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ENERGY OPTIONS  for years 

         
  ~2050




    ~2100
(14,000 to 22,500Mtoe/a) 
to  (16,000 to 37,500 Mtoe/a)

• Continued improvement in efficiency


- Reduces energy demand e.g., by another third.

• Fossil options


- Some increased level of sequestration seems likely.



- Maintained or a slowly decreased use is a common scenario.



- Increased use exacerbates problem of handling emissions



  and increases number of have-nots.

• Nuclear energies



- Continued use or increase in fission energy requires a waste



  disposal solution.



- Fusion energy may be a complementary source if developed.



- Nuclear energies need to be handled internationally!

• Renewable energies


- Opportunities for substantial solar and wind power deloyment



  assuming economics and siting acceptable.

• Hydrogen system



- Hydrogen can become the traded fuel source of choice.



- Production from fossil fuels (with sequestration), 



   from biomass and from electricity generally 
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FUSION ENERGY PROJECTIONS
• Assume that the first power plants operate around 2050,

  probably in Japan or Europe.

• Build-up rates may be constrained by the energy pay-back 

  time - up to 1.5 years for some reference designs -and by 

  tritium build-up rates to support new plants for D-T systems.

• Assume a maximum doubling time of 5 years after the first 

  plants have operated for a few years.

• Assume that plants are built and operated by international 

  consortia so that they may provide energy in countries which

 do not have all of the skills needed in-house.

• For the example cases, the estimated fusion energy production (fossil fuel replacement value) is shown in the table.

Fusion energy production (Mtoe/a) for 2100 and 2150.

Examples
      2100
     2150

Case 1
        160
       550

Case 2
        310
       600

Note that production of 100 Mtoe/a will require 180 fusion plants of 1,000 MWe  each operating with a 75% capacity factor.
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Most Fusion Plant Designs Favor Large Size

• For fusion power plants at the 3 – 4 GWe scale, what are

   additional utility costs? 

  Answer: around 5 mills/kWh.

• If co-production of hydrogen is incorporated: 

· Could the hydrogen price be competitive with that 

    from other sources? 

   Answer: Yes, for off-peak generation.

· Could some hydrogen be produced on-peak and still,

    overall, be cost competitive?

   Answer: Yes, at the 25% level.

· Would such hydrogen production permit some

    electrical load following?

   Answer: Yes, with a response on the minute(s) 

   timescale.
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Conclusions
• Increasing world population, 6 billion, rising to 9 to12 billion 

   by 2100, and a need for increasing standards of living in the 

   developing world will drive an increased energy demand -

   2 to 3 times more by 2100.

• It will be necessary to supplement and, possibly, replace fossil 

  fuels during this period, even with substantial improvements in

  the efficiency of energy use.

• A much greater use of nuclear and renewable energies will be

  required , even if carbon sequestration allows the continued 

  high use of fossil fuels.

• Fusion energy could be available in the middle of the 21st 

  century if ITER and NIF work and other technologies and 

  radiation resistant materials are developed.

• Today’s fusion power plant designs and the expected 

   economies of scale for fusion plants indicate one route for 

   fusion power to be competitive – going to large power 

   plants e.g., 3 to 4 Gwe.

• Studies show that even with the additional utility costs for 

  such plants, about 5 mills/kWh, they should remain

  competitive. Co-produced hydrogen could be priced 

  competitively, reduce the power going to the grid, and 

  could allow load following while running at full power.
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		This sheet contains case for ARIES-AT with on and off peak H2 production

		2/04/00 Change O&M costs for dedicated H2 production, add on-peak+off-peak H2 case

		Jmo 112/22/99 Add sensitivities on SMR and fusion plants

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20												492.7536231884

		CRFfus				0.0999647312												1383450

										3.4039426186

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant($/kWh)		Total Power Cost ($/kWhe)

		1000		2.95		2950		8.7096		2.7816		0.285		0.0342		11.8104		0.85		0.0514150141		0.05137		0.0514150141		0		0.0514150141

		1500		3.7823869615		2521.5913076373		7.1136		3.0894		0.285		0.0342		10.5222		0.85		0.044375302		0.044664048		0.0433642292		0		0.044375302

		2000		4.5118370198		2255.9185098771		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.85		0.0400904764		0.0404440108		0.0384288476		0.0036		0.0436904764

		3000		5.7849198358		1928.3066119472		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.85		0.0349288786		0.0351643612		0.0324114927		0.005		0.0399288786

		4000		6.9005672179		1725.1418044766		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.85		0.0318121803		0.0318418923		0.028722667		0.0057		0.0375121803

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant (millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.85		0.0999647312		27080589.1696177		6777466370.55838		80044588.8228426		18.2092860001		1.9912197919		254.4935685151

		1500		3.7823869615		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.85		0.0999647312		40620883.7544266		10166199555.8376		106970784.966434		16.305468782		2.9868296878		381.7403527727

		2000		4.5118370198		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.85		0.0999647312		54161178.3392354		13554932741.1168		132894045.782607		15.1450529815		3.9824395838		508.9871370303

		3000		5.7849198358		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.85		0.0999647312		81241767.5088531		20332399111.6751		183821103.190441		13.7446788282		5.9736593757		763.4807055454

		4000		6.9005672179		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.85		0.0999647312		108322356.678471		27109865482.2335		234544965.713778		12.8973274338		7.9648791675		1017.9742740605

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		1000		0.8		800		300		0.24		0.0072		0.85		0.0999647312		21442764.5788337		7446000000		87940238.4		19.3085051736		1.5766738661		201.5113350126

		1500		3.7823869615		10.5222		1500		0.8		1200		300		0.36		0.0108		0.85		0.0999647312		32164146.8682505		11169000000		117522451.8		16.863965116		2.3650107991		302.2670025189

		2000		4.5118370198		9.8041095681		2000		0.8		1600		300		0.48		0.0144		0.85		0.0999647312		42885529.1576674		14892000000		146002799.688664		15.3760594384		3.1533477322		403.0226700252

		3000		5.7849198358		9.0407975065		3000		0.8		2400		300		0.72		0.0216		0.85		0.0999647312		64328293.7365011		22338000000		201953334.700686		13.5836946166		4.7300215983		604.5340050378

		4000		6.9005672179		8.6516462381		4000		0.8		3200		300		0.96		0.0288		0.85		0.0999647312		85771058.3153348		29784000000		257680631.554489		12.5014211243		6.3066954644		806.0453400504

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No heat recovery for electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW		Conv. Electrolysis $600/kW		Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		3240.9898919484		2950				1000				19.3085051736		20.76		1000		0.0514150141

		1500		2770.3226914161		2521.5913076373				1500				16.863965116		18.32		1500		0.044375302

		2000		2478.4437584986		2255.9185098771				2000				15.3760594384		18.08		2000		0.0400904764

		3000		2118.5160128468		1928.3066119472				3000				13.5836946166		16.77		3000		0.0349288786

		4000		1895.31089847		1725.1418044766				4000				12.5014211243		15.94		4000		0.0318121803

										910.2157360406		18.2092860001						910.2157360406				0.0553216387

										1365.3236040609		16.305468782						1365.3236040609				0.0477145936

										1820.4314720812		15.1450529815						1820.4314720812				0.043077943

										2730.6472081218		13.7446788282						2730.6472081218				0.0374824956

										3640.8629441624		12.8973274338						3640.8629441624				0.0340967502

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam reforming (NG=$3/MBTU)		Steam Reforming (NG=$6/MBTU)		Steam Reforming (NG=$6/MBTU, w/CO seq.)		Fusion Dedicated HTE ARIES-AT		Fusion Dedicated HTE ARIES-RS		Fusion Off-Peak ARIES-AT		Fusion Off-Peak ARIES-RS		Biomass Gasification		Coal Gasification

		201.5113350126								19.3085051736		26.8

		302.2670025189								16.863965116		24.4

		604.5340050378								13.5836946166		20.4

		806.0453400504								12.5014211243		19.1

		1		9.05		12.395413995

		10		6.18		9.525413995

		110		4.79		8.135413995		10.135413995

		68.5																8.73

		335																		8.91

		139.798488665												17.7805879002

		209.6977329975												9.9163255707

		419.395465995												6.3318826825

		559.19395466												6.6675088478

		100.7556675063														29.7

		151.1335012594														24.1

		302.2670025189														15.4

		403.0226700252														12.5

		Co-Production of Elec and H2

		12/20/95

		f2= fraction of off-peak power to electrolyzer								1

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								300

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								300

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		f1=fraction of power to dedicated H2 production<.5								0.5

		Cost of off-peak H2 from Fusion Power Plant HiTE												Utilit added costs are for f2=0.5

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)include.util costs		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		910.2157360406		2950		1010.3394670051		11.8104		0.0532765165		0.046553033		20.377059066

		1500		1365.3236040609		2521.5913076373		1515.5092005076		10.5222		0.0459664708		0.0319329417		16.7183775445

		2000		1820.4314720812		2255.9185098771		2020.6789340101		9.8041095681		0.041514001		0.023028002		14.4899141722

		3000		2730.6472081218		1928.3066119472		3031.0184010152		9.0407975065		0.0361456743		0.0122913487		11.8030639805

		4000		3640.8629441624		1725.1418044766		4041.3578680203		12.2516462381		0.0365007754		0.0130015508		11.9807922475

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		2950		800		11.8104		0.0514150141		0.0428300283		17.7805879002		20.6896381993

		1500		1500		2521.5913076373		1200		10.5222		0.044375302		0.0287506039		12.89189888		15.8009491791

		2000		2000		2255.9185098771		1600		9.8041095681		0.0400904764		0.0201809528		9.9163255707		12.8253758697

		3000		3000		1928.3066119472		2400		9.0407975065		0.0349288786		0.0098577573		6.3318826825		9.2409329816

		4000		4000		1725.1418044766		3200		12.2516462381		0.0354121803		0.0108243606		6.6675088478		9.5765591469

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe

		1000		18.2092860001		19.3085051736		24.85

		1500		16.305468782		16.863965116		21.63

		2000		15.1450529815		15.3760594384

		3000		13.7446788282		13.5836946166		18.25

		4000		12.8973274338		12.5014211243		17.01

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		20.377059066		20.6896381993		17.7805879002

		2000		14.4899141722		12.8253758697		9.9163255707

		3000		11.8030639805		9.2409329816		6.3318826825

		4000		11.9807922475		9.5765591469		6.6675088478

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0532765165		0.0514150141		0.046553033

		1500		0.0459664708		0.044375302		0.0319329417

		2000		0.041514001		0.0400904764		0.023028002

		3000		0.0361456743		0.0349288786		0.0122913487

		4000		0.0365007754		0.0354121803		0.0130015508

		Fusion Power(MWEe)		Power to Dedicated H2 production (MWe)		GJ H2 from dedicated production/yr		GJ H2 from off-peak prpduction (GJ/y)		Cost of Dedicated H2 ($/GJ)-Conv. Electrol.		Cost of off-peak H2 ($/GJ)-conv. Electrol		Ave H2 Cost ($/GJ)

		1000		500		10722240		5361120		19.3085051736		17.7805879002		18.7991994158

		1500		750		16083360		8041680		16.863965116		12.89189888		15.5399430373

		2000		1000		21444480		10722240		15.3760594384		9.9163255707		13.5561481491

		3000		1500		32166720		16083360		13.5836946166		6.3318826825		11.1664239719

		4000		2000		42888960		21444480		12.5014211243		6.6675088478		10.5567836988

		Capital Cost of Fusion Power Plants vs. Plant Size($/kWe)												Added Capital Utility Capital Costs (million)								ARIES-AT		ARIES-RS

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-Atw/ht recovery for electrolysis						Fusion Power Plant Size (MWe)		million $		$/kWe		O&M(million/y)		Added elec. Cost($/kWhe)

		1000		4600		2950								1000

		1500		3879.7121319626		2521.5913076373								1500

		2000		3438.1532718604		2255.9185098771								2000		155		77.5		37		0.0035250157		0.0039424517

		3000		2899.7923826921		1928.3066119472								3000		360		120		63		0.0044313414		0.0049561055

		4000		2569.7604175661		1725.1418044766								4000		655		163.75		104		0.0056901994		0.0063640388

		910.2157360406						3240.9898919484

		1365.3236040609						2770.3226914161

		1820.4314720812						2478.4437584986

		2730.6472081218						2118.5160128468

		3640.8629441624						1895.31089847

		Cost of fusion electricity ($/kWh)														Total Fusion Electric Cost Include Utility Costs($/kWhe)

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1000		0.0808		0.0514150141								Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1500		0.0688		0.044375302								1000		0.0808		0.0514150141

