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PRESENTATION OBJECTIVE

“To reduce GHG emissions by establishing a
transparent and reliable GHG inventory system
to monitor and verify the current state of
emissions. The GHG inventory system provides a
basic approach in organizing monitoring,
reporting, and verifying (MRV) procedures in
each country.”

1) Provide overview of the rationale behind Vol 5

2) offer insights into how methodology translates into practical
waste management on the ground

3) support understanding of concept through case study work



INTRODUCTION - Waste sector emissions

CO2 = 84%
N2O = 5%

Fluorinated Gases= 2%
Methane = 9%



Waste is third largest contributor to
methane (CH4) emissions, after
agriculture and ‘Fugitive emissions’.

Methane is produced in landfills when
organic materials decompose.

INTRODUCTION - Waste sector emissions



Landfills around the world
contribute to an estimated eleven
percent (11%) of all global
methane emissions, with methane
being a climate amplifier and up
to 25 times stronger than CO2
(carbon dioxide) as a greenhouse
gas on a longer term.

INTRODUCTION - Waste sector emissions



2006 IPCC Guidelines for National Greenhouse Gas
Inventories (Waste)
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Waste Sector Overview

Estimates emissions of:
• Carbon dioxide (CO2)
• Methane (CH4)
• Nitrous Oxide (N2O)

Global warming potential:
• CO2 = 1 (reference)
• CH4 = 25
• N2O = 298

CH4 emissions from solid waste disposal sites (SWDS) are typically the largest source in the Waste sector.

Incineration and open burning of waste containing fossil carbon, e.g., plastics, are the most important sources of CO4
emissions in the Waste Sector.

Volume 5 (Waste) provides methodological guidance for estimation of CO2, CH4 and N2O emissions from following 
categories: 



Waste generation, composition and management data

The starting point for the estimation of GHG emissions
from solid waste management is relevant data on
waste generation & composition.

Solid waste generation rates and composition vary
from country to country (due to different influencing
factors)

Also, availability and quality of data can vary
significantly

Data are separately required for:

• Municipal solid waste (MSW)
• Sludge
• Industrial waste
• Other waste

?



Municipal Solid Waste - Analysis

Determining the total amount of 
municipal waste in the municipality

by measuring the amount of 
collected/generated MSW on 

weighbridges

Defining morphological 
composition of municipal waste

by sorting and measuring 23 fractions
of waste according to the waste sorting

catalog

It is good practice that countries
use data on country-specific MSW
generation & composition:

• Statistics, surveys, research
projects…

• Direct measurements/analysis



Municipal Solid Waste - Generation

• Household waste
• Garden (yard) and park waste
• Commercial/ institutional waste

Estimated based on country-specific data from
a limited number of countries (Annex 2A.1).

Assumed to be applicable for the year 2000.



Default data provided for : 

1. food waste 
2. garden (yard) and park waste 
3. paper and cardboard 
4. wood 
5. textiles 
6. nappies (disposable diapers) 
7. rubber and leather 
8. plastics 
9. metal 
10. glass (and pottery and china) 
11. other (e.g., ash, dirt, dust, soil, electronic waste)

Municipal Solid Waste - Composition
Waste composition is one of the main factors influencing emissions from solid waste treatment, as
different waste types contain different amount of degradable organic carbon (DOC) and fossil carbon.

contain most of 
the DOC in MSW



Municipal Solid Waste - Composition



MSW characteristics of
waste generated in 2012

Kathmandu, Nepal

Municipal Solid Waste - Composition



Municipal Solid Waste - Composition



Sludge

Sludge from domestic and industrial
wastewater treatment plants is addressed as a
separate waste category in this Volume.

In some countries, sludge from domestic
wastewater treatment is included in MSW and
sludge from industrial wastewater treatment in
industrial waste. Countries may also include all
sludge in industrial waste.



