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8  Waste
8 BREEY

Cities produce solid waste and wastewater (together referred to collectively as “waste”) that may
be disposed of and/or treated at facilities inside the city boundary, or transported to other cities for
treatment. Waste disposal and treatment produces GHG emissions through aerobic or anaerobic
decomposition, or incineration.



. BEEYRWEK(EK) (FETIEEYIEVND)ELELSE TNLFEHIRFARNDHERE
T KRV XIFNEEH, i, DEOE=HMOEHIEWRSNDISEELNH D, REYLS KON
BTk, FRMEXILEES 2 (aerobic or anaerobic decomposition) X (8] (incineration) &L T
GHG HFHEZE &£ LI E 5,

Requirements in this chapter:
ZDF v TA—NDEREIE
For BASIC:

Cities shall report all GHG emissions from disposal or treatment of waste generated within the city boundary,

whether treated inside or outside the city boundary.

Emissions from waste imported from outside the city but treated inside the city shall be excluded from
BASIC/BASIC+ totals. These emissions shall still be reported in total scope 1 emissions.

BASIC [2DU\T:

L, BHERANTEAHINZEEZEYOUS XFLENSOLTOEHEEE., BHIERAIEIIN TR
BEnfpciwnnd, mELaFnEasae (shal),

WAL REATEN, MR TUEEIN=EEZEYHoDOHEH E(&. BASIC/BASIC+& A BIERE AT
NIz (shal), ChoDHHEF SETEBYRI—TTHHESFH TRESNAZTIERSAL
(shall),

8.1 Categorizing waste and wastewater emissions

8.1 EEYRUVBEKIEHEDNHHE

Solid waste and wastewater may be generated and treated within the same city boundary, or in different cities.
For accounting purposes, the following rules apply:

B EEZEY R KEK(EK)IERCETERDOENTELNDUNEEINSIGEEPL, EQLIE TR TRAERTILESN
BIEENDHD,

Scope 1: Emissions from waste treated inside the city

This includes all GHG emissions from treatment and disposal of waste within the city boundary regardless whether
the waste is generated within or outside the city boundary. Only GHG emissions from waste generated by the city
shall be reported under BASIC/BASIC+. GHG emissions from imported waste shall be reported as scope 1, but not
added to BASIC/BASIC+ totals.

Aa—F1 TR TLRESNIEEZEYI-OHHE

CHICE, BEYNETIERAXEN TELCEAREFRG HHIERRNTOREEZEYONIER TN LDETOHHE
HENEFEND, EHATRELEZEEDHLD GHG BEHEDHHY, BASIC/BASIC+THRESNRITNILEDERLN
(shall), FFHiAFENT= GHG HEHEF. Ra—F1ELTHRESNAFAUIAEDER (shall) A, BASIC/BASIC+& FH /N
HIhTIEABEL(shall not),



Scope 2: Not applicable

All emissions from the use of grid-supplied electricity in waste treatment facilities within the city boundary shall be
reported under scope 2 in Stationary Energy, commercial and institutional buildings and facilities (1.2.2).

AO—72: EAEL

HIIERANORZEYILIBFEZRATOT )MHEENOFERANCOLETOHHEL. BEIRILF—DAO—T2T
WEShBFNIEESA (shall),

Scope 3: Emissions from waste generated by the city but treated outside the city

This includes all GHG emissions from treatment of waste generated by the city but treated at a facility outside the
city boundary.

AO—T3: #WIATELENBHON CAEBSN-REYH,ISOBEHE

CHIZIE, BHRICKYEAHINAETIERONOER CUBESN-FEEYOUEN>DLTOH CGHG BEHENE
Fhd,

Figure 8.1 illustrates boundary considerations for emission sources in the Waste sector. In this figure, the blue
border represents the city’s geographic boundary and:
8.1 TlE. BEYEI/Z—HNOHHRIZOTOERDERNAKRIN TS,

Figure 8.1 Boundaries for imported and exported waste
8.1 ARV SN -FEEYDIER

Figure 8.1 Boundaries for imported and exported waste

city boundary

waste generated
and treated within C
the boundary

exported
waste

- A illustrates waste generated outside of the city boundary and treated within the boundary
- B illustrates waste generated and treated within the city's boundary

- Cillustrates waste generated inside the boundary and treated outside of the boundary

- AFEBHIERONTERHIN, K OERNTUEINZEEYERIRL TS,

- BIFEHOEBRRNTEAHIN, hOMESNEEYERRLTND,
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- CREFRANTEHHSN, BRON TUESN=EEDEHRLTND,

Based on the above, the reporting requirement for the Waste sector is as follows:
FRICEDE EEYEIL—ICOVNVTOREEREHEIZL TORERY:

- Scope 1 emissions = emissions from A+B (all emissions generated within the city boundary

- Scope 3 emissions = emissions from C

- Emissions reported for BASIC and BASIC+ = emissions from B+C (all emissions resulting from waste generated
by the city)

- AO—T1HHE=A+B HoDHEHE(FTATEL =2 TOHEHE)

+ AO—73HHE=CHoDHHE

- BASIC RU BASICHZDWTHESINIHHEE=B+C hoDHHEFEHICKYEHHINZFEEYHIOEL
LTOHHE)

Emissions from waste generated within city boundary but treated outside the city with energy recovery: If any
waste generated inside city boundaries is exported for energy generation activities outside these boundaries, the
emissions should neither be reported nor added to the total. For transparency purposes, the activity data should
be reported under Waste. This cannot be reported under 1.4.4 as the energy generated is not coming into grid. It is
recommended to use IE (Included Elsewhere) along with a clear explanation of why these emissions are not
accounted as part of the city total (to avoid double accounting).
HBHATEAHEINEDNHHIATIRLF—EUNIGSINNEBEINEEZEYHOOFHE: EHIREANTELE
EYNBEANTOIRILF—EIEEFHOLHICHESNIGE, BEHEEHRED, AFHCMELSINLODONEEL
WM (should), CHlE, WESNEIRLF—DTVYNIELNGNIEND, 144 THET DLEHEKLGL, G
NODHHENE T EFTO—HELTEESNZOODORAELGHA(ZEE L& BRI 57=6) &2 [E(Included
Elsewhere (thDETHTEENTIND) ) ERAWNDIEMNHEREINTINS,



Table 8.1 Waste Overview

Emissions from Emissions from waste
WASTE in-boundary waste generated in the city but
treatment treated out-of-boundary
Solid waste generated in the city L 1.2
disposed in landfills or open dumps o o
Solid waste generated outside the city 113
disposed in landfills or open dumps o
Solid Wagte ggnerated in the city that is N 22
treated biologically
Solid waste generated outside the city
. S 1.2.3
that is treated biologically
fSOl.Id waste generated.ln the city 031 132
incinerated or burned in the open
Solid waste generated outside the city
a ; 111.3.3
incinerated or burned in the open
Wastewater generated in the city 111.4.1 1.4.2
Wastewater generated outside the city .4.3
Sources required for BASIC reporting Sources required for territorial total but not for BASIC/BASIC+ reporting (italics)
+ (0 Sources required for BASIC+ reporting Non-applicable emissions
Table 8.1 Waste Overview
= 8.1 REEYHE
GHG Emission Source Scope 1 Scope 2 | Scope 3
GHG #E R 23— 2a—7 | A3—73
2
Emissions  from  in- Emissions ~ from  waste
WASTE boundary waste generated in the city but
sEE) treatment treated out-of-boundary
ERNEZYILIENSD MATHEL, BRI TUIES
= NEREZEYILDOEHE

Solid waste generated in the city disposed in landfills
or open dumps
BT NIERRIIB THICUSINE TR TEL
=B EEY

I1.1.1 1.2

Solid waste generated outside the city disposed in
landfills or open dumps

B XIFFERI B CTHBICASINEHITEL
B EEY

1.3

Solid waste generated in the city that is treated
biologically M.2.1 M.2.2
EYFERICMBIN BTN CELER EEY

Solid waste generated outside the city that is treated
biologically M.2.3
EYFERICNBINE RN CEL B EEY

Solid waste generated in the city incinerated or
burned in the open M.3.1 .3.2
BERN X BAUERN (B BEE ) S -8B N CAELZE
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HEEY

Solid waste generated outside the city incinerated or

burned in the open

BEANXISFRBERN (B ES)Shi=# MmN TELCEE

HEREY

I1.3.3

Wastewater generated in the city

TR TELRZBEK

I1.4.1 1.4.2

Wastewater generated outside the city

A TELEEK

4.3

Box 8.1 Waste and stationary energy emissions

As described in Chapter 6, Stationary Energy (Table 6.7), if methane is recovered from solid waste or wastewater treatment
facilities as energy sources, those GHG emissions shall be reported under Stationary Energy. Emissions from waste incineration

without energy recovery are reported under the Waste sector, while emissions from incineration with energy recovery are

reported in Stationary Energy, both with a distinction between fossil and biogenic carbon dioxide (CO,(b)) emissions. See below

for an illustrated explanation of these differences.

reported in

stationary energy

~
Lo
1

reported in reported in
waste sector stationary energy

A=

@ 0@@ CO, CO.b)  CH, N:0 CO,  CO,b) CH, N.0

£

burning as
energy source

burning without
utilizing energy

direct emissions without as energy
to atmosphere e_n.erg.y source
utilization

. .

landfill gas
(methane)

direct
burning

i

Waste
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Box 8.1 Waste and stationary energy emissions
Box 8.1 BEYRVEEIRILF—HHE

As described in Chapter 6, Stationary Energy (Table 6.7), if methane is recovered from solid waste or wastewater treatment
facilities as energy sources, those GHG emissions shall be reported under Stationary Energy. Emissions from waste incineration
without energy recovery are reported under the Waste sector, while emissions from incineration with energy recovery are
reported in Stationary Energy, both with a distinction between fossil and biogenic carbon dioxide (CO, (b)) emissions. See
below for an illustrated explanation of these differences.

FyTE2—6, BEIRILF—(FR 6.DICREDESY. AN EREEYXILFKONEIERE CTRIILF—RELTEIURENTZ
B&. b0 GHG HEEE, BETRLF—THRESNATNIEADE (shal), THRILF—EINOFEVEEYFENHSD
BHEEREYEI/I—THREINDID, — A, IRILF—EIRESIBERNSOHHEE, BEIRILF—THREIN. NA
DHE LA RTEYIREIR B RFR(COAb)FHERDXBIZE S,
COENZDOVNTORIZLBEHBAICDOTU T ESRENL,

reported in reported in reported in
stationary energy waste sector stationary energy

[ e, Ay

@ @ @@@ CO, CO,b) CH, N0 CO, CO,b) CH, N.0

burning as burning without direct emissions without as energy
energy source utilizing energy to atmosphere energy source
utilization
landfill gas direct
(methane) burning

|

Waste

8.2 Defining Solid Waste types and general calculation procedures

8.2 BERYNEBRRV—BNGHEFRE

This chapter provides accounting guidance for city governments to estimate CO,, CHs, and NoO from the following

waste management activities:

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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COFvTR—TIF, #hH UTOREYETIEEENSD COs CHy U N0 ZHE T DIODEEHAT VA%
Ej—éo

1. Solid waste disposal in landfills48 or dump sites, including disposal in an unmanaged site, disposal in a managed
dump or disposal in a sanitary landfill

2. Biological treatment of solid waste

3. Incineration and open burning of waste

4. Wastewater treatment and discharge

1. EEEINTRVNGFITOL S EESNIIE THTOLD XISFAE I i (EDOMICTIZEHHEH)
TOMDEESD ., I 48 XFTIHBTHICUDSNIEF EEY

2. BEEYOEYFRINIE

3. EBEYD A K VF KGR

4. SBIK(BE7K) DALEE KR U BUTR

48.In many cities, a portion of solid waste generated is not formally treated by the city and ends up in open dumps
or other unmanaged sites. The term “landfill” is used as shorthand for both managed and unmanaged solid waste
disposal sites. Similarly, waste may be incinerated at formal incineration facilities as well as informal open burning
sites. As described in Sections 8.3 to 8.5, cities should calculate emissions from managed disposal, treatment or

incineration sites first, and separately document emissions from unmanaged disposal sites.