		2000		0.0614		0.0400904764								2000		0.0653424517		0.0436154921

		3000		0.0526		0.0349288786								3000		0.0575561055		0.03936022

		4000		0.0472		0.0318121803								4000		0.0535640388		0.0375023797

		910.2157360406						0.0553216387						910.2157360406						0.0553216387

		1365.3236040609						0.0477145936						1820.4314720812						0.0469506685

		1820.4314720812						0.043077943						2730.6472081218						0.0423509473

		2730.6472081218						0.0374824956						3640.8629441624						0.0403482346

		3640.8629441624						0.0340967502

				DEDICTAED H2 PRODUCTION

		Power Plant Size (MWe)		Hi T Electrolyzer ARIES-AT		Conv. Electrol. $300/kW ARIES-AT		Conv. Electrol. $600/kW ARIES-AT		Hi T Electrolyzer ARIES-RS		Conv. Electrol. $300/kW ARIES-RS		Conv. Electrol. $600/kW ARIES-RS

		1000				19.3085051736		20.76				31.8		33.42

		1500				16.863965116		18.32				27.27		28.9

		2000				15.3760594384		16.83				24.52		26.14

		3000				13.5836946166		15.04				21.2		22.83

		4000				12.5014211243		13.96				19.2		20.82

		910.2157360406		18.2092860001						28.48

		1365.3236040609		16.305468782						24.92

		1820.4314720812		15.1450529815						22.76

		2730.6472081218		13.7446788282						20.16

		3640.8629441624		12.8973274338						18.58

		Power Plant Capacity (MWe)		25% On-peak H2 Production (Conv Electrol=$300/kWH2)		25% On-peak H2 Production (Conv Electrol=$600/kWH2)		Dedicated H2 Cost (Conv. Electrolysis=$300/kWH2)		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		18.7991994158		20.14		19.3085051736		17.7805879002

		1500		15.5399430373		16.23		16.863965116		12.89189888

		2000		13.5561481491		13.85		15.3760594384		9.9163255707

		3000		11.1664239719		12.48		13.5836946166		6.3318826825

		4000		10.5567836988		11.33		12.5014211243		6.6675088478

		Power Plant Capacity (MWe)		Dedicated H2 production		50% On Peak H2 Production		25% On Peak H2 Production		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		19.3085051736				18.7991994158		17.7805879002

		1500		16.863965116				15.5399430373		12.89189888

		2000		15.3760594384				13.5561481491		9.9163255707

		3000		13.5836946166				11.1664239719		6.3318826825

		4000		12.5014211243				10.5567836988		6.6675088478
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Fusion Dedicated HTE ARIES-RS
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Hydrogen Plant Capacity (million scf H2/d)
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Hydrogen Production Cost ($/GJ)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet1 (3)
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25% On-peak H2 Production (Conv Electrol=$300/kWH2)

25% On-peak H2 Production (Conv Electrol=$600/kWH2)

Fusion Power Plant Capacity (MWe)

Cost of Hydrogen ($/GJ)

Cost of Hydrogen Production w/25% On-Peak H2 Production, 
On-Peak Power Cost =6 cents/kWh, ARIES-AT
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Dedicated H2 production

50% On Peak H2 Production

25% On Peak H2 Production

Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

Fusion Power Plant Capacity (MWe)

Hydrogen production Cost ($/GJ)

H2 Production Cost for Various Operating Strategies:
 Dedicated H2 Production; 50% On-peak & 100% Off-peak H2 production; 
25% On-Peak &100% Off-peak H2; Off-peak H2 Production Only
ARIES-AT , On-Peak Power Cost 6 cents/kWh, Conv.Electrolyzer $300/kWH2

19.3085051736
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12.89189888

15.3760594384

13.56

12.1002191177

9.9163255707

13.5836946166

11.17

10.7326074561

8.8318826825

12.5014211243

10.56

9.5844070917
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Chart7

		This sheet contains case for ARIES-AT with on and off peak H2 production

		2/04/00 Change O&M costs for dedicated H2 production, add on-peak+off-peak H2 case

		Jmo 112/22/99 Add sensitivities on SMR and fusion plants

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20												492.7536231884

		CRFfus				0.0999647312												1383450

										3.4039426186

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant($/kWh)		Total Power Cost ($/kWhe)

		1000		2.95		2950		8.7096		2.7816		0.285		0.0342		11.8104		0.85		0.0514150141		0.05137		0.0514150141		0		0.0514150141

		1500		3.7823869615		2521.5913076373		7.1136		3.0894		0.285		0.0342		10.5222		0.85		0.044375302		0.044664048		0.0433642292		0		0.044375302

		2000		4.5118370198		2255.9185098771		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.85		0.0400904764		0.0404440108		0.0384288476		0.0036		0.0436904764

		3000		5.7849198358		1928.3066119472		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.85		0.0349288786		0.0351643612		0.0324114927		0.005		0.0399288786

		4000		6.9005672179		1725.1418044766		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.85		0.0318121803		0.0318418923		0.028722667		0.0057		0.0375121803

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant (millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.85		0.0999647312		27080589.1696177		6777466370.55838		80044588.8228426		18.2092860001		1.9912197919		254.4935685151

		1500		3.7823869615		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.85		0.0999647312		40620883.7544266		10166199555.8376		106970784.966434		16.305468782		2.9868296878		381.7403527727

		2000		4.5118370198		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.85		0.0999647312		54161178.3392354		13554932741.1168		132894045.782607		15.1450529815		3.9824395838		508.9871370303

		3000		5.7849198358		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.85		0.0999647312		81241767.5088531		20332399111.6751		183821103.190441		13.7446788282		5.9736593757		763.4807055454

		4000		6.9005672179		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.85		0.0999647312		108322356.678471		27109865482.2335		234544965.713778		12.8973274338		7.9648791675		1017.9742740605

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		1000		0.8		800		300		0.24		0.0072		0.85		0.0999647312		21442764.5788337		7446000000		87940238.4		19.3085051736		1.5766738661		201.5113350126

		1500		3.7823869615		10.5222		1500		0.8		1200		300		0.36		0.0108		0.85		0.0999647312		32164146.8682505		11169000000		117522451.8		16.863965116		2.3650107991		302.2670025189

		2000		4.5118370198		9.8041095681		2000		0.8		1600		300		0.48		0.0144		0.85		0.0999647312		42885529.1576674		14892000000		146002799.688664		15.3760594384		3.1533477322		403.0226700252

		3000		5.7849198358		9.0407975065		3000		0.8		2400		300		0.72		0.0216		0.85		0.0999647312		64328293.7365011		22338000000		201953334.700686		13.5836946166		4.7300215983		604.5340050378

		4000		6.9005672179		8.6516462381		4000		0.8		3200		300		0.96		0.0288		0.85		0.0999647312		85771058.3153348		29784000000		257680631.554489		12.5014211243		6.3066954644		806.0453400504

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No heat recovery for electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW		Conv. Electrolysis $600/kW		Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		3240.9898919484		2950				1000				19.3085051736		20.76		1000		0.0514150141

		1500		2770.3226914161		2521.5913076373				1500				16.863965116		18.32		1500		0.044375302

		2000		2478.4437584986		2255.9185098771				2000				15.3760594384		18.08		2000		0.0400904764

		3000		2118.5160128468		1928.3066119472				3000				13.5836946166		16.77		3000		0.0349288786

		4000		1895.31089847		1725.1418044766				4000				12.5014211243		15.94		4000		0.0318121803

										910.2157360406		18.2092860001						910.2157360406				0.0553216387

										1365.3236040609		16.305468782						1365.3236040609				0.0477145936

										1820.4314720812		15.1450529815						1820.4314720812				0.043077943

										2730.6472081218		13.7446788282						2730.6472081218				0.0374824956

										3640.8629441624		12.8973274338						3640.8629441624				0.0340967502

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam reforming (NG=$3/MBTU)		Steam Reforming (NG=$6/MBTU)		Steam Reforming (NG=$6/MBTU, w/CO seq.)		Fusion Dedicated HTE ARIES-AT		Fusion Dedicated HTE ARIES-RS		Fusion Off-Peak ARIES-AT		Fusion Off-Peak ARIES-RS		Biomass Gasification		Coal Gasification

		201.5113350126								19.3085051736		26.8

		302.2670025189								16.863965116		24.4

		604.5340050378								13.5836946166		20.4

		806.0453400504								12.5014211243		19.1

		1		9.05		12.395413995

		10		6.18		9.525413995

		110		4.79		8.135413995		10.135413995

		68.5																8.73

		335																		8.91

		139.798488665												17.7805879002

		209.6977329975												9.9163255707

		419.395465995												8.8318826825

		559.19395466												7.6397310701

		100.7556675063														29.7

		151.1335012594														24.1

		302.2670025189														15.4

		403.0226700252														12.5

		Co-Production of Elec and H2

		12/20/95

		f2= fraction of off-peak power to electrolyzer								1

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								300

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								300

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		f1=fraction of power to dedicated H2 production<.5								0.25

		Cost of off-peak H2 from Fusion Power Plant HiTE												Utilit added costs are for f2=0.25, use values in M33-36 for utiltity add ons

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)include.util costs		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		910.2157360406		2950		1010.3394670051		11.8104		0.0532765165		0.046553033		20.377059066

		1500		1365.3236040609		2521.5913076373		1515.5092005076		10.5222		0.0459664708		0.0319329417		16.7183775445

		2000		1820.4314720812		2255.9185098771		2020.6789340101		9.8041095681		0.041514001		0.023028002		14.4899141722

		3000		2730.6472081218		1928.3066119472		3031.0184010152		12.6407975065		0.0397456743		0.0194913487		13.6048657823

		4000		3640.8629441624		1725.1418044766		4041.3578680203		13.6516462381		0.0379007754		0.0158015508		12.6814929482

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		2950		800		11.8104		0.0514150141		0.0428300283		17.7805879002		20.6896381993

		1500		1500		2521.5913076373		1200		10.5222		0.044375302		0.0287506039		12.89189888		15.8009491791

		2000		2000		2255.9185098771		1600		9.8041095681		0.0400904764		0.0201809528		9.9163255707		12.8253758697

		3000		3000		1928.3066119472		2400		12.6407975065		0.0385288786		0.0170577573		8.8318826825		11.7409329816

		4000		4000		1725.1418044766		3200		13.6516462381		0.0368121803		0.0136243606		7.6397310701		10.5487813691

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe

		1000		18.2092860001		19.3085051736		24.85

		1500		16.305468782		16.863965116		21.63

		2000		15.1450529815		15.3760594384

		3000		13.7446788282		13.5836946166		18.25

		4000		12.8973274338		12.5014211243		17.01

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		20.377059066		20.6896381993		17.7805879002

		2000		14.4899141722		12.8253758697		9.9163255707

		3000		13.6048657823		11.7409329816		8.8318826825

		4000		12.6814929482		10.5487813691		7.6397310701

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0532765165		0.0514150141		0.046553033

		1500		0.0459664708		0.044375302		0.0319329417

		2000		0.041514001		0.0400904764		0.023028002

		3000		0.0397456743		0.0385288786		0.0194913487

		4000		0.0379007754		0.0368121803		0.0158015508

		Fusion Power(MWEe)		Power to Dedicated H2 production (MWe)		GJ H2 from dedicated production/yr		GJ H2 from off-peak prpduction (GJ/y)		Cost of Dedicated H2 ($/GJ)-Conv. Electrol.		Cost of off-peak H2 ($/GJ)-conv. Electrol		Ave H2 Cost ($/GJ)

		1000		250		5361120		8041680		19.3085051736		17.7805879002		18.3917548096

		1500		375		8041680		12062520		16.863965116		12.89189888		14.4807253744

		2000		500		10722240		16083360		15.3760594384		9.9163255707		12.1002191177

		3000		750		16083360		24125040		13.5836946166		8.8318826825		10.7326074561

		4000		1000		21444480		32166720		12.5014211243		7.6397310701		9.5844070917

		Capital Cost of Fusion Power Plants vs. Plant Size($/kWe)												Added Capital Utility Capital Costs (million)								ARIES-AT		ARIES-RS

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-Atw/ht recovery for electrolysis						Fusion Power Plant Size (MWe)		million $		$/kWe		O&M(million/y)		Added elec. Cost($/kWhe)

		1000		4600		2950								1000

		1500		3879.7121319626		2521.5913076373								1500

		2000		3438.1532718604		2255.9185098771								2000		155		77.5		37		0.0035250157		0.0039424517

		3000		2899.7923826921		1928.3066119472								3000		360		120		63		0.0044313414		0.0049561055

