
MANUAL 
 

 

 

SWM-GHG Calculator 
 

      
 

 

 

TOOL FOR CALCULATING GREENHOUSE GASES 

(GHG) IN SOLID WASTE MANAGEMENT (SWM) 
 

 

 

 

 

 

 

 

 

 

Sponsored and financed by 
 

       
 

 

Developed by 
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published by 
KfW Bankengruppe 
Communication Department 
Palmengartenstrasse 5-9 
60325 Frankfurt am Main 
Phone +49 (0)69 7431-0 
Fax + 49 (0)69 7431-2944 
www.kfw.de 
 

Author 
ifeu - Institut für Energie- und Umweltforschung Heidelberg GmbH 

Jürgen Giegrich and Regine Vogt 
Wilckensstr. 3, D ï 69120 Heidelberg 
Tel.: +49/(0)6221/4767-0, Fax: +49/(0)6221/4767-19 
E-mail: ifeu@ifeu.de, Website: www.ifeu.de 
On behalf of KfW Entwicklungsbank, Competence Center Water and Waste 
Management, in co-operation with GTZ (Deutsche Gesellschaft für Technische 
Zusammenarbeit) GmbH 

 

Photos 
KfW Bildarchiv 
 
Frankfurt am Main, November 2009 
 

 

http://www.kfw.de/
mailto:ifeu@ifeu.de


 

Preliminary Note  
 

 

This manual provides background information and additional explanations 

on the use of the SWM-GHG Calculator. However, it is by no means 

necessary to study the manual before using the SWM-GHG Calculator. The 

quickest way to learn how to utilise the tool is to start it and to follow the 

instructions provided. 

 

Besides some explanatory instructions this manual provides additional 

background information and basic data. The main section titles in the 

manual refer to the different spreadsheets in the SWM-GHG Calculator. 
 

The SWM-GHG Calculator was developed by IFEU Institute, sponsored by 

KfW Development Bank (German Financial Development Cooperation) in 

cooperation with GTZ (German Technical Development Cooperation) and 

financed with funds provided by the German Federal Ministry for Economic 

Cooperation and Development. 
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1 Background and objective 

Climate change is considered one of the greatest global challenges of the 21st century. A 

general consensus exists among the vast majority of climate experts that global warming 

is the result of rising concentrations of greenhouse gases in the Earth's atmosphere. 

Since industrialisation began, human activities have intensified the natural greenhouse 

effect, which is caused largely by water vapour, carbon dioxide, methane and ozone in 

the atmosphere, through anthropogenic emissions of greenhouse gases, resulting in 

global warming. 

 

The waste management sector contributes to the anthropogenic greenhouse effect 

primarily through emissions of carbon dioxide (CO2), methane (CH4) and nitrous oxide 

(N2O). The IPCC's Fourth Assessment Report puts the contribution made by the solid 

waste and wastewater management sector to global greenhouse gas emissions at 2.7%, 

which might at first sight appear to be comparatively low. This figure, however, does not 

fully reflect the actual potential for reducing GHG emissions by the waste management 

sector. The IPCC calculations take into account only end-of-pipe solid waste 

management strategies, such as: 

 

Á Landfill/waste dumping 

Á Composting 

Á Waste incineration (in case the generated heat energy is not utilised) 

Á Sewage disposal 

 

The positive impacts of reducing, re-using or recycling waste, as well as waste-to-energy 

strategies, on climate protection are either attributed to other source categories ï in 

particular to the energy sector and to industrial processes ï or they are not accounted for 

at all in the GHG inventories reported to the United Nations Framework Convention on 

Climate Change (UNFCCC) under the Kyoto Protocol. 

 

"Recycling" in GHG national inventories 

The effects of material or energy recycling are not credited to the "Waste" sector in the 

GHG inventories, but are included in the "Energy" or "Industrial Processes" sectors for 

methodological reasons. For instance, scrap recycling is included in the industry sector 

under "Metal Production: Iron and Steel Production" using an emission factor for steel 

production in an electric arc furnace where most of the scrap is used. The resulting 

emissions are lower than those from other steel production methods where primary 

material is used. Additionally, because scrap is used for steel production less pig iron 

produced from iron ore is needed. Both these effects, the saved emissions due to the 

recycling process and the reduced emissions from substituting the extraction of iron ore 

and production of pig iron, are not stated separately in the GHG inventory and are not 

credited to the waste sector.  

 

The same applies to the use of all solid waste fractions as secondary raw materials. 

Therefore, national inventories only partially reflect the contribution of waste management 

activities to GHG mitigation. Developing countries and emerging economies would not 

only considerably reduce their greenhouse gas emissions at comparably low costs, but 

would also significantly contribute to improving public health conditions and environmental 

protection if they were to put in place sustainable waste management systems. 

Greenhouse gas emissions produced by the waste management sector in developing 
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countries and emerging economies are highly relevant, in particular because of the high 

percentage of biodegradable components contained in the waste streams. The potential 

to reduce greenhouse gas emissions is significantly higher than the 2.7% figure in the 

IPCC statistics would lead us to assume. Over and above this, stepping up recycling 

could further reduce emissions, although it must be pointed out that the recyclable 

components of waste in developing countries and emerging economies are lower than in 

industrialised countries. 

 

A study conducted on behalf of the Federal Ministry for Economic Cooperation and 

Development (IFEU 2008) estimates that developing countries and emerging economies 

could reduce their national GHG emissions by around 5% merely by adopting municipal 

waste management systems. The authors reckon that if other waste types, especially 

waste containing high levels of biodegradable organic matter, in particular the residues of 

agricultural activities and the food industry or other, similar industrial wastes are included 

in the waste management system, the reduction of greenhouse gas emissions in these 

countries could be doubled, i.e. in the order of 10%. For comparison: the German waste 

management activities accounted for about 20% of the overall GHG reduction achieved 

over the period 1990 to 2005 by establishing what is called "closed-loop waste 

management" (Troge 2007). 

