method

* Three tiers for estimation of CH, emissions
* Tier 1: Mainly default activity data (AD) and default parameters

 Tier 2: Some default parameters but requires good quality country-specific
AD on current and historical waste disposal at SWDS

 Tier 3: Good quality country-specific AD and the use of either the FOD
method with (1) nationally developed key parameters, or (2) measurement
derived country-specific parameters.

» Key parameters: half-life, and either CH, generation potential (L,) or
degradable organic carbon (DOC) content in waste and the fraction of
DOC which decomposes (DOC,)

 Requires data for historical disposals of waste

— Amount of municipal solid waste (MSW) can be estimated from population
and per capita waste generation data (Tier 1)
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e
Solid Waste Disposal: CH, Emissions

» CH, emissions in year T from SWDS (Gg)

CH ,Emissions = {Z CH ,generated . ; — RT} *(1-0X,)

T: inventory year

X : waste category or type/material
RT: recovered CH, inyear T, Gg
OX;: oxidation factor in year T, fraction

» CH, generated is estimated based on the amount of Decomposable
Degradable Organic Carbon (DDOCm) which is the part of the organic
carbon that will degrade under the anaerobic conditions in SWDS
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IPCC Inventory Software

 Implements the methods in the 2006 IPCC Guidelines

 Default values of the 2006 IPCC Guidelines are incorporated but gives users
the flexibility to use their own country-specific data and information

* Tier 1 and Tier 2 methods for Waste sector

* In case Tier 1 (default) worksheets are not suitable for higher tier
calculations, independent sets of the worksheets for each tier are available

* The latest version of the software can be downloaded from IPCC TFl
website
https://www.ipcc-nggip.iges.or.jp/software/index.html
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https://www.ipcc-nggip.iges.or.jp/software/index.html

IPCC Inventory Software: Waste Sector

oy Application Database Inventory Year Worksheets  Reports

G4 - Direct N20 Emissions from managed soils
3G.5 - Ihdirect N20 Emissions from managed soils
3G 6 - Idirect N20 Emissions from manure management
3G 7 - Rice cultivation
3058 - Other (please specify)
[=-3D - Other
3D.1 - Harvested Wood Products
3.0.2 - Other (please specify)
[§] 4 - Waste
(=4 A - 5olid Waste Disposal
4 A1 - Managed Waste Disposal Sites
4A2 - Unmanaged Waste Disposal Sites
4 A3 - Uncategorised Waste Disposal Sites
4B - Biological Treatment of Solid Waste
[ 4C = Incineration and Open Burning of Waste
4.1 - Waste Ihcineration
4152 - Open Burning of Waste
(= 4D - Wastewater Treatment and Discharge
4D.1 - Domestic Wastdkaster Treatment and Discharee
4D.2 - Industrial WastewaMgTreatment and Discharge
| 4 E - Other (please specity)
(-5 - Other
5.4 - IndireCQRI20 emissions from the at
58 - Other (e specify)

beric deposition

Tools

Ime Series
Time Series

Export/Import  Administrate

Window  Hel

Category ‘6 - Waste |

Gas

METHANE (CHE)
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METHANE (CH4) Emissions (Gg CO2 Equivalents)

| 4A. Solid Waste
1| ' | ’ [ Disposal |
‘Al N | N | |
| | | l LA T
|I|||||I Waste
"" : 1

Treatment of Solid
4C. Incineration and

n

I
I
I

Open Burning of

Waste

4D. Wastewater
Treatment and
Discharge

METHANE (CH#)



Database Worksheets

oy Application

Inventory Year

305 - Idirect N20 Emissions from managed soils
3G 6 - Idirect N20 Emissions from manure management
3C.7 - Rice cultivation
308 - Other (please specify)
(-8 - Other

301 - Harvested Wood Products
30.2 - Other (please specify)

-4 - Waste

=} 4.4 - Solid Disposal
A.l = Managed Waste Disposal Sites

4A3 - Uncategorized Wiaste Dispoza

4B - Biological Tre
gkl Select region
4152 - Open Bu
4D.1 - Domestic Wastewaster Treatment and Discharge
4D.2 - Idustrial Wastewater Treatment and Discharge

-5 - Other
5.4 = Indirect N20 emissions from the atmospheric deposition

:A:E - Unmuna{eld lifaste Disppsc\ Si|=§
[ 4G - Incineration a
(=40 - Wastewater Treatment and Discharge
4E - Other (please specify)
58 - Other (please specify)

