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Maritime Fusion makes rusion
reactors for ships

Humanity is on the brink of achieving breakeven fusion, but
the first-of-a-kind (FOAK) reactors will be costly, high
maintenance, and have low capacity factors, leading to
5-10x higher electricity cost on the grid. These reactors
also face significant physics challenges for steady-state
operation - managing first wall heat flux and mitigating
nuclear activation of structural components may require
novel material breakthroughs to solve.

We're building an HTS (high temperature superconducting)
tokamak reactor for marine applications that bridges the
gap between breakeven fusion and a commercially viable
energy source. The market we're targeting requires 15x less
power, lower up time, and costs the same as alternative
fuels - without any emissions.

Since fusion does not use highly radioactive fuels or
materials - unlike fission - we sidestep the vast majority of
regulatory challenges and safety risks associated with
traditional nuclear energy.

VWe will be the first to deliver a fusion reactor
[0 a pauing customer

Top-tier team Rapid progress
Both founders have worked at both SpaceX and o Iterated reactor design optimization to yield a 25MWe
Tesla.

tokamak ideally suited for our application with >5x
« Justin Cohen (CEO) - Nuclear Engineering @ NC State

and Plasma Physics @ Columbia University, inventor of

reduction in first wall heat flux

e Verified magnetic equilibrium and plasma stability at fusion

Cybertruck Range Extender relevant operating conditions

o Jason Kaufmann (CTO) - Electrical Engineering and e |terative neutronics study proving the reduced radiation

Physics @ Penn, Intel International Science Fair Winner

B 54 W
&
e Spec’d out remaining auxiliary systems (RF, tritium fueling,
_ / power supplies, energy storage) and how they fit on a ship
SPACCE X » Modeled economic viability of fusion powered vessels vs

alternatives

fields the structures and magnets are exposed to
e Completed first pass structural and HTS magnet design
e Demonstrated feasible divertor survivability via simulation

"

COLUMBIA
UNIVERSITY

o Architected full scale cryogenic system applicable for

Penn

UNIVERSITY of PENNSYLVANIA

deployment on ships

r==bknm e Targeting 2032 reactor deployed on ship
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INtroduction

Hreakeven rusion IS coming soon

Fusion has long suffered from being designated as “the energy source of
the future, and it always will be” ... but this is no longer true.

10
Why now?
! QMCF — & {HTT)!CFh
Q;TI:F k= 10 SCI g, Ns
21 QNS =1 e I T : L : :
10 = sl SPARC* ITER’ For the first time in history, commercially available
" AOM!EGA@VT???'F high—temperature superconductorg (HTS) proyide the
v final breakthrough needed for leading magnetic
TE 10 confinement fusion approaches to achieve net
& energy. This became possible only in the early 2020s
= o | o2 with the global ramp-up of HTS tape production.
< TART 7/ %FXmﬂd
*F; ETA-BETA I ) )
= 1001 wZETA Since the 1960s, fusion research has advanced
= _— e = primarily in government and academic labs. However,
) L S | as commercialization nears, private ventures are
10 T | e SeemTaemk ¥ P now the frontrunners in achieving breakeven
- masimum proected_ —_ . energy production.
1960 1980 2000 2020 2040

Year
Source: Phys. Plasmas 29, 062103 (2022)

Fusion’s lightbulb moment is near. The National Ignition Facility (NIF) offered a preview in 2022
by achieving scientific breakeven, but the real “moon landing” will come in 2027 when
Commonwealth Fusion Systems (CFS) delivers a 10-second Q>1 pulse on the SPARC tokamak.

— Over $13 billion in private Funding,

_ — Experts agree: Fusion is
almost all in past S years

within reach.

Private Sector Fusion: Cumulative Committed Funding, Equity & Non-Dilutive

. "People see fusion [and think],
- | 'Oh, it's still far away,' or [that] it's
been slow progress. It's like when
my godmother was born—people
had no idea how stars worked...
Everybody knew fusion was 40
years away, and now it's four
years away.’

$9B
$68B

$3B

- Dennis Whyte

50 > Director of MIT Plasma Science and
B U o B % U Y % % Y o U o Y U R By R R R O, Fusion Center / “Father” of fusion
Source: FusionX
Source: FusionX - Funding Fusion: The State of the Market (2025) Source: Lex Fridman Podcast #353 (2023)
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HTS tokamaks are the most
Droven path to a povwer plant

A bunch of fusion approaches have been proposed in the last 60 years:

o [OKamak e / piNnch « MagLlIF o« Mirror « Pinch

o Stellarator e Laser ICF e« FRC e RFP e Spheromak

Outer poloidal
magnetic field coils

Inner poloidal

However, tokamaks are the sole fusion approach that have il L
sustained Q=0.67 (JET, 1997) with proven, scalable physics . NN aonercial
tO h|t Q>1O vessel >

While other methods remain largely experimental, tokamaks
stand as the leading contender for achieving true Plasma
breakeven power within the next decade.