 

The objective of this "Tool for Calculating GHG Emissions in Solid Waste Management" 

(SWM-GHG Calculator) is to aid in understanding the effects of proper waste 

management on GHG emissions. The SWM-GHG Calculator allows quantification and 

comparison of GHG emissions for different waste management strategies at an early 

stage in the decision making process. Default values allow approximations to be made 

even if basic data are not (yet) available. Additionally, the SWM-GHG Calculator provides 

guidance information on the costs associated with different waste management 

strategies. 

 

The use of the SWM-GHG Calculator does not require profound professional experience 

in solid waste management. It can even be used by persons having only basic knowledge 

in the sector, e.g. by decision makers or mayors. Nevertheless, the SWM-GHG Calculator 

can be better used and the results are better understood the more experience users 

have. 

 

 

2 Methodology 

Basically, the calculation method used in the SWM-GHG Calculator follows the Life Cycle 

Assessment (LCA) method. Different waste management strategies can be compared by 

calculating the GHG emissions of the different recycled (typically glass, paper and 

cardboard, plastics, metals, organic waste) and disposed of waste fractions over their 

whole life cycle ï from "cradle to grave", in a manner of speaking. The tool sums up the 

emissions of all residual waste or recycling streams respectively and calculates the total 

GHG emissions in CO2 equivalents. The emissions calculated also include all future 

emissions caused by a given quantity of treated waste. This means that when waste is 

sent to landfill, for example, the calculated GHG emissions, given in tonne CO2 

equivalents per tonne waste, include the cumulated emissions generated during waste 

degradation. This method corresponds to the "Tier 1" approach described in IPCC (1996, 

2006).  
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Figure 2-1 shows a simplified example of an integrated waste management system. At 

every stage of the recycling and disposal chains GHG emissions occur for each single 

waste fraction. Recycling activities lead to secondary products ("secondary raw 

materials"), which substitute for primary raw materials or fossil fuels ("waste-to-energy"). 

The benefits from the substitution of primary raw materials or fossil fuels are calculated as 

credits according to the emissions avoided in the corresponding processes, pursuant to 

the LCA method. The accounting procedures applied for the use of secondary raw 

materials encompass every stage in the process, from the separation of waste to sorting 

and preparing waste, as well as transport emissions. Only the emissions from waste 

collection were neglected because it may be assumed that emissions generated by waste 

collection are more or less in the same range for each scenario, as can be seen in Figure 

2-1. 

 

Benefit

Collection

Landfill

MSWI

Co-incin-

eration

Waste

Recycling

Application

products

MBT

 

Figure 2-1 Flow diagram of an integrated solid waste management system  

Up to four different waste management systems can be compared using the SWM-GHG 

Calculator; in addition to Status Quo, three user-definable scenarios can be analysed in 

one step. If users want to do calculations with different waste quantities or compositions, 

the SWM-GHG Calculator must be copied and saved under a different name.  

 

For methodical and practical reasons it was necessary to design the tool by applying 

various simplifications. It must be emphasized that the SWM-GHG Calculator can by no 

means represent a fully-fledged Life Cycle Assessment (LCA). For example, most GHG 

calculations for the recycling chains are based on emission factors which account for 

specific treatment options in Germany and Europe. This is why the SWM-GHG Calculator 

delivers common results based on average data for recycling. Nevertheless, the 
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variations are not serious or critical for decision making. Details of the main assumptions 

made are explained in this manual.  

 

Furthermore, the SWM-GHG Calculator is not suited to calculating the anticipated 

quantity of Certified Emission Reductions (CER) in the framework of the Clean 

Development Mechanism (CDM)
1
 or of Emission Reduction Units (ERU) in the framework 

of the Joint Implementation (JI). Firstly, the CDM and JI refer to individual projects and 

must take into account the theoretical generation of GHG that would occur during waste 

degradation if a CDM or JI project where not implemented ("baseline"). The SWM-GHG 

Calculator, on the other hand, compares different solid waste management systems or 

strategies. Secondly, the CERs and ERUs must be calculated and are compensated on 

an annual basis; i.e. only the GHG emissions caused by a given quantity of treated waste 

per year are considered ï calculated in compliance with the "Tier 2" approach in (IPCC 

1996, 2006) ï and only a time period of either once every ten years or three times in 

seven years can be chosen. The CDM or JI crediting periods are therefore much shorter 

than the waste degradation period, which is 50 years or more. Only around 50% - 80% of 

the total gas generation potential of a given quantity of waste would have been emitted 

within the CDM or JI crediting period. Accordingly, only this portion of the effective GHG 

reductions induced by CDM projects in the waste management sector is compensated 

(ANS/DWA 2009). Beyond that there are currently no methodologies available for 

recycling activities within the CDM.  

 

The simplifications discussed above were necessary and had to be accepted for the 

benefit of better manageability of the SWM-GHG Calculator. Against the background of 

the tool's objective ï to aid in understanding the consequences of waste management 

activities with respect to the related GHG emissions ï it serves as a valuable orientation 

aid. The results deliver a sufficiently accurate quantitative approximation of the GHG 

impacts of different strategies as an important contribution to decision making.  

 

Even if users have no access to complete data for the situation in their region or country 

they can use the proposed default values to achieve a best guess. Certainly, the better 

the databases ï especially in terms of waste quantities and composition ï the better and 

more reliable are the results. Nevertheless, in practice waste treatment options must be 

thoroughly assessed in any case before realising a new project. The results of the SWM-

GHG Calculator can and should provide additional information for the decision making 

process only. 

