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The Economic Burden of Climate Change
Memo

For electricity generating technologies the dominating greenhouse gas is CO2. The emission is directly related to fuel consumption. Possible other greenhouse gasses are converted to CO2 equivalents.

Only greenhouse gas emissions from the generation phase (stack emissions) are included in the calculations, as these emissions are the most important. Thus, emissions from mining, fuel transport etc. are ignored
. 

The economic value of greenhouse gas emissions from an electricity generating plant (€/MWh) is the specific cost (€ per tonne CO2) times the emission coefficient (tonnes CO2 per GJ fuel) times the fuel consumption (GJ fuel per MWh electricity).

The specific cost of damages caused by greenhouse gasses
Extensive analyses have been made of the economic consequences of climate change, among other within the international research project ExternE (www.externe.info). Due to uncertainties and information gaps related to results from climate models, ExternE recommends that an avoidance cost principle should be used when pricing the greenhouse gas emissions - i.e. an estimate of the costs of reducing the emission of greenhouse gasses.
This approach is also preferred here. It is assumed that CO2 will continue to be traded in a market, and the question is therefore, how the price of CO2 quotas will develop in the future. 
The future price of CO2 depends on a range of factors including the technological development of new technologies, the world economic growth and the development in fuel prices. The level of international climate change ambitions, however, is probably the dominant factor. A high international level of ambition will increase the demand for quotas and thereby increase costs, whereas a low level of ambition should lead to a low price of carbon.

€ 20 per tonne is used as the reference CO2 price in 2010 as well as in 2025, as most analysts tend to suggest prices around this level. The REcalculator allows you to alter the cost of CO2 and observe how this changes the competitiveness of energy technologies.

For sensitivity analyses it is suggested you use € 40 per tonne as upper limit. As lower limit you may opt for the forecasted market price of CDM certificates, around 5 – 10 €/tonne.

Greenhouse gas emissions

Fossil fuels 
The emission factors are those recommended by the International Panel for Climate Change, IPCC (ref. 2):
	Fuel
	Emission factor

(tonne CO2 per GJ)

	Steam coal
	0.098

	Lignite
	0.101

	Natural gas
	0.056

	Gas/diesel oil
	0.074


Biomass

In general, the use of biomass (plant materials) for electricity generation is considered neutral to the global climate, as the amount of CO2 emitted to the atmosphere from the energy conversion equals the amount of CO2 that was removed from the atmosphere by the plants through photo synthesis.
Incineration of municipal solid waste
Incineration of municipal solid waste (MSW) is a special case. The below calculation is based on ref. 12.
The climate-relevant emissions from MSW incineration are mainly CO2 (carbon dioxide), 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 source 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 N2O emissions, in terms of CO2-equivalent, are less than 1% of CO2 and are therefore ignored by RECaBS.

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

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. This is used as default value in the REcalculator.

Biogas

Biogenic emissions of CH4 and N2O occur in stables, during handling, storage and after field application of animal manure. However, RECaBS includes greenhouse gas emissions from the electricity generation phase only. Therefore, N2O emissions are ignored, as they primarily occur in the field.

It is assumed that all the heating value of the biogas originates from CH4. Part of this CH4 would otherwise have been released to the atmosphere, depending on the alternative animal waste management system. As default assumption, 20% of the CH4 otherwise used by the biogas plant for energy production would have been emitted to the atmosphere (see more details in Annex A of the Technology Sheet for biogas). 

With a lower heating value of CH4 of 35.9 MJ/m3and a density of 0.67 kg/m3, 1 GJ of CH4 weighs 18.7 kg. As one molecule of CO2 is 2.74 heavier than one molecule of CH4, 18.7 kg CH4 becomes 51.2 kg CO2 after combustion. So, each GJ consumed by the biogas plant results in 51.2 kg CO2.

Alternatively, the liquid/slurry tank would release 20% of 18.7 kg CH4, i.e. 3.73 kg. As the global warming potential of CH4 is 21 times that of CO2, 3.73 kg CH4 ventilated directly into the atmosphere is equivalent to 78.4 kg CO2.

Thus, the difference between ventilation and combustion is 27.2 kg of CO2-equivalent per GJ, rounded to 27 kg/GJ. This is a climate change benefit of the biogas plant, and it therefore appears as a negative cost in the REcalculator.
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� Other studies have estimated the life cycle emission from electricity generation. A recent study, “Uranium mining, processing and nuclear energy” (2006), was carried out by the Australian Government (� HYPERLINK "http://dpmc.gov.au/umpner/reports.cfm" ��http://dpmc.gov.au/umpner/reports.cfm�). The best estimate CO2 emission estimates of non-fossil fuel technologies were: Solar PV 106; nuclear 60; wind turbines 21; and hydro (run-of-river) 15  kg CO2-e/MWh.
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