8.2.1 Defining solid waste types
821 EHREYMODEENOER

Waste type categories and waste collection methods vary by country. Cities should identify city—specific waste
composition and waste generation data where possible, to achieve more accurate calculation results. However, for
cities without data on current or historic solid waste generation guantities and composition, or waste treatment
methods, the GPC provides a set of default solid waste types and definitions (outlined below) consistent with IPCC
Guidelines. Cities should also consult IPCC Guidelines for guidance on conducting waste composition analyses in
addition to default values for specific countries/regions. This chapter focuses on GHG emissions from different
types of solid waste generated from offices, households, shops, markets, restaurants, public institutions, industrial
installations, water works and sewage facilities, construction and demolition sites and agricultural activities. These
default types of solid waste include:

REEYOREONDERVEEYNE S EAFEICKYELRS, ML, AIRERISEE. SYERGEEREREFL-
. BHEEEEVERREEDRET —2ERABTRTONEELL, LHKLEaLS, MAEXITBEEDER B
EYRERTHEBIZDOVTODFERAZWNEHDHIZ, GPC TlE, IPCC HARZAVE—BMDHLBEEDNE N FEE
YIOBBARVCHEBR(UTCHEZLE)ELHL TS, BHE FEOE/ MAEDTATHILMEICINA. REYMHE
A DEREIZDONTOAAZ U RIZDNT IPCC HAZVREFARDOMNEELL (should), COFvF2—TlE =



BT RE. JEH. X—7 b LAN Y A4kHER. EEER. L T/KERR. 2R AVEARRSRTREETEN

SRETIEREEYORLZEENSD GHG HFHEICEAE Y TTWS, BEREEYDOTI4ILNDOEEIZIE
UTRMEENS:

1. Municipal solid waste (MSW)
MSW is generally defined as waste collected by municipalities or other local authorities. MSW typically includes:
food waste, garden and park waste, paper and cardboard, wood, textiles, disposable diapers, rubber and leather,
plastics, metal, glass, and other materials (e.g., ash, dirt, dust, soil, electronic waste).

1. — R BEEY (N ERREEY) (MSW)
MSW (&, —fi&IcH# 5 BIa AR IEMDHT L BICKYRINENIEEYELTERSND, MSW (Z(E, — &I
LUTAEENS BREEY. ERUVLARNSHDIEZEY. MEUR—ILHE, K i, BR—L ENETS
O, JLRUVKR, T5AFYI ., €& AZA RUCMOYWE (B, Ik, . &, L. EFHHZEEY).

2. Sludge
In some cities, domestic wastewater sludge is reported as MSW, and industrial wastewater treatment sludge
in industrial waste. Other cities may consider all sludge as industrial waste. Cities should indicate this
classification when reporting sludge emissions.

2. 75k
—EPDE T TIE, HIBDBACFRA MSW EL T, EXEFEKNIBFRIFEXRREEZEYLLTHESN TS, fhd
HATEIETOEREEXEREYELTEZDZENDD, HmIE. FRFHEZRET L. CONEEH
IR g OMEFELL (should),

3. Industrial Waste
Industrial waste generation and composition vary depending on the type of industry and processes/
technologies used and how the waste is classified by country. For example, construction and demolition waste
can be included in industrial waste, MSW, or defined as a separate category. In many countries industrial waste
is managed as a specific stream and the waste amounts are not covered by general waste statistics.

3. EXREY
EEXRZEYORERVERIE. EXERVERAINITOER/ EROBEERVEICKYEEDNEDLSIZHIE
SNBIMITEYELT D, FIAL BERRVREEZRY S, EEREEY. MSW IZEHDEETE, XIEMOAT
J)—ELTEETDLETED, ZANETIE, EXREEYE. FHORNELLTEEIN, EEYET KW
BEEYRET ORI RELOTUELY,

In most developing countries industrial wastes are included in the municipal solid waste stream. Therefore, it is
difficult to obtain data on industrial waste separately, and cities should carefully notate the category when
reporting Waste sector emissions.

Z{DFEERLETE. EXREEDZ. AHEERZEDORNORIZEFENSD, oT. EXEEYITONT
AT —REWMETHOEE L #BHIE. BEEYEI/I—HHEEHET LT FRFEATI—IZDONT



SEREANDOMNEZELL(should),

4. Other waste
Clinical waste: These wastes cover a range of materials including plastic syringes, animal tissues, bandages
and cloths. Some countries choose to include these items under MSW. Clinical waste is usually incinerated, but
on occasion may be disposed of at solid waste disposal sites (SWDS). No regional or country-specific default
data are given for clinical waste generation and management.

4. thOEEY)
ERREZY COREYIE. TIAF VARG, BYER. @HEMEST. RAGREMDINREGD, —8D
DETE. ChoDEDE MSW [2&HBTEERIRL TG, ERREEYE. BERANSND LHL, KTER
BEEMUDIH(SWDS) TR ENDIGENHD, HMARVEBEDTA 74T —2E EEEEYVORER
UEEIZDONTIERLY,

Hazardous waste: Waste oil, waste solvents, ash, cinder, and other wastes with hazardous properties— such
as flammability, explosiveness, causticity, and toxicity—are included in hazardous waste. Hazardous wastes are
generally collected, treated and disposed of separately from non—-hazardous MSW and industrial waste streams.
BEEEY: Fd. BAR K BRABRRVESYESCHOREZEY—HIZIE. 51 ME, BRE, BEERY
AEM—F ATREDCETFNDG, AEEEZEYI—MRIZEET MSW RUEXRREZYORNEEBIIZEYNL,
BRSNS,

In most countries, GHG emissions from clinical and hazardous wastes are less than those coming from other
waste streams, so the GPC does not provide methodological guidance specifically for “Other Waste.” When
a city has specific needs, city government can apply the waste composition and waste treatment data to MSW
methodology.

ZOETE, ERAVEETEEDHOO GHG HHE(E, thOREEHOFTNASD GHG BEHELYDE, it
2T, GPC TR, MEDEZED I DVWTORIIDHEHAZ LV ASREL TR, AR DBENDHDE
S, BT, BEDHER R VCEZEYNIET—5% MSW FERICERT 2.

8.2.2 General emissions quantification steps

8.2.2 —BFHEFEEBIEFIR

The quantification of GHG emissions from solid waste disposal and treatment is determined by two main factors:
the mass of waste disposed and the amount of degradable organic carbon (DOC) within the waste, which determines
the methane generation potential. In the case of incineration, the two main factors for quantifying emissions are
the mass of waste disposed and the amount of fossil carbon it contains.

B EEY OIS R VLIEBNSD GHG BEHEDEEE. ZDOFERBERICEURESND, 1 DFY, LHEhf-
REYOE(EE) R, BEEYROE D BB R FE(degradable organic carbon )(DOC)ET#HS, DOC ElE, +
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B ERRT v IL (35%) (methane generation potentia)ZRET 2, EHIDBES. HIEE2EE1LTE-2o0
FEEZRE MWDSNEEREYDEERVINEESLILAREDETHS,

Detailed guidance for quantifying waste mass and degradable organic content includes the following steps:
BREYEERVEDBEERSBEEOTELOFEME ATV XIZIE, LTOFIENEEND,

Determine the quantity (mass) of waste generated by the city and how and where it is treated. For all disposal
and treatment types, cities should identify the quantity of waste generated in the analysis year. For solid waste
disposed in landfills/open dumps, historic waste quantity data or estimates may also be needed depending on the
calculation method chosen. In instances where multiple cities are contributing waste to the same disposal sites,
each city will apportion those emissions based on the ratio of historical waste contributed to the landfill (See
Box 8.2 for an example of emissions apportionment between cities).

- BHAICKYRELEREEZEYOE (BE) RUREDLSICHDECTCTAHIUNEBEININERET D, £TOUHEU
IBDFEFRICDOWNT, #HIE, FHMEFECHRELEEYDOELRABICR T ONEXLL (should), 3B /FHMKIE
Y TURESNEEREZYICOVNTE. BEOREZEYET —IXFTHL, BIRSNEZEEFACHLTRER
56155, BHROBHHIRILADBITEEDEMAL VDA EE, KEMHIE, BIMICHMASNZBED
REYOLEICEDEHHEZR N T2 (FEHMEOHHEDOER S DFIZDONTIE Box 8.2 25MH)

In the absence of local or country—specific data on waste generation and disposal, the 2019 Refinement to the
2006 IPCC Guidelines for National Greenhouse Gas Inventories provide national default values for waste
generation rates based upon a tonnes/capita/year basis and default breakdowns of fraction of waste disposed
in landfills (SWDS), incinerated, composted (biological treatment), and unspecified (landfill methodology applies
here).49

FREYRERVADICOVNTOMAXIEERBE T—20RWNE AL, 2019 Refinement to the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories 28U\ T, b/ N - EEEICE EEYRERODEDT (T4
JUME M NI 37 # TAL S = (SWDS)., IEEIS Ntz HEABE S /= (composted) (A ¥ RIALIE) R U ES L
IBRWGEM FENCCTIEREAIND) BEEYDE 5 (EbE ?) (fraction) DT 4 74 LD ER (default breakdowns)
EIREL TS,

- Determine the emission factor. Disposal and treatment of municipal, industrial and other solid waste produces
significant amounts of methane (CH.). CHs produced at solid waste disposal sites (SWDS) contributes
approximately 3 to 4 percent to annual global anthropogenic GHG emissions.50 In addition to CH4, SWDS also
produce biogenic carbon dioxide (CO, (b)) and non-methane volatile organic compounds (NMVOCs) as well as
smaller amounts of nitrous oxide (N,0O), nitrogen oxides (NOx), and carbon monoxide (CO). This section focuses
only on guidance for methane emissions calculation, but cities should consult IPCC or other local resources to
calculate other GHGs like N2O.

- BEHRBERE T D, —M(QH) EEXERVMOBEKEEZYE. NRYOEDARY (CHOZFRESE D, @A
FEEYA 15 (SWDS) THRAEL CHs (&, HFRD AR GHG HFHEDH 3 M4/ X—tbab8HD, CHiIZHD

11



Z. SWDS Tl AWkt iR — Bk k& (biogenic carbon dioxide) (COy (b)) R UNIEAR 1B R HAL S (non-
methane volatile organic compounds) (NMVOCs)% 7=, FEg{bZ= 3= (nitrous oxide )(N,0), ZZ&EL1E¥ (nitrogen
oxides) (NOx)RU—@&1b ik & (carbon monoxide J(CO)MAELD, DI IV TE AAVHHENEEDHAX
VAIZOWTHEREL TS, oL, #llE N0 DES74o GHG E2EET 5761 IPCC XIFthDHIHDIF
HREARDONEZELLY,

For solid waste disposal, the emission factor is illustrated as methane generation potential (Lo), which is a function
of degradable organic content (DOC). This factor is further explained in Section 8.2.3.

B EEYNIEBIC DT, BEHFREIE, £ @REEH S B E(degradable organic content )(DOC)DEE# TH 5.
AR FEERT)L (methane generation potential) (Lo )ELTERBASN S, COFREIE. 03> 8.2.3 THIC
FEAEN D,

Multiply quantity of waste disposed by relevant emission factors to determine total emissions. Distinct
components of the waste stream (e.g., waste disposed in managed sites versus waste disposed in unmanaged
dumps) should be paired with appropriate emission factors and associated emissions should be calculated
separately. The following sections provide more detailed information on how these steps should be conducted.
B HFHEERET DEHICADSN-REEZYOECERET I2HHEREHEELD, EHORNOEIDOER
(. EEESN=HHTADSNEREEYDL. EEEINGQVWIIR TS TADSNEZEEYH) A, BUIGHEHERRK
EHAAHERY, HOBES HHHBEBICHESNIONEELL, UTOEIYaVTIE, EDOLIICOFIEAE
BENDONEELVMNZ DN TORYFEIRBERERE T 2,

Box 8.2 Reporting scope 1 emissions from the Waste sector—Lahti
Box8.2 BEEM LI A—HBLDAA—TT1HEEDHRE —F/\T4

In Lahti, Finland, municipally-owned Paijat-Hdme Waste Disposal Ltd serves not only the city of Lahti, but 21 other
municipalities and 200,000 residents around the Paijat-Hame region as well. All relevant GHG emissions from waste
treatment facilities in Lahti, which manage both the waste generated by the city itself and by entities outside the city boundary,
are around two times larger than the GHG emissions from Lahti residents only. Therefore, the GPC recommends that the
city of Lahti report all emissions from the entire Waste sector under scope 1 with an accompanying explanation about the
proportion of emissions from imported MSW.