 

 

3 Recommendations for defining scenarios 

Some recommendations for defining scenarios are given, together with an example 

describing a possible Status Quo scenario and three waste management strategy 

scenarios. The exemplary scenarios are described briefly in Table 3-1.  

 

1. All scenarios should refer to the same region, waste quantity and waste 

composition.  

2. Describe the Status Quo as realistically as possible. Initially collect only easily 

accessible or available basic input data (population figures, waste quantities and 

                                                
1
 Basic information according to the CDM procedure can be found e.g. in (UBA 2009) 
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compositions, present waste disposal practice). Donôt waste time on ambitious 

data research. If data are not easily available, use the default values provided. 

3. Define Scenario 1 as the probable future business-as-usual development 

scenario, e.g. solutions in neighbouring regions, solutions discussed on political 

and professional levels. Try to estimate the quantities of waste already being 

recycled, in particular by the informal sector, as accurately as possible, but do not 

overestimate them! Keep in mind that even comprehensive informal recycling 

schemes do not recover more than about 50% of the generated recyclable waste 

components (paper, cardboard, plastics etc.).  

4. Define Scenario 2 as a more advanced solid waste management system. For 

example, extension of waste collection services to as yet unconnected 

municipalities or city quarters; optimisation of recycling activities, e.g. by 

cooperation with the informal sector or supportive measures; introduction of 

composting for selected waste streams (garden, park, market waste); possible 

pre-treatment/biological stabilisation of residual waste before sending to landfill. 

5. Define Scenario 3 as a modern solid waste management system according to the 

advanced standards and strategies of western European countries, e.g. closed-

loop-recycling systems, waste-to-energy strategies, etc.; stay realistic with 

achievable recovery rates. Figures of more than 80% - 90% material recycling are 

not achievable even with very advanced strategies and technologies (see Table 

6-1). 

 

Last but not least and most important: Play with the tool! Try to identify what can be 

achieved in GHG mitigation by applying different visions for the organisation of solid 

waste management in your city, in your region or even in your country! 
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Table 3-1 Example of a Status Quo and definition of alternative scenarios 

Status Quo 

The Status Quo describes a typical situation in a developing country where no 

appropriate sanitary waste management currently takes place. Waste is partly 

recycled by the informal sector under difficult health conditions. Some 

neighbouring municipalities or districts are not yet covered by regular waste 

collection services. The majority of the waste is dumped on unmanaged 

disposal sites under anaerobic conditions producing methane; other parts are 

disposed of in low heaps (ñscattered disposalò) under aerobic conditions, 

producing mainly carbon dioxide. Half of the scattered waste is burned in 

open fires producing extreme air pollution. 

Scenario 1:  
Improved 
recycling; 
disposal of 
residual waste to 
sanitary landfill 

In this scenario it is assumed that a higher recycling rate can be realised and 

that garden and park waste is partly collected separately and composted. The 

remaining residual waste is mainly disposed of to sanitary landfill with a high-

efficiency gas collection system (50%). The collected gas is used for 

electricity generation. 10% of the remaining residual waste is still scattered 

but no longer burned, assuming rural areas cannot be connected to the 

central landfill. 

Scenario 2: 
Recycling as for 
Scenario 1; 
biological 
stabilisation of 
remaining 
residual waste 

This scenario is similar to Scenario 1 with one important difference: it is 

assumed that the remaining residual waste is no longer sent to landfill 

directly, but is pre-treated in a stabilisation process before being discarded, 

thus significantly minimising the resulting methane emissions from landfill. 

Gas collection is therefore no longer needed. Recycling rates and connection 

rates to central facilities are identical to Scenario 1. In accordance with 

Scenario 1, 10% of the remaining residual waste is still scattered but not 

burned. 

Scenario 3: 
Advanced solid 
waste 
management 
system 

This scenario represents the most advanced solid waste management 

strategy. High recycling rates for dry recyclables are assumed as well as 

increased efficiency in the separate collection and composting of garden and 

park waste. The remaining residual waste is separated via mechanical-

biological and/or mechanical-physical stabilisation producing a refuse-derived 

fuel (RDF) fraction that is used in a cement kiln and a metal fraction for 

recycling. Additionally, an inert fraction is separated for disposal and 

impurities for incineration in a MSWI plant. Rural areas are connected to the 

system ï waste scattering no longer occurs. 

 

 

The percentages for recycling rates, type of biological treatment, whereabouts of the 

remaining residual waste and data on disposal technologies for the above described 

scenarios in the example used in this manual are shown in Table 3-2 to Table 3-5. These 

tables correlate with the input boxes in the SWM-GHG Calculator where users should 

insert their own data for their Status Quo and the scenarios they would like to compare.  
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Table 3-2 Recycling rates ï Example of a Status Quo and alternative scenarios 

 Status Quo  Scenario 1 Scenario 2 Scenario 3 

Paper, cardboard 30%  50% 50% 70% 

Plastics 30%  50% 50% 70% 

Glass 10%  30% 30% 50% 

Ferrous metals 40%  60% 60% 70% 

Aluminium 40%  60% 60% 70% 

Textiles 10%  20% 20% 40% 

      

Food waste 0%  0% 0% 0% 

Garden and park waste 0%  20% 20% 40% 

 

Table 3-3 Composting or digestion of separately collected organic waste ï Example 

of a Status Quo and alternative scenarios 

 Status Quo  Scenario 1 Scenario 2 Scenario 3 

Composted 0%  100% 100% 100% 

Digested 0%  0% 0% 0% 

 

