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Transforming Grid-connected Wind and Solar Plants to Dedicated Hydrogen Fuel Production, 
Without the Costly Grid Connection 

For both established and new windplants, PV plants, and wind + PV plants  -- synergistic  co-location and co-generation 
Bill Leighty,  Director,  The Leighty Foundation,  Juneau, AK                 www.leightyfoundation.org/earth.php                    wleighty@earthlink.net 

San Gorgonio Pass, Palm Springs, CA 
13,  50 kW turbines =  650 kW windplant test bed 
Squirrel cage induction motors as generators 
Proof-of-concept pilot plant for SEIG 

This windplant of vintage-1985, 50 kW turbines has delivered 
electricity to the SCE grid since 1991. The PPA has expired.  We may 
reconfigure such windplants to deliver 100 % of captured energy as 
Hydrogen for fuel cell cars, buses, and trucks, with no costly PPA nor 
grid connection.  We may thus eliminate curtailment, improve ROI. 
 
Hydrogen gathering, transmission, and delivery is via a new, 
dedicated, high-purity, underground  pipeline system, “packed”  to 
maximum pressure, for very large, free energy storage.   
 
In year 2050, California will need more CO2-emission-free (CEF) 
energy for Hydrogen transportation fuel  than for the electricity grid. 
Co-located, co-generating, off-grid Wind + PV plants are simplified, at 
lower capex and opex, if dedicated to delivering only Hydrogen fuel.  

Turbines with simple, low-cost, rugged, induction motors operate in Self Excited Induction Generator (SEIG) mode 
with novel power electronics and controls, emerging from new R&D & Demonstration project. Three-phase “Wild 
AC” from the induction motor, rectified to “wild DC”, directly to electrolysis stacks, eliminates the transformer -
rectifier electrolyzer subsystem, integrating all controls in a single SCADA, reducing plant-gate Hydrogen fuel cost. 

GH2 Transmission Pipeline

Wind Potential ~ 10,000 GW
12 Great Plains states

GH2 Transmission Pipeline

GH2 Cavern Storage

Gaseous Hydrogen Transmission Pipelines 
made of polymer-metal tubing with Al or 
Cu foil as the H2 permeation barrier will be 
immune to Hydrogen Embrittlement.  
A 1-meter-diam Hydrogen pipeline has a  
Capacity of 8 GW.  Capex per GW-km of 
transmission service is lower than for 
electricity transmission lines.  Gaseous H2 
pipelines may be “packed” like NatGas 
pipelines are, for “free energy storage”. 

The wind potential of the 12 Great Plains states is ~ 10,000 GW, which may be 
exported as Hydrogen fuel for transportation and CHP over thousands of miles in 
underground pipelines at lower cost than by electricity transmission. 
Hydrogen may be stored in Gulf Of Mexico salt caverns for < $ 1.00 / kWh Capex. 

Hydrogen Storage in Domal Salt 
Caverns  < $ 1.00 / kWh  Capex 

Annual-scale firming storage for  < $ 1.00 / kWh  
Capex.  Each Gaseous Hydrogen (GH2) salt cavern: 
 
•  Stores ~ 92,000 MWh  as ~2,500 Mt  “working” H2   
•  “Full”  at 150 bar = 2,250  psi 
•  Cavern top  ~ 700m below ground 
•  860,000  cubic meters typical physical volume 
•   $ 15 M average Capex per cavern 
•   Capex = $160 / MWh = $0.16 / kWh   

Gaseous Hydrogen (GH2) Transmission Pipeline 
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 Electrolyzer arrays are “dumb DC loads”, fed “wild 
DC” from the off-grid PV strings and windplant. 
Wind turbines require the novel SEIG system for the 
low-cost, rugged, induction motors-as-generators. 

20", 36" GH2 Pipeline Capacity, 500 Miles, 1500 psi IN / 500 psi OUT
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Off-grid wind and PV plants, and wind + 
PV plants, both in-service and new, may 
be dedicated to Hydrogen fuel 
production without the costly 
generating systems and infrastructure 
to deliver grid-quality AC or DC: 
•  No inverters 
•  Simpler wind generating systems 
•  Less wire in the ground 
•  No substation 
•  No transmission line  

Hydrogen underground systems capex and opex is lower 
than for electricity systems: 
•  Transmission:  ~ 50% lower $ per MW-km 
•  Storage:  < $ 1.00 / kWh capex 
•  Underground pipelines and caverns protected 
•  Cybertack resilience:  long time constants, storage  
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20" 36" Summary 

		From Jeff Holloway, from file:						PipelineSummary.pdf						3 Jan 05 runs														From Jeff Holloway, from file:						PipelineSummary.pdf						27 Feb REV

								Using PTI Gas Pipeline Calculator																										Using PTI Gas Pipeline Calculator

								2,000 psi inlet														CAPACITY (fully turbulent flow)												1,500 psi inlet														CAPACITY (fully turbulent flow)

												Outer		Inner		Inlet		Outlet				Million																Outer		Inner		Inlet		Outlet				Million

								Distance		Distance		diameter		diameter		pressure		pressure				Nm3		Tons										Distance		Distance		diameter		diameter		pressure		pressure				Nm3		Tons

		Case:						km		miles		inches		inches		psi		psi		MMscfd		per day		per day		GW		Case:						km		miles		inches		inches		psi		psi		MMscfd		per day		per day		GW

		1		no compression				480		300		20		19		2000		500		778.00		20.11		2,071.35		3.1		1		no compression				480		300		20		19		1500		500		573		14.8		1,526		2.3

		2		no compression				480		300		36		34		2000		500		3,503.00		90.56		9,326.41		13.9		2		no compression				480		300		36		34		1500		500		2,580		66.7		6,869		10.2

		3		no compression				800		500		20		19		2000		500		602.00		15.56		1,602.77		2.4		3		no compression				800		500		20		19		1500		500		444		11.5		1,182		1.8

		4		no compression				800		500		36		34		2000		500		2,713.00		70.14		7,223.11		10.8		4		no compression				800		500		36		34		1500		500		1,998		51.7		5,319		7.9

		5		no compression				1600		1000		20		19		2000		500		426.00		11.01		1,134.19		1.7		5		no compression				1600		1000		20		19		1500		500		313		8.1		833		1.2

		6		no compression				1600		1000		36		34		2000		500		1,918.00		49.59		5,106.50		7.6		6		no compression				1600		1000		36		34		1500		500		1,413		36.5		3,762		5.6

		7		midpoint compression						1000		20		19		2000		1000		536.00		13.86		1,427.05				7		midpoint compression				at 500 miles		1000		20		19		1500		750		407.00		10.52		1,083.60

				Required gas power=				23833 HP																						Required gas power=				17719 HP

				Required shaft power=				24320 HP																						Required shaft power=				18080 HP

				Required drive power=				24816 ISO HP																						Required drive power=				18449 ISO HP

				Compressor discharge temp=						151 F																				Compressor discharge temp=						150 F

				Required cooling load=						21 MMBtu / hr																				Required cooling load=						9.56 MMBtu / hr

		Asumptions:				"Standard" Flow calculation type										1 ton (metric) H2 =						375,600 scf						Asumptions:				"Standard" Flow calculation type										1 ton (metric) H2 =						375,600 scf

						Inlet temp				80 F						1 Million Nm3 per day =						38.68 MMscfd										Inlet temp				80 F						1 Million Nm3 per day =						38.68 MMscfd

