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WHAT DO NUCLEAR ENGINEERS DO?
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Clean, Affordable, and
Reliable Nuclear-inclusive
Energy Systems

We will lead in the innovation of nuclear
technology to support the deployment
of a next generation of nuclear-inclusive
energy systems.

Nuclear Security and
Homeland Defense

We will lead to ensure the safe
and secure deployment of nuclear,

radiological, and plasma technologies.

Environment and Health

We wiill lead in establishing approaches
to using nuclear, radiological, and
plasma technologies to better the
human condition.

Scientific Discovery

We will lead in applying nuclear,
radiological, and plasma processes to
advance discovery across the solid,
liquid, vapor, and plasma phases.




NUCLEAR ENERGY COMES FROM FISSION

A fission reaction releases ~1
million times more energy
than a combustion reaction

*—

Neutrons



A NUCLEAR POWER PLANT

GENERATOR
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SECONDARY COOLING




ENERGY CONTEXT




WHAT DO WE WANT IN OUR FUTURE?

*  Water purification

* Sanitation * Clean

. Irrigqtion - Affordable

* Heating & * Resilient
air conditioning * Equitable

* Vaccinations
*  Pharmaceuticals
* Homes



ENERGY REIMAGINED

Maximizing energy utilization, generator profitability, and grid reliability and resilience through novel
systems integration and process design

Today
Electricity-only focus

Potential Future Energy System
Integrated grid system that leverages contributions from
nuclear fission beyond electricity sector

Large
Light Water
Reactors

Small
Modular
Reactors | |

v Industry

Micro
Reactors Hydrogen for

Vehicles and Industry

New Chemical TR \ L

Processes = Clean Water

Advanced
Reactors
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EXPERTS




CONFIDENT EXPERTS

Paul Krugman

“Recently Bill Gates declared, ... that we need an
“‘energy miracle”.... But we’ve already had that
miracle: the cost of electricity generated by wind
and sun has dropped dramatically, while costs of
storage, crucial to making renewables fully
competitive with conventional energy, are
plunging as we speak.

The result is that we’re only a few years from a
world in which carbon-neutral sources of energy
could replace much of our consumption of fossil
fuels at quite modest cost. .”




CONFIDENT EXPERTS

Lewis Strauss

“It is not too much to expect that our children
will enjoy in their homes electrical energy too
cheap to meter, will know of great periodic
regional famines in the world only as matters
of history, will travel effortlessly over the seas
and under them and through the air with a
minimum of danger and at great speeds, and
will experience a lifespan far longer than
ours as disease yields and man comes to
understand what causes him to age.”




CONFIDENT EXPERTS

William Stanley Jevons

““[Coal] is the material energy of the country, the
universal aid the factor in everything we do. It can be
matter of surprise that year by year we make draughts
upon a material of such myriad of such miraculous
powers...All things considered it is not reasonable to
suppose or expect that the power of coal will ever be
superseded by anything better. It is the naturally best
source of power as air and water and gold and iron are
each for its own purposes the most useful of substances
and such as will never be superseded.”







THE IMPERATIVES FOR NUCLEAR ENERGY




THE EMISSIONS REDUCTION IMPERATIVE

Blue chips act to cut supply chain greenhouse
gas emissions

Rolls-Royce, Nestlé and Panasonic among larger companies taking action

Michael Pooler JANUARY 29, 2018 [2&

THE WALL STREET JOURNAL.

Home World US. Politics Economy Business Tech Markets Opinion Life&Arts RealEstate WSJ.Magazine npanies taking serious action to tackle greenhouse gas
L

BUSINESS | LOGISTICS REPORT | WSJ LOGISTICSREPORT ¥ chains has doubled, according to research by an

Levi’s Plans to Slash Emissions in Global Supply Chain by 2025

The apparel giant aims to reduce greenhouse gas emissions at a sprawling set of factories and mills in 39 countries, ste
suppliers

i Y

uding Rolls-Rovece, Nestlé and Panasonic were among
" with taking an “industry-leading” approach on the

profit that collected data on behalf of 99 of the world's
nisations.

