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Jllll Ambitious goals to mitigate climate change:
Achieving “net-zero”

» President Biden has set a goal of achieving net-zero greenhouse gas emissions
by no later than 2050 and limiting global warming to 1.5 degrees Celsius
« Steps in reaching this goal require the U.S. to achieve
— 100 percent carbon pollution-free electricity by 2035
— Net-zero economy wide by 2050

« Must be achieved while...
— Investing in infrastructure
— Fueling an economic recovery — job creation
— Advancing environmental justice
— Bolstering domestic supply chains

What is “net-zero”?

“Net-zero” refers to a target of completely negating the amount of greenhouse

gases produced by human activity, to be achieved by reducing emissions and
, implementing methods of absorbing carbon dioxide from the atmosphere.
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ll The U.S. Electricity Mix (2021)

U.S. Utility-Scale
Electricity Generation
by Source, 2021

Source: U.S. Energy Information Administration

Natural Gas: 38%

Petroleum
& Geothermal: < 1%

EEEEEEEEEEEE Oﬁlce Of

ENERGY ‘ NUCLEAR ENERGY Biomass: 1%
Solar: 3%

Wind: 9%

Coal: 22%

energy.gov/ne

60% of U.S. electricity in 2021 was derived from
fossil-based generation sources

IDAHO NATIONAL LABORATORY




lll The U.S. Clean Electricity Mix (2021)

U.S. Utility-Scale
Electricity Generation

by Source, 2021

Source: U.S. Energy Information Administration

Wind: 25%

Nuclear: 50%

Office of Geothermal: 1% ¢

U.S. DEPARTMENT OF ! Solar: 70/
ENERGY I NUCLEAR ENERGY energy.gov/ne °
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- The global challenge:
Decarbonizing electricity and total energy sources (2019)

Solal

Oil 5

Wind
c

3.1%

Other renewables”®

Electricity
only

Fossil fuels: 63.3% j Low-carbon: 36.7%

[0 2000 it wess 64 A% {n 2000 it was 35.2%)

Fossil fuels: 84.3% Low-carbon: 15.7%.,
(in 2000 & was B4.1%) 10 2000 It was 139%)

Total energy

{electricity, transport & heat)

Nuclear | Other renewables*

4.3% T 0.9%
Hydropower | Biofuels
6.4% 0.7%
‘v"nf'i F_]}(_ I i SOial

*Includes geothermal, biomass, wave and tidal. It does not include traditional biomass which can be a key energy source in lower income settings.
OurWorldinData.org - Research and data to make progress aganst the world's largest problems

r World in Data based on BP Statistical Review of World Energy (2020). Based on the primary energy and electricity moc in 2019 censed undsr CC-BY by the author Hannah Ritchie




Il The U.S. Department of Energy is doubling down on
the commitment to clean energy

« Energy Earthshots™ will accelerate breakthroughs of more abundant, affordable, and
reliable clean energy solutions within the decade. They will drive the major innovation
breakthroughs that we know we must achieve to solve the climate crisis, reach our 2050
net-zero carbon goals, and create the jobs of the new clean energy economy.
(https.//www.energy.qov/policy/energy-earthshots-initiative)

Hydrogen Shot
Long Duration Storage Shot

Carbon Negative Shot
Enhanced Geothermal Shot
Floating Offshore Wind Shot
Industrial Heat Shot
ENERGY Clean Fuels & Products Shot

earthshots

6 Uu.s. DEPARTMENT OF ENERGY
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https://www.energy.gov/policy/energy-earthshots-initiative

llll Considerations in selecting a clean energy option

Type of energy required — Electricity? Heat? Steam?

Flexibility — Is the energy demand constant, or does it vary over time?

Availability — Is the energy available “on demand”?

Land use — How much space is needed to support the selected energy source?

Resource utilization —

— What materials are needed to construct the generation asset? Are those resources
readily available?

- How are materials disposed of at the end of life?

Lifetime — How long will the generation system operate?

Cost — Capital costs to build, operation/maintenance costs
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Type of enerqgy required

- Energy use by U.S. manufacturing and mining industries
(2004 data)

W Electrical Power MISteam Systems M Fired Heaters # Ener

Plotted by Ruth et al., 2014, Energy

Data from Pelligrino et al., 2004,
Conversion and Management.