Table 3-4 Waste treatment and disposal of residual waste ï Example of a Status Quo 

and alternative scenarios 

 Status Quo  Scenario 1 Scenario 2 Scenario 3 

Scattered waste not burned 10%  10% 10% 0% 

Open burning of scattered waste 10%  0% 0% 0% 

Wild dumps/unmanaged disposal site 80%  0% 0% 0% 

Controlled dump/landfill without gas 

collection 0% 

 

0% 0% 0% 

Sanitary landfill with gas collection 0%  90% 0% 0% 

BS + landfill 0%  0% 90% 0% 

MBT + further treatment + landfill 0%  0% 0% 0% 

MBS/MPS + co-processing cement kiln 0%  0% 0% 100% 

Incineration 0%  0% 0% 0% 
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Table 3-5 Data on disposal technologies ï Example of a Status Quo and alternative 

scenarios 

 Status Quo  Scenario 1 Scenario 2 Scenario 3 

Efficiency of gas collection 0%  50% 0% 0% 

      

Treatment of collected landfill gas 

No treatment, ventilation only 0%   0% 0% 0% 

Flare 0%   0% 0% 0% 

Electricity generation 0%   100% 0% 0% 

      

Energy efficiency of incineration 

Electricity 0%   0% 0% 0% 

Thermal 0%   0% 0% 0% 

 

 

 

4 Overview (Intro) 

The SWM-GHG Calculator was financed by funds provided by the German Federal 

Ministry for Economic Cooperation and Development (BMZ) and designed on behalf of 

the KfW Entwicklungsbank, in cooperation with GTZ (German Technical Cooperation 

Agency). It is based on Excel as a very common spreadsheet application and 

implemented in a rather simple manner in order to allow users to quickly understand how 

the tool works. The tool contains brief instructions on what to do, at few points, where it 

may be a little more complex; alternatively, an assistant can be used. Principally, the 

ambition was to retain the Excel character as far as possible because most users are 

familiar with this software.  

 

In addition to the instructions, further information can be found in the tool, e.g. in the 

reading text or in the Excel comments. Additionally, intermediate results are shown at a 

number of places; the respective areas in the tool can be recognised by boxes marked 

yellow.  

 

The SWM-GHG Calculator comprises the following sheets: 

 

Intro: Brief outline of the SWM-GHG Calculator, contact persons. 

 

Start: Specification of waste amount, waste composition, waste 

characteristics and country-specific electricity grid. 

 

Recycling: Specifications for waste recycling, up to 4 scenarios can be 

compared. 

 

Disposal: Specifications for waste treatment and disposal, up to 4 scenarios 

can be compared. 

 

Costs: Specification of costs for waste recycling, and waste treatment and 

disposal. 
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Result sheets: 

Results SQ: Results of the Status Quo scenario 

Results Sc1: Results of Scenario 1 

Results Sc2: Results of Scenario 2 

Results Sc3: Results of Scenario 3 

 

Results all: Summary comparison of the results of up to four scenarios. 

 

Results costs all: Summary comparison of the absolute costs of up to four scenarios 

and mitigation costs per tonne of GHG of the scenarios 1 to 3 

compared to the Status Quo 

 

The sheets are explained in more detail in the following sections.  

 

Basically, to work with the tool, data must be entered into the green cells. 

 

 

5 "Start" 

Some basic data must be entered to start calculations.  

 

On the first worksheet, "Start", these are: 

 

Á Total waste amount 

Á Waste composition in percentages of wet weight 

Á Waste characteristics 

Á Country-specific GHG emission factor for generation of electricity 

5.1 Total waste amount 

The total waste amount can be entered either as:  

 

a) Total waste amount in tonnes per year (tonnes/yr), or 

b) Specific waste quantity in kilogrammes per capita and year (kg/cap/yr) combined 

with number of inhabitants, or 

c) Specific waste quantity in kilogrammes per capita and day (kg/cap/day) combined 

with number of inhabitants calculated for 365 days/year. 

 

Please note that only one option (a, b or c) may be used!  

 

Please note that 1 kg/cap/day = 365 kg/cap/yr is generally used as a conversion factor. 

 

If users are not sure of what to enter in this step they can alternatively use an assistant by 

clicking the respective button: 

 

 
Assistant
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If no data are available on the specific waste quantity, either the recommended default 

values for low income (LIE) or middle income (MIE) economies given in the tool may be 

selected or data from the IPCC guidelines 2006 used (see annex, Table 0-1).  

 

Table 0-2 in the annex shows data on the number of inhabitants in low, lower middle and 

upper middle income economies and the degree of urbanisation (DSW 2007).  

 

The result of your entry is shown in the yellow box for your information.  

 

View before data entry  View after data entry  

Intermediate result / information
Your input results in a total waste amount of

Result - total waste amount

tonnes/yr 1.350.000

kg/cap/yr insert inhabitants in green cell

kg/cap/day insert inhabitants in green cell

 

Intermediate result / information
Your input results in a total waste amount of

Result - total waste amount

tonnes/yr 1.350.000

kg/cap/yr 270

kg/cap/day 0,74

 
 

If you still see "insert inhabitants in green cell", you must insert the number of inhabitants 

in the green cell.  

If you see "0", you must specify a value for the quantity of waste. 

If you are not sure what to do use of the assistant is recommended. 

 

In general, if users forget any data needed in the green cells on a worksheet, they will be 

reminded when they try to move to a different worksheet. 

 

If you forget the quantity of waste the following warning appears: 

yes no

 
 

If you forget the number of inhabitants the following warning appears: 

yes no

 
 

In order to properly utilise the SWM-GHG Calculator, please do not continue anyway 

(click "no") but return to the previous worksheet and fill in the missing data in the green 

cells as advised or use the Assistant.  