		4000		2569.7604175661		1725.1418044766								4000		655		163.75		104		0.0056901994		0.0063640388

		910.2157360406						3240.9898919484

		1365.3236040609						2770.3226914161

		1820.4314720812						2478.4437584986

		2730.6472081218						2118.5160128468

		3640.8629441624						1895.31089847

		Cost of fusion electricity ($/kWh)														Total Fusion Electric Cost Include Utility Costs($/kWhe)

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1000		0.0808		0.0514150141								Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1500		0.0688		0.044375302								1000		0.0808		0.0514150141

		2000		0.0614		0.0400904764								2000		0.0653424517		0.0436154921

		3000		0.0526		0.0349288786								3000		0.0575561055		0.03936022

		4000		0.0472		0.0318121803								4000		0.0535640388		0.0375023797

		910.2157360406						0.0553216387						910.2157360406						0.0553216387

		1365.3236040609						0.0477145936						1820.4314720812						0.0469506685

		1820.4314720812						0.043077943						2730.6472081218						0.0423509473

		2730.6472081218						0.0374824956						3640.8629441624						0.0403482346

		3640.8629441624						0.0340967502

				DEDICTAED H2 PRODUCTION

		Power Plant Size (MWe)		Hi T Electrolyzer ARIES-AT		Conv. Electrol. $300/kW ARIES-AT		Conv. Electrol. $600/kW ARIES-AT		Hi T Electrolyzer ARIES-RS		Conv. Electrol. $300/kW ARIES-RS		Conv. Electrol. $600/kW ARIES-RS

		1000				19.3085051736		20.76				31.8		33.42

		1500				16.863965116		18.32				27.27		28.9

		2000				15.3760594384		16.83				24.52		26.14

		3000				13.5836946166		15.04				21.2		22.83

		4000				12.5014211243		13.96				19.2		20.82

		910.2157360406		18.2092860001						28.48

		1365.3236040609		16.305468782						24.92

		1820.4314720812		15.1450529815						22.76

		2730.6472081218		13.7446788282						20.16

		3640.8629441624		12.8973274338						18.58

		Power Plant Capacity (MWe)		25% On-peak H2 Production (Conv Electrol=$300/kWH2)		25% On-peak H2 Production (Conv Electrol=$600/kWH2)		Dedicated H2 Cost (Conv. Electrolysis=$300/kWH2)		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		18.3917548096		20.14		19.3085051736		17.7805879002

		1500		14.4807253744		16.23		16.863965116		12.89189888

		2000		12.1002191177		13.85		15.3760594384		9.9163255707

		3000		10.7326074561		12.48		13.5836946166		8.8318826825

		4000		9.5844070917		11.33		12.5014211243		7.6397310701

		Power Plant Capacity (MWe)		Dedicated H2 production		50% On Peak H2 Production		25% On Peak H2 Production		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		19.3085051736		18.8		18.3917548096		17.7805879002

		1500		16.863965116		15.54		14.4807253744		12.89189888

		2000		15.3760594384		13.56		12.1002191177		9.9163255707

		3000		13.5836946166		11.17		10.7326074561		8.8318826825

		4000		12.5014211243		10.56		9.5844070917		7.6397310701
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FusionPowerPlantCapCostDec22
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Elec. Eff
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Fraction of Power to Electrolyzer

Power (MW)

Fusion Power vs. Fraction of Power Used for Electrolysis
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Steam reforming (NG=$3/MBTU)

Steam Reforming (NG=$6/MBTU)

Steam Reforming (NG=$6/MBTU, w/CO seq.)

Fusion Dedicated HTE ARIES-AT

Fusion Dedicated HTE ARIES-RS

Fusion Off-Peak ARIES-AT

Fusion Off-Peak ARIES-RS

Biomass Gasification

Coal Gasification

Hydrogen Plant Capacuty (million scf H2/d)
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Cost of Hydrogen Production ($/GJ)
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ARIES-RS

ARIES-AT

ARIES-Atw/ht recovery for electrolysis

Fusion Power Plant Size MWe

Capital Cost ($/kW)

Capital Cost of Fusion Power Plants ($/kW)
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ARIES-RS

ARIES-AT

ARIES-AT w/ht recovery for electrolysis

Fusion Power Plant Size (MWe)
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Cost of Fusion Electricity ($/kWh)

0.0869

0.0514150141

0.0733

0.044375302

0.0651

0.0400904764

0.0553

0.0349288786

0.0494

0.0318121803

0.0553216387

0.0477145936

0.043077943

0.0374824956

0.0340967502



Sheet1

		1000		1000		1000

		2000		2000		2000

		3000		3000		3000

		4000		4000		4000

		910.2157360406		910.2157360406		910.2157360406

		1820.4314720812		1820.4314720812		1820.4314720812

		2730.6472081218		2730.6472081218		2730.6472081218

		3640.8629441624		3640.8629441624		3640.8629441624



ARIES-RS

ARIES-AT

ARIES-AT w/ht recovery for electrolysis

Fusion Power Plant Size (MWe)
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Cost of Fusion Electricity Including Utility Costs ($/kWh)
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f=.5, Hi-T Electrolysis

f=.5, Conv. Electrol. $600/kWH2

f=.5, $300/kWH2

Fusion Power Plant Size (MW)

Cost of Hydrogen ($/GJ)

Cost of H2 from Off-peak Fusion Power ARIES-AT 
On-Peak Power Cost is 6 cents/kWh, f=0.5
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		2/04/00 Change O&M costs for dedicated H2 production, add on-peak+off-peak H2 case

		Jmo 112/22/99 Add sensitivities on SMR and fusion plants

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20												492.7536231884

		CRFfus				0.0999647312												1383450

										3.4039426186

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant(mills/kWh)		Total Power Cost ($/kWhe)

		1000		2.95		2950		8.7096		2.7816		0.285		0.0342		11.8104		0.85		0.0514150141		0.05137		0.0514150141		0		0.0514150141

		1500		3.7823869615		2521.5913076373		7.1136		3.0894		0.285		0.0342		10.5222		0.85		0.044375302		0.044664048		0.0433642292		0		0.044375302

		2000		4.5118370198		2255.9185098771		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.85		0.0400904764		0.0404440108		0.0384288476		0.0036		0.0436904764

		3000		5.7849198358		1928.3066119472		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.85		0.0349288786		0.0351643612		0.0324114927		0.005		0.0399288786

		4000		6.9005672179		1725.1418044766		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.85		0.0318121803		0.0318418923		0.028722667		0.0057		0.0375121803

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant (millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.85		0.0999647312		27080589.1696177		6777466370.55838		80044588.8228426		18.2092860001		1.9912197919		254.4935685151

		1500		3.7823869615		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.85		0.0999647312		40620883.7544266		10166199555.8376		106970784.966434		16.305468782		2.9868296878		381.7403527727

		2000		4.5118370198		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.85		0.0999647312		54161178.3392354		13554932741.1168		132894045.782607		15.1450529815		3.9824395838		508.9871370303

		3000		5.7849198358		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.85		0.0999647312		81241767.5088531		20332399111.6751		183821103.190441		13.7446788282		5.9736593757		763.4807055454

		4000		6.9005672179		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.85		0.0999647312		108322356.678471		27109865482.2335		234544965.713778		12.8973274338		7.9648791675		1017.9742740605

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		1000		0.8		800		300		0.24		0.0072		0.85		0.0999647312		21442764.5788337		7446000000		87940238.4		19.3085051736		1.5766738661		201.5113350126

		1500		3.7823869615		10.5222		1500		0.8		1200		300		0.36		0.0108		0.85		0.0999647312		32164146.8682505		11169000000		117522451.8		16.863965116		2.3650107991		302.2670025189

		2000		4.5118370198		9.8041095681		2000		0.8		1600		300		0.48		0.0144		0.85		0.0999647312		42885529.1576674		14892000000		146002799.688664		15.3760594384		3.1533477322		403.0226700252

		3000		5.7849198358		9.0407975065		3000		0.8		2400		300		0.72		0.0216		0.85		0.0999647312		64328293.7365011		22338000000		201953334.700686		13.5836946166		4.7300215983		604.5340050378

		4000		6.9005672179		8.6516462381		4000		0.8		3200		300		0.96		0.0288		0.85		0.0999647312		85771058.3153348		29784000000		257680631.554489		12.5014211243		6.3066954644		806.0453400504

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No heat recovery for electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW		Conv. Electrolysis $600/kW		Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		3240.9898919484		2950				1000				19.3085051736		20.76		1000		0.0514150141

		1500		2770.3226914161		2521.5913076373				1500				16.863965116		18.32		1500		0.044375302

		2000		2478.4437584986		2255.9185098771				2000				15.3760594384		18.08		2000		0.0400904764

		3000		2118.5160128468		1928.3066119472				3000				13.5836946166		16.77		3000		0.0349288786

		4000		1895.31089847		1725.1418044766				4000				12.5014211243		15.94		4000		0.0318121803

										910.2157360406		18.2092860001						910.2157360406				0.0553216387

										1365.3236040609		16.305468782						1365.3236040609				0.0477145936

										1820.4314720812		15.1450529815						1820.4314720812				0.043077943

										2730.6472081218		13.7446788282						2730.6472081218				0.0374824956

										3640.8629441624		12.8973274338						3640.8629441624				0.0340967502

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam reforming (NG=$3/MBTU)		Steam Reforming (NG=$6/MBTU)		Steam Reforming (NG=$6/MBTU, w/CO seq.)		Fusion Dedicated HTE ARIES-AT		Fusion Dedicated HTE ARIES-RS		Fusion Off-Peak ARIES-AT		Fusion Off-Peak ARIES-RS		Biomass Gasification		Coal Gasification

		201.5113350126								19.3085051736		26.8

		302.2670025189								16.863965116		24.4

		604.5340050378								13.5836946166		20.4

		806.0453400504								12.5014211243		19.1

		1		9.05		12.395413995

		10		6.18		9.525413995

		110		4.79		8.135413995		10.135413995

		68.5																8.73

		335																		8.91

		139.798488665

		209.6977329975

		419.395465995														23.98

		559.19395466														20.37

		100.7556675063												17.7805879002

		151.1335012594												12.4163255707

		302.2670025189												9.8041049047

		403.0226700252												8.1258421812

		Co-Production of Elec and H2

		12/20/95

		f= fraction of off-peak power to electrolyzer								0.5

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								300

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								900

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		Cost of off-peak H2 from Fusion Power Plant HiTE

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		955.1078680203		2950		530.0848667513		11.8104		0.0523243939		0.0446487879		19.900521231

		1500		1432.6618020305		2521.5913076373		795.1273001269		10.5222		0.0451526186		0.0303052372		16.3110440995

		2000		1910.2157360406		2255.9185098771		1060.1697335025		13.4041095681		0.0443858956		0.0287717912		15.9272988477

		3000		2865.3236040609		1928.3066119472		1590.2546002538		14.0407975065		0.0405233068		0.0210466136		13.9940712091

		4000		3820.4314720812		1725.1418044766		2120.3394670051		14.3516462381		0.03804398		0.01608796		12.7531669119

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		2950		400		11.8104		0.0514150141		0.0428300283		17.7805879002		20.6896381993

		1500		1500		2521.5913076373		600		10.5222		0.044375302		0.0287506039		12.89189888		15.8009491791

		2000		2000		2255.9185098771		800		13.4041095681		0.0436904764		0.0273809528		12.4163255707		15.3253758697

		3000		3000		1928.3066119472		1200		14.0407975065		0.0399288786		0.0198577573		9.8041049047		12.7131552038

		4000		4000		1725.1418044766		1600		14.3516462381		0.0375121803		0.0150243606		8.1258421812		11.0348924803

																ARIES-AT, Conv. Electrolysis $300/kWH2

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe						Fusion Power Plant Size (MWe)		Pon= 5 cents/kWh		Pon=6 cents/kWh		Pon=7 cents/kWh		Pon=8cents/kWh

		1000		18.2092860001		19.3085051736		24.85						1000				17.7805879002		14.308365678		10.8361434558

		1500		16.305468782		16.863965116		21.63						2000		15.8885477929		12.4163255707		8.9441033484		5.4718811262

		2000		15.1450529815		15.3760594384								3000		13.276327127		9.8041049047		6.3318826825		2.8596604603

		3000		13.7446788282		13.5836946166		18.25						4000		11.5980644034		8.1258421812		4.6536199589		1.1813977367

		4000		12.8973274338		12.5014211243		17.01

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		19.900521231		20.6896381993		17.7805879002

		2000		15.9272988477		15.3253758697		12.4163255707

		3000		13.9940712091		12.7131552038		9.8041049047

		4000		12.7531669119		11.0348924803		8.1258421812

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0523243939		0.0514150141		0.0446487879