						Inlet elevation				500 ft						1 GW =		10.5		Mscf per hr =		252		Mscf per day=								Inlet elevation				500 ft						1 GW =		10.5		Mscf per hr =		252		Mscf per day=

						Outlet elevation				500 ft																						Outlet elevation				500 ft

						Ground temp				60 F																						Ground temp				60 F

						No compression																										No compression

						100 GH2																										100 GH2

						Molecular weight				2.02																						Molecular weight				2.02

						Specific gravity				0.07																						Specific gravity				0.07

						Critical pressure				1,297 Kpa		188.11 psi																				Critical pressure				1,297 Kpa		188.11 psi

						Critical temp				33.2 K		59.76 R																				Critical temp				33.2 K		59.76 R

						Ideal GHV				12.09 MJ / m^3				324.51 BTU / ft^3																		Ideal GHV				12.09 MJ / m^3				324.51 BTU / ft^3

						Pipeline efficiency				1																						Pipeline efficiency				1

						Pipeline drag				0.98																						Pipeline drag				0.98

						Roughness, inch				0.00075																						Roughness, inch				0.00075

						Viscosity (lb / ft-sec)				0.00000586																						Viscosity (lb / ft-sec)				0.00000586

																																				From table above:

																																				No compression, 1500 psi IN, 500 pis OUT

																																												CAPACITY (fully turbulent flow)

																																						Inner		Nominal				Million

																																				Distance		diameter		diameter				Nm3		Tons

																																				miles		inches		inches		MMscfd		per day		per day		GW

																																				300		19		20		573		14.8		1,526		2.3

																																				300		34		36		2,580		66.7		6,869		10.2

																																				500		19		20		444		11.5		1,182		1.8

																																				500		34		36		1,998		51.7		5,319		7.9

																																				1000		19		20		313		8.1		833		1.2

																																				1000		34		36		1,413		36.5		3,762		5.6

																																																						MMscfd

																																		20"		200		19		20		702		18.1		1869		2.8						702

																																				300		19		20		573		14.8		1,526		2.3						573

																																				500		19		20		444		11.5		1,182		1.8						444

																																				1000		19		20		313		8.1		833		1.2						313

																																		36"		200		34		36		3,100		80.1		8,253		12.3						3,100

																																				300		34		36		2,580		66.7		6,869		10.2						2,580

																																				500		34		36		1,998		51.7		5,319		7.9						1,998

																																				1000		34		36		1,413		36.5		3,762		5.6						1,413





20" Holloway Original

		File: 20 H2 Line -bilRev10Jan.xls

								20 inch Hydrogen Pipeline

				Inlet Pressure		Outlet Pressure		1000 mile Line						Windfarm (40%)		500 mile Line						Windfarm (40%)		300 mile Line						Windfarm (40%)		200 mile Line						Windfarm (40%)

				psi		psi		mmscfd		Ton/d		DecaTherms		GWh		mmscfd		Ton/d		DecaTherms		GWh		mmscfd		Ton/d		DecaTherms		GWh		mmscfd		Ton/d		DecaTherms		GWh

		Case 1		1000		500		194		516.5		63043.4		0.0		274		729.5		89040.6		2.7		354		942.5		115037.9		3.5		433		1152.8		140710.2		4.3

		Case 2		900		500		167		444.6		54269.3		1.7		237		631.0		77016.9		2.4		306		814.7		99439.5		3.0		375		998.4		121862.2		3.7

		Case 3		800		500		140		372.7		45495.2		1.4		198		527.2		64343.2		2.0		256		681.6		83191.3		2.5		314		836.0		102039.3		3.1

		Case 4		700		500		110		292.9		35746.2		1.1		156		415.3		50694.7		1.5		201		535.1		65318.1		2.0		246		655.0		79941.6		2.4

		Case 5		600		500		74		197.0		24047.5		0.7		105		279.6		34121.4		1.0		136		362.1		44195.4		1.3		167		444.6		54269.3		1.7

		Case 6		600		400		101		268.9		32821.5		1.0		143		380.7		46470.1		1.4		184		489.9		59793.7		1.8		226		601.7		73442.3		2.2

		Case 7		600		300		117		311.5		38021.0		1.2		166		442.0		53944.3		1.6		215		572.4		69867.7		2.1		263		700.2		85466.0		2.6

		Case 8		600		200		128		340.8		41595.6		1.3		182		484.6		59143.8		1.8		234		623.0		76042.0		2.3		287		764.1		93265.2		2.8

		Case 9		1500		500										426		1134.1853035144		138435.446501143		4.2261904762

		Leighty REV 25 Feb 05:

				Inlet Pressure		Outlet Pressure		Capacity: 1000 mile Line										Capacity: 500 mile Line										Capacity: 300 mile Line										Capacity: 200 mile Line

				psi		psi		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant

		Case 1		1000		500		194		516.5		63043.4		0.8		1.9		274		729.5		89040.6		1.1		2.7		354		942.5		115037.9		1.4		3.5		433		1152.8		140710.2		1.7		4.3

		Case 2		900		500		167		444.6		54269.3		0.7		1.7		237		631.0		77016.9		0.9		2.4		306		814.7		99439.5		1.2		3.0		375		998.4		121862.2		1.5		3.7

		Case 3		800		500		140		372.7		45495.2		0.6		1.4		198		527.2		64343.2		0.8		2.0		256		681.6		83191.3		1.0		2.5		314		836.0		102039.3		1.2		3.1

		Case 4		700		500		110		292.9		35746.2		0.4		1.1		156		415.3		50694.7		0.6		1.5		201		535.1		65318.1		0.8		2.0		246		655.0		79941.6		1.0		2.4

		Case 5		600		500		74		197.0		24047.5		0.3		0.7		105		279.6		34121.4		0.4		1.0		136		362.1		44195.4		0.5		1.3		167		444.6		54269.3		0.7		1.7

		Case 6		600		400		101		268.9		32821.5		0.4		1.0		143		380.7		46470.1		0.6		1.4		184		489.9		59793.7		0.7		1.8		226		601.7		73442.3		0.9		2.2

		Case 7		600		300		117		311.5		38021.0		0.5		1.2		166		442.0		53944.3		0.7		1.6		215		572.4		69867.7		0.9		2.1		263		700.2		85466.0		1.0		2.6

		Case 8		600		200		128		340.8		41595.6		0.5		1.3		182		484.6		59143.8		0.7		1.8		234		623.0		76042.0		0.9		2.3		287		764.1		93265.2		1.1		2.8

		Case 9		1500		500												426		1134.2		138435.4		1.7		4.2





20" Holloway Original
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20" Holloway Rev25Feb

		File: 20 H2 Line -bilRev10Jan.xls

								20 inch Hydrogen Pipeline

				Inlet Pressure		Outlet Pressure		1000 mile Line						Windfarm (40%)		500 mile Line						Windfarm (40%)		300 mile Line						Windfarm (40%)		200 mile Line						Windfarm (40%)

				psi		psi		mmscfd		Ton/d		DecaTherms		GWh		mmscfd		Ton/d		DecaTherms		GWh		mmscfd		Ton/d		DecaTherms		GWh		mmscfd		Ton/d		DecaTherms		GWh

		Case 1		1000		500		194		516.5		63043.4		1.9		274		729.5		89040.6		2.7		354		942.5		115037.9		3.5		433		1152.8		140710.2		4.3