DOE IPT Report.
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Flexibility
- The electrical power sector is shifting away from traditional

baseload
T 2007 Daily Profile —
ERCOT_ (Texas) == Natural Gas
generation by fuel = Coal
source for July 1, 8k-Ss\Wind e
2007 R
(ERCOT 2020) ?., ™
T
0
3 e
4K
2K
0 ; ‘ .
03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Jul 2, 2007

Jul 1,2007

Flexible Nuclear Energy for Clean Energy Systems, Date and Time
September 2020, hitps://www.nice-future.org/flexible-nuclear-
Sliefol clean erercy suslen s, IDAHO NATIONAL LABORATORY



https://www.nice-future.org/flexible-nuclear-energy-clean-energy-systems
https://www.nice-future.org/flexible-nuclear-energy-clean-energy-systems

Flexibility

The electrical power sector is shifting away from traditional

baseload

California
Independent
System Operator
(CAISO) generation
by fuel source for
May 1, 2020

Source: “FERC:
Documents & Filing —
Forms — Form 714 —
Annual Electric
Balancing Authority Area
and Planning Area
Report — Data
Downloads”, n.d.

Load (MW)

25k -

2020 Daily Profile

Imports
= Renewables
T Hydro
Natural Gas

20k - = Nuclear
m— Coal
Lo Renewables
10K - Hydro
5k - Natural Gas
Nuclear
0- : ' +«— Coal
00:00 06:00 12:00 18:00
May 1, 2020

Flexible Nuclear Energy for Clean Energy Systems, September 2020,

https://www.nice-future.org/flexible-nuclear-energy-clean-energy-systems.

Date and Time
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https://www.nice-future.org/flexible-nuclear-energy-clean-energy-systems

Availability

Il Net-zero needs reliable, dispatchable energy

Capacity Factor by Energy Source in 2020

(capacity factor = power produced + maximum possible power
production over a given time period)
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Source: NEI
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Land use

- NUCIear energy and deployment erXibiIity Nuclear uses the least land among electricity

generating options

Footprint - .- Artist renditiops courtgsy qf
: GAIN and Third Way, inspired
by the Nuclear Energy

P 1,500 Acres . 3 :I Reimagined concept led by INL.
y (current fleet) 3 . Learn more about these and
4 Y other energy park concepts at
thirdway.org/blog/nuclear-
' ' reimagined
o / 50acres
o o (SMRs) & .

’
- N
- -

-

~ 1__sgre
Rl

Less than an Acre
(Micro Reactors)

Microreactors and small - ‘
E " | A Natural Gas
modular reactors can be &—c 7= o ik = O ﬂ

deployed to provide reliable Nuclear O
energy where it is needed ;.
with a small footprint that & B, Relative land use (fuel mining and
M f iti o g o - generating footprint) of electricity
allows ror siting very near XY IES e o . N generation options per unit of electricity.
to the intended use. '~> e W :
[ \3 Integrated Energy Systems

Source: https://world-nuclear.org/information-library/energy-and-the
-environment/nuclear-energy-and-sustainable-development aspx
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https://www.thirdway.org/blog/nuclear-reimagined
https://www.thirdway.org/blog/nuclear-reimagined

Thinking outside the box to meet
clean energy demands
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- Today’s energy systems

* Individual generators contribute to meeting grid demand,
managed by an independent grid operator

* Individual thermal energy resources typically support
industrial demand

» Transportation mostly relies on fossil fuels
(with growing, yet limited, electrification)

Achieving net-zero emissions will require us to consider
the role(s) of all clean energy generation options—
and we must look to non-emitting sources of heat in

addition to electricity.

14




- Future clean energy systems — transforming the energy paradigm

Nuclear Energy
Generation

Other Energy
Generation

(Light water reactors, high
temperature advanced reactors,
small modular reactors, etc.)

(Variable renewables,
municipal waste, fossil
with carbon capture, etc)

Integrated energy systems (IES) leverage the
contributions from nuclear fission beyond electricity

L&

Biofuel, Hydrogen for New chemical Polymers, Industrial Fertilizer, Iron, steel, Wood products, Clean District Flexible
transportation transportation processes chemicals heat & fuels ammonia metals cardboard, Water heating electricity
fuels paper
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Potential nuclear-driven IES opportunities

Reactor sizes align with
the needs of each
application; heat
augmentation can be
applied if needed to
match process
temperature demands.

