Large Scale Hydrogen Production Using Nuclear Power

David Barbara, Andrew Carmean, Dustin Kraemer and Shripad T. Revankar

School of Nuclear Engineering
Purdue University
West Lafayette, IN 47907

Abstract

Hydrogen production using the Sulfur-lodine (SI) process coupled to a high temperature gas
cooled nuclear reactor was simulated with physical models for the processes. The models
included energy balance for the SI process, thermal models for the heat exchanger design, and
Brayton cogeneration unit. Process parameters such as mass flow rates of reactor coolant,
reactant gases, heat exchanger pipe size, and number of heat exchanger pipes were examined.
The computational model predicted that the 265 MW thermal pebble bed modular reactor could
produce 17.38 million kg of hydrogen per year. Because excess heat still had to be removed
from the helium gas to meet reactor thermalhydraulic specifications, a Brayton cycle was
considered as a method of both further cooling the helium gas and producing electricity with
overall plant efficiency to 36.3%.

Introduction

The current power generation plants and automotive exhaust have contributed to the
environmental pollution and public health problems. These issues together with global and
national energy security concerns have generated new ideas for energy production in the last
several years including diversification. One of the most promising solutions is hydrogen-based
fuel cells. Hydrogen as a carrier of energy is superior to other forms of energy carriers for power
generation, transportation and storage. Key challenges for the hydrogen-fuel cell based energy
system are the sourcing of hydrogen and development of efficient, affordable and safe
production processes.

There is a large demand for the hydrogen and it is increasing at nearly 4-10 percent a
year. In the future hydrogen can reduce oil use for transportation and dramatically reduce our
reliance on oil. Currently a very small amount of hydrogen is used as a fuel; most of it is used for
commercial chemical use. Approximately two-thirds of the hydrogen produced is used for
commercial fixation of nitrogen from the air to produce ammonia for fertilizer. Other uses of the
hydrogen produced are petroleum refining, hydrogenation of fats and oils, methanol production,
in hydrodealkylation, hydrocracking, and hydrodesulphurization, welding, metallic ore
reduction, hydrochloric acid production, and the study of liquid hydrogen [1]. In relation to the 9
million tons of hydrogen the US is currently producing per year, approximately 120 million tons
of hydrogen per year would be required to replace all of the gasoline use for transportation [2].
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Currently known hydrogen production process can be classified into three main methods.
The first method is direct electrolysis [3, 4]. The disadvantage of this reaction lies in overall low
efficiency. The second class of reactions involves extraction of hydrogen from hydrocarbon such
as natural gas, gasoline, diesel and methanol using processes such as steam reforming [5]. These
hydrogen sources produce emissions of pollutants and greenhouse gases and thus suffer from
some of the same disadvantages attributed to the established power generation methods. The
third hydrogen production method can be termed as “intermediate compounds.” Processes that
did not involve cracking hydrocarbons or direct electrolysis of water fall into this category. In
particular, three processes are well known, iron redox reaction [6], sodium borohydride process
[7] and SI process [9, 10]. Currently there is much interest in the SI cycle, which was originally
proposed by General Atomic (GA) [11, 12] as it has potential for high efficiencies in the
hydrogen production [13]. Previous studies based on General Atomics (GA) process indicated
the process thermal efficiency of hydrogen production is in the range of 45-50% [12, 14].
Currently there is large interest in Japan in this cycle. The Japan Atomic Energy Research
Institute is continuing research in SI process [15-19].

The major advantage of the SI cycle is that it provides a method of producing hydrogen
that is environmentally friendly. The major disadvantages of the SI cycle are the high
temperature required for the decomposition of hydrogen iodide and the corrosiveness of the
reactants. However, high temperature nuclear reactor designs will easily allow a temperature of
greater than 800°C. Though SI cycle has been well studied the process has not yet been
demonstrated by a commercial, and there seems to remain spaces for further improvement to
reduce the complex process scheme. In this regard, the predictive simulations are very useful.

The purpose of this paper was to examine SI cycle coupled to high temperature gas
cooled nuclear reactor. A heat-transfer model was developed to analyze the SI process and the
coupling of the process to nuclear power reactor. The simulation incorporates the neutronics and
thermodynamic analyses of the reactor, analyzes the SI process for given power and provides the
overall plant efficiency and hydrogen production rate. The use of nuclear heat from a high
temperature gas-cooled reactor as thermal energy for a thermochemical cycle for hydrogen
production process has been already considered in the US and Japan [20-22].