		Case 2		900		500		167		444.6		54269.3		1.7		237		631.0		77016.9		2.4		306		814.7		99439.5		3.0		375		998.4		121862.2		3.7

		Case 3		800		500		140		372.7		45495.2		1.4		198		527.2		64343.2		2.0		256		681.6		83191.3		2.5		314		836.0		102039.3		3.1

		Case 4		700		500		110		292.9		35746.2		1.1		156		415.3		50694.7		1.5		201		535.1		65318.1		2.0		246		655.0		79941.6		2.4

		Case 5		600		500		74		197.0		24047.5		0.7		105		279.6		34121.4		1.0		136		362.1		44195.4		1.3		167		444.6		54269.3		1.7

		Case 6		600		400		101		268.9		32821.5		1.0		143		380.7		46470.1		1.4		184		489.9		59793.7		1.8		226		601.7		73442.3		2.2

		Case 7		600		300		117		311.5		38021.0		1.2		166		442.0		53944.3		1.6		215		572.4		69867.7		2.1		263		700.2		85466.0		2.6

		Case 8		600		200		128		340.8		41595.6		1.3		182		484.6		59143.8		1.8		234		623.0		76042.0		2.3		287		764.1		93265.2		2.8

		Case 9		1500		500		313		833.3		101714.3		3.1		444		1182.1086261981		144284.831564571		4.4047619048		573		1525.6		186205.4		5.7		702		1869.0		228126.0		7.0

		Leighty REV 25 Feb 05:

				Inlet Pressure		Outlet Pressure		Capacity: 1000 mile Line										Capacity: 500 mile Line										Capacity: 300 mile Line										Capacity: 200 mile Line

				psi		psi		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant		mmscfd		Ton/d		DecaTherms		GW		Avg GW for 40% CF Windplant

		Case 1		1000		500		194		516.5		63043.4		0.8		1.9		274		729.5		89040.6		1.1		2.7		354		942.5		115037.9		1.4		3.5		433		1152.8		140710.2		1.7		4.3

		Case 2		900		500		167		444.6		54269.3		0.7		1.7		237		631.0		77016.9		0.9		2.4		306		814.7		99439.5		1.2		3.0		375		998.4		121862.2		1.5		3.7

		Case 3		800		500		140		372.7		45495.2		0.6		1.4		198		527.2		64343.2		0.8		2.0		256		681.6		83191.3		1.0		2.5		314		836.0		102039.3		1.2		3.1

		Case 4		700		500		110		292.9		35746.2		0.4		1.1		156		415.3		50694.7		0.6		1.5		201		535.1		65318.1		0.8		2.0		246		655.0		79941.6		1.0		2.4

		Case 5		600		500		74		197.0		24047.5		0.3		0.7		105		279.6		34121.4		0.4		1.0		136		362.1		44195.4		0.5		1.3		167		444.6		54269.3		0.7		1.7

		Case 6		600		400		101		268.9		32821.5		0.4		1.0		143		380.7		46470.1		0.6		1.4		184		489.9		59793.7		0.7		1.8		226		601.7		73442.3		0.9		2.2

		Case 7		600		300		117		311.5		38021.0		0.5		1.2		166		442.0		53944.3		0.7		1.6		215		572.4		69867.7		0.9		2.1		263		700.2		85466.0		1.0		2.6

		Case 8		600		200		128		340.8		41595.6		0.5		1.3		182		484.6		59143.8		0.7		1.8		234		623.0		76042.0		0.9		2.3		287		764.1		93265.2		1.1		2.8

		Case 9		1500		500		313		833.3		101714.3		1.2		3.1		426		1134.2		138435.4		1.7		4.2		573		1525.6		186205.4		2.3				702		1869.0		228126.0		2.8		7.0





20" Holloway Rev25Feb
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Case Number

Throughput and Pressure

20 inch Pilot Project Search Optimization



BillRev-7Jan05 1000,450,20inch

		File: 20 H2 Line -bilRev10Jan.xls

								20 inch Hydrogen Pipeline

				Inlet Pressure		Outlet Pressure		1000 mile Line						Windfarm (40%)		500 mile Line						Windfarm (40%)		300 mile Line						Windfarm (40%)		200 mile Line						Windfarm (40%)		Annual Capacity: 1,000 mile				Annual Capacity: 500 mile				Annual Capacity: 300 mile						Annual Capacity: 200 mile

				psi		psi		mmscfd		Ton/d		DT/d		GWh		mmscfd		Ton/d		DT/d		GWh		mmscfd		Ton/d		DT/d		GWh		mmscfd		Ton/d		DT/d		GWh		GWh		Metric tons		GWh		Metric tons		GWh		Metric tons				GWh		Metric tons				Case

		Case 1		2000		500		426		1134.2		138,237.0		4.2		602		1602.8		195,629.4		6.0		778		2071.4		252,461.0		7.7		953		2537.3		309,692.4		9.5		14,809				20,927				27,045						33,128						1

		Case 2		1000		500		194		516.5		62,953.0		1.9		274		729.5		89,040.6		2.7		354		942.5		114,873.0		3.5		433		1152.8		140,710.2		4.3		6,744				9,525				12,306						15,052						2

		Case 3		900		500		167		444.6		54,191.5		1.7		237		631.0		77,016.9		2.4		306		814.7		99,297.0		3.0		375		998.4		121,862.2		3.7		5,805				8,239				10,637						13,036						3

		Case 4		800		500		140		372.7		45,430.0		1.4		198		527.2		64,343.2		2.0		256		681.6		83,072.0		2.5		314		836.0		102,039.3		3.1		4,867				6,883				8,899						10,915						4

		Case 5		700		500		110		292.9		35,695.0		1.1		156		415.3		50,694.7		1.5		201		535.1		65,224.5		2.0		246		655.0		79,941.6		2.4		3,824				5,423				6,987						8,551						5

		Case 6		600		500		74		197.0		24,013.0		0.7		105		279.6		34,121.4		1.0		136		362.1		44,132.0		1.3		167		444.6		54,269.3		1.7		2,572				3,650				4,728						5,805						6

		Case 7		600		400		101		268.9		32,774.5		1.0		143		380.7		46,470.1		1.4		184		489.9		59,708.0		1.8		226		601.7		73,442.3		2.2		3,511				4,971				6,396						7,856						7

		Case 8		600		300		117		311.5		37,966.5		1.2		166		442.0		53,944.3		1.6		215		572.4		69,767.5		2.1		263		700.2		85,466.0		2.6		4,067				5,770				7,474						9,142						8

		Case 9		600		200		128		340.8		41,536.0		1.3		182		484.6		59,143.8		1.8		234		623.0		75,933.0		2.3		287		764.1		93,265.2		2.8		4,450				6,327				8,134						9,977						9

																						PRODUCTION								*********    At 100% electrolyzer efficiency    **********								*********   At 80% electrolyzer efficiency   **********

																																		Metric tons								Metric tons

																								1 GW Windplant output @ CF %						GWh / day		MMscfd		per day		GWh / year		GWh / day		MMscfd		per day		GWh / year

																										100				24		252		670.9265175719		8760		19.2		201.6		536.7412140575		7008																						Table 3

																										40				9.6		100.8		268.3706070288		3504		7.68		80.64		214.696485623		2803.2

																										35				8.4		88.2		234.8242811502		3066		6.72		70.56		187.8594249201		2452.8				Table 2																		Unsubsidized COE Delivered to City Gate from 1,000 MW Windplant @ 40% CF