Reports

Solid Waste Disposal

Tools  Export/lmport Administrate  Window Help -8 X

Parameters
354 - Direct N2O Emissions from managed soils |

ime Delay
e default azsumption is that the reaction starts on the first of January
in the year after deposition, which is equivalent to an average delay time
of six months before decay to methane commences (* Delay time” = 6). It
is good practice to assume an average delay of from two to six months. If
a value greater than six months is chosen, evidence to support this must

the number 13 in “exp2” in all the methane calculating sheets is changed
to 25, and DDOGmd in columns F and G is readdressed one cell down.

be provided. To make the model work for delay times from 7 to 18 months,

Methane Correction Factor  Activity Data  Amount Deposited  Methane Calculations  Methane Recovery Results  Lone Term stored G in SWDS — Harvested Wood Products

Japan

Boreal and temperate wet

Asia - Eastern

Bulk waste da

DOG (Deeradable oreanic carbon) Methane generation rate constant (k)

[weight fraction, wet basic] [1 / years]

action of DOC dissimilated) 0500 H5

Select climate zone

Delay Time (months) i Garden (HWP) 0200 |+
Fraction of methane (F)in
developed gas 0500 Paper (HWF) 0400 |+

Conversion Factor, Cto CH4 Wood and straw (HWP) 0430«

Onidation Factor (0X)

Parameters for carbon storace k MSW 0.180 |+ Bulk MSW 0.090
% paper in industrial waste 0.00 [NIETTRE Sewage sludge 0.185 |+
% wood in industrial waste 0.150 Industrial Waste 0090+

* The bulk waste option is suitable for count
Default values are estimated as a function of

** [n case of “Population / GDP” use * Acti
In case of “National statistics”™ enter amou

b or with limited data on waste composition, but with good information on bulk waste disposed at SWDS.
e

o estimate amount of waste deposited to SWDS based on Population and GDP.

. fimount deposited” sheet. I P f |t I . ” , t
TSIk WA CC default values will be adjusted

and Waste composition

(e.g., CH, generation rate constant)

Reset to default

Enter uncertainties
of AD and EF

METHANE (CH4)



e
Solid Waste Disposal

o5l Application Database Inventory Year Worksheets Reports

3G 4 - Direct N20 Emissions from managed soils ~

3G5 - Indirect N20 Emissions from managed soils
3G 6 - Indirect N20 Emissions from manure management
3G.7 - Rice cultivation
3G 8 - Other {please specify)
= 8.0 = Other

3D.1 - Harvested Wood Products
3D.2 - Other (please specify)

=) 4 - Waste

4A1 - Managed Waste Disposal Sites
442 - Unmanaged Waste Disposal Sites
443 - Uncategorised Waste Disposal Sites
4B - Biological Treatment of Solid Waste
4G - Incineration and Open Burning of Waste
4G.1 - Waste Incineration
452 - Open Burning of Waste
= 4.D - Wastewater Treatment and Discharge
4D.1 - Domestic Wastewaster Treatment and Discharge
4D 2 - Industrial Wastewater Treatment and Discharee
: 4 E - Other (please specify)
=5 = Other
5.4 - Indirect N20 emissions from the atmospheric depogg
-6.8 = Other (please specify)

Time Delay

The default assumption is that the reaction starts on the first of January
in the year after deposition, which is equivalent to an average delay time
of six months before decay to methane commences (“Delay tlme =6 It
is good practice to assume an average delay of from two to six months. If
a value greater than six months is chosen, evidence to support this must

the number 13 in exp? in all the methane calculating sheets is changed
to 26, and DDOGmd in columns F and G is readdressed one cell down.

be provided. To make the model work for delay times from 7 to 18 months,

Tools Export/Import Administrate Window Help - 8 X
Parameters I Methane Correction Facmrll Activity E)ata Amount Deposited IMethane Calculations  Methane Recovery Results  Lone Term stored G in SWDS  Harvested Wood Products
‘Worksheet
Sector: Waste 2018
Category: Methane, ions from Solid Waste Disposfl Sites
Subcategory: 4A-5 aste Disposal
Sheet: Ind and MSW Activity Data
Data
Waste Compositj Municipal Solid Waste v |
~
0 0 0 U
Defaults $ 258 0
2000 25 500 #
2000 25 500 7
2000 25 500 7
2000 25 500 2
[ 2000 25 500 #
75 2000 26 00| @7
976 2000 25 500 7
1977 2000 25 500 7
1978 2000 % 500 7
2000 25 50| =
2000 25 500 2
. 2000 25 500 &
2000 25 500 7
[ ) 3000 % 500 7
2000 25 500 2
2000 25 500| 7 v

This workshest allows Ctr+C/Ctr+V to

Only editable cells can be averwritten when pasting.