T4V TURDTNT 4 (Laht) Tlk, EHFAT A EIZL D/ Vh-N\ABREY S Ltd(Paijat-Hame Waste Disposal Ltd) M5 /\T«
T TR 21 OO B R ERI Iz 81 -/ A (Paijat-Hame) #t18id 200,000 DERIZEF T —EREREL TS,
INTAHMEFICIYRVETERDONDERICIYFRELERFOREDEEERT D, INT A DEEYLIERERHDDRE
THLTOD GHG HHEE, SINTADEEDHMLD GHG BEHELUMN B REL, oT. GPC (. INTAMA. FFHiA
EFhtz MSW HDOHEHEDEIRIZ OV TOHBAZ T T AO—T1DEEY I3 —2 KN DDLTOHHEFRETHL
EHHEL TS,

50.IPCC (2001). Summary for Policymakers and Technical Summary of Climate Change 2001: Mitigation.
Contribution of Working Group lll to the Third Assessment Report of the Intergovernmental Panel on Climate Change,

Bert Metz et al. eds. Cambridge University Press, Cambridge, United Kingdom

8.2.3 Determining solid waste composition and degradable organic content (DOC)

8.2.3 EWBEEYM D R UL MR ¥ S B E(degradable organic content) (DOC)DHRE
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The preferred method to determine the composition of the solid waste stream is to undertake a solid waste
composition study, using survey data and a systematic approach to analyze the waste stream and determine the
waste source (paper, wood, textiles, garden waste, etc.). In addition, the analysis should indicate the fraction of
DOC and fossilized carbon present in each matter type and the dry weight percentages of each matter type. In
the absence of a comprehensive waste composition study, IPCC Guidelines provide sample regional and country-
specific data to determine waste composition and carbon factors in the weight of wet waste.52
BREZEYORNOEDERET 2EHOODEELVNFAE, AET—ERVEEZEYVYORNODTETL. REYR
(HE. K. MiHE. EACDREEYF)ERETIMANAEZEANT BREZEYNDRAEEITOIETHD, HEIZ,
SHTIE. DOC(E N fRMEAW R FR) DR (fraction of DOC) RUKSHEIZHFAET LB KRR UVYED L BEDR,
MEBEN—tUT—UERBICRIONEELL., BEHNERDFAENGNEEIX, IPCC HART AU TIE, BEYIK
DROEKEEY (et waste) DERICHITDERRFRYERET 2-HO0OMARVERBEET—2OBIEREL TS,

DOC represents a ratio or percentage that can be calculated from a weighted average of the carbon content of
various components of the waste stream. Equation 8.1 estimates DOC using default carbon content values.
DOC (&, BEHORNOKL DD DRBEFEOMEFLHNSHENTEDILENE NN~ T—VEKRT,
SHER 8.1 Tk RREFET(I7AILMEZALTDOC ZHEL TS,

Equation 8.1 Degradable organic carbon (DOC)*

DOC =
(0.15 x A) + (0.2 x B) + (0.4 x C) + (0.43 x D)
+(0.24 X E) + (0.15 x F)

= Fraction of solid waste that is food

Fraction of solid waste that is garden waste
and other plant debris

= Fraction of solid waste that is paper

= Fraction of solid waste that is wood

= Fraction of solid waste that is textiles

= Fraction of solid waste that is industrial waste

nimg|ln| w (>
|

Equation 8.1 Degradable organic carbon (DOC)51
FER 8.1 £0WMEARKKIR(DOC)51

DOC =
(0.15x A) + (0.2 % B) + (0.4 x C) + (0.43 x D)
+(0.24 X E) + (0.15 X F)
Fraction of solid waste that is food

BMOEREENOLE
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5 - Fraction of solid waste that is garden waste and other plant debris
EREREZEY R COEY DOEREDE ERZEY DL XK
o - Fraction of solid waste that is paper
OB EEYDLE
_ Fraction of solid waste that is wood
T romesEmoLE
_ Fraction of solid waste that is textiles
" T sgtomEmEEHOLE
_ Fraction of solid waste that is industrial waste
" T ermmwommmmnOLE

51. Equation adapted from IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas
Inventories (2000). Default carbon content values sourced from IPCC Waste Model spreadsheet, available at:
http://www.ipcc—nggip.iges.or.jp/ public/2006gl/pdf/5 Volumeb/V5 2 Ch2 Waste Data.pdf. For city specific
waste generation and waste composition data user can also consult World Bank paper: What a Waste: A Global

Review of Solid Waste Management

52 Default values are available in Volume b: Waste, Chapter 2: Waste Generation, Composition, and Management
(Table 2.3 and Table 2.4).

8.3 Calculating emissions from solid waste disposal

8.3 BEEYULHLOHHEDETE

Solid waste may be disposed of at managed sites (e.g., sanitary landfill and managed dumps), and at unmanaged
disposal sites (e.g., open dumps, including above-ground piles, holes in the ground, and dumping into natural features,
such as ravines). Cities should first calculate emissions from managed disposal sites, and separately calculate and
document emissions from unmanaged disposal sites.

B EEYLBTEINSGA (B, FEEIMRVOEEIN-HESAH) RUOBEINROMLS ST (), H# EHE,
#h EDR RMRABDESBMPEADHEEEZESE ., ARIIHETH) TARSNDIGEL DD, EHIXRIICEEHS
NEREMONOOHHEZTEL, EEHINTRVEREMOOOHHEZRICFTHELXETHATIONEELLY,

Activity data on quantities of waste generated and disposed at managed sites can be calculated based on records
from waste collection services and weigh-ins at the landfil. Waste disposed at unmanaged sites (e.g., open dumps)
can be estimated by subtracting the amount of waste disposed at managed sites from the total waste generated.
Total waste generated can be calculated by multiplying the per capita waste generation rate (tonnes/ capita/yr)
by the population (capita). Guidance on collecting this information is available in IPCC Guidelines.

RELBEINSACTADINZREEYDOEICOVTOFEET —I. BEYRUNEE R WMEIIHOFTEEXE
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MOOEBIEISHET DA MRS, EESNLVSH (B, BIRERE) TSN BERYIE, RELE
ZEYBAHNSEEINLSH CANSNEEYDBEELBICCLTHET TN TED, RELEEEYE
BEHE, —ALEYOBERMREER(/A/EICAR(NERLHTETHELES, COBROIEIOVTO
AAF 2 R PCC HARTA Y TAFAIRETH D,

Accounting methods

Methane emissions from landfills continue several decades (or sometimes even centuries) after waste disposal.
Waste disposed in a given year thereby contributes to GHG emissions in that year and in subsequent years. Likewise,
methane emissions released from a landfill in any given year include emissions from waste disposed that year, as
well as from waste disposed in prior years.

BEEFE

BT ASDAZVHEHEIE, #+ R (E, FISEAEERSZ) M 9. —EOFITUDSNEREYIX. €
NIZKY, ZOFERVZOHEDOFED CGHG HrHEDRRA LGRS, RFRIC, IA7ES—EDFITIBIL AL S T=A
SUBHEICE BECADSNEREEY LR, TOFEIAUDEIN=EEZYNOOEHENEEND,

Therefore, the GPC provides two commonly acceptable methods for estimating methane emissions from solid waste
disposal: first order of decay and methane commitment.

fitLN, GPC TIE, B RZEYLDNSDAZAFHEEEE T DEHD—BHICZFTANLGNTOSFEERELT
WB:DFY, — x4 (first order of decay) RUAZ A= whAVR(methane commitment) T&H b,

- First order of decay (FOD) assigns landfill emissions based on emissions during that year. It counts GHGs actually
emitted that year, regardless of when the waste was disposed. The FOD model assumes that the degradable
organic component (DOC) in waste decays slowly over a few decades, during which CH4 and CO2 are released.
If conditions are constant, the rate of CH4 production depends solely on the amount of carbon remaining in the
waste. As a result, CH4 emissions are highest in the first few years after waste is initially deposited in a disposal
site, then gradually decline as the degradable carbon in the waste is consumed by the bacteria responsible for
the decay. The FOD method provides a more accurate estimate of annual emissions— and is recommended in
IPCC Guidelines—but it requires historical waste disposal information that might not be readily available. Cities may
estimate historic data by method provided in section 8.3.1.

- —ROHE(FOD)ETIE, ZOFOHHECEDTE T MBFHELZEI LTS, ARFEEYHILULINENIHD
3. TOEICEBHHINE GHG %2518 T5, 0 FOD EFLA TR, BREYDOENBREE KR
(degradable organic carbon )(DOC)I&. ZDfE CHa XU CO, B EINDE T FChH U KUEFRIET LB ET
%, FHN—EDHZEE. CH OREXRIREEYIKBTIREDOEDHICEASAD, TOER, CHiHIHE
(F. BEYHIRESTICRAICHBINZRBECRLLGRY, TOE, BEEYPOESEERFN. BEDR
RHELDNTTUTICKYBESNDIZREL, IRLITHDT D, FOD FEF, FERFHEOLVERGE EERMEL—
IPCC AARZAU THESN TS LML, IKIUFAFTELVBEOREYUS FBRAVETHD, #HIE,
023y 81 ICRESNTWSFAICLIYBEDT —2EHETTHIENTED,

15



- Methane commitment (MC) assigns landfill emissions based on waste disposed in a given year. It takes a
lifecycle and mass—-balance approach and calculates landfill emissions based on the amount of waste disposed in
a given year, regardless of when the emissions actually occur (a portion of emissions are released every year
after the waste is disposed). For most cities, the MC method will consistently overstate GHG emissions by
assuming that all DOC disposed in a given year will decay and produce methane immediately.

AR AZYRAVMMC) TlE FEDFEIA D SN-FEEYICE DB MPFHELEI B TS, COFAETE 74
TH AV RO BN E (mass—balance approach) Z AL\, AIFFEEH EAERRICAELE=AIH DL T, —EDE
[CADEN-REEYEICESTHIMBHEZTE T L2(HHEDO—BE. BEEYIUDSN-OEBFRHE
Nnd), ZLOHEMHIZONTIE MC FETE, —EDFIZADIN2TH DOC [FESLITHBLAZ ERESH

BEME T HTET GHG HEH EMRIGTAITB KRR D,

Table 8.2 provides a simplified comparison between these two methods based on user considerations, including

consistency with national inventories, data availability, etc.

* 8.2 TIE. EDAUARINEO—EM, T—RDAFAEEEZST, —F—~DERICEDICNSZD2DOFEME

DS R LR ETEHL TS,

Table 8.2 Comparing Methane Commitment to First Order Decay method
K 8.2 —ROFREITH T HAZAZTYMUNED L

User Consideration

Methane commitment (MC)

First Order of Decay (FOD)

data requirements

K. TREHOESM

disposal.

R AVRUN)ERNCALDEINFEE
YOEIZE I BEDLHEDEHRIE
AETELN,

A—Y—EREE AR ATYIAVNMC) — RS #R(FOD) &
Advantage: Based on quantity of waste | Disadvantage: Based on quantity of waste
disposed during inventory  year, | disposed during inventory year as well as existing
Simplicity of implementation, | requiring no knowledge of prior | waste in landfill(s). Requires historic waste disposal

information.

BT AVANUNFEITA D SN DB #ICFET
LHBEDMDENREEYDEICE I BEDE
EYIRFEHRANBE

Consistency with annualized
emissions inventories
EROHFEHEIARNINMED
—8%

Disadvantage: Does not represent GHG
emissions during inventory year. Rolls
together current and future emissions
and treats them as equal. Inconsistent
with other emissions in the inventory.
EAT AN UNED GHG HFHEE RS
70, BRERTEROBHEZESA
FH DD, T, FEITRD, (VR Ub
DDt OBEH EE—B MG,

Advantage: Represents GHG emissions during the
inventory year, consistent with other emissions in
the inventory.
RATAUARUNOMOFEHEE—EMEEZEOT, A
URUN)ED GHG BEHEER T,

reduction/recycling
BEH R TOBIR/ YA 7LD
R

recycling.

