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1 Introduction

This document identifies the primary sources of power requirements, records the
assumptions under which the Fuel Systems power consumption was estimated
and balanced. For consistency the individual elements of Fuel Cycle Systems
(FCS) breakdown follow the cost estimating breakdown.

2 ITER Fuel Cycle Power Requirements

The summary of results are given in Table 1. The following paragraphs docu-
ment sources and methods by which the power requirements were estimated.

2.1 D411 - Burn-Dwell High Vacuum P u m p s

The system is described in [1]. The power consumption is based on the cryogenic
load required for the primary pump identified as follows:

1. 1.5 kW at temperature of 2.4-4 A";

2. 12 kW at temperature of 20 K;

3. 20 kW at temperature of 8G K.

Items 1. and 2. represent a combined load of 13.5 kW which must be multiplied
by a factor of 300 to obtain the power input equivalent for the refrigerator to
produce this cooling load at the 20 K level, or 13.5x 300/1000 = 4.05 M\V

Load item 3. will be satisfied from the liquid nitrogen supply and the esti-
mated power equivalent is 10x20ifcW = 0.2MW.

In addition it is estimated that approximately 0.1 MW of elect-ical power
could be required for the auxiliary loads.

2.2 D 4 1 2 - R o u g h i n g / B a c k i n g - B u r n , D w e l l P u m p s

This system is a three stage cryo-transfer pumping system for removing Argon
from the fuel recovered from regenerating the reference Argon spray pumps and
is described in [2].



The power consumption is based on the cryogenic load required for the
primary pump identified as follows;

1. 0.2 kW at temperature of 2,4-4 K;

2. 0.6 kW at temperature of 30 K;

3. 0.35 kW at temperature of 80 K.

Items 1. and 2. represent a combined load of 0.8 kW which must be multi-
plied by a factor of 300 to obtain the power input equivalent for the refrigerator
to produce this cooling load at the 20 K level, or 0.8x 300/1000 = 0.24 MVV

Load item 3. will be satisfied from the liquid nitrogen supply and the esti-
mated power equivalent is 10x 0.35 kW = 0.035 MW. In addition it is estimated
that approximately 0.01 MW of electrical power could be required for the aux-
iliary loads.

2.3 D413 - Conditioning High Vacuum Pumps

One of the alternatives for this application is the use of turbo- molecular pumps
as proposed in [3]. There are 8 pumps required. The installed power is 8x
lOkW = 80 kW. In running state these pumps consume only 1 k\V each. Since
this power demand occurs only at times when the Burn-dwell pumps are out
of operation, this power requirement should not all be added to the summary
table. However, the pump run-up may occur before the refrigerator is operating
at reduced power and consequently the run-up power of one pump (10 k\V) has
been added to the table.

2.4 D414 - Roughing/Backing -Conditioning Pumps

These mechanical roughing/backing pumps are described in reference [4]. There
are six 30 kW roughing pumps and six 15 kVV backing pumps installed in the
system which represents a potential total of 270 kW. For reasons identical to
the Conditioning pumps only the run-up power of one pair (45 kW) has been
added to the summary table.

2.5 D441 and D442, High and Ultra-high velocity Pellet
injection

Reference [5] produced an estimate of cryogenic load for the pellet injector
as 100 1/h of liquid Helium. This represents in terms of refrigerator power
requirement 0.1 MW if the gas is returned warm. If the Helium is returned
at the low temperature and only the heat of evaporation is supplied to it, the



power requirement could drop to 0.03 MW. Since the detailed system design is
not yet available, the 0.1 MW figure was used for the summary table.
It is assumed that the electrical power will be 20% of the above or 0.02 MW.

2.6 D443 - Gas puffing / Fast valves

The power required for gas puffing is not available and is assumed to be not
exceeding 0.05 MW.