Industrial waste

Industrial waste generation and
composition vary depending on the type
of industry and processes/technologies in
the concerned country. In many
countries industrial solid waste is
managed as a specific stream and the
waste amounts are not covered by
general waste statistics. However, in some
developing countries industrial wastes are
included in the municipal solid waste
stream, therefore, it is difficult to obtain
data of the industrial waste separately.

Industrial solid waste disposal data may be obtained by surveys or from national statistics. Only those
industrial wastes which are expected to contain DOC and fossil carbon should be considered for the
purpose of emission estimation from waste.



Other waste

Clinical/medical waste: These wastes include
materials like plastic syringes, animal tissues,
bandages, cloths, etc. In most countries, the amount
of greenhouse gas emissions due to clinical
waste appears to be insignificant.

Hazardous waste: Waste oil, waste solvents, ash,
cinder and other wastes with hazardous nature, such
as flammability, explosiveness, causticity, and
toxicity, are included in hazardous waste. Hazardous
wastes are generally collected, treated and
disposed separately from non-hazardous MSW and
industrial waste streams. Some hazardous wastes are
incinerated and can contribute to the emissions from
incineration

Agricultural waste: Manure management and burning of agricultural residues are considered in the
AFOLU Volume. Agricultural waste which will be treated and/or disposed with other solid waste
may however be included in MSW or industrial waste.



Degradable organic carbon (DOC) - MSW



DOC - Sludge

The DOC content in sludge vary depending on the wastewater treatment
method producing the sludge, and also be different for domestic and industrial
sludge.

If country and/or industry-specific DOC values are not available:

• For domestic sludge – used default DOC value is 5 % (of wet waste) or 40-50
% of dry matter

• Industrial sludge – 9 % (wet waste) or 35 % of dry matter



DOC – Industrial waste

DOC and fossil carbon in industrial waste is mainly found in the same waste types as in MSW. DOC is
found in paper and cardboard, textiles, food and wood. Synthetic leather, rubber, and plastics are
major sources of fossil carbon.

Table 2.5 provides default
values of DOC and fossil
carbon contents in industrial
waste by industry type per
amount waste produced. The
default values are only for
process waste generated at
the facilities.



DOC – Other waste

Default values for DOC and fossil carbon for hazardous waste and clinical waste are given in
Table 2.6. The values should be applied only for total amounts of hazardous and clinical waste
generated in the country.



Solid waste disposal site 

• Time in place

• Treatment

• Temperature / precipitation

• Oxidation

• Recovery / utilization

Disposal of municipal, industrial and other solid waste
produces significant amounts of methane (CH4). In
addition, SWDS also produce biogenic carbon dioxide
(CO2), non-methane volatile organic compounds
(NMVOCs), smaller amounts of nitrous oxide (N2O),
nitrogen oxides (NO) and carbon monoxide (CO).



The IPCC methodology for estimating CH4
emissions from SWDS is based on the First
Order Decay (FOD) method. This method
assumes that the degradable organic
component (degradable organic carbon,
DOC) in waste decays slowly throughout a
few decades, during which CH4 and CO2
are formed. If conditions are constant.

ESBEC Solid Waste Disposal Site

Chonburi, Thailand

Solid waste disposal site – CH4 emissions estimating 



Source: Global Methane Initiative, EPA LandGem

Solid waste disposal site – CH4 emissions estimating 

Three tiers to estimate the CH4 emissions from SWDS:

Tier 1: The estimations are based on the IPCC FOD method using mainly default activity data and
default parameters.

Tier 2: use the IPCC FOD method and some default parameters, but require good quality country-
specific activity data on current and historical waste disposal at SWDS.

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

Key parameters should include the half-life, and either methane generation potential (Lo) or DOC
content in waste and the fraction of DOC which decomposes (DOCf). These parameters can be based
on measurements.



Solid waste disposal site – CH4 emissions estimating 



First Order Decay (FOD)

CH4 generated is estimated on the basis of 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.



