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Municipal Solid Waste (MSW)
Incineration

Basic technical assumptions
Typical throughput range of moving grate (mass burn): 120 – 720 tonnes/day (p. 6); eq. to 5 – 30 tonnes/hour (ref. 8).

Net calorific values for waste treated at 50 European MSW plants (ref. 8, p. 83):
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Net electricity and heat production efficiencies (production - own consumption), 2001 data (ref. 8, p. 196):

	
	Minimum
	Average
	Maximum

	Electricity
	8.7 %
	13 %
	18 %

	Heat
	29.9 %
	58.8 %
	72.7 %


The above data are based on 8 plants. Several plants produce more than 20% electricity net. The below net efficiencies are from Dutch MSW-plants in 2005
:
	Electricity 
	13%
	14%
	12%
	7%
	-5%
	17%
	23%
	21%
	-4%
	20%
	16%

	Heat
	16%
	13%
	0%
	0%
	18%
	21%
	0%
	2%
	72%
	0%
	0%


Efficiencies of future plants have been estimated as follows (ref. 1):

2004:
Electricity 19.5 %; heat 65.4 %.

2010-2015:
Electricity 23.9 %; heat 71.1 %.

2020-2030:
Electricity 26.0 %; heat 71.0 %.

The design and operation of MSW plants varies greatly. For example, in Sweden and Denmark, revenues gained from the combined sales of thermal energy and electricity enable relatively low gate fees
. Actually, in Sweden, the generation of electricity is often not implemented in the face of considerable revenues for heat recovery. In other countries, support for electricity production has encouraged electrical recovery ahead of heat recovery, e.g. UK, Italy, and Spain (ref. 8).
It therefore makes little sense to define one global norm for the operation, and users of the REcalculator should take care in setting appropriate input parameters. Default values for operation have been set to 5000 hours/year in cogeneration mode and 2000 hours/year in electricity-only mode. 
In the Netherlands, the average availability is 94% (8200 hours/year), while the average number of equivalent full-load production hours is 6500 hours/year
. 

Air emissions

Emissions to air (ref. 8, p. 156):

	
	Limits in 2000/76/EC, daily averages (mg/m3)
	Annual averages (mg/m3)

	Dust
	10
	0.1 – 4

	SO2
	50
	0.2 – 20

	NOx
	200
	20 – 180


CO2

Special paper written Mr. Bernt Johnke, Germany (ref. 12):
The incineration of municipal waste involves the generation of climate-relevant emissions. These are mainly emissions of CO2 (carbon dioxide) as well as N2O (nitrous oxide), NOx (oxides of nitrogen), NH3 (ammonia) and organic C, measured as total carbon. CH4 (methane) is not generated in waste incineration during normal operation.

The incineration of 1 tonne of municipal waste in MSW incinerators is associated with the production/release of about 0.7 to 1.2 tonne of carbon dioxide (CO2 output). The proportion of carbon of biogenic origin is usually in the range of 33 to 50 percent.

In the proposed methodology to calculate emissions from waste incineration, the paper assumes that CO2 emissions average 1 tonne per tonne of waste, and that the proportion of climate-relevant CO2 averages 0.415 tonne of CO2 per tonne of waste
.

The calorific value of MSW is:

Europe: 
7,500 – 10,500 kJ/kg 

Japan: 
5,000 – 10,500 kJ/kg

USA: 
9,000 – 15,000 kJ/kg

The N2O emissions, in terms of CO2-equivalent, are less than 1% of CO2.

Derived calculations

Assuming a calorific value of 10,400 kJ/kg, the CO2 emission factor becomes:

0.0399 tonnes CO2/GJ, rounded to 0.04 tonnes CO2/GJ.

N2O emissions are ignored.

Investment costs

The following table (ref. 8, p. 15) illustrates how the capital costs of an entire new MSWI installation vary with the flue-gas and residue treatment processes applied (data from Germany, 2003):
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Assuming the average net calorific value of 10.4 MJ/kg and the average electricity efficiency of 13%, the quoted specific investment costs for a 100 ktonnes/year plant converts to:

Dry:
12 M€/MW

Dry plus wet:
14 M€/MW

Dry plus wet with residue processing:
17 M€/MW

Investment costs of future plants have been estimated as follows (ref. 1):
2010-2015:
6.3 M€/MW.

2020-2030:
5.8 M€/MW.

Operation and maintenance costs

Fixed O&M (ref. 1, 2002 prices, converted to 2006 prices):

2010-2015:
253,000 €/MW/year

2020-2030: 
232,000 €/MW/year

Variable O&M (ref. 1, 2002 prices, converted to 2006 prices):

2010-2015:
24 €/MWh

2020-2030: 
22 €/MWh

Income

Gate fees in European MSW plants (EUR/tonne; ref. 8, p. 14):

Belgium 
56 – 130 

Denmark 
40 – 70 

France 
50 – 120

Germany 
100 – 350

Italy 
40 – 80

Netherlands 
90 – 180

Sweden 
20 – 50

United Kingdom 
20 – 40

In Sweden and Denmark, gate fees are lower, at least in part because of the revenue gained from the sales of  thermal energy as well as electricity.

Ignoring the extreme low and high gate fees, typical values would be something like:

	
	Minimum
	Average
	Maximum

	Gate fee (EUR/tonne)
	40
	100
	180

	Net calorific value (GJ/tonne)
	10.4
	10.4
	10.4

	Gate fee (EUR/GJ), rounded
	4
	10
	18


In practice the difference between low and high costs in the different countries depends on taxes etc. In Denmark the average gate fee (80 EUR/tonne) includes an incineration levy (44 EUR/tonne). Adding transport costs of 13 EUR/tonne, the socio-economic value of MSW as fuel becomes 80 – 44 + 13 = 50 EUR/tonne, or 5 EUR/GJ
.    
On this background, a value of 8 EUR/GJ has been chosen as default value for the socio-economic cost of MSW as fuel (waste transport and treatment).
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� Afvalverwerking in Nederland, Gegevens 2005, SenterNovem, Uitvoering Afvalbeheer 2006 (Waste Processing in the Netherlands); not publiced. Negative values are plants that do not produce electricity; therefore their own use of electricity is considered as negative. Future plants in Amsterdam aim at higher efficiencies.


� Another reason for low power revenue in Sweden is the low cost of nuclear and hydro power.





� Afvalverwerking in Nederland, Gegevens 2005, SenterNovem, Uitvoering Afvalbeheer 2006 (Waste Processing in the Netherlands); not publiced. Negative values are plants that do not produce electricity; therefore their own use of electricity is considered as negative. Future plants in Amsterdam aim at higher efficiencies.


� In the Netherlands, the CO2 emissions average 1.03 tonne per tonne of waste, while the climate-relevant CO2 averages 0.38 tonne of CO2 per tonne of waste (source: L.Bosselaar, T.Gerlagh Protocol Monitoring renewable energy, version 2006. SenterNovem, 2006; http://www.senternovem.nl/mmfiles/protocol2006%20-%20English_tcm24-209344.pdf).


� Source: Danish Energy Authority, 2006.
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