5.2 Waste composition 

Waste composition is one of the main factors influencing GHG emissions from solid 

waste treatment, because different waste fractions contain different amounts of 
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regenerative and/or degradable organic carbon (DOC) and fossil carbon. DOC is crucial 

for landfill gas generation, while only fossil carbon contributes to climate change in case 

of incineration. CO2 from organic carbon is considered neutral to the climate because it 

originates from plants that bonded atmospheric CO2. Another important aspect is the 

calorific value, which varies as a function of waste composition. For example, usually, the 

higher the organic waste content in municipal solid waste (MSW); the lower calorific value 

is caused by the typically higher water content of the waste.  

 

The calculations in the SWM-GHG Calculator are based on the total waste amount. This 

is necessary to assess possible waste management scenarios properly. The total waste 

amount is defined as the sum of waste for disposal and waste for recycling. Recycling 

includes activities from the informal sector.  

 

The waste composition must be entered in percentages of wet weight. The relation to 

weight is more reliable than a relation to volume. It is recommended to carry out a sorting 

analysis whenever possible to acquire the necessary data. If no data can be provided, 

choose from the recommended default values for low income (LIE) or middle income 

(MIE) economies (Table 5-1) that are also given in the tool. Alternatively, data from the 

IPCC guidelines 2006 can be used (see annex, Table 0-3) but these do not provide data 

for garden and park waste, ferrous metals, aluminium, nappies and mineral waste; see 

the recommendations below for these data.  

 

Table 5-1 Default values for waste composition for low (LIE) and middle income 

economies (MIE)  

Components Default LIE Default MIE 

Food waste 55.4% 41.9% 

Garden and park waste 9.2% 14.0% 

Paper, cardboard 3.7% 9.3% 

Plastics 2.8% 6.5% 

Glass 1.2% 1.9% 

Ferrous Metals 1.4% 1.9% 

Aluminium 0.2% 0.5% 

Textiles 1.4% 3.3% 

Rubber, leather 1.4% 1.9% 

Nappies (disposable diapers) 0% 4.0% 

Wood 3.5% 6.0% 

Mineral waste 6.0% 3.0% 

Others 13.8% 5.8% 

Total (must be 100%) 100.0% 100.0% 

Source: (KfW 2008) supplemented by assessed shares of aluminium, nappies, wood and 
minerals and adjusting the "Others" fraction. 

 

The total percentages entered must equal 100%. Otherwise, you will be reminded by an 

Excel warning to check your input when you try to move to another worksheet: 
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yes no

 
 

Explanations and recommendations:  

 

- Food waste is waste from kitchens before (waste from preparation) and after 

(scraps, leftovers) consumption; this includes smaller quantities of animal waste.  

- If no information is available to distinguish between food waste and garden & park 

waste it is recommended to allocate the known percentage of organic waste as 50% 

food waste and 50% garden and park waste. 

- If information is available on quantities of Tetra Pak or cardboard packaging it may 

be added to the waste fraction "Paper, cardboard". 

- Plastics include polyethylene (PE), polypropylene (PP), polyethylene terephthalate 

(PET), polystyrene (PS) and polyvinyl chloride (PVC). 

- Aluminium is the only non-ferrous metal regarded separately here; other non-

ferrous metals are of minor importance and should be included in "Others"; if only a 

percentage is known for "metals", it is recommended to split this percentage to 15% 

aluminium and 85% ferrous metals. 

- "Others" includes all waste fractions not mentioned specifically, such as "fine 

fraction", "electronic scrap", "miscellaneous" or "carcasses and bones", etc. 

5.3 Waste characteristics ï water content 

The water content of waste, and consequently the calorific value, can differ significantly, 

having an important impact on the results when waste is incinerated. The SWM-GHG 

Calculator respects this dependency and users must distinguish between waste with low 

or high water content.  

 

Insert "1" for either low or high water content into the green cells. Alternatively, use the 

assistant by clicking the respective button: 

 

 
Assistant

 
 

If users forget to define the water content they will be reminded by an Excel warning to 

check their input when trying to move to another worksheet: 

yes no

 
 

Even though "high" and "low" water content is a rather arbitrary distinction, it aids more 

precise calculations such that it can be assumed that the deviation due to simplification is 

probably no greater than the general uncertainty of the results. On the other hand, the 
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effort required to determine the water content is relatively high and may not be possible in 

many developing countries.  

 

Table 5-2 shows some indices to help judge if the waste in question has a low or high 

water content. 

 

As a very rough rule of thumb a water content below 40% can be considered as low and a 

water content above 40% as high. 

 

Table 5-2 Indices for low and high water content 

Low water content High water content 

- The waste looks dry - The waste is sludgy, water is oozing out 

- The waste has a high ash content, e.g. in 
regions where people heat and cook on coal-
burning stoves 

- The waste has a high level of food waste 

caused by regional eating habits and lack of 

livestock to feed scraps to  

- The waste has a low level of garden waste or 
waste from plants, e.g. in arid regions 

- The waste has a high level of wet/non-

ligneous garden waste or waste from plants, 

e.g. in humid areas 

- The waste is stored under dry conditions 
- The waste is stored openly, precipitation adds 

to the water content 

 

 

5.4 Calculation of waste parameters ï intermediate result 

Based on the defined waste composition and the indication of low or high water content 

the regenerative carbon content, fossil carbon content and calorific value parameters are 

calculated by taking the respective carbon content and calorific value of each waste 

fraction and multiplying with the percentage of each waste fraction. The low and high 

water content are considered for the organic fraction and the non-specified fraction 

(others, especially fine fraction), because these two fractions usually vary most in water 

content. Other waste fractions such as paper/cardboard, plastics, glass, metals and 

textiles usually have a fairly stable water content and can be specified with fixed calorific 

value. 