2.7 D451 - Cryogenic Distillation (CD)

The overall cryogenic load of the four distillation columns is provided in [6] and
is expressed in terms of condenser duties in individual cryo-distillation columns
as follows:

1. CD1 1.508 kW;

2. CD2 2.573 kW;

3. CD3 2.067 kW;

4. CD4 0.712 kW;

This load occurs at the 20 K level and consequently the equivalent power to the
refrigerator is obtained by multiplying the sum of the above figures by 300 to
obtain the following cryogenic load:

6.860 x 300/1000 = 2.06MIV;

The electrical power required for pumps, heaters etc. is estimated to be approx-
imately 5 % of the above or 0.1 MW

2.8 D452 - Fuel Storage and Management

This system is described in [7]. Unfortunately the power requirement estimate
is not provided since it is difficult to asses the continuous equivalent power
requirement for the heaters. It is assumed that the steady electrical power load
will be in the 0.1 MW range.

2.9 D453 - Fuel Clean-up

This system is described in [8]. Unfortunately the power requirement estimate
is not provided, but it is assumed that the steady electrical power load will be
in the 0.07 MW range. There is an alternative/parallel system [9] but it does
not have estimate of power requirements. Both systems will require two 15 k\V
Normetex pumps and other minor rotating equipment and electric heaters for
molecular sieve regeneration.



Table
Coolant
H2O
He
N2

He
N2

1. Cooling
Flow [mol/s]

127
U 29

11
29
11

Requirements
Power [kW]

241
78
12
52

6

for D454
Temp.difF HX

400
130
20
86
10

2.10 D454 - Blanket Tritium Recovery
This system is described in [10]. This design estimates the power requirement
to be 0.5 MW electrical. In addition there are Coolant flow requirements with
the appropriate power removal duties indicated in Table 1. These figures are
provided for illustration only and were not added to the cooling load since these
were calculated from the overall power loads.

2.11 D455 - Tritium recovery from Water
This system is described in [6]. This design estimates the power requirement in
the form of low energy steam 5400 kg/h. This corresponds to:

5400*5//i x OMkWh/kg/lOOQ = 3.6A/JV

In addition it is estimated that approximately 0.05 MW electric could be used
for pumps and the water treatment system.

2.12 D456 - Atmospheric Detritiation Systems (ADS)
This system consists of the following subsystems:

2.12.1 Torus Maintenance Cover Gas Detritiation System

This will be a 2000 m3/h System of the Recombiner-Dryer type system as de-
scribed in [11]. It will have an 80 kW heater for the drier and a 40 kW recombiner
heater. Additional power requirements would be 20 kW. The maximum electric
power requirement is 0.14 MW and it applies only during shutdown.

2.12.2 Inert Atmosphere Detritiation System

This will be a 4000 m3/h System of the Recombiner-Dryer type system as de-
scribed in [12]. It will have an 120 kW recombiner heater and a 120 k\V drier
heater. With additional power requirements for circulators - 40 kW, the maxi-
mum electric power requirement is 0.28 MW of continuous load.



2.12.3 Recirculation and Emergency Air Detritiation System

The total installed capacity of the detritiation system is proposed to be 4x
9000 m3/h with the emergency recirculation rate increase of 50% for 15 hours.
Some elements of this system are described in [13]. Each unit will have a 200 kW
heater in the recombiner which will operate at 100 kW under average conditions.
It will also have three beds, each equipped with a 200 kW heater each, but only
one will be in the regeneration cycle (with heater on). The estimated power
consumption is 300 kW/unit or 1.2 MW for all four units in operation and an
additional 0.2 MW for the circulators. The total installed heater power is 800
kW/unit or 3.2 MW for all 4 units but it applies only during tritium excursion
emergencies.

2.12.4 Exhaust Gas Detritiation System

This will be a 4000 m3/h System of the Recombiner-Dryer type system as de-
scribed in [14]. It will have an 80 kW recombiner heater operated at 40 kW and
a 120 kW drier heater. Additional power requirements would be 40 kW. The
maximum electric power requirement is 0.2 MW applicable continuously.