																						COE																$US M		$US M		$US M		$US M				20" GH2 pipeline Capacity Factor (CF) at 40% Windplant CF,																		Pipeline Length, km / Miles				320 / 200		480 / 300		800 / 500		1600 / 1000

																						CAPITAL COST																Total 200 mi		Total 300 mi		Total 500 mi		Total 1000 mi				80% Electrolyzer Efficiency

																								Windplant @ $US 1000 / kW														1000		1000		1000		1000				Cases:  Inlet pressure - Delivery pressure																		CRF %				Cost / kWh

																								Electrolyzers @ $US 450 / kW														450		450		450		450								Case 1: 2000 - 500 psi						Case 8: 600 - 300 psi								12				$0.07		$0.07		$0.08		$0.10

																								20" OD / 19" ID pipeline @ $US 25 / inch diam / m length																								km		Miles																15				$0.09		$0.09		$0.10		$0.12

																												200		miles		320		km				160										320		200		8.5		per cent				30.7		per cent						18				$0.10		$0.11		$0.12		$0.15

																												300		miles		480		km						240								480		300		10.4		per cent				37.5		per cent						21				$0.12		$0.13		$0.14		$0.17

																												500		miles		800		km								400						800		500		13.4		per cent				48.6		per cent						CRF %				Cost / kg

																												1000		miles		1600		km										800				1600		1000		18.9		per cent				68.9		per cent						12				$2.62		$2.75		$3.00		$3.64

																																TOTAL CAPITAL COST $US M						1610		1690		1850		2250																						15				$3.26		$3.42		$3.74		$4.54

																																																																		18				$3.90		$4.10		$4.48		$5.43

																						ANNUAL COST																																												21				$4.55		$4.77		$5.21		$6.33

																								Capital Recovery Factor (CRF)						@ %				12				193.2		202.8		222		270

																																		15				241.5		253.5		277.5		337.5

																																		18				289.8		304.2		333		405

																																		21				338.1		354.9		388.5		472.5

																								O&M Windplant @ % of total capital cost								0.2						2		2		2		2

																								O&M Electrolyzers @ % of total capital cost								0.5						2.25		2.25		2.25		2.25

																								O&M pipeline @ % of total capital cost								0.1						0.16		0.16		0.16		0.16

																																SUBTOTAL ANNUAL $US M						4.41		4.41		4.41		4.41

																						TOTAL ANNUAL COST @ CRF % =										CRF = %		12				197.61		207.21		226.41		274.41

																																CRF = %		15				245.91		257.91		281.91		341.91

																																CRF = %		18				294.21		308.61		337.41		409.41

																																CRF = %		21				342.51		359.31		392.91		476.91

																						COST OF ENERGY: delivered at end-of-pipe; unsubsidized								$US / kWh		CRF = %		12				$0.07		$0.07		$0.08		$0.10

																								Delivered at end-of-pipe								CRF = %		15				$0.09		$0.09		$0.10		$0.12

																								Unsubsidized								CRF = %		18				$0.10		$0.11		$0.12		$0.15

																								40% windplant CF								CRF = %		21				$0.12		$0.13		$0.14		$0.17

																								[1  kg H2 = 37.2 kWh]						$US / kg		CRF = %		12				$2.62		$2.75		$3.00		$3.64

																																CRF = %		15				$3.26		$3.42		$3.74		$4.54

																																CRF = %		18				$3.90		$4.10		$4.48		$5.43

																																CRF = %		21				$4.55		$4.77		$5.21		$6.33
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BillRev-12Feb05

		File: 20 H2 Line -bilRev10Jan.xls

								20 inch Hydrogen Pipeline

				Inlet Pressure		Outlet Pressure		1000 mile Line						Windfarm (40%)		500 mile Line						Windfarm (40%)		300 mile Line						Windfarm (40%)		200 mile Line						Windfarm (40%)		Annual Capacity: 1,000 mile				Annual Capacity: 500 mile				Annual Capacity: 300 mile						Annual Capacity: 200 mile

				psi		psi		mmscfd		Ton/d		DT/d		GWh		mmscfd		Ton/d		DT/d		GWh		mmscfd		Ton/d		DT/d		GWh		mmscfd		Ton/d		DT/d		GWh		GWh		Metric tons		GWh		Metric tons		GWh		Metric tons				GWh		Metric tons				Case

		Case 1		2000		500		426		1134.2		138,237.0		4.2		602		1602.8		195,629.4		6.0		778		2071.4		252,461.0		7.7		953		2537.3		309,692.4		9.5		14,809				20,927				27,045						33,128						1

		Case 2		1000		500		194		516.5		62,953.0		1.9		274		729.5		89,040.6		2.7		354		942.5		114,873.0		3.5		433		1152.8		140,710.2		4.3		6,744				9,525				12,306						15,052						2

		Case 3		900		500		167		444.6		54,191.5		1.7		237		631.0		77,016.9		2.4		306		814.7		99,297.0		3.0		375		998.4		121,862.2		3.7		5,805				8,239				10,637						13,036						3

		Case 4		800		500		140		372.7		45,430.0		1.4		198		527.2		64,343.2		2.0		256		681.6		83,072.0		2.5		314		836.0		102,039.3		3.1		4,867				6,883				8,899						10,915						4

		Case 5		700		500		110		292.9		35,695.0		1.1		156		415.3		50,694.7		1.5		201		535.1		65,224.5		2.0		246		655.0		79,941.6		2.4		3,824				5,423				6,987						8,551						5

		Case 6		600		500		74		197.0		24,013.0		0.7		105		279.6		34,121.4		1.0		136		362.1		44,132.0		1.3		167		444.6		54,269.3		1.7		2,572				3,650				4,728						5,805						6

		Case 7		600		400		101		268.9		32,774.5		1.0		143		380.7		46,470.1		1.4		184		489.9		59,708.0		1.8		226		601.7		73,442.3		2.2		3,511				4,971				6,396						7,856						7

		Case 8		600		300		117		311.5		37,966.5		1.2		166		442.0		53,944.3		1.6		215		572.4		69,767.5		2.1		263		700.2		85,466.0		2.6		4,067				5,770				7,474						9,142						8

		Case 9		600		200		128		340.8		41,536.0		1.3		182		484.6		59,143.8		1.8		234		623.0		75,933.0		2.3		287		764.1		93,265.2		2.8		4,450				6,327				8,134						9,977						9

																								Table 2

																								20" GH2 pipeline Capacity Factor (CF) at 40% Windplant CF,

																								80% Electrolyzer Efficiency

																								Cases:  Inlet pressure - Delivery pressure

																												Case 1: 2000 - 500 psi						Case 8: 600 - 300 psi

																								km		Miles

																								320		200		8.5		per cent				30.7		per cent

																								480		300		10.4		per cent				37.5		per cent

																								800		500		13.4		per cent				48.6		per cent

																								1600		1000		18.9		per cent				68.9		per cent
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CostDetails Capital O&M

		REV:		12-Feb-05				WCL

		Abbreviations:				PE=power electronics

						TICC=total installed capital cost																																																#####    Pipeline Lemgth,  Miles     #######

						BOS=balance of system

						COE=cost of energy																																		TOTAL INSTALLED CAPITAL COST:  1 GW														$US M		$US M		$US M		$US M										500 mile pipeline

																																																						200		300		500		1000						Windplant size				1,000 MW		2,000 MW

		COE																$US M		$US M		$US M		$US M																																														$US Million		$US Million