 

All calculation processes are shown transparently on the "Calculation" worksheet in the 

SWM-GHG Calculator.  
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Table 5-3 Carbon content waste fractions - Total and fossil carbon (IPCC 2006) 

 C total C fossil  

Food waste 15.2% 0% % wet waste 

Garden and park waste 19.6% 0% % wet waste 

Paper, cardboard 41.4% 1% % wet waste 

Plastics 75.0% 100% % wet waste 

Glass 0% 0% % wet waste 

Ferrous metals 0% 0% % wet waste 

Aluminium 0% 0% % wet waste 

Textiles 40.0% 20% % wet waste 

Rubber, leather 56.3% 20% % wet waste 

Nappies (diapers) 28.0% 10% % wet waste 

Wood 42.5% 0% % wet waste 

Mineral waste 0.0% 0% % wet waste 

Others 2.7% 100% % wet waste 

 

Table 5-3 shows the percentages used for total and fossil carbon content of the waste 

fractions according to (IPCC 2006). Table 5-4 shows the calorific values of the waste 

fractions used in the calculations. The table also shows the estimated water content of 

organic waste and non-specified waste ("Others") in case of a low or high water content.  

 

Table 5-4 Calorific value waste fractions 

Fraction Calorific value  

Organic waste low water content 4 MJ/kg wet waste 

Organic waste high water content 2 MJ/kg wet waste 

Paper 11.5 MJ/kg wet waste 

Plastics 31.5 MJ/kg wet waste 

Glass 0 MJ/kg wet waste 

Metals 0 MJ/kg wet waste 

Textiles, rubber, leather 14.6 MJ/kg wet waste 

Wood 15 MJ/kg wet waste 

Mineral waste 0 MJ/kg wet waste 

Others low water content 8.4 MJ/kg wet waste 

Others high water content 5 MJ/kg wet waste 

Source: (AEA 2001); wood IFEU estimate 

 

The results of the calculations for calorific values and regenerative and fossil carbon 

content are shown in the tool for information. They are shown in the yellow box.  
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Intermediate result / information
The waste composition and water content you defined 

leads to the following physical properties of the total waste

Result - calorific value and carbon content of total waste

Calorific value in MJ/kg 6,8

Total carbon content in % wet waste 24,0%

Fossil carbon content in % wet waste 5,6%

Regenerative carbon content in % wet waste 18,4%

 
 

If the cell for the calorific value indicates "wrong", please check that the question on water 

content was answered correctly. You will be reminded to do so anyway when you try to 

move to another worksheet.  

 

Carbon content and calorific value are important parameters in many ways. As explained 

in Section 5.2, the organic and fossil carbon content influence the GHG emissions results. 

The calorific value is an important indicator for the combustibility of the waste. However, 

the results calculated and shown in the SWM-GHG Calculator are never reliable or 

representative enough to decide whether waste is appropriate for incineration or for waste 

management strategy decisions. More precise information acquired by detailed analysis 

of the waste is needed for decision making. The most important parameters that must be 

known are combustible matter, ash and water contents. Based on these three parameters 

the calorific value can be assessed with the help of what is called the fuel triangle (Figure 

5-1). The triangle combines the three parameters in a graph that shows whether a waste 

is capable of self-sustaining incineration (red area) and indicates the respective calorific 

value.  
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Figure 5-1 Fuel triangle 
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As a rough rule of thumb it can be assumed that self-sustaining incineration is difficult or 

no longer possible if the calorific value of a waste is < 6 MJ/kg. As discussed above, in 

practice waste should be thoroughly tested for incineration suitability. 

 

Furthermore, the heavy metal, sulphur and halogen contents in particular have a 

considerable impact on flue gas cleaning requirements and incineration costs. 

Determination of these parameters requires in-depth surveys of waste composition, and 

physical and chemical analyses.  

5.5 Country-specific GHG emission factor for generation of electricity  

Electricity generation produces GHG emissions. Usually, these are direct emissions from 

fuel combustion (mainly CO2 from oxidation of the fossil carbon in the fuel) and indirect 

emissions from the supply of fuels, e.g. methane emissions from the mine during coal 

mining. Overall, the specific quantity of GHG emissions per kilowatt hour electricity 

depends on the energy carriers or mix of energy carriers used for electricity generation. 

The highest GHG emissions result from coal and oil as they have the highest fossil 

carbon content relative to energy content. The lowest GHG emissions from fossil fuels 

result from natural gas because natural gas has a low carbon content relative to energy 

content. Almost no GHG emissions at all result from such renewable energy sources as 

wind or water and from nuclear power plants, as in these cases no fossil carbon is 

burned.  

 

The tool provides some examples for country-specific CO2 emissions from electricity 

generation, which are shown in Table 5-5. More values for countries worldwide can be 

found in Table 0-4 in the annex. These emission factors only refer to direct CO2 

emissions from fuel combustion. Worldwide data on GHG emissions from electricity 

generation, including indirect emissions, are not available. Nevertheless, the 

underestimation by disregarding indirect GHG emissions for electricity production is not 

too significant in relation to the importance of methane emissions from landfill. On this 

note it is also not absolutely necessary to enter the correct emission factor for a specific 

country. If users know the specific emission factor for electricity production in their country 

then of course it is best to use that value (in g CO2-eq/kWh electricity). But otherwise, a 

value can be chosen from the default values given in Table 5-5. If you are not sure what 

to choose please do not hesitate to make a best guess or try two different values to see 

the difference in the results.  