Equations for estimating the CH4



Equations for estimating the CH4 – IPCC Waste Model



Other important default values

• Degradable Organic Carbon (DOC) – carbon that is accessible to
decomposition (Gg C / Gg waste) - Table 2.4

• Fraction of DOC that Decomposes (DOCf) – estimate of fraction of
carbon degraded and released from site – recommended default value
is 0.5

• CH4 content in Landfill Gas – typically 50% CH4 / 50% CO2

• Oxidation Factor (OX) - reflects amount of CH4 from site that oxidized in
the soil or other material covering the waste. The default value for
oxidation factor is zero. Use of the oxidation value of 0.1 is justified only for
covered, well-managed SWDS.



Other important default values
• Methane Correction Factor (MCF) - assigned based on the estimated fraction of

waste which decays aerobically and does not produce methane (unmanaged
SWDS produce less CH4 from a given amount of waste than anaerobic
managed SWDS)



Other important default values
• Half-life (t1/2) – time taken for DOC in waste to decay to half its initial mass



Other important default values
• Methane Recovery (R) – CH4 generated at SWDS can be recovered and

combusted in a flare or energy device. If the recovered gas is used for energy,
then the resulting greenhouse gas emissions should be reported under the
Energy Sector. Emissions from flaring are however not significant – default value
for recovery is zero.

• Delay time – Period between deposition of the waste and full production of
CH4. It is good practice to choose a delay time of between zero and six months.
Values outside this range should be supported by evidence.



Biological treatment of solid waste

Composting and anaerobic digestion of organic waste
 Reduced volume in the waste material – stabilization of the waste 

 Production of biogas for energy use

 End product can be recycled as a fertilizer or soil amendment 

Composting
 large fraction of DOC in waste is converted to CO2

 CH4 and N2O can both be formed during composting 

Anaerobic digestion 
 Biogas (CH4 and CO2) 

 N2O is assumed to be negligible 



Biological treatment

• Composting - aerobic process where large fraction of the DOC
in the waste material is converted into carbon dioxide (CO2).
Estimated CH4 released into atmosphere is < 1%. Composting
can also produce emissions of N2O - range varies up to 5%)

• Anaerobic digestion - decomposition of
organic material without oxygen by
maintaining the temperature, moisture
content and pH. The CO2 emissions are of
biogenic origin, thus should be reported only
as an information (in the Energy Sector).
Emissions of CH4 due to unintentional leakages
during process can generally be between 0
and 10 % of the amount of CH4 generated (5
% is usually used as a default value)

• Mechanical Biological Treatment (MBT) – waste material undergoes a series of mechanical and
biological operations with aim to reduce the volume of the waste and stabilize it prior final disposal. MB-
treated waste produce up to 95 % less CH4 than untreated waste disposed in SWDS.



Biological treatment
The CH4 and N2O emissions of biological treatment can be estimated using following equations

When CH4 emissions from anaerobic digestion are reported, the amount of recovered gas should be subtracted. The
recovered gas can be combusted in a flare or energy device.

If the recovered gas is used for energy, then also the resulting GHG emissions from the combustion should be reported
under Energy Sector.

The emissions from flare combustion are not significant, as the CO2 emissions are of biogenic origin, and the CH4 and N2O
emissions are very small, so good practice in the Waste Sector does not require their estimation.



Biological treatment

Emission from MBT can be estimated using the default values in Table for the biological 
treatment. Emissions during mechanical operations can be assumed negligible. 



Incineration / open burning

Waste incineration is defined as the combustion of solid and
liquid waste in controlled incineration facilities. Emissions from
waste incineration without energy recovery are reported in the
Waste Sector, while emissions from incineration with energy
recovery are reported in the Energy Sector.

Open burning of waste can be defined as the
combustion of waste materials in nature (open-air)
or in open dumps, where smoke and other
emissions are released directly into the air without
passing through a chimney or stack.