Asics plans to cut 55% of its
supply chain carbon emissions

art its effort to cut greenhouse gas emissions through energy-efficiency programs at factories run by vendors in the first
such as this supplier facility in Mexico. PHOTO: PHOTO COURTESY OF LEVI STRAUSS & CO

Solar

Bior;ass Other Biomass

Ontario Transition from Coal

Energy Generated 149.1 TWh Energy Generated 159.1 TWh



THE RESILIENCE IMPERATIVE

The Resilience of the
tlectric Power Uelivery System in

Houston, 22 December 2016 (Argus)-The North Response to Terrorism
American Electric Reliability Corporation (NERC) and Natural Disasters
wants to make sure utilities, power grid operators
and federal and state policymakers understand the:

* Increased risk that reliance on a single fuel r
presents to dependable electric service. W
* Firm transportation and dual-fuel capability may

be needed to reduce widespread reliability
problems.

A Call to Action;

A Canadian Roadmap for Small Modular Reactors
SUMMARY OF KEY FINDINGS




THE NATIONAL & INTERNATIONAL SECURITY

IMPERATIVE

Backfrom the

_,‘A Threatened Nuclear Energy.,
;. Compromises National:Secu—

Nuclear Ener

A National Security Imperative

CSIS CENTER FOR STRATEGIC &
INTERNATIONAL STUDIES

Restoring U.|
Leadership i

<

ENERGY FUTURES
— INITIATIVE —

POLICY PAPER

The U.S. Nuclear Energy
Enterprise: A Key Nation
Security Enabler

—
AUGUST 2017

1500 17 ST. NW, SUTE 1100, WASINGTON, D.C. 20006

ENERGY FUTURES INITIATIVE

The CSIS Commission on Nuclear
Energy Policy in the United States

June 26, 2018

The Honorable Rick Perry
Secretary of Energy

U.S. Department of Energy

1000 Independence Avenue, S.W.
Washington, D.C. 20585

Dear Secretary Perry:

We write to commend you for recognizing the important role our civil nuclear energy sector
plays in bolstering America’s national security. We urge you to continue to take concrete steps to
ensure the national security attributes of U.S. nuclear power plants are properly recognized by
policymakers and are valued in U.S. electricity markets.

The national security benefits of a strong domestic nuclear energy sector take many forms, many
of which overlap and together are woven into the nation’s greater strength and resilience. For
example:

«  Qurnation’s nuclear power plants are among the most robust elements of U.S. eritical
infrastructure, offering a level of protection against natural and adversarial threats that
goes far beyond most other elements of our nation’s electrical grid. The Department of
Defense depends on the nation’s grid to power 99 percent of its installations, meaning
large scale disruptions affect the nation’s ability to defend itself.

Nuclear plants have up to two years” worth of fuel on site, providing valuable fuel
diversity and increasing the resilience of our electrical grid by eliminating the supply
vulnerabilities that face some other forms of energy supply.

Several national security organizations, including our nuclear Navy and significant parts
of the Department of Energy, benefit from a strong civil nuclear sector. Many of the
companies that serve the civil nuclear sector also supply the nuclear Navy and major
DOE programs. For example, the Administration’s 2018 Nuclear Posture Review noted

PRAGUE (Reuters, 14 Nov 2018) - Czech Prime Minister Andrej Babis said on Wednesday geopolitics
should be a factor when the NATO and EU member country decides future nuclear power
investments as the country mulls whether to build new reactors.




THE SUPPLY CHAIN IMPERATIVE

§ The WNA estimates that the value of

global investment in new reactor

cnqe build will be of the order US$1.5

£1 trillion international new- trillion (£0.93 trillion), with significant

g\ljleI?tinedndei(tzolrgmyleS;(smmg market international procurement expected
to be approximately US$530bn

(£330bn), US$40bn (£25bn) per year

through 2025.

"We need to be clear where we own the value,
understand our value proposition in nuclear
and where the supply chain can improve
competitiveness.”

