


- Transforming the energy paradigm

Today Future Energy System
Electricity-only focus Integrated grid system leverages contributions from nuclear fission beyond electricity
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Wyoming 2021
- Economic Growth with Zero-Emissions Energy Sources

Is there arole for nuclear in Wyoming?

1. Productionc¢ the creation of valueadd
products using clean energy

2. Manufacturing¢ design and fabrication of
components and systems to do so

C For national and global markets
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C Salable capital builabut

C Broadens the clean energy products
value chain of Wyoming resources

C Ne-ZerEoner gy Ser© iSupply Chain Reactors and
Product s Components
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A new Paradigm: Integrated Energy Systems with Nuclear
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C Keys to success

Synthetic Fuels &
Lubricant Plant

1. Hydrogen is key energy currency
2. Flexible operations cansupport

the grid
3. Energy storage is imperative

IDAHO NATIONAL LABORATORY

Fossil Fuels

o 0
Natural Gas Supply C;I -=>

ﬁj
6 0

Plug-In Electric Vehicles Li ghl & Heavy-Duty Fuel Cell

) wl..




U.S. Department o

{

- Large-Scale Hydrogen Markets (H2escdle.
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Two paths to H, Earthshot Target
($1/kg-H, within a decade)
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- Electrolysis while dispatching as spinning or non-spinning
reserves
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Electrochemical Conversion of Natural Gas Condensates
Into Polymers & Hydrogen

INL T UWYyo Process Development

A
(CHeen
r A
Natur al
Al kanes
SEt hane (
Propane

But ane

> |
>Electrochemical
Cell
G §> ";‘

I [}
Nucl (ChAlr
React ofr

o

— @

Monomers
{ Ethylene
Propylene
_Butene

7

Feedstock in (C,Hg) Purge gas in (Ar)

Interconnect

Nuclear Electricity
420 MWe »
Nuclear Steam
— Ny

Nuclear Cooling
25 MWt

Ethane
111 tonne/hr

(—

ENDP Process Coupled wit
a Light Water Reactor

Steam @ 275°C

Ethylene
84 tonne/hr

Hydrogen
7 tonne/hr

I Oth €I gascs

20 tonne'hr

-

=

-

Light Water Reactor Sustainability Program

Technoeconomic Analysis on an
Electrochemical Nonoxidative
Deprotonation Process for Ethylene
Production from Ethane

High Value
Premium
Products

IDAHO NATIONAL LABORATORY



F. T. Carbon Conversi on to Fuel':

He at
Exchanper
4 Nuclear
Reactor Steam
Energy Electrolysis
sSource (800 °C)
.
~ Li ght AINlkaontds
| > (to Chemicas
Fischer-Tropsch ' -
: Fuel Distillates
Fuels Synthesis I
9 L, Paraffins
(crack or formulate Lubes)
CHa (Methane)
Wa t @la S (
Shi ft . :
Fired H
el ectro
\ (8 5 m)

IDAHO NATIONAL LABORATORY



-Modul ar Ammonia Plants

3.0 Tonne/day skid-mounted production system

ALocal product
agricul-Qpusre C

AUse by power
for NOx Selec
Catalytic Red
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Researchers at Idaho National Laboratory are collaborating with industry and
academia to develop nuclear reactor concepts of various sizes for various use cases.
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Advanced Reactor

: SMALL MEDIUM LARGE
Design Concepts 1 MW to 20 MW 20 MW to 300 MW 300 MW to 1,000 + MW
Micro-reactors Small Modular Reactors Full-size Reactors
Can fit on a flatbed truck. Factory-built. Can be Can provide reliable,
1 . Mobile. Deployable. scaled up by adding emissions-free baseload
B e n e f I t S ' more units. power
Advanced Reactors Supported by the U.S. Department of Energy
AEnhanced saf

AVer satil e a

AReduce wast

AUse advance
manufact ur i ‘E_D

MOLTEN SALT REACTORS - LIQUID METAL FAST REACTORS - GAS-COOLED REACTORS -

60+ p”Vate sector prOJeCtS Use molten fluoride or Use liquid metal (sodium or lead) Use flowing gas as a coolant.
chloride salts as a coolant. as a coolant. Operate at higher Operate at high temperatures
under development Online fuel processing. Can temperatures and lower pressures. to efficiently produce heat for
re-use and consume spent fuel Can re-use and consume spent fuel electric and non-electric
from other reactors. from other reactors. applications.



Accelerating advanced reactor
demonstration and deployment
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Wy omi ng Business Devel opment

A Clean energy markets based on
Wyoming resources

A Cartridge and microreactors
fabrication

A Skilled crafts and operator education
and training

A Engineering education

A Research, development, and testing

C Manufacturing of Supply Chain
Reactors and Components
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ldano National Laboratory
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Cost of Steam ($US/1000 kg-steam)
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Can Nuclear Compete? Natural Gas vs Nuclear LWR
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Sell electrical
power at market
clearing price

<
Sell hydrogen produced

using electricity and heat
from nuclear power plant

Cut-off price

/ (bid price)

———

Approach for calculating H- selling price from HTE coupled

with NPP

+ Select a range of cut-off prices > NPP operating cost (i.e.,
$40, $50, $60/MWh, etc.). For each cut off price:

* Time above cut-off price (yellow region) determines
quantity of electricity “byproduct” sold at cut-off (bid) price

* Time below cut-off price (green region) determines
capacity factor for H> production

5% offline (scheduled maintenance, etc.)

Cut-off time (number of hours
per year that clearing price
exceeds bid price)

Hours

- NPP operating | H- production using electricity costed
- cost at NPP operating cost (e.g. $30/MWh,)
0 1000 2000 3000 4000 2000 6000 7000 8000

Price duration curve compiled from /”'

locational marginal price (LMP) data
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How nuclear can enhance conventional steam
- methane reforming production of hydrogen
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demonstration of hydrogen production at Nuclear Power Plant Nucl ear Po
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- Tri-Lab Demonstration of Integrated Energy Systems
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