		CAPITAL COST																Total 200 mi		Total 300 mi		Total 500 mi		Total 1000 mi																Windplant @				800		$US / kW, including PE								800		800		800		800						Windplant				830		1,660

				Windplant @				800		$US / kW, including PE								800		800		800		800																				30		$US / kW, PE increment, electrolyzer drive								30		30		30		30						Electrolyzers				423		846

								30		$US / kW, PE increment, electrolyzer drive								30		30		30		30																Electrolyzers @				423		$US, not including PE (trans-rect)								423		423		423		423						Pipeline				464		464

				Electrolyzers @				422.5		$US, not including PE (trans-rect)								422.5		422.5		422.5		422.5																20" OD / 19" ID pipeline @ $US 29 / inch diam / m length														186		278		464		928						TOTAL				1,717		2,970

				20" OD / 19" ID pipeline @ $US 29 / inch diam / m length																								25 Feb per Jeff: Change from $25 to $29 / inch / m

								200		miles		320		km				185.6																												TOTAL CAPITAL COST $US M								1,438		1,531		1,717		1,758

								300		miles		480		km						278.4

								500		miles		800		km								464

								1000		miles		1600		km										928

												TOTAL CAPITAL COST $US M						1438.1		1530.9		1716.5		2180.5

				TICC cost / kw @ Year 2010,  in Year 2005 $US																										TICC / kW								1000 MW, 20" system

				Assumes:				1.5 MW (nameplate) wind generators and electrolyzers																						Windplant				830						$830,000,000

								2,000 psi output electrolyzers

								No compressors

				Windplant				Total, without electrolyzer interface								800

								Power Electronics (PE) @ 10%								80

								BOS								720

								Add: PE increment for electrolyzer								30														Electrolyzer				422.5						$422,500,000

								TOTAL								830

																										NORSK				Total / kW				1252.5				Total		$1,252,500,000

																		NREL - DOE				STUART				HYDRO

				Electrolyzer				Total (low-pressure output)										235

								Power electronics										120

								Cell assembly (low-pressure output)										70

								Cell assembly (2,000 psi output) (1.8x lo-p)										126

								BOS										30

								Total (2,000 psi output)										276

								Total (2,000 psi output) (less power conditioning)										156

																														Pipeline @ 500 miles				400		million				$400,000,000

																		$US million		$US million		$US million		$US million

				20" Pipeline				200		miles		320		km				160																		TOTAL				$1,652,500,000

								300		miles		480		km						240

								500		miles		800		km								400

								1000		miles		1600		km										800

				Annual O&M costs / kWh

				Windplant																		$0.005

				Electrolyzer				Energy conversion losses @ 20% @ $0.05 / kWh wind energy input														$0.010

								Misc Long-term														$0.005

				20" Pipeline				Misc Long-term, 500 mile length														$0.001

				TOTAL O&M / kWh																		$0.021

				TOTAL O&M / kg																		$0.78

				Plant Gate Electrolyzer Costs

				Source:		Matt Kaufmann, DOE				Date: ??

				(WCL: Assume low-pressure output)

				Electrolyzer Size						75 kW				200 kW				500 kW				1.5 MW				4.5 MW

				Time Frame						2003		2010		2003		2010		2003		2010		2003		2010		2003		2010

										status		target		status		target		status		target		status		target		status		target

				Cell Stack Assembly ($/kW)						255		85		204		68		408		170		612		221		374		153

				Purify and Enclosure ($/kW)						52.5		25		42		20		84		50		126		65		77		45

				Labor ($/kW)						30		10		24		8		48		20		72		26		44		18

				Capital Cost ($/kW)						337.5		120		270		96		540		240		810		312		495		216

				Stack/Purify Efficiency						80%		83%		80%		83%		78%		81%		78%		81%		79%		82%

				(WCL: Assume 2,000 psi output increases "Cell Stack Assembly" by:														50		per cent

				Electrolyzer Size						75 kW				200 kW				500 kW				1.5 MW				4.5 MW

				Time Frame						2003		2010		2003		2010		2003		2010		2003		2010		2003		2010

										status		target		status		target		status		target		status		target		status		target

				Cell Stack Assembly ($/kW)						255		85		204		68		408		170		612		331.5		374		153

				Purify and Enclosure ($/kW)						52.5		25		42		20		84		50		126		65		77		45

				Labor ($/kW)						30		10		24		8		48		20		72		26		44		18

				Capital Cost ($/kW)						337.5		120		270		96		540		240		810		422.5		495		216

				Stack/Purify Efficiency						80%		83%		80%		83%		78%		81%		78%		81%		79%		82%

																								Asume these value, above





Energy Storage

		Energy storage as compressed GH2 in pipeline

																#####  ENERGY  STORAGE  #####																										#####  ENERGY  STORAGE  #####

		High-Pressure cases = 2,000 psi																						Days				High-Pressure cases = 1,500 psi																						Days

						Inside		Inside																@ 40%								Inside		Inside																@ 40%

		Length		Length		Diam		Diam		Volume,		Inlet		Outlet										Windplant				Length		Length		Diam		Diam		Volume,		Inlet		Outlet										Windplant

		miles		km		inches		m		m^3		psi		psi		Nm3		MMscf		Tons		GWh		CF				miles		km		inches		m		m^3		psi		psi		Nm3		MMscf		Tons		GWh		CF

		200		320		19		0.483		58,535		2000		500		5,972,963		211		562		20		2.1				200		320		19		0.483		58,535		1500		500		3,981,975		141		374		13		1.4

		200		320		34		0.864		187,442		2000		500		19,126,717		675		1,798		64		6.7				200		320		34		0.864		187,442		1500		500		12,751,144		450		1,199		43		4.5

		200		320		19		0.483		58,535		600		300		1,194,593		42		112		4		0.4				200		320		19		0.483		58,535		600		300		1,194,593		42		112		4		0.4

		200		320		34		0.864		187,442		600		300		3,825,343		135		360		13		1.3				200		320		34		0.864		187,442		600		300		3,825,343		135		360		13		1.3

		300		480		19		0.483		87,803		2000		500		8,959,444		316		842		30		3.1				300		480		19		0.483		87,803		1500		500		5,972,963		211		562		20		2.1

		300		480		34		0.864		281,163		2000		500		28,690,075		1,013		2,697		96		10.0				300		480		34		0.864		281,163		1500		500		19,126,717		675		1,798		64		6.7

		300		480		19		0.483		87,803		600		300		1,791,889		63		168		6		0.6				300		480		19		0.483		87,803		600		300		1,791,889		63		168		6		0.6

		300		480		34		0.864		281,163		600		300		5,738,015		203		539		19		2.0				300		480		34		0.864		281,163		600		300		5,738,015		203		539		19		2.0

		500		800		19		0.483		146,338		2000		500		14,932,406		527		1,404		50		5.2				500		800		19		0.483		146,338		1500		500		9,954,938		352		936		33		3.5

		500		800		34		0.864		468,605		2000		500		47,816,791		1,688		4,495		161		16.7				500		800		34		0.864		468,605		1500		500		31,877,861		1,126		2,997		107		11.2

		500		800		19		0.483		146,338		600		300		2,986,481		105		281		10		1.0				500		800		19		0.483		146,338		600		300		2,986,481		105		281		10		1.0