2. Nuclear Coupled SI Cycle

The schematic of the hydrogen production facility using SI cycle and nuclear reactor heat
is shown in Fig. 1. Amongst the high temperature nuclear reactors, two reactors make good
candidates, molten salt or liquid metal cooled high temperature reactor [23] and gas cooled high
temperature reactor [24]. The advantage of the latter reactor is the use of a single phase coolant
with high temperature capabilities. The system constraints on water cooled reactors limit the
coolant (water) to 350°C. Liquid metal reactors are limited in their temperature due to the
corrosive properties of the liquid metal at high temperatures leaving the coolant limited to 600°C.
Gas cooled reactors are not limited by the coolant capabilities. The gas cooled reactors can reach
temperatures over 1000°C, which bring limitations in the form of material issues. The liquid
metal reactors produce a high enough coolant temperature to directly drive the SI process;
however, losses in a heat exchanger may limit their potential use in providing the energy for this
chemical process. To better allow for heat losses in the system before the fluid reaches the SI
process, a gas cooled reactor was selected. The high temperature gas cooled reactor considered
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is the Eskom design pebble bed modular reactor (PBMR) [25, 26]. The PBMR is capable of
temperatures up to 1000°C, which exceeds the 850°C temperature needed to drive the chemical
reactions for producing hydrogen. The reactor was separated from the hydrogen production.
This allows the reactor to be part of a separate plant linked only by a heat exchanger coupled to

the main coolant line. This coupling design allows other reactors to be used instead of the
PBMR.

The SI reactions considered consist of three chemical processes, which sum to the dissociation of
water.

L(1)+SO,(g)+2H,0(1) = 2HI(aq)+H,2S04(aq) (120°C) (Process 1)

H,SO04(aq) 2 HyO+S0,(g)+40,(g) (850°C) (Process 1II)
2HI(g) = Ha(g)*+1x(g) (450°C)) (Process I1I)
H,O = H, + %40, (net reaction)

PRIMARY

Lol HYDROGREN
GENERATION
PLANT

NUCLEAR PLANT

Fig. 1 — Overall plant schematic of hydrogen production facility

The reactions are temperature dependent. With a suitable catalyst, the high-temperature reaction
dissociation of sulfuric acid reaches 10% conversion at 510°C, and 83% conversion at 850°C.
Energy, as heat, is input to a thermochemical cycle via two main endothermic high-temperature
chemical reactions. The heat is rejected via one exothermic low temperature reaction. Most of the
input heat goes into the dissociation of sulfuric acid. Sulfuric acid and hydrogen iodide are formed in
the endothermic reaction of H,O, SO, and I,, and the hydrogen is generated in the mildly
endothermic decomposition of hydrogen iodide. All the products in this cycle, other than water, are
regenerated. Since the reaction products H,O, SO, and I, need to be cooled to lower temperature
a Brayton cycle is used as co-generation system to enhance the efficiency.

3. Reactor Core Thermal Analysis

The PBMR is 265 MW thermal power reactor with radius of 2.00 meters and height of
5.18 meters consists of UO, fuel and a graphite reflector [27]. The active core is a cylinder with
radius of 1.00 meters and height of 3.18 meters is surrounded by a ring of absorber material
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13cm thick located 6¢cm away from the core with reflector in-between the two regions. The fuel
is a UO; of around 9% enrichment. Around 11,000 microspheres with a silicon carbide coating
called TRISO fuel particle, make up the 60 millimeter diameter pebbles. The reactor has
approximately 380,000 pebbles in its reactor core. The analysis of the core was made using
PARCS (Purdue Advanced Reactor Core Simulator) reactor neutronics analysis code [28]. The
neutronics model assumed a simplified 2-D approach to the cylindrical calculations. The OTTO
(Once Through Then Out) assumption was made for the pebbles in the model. The radial and
axial power profiles were obtained with the neutronic calculations as shown in Fig. 2, [27,29].
Using the calculated power profile thermal analysis of the core was carried out. Helium gas was
used as coolant for the reactor [27].

mi0-55
o 45-50
m40-45
035-40
0 30-35
m25-30
m20-25

2067
Axial Position from

Bottom (¢m)

an Radial Position from
Center (¢cm)

Fig. 2.— Power (in kW) as a function of radial and axial positions.