		1500		0.0451526186		0.044375302		0.0303052372

		2000		0.0443858956		0.0436904764		0.0287717912

		3000		0.0405233068		0.0399288786		0.0210466136

		4000		0.03804398		0.0375121803		0.01608796

		Capital Cost of Fusion Power Plants vs. Plant Size($/kWe)												Added Capital Utility Capital Costs (million)								ARIES-AT		ARIES-RS

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-Atw/ht recovery for electrolysis						Fusion Power Plant Size (MWe)		million $		$/kWe		O&M(million/y)		Added elec. Cost($/kWhe)

		1000		4600		2950								1000

		1500		3879.7121319626		2521.5913076373								1500

		2000		3438.1532718604		2255.9185098771								2000		155		77.5		37		0.0035250157		0.0039424517

		3000		2899.7923826921		1928.3066119472								3000		360		120		63		0.0044313414		0.0049561055

		4000		2569.7604175661		1725.1418044766								4000		655		163.75		104		0.0056901994		0.0063640388

		910.2157360406						3240.9898919484

		1365.3236040609						2770.3226914161

		1820.4314720812						2478.4437584986

		2730.6472081218						2118.5160128468

		3640.8629441624						1895.31089847

		Cost of fusion electricity ($/kWh)														Total Fusion Electric Cost Include Utility Costs($/kWhe)

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1000		0.0869		0.0514150141								Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1500		0.0733		0.044375302								1000		0.0869		0.0514150141

		2000		0.0651		0.0400904764								2000		0.0690424517		0.0436154921

		3000		0.0553		0.0349288786								3000		0.0602561055		0.03936022

		4000		0.0494		0.0318121803								4000		0.0557640388		0.0375023797

		910.2157360406						0.0553216387						910.2157360406						0.0553216387

		1365.3236040609						0.0477145936						1820.4314720812						0.0469506685

		1820.4314720812						0.043077943						2730.6472081218						0.0423509473

		2730.6472081218						0.0374824956						3640.8629441624						0.0403482346

		3640.8629441624						0.0340967502

				DEDICTAED H2 PRODUCTION

		Power Plant Size (MWe)		Hi T Electrolyzer ARIES-AT		Conv. Electrol. $300/kW ARIES-AT		Conv. Electrol. $600/kW ARIES-AT		Hi T Electrolyzer ARIES-RS		Conv. Electrol. $300/kW ARIES-RS		Conv. Electrol. $600/kW ARIES-RS

		1000				19.3085051736		20.76				31.6		33.08

		1500				16.863965116		18.32				26.92		28.37

		2000				15.3760594384		16.83				24.07		25.53

		3000				13.5836946166		15.04				20.67		22.12

		4000				12.5014211243		13.96				18.62		20.08

		910.2157360406		18.2092860001						27.96

		1365.3236040609		16.305468782						24.27

		1820.4314720812		15.1450529815						22.03

		2730.6472081218		13.7446788282						19.36

		3640.8629441624		12.8973274338						17.74
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Fusion Dedicated HTE ARIES-AT

Fusion Dedicated HTE ARIES-RS

Fusion Off-Peak ARIES-AT

Fusion Off-Peak ARIES-RS

Biomass Gasification

Coal Gasification

Hydrogen Production Capacity (million scf/d)

Levelized H2 Cost ($/GJ)

Cost of Hydrogen Production ($/GJ)



		



Hydrogen Plant Capacity (million scf H2/d)

H2 Cost ($/GJ)

Hydrogen Production Cost ($/GJ)



		1000		2000		3000		4000

				18.797598092		16.1853774261		14.5071147025

		20.6896381993		15.3253758697		12.7131552038		11.0348924803

		17.2174159771		11.8531536475		9.2409329816		7.562670258

		13.7451937549		8.3809314253		5.7687107594		4.0904480358





		1000		1000		1000

		1500		1500		1500

		2000		2000		2000

		3000		3000		3000

		4000		4000		4000



f=.5, Hi-T Electrolysis

f=.5, Conv. Electrol. $600/kWH2

f=.5, $300/kWH2

Fusion Plant capacity (MWe)

Cost of H2 ($/GJ)

Cost of H2 from Off-peak Fusion Power ARIES-RS, Cost of On Peak Power is 6 cents/kWh

38.0614341075

51.1404034584

45.3223028602

31.1360366253

41.7270185766

35.9089179784

28.7550174453

38.5424306245

32.7243300263

24.4439935795

32.7050715806

26.8869709824

21.781201002

29.0982220381

23.2801214399



		1000		1000		1000		1000

		2000		2000		2000		2000

		3000		3000		3000		3000

		4000		4000		4000		4000



Pon= 5 cents/kWh

Pon=6 cents/kWh

Pon=7 cents/kWh

Pon=8 cents/kWh

Fusion Power Plant Size (MWe)

Cost of Hydrogen ($/GJ)

Cost of Hydrogen from Off-Peak Fusion Power, Conventional Electrolyzer $600/kWH2,ARIES-RS

26.343057505

22.8708352828

23.9779206833

20.5056984611

17.0334762389

23.8432933631

20.3710711409

16.8988489186

13.4266266964



		2/4/00 Add calcs for on-peak H2 production case, correct no.s for dedicated H2 to exclude utility costs

		Change Costs for ARIES-RS case 1/28/00

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

						SHEET 2 use case with ARIES-RS

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20

		CRFfus				0.0999647312

										5.7693942688								0.0029638074

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL Fusion Power Plant Only O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant(mills/kWh)		Total Power Cost ($/kWhe)

		1000		5		5000		8.7096		2.7816		0.285		0.0342		11.8104		0.76		0.0868860513		0.0868860513		0.0868860513		0		0.0868860513

		1500		6.2745286896		4183.0191264199		7.1136		3.0894		0.285		0.0342		10.5222		0.76		0.073330777		0.0738777324		0.0753907597		0		0.073330777

		2000		7.3713460865		3685.6730432277		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.76		0.0651449704		0.0658473136		0.0681694141		0.0036

		3000		9.2503445001		3083.4481667104		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.76		0.0553391734		0.0559888514		0.0591503912		0.005		0.0603391734

		4000		10.8673486253		2716.8371563151		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.76		0.04944531		0.0499029321		0.0534846383		0.0057		0.05514531

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Fusion Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)		Electrol capacity factor		Pfus($/kWhe)		Levelized H2 cost($/GJ)

		1000		5		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.76		0.0999647312		24213232.6693052		6059852284.26396		71569279.418071		27.9600623471		1.7803847551		254.4935685151		0.85		0.0942915616		27.9600623471

		1500		6.2745286896		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.76		0.0999647312		36319849.0039579		9089778426.39594		95644466.5582233		24.2650407507		2.6705771326		381.7403527727		0.85		0.0795262553		24.2650407507

		2000		7.3713460865		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.76		0.0999647312		48426465.3386105		12119704568.5279		118822911.523272		22.0322011691		3.5607695102		508.9871370303		0.85		0.0706038284		22.0322011691

		3000		9.2503445001		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.76		0.0999647312		72639698.0079157		18179556852.7919		164357692.264394		19.3550856688		5.3411542653		763.4807055454		0.85		0.0599060748		19.3550856688

		4000		10.8673486253		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.76		0.0999647312		96852930.677221		24239409137.0558		209710792.873496		17.7442619275		7.1215390204		1017.9742740605		0.85		0.0534692232		17.7442619275

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)		Electrol capacity factor		Pfus($/kWhe)		Levelized H2 cost($/GJ)

		1000		5		11.8104		1000		0.8		800		600		0.48		0.0144		0.76		0.0999647312		19172354.2116631		6657600000		78628919.04		33.0778180968		1.4097319273		201.5113350126		0.85		0.0868860513		33.0778180968

		1500		6.2745286896		10.5222		1500		0.8		1200		600		0.72		0.0216		0.76		0.0999647312		28758531.3174946		9986400000		105078898.08		28.3711256559		2.114597891		302.2670025189		0.85		0.073330777		28.3711256559

		2000		7.3713460865		9.8041095681		2000		0.8		1600		600		0.96		0.0288		0.76		0.0999647312		38344708.4233261		13315200000		130543679.721629		25.5288316798		2.8194638547		403.0226700252		0.85		0.0651449704		25.5288316798

		3000		9.2503445001		9.0407975065		3000		0.8		2400		600		1.44		0.0432		0.76		0.0999647312		57517062.6349892		19972800000		180570040.438261		22.1240410468		4.229195782		604.5340050378		0.85		0.0553391734		22.1240410468

		4000		10.8673486253		8.6516462381		4000		0.8		3200		600		1.92		0.0576		0.76		0.0999647312		76689416.8466523		26630400000		230396799.978131		20.07756072		5.6389277093		806.0453400504		0.85		0.04944531		20.07756072

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW				Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		5493.2032066922		5000				1000				33.0778180968		31.34		1000		0.0868860513

		1500		4595.6348157809		4183.0191264199				1500				28.3711256559		27.14		1500		0.073330777

		2000		4049.2301959756		3685.6730432277				2000				25.5288316798		25.38		2000		0.0651449704

		3000		3387.6014714085		3083.4481667104				3000				22.1240410468		23.25		3000		0.0553391734

		4000		2984.8277158262		2716.8371563151				4000				20.07756072		21.37		4000		0.04944531

										910.2157360406		27.9600623471						910.2157360406				0.0914861919

										1365.3236040609		24.2650407507						1365.3236040609				0.0771792723

										2730.6472081218		19.3550856688						2730.6472081218				0.0581760324

										3640.8629441624		17.7442619275						3640.8629441624				0.0519448766

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam refirming of NG		Biomass Gasification		Coal Gasification		Fusion Hi-T electrolysis		Conv. Electrolysis 1 cent/kwh		Conv. Electrolysis 3 cent/kWh

		201.5113350126								33.0778180968		5.2		12

		302.2670025189								28.3711256559

		604.5340050378								22.1240410468

		806.0453400504								20.07756072

		0.1		26.4								5.2		12

		1		9.05

		10		6.18

		110		4.79

		68.5				8.73

		335						8.91

		Co-Production of Elec and H2

		12/20/95

		f= fraction of off-peak power to electrolyzer								0.5

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								300

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								900

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor fusion plant								0.76

		fcape=capacity factor for electrolysis								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		Cost of off-peak H2 from Fusion Power Plant THE

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		955.1078680203		5000		530.0848667513		11.8104		0.0886098979		0.1172197957		38.0614341075

		1500		1432.6618020305		4183.0191264199		795.1273001269		10.5222		0.0747729537		0.0895459074		31.1360366253

		2000		1910.2157360406		3685.6730432277		1060.1697335025		13.4041095681		0.0700156774		0.0800313547		28.7550174453

		3000		2865.3236040609		3083.4481667104		1590.2546002538		14.0407975065		0.0614022517		0.0628045034		24.4439935795

		4000		3820.4314720812		2716.8371563151		2120.3394670051		14.3516462381		0.0560819921		0.0521639842		21.781201002

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		5000		400		11.8104		0.0868860513		0.1137721025		42.4132525611		45.3223028602

		1500		1500		4183.0191264199		600		10.5222		0.073330777		0.0866615541		32.9998676793		35.9089179784

		2000		2000		3685.6730432277		800		13.4041095681		0.0687449704		0.0774899408		29.8152797272		32.7243300263

		3000		3000		3083.4481667104		1200		14.0407975065		0.0603391734		0.0606783467		23.9779206833		26.8869709824

		4000		4000		2716.8371563151		1600		14.3516462381		0.05514531		0.05029062		20.3710711409		23.2801214399

		COST OF DEDICATED H2 PRODUCTION SUMMARY

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe						Fusion Power Plant Size (MWe)		Pon= 5 cents/kWh		Pon=6 cents/kWh		Pon=7 cents/kWh		Pon=8 cents/kWh

		1000		27.9600623471		33.0778180968		33.08						1000

		1500		24.2650407507		28.3711256559		28.37						2000						26.343057505		22.8708352828

		2000		22.0322011691		25.5288316798		25.53						3000				23.9779206833		20.5056984611		17.0334762389

		3000		19.3550856688		22.1240410468		22.12						4000		23.8432933631		20.3710711409		16.8988489186		13.4266266964

		4000		17.7442619275		20.07756072		20.08

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		38.0614341075		45.3223028602		42.4132525611				38.1		45.32		42.41		38.9