RAT HEHRICEDHIR. BRIAKRL
HAUNICL D BEZ T HHEER
Y%,

Decision-making for future Dlsadva_mtage: May . lead .to Advantage: Spreads benefits of avoided landfill
waste management | overestimation of emission reduction ) .
practices potential B0 8 A DR ot B A OIS
- . — T i . (5B % ot >NV l
SROEEYEEIEAD | STH HHBERO TN DL TOIB ,\,’;& _gjgj TR
BRRE AT EEL DT IHAHB. 7 °
) . Disadvantage: For materials with significant landfill
Advantage: Accounts for emissions | . . . "
. . impacts, FOD not as immediately sensitive to
Credit for source | affected by source reduction, reuse, and

source reduction, reuse, and recycling efforts.
B ELVETMOREELROYEIZONT,
FOD (&, HFHIRICLDHEIE. BRIARMH1IL
DHRIZODNTESLITHREATIIAL,

Credit  for
controls,

engineering
heat/power

Disadvantage: Doesn’t count current
emissions from historic waste in landfills,

Advantage: Suitable for approximating amount of
landfill gas available for flaring, heat recovery, or
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generation
IVOZTIUTER BE
HAEEIZDNTHIERBM

thus downplaying opportunities to
reduce those emissions via engineering
controls.

power generation projects.
AT JL7, BRENERE IO IMFI A
BERIBEIT A RDEE RELHHITEL TS,

EAT BT OB EDEEYHNLDIRIE
DHHBEHELLRL, oT. TP =
TG EBERLTOINLDHEHESR
BT 2% RT3,

Advantage: Spreads benefits of avoided landfill

Credit for avoided landfill | Disadvantage: Overstates short-term | disposal over upcoming years, minimizing

disposal benefits of avoided landfill disposal. overestimation of emission reduction potential.
ERSNZET NSO | " EDESNZEBETHASOBEN | RAT: SEBFEOEREINIET LS ORI EE
WTOEREM Mz BRI 2, DT D, BEHEHIBRTREME DB X FEEE &K/
BRI 2

Disadvantage: Requires  predicting

;qugudrgli ngasp arC;r:i(igfsn osZﬁrCI?hnecylif eangc Advantagelz Morg accurate reflects total emissions
Accuracy future emissions. oceurring in the inventory year. .
IEREME RETAVARUNIEICEL TS EET IR EZLYIE

BT S ROARBINEEOFE R
M RDOHEHEDEEZBLCTD/NTA
—BDETIVTHINBRE,

Tl BT B,

8.3.1 First order of decay (FOD) model
8.3.1 — k7 (FOD)ETIL

Due to the complexity of this model, the GPC recommends that cities use the IPCC Waste Model53 (2006), which
provides two options for the estimation of emissions from solid waste that can be chosen depending on the available
activity data. The first option is a multi-phase model based on waste composition data. The second option is single-
phase model based on bulk waste (solid waste). Emissions from industrial waste and sludge are estimated in a
similar way to bulk solid waste. When waste composition is relatively stable, both options give similar results.
However, when rapid changes in waste composition occur, the different calculation options may yield different
results.

COETILOEHEMIZEKY, GPC T, #IA IPCC ET/L(2006) & FHESLEHRELTHY, 7D IPCC ETIL(2006)
(F. AFAIBEAT —RACE DEZBRTE2EHEEYNSOHHEEDEECDOVTOZDOZIRFEEIREL TS,
RDZIREIE. BEYR D T —REIELHEET /)L (muti-phase model) THD, F_DZREIF. HRTH
(bulk waste) (B BEEY)ICEIKHEEETILTHD, EXEREYRFFREMOHELEEE. HREMEEYLER
BROBEETEEIND, BEREYHRSVPEBHNEZELTVDGEF. WADZRKIEEHKOEREL5T, Ll
REYRDICRRERENELCDHEEF RO ERRIMIERLTDIREREL0T,

Cities should seek to identify actual historical waste disposal information, but in its absence cities can estimate
historic waste and related emissions based on total waste in place, years of operation, and population data over
time. The starting and ending years for the annual disposal inputs to the FOD model can be determined as long as
any of the following additional data are available:

HHITEEDEBOREREY NS IEREFET DLOBHDIONEELL, LhL, TRHBNEEIL, Bl ENN
TWOEREYEFTE. BEFH. RUOBRBEUAOT R EITEEOEEY RUVEEST IHHELHET T DL
NCED, FHADOPWERTREED FOD ETLADAY TYNE, LTFOBIMDOT—2OENNDAFAIEETH
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BIRYRTE T D2EMNH KD,

1. Site opening and closing year

2. Site opening year, total capacity (in m®), and density conversion density conversion

3. Current waste in place and site closure date or capacity (with conversion to Mg)

1. REGFORR KR VFHAESE

2. RESTRARE. Fv/ 0T —EFH (B m®) RUEREZH# (density conversion)

3. EMN TV BIREDREEY RURESAAEA XE(Mg ~DE#SNT ) Fv /R T1—

With this information, the IPCC Waste Model (2006) model outlined above can be used. The iterative process of
FOD model is illustrated in Equation 8.2.
COBEHIZKY, LR THELETEHLZ IPCC BEEYETIL(2000) ETLERNDIENTED, FOD ETILORES
Ot X, 5HEX 8.2 IZREHIN TS,

Equation 8.2 First order of decay (FOD) model estimate for solid waste sent to landfill

CH, emissions =
{3, [MSW, x L (x) x ((1 —e™*) x e*¢=9)] = R(t)} x (1 - OX)

Description Value

CH, emissions = Total CH, emissions in tonnes Computed

X = Landfill opening year or earliest year of historical data available User input

t = Inventory year User input

MSW, = Total municipal solid waste disposed at SWDS in year x in tonnes  User input

R = Methane collected and removed (ton) in inventory year User input

L = Methane generation potential Consult equation 8.4

User Input or consult default value in
table 3.4 of 2006 IPCC guidelines,
vol. 3: waste, chapter 3: solid waste
disposal, p. 3.17

0.1 for well-managed landfills; O for
unmanaged landfills

Methane generation rate constant, which is related to the
k = time taken for the DOC in waste to decay to half its initial mass
(the "half-life")

OX = Oxidation factor

Source: IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (2000)

Equation 8.2 First order of decay (FOD) model estimate for solid waste sent to landfil
STER 8.2 B iSESNEREEYIC DV TO—RHE(FOD)ETILEE
CH4 emissions =
{ 2% [ MSWx x Lo(x) x ((1—e™) x e*t=0)] = R(t)} x (1 - OX)
CHaBEHIE =
{ 2% [ MSWx X Lo(x) X ((1 —e™) x e* =] - R(t)} x (1 — OX)

| Description | | Value
Copyright® SLSV CES fift ¢ /i1/SLSV CES INSTITUTE All Rights Reserved
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CH,4 emissions Total CH4 emissions in tonnes Computed
CH:#E = blzkbdEE CHBEHE FEIND
X Landfill opening year or earliest year of historical data | User input
available a—H—mARD
TR FEXIEAFRIRERBEDT —2DZRHENF
t Inventory year User input
AURUN)E I—H—HAAN
MSWy Total municipal solid waste disposed at SWDS in year x in | User input
tonnes d—H—HmARH
PUIZEBXFEICSWDSTASSN-BAKDETEEYD &
it
R Methane collected and removed (ton) in inventory year User input
AV ARUN)FEIZEYI R PIRINS ARV E (M) aA—H—HAH
Lo Methane generation potential Consult equation 8.4
AR ERRT I SHER 84 ESR
k Methane generation rate constant, which is related to the | User Input or consult default
time taken for the DOC in waste to decay to half its initial | value in table 3.4 of 2006
mass (the “half-life”) IPCC guidelines, vol. 3: waste,
AIVEMREH, RUIDEEEX DDA T H1=HIZEZE | chapter 3: solid waste
AR DOC F=HIZERs N B (R ED) IZEEE T 5, disposal, p. 3.17
I—H—mAHAXIE 2006
& IPCC HARZA>, vol.3:BE
Y FrI2—3, BFE
ZYs . p.3.17 DFE 34D
TATHIMEE SR
(0)4 Oxidation factor 0.1 for well-managed
[ AT landfills; O for unmanaged
landfills
BCEHINEITHIIZ DN
TIE:0.1, EEIh TWAEWN
IS DLNTIE:0
Source: Adapted from Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories
HECEEGRARAANUNMOSRET 1999 4 IPCC AARZ1Un b5 A

8.3.2 Methane commitment model
8.3.2 ARUOASYRAUMNETIL

Downstream emissions associated with solid waste sent to landfill during the inventory year can be calculated using

the following equation for each landfill:

AVARUN)ERITET MIOESN - EREY RO TRBEE B FEUMICOVTTIEDFERERANTEHET RS

EMTED,

Methane generation potential, Lo
AR T U IL (F550). Lo

Methane generation potential (Lo ) is an emission factor that specifies the amount of CH4 generated per tonne of
solid waste. Lo is based on the portion of degradable organic carbon (DOC) that is present in solid waste, which is

in turn based on the composition of the waste stream. Lo can also vary depending on the characteristics of the
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landfill. Unmanaged landfills produce less CH4 from a given amount of waste than managed landfills because a larger
fraction of waste decomposes aerobically in the top layers of a landfill. Wetter waste (including precipitation
impacts) wil correspond with a lower DOC. Lo can be determined using the IPCC equation (see equation 8.4).
AFVHERRT I vIL(Lo )& BREEY N AVRET D CH DEERFET HBEFEHETHD, Lold. BEIFE
BEY IR ET BEDRIEA K (degradable organic carbon )DERMZE I(FNIE, BERIZEZEDOTRNADRK
PZED, Lo FHEREEIIMOMEICIGCTEIET D, EESNGQWEIME, EESNETHEY, —EDE
EZYENDIYDERN CHARET D, ThIE BEYDIYKREZREIEN, BILHO FEBICBWNTHIMWIZHET
50D THD, (BKEOEEEZSD)B >-EEYIE. KW DOC IZxHEdd, Lol IPCCHERGTER 84%5
BOZRAWTRET HENTED,

Equation 8.3 Methane commitment estimate for solid waste sent to landfill

CH, emissions =
MSW, x L, x (1-f_) x (1-OX)
Description Value
CH, emissions = Total CH, emissions in metric tonnes Computed

Mass of solid waste sent to landfill in inventory year, .
MSW, = . . vy User input
measured in metric tonnes

Equation 8.4 Methane generation

B = Methane generation potential -
potential
Fraction of methane recovered at the landfill (flared or energy .
fs = User input
recovery)
OX —. Oxidation factor 0.1 for well-managed landfills; O for

unmanaged landfills

Source: Adapted from Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories

Equation 8.3 Methane commitment estimate for solid waste sent to landfill

FHER 8.3 HIMISESNEERERYISONTOAZYAZYMANEE X

CH4 emissions =
MSWyx x Lo X (1-fe) X (1-0X)
CH; HFHE -
MSWX X LO X (17frec) X (170)()
Description Value
Bis !
CH,4 emissions = Total CH4 emissions in metric tonnes Computed
CHi#EH = M2k E5 CHA HEE= EIND
MSWy = Mass of solid waste sent to landfill in inventory year, | User input
measured in metric tonnes a—HY—mNAN
ANJy IR CRIESNT =, AV AN UNJEIZIBIT XS N E
HEEYOES
Lo = Methane generation potential Equation 8.4 Methane
ARERRT I generation potential
HERX 84 AAVERARTY
DA%
frec = Fraction of methane recovered at the landfill (flared or | User input
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energy recovery) a—H—mARD
EI I CRIRE N (TLT7EINDN I RILF—RUNET) A

BODE|E
0X = Oxidation factor 0.1 for well-managed
[ 3| RERd landfills; 0 for unmanaged

landfills
BCEBEINIEIIHIZD0N
TIE:0.1, HEEEN T
HEITHIZDNNTIE:O0

Source: Adapted from Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories
HECBEEGRARAARUN)DOHET 1999 F IPCC HARTAUhB5|