To calculate the thermal resistance between the center temperature of the pebble and the
surface temperature of the pebble, the resistance, R, was modeled as an electric circuit in
parallel, where R=(hA) ™. Fig. 3, shows the hydraulic model for the pebble bed reactor core. The
coolant channel on the right of Fig. 3 is for a light water reactor, while the channel on the left is
for the pebble bed reactor.

The porosity, which is the ability to let coolant travel through the channel was considered
at conservative value of 40%. The standard correlations were used to analyze the
thermalhydraulics of a pebble bed reactor [30]. These correlations are as follows:

(1)
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where AP defines the pressure drop across the pebble, V is the average gas velocity, L is the
height of the pebble bed core, p is the gas density and y is the pressure drop coefficient, which
is dependent on the Reynolds number, defined as

W =320Re'+6Re™". (2)
The Reynolds number is defined as
Vd
Re:(Hp p ®)

where d, is the pebble diameter, ¢ is the porosity which is conservatively set at 0.4, and p is the
dynamic viscosity. The hydraulic diameter Dy, is related to the fuel pebble diameter, d, given as:

€
D, =d | — 5

o (1— sj ®)
The heat transfer is governed by the Nusselt number correlation :

Nu=hd, !k =+035Pr" &% Re"" +0.00316 Prs " Re' 6)

where h is the heat transfer coefficient and k is the thermal conductivity of the gas.

Relation (6) is valid for 10 <Re < 10’ and 0.26 < & < 0.476.

In the analysis the core of the reactor was split into ten sections axially and five sections
radially. By knowing the power in each of the section as well as the area and number of pebbles,
the heat flux was found for each section using the equation.

q"=h (Tsurface = Ty ) (7)
The pebble surface temperature T,.v.c. was obtained from the pebble heat transfer model
[27] which treated the pebble as a composite material. Using above equations (1)-(7) the heat
transfer rate between pebble and the coolant (helium gas) was obtained assuming reactor inlet
and outlet temperatures at 500°C and 900°C respectively. While the heat transfer coefficient
varies with temperature, the unknown bulk temperature 75, was found for each section. The gas
mass flow rate required was 127.33 kg/s to keep the reactor at steady state.

Fig. 3. - PBMR coolant channel schematic [27].
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4. SI Process Modeling

The first step in creating a computational model of the SI process in order to analyze the
secondary side of the plant was to determine the required energy inputs of the three processes of
the entire SI reaction Cycle. The energy input of each reaction involves the reaction enthalpy and
the energy required to heat the reactants to the desired temperature. HSC Chemistry 5 [31], was
used to analyze the reactions and compute the enthalpy change of each reaction at appropriate
temperature ranges of the reaction. After enthalpy of reaction was expressed as a function of
temperature, the energy required to heat the reactants to the desired reaction temperature was
incorporated to derive the required energy input.

The simplified plant schematic for the hydrogen production process is shown in Fig. 4.
For process I, the most endothermic reaction of the SI process, the required energy input was
obtained by first determining the enthalpy change of reaction as shown in Fig. 5. The equation of
the best fit polynomial for this relation is as follows:

Ah=[-2.1127%107 77 ~1.8458*10°T, + 206.43) L (8)
rxn
Here rxn refers to specific reaction.
The heat required to heat the reactant to the temperature of process II, T,, from the temperature
of process I, T}, was determined by first evaluating the specific heat of the reactant as a function

of temperature.
The specific heat of sulfuric acid as a function of temperature was represented as:

_ 1
Cp :E

J
mol* K

[1.3860%107° (12 +72)+ 5.3741%102(1, +7T, )+93.037] )

The total required energy input must account for heating of H,SO,4 from T, to T as stated before.
The required heat is

Ah

¢,AT=¢ (T, -T,) (10)

or Ah =%[—1.3860*105 (T2 +T7)+5.3741%102(T, + T, )+ 93.037]% (11)

By summing the above result with the enthalpy of reaction demands, the total required heat
energy input for Process II is obtained:

Q={2.1127%107 T2 —1.8458*10° T, + 206.43}+

T, -T (12)
(2—1)[— 13860%1075(T2 + T2 )+ 5.3741¥10°2(T, +T, )+93.037] <L

2*1000 Xn
Similarly, for Process III, the total required energy input is calculated in the same manner (see

Fig. 6.):
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Simplified Diagram of Complete Cycle