		1500		31.1360366253		35.9089179784		32.9998676793				31.1		35.91		33		26.34

		2000		28.7550174453		32.7243300263		29.8152797272				28.76		32.72		29.82		20.51

		3000		24.4439935795		26.8869709824		23.9779206833				24.44		26.89		23.98		16.9

		4000		21.781201002		23.2801214399		20.3710711409				21.78		23.28		20.37

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0886098979		0.0868860513		0.1172197957

		1500		0.0747729537		0.073330777		0.0895459074

		2000		0.0700156774		0.0687449704		0.0800313547

		3000		0.0614022517		0.0603391734		0.0628045034

		4000		0.0560819921		0.05514531		0.0521639842
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		This sheet contains case for ARIES-AT with on and off peak H2 production

		2/04/00 Change O&M costs for dedicated H2 production, add on-peak+off-peak H2 case

		Jmo 112/22/99 Add sensitivities on SMR and fusion plants

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20												492.7536231884

		CRFfus				0.0999647312												1383450

										3.4039426186

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant($/kWh)		Total Power Cost ($/kWhe)

		1000		2.95		2950		8.7096		2.7816		0.285		0.0342		11.8104		0.85		0.0514150141		0.05137		0.0514150141		0		0.0514150141

		1500		3.7823869615		2521.5913076373		7.1136		3.0894		0.285		0.0342		10.5222		0.85		0.044375302		0.044664048		0.0433642292		0		0.044375302

		2000		4.5118370198		2255.9185098771		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.85		0.0400904764		0.0404440108		0.0384288476		0.0036		0.0436904764

		3000		5.7849198358		1928.3066119472		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.85		0.0349288786		0.0351643612		0.0324114927		0.005		0.0399288786

		4000		6.9005672179		1725.1418044766		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.85		0.0318121803		0.0318418923		0.028722667		0.0057		0.0375121803

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant (millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.85		0.0999647312		27080589.1696177		6777466370.55838		80044588.8228426		18.2092860001		1.9912197919		254.4935685151

		1500		3.7823869615		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.85		0.0999647312		40620883.7544266		10166199555.8376		106970784.966434		16.305468782		2.9868296878		381.7403527727

		2000		4.5118370198		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.85		0.0999647312		54161178.3392354		13554932741.1168		132894045.782607		15.1450529815		3.9824395838		508.9871370303

		3000		5.7849198358		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.85		0.0999647312		81241767.5088531		20332399111.6751		183821103.190441		13.7446788282		5.9736593757		763.4807055454

		4000		6.9005672179		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.85		0.0999647312		108322356.678471		27109865482.2335		234544965.713778		12.8973274338		7.9648791675		1017.9742740605

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		1000		0.8		800		300		0.24		0.0072		0.85		0.0999647312		21442764.5788337		7446000000		87940238.4		19.3085051736		1.5766738661		201.5113350126

		1500		3.7823869615		10.5222		1500		0.8		1200		300		0.36		0.0108		0.85		0.0999647312		32164146.8682505		11169000000		117522451.8		16.863965116		2.3650107991		302.2670025189

		2000		4.5118370198		9.8041095681		2000		0.8		1600		300		0.48		0.0144		0.85		0.0999647312		42885529.1576674		14892000000		146002799.688664		15.3760594384		3.1533477322		403.0226700252

		3000		5.7849198358		9.0407975065		3000		0.8		2400		300		0.72		0.0216		0.85		0.0999647312		64328293.7365011		22338000000		201953334.700686		13.5836946166		4.7300215983		604.5340050378

		4000		6.9005672179		8.6516462381		4000		0.8		3200		300		0.96		0.0288		0.85		0.0999647312		85771058.3153348		29784000000		257680631.554489		12.5014211243		6.3066954644		806.0453400504

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No heat recovery for electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW		Conv. Electrolysis $600/kW		Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		3240.9898919484		2950				1000				19.3085051736		20.76		1000		0.0514150141

		1500		2770.3226914161		2521.5913076373				1500				16.863965116		18.32		1500		0.044375302

		2000		2478.4437584986		2255.9185098771				2000				15.3760594384		18.08		2000		0.0400904764

		3000		2118.5160128468		1928.3066119472				3000				13.5836946166		16.77		3000		0.0349288786

		4000		1895.31089847		1725.1418044766				4000				12.5014211243		15.94		4000		0.0318121803

										910.2157360406		18.2092860001						910.2157360406				0.0553216387

										1365.3236040609		16.305468782						1365.3236040609				0.0477145936

										1820.4314720812		15.1450529815						1820.4314720812				0.043077943

										2730.6472081218		13.7446788282						2730.6472081218				0.0374824956

										3640.8629441624		12.8973274338						3640.8629441624				0.0340967502

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam reforming (NG=$3/MBTU)		Steam Reforming (NG=$6/MBTU)		Steam Reforming (NG=$6/MBTU, w/CO seq.)		Fusion Dedicated HTE ARIES-AT		Fusion Dedicated HTE ARIES-RS		Fusion Off-Peak ARIES-AT		Fusion Off-Peak ARIES-RS		Biomass Gasification		Coal Gasification

		201.5113350126								19.3085051736		26.8

		302.2670025189								16.863965116		24.4

		604.5340050378								13.5836946166		20.4

		806.0453400504								12.5014211243		19.1

		1		9.05		12.395413995

		10		6.18		9.525413995

		110		4.79		8.135413995		10.135413995

		68.5																8.73

		335																		8.91

		139.798488665												17.7805879002

		209.6977329975												9.9163255707

		419.395465995												6.3318826825

		559.19395466												6.6675088478

		100.7556675063														29.7

		151.1335012594														24.1

		302.2670025189														15.4

		403.0226700252														12.5

		Co-Production of Elec and H2

		12/20/95

		f2= fraction of off-peak power to electrolyzer								1

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								300

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								300

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		f1=fraction of power to dedicated H2 production<.5								0.5

		Cost of off-peak H2 from Fusion Power Plant HiTE												Utilit added costs are for f2=0.5

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)include.util costs		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		910.2157360406		2950		1010.3394670051		11.8104		0.0532765165		0.046553033		20.377059066

		1500		1365.3236040609		2521.5913076373		1515.5092005076		10.5222		0.0459664708		0.0319329417		16.7183775445

		2000		1820.4314720812		2255.9185098771		2020.6789340101		9.8041095681		0.041514001		0.023028002		14.4899141722

		3000		2730.6472081218		1928.3066119472		3031.0184010152		9.0407975065		0.0361456743		0.0122913487		11.8030639805

		4000		3640.8629441624		1725.1418044766		4041.3578680203		12.2516462381		0.0365007754		0.0130015508		11.9807922475

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		2950		800		11.8104		0.0514150141		0.0428300283		17.7805879002		20.6896381993

		1500		1500		2521.5913076373		1200		10.5222		0.044375302		0.0287506039		12.89189888		15.8009491791

		2000		2000		2255.9185098771		1600		9.8041095681		0.0400904764		0.0201809528		9.9163255707		12.8253758697

		3000		3000		1928.3066119472		2400		9.0407975065		0.0349288786		0.0098577573		6.3318826825		9.2409329816

		4000		4000		1725.1418044766		3200		12.2516462381		0.0354121803		0.0108243606		6.6675088478		9.5765591469

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe

		1000		18.2092860001		19.3085051736		24.85

		1500		16.305468782		16.863965116		21.63

		2000		15.1450529815		15.3760594384

		3000		13.7446788282		13.5836946166		18.25

		4000		12.8973274338		12.5014211243		17.01

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		20.377059066		20.6896381993		17.7805879002

		2000		14.4899141722		12.8253758697		9.9163255707

		3000		11.8030639805		9.2409329816		6.3318826825

		4000		11.9807922475		9.5765591469		6.6675088478

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0532765165		0.0514150141		0.046553033

		1500		0.0459664708		0.044375302		0.0319329417

		2000		0.041514001		0.0400904764		0.023028002

		3000		0.0361456743		0.0349288786		0.0122913487

		4000		0.0365007754		0.0354121803		0.0130015508

		Fusion Power(MWEe)		Power to Dedicated H2 production (MWe)		GJ H2 from dedicated production/yr		GJ H2 from off-peak prpduction (GJ/y)		Cost of Dedicated H2 ($/GJ)-Conv. Electrol.		Cost of off-peak H2 ($/GJ)-conv. Electrol		Ave H2 Cost ($/GJ)

		1000		500		10722240		5361120		19.3085051736		17.7805879002		18.7991994158

		1500		750		16083360		8041680		16.863965116		12.89189888		15.5399430373

		2000		1000		21444480		10722240		15.3760594384		9.9163255707		13.5561481491

		3000		1500		32166720		16083360		13.5836946166		6.3318826825		11.1664239719

		4000		2000		42888960		21444480		12.5014211243		6.6675088478		10.5567836988

		Capital Cost of Fusion Power Plants vs. Plant Size($/kWe)												Added Capital Utility Capital Costs (million)								ARIES-AT		ARIES-RS

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-Atw/ht recovery for electrolysis						Fusion Power Plant Size (MWe)		million $		$/kWe		O&M(million/y)		Added elec. Cost($/kWhe)

		1000		4600		2950								1000

		1500		3879.7121319626		2521.5913076373								1500

		2000		3438.1532718604		2255.9185098771								2000		155		77.5		37		0.0035250157		0.0039424517

		3000		2899.7923826921		1928.3066119472								3000		360		120		63		0.0044313414		0.0049561055

		4000		2569.7604175661		1725.1418044766								4000		655		163.75		104		0.0056901994		0.0063640388

		910.2157360406						3240.9898919484

		1365.3236040609						2770.3226914161

		1820.4314720812						2478.4437584986

		2730.6472081218						2118.5160128468

		3640.8629441624						1895.31089847

		Cost of fusion electricity ($/kWh)														Total Fusion Electric Cost Include Utility Costs($/kWhe)

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1000		0.0808		0.0514150141								Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1500		0.0688		0.044375302								1000		0.0808		0.0514150141

		2000		0.0614		0.0400904764								2000		0.0653424517		0.0436154921

		3000		0.0526		0.0349288786								3000		0.0575561055		0.03936022

		4000		0.0472		0.0318121803								4000		0.0535640388		0.0375023797

		910.2157360406						0.0553216387						910.2157360406						0.0553216387

		1365.3236040609						0.0477145936						1820.4314720812						0.0469506685

		1820.4314720812						0.043077943						2730.6472081218						0.0423509473

		2730.6472081218						0.0374824956						3640.8629441624						0.0403482346

		3640.8629441624						0.0340967502

				DEDICTAED H2 PRODUCTION

		Power Plant Size (MWe)		Hi T Electrolyzer ARIES-AT		Conv. Electrol. $300/kW ARIES-AT		Conv. Electrol. $600/kW ARIES-AT		Hi T Electrolyzer ARIES-RS		Conv. Electrol. $300/kW ARIES-RS		Conv. Electrol. $600/kW ARIES-RS

		1000				19.3085051736		20.76				31.8		33.42

		1500				16.863965116		18.32				27.27		28.9

		2000				15.3760594384		16.83				24.52		26.14

		3000				13.5836946166		15.04				21.2		22.83

		4000				12.5014211243		13.96				19.2		20.82

		910.2157360406		18.2092860001						28.48

		1365.3236040609		16.305468782						24.92

		1820.4314720812		15.1450529815						22.76

		2730.6472081218		13.7446788282						20.16

		3640.8629441624		12.8973274338						18.58

		Power Plant Capacity (MWe)		25% On-peak H2 Production (Conv Electrol=$300/kWH2)		25% On-peak H2 Production (Conv Electrol=$600/kWH2)		Dedicated H2 Cost (Conv. Electrolysis=$300/kWH2)		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		18.7991994158		20.14		19.3085051736		17.7805879002

		1500		15.5399430373		16.23		16.863965116		12.89189888

		2000		13.5561481491		13.85		15.3760594384		9.9163255707

		3000		11.1664239719		12.48		13.5836946166		6.3318826825

		4000		10.5567836988		11.33		12.5014211243		6.6675088478

		Power Plant Capacity (MWe)		Dedicated H2 production		50% On Peak H2 Production		25% On Peak H2 Production		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		19.3085051736				18.7991994158		17.7805879002

		1500		16.863965116				15.5399430373		12.89189888

		2000		15.3760594384				13.5561481491		9.9163255707

		3000		13.5836946166				11.1664239719		6.3318826825

		4000		12.5014211243				10.5567836988		6.6675088478
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Sheet1 (3)

		1000		1000

		1500		1500

		2000		2000

		3000		3000

		4000		4000



25% On-peak H2 Production (Conv Electrol=$300/kWH2)

25% On-peak H2 Production (Conv Electrol=$600/kWH2)

Fusion Power Plant Capacity (MWe)

Cost of Hydrogen ($/GJ)