Equation 8.4 Methane generation potential, L,

=

0

MCF x DOC x DOC, x F x 16/12

Description Value
= = Methane generation potential Computed
Managed = 1.0

Managed well — semi-aerobic = 0.5
Managed poorly — semi-aerobic = 0.7
Methane correction factor based on type of landfill site for the Managed well — active aeration = 0.4
year of deposition (managed, unmanaged, etc., fraction) Managed poorly — active aeration = 0.7
Unmanaged (=5 m deep) = 0.8
Unmanaged (<5 m deep) = 0.4
Uncategorized = 0.6

MCF =

DOC = Degradable organic carbon in year of deposition, fraction et
(tonnes C/tonnes waste)

poc, = Fraction of DOC that is ultimately degraded (reflects the fact that Asstimedlequalto|06
some organic carbon does not degrade)

Default range 0.4-0.6 (usually taken to be

F = Fraction of methane in landfill gas 0.5)

16/12 Stoichiometric ratio between methane and carbon

Source: IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (2000)

Equation 8.4 Methane generation potential, Lo
ETER 84 AFVEMARTUIvIL, Lo

Lo =
MCF x DOC x DOCk x F x 16/12
Description Value
FEA B
Lo = Methane generation potential Computed
ARERRTUIwIL HHEIND
MCF = Methane correction factor based on type of landfill site | Managed = 1.0
for the year of deposition (managed, unmanaged, etc., | Managed well — semi-aerobic =
fraction) 0.5
M DEDEITINDEOTEE(EESN TS, BIES | Managed poorly — semi-aerobic =
NTWEN, FOBIE) ICE AV B ERK(FR S | 0.7
#RIEIE 1R Managed well — active aeration =

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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0.4

Managed poorly — active aeration
=0.7

Unmanaged (>5 m deep) = 0.8
Unmanaged (<5 m deep) = 0.4
Uncategorized = 0.6
EEINTNS=1.0
BAER-EFKMEET=0.5
eI ER - MR =07
BCEE-BBIES=0.4
FrEeEE-BHRHNES=0.7
BEINTWLAL(5 m deep) =

0.8
BEIN TRV (<5 m deep) =
0.4
EN$E--06
DOC = Degradable organic carbon in year of deposition, | Equation 8.1
fraction (tonnes C/tonnes waste) TE 8.1
WD FOEDRERAHEKRE, BlE G Ch/EEY)
DOCr = Fraction of DOC that is ultimately degraded (reflects | Assumed equal to 0.6

the fact that some organic carbon does not degrade) | 0.6 LEIZEEEE
=EWIZH RSN S DOC DEIE (—HOB KK REH

RLGWERERBR)
F = Fraction of methane in landfill gas Default range 0.4-0.6 (usually
B HRDAZDE|E taken to be 0.5)
TATAHILDEE 0.4~0.608 %
0.5&9 %)
16/12 = Stoichiometric ratio between methane and carbon

AR FDEDILFEERL
Source: IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
(2000)

HEEOBENRARAARUNICHEIT S IPCC T INTZITAAAAR D AR VAR FEEMEIE(2000)

8.4 Calculating emissions from biological treatment of solid waste

8.4 BEEEYOEYFHNNENDOHEHEDFTE

The biological treatment of waste refers to composting and anaerobic digestion of organic waste, such as food
waste, garden and park waste, sludge, and other organic waste sources. Biological treatment of solid waste reduces
overall waste volume for final disposal (in landfill or incineration) and reduces the toxicity of the waste.
REHOEYFRLIRT, BREEY. EXRVLABEDEREY. BRERMIDBKEZYROLSBAHEZY DD
>R ZAME (HEARE) (composting) & UM S 1454 1k (anaerobic digestion)&$59, B EZEYOLEYERIMIEIL, (1B
I XIEERHT ) RBEZDOLURDOREEYELHIREL. HMOEEYDOEMZHISE D,

In cases where waste is biologically treated (e.g., composting), cities shall report the CH4, N2 O and non-biogenic
C0O2 emissions associated with the biological treatment of waste based upon the amount of city—generated waste
treated in the analysis year. In cases where a city does not incinerate or biologically treat the waste, these emissions
categories can be labeled as “Not Occurring.”

BEEYHNAE YRR (B, 2V RAME (HEBE)) SN 5 A&, #mik. FHiEEICLBIN-E T CRELBE
EYDEICEDE, BEEYOEYFRLIEIZHD CHi N2 RUSEAEYIRIRD CO; HFHEZMEL T IESEN
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(shal), #HHAEREYOBENXITEYZENIZAEBELTOEWNESE. EHEOATI)—I1LMIEH 4 (Not
Occurring) & %89 %,

Data on composting and anaerobic treatment should be collected separately, in order to use different sets of
emission factors. Where there is gas recovery from anaerobic digestion, cities should subtract recovered gas
amount from total estimated CH4 to determine net CH4 from anaerobic digestion.

OV RAME GERBE) RO KUIEIRIC OV TOT—2IE, BLDBEHEREFER T 2025 K IZNESN DN
ZFELL\(should), BESKUESEIEDNODHREIUNAGDH A, #HIE, BIUEEIENDDRIND GHiZRE T 57=8
(2, HEETEN = CHAiBEENDEINENF=HRAEZELSIKONEELL,

Equation 8.5 Direct emissions from biologically treated solid waste

CH, Emissions =
(Z;(m, x EF_CH4) x 10°-R)

N,O Emissions =
(Ci(m, x EF_N20,) x 10?)

Description Value
CH, emissions = Total CH, emissions in tonnes Computed
N,O emissions = Total N,O emissions in tonnes Computed
m = Mass of organic waste treated by biological treatment type i, kg~ User input
User input or default value
EF_CH4 = CH, emissions factor based upon treatment type, i from table 8.3 Biological treatment

emission factor
User input or default value User

EF_N20 = N,O emissions factor based upon treatment type, i input or default value from table 8.3
Biological treatment emission factor
i = Treatment type: composting or anaerobic digestion User input
R _ Total tonnes of CH, recovered in the inventory year, if gas User input, measured
recovery system is in place at recovery point

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, Chapter 4: Biological Treatment of Solid Waste

Equation 8.5 Direct emissions from biologically treated solid waste
HEX 85 £PABIN BN EEYHOOEREFHE
CHa4 Emissions =

(i (mix EF_CH4 ) x 10% - R)

N20O Emissions =
(Zi(mi x EF_N20;) x 10%)
CH: HFHE =
(X (mix EF_CH4 ) x 10 - R)

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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N2O HEHE =
(Zi(mi x EF_N20i) x 103)
Description Value
Bk &
CH4 emissions Total CH,4 emissions in tonnes Computed
CH:HEHH=E brickdEEt CHiBEHE FTEEND
N20 emissions Total N2O emissions in tonnes Computed
NoO HEHH & brickdEE N2O HEHE HEIND
m Mass of organic waste treated by biological treatment | User input
type i, kg a—H¥—HAAH
EYFRNIBTELSE | ICKYALESh - BREEYOE
=28
EF_CH4 CH4 emissions factor based upon treatment type, i User input or default value from
ALIRTESE | 1ICE D CHa BEHERE table 8.3 Biological treatment
emission factor
A—H—MNANXIE, & 8.3 &4
B HEENODT 1 T4 ME
EF_N20 N20 emissions factor based upon treatment type, i User input or default value User
MIFTELR | 1IZEDIN0 BEH R input or default value from table
8.3 Biological treatment emission
factor
A—H-—HDAHXIE F 83 &£
WIBHEHFRBNDDT 474 ILME
i Treatment type: composting or anaerobic digestion User input
LR DFEEE OV RAME GERBME) XIS S EE L A—H—HAAH
R Total tonnes of CH4 recovered in the inventory year, if | User input, measured at recovery
gas recovery system is in place point
AHREUNS AT LHRESNTONIE AORNVNEIZ | a—F—NA D, BN RIZEITS
EIXEALf= CHs DA ETR 3 BIE
Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, Chapter 4: Biological Treatment
of Solid Waste
HH88:2006 4 IPCCBEHRHRAUARUNARTAY TA)a—L5, F¥rT5—4, EREEHOEDLE

Table 8.3 Biological treatment emission factors

CH, Emissions Factors (g CH,/ Gt

kg waste) N,O Emissions Factors (g N,O /kg waste)
mm

10 4 0.6 0.24

Anaerobic digestion at biogas facilities 2 0.8 N/A N/A

Treatment type

Composting

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, Chapter 4: Biological Treatment of Solid Waste

Table 8.3 Biological treatment emission factors
% 8.3 £YLIBHEH BRI
Treatment type

WMIBOFEL

CH4 Emissions Factors (g CHa/kg waste)
CH: BEHR¥ (g CHukg EEZEH)
Dry waste

N20 Emissions Factors (g N2O /kg waste)
N2O BEHER# (g N20 /kg BEZEY)
Dry waste

Wet waste Wet waste
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FIRREEY BIKREY HIRREY BIKREEY

Composting 10 4 0.6 0.24
OV RAME GH#RB1E)
Anaerobic digestion at | 2 0.8 N/A N/A

biogas facilities
NAFHAMBERIZHIT
BT

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, Chapter 4: Biological Treatment of Solid Waste

HE1:2006 4E IPCCREMEHAAUANINHARSAY TA)a— L5, FvrTo—4. B EEYOEYIE

8.5 Calculating emissions from waste incineration and open burning

8.5 BEYEANRURBEN(FES)NLOHFHEDTE

Incineration is a controlled, industrial process, often with energy recovery where inputs and emissions can be
measured and data is often available. By contrast, open burning is an uncontrolled, often illicit process with different
emissions and can typically only be estimated based on collection rates. Users should calculate emissions from
incineration and open burning separately, using different data. Cities shall report the CH4, N20 and non-biogenic
C0O2 emissions associated with waste combustion based upon the amount of city—generated waste incinerated in
the analysis year.

BEAE, ZLDGFEBRAZERVHEHENAETE, NOT—INLDFEAF ARG IRI/LF—RIEMS, EH
SNFEEXTOEATHD, —H. FAREDN(BFES)E. REHHEZMHS. BEINTVAL, ZD5E. EX
BIOERTHY, M O—BHICEINRICEDEHITHLENTEDDHDENDTHD, FAEE. B0dT—42%H
WTL BRI R OB B RN (B i) oD EL R < IC5TE T 2DOMNEELL (should),  EIE. FHEFAICEEA
ENEH TRELEEZYDOEICEOE, BEYMRBECAS CHi N20 RUIEEYEIR CO FFHEZHMEL BTN
(F7xn7%0 N (shall),

CO2 emissions associated with incineration facilities can be estimated based on the mass of waste incinerated at
the facility, the total carbon content in the waste, and the fraction of carbon in the solid waste of fossil origin.
Non—-CO, emissions, such as CH4 and N,O, are more dependent on technology and conditions during the incineration
process. For further information, cities should follow the quantification guidelines outlined in the 2006 IPCC
Guidelines (Volume 5, Chapter 5).

