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What is Nuclear Energy?

380 million gallons of diesel
(250 fuel barges)

1gallon of water = 326 petajoules
(world energy use is 54 petajoules / hour)




Nuclear Fission
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U-235 is an unstable isotope of U-238. A
natural fission chain will end with Thorium-
231, which is a stable element.

Top right: Chena Hot Spring
Bottom Right: Elim Hot Springs




Nuclear Fusion

Neutron

Nuclear Fusion reactions power the Sun and other stars.




Conventional Nuclear Energy
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Nuclear energy produces 20% of electric power in the
US, equivalent to all renewable energy resources

together, including hydropower R L
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\What are Microreactors?

Microreactors are an emerging class of small advanced
reactors with the following general attributes:

@ Output of 1 to 10’s of MWe **
Do not require water for cooling
Factory fabricated and transportable nearly fully assembled.
Requires a small operational footprint.
Employs passively safe operating and fuel designs
Long intervals without refueling
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Example microreactor:
Ultra Safe Nuclear Co.
(USNCQ) (~1oMWe)
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Alaska Microreactor Legislation
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Microreactor Regulations Put Alaskan Communities at

Forefront of Energy Innovation

Jul 27,2023

This month the State of Alaska adopted regulations to streamline the regulatory process for

communities wanting to provide low-cost and clean energy by nuclear microreactor power
generation.

The regulations stem from Senate Bill (SB) 177 which Governor Dunleavy signed into law in 2022,
updating Alaska Statute (AS) 18.45.
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Does the technology exist?

s it safe? Teamog |

s it economic?

s it responsible? ) [ | D [T

catastrophic event to technology under

protect the public? consideration? (5 yrs)

Isit
responsible? Is there a plan for long-
term storage and/or
disposal of nuclear
waste?

Is it
e;ec(t: :es ; Do actual costs exist
from other projects to
develop an accurate
pconomic assessment?




Alaska Roadmap

S it safe?
S it economic?
S it responsible?




Level of Maturity for Microreactor
and Small Modular Reactor Designs
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Increasing level of maturity




Fielson AF Microreactor Pilot
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Eielson AFB
Announced as Site for
Rir Force Micro-
Reactor Pilot

By SAF/IEE Installation Energy / Published October 15, 2021

PHOTO DETAILS / DOWNLOAD HI-RES 1 of 1

An F-35A Lightning Il assigned to the 355th Fighter Squadron
(FS) takes off from Eielson Air Force Base, Alaska, July 1,
2021. Also known as the ‘Fighting Falcons,’ the 355th FS is
one of Eielson’s two combat-coded F-35A squadrons. (U.S.
Air Force photo by Airman 1st Class Jose Miguel T.
Tamondong)

2019 National Defense Authorization Act
(NDAA) required the DoD to seek to
develop a pilot program for the
development of at least one micro-reactor
by December 2027.

Will be licensed as a commercial reactor
project through a PPA with the Air Force
(possibly the first in the country).




Alaska Roadmap

S it safe?
S it economic?
S it responsible?




Alaska Roadmap

@ Does the technology exist?
-> Not yet, but imminent ...

®

@ |s it economic?

@ |s it responsible?




What Does Passive Safety Mean?

Fuel/fuel configuration

New fuel configurations such as TRISO
particles cannot melt in a reactor and
can withstand extreme temperatures
and stresses that are well beyond the
threshold of current nuclear fuels.

Fuel kernel (UCO, UO,)
Porous carbon buffer
Inner pyrolytic carbon
Silicon carbide

Outer pyrolytic carbon

Schematic illustration of TRISO fuel pellet.
Inset: false-color image of TRISO fuel
pellet, diameter 930 micrometers.




What Does Passive Safety Mean?

Passive Cooling

Advanced reactors do not require active
systems to cool the fuel in an
emergency. Instead they rely on passive
safety features which require no active
controls or operational intervention to

avoid accidents in
the event of

malfunction, and
instead rely on
gravity, natural
convection, or
resistance to high
temperatures (or a
combination
thereof)
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Thermosiphons for protecting
foundations in the Arctic
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Question: What does TAPS have in common with
micro reactor technologies?
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BETPHRONs for protecting
foundations in the Arctic




Alaska Roadmap

@ Does the technology exist?
@ |s it safe?
@

@ Is it responsible?




Alaska Roadmap

@ Does the technology exist?
@ Is it safe?

®

@ |s it responsible?




Alaska Roadmap

Does the technology exist?
S it safe?
s it economic?




Life Cycle of Nuclear Energy

McArthur River uranium
mine (Saskatchewan)

Elim, Alaska protest against
uranium mining




Life Cycle of Nuclear Energy

’Long-term storage?