The Atmospheric Detritiation Systems for the Fuel Cycle Building
consist of the following equipment:

2.12.5 Glove Box Detritiation System

This will be a 2000 m3/h System of the Recombiner-Dryer type system similar
to the system described in [12]. It will have an 80 kW bed heater and a 40
kW recombiner heater. Additional power requirements would be 20 kW. The
maximum continuous electric power requirement is 0.14 MW.

2.12.6 Emergency Air Detritiation System

This will be a 4000 m3/h System of the Recombiner-Dryer type system similar
to the one described in [14]. It will have an 80 kW recombiner heater and a 100
kW drier heater. Additional power requirements would be 40 kW. The maxi-
mum electric power requirement is 0.22 MW and will be used during emergency
tritium excursions.

2.12.7 Exhaust Gas Detritiation System

This will be one system rated 1.5% of the building content/hour or 700 m3/li
System of the Recombiner-Dryer type. It will have a 30 kW drier heater, a 20
kW recombiner heater and with the estimated 10 kW for pumping power, the
overall is 0.06 MW and will apply continuously.



2.13 D457 - Nuclear Building HVAC

In the absence of definitive building heat load figures and lack of environmental
conditions since the ITER site is unknown, the overall Summer II VAC require-
ments for the entire 106 m3 facility are crudely estimated and extrapolated from
the FCU systems as follows:
The process heat load from electrical equipment into the building as calculated
in paragraph 3, is 0.347 MW in a building sized 33x44x46 = 66792 rn3. As-
suming the equipment density in the FCU building is double the density for
the entire Tokamak building, and assuming that he main process heat will be
removed through the main cooling system, the overal heat load prorated from
FCU is:

H = (0.347/2)x (106/66792) = 2.59 MW.

Assuming the peak consumption where 20% of the ADS electrical motors are
to be added (0.2x 0.37 = 0.07), and further 20 % to be added on heat gained
froii~i the environment, the maximum air-conditioning load could reach (2.59 +
0.07) x 1.2 = 3.2 MW. From [?] the size of air-conditioning unit is based on the
following calculation rationale:
One ton system can remove 12000 BTU/h or 2.93xlO~4 = 3.516 kW of heat.
The size of the air-conditioning system is 3200/ 3.516 = 910 tons.
From [?] using a -30 F evaporating and 100 F condensing cycle, the compressor
power required is approximately 2 HP or 2x 0.7335 = 1.467 kW/ton, for the
overall power requirement of 910 x 1.467/1000 = 1.33 MW electric.
It is estimated that a further 0.5 MW of electric power could be required for
circulating the building air through the filters and heat exchangers. Conse-
quently the estimated Summer power requirement is 1.33 + 0.5 = 1.83 MW. In
the Winter the "pumping" power would be largely replaced by approximately
1 MW of heating power which could be in the form of low pressure steam.

2.14 D459 - Tritium Monitors

The estimated power requirement for this and the subsequent two items was
neglected for the estimate. It would be covered in the light energy required for
the entire facility.

2.15 Tritium Laboratory

See above.



2.16 Health Physics Laboratory
See above.

3 Overall Heat Balance

Figures in Table 2 can be interpreted as the overall heat balance for the FCS as
follows:

3.1 Refrigeration Power - 6.45 MW
This represents the electrical power that will have to be spent on producing
the refrigerant which is in the form of liquid or gaseous Helium. This electric
load will have to be balanced by equivalent cooling load. However, since the
FCS are projected to take parasitic cooling from the central refrigerators, both
these loads (electrical and cooling) are understood to be in the balance of the
refrigeration system. The effect of this on the FCS is actually only:

6.45/300 = 0.02MW

of cold, most of which will be offset through electric heating such as supplied to
reboiler and this is included in the electric power demand.

