Extract from the ExternE project in Europe (http://externe.jrc.es/All-EU+Wind.htm )
Wind Fuel Cycle 
Definition of the wind fuel cycle 
This cycle is very similar in its approach to the hydro fuel cycle. Only two stages of the fuel cycle are present, generation and distribution. Therefore, this requires a different treatment. For wind energy, impacts are distributed along the entire life cycle, and not accounting for stages other than operation would lead to a large underestimation of impacts. For example, atmospheric emissions appear not in the operational stage, but in the construction of the turbines, and are likely to be of the same magnitude as impacts more characteristic of the wind fuel cycle, such as noise and visual amenity. 

These stages will be condensed into two: turbine construction and turbine operation. The rest are assumed to produce negligible impacts when compared to these. 

The wind cycles assessed are quite similar for the different countries. Wind farms studied are between 2 and 10 MW, what is a small to medium size according to current trends. The UK has also assessed a large wind farm of 31 MW, while the Norwegian wind farm is a very small one. 

The Danish team has also assessed an off-shore farm, which seems to be the future for wind energy in Denmark. 

As for other renewable energy cycles, there is a large site-specificity of the damages, since these are mostly produced in the local environment. The Greek and UK wind farms are placed quite near to population centres, what may produce large amenity damages. On the other side, the Danish off-shore farm will probably produce much smaller effects. 

An important fact also is the amount of electricity produced by the wind farm. Good wind sites will produce more electricity with the same wind turbines than other site with lower wind speeds. Since damages are measured against the electricity produced, it is clear that good wind sites will have lower damages per kWh. For the cases studied, for example, the Danish and UK wind farms produce much more electricity per installed MW than the Spanish and Greek farms. 
Burdens and impacts of the wind fuel cycle 
First of all, it has to be noted that most wind farms have very low impacts, and that these are caused mostly at a local scale. 

Noise has always been identified as a major burden of wind energy, along with visual intrusion. However, these burdens are greatly diminished if the wind farms are placed far from population centres, or in sites of reduced environmental value. This is the case for most wind farms assessed in this study. 

Impacts on bird population have also been pointed out for wind farms. Again, this impact depends on the site chosen. Impacts may be large when there is a large bird population in the area, or when there is a migratory route across the wind farm. This has not been the case either for the cases studied. Other impacts, such as electromagnetic interferences, or land use, are considered negligible. 
Results of the wind fuel cycle 
Table 1 Overview of results of the wind fuel cycle (Euro/MWh)

	 
	 
	Power generation
	Other fuel cycle stages
	 

	 
	Site, size
	Noise
	Visual impact
	Other
	Human health
	Other
	SUB-TOTAL

	DE
	Nordfriesland, 11.25 MW
	0.064
	0.06
	ng
	0.31
	0.03-1
	0.37-1.3 (0.47-0.67)

	DK
	Tunø Knob, 5 MW 

(off-shore)
	4e-3
	ng
	9e-3
	0.5
	0.1-3
	0.6-3.6 

(1-1.6)

	DK
	Fjaldene, 9 MW
	0.02
	0.2
	2e-2
	0.3
	0.1-2
	0.6-2.5 

(0.9-1.3)

	ES
	Cabo Villano, 3 MW
	8e-3
	ng
	0.95
	0.8
	0.02-0.7
	1.7-2.7 (1.8-1.9)

	GR
	Andros, 1.6 MW
	1.12
	ng
	0.14
	0.9
	0.03-1.14
	2.2-3.3 (2.4-2.6)

	NO
	Vikna, 2.2 MW
	ng
	ng
	0.003
	0.4
	0.06-2.1
	0.5-2.5 (0.5-1.1)

	UK
	Penrhyddlan, 31 MW
	0.07
	ng
	0.2
	0.8
	0.03-1.3
	1.2-2.4 (1.3-1.5)


The damages shown are very low, the lowest of all fuel cycles studied. In fact, the higher damages correspond to the indirect pollutant emissions produced during turbine manufacturing, which have been considered negligible for other fuel cycles. However, there are large variations among damages, depending mainly on the wind farm site. 

This means that, as for hydro, there is not an average value for wind fuel cycle damages, but it rather has to be estimated specifically for each site. 

Some "strange" values which may be pointed out are the 0.95 mECU/kWh produced by occupational accidents for the Spanish wind farm, because of the long distances travelled by the O&M staff. The large numbers for noise damages in the UK and Greece are explained by the presence of population centres nearby. 