Source: Adapted from
INL, National Reactor
Innovation Center
(NRIC) Integrated
Energy Systems
Demonstration Pre-
Conceptual Designs,
April 2021
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Petroleum refining

Chemicals manufacturing

Cement and lime
production

Primary metals
manufacturing

Food production

Pulp and paper
manufacturing

( Transportation \

\_

(H2, synfuels, electricity)

Mining

Carbon conversion

J

Desalination

Electricity and other
energy systems
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65
45
34
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2019 U.S. CO, emissions (million tons)



https://nric.inl.gov/wp-content/uploads/2021/06/NRIC-IES-Demonstration-Pre-conceptual-Designs-Report-1.pdf
https://nric.inl.gov/wp-content/uploads/2021/06/NRIC-IES-Demonstration-Pre-conceptual-Designs-Report-1.pdf
https://nric.inl.gov/wp-content/uploads/2021/06/NRIC-IES-Demonstration-Pre-conceptual-Designs-Report-1.pdf
https://nric.inl.gov/wp-content/uploads/2021/06/NRIC-IES-Demonstration-Pre-conceptual-Designs-Report-1.pdf
https://nric.inl.gov/wp-content/uploads/2021/06/NRIC-IES-Demonstration-Pre-conceptual-Designs-Report-1.pdf
https://nric.inl.gov/wp-content/uploads/2021/06/NRIC-IES-Demonstration-Pre-conceptual-Designs-Report-1.pdf

- Why all the hype about hydrogen?

Fraction of Global Hydrogen Use by Industry

Hydrogen applications in industry

 Agriculture/chemical industry: ammonia, ammonia-
based fertilizers

Methano
* Petroleum refining: hydrocracking to produce Production
. . 0,
gasoline, diesel 10%
* Methanol production :
Ammonia
* Other: Petroleum Production

Refining 559,
25%

- Food (e.g., hydrogenated oils)
— Metalworking

- Welding

— Flat glass production

— Electronics manufacturing

— Medical applications

Data source: Hydrogen Europe
hydrogeneurope.eu/hydrogen-applications
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Il Research and development will enable a clean hydrogen
future

CLEAN HYDR®GEN

gl 11

THE POTENTIAL THE PROBLEM

Hydrogen is an @CONOMIcC
com modity and an element for About 9 5% of the hydrogen
moving energy into fuels and chemicals produced in the U.S. comes from
in the industrial, agricultural, and natural gas, resulting in emissions.
transportation sectors.

IDAHO NATIONAL LABORATORY
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BUT HOW?

Current and advanced reactors can utilize the

)=
3

constant heat and electricity they generate to

split water into pure hydrogen and oxygen through

low- and high-temperature
electrolysis.

THE IMPACT

Creates Qil Fertilizer

Refining Production
clean hydrogen
ata
competitive price
for many applications:
Synthetic Grid
Fuels Storage

Steel
Production

Transport
Fuels

o
=
-

THE RESULT

¥/ Reduces air emissions
v/ Deploys hydrogen at scale

v/ Expands the use of carbon-free nuclear energy
into the transportation and industrial sectors

v Supports the Hydrogen Shot goal of reducing the cost
of clean hydrogen by

80+

e °, H -
YDROGEN o
@
H ENERGY @[l 2 “2
" ) 8 X

to $1per kilogram
within a decade

12 STORAGE @

U.S. DEPARTMENT OF offlce of

LEARN MORE: energy.gov/ne ENERGY | NUCLEAR ENERGY
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Jl Nuclear-based hydrogen
production is a reality!

Press release:
https://www.constellationenergy.com/newsroom/2023/Constellation-
Starts-Production-at-Nations-First-One-Megawatt-Demonstration-
Scale-Nuclear-Powered-Clean-Hydrogen-Facility.html

Constellation Starts Production at Nation’s
First One Megawatt Demonstration Scale
Nuclear-Powered Clean Hydrogen Facility

State-of-the-art facility will demonstrate the value of producing hydrogen with
carbon-free nuclear energy to help address the climate crisis

OSWEGO, NY (Mar. 7,2023) — Hydrogen production has commenced at the nation’s first 1 MW demonstration scale, RS e i,
nuclear-powered clean hydrogen production facility at Constellation’'s Nine Mile Point Nuclear Plant in Oswego, New York, v "’5‘421".;5£<:3:1:i;4;,'“

an advancement that will help demonstrate the potential for hydrogen to power a clean economy.
IDAHO NATIONAL LABORATORY