Onkalo geologic storage
(above, Finland). Dry casket
storage in US (Right)




Raw Materials 77 /7qf Fuel
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Because of heavy battery
‘weight, EVs tend to use
much more aluminum in
their bodies than Motors with permanent magnets are
gas-powered vehicles. more common for EVs, and use rare
earth metals like neodymium to
create powerful torque. Even the
Tesla Model 3 will use’a PM motor:

LA o . .
Even though green energy comes from renewable sources
like the sun and the wind — it still requires massive amounts
of finite resources to make it all work. Aluminun Dysp’OSium
? Wind turbines also use
To get off fossil fuels, we will need . 5 permanent magnets to

massive amounts of these other o~ 3 generate electricity.
metals and minerals.

Constructing solar panels and
i iwind farms'on a significant scale
|| takes'large amounts of metat==

sy —
hotovoltaic use \ . Tesla uses AC Induction motors for
already accounts for s E Ve X the Model:S and ModelX - they use
/8% of silver demand-- no rare earths, but use vast amounts
e of copper.

EP CYCLE
N BATTERY

Lithium-ion batteries need materials
like lithium, cobalt, nickel, and
graphite, but these battery metals
all have important and unique supply
chain limitations.

While not technically renewable, nuclear
energ considered sustainable by most.
In fact, it's the safest type of energy (by far)
in terms of deaths per TWh generated.

The green revolution is not
possible without the ability to
economically store energy.
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Alaska factors to consider

Alaska is a near-ideal early adopter market (high
cost of energy, heat + power)

Interest from vendors

Risk associated with being an early adopter
(economic, technological, public perception, etc)

Opportunity for state/federal partnership
Passive or active decision making




Why | am interested in small reactors:

Baseload heat and power

Compliment to variable renewables

Carbon free

Safer, Reduced risk of environmental contamination
Competitive Pricing?

Better long-term certainty of energy costs

Possible complement to existing AK resource mix




Final Thoughts: Guess the Technology
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“Engineers of our era devise many
peculiar inventions. Often, these are
so astonishing that tales of them
appear to be sheer fabrications. Yet,
people have repeatedly found
themselves in situations where what
was once considered utterly
impossible proved to be achievable,
prompting a cautious approach to
dismissing the feasibility of any idea,
regardless of its initial

implausibility.
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/ When it comes to microreactors, there is a large information gap across subgroups.

total heard a lot/some

Amount heard about nuclear microreactors* Anchorage 29
notsure 3 |ot Fairbanks 32
Kenai 21
Matsu 23
Southeast 16
‘ 5 Rural* 23
nothing Age 18-49 27
— Age 50+ 24
Democrat 28
Independent 28
Republican 24
Live comfortably 33
Struggling to get by 21
*Small sample size
*How much, if anything, have you heard about a new type of nuclear technology called advanced microreactors? E‘?EO
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With little to go on, support for nuclear is tepid ... after
more information is provided, support grows considerably

Change in support for using nuclear energy and microreactors in Alaska

Initial support for using nuclear Final support for using

energy (uninformed)* +26 microreactors (informed)**

74%

48%

37%

somewhat sssmsssssn

strongly ssssessss.

Support Oppose Not sure Support Oppose Not sure

*Based on what you know right now, do you support or oppose the idea of using nuclear energy in Alaska?

**A nuclear microreactor is a small nuclear reactor that is much smaller than conventional nuclear technology. Microreactors are essentially a small nuclear-powered battery. They vary in

size based on the manufacturer, but in general would be small enough to fit inside a shipping container and produce around 10 megawatts, which could power around 7,000 homes and

also provide heat. Because of their small size, microreactors use much less nuclear fuel and cannot melt down. They also do not require water for cooling. After learning more, do you c’so
support or oppose the idea of Alaska exploring the use of microreactors to supply energy to Alaskans?
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Information changes perceptions

Change in support for using nuclear energy and microreactors in Alaska

Support Initial Final JAN Support Initial Final JAN
Total 48 74 +26 Total 48 74 +26
Anchorage 50 76 +26 White 53 77 +24
Fairbanks 59 76 +17 POC 39 68 +29
Kenai 54 75 +21 Live comfortably 57 79 +22
Matsu 49 77 +28 Struggling to get by 43 72 +29
Southeast 36 62 +26 Affordable energy bills 52 74 +22
Rural* 29 61 +32 Unaffordbzzltilse energy 41 79 +31

Age 18-49 53 78 +25
Age 50+ 42 68 +26 Heard of microreactors 7 80 +9
Democrat 42 76 +34 Haven’t heard 41 72 +31

Independent 51 80 +29

Republican 56 72 +16
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