CYCLING CO2 EMISSIONS AND FUEL COST by Willem Post; dated June 30, 2011
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The 0.5% penetration is the NEEG existing condition
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The 20.9% penetration is the subject of the article 'Wind Power and CO2 Emissions"

130000*1000/(8760*0.31)*0.5/100 = 239
239%8760%*0.31/1000 = 650
239%8760%*(1-0.31)/1000 = 1447
1447%1000000*(0.3*1.426 + 0.7*0.908)/1000000 = 1518
(650+1447)*1000000*0.739/1000000 = 1551

1447%(0.3*13497+0.7*7023)*4/1000000) = 52
(650+1447)*6320*4/1000000 = 53

130000

0.54*130000+650+1447 = 72297
130000-72297 = 57703
0.30*130000 = 39000
57703-39000 = 18703

3%

650%(-0.0017+0.005) = 2.1

650*%0.0654 = 43

650*%0.14

=91

130000*0.0654 = 8502
130000*0.14 = 18200

1- Energy exempt from cycling is base-loaded nuclear, coal, IPP-owned hydro and gas plants, Hydro-Quebec
2- Utility-owned load following energy, aka intermediate energy, is assumed at 40% of total NEEG power.

3- ISO-NE knows the exact ownership and service status of the 350 plants tied to the NEEG
4- http://www.hartfordbusiness.com/news18883.html
5- Energy available for cycling can be increased if utility-owned base-loaded plants reduce their outputs.
6- The 20.9% wind energy penetration corresponds with 27,156 GWh/yr of wind energy from the 10,000 MW wind turbine facility.
7- Wind+Cycling energy is seen by the grid as if from a base-loaded facility
8- With about 3% wind penetration the NEEG will have no more spare energy for cycling; new OCGTs and CCGTs will be needed, if more wind turbines are added.
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$0.005/kWh of wind energy is asumed owning and other O&M
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