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This memo presents a pre-conceptual top-down cost estimate of the FIRE Power Systems (WBS 4). Power requirements are based on [1]. The costing method is the same as that used for PCAST [2], which is based on adjustments to the ITER cost data [3,4]. 

Power Requirement 
 

The following assumptions are made with respect the power requirement, and the energy and duty cycle:

• 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

- 2*75 volt/turn*75kA-turn = 11.2 MW (per C. Kessel e-mail)

• Internal Control Coils

- 2*75 volt/turn*75kA-turn = 11.2 MW (per C. Kessel e-mail)

• Field Error Correction Coils

- 1MVA (guesstimate)

• Resistive Wall Mode Coils


- 5MVA (same as GA DIII-D)

• 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 3 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 to 1999 = 1.117 per R. Simmons

· ITER Costs include….

· manufacturing (detailed design, fabrication, factory testing)

· local control & protection

· installation, site commissioning, documentation & QA

· recommended spares, and transportation costs

• ITER Costs do not include…

· project system engineering/integration

· contingency

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.

• 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 reduction is neglected for now

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

Summary of Costs

The following two tables give the cost summary. The first table corresponds to the case where the local utility grid supplies all of the power, the second where it is supplemented by a Motor-Generator (MG) energy storage system of the same size as the TFTR system, consisting of two units at 475MVA, 2.25GJ each. Contingency calculation is based on instructions given in [5].

FIRE POWER SYSTEM COSTS
(all power supplied directly from grid)

CATEGORY
FIRE Rating (MVA)
ITER Scaling ($95/ MVA)
Fire Cost (M$99)
TR
TW
SR
SW
CR
CW
Cont
C$

Utility Grid Interface
600.0
4.6
3.1
1
2
8
1
1
2
12
0.4

Substation
600.0
15.1
10.1
1
2
8
1
1
2
12
1.2

Energy Storage System
0.0

0.0
2
2
8
1
4
2
20
0.0

Reactive Power Compensation 
300.0
29.2
9.8
2
2
8
1
4
2
20
2.0

∑AC Distribution
1545.7
3.0
5.2
1
2
8
1
1
2
12
0.6

AC/DC Converters
1170.7









 

Auxiliary Heating
75.0









 

Reactive Compensation
300.0









 

TF AC/DC Converters
541.5
49.8
30.1
4
2
8
1
4
2
24
7.2

∑PF AC/DC Converters
618.0

37.5
4
2
8
1
4
2
24
9.0

-PCAST/FIRE* 4Q AC/DC PF
437.4
56.2
27.5







 

-FIRE* 2Q AC/DC PF
180.6
49.8
10.0







 

PF Switching Networks


32.3
6
2
8
1
6
2
32
10.3

-Switching Network Units

 
32.3









Fast Plasma Position Control PS
11.3
175.6
2.0
6
2
4
1
6
2
28
0.6

Field Error Correction PS
1.0
100.0
0.1
2
2
4
1
6
2
20
0.0

Resistive Wall Mode PS
10.0
175.6
1.8
3
2
4
1
6
2
22
0.4

Instrumentation


2.7
6
2
8
1
4
2
28
0.8

DC Components & Dummy Loads


16.9
4
2
4
1
4
2
20
3.4

Exp Power System Engineering
8m*6y

11.5









TOTAL EXP PWR SYS  (4.2)
 
 
163.0






22
35.8



























Auxiliary Power System
60.0
120.8
8.1









Aux Power System Engineering
4m*6y

5.8









TOTAL AUX POWER SYSTEM (4.1)
 
 
13.9
1
2
8
1
4
2
18
2.5



























GRAND TOTAL


171.1







38.3

FIRE POWER SYSTEM COSTS
(w/Supplemental MG Energy Storage)

CATEGORY
FIRE (MG) Rating (MVA)
ITER Scaling ($95/ MVA)
Fire (MG) Cost (M$95)
TR
TW
SR
SW
CR
CW
Cont
C(MG)$

Utility Grid Interface
300.0
4.6
1.5
1
2
8
1
1
2
12
0.2

Substation
300.0
15.1
5.1
1
2
8
1
1
2
12
0.6

Energy Storage System
950.0

44.8
2
2
8
1
4
2
20
9.0

Reactive Power Compensation 
150.0
29.2
4.9
2
2
8
1
4
2
20
1.0

∑AC Distribution
1534.5
3.0
5.1
1
2
8
1
1
2
12
0.6

AC/DC Converters
1159.5









 

Auxiliary Heating
75.0









 

Reactive Compensation
300.0









 

TF AC/DC Converters
541.5
49.8
30.1
4
2
8
1
4
2
24
7.2

∑PF AC/DC Converters
618.0

37.5
4
2
8
1
4
2
24
9.0

-PCAST/FIRE* 4Q AC/DC PF
437.4
56.2
27.5







 

-FIRE* 2Q AC/DC PF
180.6
49.8
10.0







 

PF Switching Networks


32.3
6
2
8
1
6
2
32
10.3

-Switching Network Units

 
32.3









Fast Plasma Position Control PS
0.0
175.6
0.0
6
2
4
1
6
2
28
0.0

Field Error Correction PS
0.0
100.0
0.0
2
2
4
1
6
2
20
0.0

Resistive Wall Mode PS
0.0
175.6
0.0
3
2
4
1
6
2
22
0.0

Instrumentation


2.7
6
2
8
1
4
2
28
0.8

DC Components & Dummy Loads


16.9
4
2
4
1
4
2
20
3.4

Exp Power System Engineering


11.5









TOTAL EXP PWR SYS  (4.2)
 
 
192.4






22
42.0



























Auxiliary Power System
60.0
120.8
8.1









Aux Power System Engineering


5.8









TOTAL AUX POWER SYSTEM (4.1)
 
 
13.9
1
2
8
1
4
2
18
2.5



























GRAND TOTAL


200.5







44.5

Schedule

Following is a tentative schedule for the power systems, assuming a 9 year program leading to first plasma [5].

Task/Year
1
2
3
4
5
6
7
8
9


WBS 4.1 (Aux PS)











Conceptual Design











Preliminary Design











Fabrication











Final  Design











Installation 











Commissioning























Aux Sys Engr
1
1
2
4
4
4
4
2
2
24













WBS 4.2 (EXP PS)











Conceptual Design











Preliminary Design











Fabrication











Final  Design











Installation 











Commissioning























Exp Sys Engr
2
2
4
6
8
8
6
6
6
48
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