BERIFBRRICHES COr BEHEIX. R THRASNEEEYDEE. EEYOKREREAFTIAMEARRELERE
YMNDRFRDEIGICEDTEET HENTED, CHy RU N0 D&L57% CO, LISNDHEHE L, AN TO X DH
MBRVEHILVERSND, BRDIEMDONTE, #lE, 2006IPCC AARZ1 (T4)a— L5, FrT42—5)
[CBEELFEEH SN TODEELTARLAVIZHESIDHBEELL (should),

To calculate emissions from waste incineration, cities must identify:
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FEEYFRANLOPHEELFTET 572012, BHIELUTERELRITFIIERS%EN:

- Quantity (mass) of total solid waste incinerated in the city, and the portion of waste generated by other
communities and incinerated in the inventory analysis year (if calculating for in-boundary incineration facilities)

- Type of technology and conditions used in the incineration process

- “Energy transformation efficiency” (applies to incineration with energy recovery)
HHTHENSN AR REZEYOSHE(EE) RVCRAAFENERICOVTEHET 5 MNIZ2=T4—T
FEL AVRUNFHEERICBER SN =EEY OB
A TOCATHERAINETOBERUVES
[T (Energy transformation efficiency) | (&, TARIILF—RIINDHDFENIBEHIND)

Equation 8.6 Non-biogenic CO, emissions from the incineration of waste

CO, Emissions =
m x ¥ (WF, x dm, x CF, x FCF, x OF,) x (44/12)

Description Value
CO, emissions = Total CO, emissions from incineration of solid waste in tonnes Computed
m = Mass of waste incinerated, in tonnes User input
WF = Fraction of waste consisting of type i matter User input>*
dm = Dry matter content in the type i matter
CE = Fraction of carbon in the dry matter of type i matter
FCF, = Fraction of fossil carbon in the total carbon component of type i matter User input (default values
OF, = Oxidation fraction or factor provided in Table 8.4 below)
| _ Matter type of the Solid Waste incinerated such as paper/cardboard,
textile, food waste, etc.
Note: YWF = 1

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories

Equation 8.6 Non-biogenic CO, emissions from the incineration of waste
STEK 8.6 BEEYDOFEAHNSDIEEYERIR CO =

CO2 Emissions =
m x Xi(WFi x dmi x CFi x FCFi x OF; ) x (44/12)
CO: HEHE =
m x X i(WFi x dm; x CF x FCFi x OF; ) x (44/12)
Description Value
A &
CO:2 emissions | = | Total CO2 emissions from incineration of solid waste in tonnes Computed
COHFtiE MICLPEFEEYMORNOD COHHE HHEEND
m = | Mass of waste incinerated, in tonnes User input
MUIZEBBERI SN REYDE = I—H—HA
7
WF; = | Fraction of waste consisting of type i matter User input54
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BHE I MEETERTIREYDEE aA—H—HhA
A
dmi Dry matter content in the type i matte User input
B I hEOZYES (default values | |
CFi Fraction of carbon in the dry matter of type i matter provided in
BRI YEOEYDRFRDL R Table 8.4 o
FCFi = | Fraction of fossil carbon in the total carbon component of type i matter below) )
B i WEOAHKERS A—F—HA
OFi Oxidation fraction or factor H(FEE 84 [
B LB & ISR [FRESNOT
i Matter type of the Solid Waste incinerated such as paper/cardboard, 174 IME) N
textile, food waste, etc.
HEARGHE, fiiE . BREEYFOLSA. RSN =EREZEDODEDELE
Note: XiWFi =1
Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories
EDZIWFi =1
H#2:2006 £ IPCC REZHRARA VAN UHARTAY

Table 8.4 Default data for CO, emission factors for incineration and open burning

Fossil
liquid
waste
(o/u)Note 5

Industrial Clinical
Waste Waste
(%) (C)

Sewage
Sludge

(0/0) Note 4

Management

Parameters practice

Dry matter content in %

Note 1
of wet weight (see Note 1) NA NA NA NA
Total carb‘on content in % (see Note 1) 0 60 . B
of dry weight
Fossil carbon fraction in %

Note 2 4 1
of total carbon content (Geehote2) 40 g a 00

Incineration 100 100 100 100 100

Oxidation factor in %
of carbon input Open-burning o NO NO N0 o

(see Note 3, 6)

NA: Not Available, NO: Not Occurring

Note 1: Use default data from 2006 IPCC Guidelines, Vol. 5, Ch. 2, Table 2.4 in Section 2.3 Waste composition and 2006 IPCC Guidelines, Vol. 5, Ch.
5, Equation 5.8 (for dry matter), Equation 5.9 (for carbon content) and Equation 5.10 (for fossil carbon fraction).

Note 2: Default data by industry type is given in 2006 IPCC Guidelines, Vol. 5, Ch. 2 Table 2.5 in Section 2.3 Waste composition. For estimation of
emissions, use equations mentioned in Note 1.

Note 3: A default value of 71 percent is provided from an experimental study in Japan (Yamada et al. (2010)). Its uncertainty is +/-8 percent.

Note 4: See Section 2.3.2 Sludge in Chapter 2 in 2006 IPCC Guidelines, Vol. 5.

Note 5: The total carbon content of fossil liquid waste is provided in percent of wet weight and not in percent of dry weight (GIO, 2005).

Note 6: The residue after open-burning contains unburned carbon in the form of ash or other solid residue. The unburned carbon is to be tracked and

the emissions from the disposition of the unburned carbon are to be accounted for in the appropriate category. When open-burning takes place in SWDS,
burned fraction of DOC is subtracted from the DOC in SWDS (See Section 3.2.1 of Chapter 3, Volume 5 of the 2006 IPCC Guidelines). If unburned carbon is
placed at the surface of SWDS with aerobic condition, emissions are not taken into account. When the condition is regarded as anaerobic by further piling of
waste, this fraction is categorised in slowly degrading waste. GPG2000 (IPCC, 2000), Lead Authors of the 2006 IPCC Guidelines, Expert judgement).
Source: 2019 Refinement - IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 5: Incineration and Open Burning of Waste

Table 8.4 Default data for CO, emission factors for incineration and open burning
* 8.4 BARUBBEERN (FEZ)D CO B BRBMDTAIHINT—4

Parameters MSW
INGA—A

Clinical
Waste

Industrial
Waste

Management
Practice

Sewage
Sludge

Fossil liquid
Waste
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BEAE (%) (%) (Yo)Note 4 (%o)Nete s
EXREY fEFREEY TKER fERREERE
(%) (%) (%)= )
(%)515
Dry matter content (see Note | N/A N/A N/A N/A
in % of wet weight 1)
BEEEEOWICLDE G123
MEE=E )
Total carbon content (see Note | 50 60 30 80
in % of dry weight 1)
YIREEDWIZLDE G123
HREERE )
Fossil carbon fraction (see Note | 90 40 0 100
in % of total carbon 2)
content Cx2%xs
AFHREERAEND% )
LB IERRFREE
Oxidation factor in % | Incineration 100 100 100 100 100
of carbon input Open-burning NO NO NO NO
REAEHBRAED%IZED | (see Note 3,
bR 6)

NA: Not Available, NO: Not Occurring

Note 1: Use default data from 2006 IPCC Guidelines, Vol. 5, Ch. 2, Table 2.4 in Section 2.3 Waste composition and 2006 IPCC
Guidelines, Vol. 5, Ch. 5, Equation 5.8 (for dry matter), Equation 5.9 (for carbon content) and Equation 5.10 (for fossil carbon fraction).
Note 2: Default data by industry type is given in 2006 IPCC Guidelines, Vol. 5, Ch. 2 Table 2.5 in Section 2.3 Waste composition. For
estimation of emissions, use equations mentioned in Note 1.

Note 3: A default value of 71 percent is provided from an experimental study in Japan (Yamada et al. (2010)). Its uncertainty is +/-8
percent.

Note 4: See Section 2.3.2 Sludge in Chapter 2 in 2006 IPCC Guidelines, Vol. 5.

Note 5: The total carbon content of fossil liquid waste is provided in percent of wet weight and not in percent of dry weight (GIO, 2005).
Note 6: The residue after open-burning contains unburned carbon in the form of ash or other solid residue. The unburned carbon is
to be tracked and the emissions from the disposition of the unburned carbon are to be accounted for in the appropriate category.
When open-burning takes place in SWDS, burned fraction of DOC is subtracted from the DOC in SWDS (See Section 3.2.1 of Chapter
3, Volume 5 of the 2006 IPCC Guidelines). If unburned carbon is placed at the surface of SWDS with aerobic condition, emissions are
not taken into account. When the condition is regarded as anaerobic by further piling of waste, this fraction is categorised in slowly
degrading waste. GPG2000 (IPCC, 2000), Lead Authors of the 2006 IPCC Guidelines, Expert judgement). Source: 2019 Refinement
- IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 5: Incineration and Open Burning of Waste

Equation 8.7 CH, emissions from the incineration of waste

CH, Emissions =
>(IW, x EF,) x 10

Description Value
CH, Emissions = CH, emissions in inventory year, tonnes Computed
IW, = Amount of solid waste of type i incinerated or open-burned, tonnes  User Input
I . User Input (default val ided
EE = Aggregate CH, emission factor, g CH,/ton of waste type i serInputi(default values provide

in Table 8.5 below)

10° = Converting factor from gCH, to t CH,
Category or type of waste incinerated/open-burned, specified as

i _ follows: MSW municipal solid waste, ISW: industrial solid waste, HW: Hser i
hazardous waste, CW: clinical waste, SS: sewage sludge, others (that
must be specified)
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Equation 8.7 CH4 emissions from the incineration of waste
SE 8.7 EEYDFEENSD CH BEH R

CH4 Emissions =
¥ (Wi x EFi) x 10°®
CH: HFHHE =
S (Wi x EFi ) x 108

Description Value
B &
CH4 Emissions CH,4 emissions in inventory year, tonnes Computed
CH:HrHH= AVRUN)ED CH HEHE, b FTEEND
Wi Amount of solid waste of type i incinerated or open-burned, tonnes User Input
BRI XSRS -TEEE | ORI EEYDE. b d—F—MAN
EFi Aggregate CH4 emission factor, g CHa/ton of waste type i User Input (default
CHa R REURET. FEEWTELE | O g CH4/MY values provided
in Table 8.5 below)
A—H¥—NAHACFK
L& 85 IRESHh
5T 174/ ME)
107 Converting factor from gCHa to t CHa
gCHs A t CHy~DHE RS
i Category or type of waste incinerated/open-burned, specified as | User input
follows: MSW municipal solid waste, ISW: industrial solid waste, HW: | Z—H—/A'A 73
hazardous waste, CW: clinical waste, SS: sewage sludge, others (that
must be specified)
BRSNS N - EEYOLTI—XIFEH, LTI ESND:
MSW BAKETFEEY. ISWEXEEY. HW ASEEY. CWE
BREEY. SSIFKER. Z0MFFESNGRT )

Table 8.5 CH, emission factors for incineration of MSW

Continuous incineration

Semi-continuous incineration

Batch type incineration

stoker 0.2
fluidised bed Nete! ~0
stoker 6
fluidised bed 188
stoker 60
fluidised bed 237

Note: In the study cited for this emission factor, the measured CH, concentration in the exhaust air was lower than the concentration in ambient air.
Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 5: Incineration and Open Burning of Waste

Table 8.5 CH4 emission factors for incineration of MSW
%= 85 MSW mEEAID CH, BEH R%K

Type of premises

Temporary Permanent

Continuous incineration

Stoker 0.2

29
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EHTERBESEAD

Ah—hH—CKIEF)

fluidised bed Nete! -0
TENER
Semi-continuous incineration Stoker 6
EEE TR BN Ab—H—(CKIEF)
fluidised bed 188
ENR
Batch type incineration Stoker 60
Ny FIRIGEZCBEA] Ab—H—(CKEF)
fluidised bed 237
TRENER

Note: In the study cited for this emission factor, the measured CH4 concentration in the exhaust air was lower than

the concentration in ambient air.

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 5: Incineration and

Open Burning of Waste
T COBEEBRE T AINTWAHROF T, B R OFDAIESNz CH R E X, BEZRRORELVEN o=,
H88:2006 4F IPCC REMRARAUNRINARTA TH)a—LE, FvF5—5, BEYOEEA R OB (FREE)

Equation 8.8 N,O emissions from the incineration of waste

N,O Emissions =
>(W, x EF,) x 10°

Description Value
N,O Emissions N,O emissions in inventory year, in tonnes Computed
W, Amount of solid waste of type i incinerated or open-burned, in tonnes User Input

EF

i

Aggregate N,O emission factor, g CH,/ton of waste type i

User Input (default values
provided in Table 8.6 below)

Category or type of waste incinerated/open-burned, specified as follows:
MSW: municipal solid waste, ISW: industrial solid waste, HW: hazardous
waste, CW: clinical waste, SS: sewage sludge, others (that must be specified)

User input

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vlolume 5, chapter 5: Incineration and Open Burning of Waste

N2O Emissions =
Z (IWi x EFi) x 107
N2O BEHE =
S (Wi x EFi) x 1070

Description Value
B &
N20O Emissions N2O emissions in inventory year, tonnes Computed
N2O #HEHHE AVRUN)ED N0 HEHE, b FEEIND
Wi Amount of solid waste of type i incinerated or open-burned, tonnes User Input
BN FFRBENSN BRI  OEREEDDE. b aA—H%—HAH
EFi Aggregate N2O emission factor, g CHa/ton of waste type i User Input (default
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N2O BEH REERET. BEEWTELE | O g CHa/ton values provided

in Table 8.6 below)
(CHs TlE7AL N2O TIEARWA ?) A—HF—ANAHCF
L& 86 ITRESHh
5T 174ILME)

i = Category or type of waste incinerated/open-burned, specified as | User input

follows: MSW municipal solid waste, ISW: industrial solid waste, HW: | Z—H—/A'A 73
hazardous waste, CW: clinical waste, SS: sewage sludge, others (that
must be specified)

BRSNS N - EEYOATI—XIFEH, LTI ESND:
MSW B AKETREEY. ISWEXREEY. HW ASEEY. CWE
BEEY. SSTKER. 2O FESLETNIL)

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 5: Incineration and Open Burning of

Waste
H#8:2006 & IPCCBEENEHAAVUARINAARTA Y TH)1—L5, F¥T2—5, BEYOEN R OB (BFHEE)

It is good practice to apply the default factors in Table 8.6 if no country-specific information is available.