CEO, Manufacturing organisation



NUCLEAR ENERGY CONTEXT




TRAJECTORY OF ATOMS FOR PEACE
GENERATION
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THE ONGOING CONVERSATION
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FISSION TECHNOLOGY




EXISTING NUCLEAR REACTORS

Footprint
Number in operation: 98 in U.S. g e
Timeframe: Built in the 1950s-1980s
',' 1,500 acres k.
Products: Electricity : (current fleet) R
Megawatts: 1,000+ megawatts ] ",
1 1
Customers: Large utilities ! ]
Emergency zone: 10 miles .
Construction: Custom built on site / 50acres “,
‘. \ (SMRs) ;-
Scalability: Difficult due to size and cost . R i

3 ]
RSN

Less than an Acre
(Micro Reactors)

3 Applications: In November 2018, the Union of Concerned Scientists recommended
Did you know? federal and state governments adopt policies to preserve the
low-carbon electricity the current fleet of nuclear reactors provides.

Baseload electricity; 24/7




Johnson announces aim for UK to get
25% of electricity from nuclear power

March 17, 2022 Europe

?s? Ut _ The Guardian  pavies "
ays ago Bel gl um On Verge Of » Mon 21 Mar 2022 15.25 EDT
delaying 2025 nuclear
power exit

Korea Pares Back Renewables as It Taps
Nuclear for Climate Goal
Japan'’s nuclear revival in a race against *Renewable energy share will fall to 21.5%
time under revised plan
PM Kishida signals nuclear policy shift just  «Nyclear share set to increase to almost
as the shuttered industry’s manufacturing  gne-third by 2030

Reuters

and technical expertise is slipping away By Heesu Lee
By SCOTT FOSTER AUGUST 30, 2022 August 30, 2022, 2:48 AM EDT
Asia Times Bloomberg

US Edition

September 1, 2022 6:38 AM EDT

Last Updated 3 hours ago

United States

California lawmakers vote to keep state's only nuclear plant running
Reuters



https://asiatimes.com/author/scott-foster/
https://www.bloomberg.com/authors/AROCY-6lRy4/heesu-lee
https://www.bloomberg.com/
https://www.reuters.com/world/us/
https://www.reuters.com/authors/reuters/

NUCLEAR REPURPOSING

Amazon just bought a 100% nuclear-

powered data center Power Engineering

electrek Palisades nuclear plant could restart in
August 2025

Michelle Lewis | Mar 5 2024 - 8:06 am The latest update came during a

PT Congressional hearing this week.
By Kevin Clark

PR
NATIONAL Constellation Energy launches 1-MW

nuclear-powered hydrogen productiol

Three Mile Island nuclear plant will " ) ] i
facility at Nine Mile Point

reopen to power Microsoft data centers
SEPTEMBER 20, 20241:40 PM ET Utility Dive

Published March 7, 2023
By Diana DiGangi Reporter



https://electrek.co/author/michellelewis/
https://www.utilitydive.com/editors/ddigangi/
https://www.npr.org/sections/national/
https://www.npr.org/sections/national/
https://www.power-eng.com/author/kevinclark/

U.S. ADVANCED NUCLEAR

. General Fusion

Helion Energy

SuperCritical

NuScale

PB-FHR

5 National Ignition
Thorenco ENHS

UPower

General Atomics NumerEx
Tri Alpha
TPS MIFTI Z Machine
EM2 and MHR
© 2015 Third Way. Free for re-use with attribution/link. Cor

‘ Starcore Nuclear

Integral MSR

SMART TAF, cun
LeadirPS100 @ @ Widetronix
Fusion RADIX
Science Center . Lawrenceville Plasma Physics
' Westinghouse . : . Princeton Plasma Physics Laboratory
STAR Lightbridge XEnergy
GAM University of ARC-100, ihead 3
[ ) Missouri DOE Next Gen tagkheed Martin
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Hybrid SMR ® couicts Reactor Design Types
® Molten Salt Reactor
SmATHR @ @ Fhsv
T @ Fluoride Salt-cooled High
@ Temperature Reactor
LFTR @ Liquid Metal-cooled Fast Reactor
@ High Temperature Gas Reactor
® Pebble Bed Reactor
® Nuclear Battery Reactor
Tlarcon @® Designs Advanced Nuclear Fuels
SMR-160
N ® Small Modular Reactor
NanoTritium
L @ Fusion Reactor
@ Super-Critical CO, Reactor
cept by Samuel Brinton. Infographic by Clare Jackson /A thl d Gy

fresh thinking

Advanced Reactor Companies




SMALL MODULAR REACTORS

Footprin
Number in operation: None* g i
Timeframe: first reactors expected by 2024 . %,
1,500 acres b
Products: Electricity, heat, and steam g (current fleet) %
Megawatts: 60-300 megawatts per module | ",
] I
Customers: Large utilities; municipalities; industry ]
Emergency zone: .19 miles .
Construction: Factory built; assembled on site /50 acres “,
..\ (SMRs) ;
Scalability: Reactor modules added as demand increases L -