METHANE {CH4) Emissions (Gg CO2 Equivalents)

2002

2012
2013

1994
1995
2016
2017
2018
2019

1991

*1990

* Base year for assessment of uncenainty in trend: 1590

2020
2022

Gas | METHANE (CHY)
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.-
Solid Waste Disposal

of Application Database Inventory Year Worksheets Reports Tools Export/import Administrate Window Help

-8 X
Parameters  Methane Correction Factor  Activity Data  Amount Deposited || Methane Calculations § Methane Recovery Results  Long Term stored G in SWDS  Harvested Wood Products

3G 4 - Direct N2O Emissions from managed soils || Worksheet

305 - Indirect N20 Emissions from managed soils Sector: Waste 201 8

3G 6 - Indirect N20 Emissions from manure management Category: Methane emissions from Solid Waste Disposal Sites

3G.7 - Rice cultivation Subcategory:  4.A- Solid Waste Disposal

3.8 - Other (please specify) Sheet: Methane Calculations
=3 - Other Data —

3D.1 - Harvested Wood Products Waste Type | Total MSW ] poc 018 | DOCY {5 _| k ID_DQJ Halfdife time th=in(2)4) | 770163533
. 3D.2 - Other (please specify) expl=exp(k) orfll when the reaction is sef to start (M) | 13 [ exp2-exp(k*((13-M)/12)) | |  CH4 Fraction

a aste :

Di I ‘ | pDOCM not DDOCm [
CH4 generated

Decomposable D/ DDOCm decomposed | DDOCm
QPrl - Managed Wasie Disposal Sites e e e (DDOCm) deposi reactsd. Deposition Deposition year = a‘ccumuiated s decomposed
$A2-U d Waste Di I Sit year DS end of year
A2 = Unmanaged Waste Disposal Sites

- & B I el e B — e —
443 - Uncategorised Waste Disposal Sites e = . . oo iy ‘ (H(y- | E=C+Hy-1)*(1- e
4B - Biological Treatment of Solid Waste L e R ) exp1) = i
= 4G - Incineration and Open Burning of 'Waste e [ — _————

. . [ fraction | G G
4C.1 - Waste Incineration 9 Gg g g

; 0 0 0
4G .2 - Open Burning of Waste
= 4D - Wastewater Treatment and Discharge 86 0 6380152 3.00848 206566
4D.1 - Domestic Wastewaster Treatment and Discharge a 9887125 593027 395351
4D2 - Industrial Wastewater Treatment and Discharge ] 12645291 851834 567889
4.E - Other (please specify) 0 16156926 1088368 735677
=5 - Other 0 174 52387 1304539 869692
5.4 - Indirect N20 emissions from the atmospheric deposition 0 19550281 15.02106 1001404
5B - Other (please specify) 0 21467612 168267 112178
0 232.1992 1847692 1231795
0 24821409 1998511 1332341
0 26285069 21.36349 1424233
0 276.22736 2262324 1508216
0 20845279 2377456 1584871
0 299626 24 82679 1655119
0 30983765 26.78846 171023
” T P i
< >
Time Delay

The default assumption is that the reaction starts on the first of January
in the year after deposition, which is equivalent to an averaze :ielay time
of six months before decay to methane commences (" Delay time”™ = 6). It
is good practice fo assume an average delay of from two to six months. If
a value ereater than six months is chosen, evidence to support this must
be provided. To make th: model work for delay times from 7 to 18 months,
the number 13 in “exp2” in all the methane calculatine sheets is chanzed
to 25, and DDOGmd in columns F and G is readdressed one cell down.