Table 8.6 Default N,0 emission factors for different types of waste and management practices

Emission factor : .
TeChnOIogy / Management PraCtlce (g Nzo / t waSte)]

continuous and semi-continuous incinerators 50 wet weight
MSwW batch-type incinerators 60 wet weight
MSW open burning 150 dry weight
Industrial waste all types of incineration 100 wet weight
Sludge (except sewage sludge) all types of incineration 450 wet weight
990 dry weight

Sewage sludge incineration
900 wet weight

Note 1: For cities belonging to Austria; Germany, Japan and Netherlands, please refer to 2019 Refinement to the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories, Volume 5, Chapter 5: Incineration and Open Burning of Waste; table 5.4.
Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 5: Incineration and Open Burning of Waste

It is good practice to apply the default factors in Table 8.6 if no country—specific information is available.
EEABBRNIAFTERNGAIE, T 8.6 OTAIAIMEREERT 2O INTZITA A THD,

Table 8.6 Default N,O emission factors for different types of waste and management practices
%86 ELIBHOBEEYRVEELEIZONTOT1I4ILEN0 HEHFHEEK

Type of waste Technology / Management practice Emission factor weight basis
FEEYOIEE B/ EEAE (g N20 / t waste)' EEH%E
B R
(g N0 / t EEEH)'
MSW continuous and semi—-continuous | 50 wet weight
incinerators HBE=E
E A R N E TR B A
MSW batch-type incinerators 60 wet weight
Ny F BRI ISER] MEE
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MSW open burning 150 dry weight
B R gE A IRES
Industrial waste all types of incineration 100 wet weight
EEREY EHDETDRAT MEE
Sludge (except sewage | all types of incineration 450 wet weight
sludge) BERNDETOEAT BE=S
SER (RAERERQ
Sewage sludge Incineration 990 dry weight
TKFER BEAH] IRES
900 wet weight
MEE

Note 1: For cities belonging to Austria; Germany, Japan and Netherlands, please refer to 2019 Refinement to the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories, Volume 5, Chapter 5: Incineration and Open Burning of Waste; table 5.4.

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter b: Incineration and Open Burning of Waste
FIA—RNT RV BARRUVATURIZE S DEMIZ DL TIEL, 20064 IPCCBEMRARAARUNAAHL R 2019 FRETh. 7
A)a—L5, FvTE—5, BREYOBEN R VOB (FREE). k54 258K

tHE#8:2006 F IPCCIRERIRARAUAUNAARTAY TA)a— L5, FrTE—5, BEYDEER KR UG HREER

8.6 Calculating emissions from wastewater treatment
8.6 FBEKUENMOHHEDETE

Municipal wastewater can be treated aerobically (in presence of oxygen) or anaerobically (in absence of oxygen).
When wastewater is treated anaerobically, methane (CHs ) is produced. Both types of treatment also generate
nitrous oxide (N»O) through the nitrification and denitrification of sewage nitrogen. N20 and CH4 are potent GHGs
that are accounted for during wastewater treatment, while most of CO2 from wastewater treatment is considered
to be of biogenic origin. There is considerable fossil carbon fraction within the wastewater effluent due to the use
of fuel derived components used in cosmetics, pharmaceuticals and detergents, which are discarded through the
city sewage system. Cities are encouraged to assess if such emissions must be reported, specifically in those
countries that have higher levels of fossil carbon in wastewater.55

&R 7K (municipal wastewater) (&, IFRBIIZ(BEZRAH D70 M T) XILBEKMIZ (B RHRWNEHNT) MEBIND, 5
IKAERSIZALIRENIHEIE, A2V (CHOAFEET B, WIHORFDEFETE, FRERDIHEE(nitrification) &
VRt ZE (denitrification) =@ CTHEER{LZ= & (nitrous oxide) (N20)AFEET S, N0 KU CH 1&, SBE/KALIEAIZEE
ENBER N7 GHG THY, —A. SBEKLEASD CO, DELIE EYEIREEZOND, #T FKESZT Lcity
sewage system)EBELTHTONIEM R, EXFHRVEBICFERAINIREBHEDOMR S OERIZLY, EKEEK
(wastewater effluent) RICHAREARREDDFLET D, RITEKDIEABROLNLATVEIZSNTIE,
#HIE. TOBEHENRESNDINENE IO ETM T D EMNHEREIND,

There are a variety of ways wastewater is handled, collected, and treated. Distinctions between capacities and

methods of wastewater handling vary greatly country—to—-country and city—to-city. Depending on the wastewater

source, it can generally be categorized as domestic wastewater or industrial wastewater, and cities must report
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emissions from both. Domestic wastewater is defined as wastewater from household water use, while industrial
wastewater is from industrial practices only. Industrial wastewater may be treated on-site or released into domestic
sewer systems. Any wastewater released into the domestic sewer system, those emissions should be included
with the domestic wastewater emissions.

BIKABYR b, NESN DN DIIBEN DR AL B FH ELN DD, FHROBBWODEENRTFEBOENE, BEIZX
STEEEBHAICEOTREKEL D, FEROBEERDEZEWNCKY, REFK(EFEHK) RITEZEFK(EEREK D
— IR TE, BHIERANODHHEEZHRE T RETHD, KEFKE RETOKIANODFKEERS
N, —FH. EXFKE EXRFHOADODEDTHD, EFXEFKE HtTUESNDHEEL RETKIATL
[CHURSNDIGZENHD, TE NKIATAIZHRINZEK, ChoDBEHER, REFKBEEHEIZEENDIDOMN
ZELL\(should),

55. 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6:
Wastewater Treatment and Discharge — Appendix 6A.1 Non-biogenic (fossil) CO2 emissions from wastewater

treatment and discharge: Basis for future methodological development.

8.6.1 Calculating methane emissions from wastewater treatment and handling
8.6.1 BKDILEBR UVEIRLNEDAZ HHEDETE

In order to quantify the methane emissions from both industrial and domestic wastewater treatment, cities will need
to know:
EERUREFKNADMENSDAZPHEETFE LT 7=HIZ, BHIELLLTEHINENDH D,

- The quantity of wastewater generated.

- How wastewater and sewage are treated (see Box 8.3 for information on wastewater discharge directly into
open bodies of water).

- The wastewater’s source and its organic content. This can be estimated based on population of the cities served
and the city’s composition in the case of domestic wastewater, or the city’s industrial sector in the case of
industrial waste water.

- Proportion of wastewater treated from other cities at facilities located within the city’s boundaries (this can be
estimated based upon other cities’ population served).

- RELEFKOE

- 5Bk (wastewater) R U R IK (sewage) WED K SITAIE SN HH (FiRkk iz (open bodies of water)ICE#ERBRE
NE=BKOBERIZ DN TIE, Box8.3 £#5R)

- SEKOFHRER VO ZOEKE A E(organic content), ThlE, HREGDIEHOAORUVREFKDIGEITE
MOBA. X, EEFKOFEFT, BHDOEEXCIZ—CEDSHETED,

- AR RICHIEHIZHITHMDOEHALEYKZHONIZFKDEIE (ChiX, FRELDMODEHDOAOICEDE
HEHT LN TED)
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The organic content of wastewater differs depending on whether the treatment is industrial or residential, as shown
in Equation 8.9. The income group suggested in variable i influences the usage of treatment/pathway, and therefore
influences the emission factor.56

FBIKOEHEREIL, 51EX 89 [TRINDLIIC, WEAEEXERENEOINIKIVERD, T i TRENDAT
5B /B(income group)lE, LI/ RERDERICHBEH-Z. MO THHRHMIREES5Z D,

Box 8.3 Estimating emissions from wastewater directly discharged into an open body of water

In many developing countries, wastewater is directly discharged into open lakes, rivers or oceans. Cities
may assume negligible GHG emissions from this action due to the low concentration of organic content.
However, if the wastewater is discharged into a stagnant open body of water, GHG emissions can be
estimated using the specific COD/BOD value from the water body outlined in Equation 8.9.

ZOFREE FETE, K& BRSNS NIXSECEEREKSNS, #HMiE. BREEEDENE
EDEHIOTRMNOD CGHG BEHEIFXEMATEIOERETDIH5EaM1HD, LHl. BKAEAZRBIKIEIC
HkEnr=154, GHG HiHEZ5EX 8.9 I(CHEA T H SN TLLKENSDEHFD COD/BOD fEZEMAL
THEET DN TED,

Equation 8.9 CH, generation from wastewater treatment

CH, emissions =
3, [(TOW,—S) EF, —R/] x 10°
Description Value
CH, emissions Total CH, emissions in metric tonnes Computed

Organic content in the wastewater
H . 1 1 ni jote 1
TOW _ For f:lomest.lc wastewater: total orgaans In wastewater in lnvgntgry year, kg BOD/yr" Equation 8.10
' For industrial wastewater: total organically degradable material in wastewater from

industry i in inventory year, kg COD/yr

EE = Emission factor kg CH, per kg BOD or kg CH, per kg CODo'¢2 Equation 8.10
‘ = Organic component removed as sludge in inventory year, kg COD/yr or kg BOD/yr User input
R = Amount of CH, recovered in inventory year, kg CH,/yr User input

Type of wastewater
For domestic wastewater: income group for each wastewater treatment
i = and handling system Equation 8.10
For industrial wastewater: total organically degradable material in wastewater from
industry i in inventory year, kg COD/yr

Note 1: Biochemical Oxygen Demand (BOD): The BOD concentration indicates only the amount of carbon that is aerobically biodegradable.
The standard measurement for BOD is a 5-day test, denoted as BOD, The term “BOD" in this chapter refers to BOD..

Note 2: Chemical Oxygen Demand (COD): COD measures the total material available for chemical oxidation (both biodegradable
and non-biodegradable).

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6: Wastewater Treatment and Discharge

Equation 8.9 CH4 generation from wastewater treatment

FTE 8.9 SBAKULEMSD CHy AR
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CHa4 emissions =
2 [(TOW; — S))EFi - Ri]1x10°
CH: HFHHE =
Xi[(TOW: — Si) EFi — Ri]x10°%

Description Value
i BA &
CHa4 emissions Total CH4 emissions in metric tonnes Computed
CH:HFH & AN IR TOER CHa & FrEIND
TOW; Organic content in the wastewater Equation 8.10
For domestic wastewater: total organics in wastewater in inventory | (8.117)
year, kg BOD/yrNote ! & 8.10
For industrial wastewater: total organically degradable material in
wastewater from industry i in inventory year, kg COD/yr
BKPOEHERE
REESFIKIZDNT, AVRUNIEDFKDEEHI#Y. kg BOD/yr *
EEEBKITONT, AVRUNJEDEE i hdDEKOE AR
|EE
EFi Emission factor kg CHa per kg BOD or kg CHa4 per kg CODNete2 Equation 8.10
BEH R % Kg BOD %11 kg CHs X per kg COD #2247z kg CH4 (8.117)
FHE= 8.10
Si Organic component removed as sludge in inventory year, kg COD/yr | User input
or kg BOD/y I—H—mANh
AVRVNIEICFERELTEIEN-FEREETE
Ri Amount of CH4 recovered in inventory year, kg CHa/yr User input
AVRUN)EICEINENT CHiDE d—F—MAN
i Type of wastewater Equation 8.10
For domestic wastewater: income group for each wastewater | 5+E = 8.10
treatment and handling system
For industrial wastewater: total organically degradable material in
wastewater from industry i in inventory year, kg COD/yr
BKDIELE
REFKIZDONT, BFKLER RN ZAT LAIZDNTOIAYT L
-7
EEEBIKIZONT, AUNVNFEDEE i hoDEIKROB BRI
=X1]

Note 1: Biochemical Oxygen Demand (BOD): The BOD concentration indicates only the amount of carbon that is

aerobically biodegradable. The standard measurement for BOD is a 5-day test, denoted as BOD®. The term “BOD” in

this chapter refers to BOD®.