3.2 Electrical Power - 5.125 MW

This consumption must be divided into the following items, each having a dif-
ferent impact on the overall energy balance:

3.2.1 HVAC-1.S3MW

Of this 1.33 MW is air-conditioning and 0.5 MW power for circulators. However,
assuming the ultimate coolant is cooling water, the overall heat load is 3.2 MW
as calculated in paragraph 2.13. The HVAC electric loads are not located in the
FCS building and consequently these loads are not included in this calculation.

3.2.2 Atmospheric Delritiation - 2.24 MW

Of which only 0.68 MW represents steady load, remainder being emergency load
only.

3.2.3 Electric motors (other than HVAC and ADS) - 1.055 MW

It is assumed that 80% of this load will end in the process as supplied energy and
consequently this will have to be taken out through process cooling (water). The



remaining 20% will be lost into the air and in summer add to the aii-conditioning
load.

3.3 Low Pressure Steam - 3.5 MW
For Summer energy balance only this element of the overall "Other" energy de-
mand need to be considered and it will be taken from the system through cooling
water in the overhead condenser of the water distillation unit or equivalent.

3.4 Overal Cooling Load
For the overall energy to be removed in Summer from the FCS processes by
cooling water, the following applies [refer to table 2 for figures designated for
example as: (Account.Column) or (D457.B) = 2 MW]:
Qcoo(ing =

0.8x(Total.B - D456.B - D457.B + 0.68) + D455.C - D411.C - D412.C =
0.8x(5.125 - 2.24 - 1.83 + 0.68) + 3.6 - 0.2 - 0.01 = 4.8 MW. However, to this
figure the cooling water used for removing the air-conditioning heat calculated
in paragraph 2.13 must be added for a total (for FCS + overall air-conditioning)
= 4.8 + 3.2 = 8 MW.

3.5 FCS Share of Overal Air-conditioning Load
The FCS contribution to the overall air conditioning load is:

QFCSair —
0.2x(Total.B - D456.B -D457.B + 0.68) =
0.2x(5.125 - 2.24 - 1.83 + 0.68) = 0.347 MW.

The above calculation can not be interpreted as that all of the 0347 MW for
FCU represents a direct burden against the 1.83 MW calculated in section 2.13.
In reality, only the portion required for pumping this heat into the cooling media
must be subtracted from the 1.83 MW. The applicable fraction is approximately
1.33/3.2x0.347 = 0.144 or approximately 10%.



Table 2 - Summary of FCS Power Requirements
Account

D411
D412
D413
D414
D441
D442
D443
D451
D452
D453
D454
D455
D456
D457
D459
Total

Systems contained

Burn-Dwell High Vacuum
Roughing/Backing -Burn,Dwell
Conditioning High Vacuum
Roughing/Backing -Conditioning
High velocity Pellet injection
Ultra-high velocity Pellet inj.
Gas puffing / Fast valves
Cryogenic Distillation
Fuel Storage and Management
Fuel Processing
Blanket Tritium Recovery
Tritium recovery from Water
Atmospheric Detritiation (ADS)
Nuclear Building HVAC
Tritium Monitors

Refrig
[MW]
A(l)
4.05
0.24
(3)
(3)
0.1

-
2.06
-
-
-
-
-
-
-
6.45

Elec.
[MW]
B
0.1
0.01
0.01
0.045
0.02
(4)
0.05
0.1
0.1
0.07
0.5
0.05
2.24
2(6)
-
5.125

Other
[MW]
C
0.2(2)
0.01(1)

-

-
-
-
-
3.6(4)
-
1.0(5)(6)
-
4.81

(1) Power required for producing cold (20 K) gas or liquid coolant;
(2) Liquid Nitrogen;

(3) Only small fraction included since this load does not coincide with
D411/412;

(4) Included in D441;
(5) Low pressure steam;

(6) See paragraph Overall heat balance for explanation and details.
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