SO02+12+2H20 -> H2S04+2HI

100°C, H20
| | . M\
= \AAAANAN

120°C 02,12,

HI,H2S04, H20

H2S04,H20

REACTION I

12 12, HI, H20
ke
20 w > o 12,HILH2S04,H20

1
Q @ 850°C H2504, H20, 502,02 Wz

H2S04,H20 ‘ ‘

400°C,
H2504 &
§02,02 REACTION 1l REACTION 1l

Fig. 4. Simplified plant schematic for the SI Cycle

The enthalpy change of reaction for process III is:

Ah =[-5.0807#10°° T2 +1.2042 10T, + 6.4257] -

rxn
The specific heat of HI as a function of temperature was represented as:

_ 1 - _ J

¢, - E[1.9464 #10°(1 + T )+ 4.4086 %107 (T, +T; )+ 27.041]m01 i
The total required energy input must account for the heating of HI from T, to Tj:
Ah=T AT =3¢ (T, -T)) (15)
Knowing there are two moles of HI per reaction produces the following equation:

2¥|\T, =T
Ah = (3—1)[1 9464%10° (T2 + T2 )+ 4.4086 % 10(T, +T, )+ 27.041]
2*1000 rXn

Total Required Heat Energy Input for Reaction III is:

Q =(~5.0807*10°T +1.2042 %10 T, +6.4257 )+

[(Tio;o(?) [1.9464%10°(T2 + T )+ 4.4086 107 (T, + T, )+ 27.041 J%

(13)

(14)

(16)

(17)

The required energy input of process I was calculated in the same manner. As discussed
later, this energy is a negative value, signifying that heat must be removed from this exothermic
reaction and from the reactants as they are cooled to the appropriate temperature. Figs. 7-9 show

the required energy inputs of the three processes at various temperatures. The model
additionally analyzes each energy demand by linearizing the temperature dependencies of the
energy inputs and determining the derivative of the linear fit. Although, in actuality, the
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derivative of the required energy input has the form of a first order polynomial and is dependent
on temperature, the temperature-independent approximation used in the model provides a
comparison between the three reactions of the effects on required energy inputs that changing the
temperatures have. The temperatures for the processes were considered at 120°C, 850°C, and
400°C for processes I, 11, and 111, respectively.

190

Enthalpy Change vs. Temperature for

—N“\
T

-
[0}
»

Enthalpy Change
(kJ/rxn)
2

182
180 2
y =-2.1127E-07x" - 1.8458E-02x + 2.0643E+02
2 _
178 ‘ R = 1.0009E+OO ‘
1000 1100 1200 1300 1400

Temperature (K)
Fig. 5. Enthalpy change of reaction for Process II as a function of temperature.

The next portion of the model involved the heat transfer and heat exchanger design for
the endothermic processes. The high temperature nature of the reactions, along with the
corrosive natures of the reactants called for high temperature material. Hastelloy X was
considered as the heat exchanger material, because of its ability to withstand corrosion of
reactants such as sulfuric acid and high temperatures (> 1000°C). Additionally, Hastelloy X has
very favorable heat transfer properties such as the thermal conductivity at high temperatures. The
working fluid on the secondary loop in the plant is also helium gas. Helium does not
compromise the integrity of the Hastelloy X pipes as it is a nobel gas and chemically inert at very
high temperatures.

13.6

Enthaply Change vs. Temperature
2HI»> H2 + |2

N

w

N
|

12.8

12.4

12 A

Enthalpy Change (kJ/rxn)

y = -5.0807E-06x? + 1.2042E-02x + 6.4257E+00
R? = 1.0000E+00

600 650 700 750 800 850 900
Temperature (K)

Fig. 6. Enthalpy change of reaction for Process III as a function of temperature.
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- Required Energy Input vs. Temperature for Process |

dQ/dT = 0.163 kdimol'K
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Required Energy Input (kJ/mol}
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100/
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Temperature (°C)

Fig. 7. Energy input of process I (negative because cooling is required) as a function of
temperature as determined by the computational model. The derivative of a linearized data fit is
shown.

- Required Energy Input vs. Temperature for Process Il
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Fig. 8. Energy input of process II as a function of temperature as determined by the
computational model. The derivative of a linearized data fit is shown.

Several different heat exchanger designs were considered, and a banked tube heat
exchanger design was used [32]. As shown in Fig. 10, this design has favorable heat transfer
characteristics and is economically feasible, industrially common, and versatile (variable number
of pipes and surface area).