Photos courtesy Constellation, https://www.ans.org/news/article-
4810/constellation-starts-hydrogen-production-at-nine-mile-point/



https://www.ans.org/news/article-4810/constellation-starts-hydrogen-production-at-nine-mile-point/
https://www.ans.org/news/article-4810/constellation-starts-hydrogen-production-at-nine-mile-point/
https://www.constellationenergy.com/newsroom/2023/Constellation-Starts-Production-at-Nations-First-One-Megawatt-Demonstration-Scale-Nuclear-Powered-Clean-Hydrogen-Facility.html
https://www.constellationenergy.com/newsroom/2023/Constellation-Starts-Production-at-Nations-First-One-Megawatt-Demonstration-Scale-Nuclear-Powered-Clean-Hydrogen-Facility.html
https://www.constellationenergy.com/newsroom/2023/Constellation-Starts-Production-at-Nations-First-One-Megawatt-Demonstration-Scale-Nuclear-Powered-Clean-Hydrogen-Facility.html

Nuclear Energy Opportunities

IDAHO NATIONAL LABORATORY



nucieasr  NUCLEAR ENERGY ;
N/Ei}msgm FACT SHEET 2023 United States

- NUCLEAR POWER ACROSS THE U.S.

reactors

53

plants

28

states

45.5% 470M 475,000 |92.6%

share of carbon-free metric tons of carbon well-paying, sustainable capacity factor of U.S.

electricity generated by emissions avoided in direct and indirect jobs in nuclear plants in 2022 a

sa
nuclear energy 2022 the nuclear industry reliable electricity source
IDAHO NATIONAL LABORATORY
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Nuclear plants operating
in the US today are “light
water reactors.”

Each of these reactors
provides electricity to
support regional grid
demands. Most are large-
scale, generating ~1000
MW of electricity.

These plants can operate
reliably for 40-80 years of
electricity, without
emissions.
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Why Advanced
Nuclear?

Key Benefits
* Inherent/passive safety
Deployment flexibility

Versatile applications
Long fuel cycles
Reduced waste

Advanced manufacturing
to reduce cost

70+ private sector projects
under development

SMALL MEDIUM LARGE
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,
Mobile. Deployable. scaled up by adding emissions-free baseload
more units. power

Advanced Reactors Supported by the U.S. Department of Energy

ul
& &

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

SMR-160

PROJECT PELE /5 HOLTEC|SMR

DoD & BWXT | MICRO

e ‘ = VOYGR ;
Bl | § UAMPS &

ha om0

NuScale | SMR
MARVEL #53

DOE | MICRO

AURORA #56
OKLO | MICRO

MCRE #55

Southern Co. &

TefraPower § EXPERIMENT @

| ‘ NATRIUM
N TERRAPOWER
& GE | SMR

HERMES
KAIROS | TEST REACTOR Xe-100 % ©i

m X-ENERGY & DOW | SMR
4“ LOTUS% VTR
DOME NRIC|TEST BED DOE | TEST REACTOR

NRIC | TEST BED

PELE — Portable Energy for Lasting Effects
DoD — Department of Defense
DOME — Demonstration of Microreactor Experiments
NRIC — National Reactor Innovation Center
24 LOTUS — Laboratory for Operating and Testing in the U.S.
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Tools for Engaging of
Next Generation Innovators

Example:
See It To Imagine It Toolkit

U.S. Women in Nuclear
Nuclear Executives of Tomorrow

2023 Cohort Capstone



https://www.winus.org/about-us/next
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SEEITTO IMAGINE IT

« A comprehensive toolkit for Nuclear
Professionals, Industry Organizations,
Parents, Teachers, Coaches, and
Influencers to attract young women to
the Nuclear Industry and STEM

* Nuclear Fact Sheet

 Inspirational Videos

« Experiments and Activities /
I

e Choose your own adventure

27 NExT2s Download files here!



https://www.youtube.com/@WINNEXT2023/featured
https://drive.google.com/drive/folders/1QuppfPMB4C-rXQ8Obh7qpfiaygxblkmq

28

TARGET AUDIENCE

* Age 13: milestone
development age

* Need role models to break

gender stereotypes associated
with STEM careers

e Care about the environment
and climate change

« Looking for purpose

“Diverse teams make
better decisions up to

NEXT23 87% of the time”