Cost of Hydrogen Production w/25% On-Peak H2 Production, 
On-Peak Power Cost =6 cents/kWh, ARIES-AT

18.3917548096

20.14

14.4807253744

16.23

12.1002191177

13.85

10.7326074561

12.48

9.5844070917
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Chart3
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Dedicated H2 production

50% On Peak H2 Production

25% On Peak H2 Production

Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

Fusion Power Plant Capacity (MWe)

Hydrogen production Cost ($/GJ)

H2 Production Cost for Various Operating Strategies:
 Dedicated H2 Production; 50% On-peak & 100% Off-peak H2 production; 
25% On-Peak &100% Off-peak H2; Off-peak H2 Production Only
ARIES-AT , On-Peak Power Cost 6 cents/kWh, Conv.Electrolyzer $300/kWH2

19.3085051736

18.8

18.3917548096

17.7805879002

16.863965116

15.54

14.4807253744

12.89189888

15.3760594384

13.56

12.1002191177

9.9163255707

13.5836946166

11.17

10.7326074561

8.8318826825

12.5014211243

10.56

9.5844070917

7.6397310701



Chart7

		This sheet contains case for ARIES-AT with on and off peak H2 production

		2/04/00 Change O&M costs for dedicated H2 production, add on-peak+off-peak H2 case

		Jmo 112/22/99 Add sensitivities on SMR and fusion plants

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20												492.7536231884

		CRFfus				0.0999647312												1383450

										3.4039426186

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant($/kWh)		Total Power Cost ($/kWhe)

		1000		2.95		2950		8.7096		2.7816		0.285		0.0342		11.8104		0.85		0.0514150141		0.05137		0.0514150141		0		0.0514150141

		1500		3.7823869615		2521.5913076373		7.1136		3.0894		0.285		0.0342		10.5222		0.85		0.044375302		0.044664048		0.0433642292		0		0.044375302

		2000		4.5118370198		2255.9185098771		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.85		0.0400904764		0.0404440108		0.0384288476		0.0036		0.0436904764

		3000		5.7849198358		1928.3066119472		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.85		0.0349288786		0.0351643612		0.0324114927		0.005		0.0399288786

		4000		6.9005672179		1725.1418044766		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.85		0.0318121803		0.0318418923		0.028722667		0.0057		0.0375121803

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant (millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.85		0.0999647312		27080589.1696177		6777466370.55838		80044588.8228426		18.2092860001		1.9912197919		254.4935685151

		1500		3.7823869615		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.85		0.0999647312		40620883.7544266		10166199555.8376		106970784.966434		16.305468782		2.9868296878		381.7403527727

		2000		4.5118370198		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.85		0.0999647312		54161178.3392354		13554932741.1168		132894045.782607		15.1450529815		3.9824395838		508.9871370303

		3000		5.7849198358		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.85		0.0999647312		81241767.5088531		20332399111.6751		183821103.190441		13.7446788282		5.9736593757		763.4807055454

		4000		6.9005672179		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.85		0.0999647312		108322356.678471		27109865482.2335		234544965.713778		12.8973274338		7.9648791675		1017.9742740605

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		1000		0.8		800		300		0.24		0.0072		0.85		0.0999647312		21442764.5788337		7446000000		87940238.4		19.3085051736		1.5766738661		201.5113350126

		1500		3.7823869615		10.5222		1500		0.8		1200		300		0.36		0.0108		0.85		0.0999647312		32164146.8682505		11169000000		117522451.8		16.863965116		2.3650107991		302.2670025189

		2000		4.5118370198		9.8041095681		2000		0.8		1600		300		0.48		0.0144		0.85		0.0999647312		42885529.1576674		14892000000		146002799.688664		15.3760594384		3.1533477322		403.0226700252

		3000		5.7849198358		9.0407975065		3000		0.8		2400		300		0.72		0.0216		0.85		0.0999647312		64328293.7365011		22338000000		201953334.700686		13.5836946166		4.7300215983		604.5340050378

		4000		6.9005672179		8.6516462381		4000		0.8		3200		300		0.96		0.0288		0.85		0.0999647312		85771058.3153348		29784000000		257680631.554489		12.5014211243		6.3066954644		806.0453400504

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No heat recovery for electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW		Conv. Electrolysis $600/kW		Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		3240.9898919484		2950				1000				19.3085051736		20.76		1000		0.0514150141

		1500		2770.3226914161		2521.5913076373				1500				16.863965116		18.32		1500		0.044375302

		2000		2478.4437584986		2255.9185098771				2000				15.3760594384		18.08		2000		0.0400904764

		3000		2118.5160128468		1928.3066119472				3000				13.5836946166		16.77		3000		0.0349288786

		4000		1895.31089847		1725.1418044766				4000				12.5014211243		15.94		4000		0.0318121803

										910.2157360406		18.2092860001						910.2157360406				0.0553216387

										1365.3236040609		16.305468782						1365.3236040609				0.0477145936

										1820.4314720812		15.1450529815						1820.4314720812				0.043077943

										2730.6472081218		13.7446788282						2730.6472081218				0.0374824956

										3640.8629441624		12.8973274338						3640.8629441624				0.0340967502

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam reforming (NG=$3/MBTU)		Steam Reforming (NG=$6/MBTU)		Steam Reforming (NG=$6/MBTU, w/CO seq.)		Fusion Dedicated HTE ARIES-AT		Fusion Dedicated HTE ARIES-RS		Fusion Off-Peak ARIES-AT		Fusion Off-Peak ARIES-RS		Biomass Gasification		Coal Gasification

		201.5113350126								19.3085051736		26.8

		302.2670025189								16.863965116		24.4

		604.5340050378								13.5836946166		20.4

		806.0453400504								12.5014211243		19.1

		1		9.05		12.395413995

		10		6.18		9.525413995

		110		4.79		8.135413995		10.135413995

		68.5																8.73

		335																		8.91

		139.798488665												17.7805879002

		209.6977329975												9.9163255707

		419.395465995												8.8318826825

		559.19395466												7.6397310701

		100.7556675063														29.7

		151.1335012594														24.1

		302.2670025189														15.4

		403.0226700252														12.5

		Co-Production of Elec and H2

		12/20/95

		f2= fraction of off-peak power to electrolyzer								1

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								300

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								300

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		f1=fraction of power to dedicated H2 production<.5								0.25

		Cost of off-peak H2 from Fusion Power Plant HiTE												Utilit added costs are for f2=0.25

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)include.util costs		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		910.2157360406		2950		1010.3394670051		11.8104		0.0532765165		0.046553033		20.377059066

		1500		1365.3236040609		2521.5913076373		1515.5092005076		10.5222		0.0459664708		0.0319329417		16.7183775445

		2000		1820.4314720812		2255.9185098771		2020.6789340101		9.8041095681		0.041514001		0.023028002		14.4899141722

		3000		2730.6472081218		1928.3066119472		3031.0184010152		12.6407975065		0.0397456743		0.0194913487		13.6048657823

		4000		3640.8629441624		1725.1418044766		4041.3578680203		13.6516462381		0.0379007754		0.0158015508		12.6814929482

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		2950		800		11.8104		0.0514150141		0.0428300283		17.7805879002		20.6896381993

		1500		1500		2521.5913076373		1200		10.5222		0.044375302		0.0287506039		12.89189888		15.8009491791

		2000		2000		2255.9185098771		1600		9.8041095681		0.0400904764		0.0201809528		9.9163255707		12.8253758697

		3000		3000		1928.3066119472		2400		12.6407975065		0.0385288786		0.0170577573		8.8318826825		11.7409329816

		4000		4000		1725.1418044766		3200		13.6516462381		0.0368121803		0.0136243606		7.6397310701		10.5487813691

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe

		1000		18.2092860001		19.3085051736		24.85

		1500		16.305468782		16.863965116		21.63

		2000		15.1450529815		15.3760594384

		3000		13.7446788282		13.5836946166		18.25

		4000		12.8973274338		12.5014211243		17.01

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		20.377059066		20.6896381993		17.7805879002

		2000		14.4899141722		12.8253758697		9.9163255707

		3000		13.6048657823		11.7409329816		8.8318826825

		4000		12.6814929482		10.5487813691		7.6397310701

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0532765165		0.0514150141		0.046553033

		1500		0.0459664708		0.044375302		0.0319329417

		2000		0.041514001		0.0400904764		0.023028002

		3000		0.0397456743		0.0385288786		0.0194913487

		4000		0.0379007754		0.0368121803		0.0158015508

		Fusion Power(MWEe)		Power to Dedicated H2 production (MWe)		GJ H2 from dedicated production/yr		GJ H2 from off-peak prpduction (GJ/y)		Cost of Dedicated H2 ($/GJ)-Conv. Electrol.		Cost of off-peak H2 ($/GJ)-conv. Electrol		Ave H2 Cost ($/GJ)

		1000		250		5361120		8041680		19.3085051736		17.7805879002		18.3917548096

		1500		375		8041680		12062520		16.863965116		12.89189888		14.4807253744

		2000		500		10722240		16083360		15.3760594384		9.9163255707		12.1002191177

		3000		750		16083360		24125040		13.5836946166		8.8318826825		10.7326074561

		4000		1000		21444480		32166720		12.5014211243		7.6397310701		9.5844070917

		Capital Cost of Fusion Power Plants vs. Plant Size($/kWe)												Added Capital Utility Capital Costs (million)								ARIES-AT		ARIES-RS

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-Atw/ht recovery for electrolysis						Fusion Power Plant Size (MWe)		million $		$/kWe		O&M(million/y)		Added elec. Cost($/kWhe)

		1000		4600		2950								1000

		1500		3879.7121319626		2521.5913076373								1500

		2000		3438.1532718604		2255.9185098771								2000		155		77.5		37		0.0035250157		0.0039424517

		3000		2899.7923826921		1928.3066119472								3000		360		120		63		0.0044313414		0.0049561055

		4000		2569.7604175661		1725.1418044766								4000		655		163.75		104		0.0056901994		0.0063640388

		910.2157360406						3240.9898919484

		1365.3236040609						2770.3226914161

		1820.4314720812						2478.4437584986

		2730.6472081218						2118.5160128468

		3640.8629441624						1895.31089847

		Cost of fusion electricity ($/kWh)														Total Fusion Electric Cost Include Utility Costs($/kWhe)

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1000		0.0808		0.0514150141								Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1500		0.0688		0.044375302								1000		0.0808		0.0514150141

		2000		0.0614		0.0400904764								2000		0.0653424517		0.0436154921

		3000		0.0526		0.0349288786								3000		0.0575561055		0.03936022

		4000		0.0472		0.0318121803								4000		0.0535640388		0.0375023797

		910.2157360406						0.0553216387						910.2157360406						0.0553216387

		1365.3236040609						0.0477145936						1820.4314720812						0.0469506685

		1820.4314720812						0.043077943						2730.6472081218						0.0423509473

		2730.6472081218						0.0374824956						3640.8629441624						0.0403482346

		3640.8629441624						0.0340967502

				DEDICTAED H2 PRODUCTION

		Power Plant Size (MWe)		Hi T Electrolyzer ARIES-AT		Conv. Electrol. $300/kW ARIES-AT		Conv. Electrol. $600/kW ARIES-AT		Hi T Electrolyzer ARIES-RS		Conv. Electrol. $300/kW ARIES-RS		Conv. Electrol. $600/kW ARIES-RS

		1000				19.3085051736		20.76				31.8		33.42

		1500				16.863965116		18.32				27.27		28.9

		2000				15.3760594384		16.83				24.52		26.14

		3000				13.5836946166		15.04				21.2		22.83

		4000				12.5014211243		13.96				19.2		20.82

		910.2157360406		18.2092860001						28.48

		1365.3236040609		16.305468782						24.92

		1820.4314720812		15.1450529815						22.76

		2730.6472081218		13.7446788282						20.16

		3640.8629441624		12.8973274338						18.58

		Power Plant Capacity (MWe)		25% On-peak H2 Production (Conv Electrol=$300/kWH2)		25% On-peak H2 Production (Conv Electrol=$600/kWH2)		Dedicated H2 Cost (Conv. Electrolysis=$300/kWH2)		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		18.3917548096		20.14		19.3085051736		17.7805879002

		1500		14.4807253744		16.23		16.863965116		12.89189888

		2000		12.1002191177		13.85		15.3760594384		9.9163255707

		3000		10.7326074561		12.48		13.5836946166		8.8318826825

		4000		9.5844070917		11.33		12.5014211243		7.6397310701

		Power Plant Capacity (MWe)		Dedicated H2 production		50% On Peak H2 Production		25% On Peak H2 Production		Off-peak H2 Production (Conv. Electrolysis=$300/kWH2)