The flow properties of the gases were determined to apply appropriate heat transfer
correlations. The computational model analyzed range of mass flow rates for both the helium
and the reactant gas. Combination of various pipe sizes and number of pipes were used to
compare heat transfer performance of the heat exchanger. In the final heat exchanger design, a
nominal pipe size of 3/8” was used. The 1/8 and 1/4" pipes produced high flow velocities
demanding prohibitively expensive pumping systems to generate the required head. The flow
profile for a variable number of pipes in the heat exchanger and a variety of mass flow rates is
shown in Fig. 11. As expected, as mass flow rate increases or the number of pipes decreases, the

Proceedings of the 2005 American Society for Engineering Education Annual Conference & Exposition
Copyright © 2005, American Society for Engineering Education

6°998°0T abed



flow velocity increases in each pipe [33]. The heat exchanger design was then analyzed in order
to derive equations governing heat transfer in the heat exchanger. The macroscopic model

shown in Fig. 12 was used for the tube of heat exchanger.
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Required Energy Input vs. Temperature for Process IlI
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Y0 31 a0 %0 30 400 40 440 4e0 480 500
Temperature (*C)
Fig. 9. Energy input of process III as a function of temperature as determined by the

computational model. The derivative of a linearized data fit is shown.

He Gas Flow

Fig. 10. Heat exchanger with flow across tube bed.

Three resistances to heat transfer from the helium gas to the gas reactants were considered: inner
wall convection , conduction through the Hastelloy X , and outer wall convection. The equation

governing heat transfer and the overall heat transfer coefficient were derived as follows:
q=U(2m,L)(T,,-T,,)

0,0

| 1n(°) .
U'=|<— |+ ro—ri +| —
“h, k h

-
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Internal Helium Gas Flow Analysis in Heat Exchanger for Process Il

Flow Welocity (mfs)

1000

400

Nurnber of Pipes Mass Flow Rate (kg/s)

Fig. 11. Flow rate analysis for variable number of pipes in the heat exchanger and mass flow rate
for Process 1II.

Fig. 12. Macroscopic heat exchanger schematic for tube of heat exchanger.

The Dittus-Boelter heat transfer correlation was used to determine the Nusselt number of
the helium gas [34]. The comprehensive equation given by Churchill and Bernstein was then
used to determine the Nusselt Number of the reactant gas on the outer surface of the pipes [34].
The constants in the above equations such as density, absolute viscosity, and specific heat were
taken from Component Plus [35]. Fig. 13 compares the inner and outer wall heat transfer
coefficients to the overall heat transfer coefficient. The heat transfer coefficient on the helium
side of the heat exchanger is fairly high, while that of the side with the reactant gases is
approximately an order of magnitude lower. The relatively high value of the helium heat transfer
coefficient can be attributed to its high thermal conductivity, which is roughly five times higher
than that of air and other common gases [35].

The overall heat transfer coefficients allow for one to analyze each particular flow regime
combination and determine the amount of heat transferred from the helium to the reactant gas.
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This amount of heat is of course dependent on the mass flow rate of helium, which is specified
by the reactor size. For the PBMR reactor with 265 kW thermal power the mass flow rate, as
discussed earlier, was 127.33 kg/s. This flow rate resulted in a heat transfer rate from the helium
gas in Process II to the reactant gas of 66.12 MW. This amount of power corresponded to
24.95% of the total reactor power. As the helium gas passes to the heat exchanger for Process
III, more energy is lost to the reactant gas in order to drive the decomposition of hydrogen
iodine. The helium mass flow rate of 127.33 kg/s resulted in a heat transfer rate of 5.86 MW to
the reactant gas in Process III. This corresponded to 2.21% of the total reactor power.

Heat Transfer Coefficient Comparison for
50,000 Pipes and Helium Flow Rate of 127 kgl/s

MOverall Heat
Transfer
Coefficient

Gas Heat
Transfer
Coefficient

Heat Transfer Coefficient (W/m*2*K)

COHe Heat
Transfer
Coefficient

25.5

Reactant Gas Flow Rate (kg/s)
Fig. 13. Comparison of heat transfer coefficients for the outer wall, inner wall, and the overall
system.

The computational model used the heat transfer rate to the reactant gas to determine the
net amount of hydrogen produced. In this case, the plant was capable of producing 17.38 million
kg of hydrogen gas per year (STP conditions assumed for mass calculation from the initial molar
flow rate determination). This amount of hydrogen corresponded to 5.79x10® kWh of energy per
year. Because the reactor produced 2.323x10° kWh of energy each year, the actually efficiency
of the potential energy of the hydrogen gas in relation the energy produced by the reactor was
24.92%. This indicates that the majority of the energy put into producing hydrogen is indeed
recovered, as only 2.24% if the reactor power that is put into producing hydrogen would be lost
in this process.