		500		800		34		0.864		468,605		600		300		9,563,358		338		899		32		3.3				500		800		34		0.864		468,605		600		300		9,563,358		338		899		32		3.3

		1000		1600		19		0.483		292,675		2000		500		29,864,813		1,055		2,808		100		10.5				1000		1600		19		0.483		292,675		1500		500		19,909,875		703		1,872		67		7.0

		1000		1600		34		0.864		937,209		2000		500		95,633,583		3,377		8,990		321		33.5				1000		1600		34		0.864		937,209		1500		500		63,755,722		2,251		5,994		214		22.3

		1000		1600		19		0.483		292,675		600		300		5,972,963		211		562		20		2.1				1000		1600		19		0.483		292,675		600		300		5,972,963		211		562		20		2.1

		1000		1600		34		0.864		937,209		600		300		19,126,717		675		1,798		64		6.7				1000		1600		34		0.864		937,209		600		300		19,126,717		675		1,798		64		6.7

		Conversions:

				1 Nm3 =		38.68		scf

						35.31		scf

				1 MWh =		10500		scf =		297.5		Nm3 =		3.6		GJ

				1 GWh =		10.5		MMscf =		297500		Nm3 =		3600		GJ		3430		MMBTU

				1 ton (metric) H2=				375600		scf =

				1 kWh =		10.5		scf=		0.298		Nm3

		Ogden conversions:

				1 GJ = 10^9J = 0.95 MMBtu

				1 EJ = 10^18J = 0.95 quadrillion Btu (10^15 Btu) = 0.95 "quad"

				1 MMscf = 26,850 Nm3 = 343 GJ (HHV)

				1 MMscfd = 2.66 tons / day =

				1 scf H2 = 343 kJ (HHV) = 325 Btu (HHV)

				1 pound H2 = 64.4 MJ (HHV) = 61.4 kBtu (HHV) = 187.8 scf

				1 Nm3 H2 = 12.8 MJ (HHV)

				1 kg H2 = 141.9 MJ (HHV) = 414 scf

				1 gal gasoline = 130.8 MJ (HHV) = 115,400 Btu / gal (LHV)

				$1 / gal gasoline = $7.67 / GJ (HHV)

				1 gal methanol = 64,600 Btu / gal (HHV)





Case A COE

		Cost of Energy (COE)						Case A:  1,000 MW Windplant; 20" Pipeline; Unsubsidized (no USA fed PTC); no Oxygen Sales; no C-offset credits nor value

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								0		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE A PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						1 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				24.0		252		671		8,760		19.2		202		537		7,008

								40				9.6		101		268		3,504		7.7		81		215		2,803

								35				8.4		88		235		3,066		6.7		71		188		2,453

				CASE A COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										830		830		830		830

						Electrolyzers @		330		Year 2005 $US / kW										330		330		330		330

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						1345.6		1438.4		1624		2088

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				161		173		195		251

														15		per cent				202		216		244		313

														18		per cent				242		259		292		376

														21		per cent				283		302		341		438

						O&M Windplant @ % of total capital cost								0.2		per cent				1.66		1.66		1.66		1.66

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				1.65		1.65		1.65		1.65

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						3.50		3.59		3.77		4.24

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$165		$176		$199		$255

														15		per cent				$205		$219		$247		$317

														18		per cent				$246		$263		$296		$380

														21		per cent				$286		$306		$345		$443

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$0		0		0		0

						Oxygen annual production, tons														1,253,827		1,253,827		1,253,827		1,253,827

						Oxygen sales														$0		$0		$0		$0

						C-offset credits														$0		$0		$0		$0

														TOTAL ANNUAL BENEFIT						$0		$0		$0		$0

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.059		$0.063		$0.071		$0.091

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.073		$0.078		$0.088		$0.113

												CRF = %		18		per cent				$0.088		$0.094		$0.106		$0.136

												CRF = %		21		per cent				$0.101		$0.108		$0.122		$0.156

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$2.19		$2.34		$2.64		$3.38

												CRF = %		15		per cent				$2.72		$2.91		$3.28		$4.21

												CRF = %		18		per cent				$3.26		$3.48		$3.93		$5.04

												CRF = %		21		per cent				$3.75		$4.01		$4.53		$5.82





Case B1 COE

		Cost of Energy (COE)						Case B-1:  2,000 MW Windplant; 20" Pipeline; Unsubsidized (no USA fed PTC); no Oxygen Sales; no C-offset credits nor value

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								0		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent		Note:		Double Case A values in F23..M25 and J29..M30

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE B PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						2 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				48.0		504		1,342		17,520		38.4		403		1,073		14,016

								40				19.2		202		537		7,008		15.4		161		429		5,606

								35				16.8		176		470		6,132		13.4		141		376		4,906

				CASE B COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										1660		1660		1660		1660

						Electrolyzers @		330		Year 2005 $US / kW										660		660		660		660

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						2505.6		2598.4		2784		3248

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				301		312		334		390

														15		per cent				376		390		418		487

														18		per cent				451		468		501		585

														21		per cent				526		546		585		682

						O&M Windplant @ % of total capital cost								0.2		per cent				3.32		3.32		3.32		3.32

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				3.30		3.30		3.30		3.30

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						6.81		6.90		7.08		7.55

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$307		$319		$341		$397

														15		per cent				$383		$397		$425		$495

														18		per cent				$458		$475		$508		$592

														21		per cent				$533		$553		$592		$690

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$0		0		0		0

						Oxygen annual production, tons														2,507,655		2,507,655		2,507,655		2,507,655

						Oxygen sales														$0		$0		$0		$0

						C-offset credits														$0		$0		$0		$0

														TOTAL ANNUAL BENEFIT						$0		$0		$0		$0

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.055		$0.057		$0.061		$0.071

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.068		$0.071		$0.076		$0.088

												CRF = %		18		per cent				$0.082		$0.085		$0.091		$0.106

												CRF = %		21		per cent				$0.094		$0.097		$0.104		$0.122

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$2.04		$2.11		$2.26		$2.64

												CRF = %		15		per cent				$2.54		$2.63		$2.82		$3.28

												CRF = %		18		per cent				$3.04		$3.15		$3.37		$3.93

												CRF = %		21		per cent				$3.49		$3.62		$3.88		$4.53





Case B2 COE

		Cost of Energy (COE)						Case B-2:  2,000 MW Windplant; 20" Pipeline; USA fed PTC = $.018 / kWh; no Oxygen Sales; no C-offset credits nor value

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0.018		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								0		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent		Note:		Double Case A values in F23..M25 and J29..M30

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE B PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						2 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				48.0		504		1,342		17,520		38.4		403		1,073		14,016

								40				19.2		202		537		7,008		15.4		161		429		5,606

								35				16.8		176		470		6,132		13.4		141		376		4,906

				CASE B COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										1660		1660		1660		1660

						Electrolyzers @		330		Year 2005 $US / kW										660		660		660		660

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						2505.6		2598.4		2784		3248

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				301		312		334		390

														15		per cent				376		390		418		487

														18		per cent				451		468		501		585

														21		per cent				526		546		585		682

						O&M Windplant @ % of total capital cost								0.2		per cent				3.32		3.32		3.32		3.32

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				3.30		3.30		3.30		3.30

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						6.81		6.90		7.08		7.55

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$307		$319		$341		$397

														15		per cent				$383		$397		$425		$495

														18		per cent				$458		$475		$508		$592

														21		per cent				$533		$553		$592		$690

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$101		$101		$101		$101

						Oxygen annual production, tons														2,507,655		2,507,655		2,507,655		2,507,655