After entering ™" — . :
parameters and Amount of CH, | D C C iy s
AD generated e ALY
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Solid Waste Disposal

Bl Application Database Inventory Year Worksheets Reports Tools Export/Import Administrate Window Help - 8 X
—II Parameters  Methane Correction Factor  Activity Data  Amount Deposited  Methane Calculations  Methane Recovery § Results § Lang Term stored C in SWDS  Harvested Wood Products
304 - Direct N20 Emissions from manaeed soils a || Worksheet
305 - Indirect N20 Emissions from managed soils Sector: Waste 201 8
306 - Indirect N20 Emissions from manure management Category: Methane emissions from Solid Waste Disposal Sites
3C7 - Rice cultivation Subcategory:  4.A- Solid Waste Disposal
3G.8 = Other (please specify) Sheet: Resuits
& 3D - Other Data = =
3D.1 - Harvested Wood Products Methane generated A
3D2 - Other {please specify) ‘ |
=] 4 - Waste Sludge Industrial Methane recovery Methane Emissions
441 - Managed Waste Disposal Sites ‘ G H J I M = (I-J) * (1-0X)
442 - Unmanaged Waste Disposal Sites (Ga) it (Gg) 159 (Gg) (Ga)
4A3 - Uncategorised Waste Disposal Sites 1] 04 0 0 %
4B - Biological Treatment of Solid Waste 206565 675583 2754 1157568 1157668 7
=45 - Incineration and Open Burning of Waste 395351 1237063 52 2159549 2159548| 7
4G.1 - Wiaste Incineration 57699 1708711 3026786 3028786] 7
402 - Open Burning of Waste 726577 2091644 3784567 3784557 7
84D - Wastewater Treatment and Discharee ‘ 860692 2413874 {1 443157 4443157 7
I ol e Tt " s
‘E -.O.lher {plbase:specify) 112178 29.04409 45706 5521894 55.21894| ¢
&5 - dther 1231795 3089449 h.42893 5963637 5963637 7
N 5.4 - Indirect N20 emissions fram the atmospheric deposition IR 3243887 SEELES Bise0as Baidl o
5. - Other {please specify) 1424233 3371051 1898877 6694261 6694261| 7
1508216 3477278 20.10955 6996449 6996449| 7
1584971 356550 21.13294 7263829 7263829| 7
1655119 36.304 2206826 7500883 7500883 7 |
17.1923 35 2292307 77.11457 7711457 7
17.17823 2370431 7898867 7898857 7
1831373 24.41831 8065929 8065928 v |
19.83597 26.44796 8456125 9456125) 7 |
2129119 2R3AN7292 /A NGAAR RANIRAAR =
v
%\ a—
B
Time Delay - =
The default assumpticn is that the reaction starts on the first of January METHANE (CH4) Emissions (Gq CO2 Equivalents)

in the year after deposition, which is equivalent to an average cbele time
of six :r‘nonths before decay to rnelhunedculmme‘n;:es (“Delay time" = ;2 Il: o o
is good practice to assume an average delay of from two to six montl A | C H

a value ereater than six months is chosen, evidence to support this must n n u a 4 e m I SS I O n S
be provided. To make the model work for delay times from 7 to 18 months,

the number 13 in exp2 in all the methane calculating sheets is changed
to 25, and DDOCmd in columns F and G is readdressed one cell down.

* Base year for assessment of uncertainty in trend: 1950

| :&, METHANE (GH4) v

Chart with emission time series I D C C
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Biological Treatment of Solid Waste

Reporis Tools Exportfimport  Administrate Window Help - & X
Biclogical Treatment of Solxd Waste

o Application Database Inventory Year Worksheets

20T - Rice cultivation
B0 8 - Oher (please spacify) Secior Waste 29‘] 8
= 30 =~ Crther Category: Beslogical Treatmeant of Sobd Waste

201 = Harvested Wood Froducts Subcalegory: 4B - Biological Trealment of Sold Waste

202 = Cther (please specity) : 1of 1 Estimation of emissions from Biological Treatment of Solid Waste
4 - Wasie

= 4 & - Solid Waste Disposal
LA - Mansged Waste Diposal Sites
4A2 - Unmanasged Waste Disposal Sites

B

Total Anvual

amountiresied | o

Wasts Category Type of Wa = ac s

Gross Annual Methane
Ggl
A1 - Waste Incineration

452 - Open Buning of Wasts
= 4.0 = Wastewater Treatment and Discharge

400 - Domestic Wastewaster Treatment and Dischar
402 = Indusirial Waztewater Treatment and Discharge

4 E - Other (pleaze specify)

5 = Ciher
5.4 - lhdirect N20 emissions from the stmosphern: deposi
6.8 = Other {ploase specify)

