FIRE Power System Costs
C. Neumeyer 1/11/00

· Top Down Estimate

· Power req’ts per R. Woolley

· Cost data from ITER

· Scaled per PCAST method
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Power Requirement 


· TF (Vno-load * Ipeak)

· 541.5 MVA(unipolar, 2 quadrant) as required for 10 Tesla

· PF (∑Vno-load * Ipeak, non-coincident)

· 120.4 MVA (unipolar, 2 quadrant)

· 291.6 MVA (bipolar, 4 quadrant)

· Auxiliary Heating

· 75 MVA (assumed 30MW ICRF, 50% eff, 0.8 p.f.)

· Internal Control Coils

· 0 (TBD)

Energy & Duty Cycle

· Energy requirement (peak delivered)

· TF 11.2 GJ

· PF 2.1 GJ 

· Auxiliary Heating 30/.5*20= 1.2 GJ

· Plasma flat top ≈ 20 sec

· Repetition period ≈ hours

Scaling from ITER Data

· Original ITER costs from EU Home Team industrial estimates in 1995 

· Conversion from 1995 ECU to USD ≈ 1.3 USD/ECU conversion from 1995 ECU to USD ≈ 1.3 USD/ECU

· Conversion from 1995 to 1999 = 1.117 per R. Simmons

· Costs include….

· manufacturing (detailed design, fabrication, factory testing)

· local control & protection

· installation, site commissioning, documentation & QA

· recommended spares, and transportation costs

Adjustments from ITER Data based on Duty Cycle

• Cables, Bus Bar, Switches, DC inductors - a 50% reduction from the ITER requirement is assumed. The conductor cross sections would be reduced beyond this amount but the costs associated with bracing for fault conditions remains the same as for ITER. 

• Transformers - no reduction was taken since the impedance must not be increased (e.g. the MVA rating cannot be decreased) and since the bracing for fault conditions remains the same as for ITER. In practice it is expected that the converter transformers would be less costly, however, since their high current secondary windings would be simplified.

• Thyristors - no reduction was taken since the water cooled thyristors reach thermal equilibrium within the time interval of the pulse.

• Switchgear - no reduction was taken since the fault interrupting rating, which is the primary cost driver, remains the same as for ITER. 

The above reductions were taken on the hardware portion of the costs where appropriate; the other cost categories (e.g. design, commissioning, etc. were not adjusted).

Other Assumptions & Adjustments 

• Total installed capacity of PF power supply system was taken as…
1.5 * ∑iVno-loadi*Ipeaki
…to account for inefficiency in supplying the 7 PF systems (each with unique ratings) by a few (maybe 2 or 3) AC/DC converter ratings.

• Substation/Utility Interface MVA rating was assumed to be 1/2 that of ITER

-FIRE installed AC/DC converter power level is somewhat less than 1/2 of ITER, but power supplies would be used more efficiently on FIRE than on ITER since a much larger fraction of the FIRE power supply is used for TF, which is not subject to dynamic load swings

• Assumed same factor as ITER for ratio of Reactive Power Compensation to rating of Substation/Utility Interface 

• Considered variant with 1/2 rated Substation/Utility Interface and remaining power supplied by MG, based on the use of 2 TFTR MG sets, and associated cost escalated to present.

NOTE: A SYSTEM SIMULATION OF THE COMPOSITE LOAD AND AC/DC CONVERTER SYSTEM IS REQUIRED TO FINE TUNE ALL OF THE ABOVE ASSUMPTIONS

• Assumed same cost as ITER for DC Circuit Breaker/Blip Resistors for Plasma Initiation

· same number of circuits

· ampacity requirements less on FIRE, but this has not been accounted for

• Assumed 60MVA Auxiliary Power System (same as PPPL D-site utility interface; this needs further definition)

CATEGORY
ITER Rating (MVA)
FIRE Rating (MVA)
FIRE (MG) Rating (MVA)
ITER Scaling ($95/ MVA)
Fire Cost (M$95)
Fire (MG) Cost (M$95)

Utility Grid Interface
1200.0
600.0
300.0
4.6
2.8
1.4

Substation
1200.0
600.0
300.0
15.1
9.1
4.5

Energy Storage System
0.0
0.0
950.0

0.0
40.1

Reactive Power Comp
600.0
300.0
150.0
29.2
8.8
4.4

∑AC Distribution
4816.0
1534.5
1534.5
3.0
4.6
4.6

AC/DC Converters
2806.2
1159.5
1159.5




Auxiliary Heating
375.0
75.0
75.0




Reactive Compensation
600.0
300.0
300.0




TF AC/DC Converters
40.8
541.5
541.5
49.8
26.9
26.9

∑PF AC/DC Converters
2765.4
618.0
618.0

0.0
0.0

-Main AC/DC Conv (Type A)
1720.0


55.6
0.0
0.0

-Main AC/DC Conv (Type B)
903.0


58.6
0.0
0.0

-Booster Converters
108.0


132.4
0.0
0.0

-CS Current Balancing Conv
34.4


134.1
0.0
0.0

-PCAST/FIRE* 4Q AC/DC PF 

437.4
437.4
56.2
24.6
24.6

-FIRE* 2Q AC/DC PF 
 
180.6
180.6
49.8
9.0
9.0

PF Switching Networks




0.0
0.0

-Fast Discharge Circuits



 
0.0
0.0

-Switching Network Units



 
28.9
28.9

Fast Control PS
0.0
0.0
0.0
49.8
0.0
0.0

Instrumentation




2.4
2.4

DC Components & Dummy Loads




15.1
15.1

TOTAL EXP PWR SYS 

 
 
 
132.2
162.0

Auxiliary Power System
312.5
60.0
60.0
120.8
7.2
7.2

GRAND TOTAL




139.5
169.2