		1000		19.3085051736		18.8		18.3917548096		17.7805879002

		1500		16.863965116		15.54		14.4807253744		12.89189888

		2000		15.3760594384		13.56		12.1002191177		9.9163255707

		3000		13.5836946166		11.17		10.7326074561		8.8318826825

		4000		12.5014211243		10.56		9.5844070917		7.6397310701
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		2/04/00 Change O&M costs for dedicated H2 production, add on-peak+off-peak H2 case

		Jmo 112/22/99 Add sensitivities on SMR and fusion plants

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20												492.7536231884

		CRFfus				0.0999647312												1383450

										3.4039426186

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant(mills/kWh)		Total Power Cost ($/kWhe)

		1000		2.95		2950		8.7096		2.7816		0.285		0.0342		11.8104		0.85		0.0514150141		0.05137		0.0514150141		0		0.0514150141

		1500		3.7823869615		2521.5913076373		7.1136		3.0894		0.285		0.0342		10.5222		0.85		0.044375302		0.044664048		0.0433642292		0		0.044375302

		2000		4.5118370198		2255.9185098771		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.85		0.0400904764		0.0404440108		0.0384288476		0.0036		0.0436904764

		3000		5.7849198358		1928.3066119472		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.85		0.0349288786		0.0351643612		0.0324114927		0.005		0.0399288786

		4000		6.9005672179		1725.1418044766		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.85		0.0318121803		0.0318418923		0.028722667		0.0057		0.0375121803

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant (millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.85		0.0999647312		27080589.1696177		6777466370.55838		80044588.8228426		18.2092860001		1.9912197919		254.4935685151

		1500		3.7823869615		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.85		0.0999647312		40620883.7544266		10166199555.8376		106970784.966434		16.305468782		2.9868296878		381.7403527727

		2000		4.5118370198		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.85		0.0999647312		54161178.3392354		13554932741.1168		132894045.782607		15.1450529815		3.9824395838		508.9871370303

		3000		5.7849198358		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.85		0.0999647312		81241767.5088531		20332399111.6751		183821103.190441		13.7446788282		5.9736593757		763.4807055454

		4000		6.9005672179		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.85		0.0999647312		108322356.678471		27109865482.2335		234544965.713778		12.8973274338		7.9648791675		1017.9742740605

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)

		1000		2.95		11.8104		1000		0.8		800		300		0.24		0.0072		0.85		0.0999647312		21442764.5788337		7446000000		87940238.4		19.3085051736		1.5766738661		201.5113350126

		1500		3.7823869615		10.5222		1500		0.8		1200		300		0.36		0.0108		0.85		0.0999647312		32164146.8682505		11169000000		117522451.8		16.863965116		2.3650107991		302.2670025189

		2000		4.5118370198		9.8041095681		2000		0.8		1600		300		0.48		0.0144		0.85		0.0999647312		42885529.1576674		14892000000		146002799.688664		15.3760594384		3.1533477322		403.0226700252

		3000		5.7849198358		9.0407975065		3000		0.8		2400		300		0.72		0.0216		0.85		0.0999647312		64328293.7365011		22338000000		201953334.700686		13.5836946166		4.7300215983		604.5340050378

		4000		6.9005672179		8.6516462381		4000		0.8		3200		300		0.96		0.0288		0.85		0.0999647312		85771058.3153348		29784000000		257680631.554489		12.5014211243		6.3066954644		806.0453400504

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No heat recovery for electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW		Conv. Electrolysis $600/kW		Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		3240.9898919484		2950				1000				19.3085051736		20.76		1000		0.0514150141

		1500		2770.3226914161		2521.5913076373				1500				16.863965116		18.32		1500		0.044375302

		2000		2478.4437584986		2255.9185098771				2000				15.3760594384		18.08		2000		0.0400904764

		3000		2118.5160128468		1928.3066119472				3000				13.5836946166		16.77		3000		0.0349288786

		4000		1895.31089847		1725.1418044766				4000				12.5014211243		15.94		4000		0.0318121803

										910.2157360406		18.2092860001						910.2157360406				0.0553216387

										1365.3236040609		16.305468782						1365.3236040609				0.0477145936

										1820.4314720812		15.1450529815						1820.4314720812				0.043077943

										2730.6472081218		13.7446788282						2730.6472081218				0.0374824956

										3640.8629441624		12.8973274338						3640.8629441624				0.0340967502

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam reforming (NG=$3/MBTU)		Steam Reforming (NG=$6/MBTU)		Steam Reforming (NG=$6/MBTU, w/CO seq.)		Fusion Dedicated HTE ARIES-AT		Fusion Dedicated HTE ARIES-RS		Fusion Off-Peak ARIES-AT		Fusion Off-Peak ARIES-RS		Biomass Gasification		Coal Gasification

		201.5113350126								19.3085051736		26.8

		302.2670025189								16.863965116		24.4

		604.5340050378								13.5836946166		20.4

		806.0453400504								12.5014211243		19.1

		1		9.05		12.395413995

		10		6.18		9.525413995

		110		4.79		8.135413995		10.135413995

		68.5																8.73

		335																		8.91

		139.798488665														42.41

		209.6977329975														29.82

		419.395465995														23.98

		559.19395466														20.37

		100.7556675063												20.6896381993

		151.1335012594												15.3253758697

		302.2670025189												12.7131552038

		403.0226700252												11.0348924803

		Co-Production of Elec and H2

		12/20/95

		f= fraction of off-peak power to electrolyzer								0.5

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								600

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								900

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		Cost of off-peak H2 from Fusion Power Plant HiTE

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		955.1078680203		2950		530.0848667513		11.8104		0.0523243939		0.0446487879		19.900521231

		1500		1432.6618020305		2521.5913076373		795.1273001269		10.5222		0.0451526186		0.0303052372		16.3110440995

		2000		1910.2157360406		2255.9185098771		1060.1697335025		13.4041095681		0.0443858956		0.0287717912		15.9272988477

		3000		2865.3236040609		1928.3066119472		1590.2546002538		14.0407975065		0.0405233068		0.0210466136		13.9940712091

		4000		3820.4314720812		1725.1418044766		2120.3394670051		14.3516462381		0.03804398		0.01608796		12.7531669119

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		2950		400		11.8104		0.0514150141		0.0428300283		20.6896381993		26.5077387975

		1500		1500		2521.5913076373		600		10.5222		0.044375302		0.0287506039		15.8009491791		21.6190497773

		2000		2000		2255.9185098771		800		13.4041095681		0.0436904764		0.0273809528		15.3253758697		21.1434764679

		3000		3000		1928.3066119472		1200		14.0407975065		0.0399288786		0.0198577573		12.7131552038		18.531255802

		4000		4000		1725.1418044766		1600		14.3516462381		0.0375121803		0.0150243606		11.0348924803		16.8529930784

																ARIES-AT, Conv. Electrolysis $300/kWH2

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe						Fusion Power Plant Size (MWe)		Pon= 5 cents/kWh		Pon=6 cents/kWh		Pon=7 cents/kWh		Pon=8cents/kWh

		1000		18.2092860001		19.3085051736		24.85						1000				20.6896381993		17.2174159771		13.7451937549

		1500		16.305468782		16.863965116		21.63						2000		18.797598092		15.3253758697		11.8531536475		8.3809314253

		2000		15.1450529815		15.3760594384								3000		16.1853774261		12.7131552038		9.2409329816		5.7687107594

		3000		13.7446788282		13.5836946166		18.25						4000		14.5071147025		11.0348924803		7.562670258		4.0904480358

		4000		12.8973274338		12.5014211243		17.01

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		19.900521231		26.5077387975		20.6896381993

		2000		15.9272988477		21.1434764679		15.3253758697

		3000		13.9940712091		18.531255802		12.7131552038

		4000		12.7531669119		16.8529930784		11.0348924803

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0523243939		0.0514150141		0.0446487879

		1500		0.0451526186		0.044375302		0.0303052372

		2000		0.0443858956		0.0436904764		0.0287717912

		3000		0.0405233068		0.0399288786		0.0210466136

		4000		0.03804398		0.0375121803		0.01608796

		Capital Cost of Fusion Power Plants vs. Plant Size($/kWe)												Added Capital Utility Capital Costs (million)								ARIES-AT		ARIES-RS

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-Atw/ht recovery for electrolysis						Fusion Power Plant Size (MWe)		million $		$/kWe		O&M(million/y)		Added elec. Cost($/kWhe)

		1000		4600		2950								1000

		1500		3879.7121319626		2521.5913076373								1500

		2000		3438.1532718604		2255.9185098771								2000		155		77.5		37		0.0035250157		0.0039424517

		3000		2899.7923826921		1928.3066119472								3000		360		120		63		0.0044313414		0.0049561055

		4000		2569.7604175661		1725.1418044766								4000		655		163.75		104		0.0056901994		0.0063640388

		910.2157360406						3240.9898919484

		1365.3236040609						2770.3226914161

		1820.4314720812						2478.4437584986

		2730.6472081218						2118.5160128468

		3640.8629441624						1895.31089847

		Cost of fusion electricity ($/kWh)														Total Fusion Electric Cost Include Utility Costs($/kWhe)

		Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1000		0.0869		0.0514150141								Fusion Power Plant Size (MWe)		ARIES-RS		ARIES-AT		ARIES-AT w/ht recovery for electrolysis

		1500		0.0733		0.044375302								1000		0.0869		0.0514150141

		2000		0.0651		0.0400904764								2000		0.0690424517		0.0436154921

		3000		0.0553		0.0349288786								3000		0.0602561055		0.03936022

		4000		0.0494		0.0318121803								4000		0.0557640388		0.0375023797

		910.2157360406						0.0553216387						910.2157360406						0.0553216387

		1365.3236040609						0.0477145936						1820.4314720812						0.0469506685

		1820.4314720812						0.043077943						2730.6472081218						0.0423509473

		2730.6472081218						0.0374824956						3640.8629441624						0.0403482346

		3640.8629441624						0.0340967502

				DEDICTAED H2 PRODUCTION

		Power Plant Size (MWe)		Hi T Electrolyzer ARIES-AT		Conv. Electrol. $300/kW ARIES-AT		Conv. Electrol. $600/kW ARIES-AT		Hi T Electrolyzer ARIES-RS		Conv. Electrol. $300/kW ARIES-RS		Conv. Electrol. $600/kW ARIES-RS

		1000				19.3085051736		20.76				31.6		33.08

		1500				16.863965116		18.32				26.92		28.37

		2000				15.3760594384		16.83				24.07		25.53

		3000				13.5836946166		15.04				20.67		22.12

		4000				12.5014211243		13.96				18.62		20.08

		910.2157360406		18.2092860001						27.96

		1365.3236040609		16.305468782						24.27

		1820.4314720812		15.1450529815						22.03

		2730.6472081218		13.7446788282						19.36

		3640.8629441624		12.8973274338						17.74
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f=.5, Hi-T Electrolysis

f=.5, Conv. Electrol. $600/kWH2

f=.5, $300/kWH2

Fusion Plant capacity (MWe)

Cost of H2 ($/GJ)

Cost of H2 from Off-peak Fusion Power ARIES-RS, Cost of On Peak Power is 6 cents/kWh
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Pon= 5 cents/kWh

Pon=6 cents/kWh

Pon=7 cents/kWh

Pon=8 cents/kWh

Fusion Power Plant Size (MWe)

Cost of Hydrogen ($/GJ)

Cost of Hydrogen from Off-Peak Fusion Power, Conventional Electrolyzer $600/kWH2,ARIES-RS
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		2/4/00 Add calcs for on-peak H2 production case, correct no.s for dedicated H2 to exclude utility costs

		Change Costs for ARIES-RS case 1/28/00

		Sheffield Requested Calcs for Large Fusion Power Plant Study 12/21/99

						SHEET 2 use case with ARIES-RS

		Fraction of Power to Electrolysis						Total Power Output (MW)				Elec to Grid		Elec to Electrolyzer		Elec. Eff

		0						3152				3152		0		0.602

		0.17						3093				2576		516		0.59

		0.33						3046				2030		1015		0.581

		0.5						3000				1500		1500		0.5725

		0.67						2955				985		1970		0.564

		0.83						2912				485		2426		0.556

		1						2869				0		2869		0.548

		Fraction->Electrolyzer		Elec ->Grid		Elec->Electrolysis		Total Elec				Fraction of Power to Electrolysis		Elec. Eff				Fraction of Power to Electrolysis		$/kW