Incineration and open burning of waste are sources
of greenhouse gas emissions, like other types of
combustion. Relevant gases emitted include CO2,
methane (CH4) and nitrous oxide (N2O). Normally,
emissions of CO2 from waste incineration are more
significant than CH4 and N2O emissions.



Estimation of the amount of fossil carbon is
the most important factor determining the
CO2 emissions as only CO2 emissions of
fossil origin (e.g., plastics, certain textiles,
rubber, liquid solvents, and waste oil)
should be included.

Incineration / open burning

The methods for estimating emissions from
incineration and open burning of waste
vary because of the different factors that
influence emission levels.



Method based on total amount of waste combusted 

Incineration / open burning

CO2



Method based on MSW composition 

Incineration / open burning

CO2



Incineration / open burning

CO2



Incineration / open burning

CH4



Incineration / open burning

CH4



Incineration / open burning

N2O



Incineration / open burning

N2O



Incineration / open burning

Amount of open-burned waste 



Wastewater
Wastewater can be a source of methane (CH4) when treated or disposed anaerobically. It can also
be a source of nitrous oxide (N2O) emissions. Carbon dioxide (CO2) emissions from wastewater are not
considered in the IPCC Guidelines because these are of biogenic origin.

Wastewater originates from a variety of
domestic, commercial and industrial
sources and may be treated on site
(uncollected), sewered to a centralized
plant (collected) or disposed untreated
nearby or via an outfall.

Treatment and disposal of wastewater
produce GHGs such as CO2, CH4 and N2O.
CO2 is of biogenic origin and not
included. N2O emissions from sludge and
wastewater spread on agricultural land
are considered in AFOLU sector



Different pathways for wastewater treatment and discharge

Wastewater



Wastewater



Wastewater

Domestic wastewater – CH4



Wastewater

Domestic wastewater – CH4



Wastewater

Domestic wastewater – CH4



Industrial wastewater – CH4

Wastewater



Industrial wastewater – CH4

Wastewater

If no country-specific data are available, it is
good practice to use the IPCC COD-default
factor for Bo (0.25 kg CH4/kg COD).



N2O

Wastewater



IPCC Refinement highlights

WASTE GENERATION, COMPOSITION AND MANAGEMENT DATA
Updated regional default values of waste generation rate and their treatment and updated waste
composition default values of carbon content, nitrogen content and DOC of sludge from specific industry
and domestic sludge

SOLID WASTE DISPOSAL
Section 3.2.1.1 provides information on aerobic management of SWDS including information on calculation
of MCF for new categories of aerobic management. Section 3.2.3 provides additional information on DOCf
including updated default values and their uncertainties by different type waste (less, moderately and
highly decomposable). Information on MCF including default MCF values and definition for new categories
of aerobic management

INCINERATION AND OPEN BURNING OF WASTE
Section 5.1 provides definition of and information on pyrolysis, gasification and plasma technology. Section
5.4.1.3 presents an updated oxidation factor of MSW open burning

WASTEWATER TREATMENT AND DISCHARGE
Sections that discuss CH4 emissions from domestic and industrial wastewater, as well as N2O emissions from
domestic wastewater have been updated to reflect the refinements presented throughout the chapter.



II PART

Case Study and GHG Estimation Practice in the 
Waste Sector

The 5th GREENHOUSE GAS INVENTORY SYSTEM TRAINING WORKSHOP



IPCC 2006 Waste Model

Directed to countries with limited data on waste 
disposal

Estimates GHG emissions over a time-series, using the first-
order decay model
Facilitates comparison of estimates between countries
Permits assessment of impacts of different waste 

management and emission mitigation practices



IPPC Waste Model: Parameters - waste input



IPPC Waste Model: Parameters – climate selection



IPPC Waste Model: Parameters – MSW activity data



IPPC Waste Model: Parameters - Results



Summary: Default values

Climate

MSW composition

MSW generation

MSW management



Sample model - Indonesia

INPUTS
1

2

3



Sample model - Indonesia



IPPC Waste Model - CASE STUDY EXERCISES…. 
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