						Oxygen sales														$0		$0		$0		$0

						C-offset credits														$0		$0		$0		$0

														TOTAL ANNUAL BENEFIT						$101		$101		$101		$101

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.037		$0.039		$0.043		$0.053

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.050		$0.053		$0.058		$0.070

												CRF = %		18		per cent				$0.064		$0.067		$0.073		$0.088

												CRF = %		21		per cent				$0.076		$0.079		$0.086		$0.104

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$1.37		$1.45		$1.59		$1.97

												CRF = %		15		per cent				$1.87		$1.96		$2.15		$2.61

												CRF = %		18		per cent				$2.37		$2.48		$2.70		$3.26

												CRF = %		21		per cent				$2.82		$2.95		$3.21		$3.86





Case B3 COE

		Cost of Energy (COE)						Case B-3:  2,000 MW Windplant; 20" Pipeline; USA fed PTC = $.018 / kWh; Oxygen Sales; no C-offset credits nor value

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0.018		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								19		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent		Note:		Double Case A values in F23..M25 and J29..M30

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE B PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						2 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				48.0		504		1,342		17,520		38.4		403		1,073		14,016

								40				19.2		202		537		7,008		15.4		161		429		5,606

								35				16.8		176		470		6,132		13.4		141		376		4,906

				CASE B COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										1660		1660		1660		1660

						Electrolyzers @		330		Year 2005 $US / kW										660		660		660		660

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						2505.6		2598.4		2784		3248

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				301		312		334		390

														15		per cent				376		390		418		487

														18		per cent				451		468		501		585

														21		per cent				526		546		585		682

						O&M Windplant @ % of total capital cost								0.2		per cent				3.32		3.32		3.32		3.32

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				3.30		3.30		3.30		3.30

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						6.81		6.90		7.08		7.55

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$307		$319		$341		$397

														15		per cent				$383		$397		$425		$495

														18		per cent				$458		$475		$508		$592

														21		per cent				$533		$553		$592		$690

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$101		$101		$101		$101

						Oxygen annual production, tons														2,507,655		2,507,655		2,507,655		2,507,655

						Oxygen sales														$48		$48		$48		$48

						C-offset credits														$0		$0		$0		$0

														TOTAL ANNUAL BENEFIT						$149		$149		$149		$149

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.028		$0.030		$0.034		$0.044

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.042		$0.044		$0.049		$0.062

												CRF = %		18		per cent				$0.055		$0.058		$0.064		$0.079

												CRF = %		21		per cent				$0.067		$0.071		$0.078		$0.095

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$1.05		$1.13		$1.28		$1.65

												CRF = %		15		per cent				$1.55		$1.65		$1.83		$2.30

												CRF = %		18		per cent				$2.05		$2.16		$2.39		$2.94

												CRF = %		21		per cent				$2.51		$2.63		$2.89		$3.54





Case B4 COE

		Cost of Energy (COE)						Case B-4:  2,000 MW Windplant; 20" Pipeline; USA fed PTC = $.018 / kWh; Oxygen Sales; C-offset credits = $.01 / kWh

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0.018		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								19		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0.01		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent		Note:		Double Case A values in F23..M25 and J29..M30

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE B PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						2 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				48.0		504		1,342		17,520		38.4		403		1,073		14,016

								40				19.2		202		537		7,008		15.4		161		429		5,606

								35				16.8		176		470		6,132		13.4		141		376		4,906

				CASE B COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										1660		1660		1660		1660

						Electrolyzers @		330		Year 2005 $US / kW										660		660		660		660

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						2505.6		2598.4		2784		3248

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				301		312		334		390

														15		per cent				376		390		418		487

														18		per cent				451		468		501		585

														21		per cent				526		546		585		682

						O&M Windplant @ % of total capital cost								0.2		per cent				3.32		3.32		3.32		3.32

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				3.30		3.30		3.30		3.30

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						6.81		6.90		7.08		7.55

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$307		$319		$341		$397

														15		per cent				$383		$397		$425		$495

														18		per cent				$458		$475		$508		$592

														21		per cent				$533		$553		$592		$690

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$101		$101		$101		$101

						Oxygen annual production, tons														2,507,655		2,507,655		2,507,655		2,507,655

						Oxygen sales														$48		$48		$48		$48

						C-offset credits														$56		$56		$56		$56

														TOTAL ANNUAL BENEFIT						$205		$205		$205		$205

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.018		$0.020		$0.024		$0.034

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.032		$0.034		$0.039		$0.052

												CRF = %		18		per cent				$0.045		$0.048		$0.054		$0.069

												CRF = %		21		per cent				$0.057		$0.061		$0.068		$0.085

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$0.68		$0.76		$0.91		$1.28

												CRF = %		15		per cent				$1.18		$1.27		$1.46		$1.93

												CRF = %		18		per cent				$1.68		$1.79		$2.01		$2.57

												CRF = %		21		per cent				$2.13		$2.26		$2.52		$3.17





Case C COE

		Cost of Energy (COE)						Case C:  1,000 MW Windplant; 20" Pipeline; USA fed PTC = $.018 / kWh; no Oxygen Sales; no C-offset credits nor value

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0.018		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								0		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent		Note:		Change J60..M63 to subtract TOTAL ANNUAL BENEFIT								(J58..M58)

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE C PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						1 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				24.0		252		671		8,760		19.2		202		537		7,008

								40				9.6		101		268		3,504		7.7		81		215		2,803

								35				8.4		88		235		3,066		6.7		71		188		2,453

				CASE C COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										830		830		830		830

						Electrolyzers @		330		Year 2005 $US / kW										330		330		330		330

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						1345.6		1438.4		1624		2088

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				161		173		195		251

														15		per cent				202		216		244		313

														18		per cent				242		259		292		376

														21		per cent				283		302		341		438

						O&M Windplant @ % of total capital cost								0.2		per cent				1.66		1.66		1.66		1.66

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				1.65		1.65		1.65		1.65

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						3.50		3.59		3.77		4.24

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$165		$176		$199		$255

														15		per cent				$205		$219		$247		$317

														18		per cent				$246		$263		$296		$380

														21		per cent				$286		$306		$345		$443

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$50		$50		$50		$50

						Oxygen annual production, tons														1,253,827		1,253,827		1,253,827		1,253,827

						Oxygen sales														$0		$0		$0		$0

						C-offset credits														$0		$0		$0		$0

														TOTAL ANNUAL BENEFIT						$50		$50		$50		$50

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.041		$0.045		$0.053		$0.073

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.055		$0.060		$0.070		$0.095

												CRF = %		18		per cent				$0.070		$0.076		$0.088		$0.118

												CRF = %		21		per cent				$0.083		$0.090		$0.104		$0.138

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$1.52		$1.67		$1.97		$2.71

												CRF = %		15		per cent				$2.06		$2.24		$2.61		$3.54

												CRF = %		18		per cent				$2.59		$2.81		$3.26		$4.37

												CRF = %		21		per cent				$3.08		$3.34		$3.86		$5.15





Case D COE

		Cost of Energy (COE)						Case D:  1,000 MW Windplant; 20" Pipeline; USA fed PTC = $.018 / kWh; Oxygen Sales; no C-offset credits nor value

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0.018		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								19		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent		Note:		Change J60..M63 to subtract TOTAL ANNUAL BENEFIT								(J58..M58)