Although this reactor was capable of generating a fairly significant amount of hydrogen
each year, much of the reactor power would have been unrecoverable if the coolant was simply
cooled to meet the reactor inlet temperature specification upon exiting the heat exchanger of
Process III. To eliminate this excessive waste, cogeneration methods of producing both
hydrogen and electricity were considered.
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After exiting the second heat exchanger (i.e. that of Process III), the temperature of the
coolant was 791.14°C. The reactor thermalhydraulic analysis required that the secondary loop
inlet the primary-secondary heat exchanger at 500°C. Therefore, further cooling of the helium
was necessary, and the Brayton cycle was studied to see if this cooling could result in net work
output in the form of electricity. The proposed Brayton cycle is shown in Fig. 14. The
isentropic efficiencies of both the turbine and compressor were assumed to be 85%.

The known state points in the Brayton cycle were points 3 and 2, which had temperatures of
791.14°C and 500°C, respectively. In addition, because of the constant pressure lines, points 2s,
2, and 3 had a pressure of 4.6 MPa, while points 1, 4, and 4s had pressures of 1.53 MPa. The
pressure of 1.53 MPa was chosen because it is roughly 1/3 of the higher pressure at points 2s, 2,
and 3, and this pressure ratio is realistically achievable for Brayton cycles operating between the
proposed temperature ranges. Table 1, details the analysis of the Brayton cycle. All enthalpy
and entropy values for helium were taken from Tsederberg et. al [36].

?3

Temperature, T

Entropy, S

Fig. 14— Brayton cycle used to analyze cogeneration of electricity with the hydrogen production
process. The isentropic efficiencies of the turbine and compressor were both assumed 85% to
account for irreversibility in the system.

Table 1 — Brayton cycle analysis for cogeneration of electricity
Point [P (MPa) [T (°C) |S (kJ/kg'’K) |h (kJ/kg)

1 1.53 183.10 |-2.881 955.7

2s 4.6 450.00 |-2.881 2351.1
2 4.6 500.00 |-2.5076 2610.7
3 4.6 791.14 |-0.8753 4121.9

4s 1.53 398.17 |-0.8753 2072.5
4 1.53 437.67 |-0.5787 2277.4

The ideal efficiency of the proposed cycle is 43.3%, and the actual efficiency is 12.5%
after inefficiencies were considered. The non-ideal case resulted in a net power generation of
24.1 MW electrical from the cycle with the hydrogen mass flow rate of 127.33 kg/s. This net
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rate of electricity generation is equivalent to placing 2.11x10® kWh of electricity on the grid each
year. This power output represented 9.09% of the total reactor power. The resulting overall
efficiency of the hydrogen and electricity production is 36.26%, when the Brayton cycle was
considered.

Although the efficiency was not as high as initially expected for the given reactor
specifications dictated by the thermalhydraulics analysis, the model predicted that the overall
efficiency would increase to slightly over 45% by raising the maximum temperature of the
helium on the secondary loop by 50°C. This raise in temperature, and therefore enthalpy, of the
secondary fluid allowed more heat to be extracted in the hydrogen production process. The high
temperature demands of the process limited the amount of heat that can be extracted from the
helium, because excessive heat transfer would have causes the helium to begin to cool the
reactant gas to below the required reaction temperature. However, by raising the helium
temperature, more heat can be removed from the fluid, and the overall efficiency increased.

5. Conclusions

Through the neutronics and thermalhydraulic analysis of the reactor and development of
the SI Process computational model, it was determined that the 265 MW thermal Pebble Bed
Reactor could supply enough energy to produce 17.38 million kg of hydrogen per year. This
amount of hydrogen corresponded to 5.79x10® kWh of energy per year. Through analyzing the
SI Process with the computational model, it was determined that the helium transferred 66.12
MW to the reactant of Process I and 5.86 MW to the reactant gas in Process III. After the gas
exited the second endothermic process, it was passed through a Brayton cycle with assumed
turbine and compressor isentropic efficiencies of 85%. The Brayton cycle resulted in net power
production rate of 24.1 MW electrical and an actual efficiency of 12.5%. This net power output
corresponded to placing 2.11x10® kWh of electricity on the grid each year. The overall plant
efficacy was determined to be 36.3%, and by increasing the maximum temperature on the
secondary helium loop, it is anticipated that the overall efficiency would increase to over 45%.
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