R |t
RN g

Less than an Acre
(Micro Reactors)

Applications:

Baseload electricity, industrial
electricity, industrial processes
such as hydrogen production

*First SMR in U.S. is currently going through regulatory approval and siting
process; UAMPS proposing 12-module SMR in Idaho using NuScale technology.




MICROREACTORS

Footprin
Number in operation: None in the U.S. i . .
Timeframe: first reactors expected by 2025 A /
e 1,500 acres N
Products: Electricity, heat, and steam (current fleet) '
Megawatts: 20 megawatts or less .'"
Customers: Military; municipalities; industry "‘
Emergency zone: less than .19 miles P Y 4
Construction: \ ! 50acres ’

Factory built; assembled on site : !
. (SMRs)

Scalability:

§

Reactor modules added as demand increases el g .

S N -
S8 -

Less than an Acre
(Micro Reactors)

Sen. Lisa Murkowski,
R-Alaska, April 14,2019
Op-Ed in the Anchorage
Daily News.

Applications:

Power for remote locations,
maritime shipping, military
installations, mining, space
missions, desalination,
disaster relief

Improvements in nuclear technology “are enabling the emergence of so-called
“microreactors” that could be a perfect fit throughout our state. As the name
suggests, these smaller reactors can be right-sized for dozens of Alaska
communities and will have off-grid capability that could solve the challenge
of providing clean, affordable energy in our remote areas.”



ADVANCED NUCLEAR PROGRESS

Kemmerer 1 Breaks Ground: A Look at
TerraPower's Natrium Fast Reactor Nuclear
Power Plant

Power

Jun 13, 2024
by Sonal Patel

Kairos Power begins construction on
Hermes reactor

Site work began earlier this month at the
Hermes site in Oak Ridge, Tennessee.
Power Engineering

Kevin Clark7.30.2024



https://www.powermag.com/author/spatel/
https://www.power-eng.com/author/kevinclark/
https://www.power-eng.com/author/kevinclark/

POLICY AND SOCIETAL ENGAGEMENT




INCENTIVES

Exhibit 4 — Mix of Federal Expenditures for Each Energy Source

M Tax Policy MRegulation MR&D MW Market Activity M Gov’t Services M Disbursements
100%

80%

60%

40%

20%

Regu-
lation

0%

Qil Natural Gas Hydro Renewables  Geothermal

-20%

Expenditures for nuclear need
better balance between R&D
and tax policy




COMMUNITY APPROPRIATENESS

A first entertainment use of radiation-
induced mutant creatures

______________________________________________________________________________

For they shall inherit the earth...sooner than you think!

H.G.WELLS’

EMPIRE




QUOTES FROM ADVANCED ENERGY APRIL 2016

* Focus on NY Reforming the Energy Vision. :

* REV and the announced $150M Green
Bank must:

* Transform while protecting jobs to

support people (e.g., fossil jobs become
solar jobs)

* Incredible ideas coming out of the
university community

* Need wave after wave of demo projects
* Community led projects

* All New Yorkers must participate. This

must support low and moderate income
families

* Resilience is a foundation
e Start with the customer
* Think Big. Start Small. Scale Fast.




WHY NUCLEAR ENGINEERS LIKE NUCLEAR

Nuclear is safest way to make reliable electricity

B Deaths from accidents
B Deaths from air pollution

Deaths Per TWh
o

0
Coal Petroleum  Biomass Natural Gas Nuclear
e
ENVIRONMENTAL Health effects of electricity generation in Europe by primary energy source
PROGRESS

Source: Markandya, A. & Wilkinson, Electricity generation and health. Lancet 2007; 370:970-90

“We Kkill less people than you think”



WHEN DO YOU ENGAGE WITH COMMUNITIES

Always

Design-airplane windows
Siting-consent based siting

Operations-pumps



END
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