 

If users forget to insert a figure for the electricity mix they are reminded by an Excel 

warning to do so when trying to move to another worksheet: 

yes no

 
 

The CO2 emission factors for electricity production are not only used to calculate the GHG 

emissions from electricity demand, but also to calculate the benefit from electricity 

generated by a waste treatment technology (e.g. incineration).  

 



 Manual: SWM-GHG Calculator Page 17 
  

 

Table 5-5 Examples of country-specific GHG emissions for electricity production 

Electricity grid Default choices  

Brazil (90% renewable) 51 g CO2-eq/kWh 

China (80% fossil, 18% renewable) 1009 g CO2-eq/kWh 

India (75% fossil, 18% renewable) 886 g CO2-eq/kWh 

Mexico (63% fossil, 27% renewable) 607 g CO2-eq/kWh 

South Africa (95% fossil) 819 g CO2-eq/kWh 

Ukraine (63% fossil, 32% nuclear)  276 g CO2-eq/kWh 

Source: EIA Energy Information Administration: official energy statistics from the U.S. government 

World total net electricity generation 2005 and CO2 emissions from power plants worldwide using 

data from Carma (www.carma.org) 

 

 

6 "Recycling" 

On the "Recycling" worksheet you are asked for the recycling rates of different waste 

fractions and additionally for the type of treatment in the case of organic waste: 

 

Á Recycling rates for dry materials 

Á Recycling rates for organic waste (food waste, garden and park waste) 

Á Share of composting and digestion of recycled organic waste 

6.1 Dry materials 

Dry waste fractions that are considered in the SWM-GHG Calculator are  

 

- Paper, cardboard 

- Plastics 

- Glass 

- Ferrous metals 

- Aluminium  

- Textiles 

 

The recycling rate asked for in the SWM-GHG Calculator corresponds to the amount of 

each waste fraction in the total waste (Figure 6-1).  

 

Example ï recycling rate for paper, cardboard: 

 

The total waste in a region is 1,000,000 tonnes per year 

The share of paper and cardboard in the total waste quantity is 10%   

= 100,000 tonnes per year 

The recycling rate defines how much of the 100,000 tonnes of paper and cardboard 

in the total waste is recycled  

Č If 30,000 tonnes of paper, cardboard are recycled per year, then the recycling 

rate is 30,000/100,000 = 30% and this value must be entered into the green cells. 

 

http://www.carma.org/
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Others

Mineral waste

Wood

Nappies

Rubber, leather

Textiles

Aluminium
Ferrous metals

Glass

Plastics

garden, park waste

Food waste

x % to recycling

(100-x) % to disposal

Paper, cardboard

Total

waste

amount

 

Figure 6-1 Example recycling rate for paper, cardboard 

 

The recycling rate should include the activities of the informal sector. Therefore, the waste 

quantity that is already separated by the informal sector must be included in the 

calculation.  

 

Recycling rates vary from country to country and it is not possible to provide default 

values. Usually, countries with integrated waste management systems have high 

recycling rates. Table 5-5 shows the recycling rates for waste fractions in the EU 27 

(Prognos/IFEU/INFU 2008), for Germany as assessed in (IFEU/Öko-Institut 2009) in 2006 

and for Mexico in 2004 (SEMARNAT/INE 2006).  

 

Table 6-1 Recycling rates in the EU 27 and in Germany 

 EU 27
1) 

 Germany
2)

 Mexico 

 
Prognos/IFEU/ 

INFU 2008 
Öko-Institut/ 
IFEU 2009 

SEMARNAT/ 
INE 2006 

Glass 50% 63% 13% 

Paper, cardboard 56% 78% 16% 

Plastics 35% 57% 8% 

Ferrous metals 76%  80% 

Aluminium 66%   

Textiles 32%   

Organic waste 37% 63% 3% 
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6.2 Organic waste composting and/or digestion 

Organic waste considered in the SWM-GHG Calculator is: 

 

- Food waste 

- Garden and park waste 

 

The recycling rate for organic waste must be entered analogous to dry material. The 

SWM-GHG Calculator calculates two treatment options for organic waste: composting 

and digestion. The next step therefore asks how much of the recycled organic waste is 

either composted or digested. The reference value here is the amount of food waste, and 

garden & park waste in the total waste; as a simplification these two organic waste 

fractions are not distinguished further.  

 

Example ï recycling rate and type of treatment organic waste  

 

The total waste amount in a region is 1,000,000 tonnes per year 

The share of food waste in the total waste is 40%   

= 400,000 tonnes per year 

The share of garden and park waste in the total waste is 15%   

= 150,000 tonnes per year 

The recycling rate for food waste is 20% = 80,000 tonnes per year 

The recycling rate for garden and park waste is 50% = 75,000 tonnes per year 

Č In total 155,000 tonnes of organic waste are recycled per year 

The next step asks how much of the 155,000 tonnes of organic waste is either 

composted or digested  

Č If 15,500 tonnes of the organic waste are digested and the rest is composted, 

then 15,500/155,000 = 10% must be entered into the green cells for digestion and 

90% for composting.  

 

If organic waste is recycled the total organic waste digested and/or composted must be 

100% in any case. If no recycling of organic waste is planned the green cells must not be 

filled in. If you forget to fill in the respective green cells correctly you will be reminded by 

an Excel warning to check the sum when you try to move to a different worksheet: 

yes no
 

6.3 Intermediate results ï waste parameters of remaining residual waste 

The recycling rates defined change the composition of the remaining residual waste and 

consequently the waste characteristics. For your information, the corresponding calorific 

values and regenerative and fossil carbon content of the remaining residual waste are 

now presented as intermediate results, which are shown in the yellow box.  
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Intermediate result / information
Separate collection changes the original waste composition, the recycling rates you inserted

lead to the following physical properties for the remaining residual waste

Result - carbon content of total waste Status Quo Scenario 1 Scenario 2 Scenario 3

Calorific value in MJ/kg 6,2 5,8 5,8 5,4

Total carbon content in % wet waste 22,7% 21,7% 21,7% 20,5%

Fossil carbon content in % wet waste 4,4% 3,6% 3,6% 2,6%

Regenerative carbon content in % wet waste 18,3% 18,1% 18,1% 17,9%

 
 

Further calculations for disposal are in terms of this elementary composition of the 

remaining residual waste.  