Note 2: Chemical Oxygen Demand (COD): COD measures the total material available for chemical oxidation (both

biodegradable and non-biodegradable).

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6: Wastewater Treatment

and Discharge

FEEYEFHBBRERE (BOD) :BOD REF. FRNENBMUETHIRENDENHERYT, BOD DFAENRIE
(5B TANG, BOD EERIREND, ZDFvI2—CTODHEIBOD]IE. BOD %3517,

E2 EFEHERRE R E (COD) :CODIE. (LML D=DIZFI AR REL & TOM B (7D fRE R IEE D FRIENF)
ZRIES B

H#1:2006 FIPCCREMRARAVARUNBARTAY T4)2— L5, FvF2—6, B5KANIE K FHEK
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Equation 8.10 Total CH, emissions from industrial wastewater

CH, emissions = Y, [(TOW, —S) x EF, — R, ] x 10

Description Value
CH S e ;

4 = Total CH, emissions in metric tonnes Computed
emissions

TOW _ Total organically degradable material in wastewater from industry i in ke ipot
L inventory year, kg COD/yr

| = industrial sector User input
EF = Emission factor for industry |, kg CH, per kg COD User input
s _ (B)Cr)g;;;cr component removed as sludge in inventory year, kg COD/yr or kg ke inpat
R, = Amount of CH, recovered in inventory year, kg CH,/yr User input
10° = Conversion of kg to Gg

Source: 2019 Refinement - IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6: Wastewater Treatment and Discharge

Equation 8.10 Total CH4 emissions from industrial wastewater

FHE 810 EXEREKCEK)AD CHi BEHEAF

CHa4 emissions =
2i[(TOW; — S)x EFi — Ri]x10%
CH: HrtiE =
Si[( TOW; — S) x EFi — Ri]x10°

Description Value
A &
CHsEmissions | = | Total CH4 emissions in metric tonnes Computed
CH:HEHH=E ANy TO CHiEHE R E HHEEND
TOW; = | Total organically degradable material in wastewater from industry i in | User input
inventory year, kg COD/yr I—H4—HAAANH
AVRUNEDEZENODFROE MBI RS 5T
| = | industrial sector User input
EELIZ— I—H4—H"AN
EF; = | Emission factor for industry I, kg CH4 per kg COD User input
EZE | OB FHE kg COD 7Y kg CH4 I—H4—H"AN
Si = | Organic component removed as sludge in inventory year, kg COD/yr or | User input
kg BOD/yr I—H—H"AN
AURVNEIZFRELTHENSN-EH#EFE, kg COD/yr XIE kg
BOD/yr
Ri = | Amount of CHsrecovered in inventory year, kg CHa/yr User input
AURUNFICEIREN = CHiDE I—H4—H"AN
10 = | Conversion of kg to Gg User input
Kg D Gg ~DH#E d—F—HmAN
Source: 2019 Refinement - IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6: Wastewater
Treatment and Discharge
H #2019 FRET-IPCCBEMRARANUARINIAAT VX TH)a— L5, FrF2— FKNE R UHIK
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Equation 8.11 Organic content and emission factors in domestic wastewater
ToW, =
P x BOD x | x 365

EFi =
B, x MCFi x U, x TiAi

Description Value
TOW = For domestic wastewater: total organics in wastewater in inventory year, Computed
! kg BOD/yr

P City's population in inventory year (person) User input®®

BOD = City-specific per capita BOD in inventory year, g/person/day User input®’
In the absence of expert judgment,

= Correction factor for additional industrial BOD discharged into sewers a ditymaylapplyicefatitvallie

1.25 for collected wastewater,
and 1.00 for uncollected.>®

ER = Emission factor for each treatment and handling system Computed
User input or default value:

B, = Maximum CH, producing capacity + 0.6 kg CH,/kg BOD
+ 0.25 kg CH,/kg COD

MCF = Methane correction factor (fraction) User input®

U, = Fraction of population in income group i in inventory year

T _ Degree of utilization (ratio) of treatment/discharge pathway or system, j, ~ User input®

) for each income group fraction i in inventory year

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vlolume 5, chapter 6: Wastewater Treatment and Discharge

Equation 8.11 Organic content and emission factors in domestic wastewater

SAERX 811 REFKOEREFERVHHEAK

TOW; =
P x BOD x| x 365
EFj =
Bo X MCFjx Ui x Tij
Description Value
A &
TOW, = | For domestic wastewater: total organics in wastewater in inventory | Computed
year, kg BOD/yr HEIND
REEFKITDOWNT, AVRUNEDFBKRDE A HY=E. kg BOD/yr
P = | City’s population in inventory year (person) User input56
AVRUNEOEHDOAE(N) aA—HY—HAN
BOD = | City-specific per capita BOD in inventory year, g/person/day User input57
AN UNFEOEHEE — A H7Y BOD aA—H—H2AH

| = | Correction factor for additional industrial BOD discharged into sewers | In the absence of

TKEIZHEK SN =B MO BOD [ZDWTHOFEZE

expert judgment, a city
may apply default value
1.25 for collected
wastewater, and 1.00
for uncollected.58

BEFAROEHB O RNG
BlE, #HiX, EHBN
=55 KIZDNT 1.25,
EHLNTWRNEK
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[ZDLWT1.00 DT A7+

IWMEZ B A TES,
EFi = | Emission factor for each treatment and handling system Computed
B R UEIRWD S AT AIZDWNTOHEE R HEIND
Bo = | Maximum CH4 producing capacity User input or default
K CHs AEERES value:

-0.6 kg CHa/kg BOD
-0.25 kg CH4/kg COD
A—HY—DANXIET
ATHILME:

-0.6 kg CH4/kg BOD
-0.25 kg CH4/kg COD

MCEF; = | Methane correction factor (fraction) User input59
AR ENN RS () I—H4—H"AN
Ui = | Fraction of population in income group i in inventory year User input60
AVRVNFEORATL—T i DAADE & A=Y —=AN -
Tij = | Degree of utilization (ratio) of treatment/discharge pathway or system,

j, for each income group fraction i in inventory year
AVRUNEDEIIAT IL—TEIE i [2DNT, MIB/HKFRE T X
T4 OFBOREE (LX)

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6: Wastewater Treatment
and Discharge

H#8:2006 F IPCC BEMRARAVARUNTARTAY TH)a— L5, FrF2—06, BKNIE R THEK

56 Default data available in 2006 IPCC Guidelines, Vol. 5, Chapter 2, Table 2; Chapter 6, Table 6.4. Also available
in 2019 Refinement - IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, Chapter 6: Wastewater
Treatment and Discharge — Appendix 6A.1 Non-biogenic (fossil) CO2 emissions from wastewater treatment and

discharge: Basis for Future Methodological Development.

57 Same as footnote 56.

58 Based on expert judgment by the authors, it expresses the BOD from industries and establishments (e.g.,
restaurants, butchers or grocery stores) that is co-discharged with domestic wastewater. In some countries,
information from industrial discharge permits may be available to improve i. Otherwise, expert judgment is

recommended.

59 Or consult with default value provided by 2006 IPCC Guidelines for National Greenhouse Gas Inventories (table
6.3 of Volume 5, Chapter 6;: Wastewater Treatment and Discharge).

60. Or consult with default value provided by 2006 IPCC Guidelines for National Greenhouse Gas Inventories (table
6.5 of Volume 5, Chapter 6;: Wastewater Treatment and Discharge)

8.6.2 Calculating nitrous oxide emissions from wastewater treatment and handling

8.6.2 B/KAEER VBRI ODERIEEZRFHEDIE
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Nitrous oxide (N,O) emissions can occur as direct emissions from treatment plants or as indirect emissions from
wastewater after disposal of effluent into waterways, lakes or seas. Direct emissions from nitrification and
denitrification at wastewater treatment plants are considered as a minor source and not quantified here. Therefore,
this section addresses indirect NoO emissions from wastewater treatment effluent that is discharged into aquatic
environments.

FEREERNO)HEHEIL, LWEBTSUMBOEEFHELL T, £z, KB HXUTE~OH KON ZDFKH
HOEEHFHELLTELD, FKLBTIUINTOMERVRENCOEZBFHEE, BN EETLROEHIRE
LTEALND, 2T, COEIav TR, KERE(aquatic environments)IZBUR S 1=55 K ALIRHEK AN D ]
N20 BEHHEZEYHK D,

Equation 8.12 Indirect N,0 emissions from wastewater effluent

N,O emissions =

[( P x PrOtEin X FNPR & I:NON—-CON S FIND—COM ) - NSLUDGE] 28 EFEFFLUENT 2 44/28 % ]0-3

Description Value

N,O emissions = Total N,O emissions in tonnes Computed
P = Total population served by the water treatment plant User input
Protein = Annual per capita protein consumption, kg/person/yr User input

1.1 for countries with
no garbage disposals,

F = F just for non- i e
ey actor to adjust for non-consumed protein 14 for countries with
garbage disposals
i = Fraction of nitrogen in protein 0.16, kg N/kg protein
. _ Factor for industrial and commercial co-discharged protein into 1.25 Centralized systems
IND-CIOM "~ the sewer system 0 Decentralized systems
Neitinae = Nitrogen removed with sludge, kg N/yr User input or default value: O
. i - Ref fault EF val
Emission factor for N,O emissions from discharged to elerto de' aut E‘ vaes
B = i for domestic and industrial
wastewater in kg N,O-N per kg N,O wastewaterd
44/ 28 = The conversion of kg N,O-N into kg N,O

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6: Wastewater Treatment and Discharge

Equation 8.12 Indirect N,O emissions from wastewater effluent
SHER 8.12 BB LD N,O BEHH=

N2O emissions =

[( P x Protein x Fnpr X Fnon-con X Fino-com ) — NstupcE ] X EFerrLuent X 44/28 x 1073

N2O HEHE =
[( P x Protein x Fner X Frnon-con X Fino-com ) — NstuncE ] X EFerriuent X 44/28 x 1073
Description Value
B &
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N20O Total N,O emissions in tonnes Computed
emissions o2k d N0 HEHESE FTESNhS
N2O #EHHiE
P Total population served by the water treatment plant User input
KB TSN LY —EREZITE 55 A0 d—F—MAN
Protein Annual per capita protein consumption, kg/person/yr User input
— ANSEYDR NI B EREES aA—H—MASH
Fnon-con Factor to adjust for non-consumed protein 1.1 for countries with
SHEESNEWIV VEORBEOHDEFRE no garbage
disposals,
1.4 for countries with
garbage disposals
JZNBOENEIZD
WTIE 1.1
JEOHBEIZD
WTIE, 1.1
Fner Fraction of nitrogen in protein 0.16, kg N/kg protein
RN EHRDERDE|E 0.16, kg N/kg 2> /X
VH
Finp-com Factor for industrial and commercial co-discharged protein into 1.25 Centralized
the sewer system systems
IR AT LIZ—FEICHKSN P EERUEEL NIEDRE 0 Decentralized
systems
1.25 ERVRTL
0 FEFIXTL
NsLuoce Nitrogen removed with sludge, kg N/yr User input or default
FEREHIZENNSNDERE. kg Niyr value: 0
A—HF—HAAAXIE
TATAIIME:0
EFerrLUENT Emission factor for N2O emissions from discharged to wastewater in kg | Refer to default EF
N20-N per kg N2O values for domestic
kg N20-N per kg N20 (2L B5B7KIZHEKRASD N.O DHEH FE and industrial
wastewater6
RRERUREZEFKIC
DWTD EF T474
IWMEZES R 61
61. 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6:
Wastewater Treatment and Discharge, Table 6.8a (new)
612019 4 2KET 2006 & IPCCBREMMRARAVARUN) TA)a— L5, FvT2—6, FKNERVUEEK, & 6.8a(H)

61. 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5, chapter 6:

Wastewater Treatment and Discharge, Table 6.8a (new)
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