EXPRESSED INTEREST IN
STEM

40%

37.0%

20%

11.0%

0%

Girls Boys

Source: https://heartofleadership.org/statistics/
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Mapping Qui, of a liefnghter, 3 Surgeon and , fighter pilos. 61 drew men, five e fures,
N drew Women. Gender Stereotypes are defineq bys.7
V! Yoy s O 3e. The goal of g o ITTO IMaGINE |7 ok L
k O r INSIDE THIs “@Mmpaign js ¢ dwallenge these gender Stereotypes and encoyr.
t | e a r n ta ISSUE. 3ge young women~targeting 13 year old girls that are begin- P
/ :
e rS d O n O ,‘lnspinngthe Future ,‘rl ,"
.+ 8th gra ame way
tion the s

S—to Pursye
interests i, STEM. jp's time

em, we
adults do. To engage them,

| Let's Ty Nuclear

For more information on r
to redraw the balance and .
. this gender stereorypmg 3
TR show girls all the aMmazing socva!sxpenment, follow
Fale e _‘L, < ‘,' Possibilities Nuclear science the QR Coge
} Nuclear Careq, '4'41'( 2 ; n afford the- future ang
! Ping Quiz i 1 >
i 0 unlock their Potentia,
e Sy
. F a Ct 1 Fission vs Fy o Tl
. ctive
I nte ra ! Uranium. ., the i3 !
a n | Gummy ge,, of T
have create =
av .
t including:

) S pursye Careers Z
‘ }’;;m..”,’;u‘j in -only Ilp:rl:::tﬁfugirls. %
r '
Fun facts about nuclea e
(]

ion information B
tion info
« Career explora

6|

Scan the p Code to
Ff~—~'~*“>-’-""‘"* EXplore our Jipyg, of
| Nudear Energy’s Infiy. 7! P Y

l 1 ( :i/ities ""f——w;,u_;_»gn;
. U S O

S~

deos
Influencer nuclear vide



i

INSPIRATIONAL
VIDEOS

« We have assembled a series of
inspirational videos of real women in
the nuclear industry

* Let's break stereotypes: girls and .

women can do anything they set =

their minds to

* Letthem see us to imagine
themselves!

| & Michaela \
30 NEXT23 Systems Control Engineer & /3
> Pl N o208 0 @ & @ O O
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Social Media
Videos

13-year-olds learn and engage
differently. We have curated a list
of fun and educational videos
that will resonate with them

Include any of these in your
collection for an interactive and

appealing approach!

NEXT23

Grace Stanke
Nuclear Engineer

Miss America
VIAZOOM

=PJACE STANKE - Miss America

» Pl N o28/548 @0 B & (= O 3

Isabelle Boemeke
Nuclear Influencer
A



EXPERIMENTS AND
ACTIVITIES

« There is no better way to engage
8th graders than with hands-on
activities

« We have compiled a variety of
fun and educational experiments
and activities to choose from




Shopping and Sourcing List |

SHOPPING AND
SOURCING LIST

Examples: ,
» CCrystal Lemon Periodic Table with Real Elements Inside |
+ Morton Salt Substitute, Sodium Free .]
+ Old Nobby Organic Chemistry Model kit (239 pc) '
+ Tootsie Fruit Chews

+ Tootsie Rol| Midgees |
+ Uranium Glazeq Pottery Check Source Element y Sample |
* Waklyte Black Light yy Light ."

« A curated list of products to

. r
CO n S | d e r a S yo u p re p a r:e yo u « Curated Collectables Uranium Emerald Glow Marbles Mix |
OW ﬂ C U StO m I Ze d to O | k It | * United Nuclear Geiger Counter Test Card :
I

|
:" » Thames & Kosmos Motors & Generators Science Kit
|

+ Geiger Counter Nuclear Radiation Detector—2-3 pyrs charging

o |nC|UdeS: COﬂsumables, | . ;‘ « Safari Ltd.safariology—WhereScienceMeets Fun - Energy Ball,"
I ms a
: educational ite
experiments,

* STEM Toy Science Sci-Fi Tube Electric Circuit Experiment |

+ Discovery Kids 6~ Plasma Globe Lamp with Interactive Electron-;’
ic Touch and Sound Sensitive Lighting and Tes|a Coil—(3) AAA |
batteries not included

Direct link to Amazon shopping
cart for convenience

L + Tenergy ODEV Dynamo Lantern

+  Walfront Emergency Hang Crank |z

* Haribo gold bears

* Preorder a kit by ema.iling
win.next2023@gmail.com

33 NEXT23
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CHOOSE YOUR OWN
ADVENTURE

While discovering who they are
and what their purpose is, this
interactive tool helps 8™ graders
start thinking about potential
career paths

Includes a variety of
alternatives: from engineering

and technicians to marketing and
communications
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A vision for a net-zero future
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