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE D PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						1 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				24.0		252		671		8,760		19.2		202		537		7,008

								40				9.6		101		268		3,504		7.7		81		215		2,803

								35				8.4		88		235		3,066		6.7		71		188		2,453

				CASE D COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										830		830		830		830

						Electrolyzers @		330		Year 2005 $US / kW										330		330		330		330

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						1345.6		1438.4		1624		2088

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				161		173		195		251

														15		per cent				202		216		244		313

														18		per cent				242		259		292		376

														21		per cent				283		302		341		438

						O&M Windplant @ % of total capital cost								0.2		per cent				1.66		1.66		1.66		1.66

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				1.65		1.65		1.65		1.65

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						3.50		3.59		3.77		4.24

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$165		$176		$199		$255

														15		per cent				$205		$219		$247		$317

														18		per cent				$246		$263		$296		$380

														21		per cent				$286		$306		$345		$443

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$50		$50		$50		$50

						Oxygen annual production, tons														1,253,827		1,253,827		1,253,827		1,253,827

						Oxygen sales														$24		$24		$24		$24

						C-offset credits														$0		$0		$0		$0

														TOTAL ANNUAL BENEFIT						$74		$74		$74		$74

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.032		$0.036		$0.044		$0.064

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.047		$0.052		$0.062		$0.087

												CRF = %		18		per cent				$0.061		$0.067		$0.079		$0.109

												CRF = %		21		per cent				$0.076		$0.083		$0.097		$0.131

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$1.20		$1.35		$1.65		$2.40

												CRF = %		15		per cent				$1.74		$1.93		$2.30		$3.23

												CRF = %		18		per cent				$2.27		$2.50		$2.94		$4.06

												CRF = %		21		per cent				$2.81		$3.07		$3.59		$4.89





Case E COE

		Cost of Energy (COE)						Case E:  1,000 MW Windplant; 20" Pipeline; USA fed PTC = $.018 / kWh; Oxygen Sales; C-offset credits = $.01 / kWh

								File:

		Case A		20" pipeline; length 200 - 1000 miles (320 - 1600 km)																Assume:		1,000 MW (nameplate; peak) windplant

				Year 2010 technology and costs, expressed in year 2005 $US																		Pipeline TICC = $US 25 / inch diam / m length

		Inputs		Windplant TICC $US / kW, for grid-delivery service												800		$US				Windplant: MW-scale, terrestrial, wind generators, optimized to deliver only direct current (DC) to electrolyzers

				Windplant: incremental power electronics cost for electrolyzer drive $US / kW												30		$US				Electrolyzer: MW-scale, high-pressure-output, without transformer-rectifier

						Windplant TICC for dedicated electrolyzer drive $US / kW										830		$US				Electrolyzer efficiency: H2 (HHV) output / kWh electricity input, stack and gas conditioning only (no transform-rect);

				Electrolyzer ex-works capital cost, less transformer-rectifier, $US / kW												300		$US						efficiency declines with increasing Pin / Prated

				Electrolyzer shipping, installation cost, $US / kW												30		$US				No compressors, at pipeline input or midline

				Electrolyzer TICC (ex-works + ship + install)												330						1  kg H2 = 37.2 kWh

				Windplant annual CF, per cent												40		per cent				H2 mol wt =		2		O2 mol mt =		32		mol wt ratio =				16

				Electrolyzer average efficiency %												80		per cent		Definitions:		TICC: Total Installed Capital Cost

				Subsidy:				(USA fed PTC, other)								0.018		$US per kWh				CF: Capacity Factor

				Oxygen sales:				(To adjacent gasification plants)								19		$US / ton O2				PTC: Production Tax Credit, US fed, $0.018 / kWh

				C-offset credits:				(Or other C-emissions-reduction added value)								0.01		$US per kWh				CRF: Capital Recovery Factor

				Annual Windplant O&M: % of TICC												0.2		per cent

				Annual Windplant O&M: % of TICC												0.5		per cent		Note:		Change J60..M63 to subtract TOTAL ANNUAL BENEFIT								(J58..M58)

				Annual Pipeline O&M: % of TICC												0.1		per cent

				CASE D PRODUCTION								*********    At electrolyzer efficiency = 100%     **********								At electrolyzer efficiency =				80		per cent

																Metric tons								Metric tons

						1 GW Windplant output @ CF %						GWh / day		MMscfd		GH2 per day		GWh / year		GWh / day		MMscfd		GH2 per day		GWh / year

								100				24.0		252		671		8,760		19.2		202		537		7,008

								40				9.6		101		268		3,504		7.7		81		215		2,803

								35				8.4		88		235		3,066		6.7		71		188		2,453

				CASE D COE																$US M		$US M		$US M		$US M

				CAPITAL COST ($US million) (from CostDetails… sheet)										Pipeline length: Miles						200		300		500		1000

						Windplant @		830		Year 2005 $US / kW										830		830		830		830

						Electrolyzers @		330		Year 2005 $US / kW										330		330		330		330

						20" OD / 19" ID pipeline @ $US 29 / inch diam / m length

										200		miles		320		km				185.6

										300		miles		480		km						278.4

										500		miles		800		km								464

										1000		miles		1600		km										928

														TOTAL CAPITAL COST $US million						1345.6		1438.4		1624		2088

				ANNUAL COST ($US million)

						Capital Recovery @ CRF =								12		per cent				161		173		195		251

														15		per cent				202		216		244		313

														18		per cent				242		259		292		376

														21		per cent				283		302		341		438

						O&M Windplant @ % of total capital cost								0.2		per cent				1.66		1.66		1.66		1.66

						O&M Electrolyzers @ % of total capital cost								0.5		per cent				1.65		1.65		1.65		1.65

						O&M pipeline @ % of total capital cost								0.1		per cent				0.19		0.28		0.46		0.93

														SUBTOTAL ANNUAL O&M $US million						3.50		3.59		3.77		4.24

				TOTAL ANNUAL COST ($US million) (capital + O&M) @ CRF =										12		per cent				$165		$176		$199		$255

														15		per cent				$205		$219		$247		$317

														18		per cent				$246		$263		$296		$380

														21		per cent				$286		$306		$345		$443

				ANNUAL BENEFIT (VALUE ADDED; COST OFFSET)

						USA fed PTC														$50		$50		$50		$50

						Oxygen annual production, tons														1,253,827		1,253,827		1,253,827		1,253,827

						Oxygen sales														$24		$24		$24		$24

						C-offset credits														$28		$28		$28		$28

														TOTAL ANNUAL BENEFIT						$102		$102		$102		$102

				COST OF ENERGY (COE),								CRF = %		12		per cent		$US / kWh		$0.022		$0.026		$0.034		$0.054

				Delivered at destination end-of-pipe								CRF = %		15		per cent				$0.037		$0.042		$0.052		$0.077

												CRF = %		18		per cent				$0.051		$0.057		$0.069		$0.099

												CRF = %		21		per cent				$0.066		$0.073		$0.087		$0.121

						[1  kg H2 = 37.2 kWh]						CRF = %		12		per cent		$US / kg		$0.83		$0.98		$1.28		$2.02

												CRF = %		15		per cent				$1.37		$1.55		$1.93		$2.85

												CRF = %		18		per cent				$1.90		$2.13		$2.57		$3.69

												CRF = %		21		per cent				$2.44		$2.70		$3.22		$4.52
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