6.4 Recycling ï treatment processes and GHG emission factors 

GHG emissions for the recycled waste fractions defined in this step are calculated based 

on the mass of waste recycled and a GHG emission factor. The GHG emission factors 

used are shown in the annex. They correspond to the European level, and are described 

briefly in the annex. 

 

 

7  "Disposal" 

On the "Disposal" worksheet you are asked for the type of disposal of the remaining 

residual waste, and some data on disposal technology.  

 

Á Options for waste treatment and disposal 

Á Data on disposal technologies ï landfill 

Á Data on disposal technologies ï MSWI  

 

The remaining residual waste is the waste that remains after recycling material has been 

extracted from the total waste either by the informal sector or by separate collection (see 

Figure 6-1 "(100-x)% to disposal").  

 

Example ï remaining residual waste 

 

The total waste amount in a region is 1,000,000 tonnes per year 

The total waste recycled is 300,000 tonnes per year (sum of paper, cardboard, 

plastics, glass, ferrous metals, aluminium, textiles, food waste, garden and park 

waste to recycling)  

Č The resulting remaining residual waste is 1,000,000 - 300,000 = 700,000 tonnes 

per year.  

 

You must indicate the type of treatment for this amount of remaining residual waste on 

the "disposal" worksheet.  
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7.1 Options for waste treatment and disposal 

Manifold treatment types and technologies exist. Some should be avoided at all costs as 

they pose health hazards to the population and damage the environment, some are very 

simple but at least less hazardous, and finally there are sophisticated or advanced 

treatment technologies. The treatment technologies represented in the SWM-GHG 

Calculator are listed below.  

 

The first group includes common present practices that should be avoided at all costs. 

They affect waste which is not regularly collected but usually scattered or delivered to a 

wild dump site. Additionally, scattered waste is sometimes burned in the open (including 

directly at households), producing huge amounts of extremely toxic substances (in 

particular dioxins, furanes, aromatic hydrocarbons ...).  

 

1) Scattered waste not burned 

2) Open burning of scattered waste 

3) Wild dumps/unmanaged disposal site 

 

The second group is that of simple treatment and disposal technologies. Apart from 

disposal to controlled landfills this includes simple biological stabilisation (BS) before 

disposal whereby methane emissions are reduced. 

 

4) Controlled dump/landfill without gas collection 

5) Sanitary landfill with gas collection 

6) BS
2
 + landfill 

 

The third group includes advanced technologies. Apart from waste incineration this 

includes treatment options with the purpose of separating recyclable fractions before 

stabilising the remaining waste biologically prior to sending to landfill or to produce a 

refuse-derived fuel that may be co-incinerated, e.g. in cement kilns. 

 

7) MBT
3
 + further treatment + landfill 

8) MBS/MPS
4
 + co-processing cement kiln 

9) Incineration 

 

The total of the percentages of waste treatment and disposal options entered must equal 

100%. If you forget to fill in the respective green cells correctly you will be reminded by an 

Excel warning to check the sum when you try to move to a different worksheet: 

yes no

 
 

All treatment types and technologies mentioned are described briefly in the annex. 

                                                
2
 Biological stabilisation 

3
 Mechanical-biological treatment 

4
 Mechanical-biological stabilisation / mechanical-physical stabilisation 



 Manual: SWM-GHG Calculator Page 22 
  

 

7.2 Data on disposal technologies 

The tool allows some important parameters to be defined according to whether waste is 

sent to landfill or incinerated: 

 

- Efficiency of gas collection 

- Treatment of collected landfill gas 

- Net efficiency of energy utilisation through waste incineration 

 

Efficiency of gas collection in this context means the share of all potential methane 

generated from a given quantity of waste that can be captured, or in other words the ratio 

of collected landfill gas to the total generated landfill gas from a given quantity of waste.  

 

Treatment options for collected landfill gas are: no treatment, flaring or electricity 

generation. The total of the percentages of gas treatment you entered must equal 100%. 

If you forget to fill in the respective green cells correctly you will be reminded by an Excel 

warning to check the sum when you try to move to a different worksheet: 

yes no

 
 

Further information on the net efficiency of energy utilisation through waste incineration 

and the efficiency of gas collection and treatment of collected landfill gas is given in the 

annex. 

 

 

8 "Costs" 

Typical default cost figures for the different activities have been deduced here from 

literature, data and empiricism. User-figures may be entered if available. The values 

represent average total costs (dynamic prime costs) and may vary considerably according 

to national and local conditions. The level of technology also has an important influence 

on the total cost. 

 

The costs of establishing collection systems are also assumed to be required in each 

scenario and are not taken into account. 

 

Costs for recycling are the effective costs from the point of view of the municipality. It is 

assumed that the collection and treatment costs are covered by revenues, irrespective of 

who is responsible for collection and treatment. The costs for municipalities mainly consist 

of public relations costs, the provision of bins and/or bags for the collection of recyclables, 

administration costs, etc.  

 

Table 8-1 shows a range of minimum and maximum costs per tonne of waste for the 

different treatment options included in the SWM-GHG Calculator. The values can also be 

found in the SWM-GHG Calculator. They are based on data from (eunomia).  


