		0		3152		0		3152				0		0.602				0		1427.6649746193		2379.4416243655

		0.17		2576		516		3093				0.17		0.59				0.17		1454.898157129		2424.8302618817

		0.33		2030		1015		3046				0.33		0.581				0.33		1477.3473407748		2462.245567958

		0.5		1500		1500		3000				0.5		0.5725				0.5		1500		2500

		0.67		985		1970		2955				0.67		0.564				0.67		1522.8426395939		2538.0710659899

		0.83		485		2426		2912				0.83		0.556				0.83		1545.3296703297		2575.5494505494

		1		0		2869		2869				1		0.548				1		1568.4907633322		2614.1512722203

										3.0896004079

		discount rate				0.0775

		Fusion Plant Life (yr)				20

		CRFfus				0.0999647312

										5.7693942688								0.0029638074

		CHANGE THIS TO 99$

		Power Plant Size (MWe)		Capital Cost (billion $)		Capital Cost ($/kW)		)&M mll/kwh		1st wall replacement		Decommissioning		D-T Fuel		TOTAL Fusion Power Plant Only O&M (mills/kWh)		fcap		Total Electric Cost ($/kwh)						Utility Added Costs for Large Plant(mills/kWh)		Total Power Cost ($/kWhe)

		1000		5		5000		8.7096		2.7816		0.285		0.0342		11.8104		0.76		0.0868860513		0.0868860513		0.0868860513		0		0.0868860513

		1500		6.2745286896		4183.0191264199		7.1136		3.0894		0.285		0.0342		10.5222		0.76		0.073330777		0.0738777324		0.0753907597		0		0.073330777

		2000		7.3713460865		3685.6730432277		6.1586172214		3.3262923467		0.285		0.0342		9.8041095681		0.76		0.0651449704		0.0658473136		0.0681694141		0.0036

		3000		9.2503445001		3083.4481667104		5.0284899045		3.693107602		0.285		0.0342		9.0407975065		0.76		0.0553391734		0.0559888514		0.0591503912		0.005		0.0603391734

		4000		10.8673486253		2716.8371563151		4.3548		3.9776462381		0.285		0.0342		8.6516462381		0.76		0.04944531		0.0499029321		0.0534846383		0.0057		0.05514531

		Cost of Dedicated Hydrogen Production w/ Exothermic Hi T lelectrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Fusion Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)		H2 FCV Cars served (millions)		H2 Plant Capacity (miilion scf H2/d)		Electrol capacity factor		Pfus($/kWhe)		Levelized H2 cost($/GJ)

		1000		5		11.8104		910.2157360406		1.11		1010.3394670051		900		0.9093055203		0.0272791656		0.76		0.0999647312		24213232.6693052		6059852284.26396		71569279.418071		27.9600623471		1.7803847551		254.4935685151		0.85		0.0942915616		27.9600623471

		1500		6.2745286896		10.5222		1365.3236040609		1.11		1515.5092005076		900		1.3639582805		0.0409187484		0.76		0.0999647312		36319849.0039579		9089778426.39594		95644466.5582233		24.2650407507		2.6705771326		381.7403527727		0.85		0.0795262553		24.2650407507

		2000		7.3713460865		9.8041095681		1820.4314720812		1.11		2020.6789340101		900		1.8186110406		0.0545583312		0.76		0.0999647312		48426465.3386105		12119704568.5279		118822911.523272		22.0322011691		3.5607695102		508.9871370303		0.85		0.0706038284		22.0322011691

		3000		9.2503445001		9.0407975065		2730.6472081218		1.11		3031.0184010152		900		2.7279165609		0.0818374968		0.76		0.0999647312		72639698.0079157		18179556852.7919		164357692.264394		19.3550856688		5.3411542653		763.4807055454		0.85		0.0599060748		19.3550856688

		4000		10.8673486253		8.6516462381		3640.8629441624		1.11		4041.3578680203		900		3.6372220812		0.1091166624		0.76		0.0999647312		96852930.677221		24239409137.0558		209710792.873496		17.7442619275		7.1215390204		1017.9742740605		0.85		0.0534692232		17.7442619275

		Cost of Dedicated Hydrogen Production w/ Conventional Electrolyzer

		Power Plant Size(MWe)		Fusion Plant Ctpital ($billion)		Fusion Plant O&M(millis/kWh)		Electric Production w/Electrolysis(MWe)		Electrolyzer ff		H2 Output (MWe)		Electrolyzr Capital Cost ($/kWH2 out)		Electrolyzer Capital (billion $)		Electrolyzer O&M (billion $/yr)		Capacity factor		Capital Recovery		GJ H2/yr		kwhe/yr		Fusion O&M$/yr		Levelized H2 cost ($/GJ)				H2 Plant Capacity (miilion scf H2/d)		Electrol capacity factor		Pfus($/kWhe)		Levelized H2 cost($/GJ)

		1000		5		11.8104		1000		0.8		800		600		0.48		0.0144		0.76		0.0999647312		19172354.2116631		6657600000		78628919.04		33.0778180968		1.4097319273		201.5113350126		0.85		0.0868860513		33.0778180968

		1500		6.2745286896		10.5222		1500		0.8		1200		600		0.72		0.0216		0.76		0.0999647312		28758531.3174946		9986400000		105078898.08		28.3711256559		2.114597891		302.2670025189		0.85		0.073330777		28.3711256559

		2000		7.3713460865		9.8041095681		2000		0.8		1600		600		0.96		0.0288		0.76		0.0999647312		38344708.4233261		13315200000		130543679.721629		25.5288316798		2.8194638547		403.0226700252		0.85		0.0651449704		25.5288316798

		3000		9.2503445001		9.0407975065		3000		0.8		2400		600		1.44		0.0432		0.76		0.0999647312		57517062.6349892		19972800000		180570040.438261		22.1240410468		4.229195782		604.5340050378		0.85		0.0553391734		22.1240410468

		4000		10.8673486253		8.6516462381		4000		0.8		3200		600		1.92		0.0576		0.76		0.0999647312		76689416.8466523		26630400000		230396799.978131		20.07756072		5.6389277093		806.0453400504		0.85		0.04944531		20.07756072

				($/kWe)								$/GJ

		Power Plant Size (MWe)		w/Heat Recov. For Electrolysis		No electrolysis				Power Plant Size (MWe)		Hi T Electrolysis Exo.		Conv. Electrolysis $300/kW				Power Plant Size (MWe)		Fusion Electricity Cost (no heat recov. for electrolysis)		Fusion Electricity Cost w/heat recov. For electrolysis

		1000		5493.2032066922		5000				1000				33.0778180968		31.34		1000		0.0868860513

		1500		4595.6348157809		4183.0191264199				1500				28.3711256559		27.14		1500		0.073330777

		2000		4049.2301959756		3685.6730432277				2000				25.5288316798		25.38		2000		0.0651449704

		3000		3387.6014714085		3083.4481667104				3000				22.1240410468		23.25		3000		0.0553391734

		4000		2984.8277158262		2716.8371563151				4000				20.07756072		21.37		4000		0.04944531

										910.2157360406		27.9600623471						910.2157360406				0.0914861919

										1365.3236040609		24.2650407507						1365.3236040609				0.0771792723

										2730.6472081218		19.3550856688						2730.6472081218				0.0581760324

										3640.8629441624		17.7442619275						3640.8629441624				0.0519448766

		Comparison of Hydrogen Production Costs ($/GJ)

		H2 output Capacity (million scf H2/d)		Steam refirming of NG		Biomass Gasification		Coal Gasification		Fusion Hi-T electrolysis		Conv. Electrolysis 1 cent/kwh		Conv. Electrolysis 3 cent/kWh

		201.5113350126								33.0778180968		5.2		12

		302.2670025189								28.3711256559

		604.5340050378								22.1240410468

		806.0453400504								20.07756072

		0.1		26.4								5.2		12

		1		9.05

		10		6.18

		110		4.79

		68.5				8.73

		335						8.91

		Co-Production of Elec and H2

		12/20/95

		f= fraction of off-peak power to electrolyzer								0.5

		hon= hours per day on peak power								12

		hoff = hours per day offpeak power								12

		i=discount rate or internal rate of return								0.0775

		n=electrolyzer eff Hi T H2(HHV)/elec in								1.11

		Celectrolyzer Hi-T E ($/kWH2out)								900

		CelectrolyzerConv ($/kWH2out)								600

		O&M electrolysis fraction of capital ($/yr)								0.03

		Celectrolyzer($/kWH2out)								900

		Electrolyzer eff. Conventional								0.8

		fcap=capacity factor fusion plant								0.76

		fcape=capacity factor for electrolysis								0.85

		Nfus = lifetime of fusion plant (yr)								20

		Nelectroly=lifetime of electrolyzer(yr)								20

		CRFfus=capital recovery factor fusion plant								0.0999647312

		CRFelectrolysis=capital recovery factor for electrolyzer								0.0999647312

		Pon($/kWhe) = cost of on-peak power								0.06

		Cost of off-peak H2 from Fusion Power Plant THE

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ)

		1000		955.1078680203		5000		530.0848667513		11.8104		0.0886098979		0.1172197957		38.0614341075

		1500		1432.6618020305		4183.0191264199		795.1273001269		10.5222		0.0747729537		0.0895459074		31.1360366253

		2000		1910.2157360406		3685.6730432277		1060.1697335025		13.4041095681		0.0700156774		0.0800313547		28.7550174453

		3000		2865.3236040609		3083.4481667104		1590.2546002538		14.0407975065		0.0614022517		0.0628045034		24.4439935795

		4000		3820.4314720812		2716.8371563151		2120.3394670051		14.3516462381		0.0560819921		0.0521639842		21.781201002

		Cost of off-peak power from Fusion Power Plant w/Conv. Electrolysis

		Peon(MWe)=Fusion power plant capacity with no electrol ht recov		Peoff(f)(MWe)		Cpower($/kWe)		Pelectrol(MWH2out)		O&Mfus(mill/kWhe)		PfusAVE($/kWhe)		Poff($/kWhe)		PH2($/GJ) ($300/kWH2out)		PH2($/GJ) ($600/kWH2out)

		1000		1000		5000		400		11.8104		0.0868860513		0.1137721025		45.3223028602		51.1404034584

		1500		1500		4183.0191264199		600		10.5222		0.073330777		0.0866615541		35.9089179784		41.7270185766

		2000		2000		3685.6730432277		800		13.4041095681		0.0687449704		0.0774899408		32.7243300263		38.5424306245

		3000		3000		3083.4481667104		1200		14.0407975065		0.0603391734		0.0606783467		26.8869709824		32.7050715806

		4000		4000		2716.8371563151		1600		14.3516462381		0.05514531		0.05029062		23.2801214399		29.0982220381

		COST OF DEDICATED H2 PRODUCTION SUMMARY

		Fusion Power Plant Capacity (MWe)		High Temp Electrolysis		Conventional Electrolysis $300/kWH2out		Conventional Electrolysis $600/kWe						Fusion Power Plant Size (MWe)		Pon= 5 cents/kWh		Pon=6 cents/kWh		Pon=7 cents/kWh		Pon=8 cents/kWh

		1000		27.9600623471		33.0778180968		33.08						1000

		1500		24.2650407507		28.3711256559		28.37						2000						29.2521078041		25.7798855819

		2000		22.0322011691		25.5288316798		25.53						3000				26.8869709824		23.4147487602		19.942526538

		3000		19.3550856688		22.1240410468		22.12						4000		26.7523436622		23.2801214399		19.8078992177		16.3356769955

		4000		17.7442619275		20.07756072		20.08

				Cost of H2 Production

		Fusion Power Plant Size (MWe)		f=.5, Hi-T Electrolysis		f=.5, Conv. Electrol. $600/kWH2		f=.5, $300/kWH2

		1000		38.0614341075		51.1404034584		45.3223028602				38.1		45.32		42.41		38.9

		1500		31.1360366253		41.7270185766		35.9089179784				31.1		35.91		33		26.34

		2000		28.7550174453		38.5424306245		32.7243300263				28.76		32.72		29.82		20.51

		3000		24.4439935795		32.7050715806		26.8869709824				24.44		26.89		23.98		16.9

		4000		21.781201002		29.0982220381		23.2801214399				21.78		23.28		20.37

				Average Cost of Fusion Power ($/kWhe)

		Fusion Power Plant Size (MWe)		w/ht recov. For hi-T electrolysis		w/no heat recovery		Off-peak Power Cost

		1000		0.0886098979		0.0868860513		0.1172197957

		1500		0.0747729537		0.073330777		0.0895459074

		2000		0.0700156774		0.0687449704		0.0800313547

		3000		0.0614022517		0.0603391734		0.0628045034

		4000		0.0560819921		0.05514531		0.0521639842





		





		