Select dry Enter uncertainties

Selecligds or wet basis of AD and EF

Parameters of worksheets can
be edited across existing
inventory years

* Baie il o pide e o Soeniery S 1end 1590

Save :G_ METHANE (GH4)

Select gas from

drop-down list (1) &)
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Incineration and Open Burning of Waste

o Application Database Inventory Year Worksheets Reports  Tools  Exportfilmport  Adminisirate  Window Help - 8 X
PR M Woste ncinoration | Fossil liuid incineration |
IC.T = Rice cultration - sheat
§3.8 - Other (please specify) Sector: Waste 2018
= 3D - Other Calegory: Incineration and Open Buming of Waste
30,1 = Harvested Wood Products Subcategory:  4.C.1 - Waste Incineration
302 = Other (please specify) Sheeed : 10of 1 Estimation of Emissions from Incineration of Waste
4 - Waste
5 LA - Solid Waste Disposal Gas | GAREOM DIOXIDE (CO2) Type of MSW | MSW seereeated
LA = Managed Waste Disposal Ses 0] W
4A2 = Unmanaged Waste Disposal Sites NITROUS OXIDE (N3O
4 A3 - Uncategorizsed Waste Disposal Sites
1B - Biokeical Treatment of Solid Waste
= 4D = Wastewater Treatment and Discharge
401 = Domestic Wastewaster Treatment and Dischar L
402 - Indusirial Wastewaler Treatment and Dischangs e = ;0 4500 -_.f LEL n'a*; :f' ]’
4 E - Other (please specify) Tdusirial W T ' | F n r 1 i
§ = Other 1 i
Sevage Shdge Sewage 5 [} .
5A = Indrect H20 emiszions from the atmospherc deposi e ol me : g : i "4 ;
5B - Other (phaas ifs
plecse spacity) Ciinical wasie Cincalwsste @ o (3 L4 4
Other Orthear (] L) L) IPd I
I | Fd
Total
imll[
O OPUO Oldl dill0
0 cldled O
¥ Ompone | Ucertainties | | Time Series data entry_ |
< »
CARBCH DICKIDE (SO Emissions [Be COF Esevaierts )
* Base vear for sssessmart of orcetenty o rendt TH80
Save Gas I GARBON DIOWIDE (GO2) w
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Wastewater Treatment and Discharge

s Application Database Inventory Year Worksheets Reports Tools Export/import  Administrate  Window Help - B X
[ Toer | Tier 1 Y
3C.7 - Rice cultrration A
FC.8 - Other (please spacify) Ragions and TOWs{l Emifsion Factorsil Methans Emiszions]I M Effluent Indirect N2O
5 3D = CHher Wioek sheet
301 - Harvested Wood Products Seclor

estic Wastewater Treatment and Dischamge
D1 - Domestic Wastewaster Trestment and Discharge:
of 3 Estimabon of CH4 emason factor for Domestic Wasiewater

202 = Other (please specify) Category:
- Waste Subcategory
£ A - Solid Waste Dizpozal :
441 - Managed Waste Dispasal Sites
4A2 = Unmansged Waste Disposal Sites
4A0 = Uncategorised Waste Disposal Setes
4B - Biolbgical Treatment of Solid Waszte
£ 4G - Incineration and Open Buming of Waste
401 = Waste Teineration Type of treatment or discharge
452 = Open Burning of Waste

N,O emissions 2018

0 |Mathane c

b v e s S | ” T I
WWH’"—_C?\.‘::‘:IM as 04-0g
e :ﬂ’:..:;
Choose tier. N - :
Independent sets of EaEREENgt =g =i elect tyge c;] treatment
the worksheets for e or dISCharge

Mot weall [F] 02-04

each tier e monaeed, _—

Anserobic CHU recovery 15 | 08 [TER] METHANE [CH4] Emasiora (00 DO Eguwaleris)
dagester for not considered
shudge here.
Anserobic reactor | CHU recovery 1 | 08 0g=1
rot considerad
hera. -
Anerobic shallow | Depth bess than 2| 0.2 T h-03
lagoon matres, use
expert judgment | v

B P B > B B O @ DO O O DO B DO 6 o0 0 o 008 oo o0 o

© Baie vadd 150 HdeiE e O Soataey B trend 1550

METHANE (CH4) w

INTERGOVERNMENTAL PANEL oN ClimaTte chanee



Thank you
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