Fusion: figure-of-merit (the 'triple product')

s, vl Poloidal magnetic Plasma current
Fam fleld  Heljcal magnetic Toroidal magnetic
1000 E Commercial reactor m = m = = = -T- = ITI?E-R- L U U field field
: argetfllER m e m e e m m o o o o o o . . )
k : JT-60U g JT-600 As a good analogy, the triple product for tokamaks was matching Moore’s
Bregk-even m m m m = = = = = = = = - . . . . . .
5 100 e JT-60Ug ® gJET Law until 2000, but hit a wall. Just as transistor scaling may be reaching its
"; E ‘ //Dill-D Pentium 4 physical limits now and a breakthrough is needed, tokamaks hit their peak
10F o _gevey A earlier. However, that breakthrough has come: high temperature
.t : p \ ~erm S / “ueear7]  superconductors.
3 2 ' Alcator C /B PentumProP6 4 H4
= 2 o_ A~ -
g s 15 JET & o PF X /Bt BT,O
= %‘ ' Acalorng g : BT,O is TF field at plasma center

0.1

3 Source: https://iopscience.iop.org/article/10.1088/1741-4326/ad2425/pdf

- JET (the tokamak with the current highest Q) has a centerline B field of
7 3.5T and has achieved a Q=0.67. The advent of HTS at scale allows for
- e e 5 vems 1 roughly a 3-4x increase in B field to 12-13T. So, if the scaling law holds
— i where fusion power increases with B field to the fourth power (see
965 1970 1975 1980 1985 1990 195 2000 2005 €quation above), HTS tokamaks should be able to hit Qsi>10, enough to

(Temperature

0.01

Year . _ ey _ .
Source: A.J. Webster, 2003 Phys. Educ. 38 135 deliver a net-positive-power fusion reactor.

Why??

1. Demonstrated Physics and Performance
Tokamaks have achieved high fusion gains (Q) in experiments like JET, TFTR, and JT-60, consistently demonstrating
effective high-temperature plasma confinement and the ability to sustain Q~0.5 conditions even with LTS magnets.

2. Extensive Research and Global Collaboration
Decades of R&D and well-established theoretical models, along with international projects like ITER, have built a mature
ecosystem that minimizes risk and paves the way for commercial viability.

3. Proven Plasma Confinement with HTS Advancements
Modern HTS magnets offer higher magnetic fields, improved plasma stability, and more compact reactor designs, reducing
operational costs and overcoming previous limitations.

4. Quasi Steady State Operation
Tokamak based power systems with inductively driven plasma currents can achieve sufficiently long discharge pulses, on
the order of 10’s of minutes. In contrast, ICF and pulsed power systems are limited to discrete shots—NIF, for example,
achieved Qsci>1 for only mere picoseconds per shot and can only be fired a few times per day.

5. Near-Term Viability
While alternative fusion concepts face challenges related to plasma stability and experimental validation, HTS tokamaks are
significantly further along, with a focus on power plant design and engineering, making them the most promising near-term
option practical fusion power. The cousin of tokamaks, the stellarator, is another viable option but their complex coill
geometries and associated manufacturing challenges make it an unlikely candidate for commercial viability in the near-term.

However, this doesn’t mean tokamaks have fully solved fusion
—key challenges remain...
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Problem

The grid Is a brutal first
mMarket to enter

FOAK fusion reactors on the grid are projected to have an LCOE (Levelized Cost of Electricity)
5-10x% higher than current energy sources, primarily due to steep upfront capital costs—

$3,500-$8,500 per kW versus $900-$1,300 for natural gas and $1,000-$1,500 for solar—along
with higher operational and maintenance expenses from advanced materials and reactor wear.

Overnight Capital Expenditure 1 Flectricity Cost per Source
/ TER (50 OM W) 400 T *LCOE is the average total cost of producing electricity over 4008/MWih
the lifetime of a power source, including initial capital, fuel,
360 1 operation, maintenance, and financing costs.
PROJECTED REACTOR COST, 3204 IS)
BY YEAR, 2010 INFLATION ADJUSTED . 9
(Projected completion date) g 280 T
€5.2 billion s 240 T .
2006  (2016) B »00 4 Conventional Energy Sources
— A
€6.4—7.0 billion —~ 1L [ R
2008 (2017-2019) 8 160 120$/MWh
—1 1201 100$/MWh
€12.4 billion
2009 (2018) 30 T
. 401 358/Mwh 40%/MwWh P05/MWh
€16.0 billion | ! | | | | >
2010 (2019) | | . .
Wind Solar Natural Gas Coal Fission Fusion
Source: Fusion Is Not Free, Who's paying for ITER's big appetite? Ariel Bleicher, IEEE (2010) Source: Assessing the Economic Viability of an ARC-Like Fusion Plant: Cost Estimation & LCOE — Dusmet Farina, Festa (2023)
https://world-nuclear.org/information-library/economic-aspects/economics-of-nuclear-power
https://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf
Avallability Is Crucial B Capacity Factor Uptime Also, the FOAK reactors will attempt
! ! to compete in an energy market
™ Actual energy produced divided by % of the time the system is . . . .
o e aOver  power o capeblectproducing — \ywhare high uptime Is standard—80-
1001 96% o

90% 95% for nuclear and fossil, and 95%+

907%
90T . equipment availability for renewables.
304+ o 85% .
Early fusion plants, however, may

07T . . only operate at maximum power 33%
60T to 50% of the time due to the
50T '

Jos challenges of high plasma power

w >

S
401 density. Planned downtime will be
30T needed for replacement of in-vessel
20T components. Overcoming disruptions
107 and extending plasma burns will also
Wind Solar Natural Gas Coal Fission  Fusion be a hurdle in achieving baseload
S e reliability.

https://www.climate-and-hope.net/electricity-technologies/maintenance-breakdowns-and-availability
https://www.nrel.gov/docs/fy240sti/88769.pdf

So, if your fusion reactor doesn't produce electricity at 5¢/kWh—the current market
rate—and operate reliably more than 90% of the time, why would someone buy it
(on the grid)?

In other words, trying to use any of the first 100 fusion power plants to compete
on the grid is equivalent to using a Wright brothers aircraft to operate an airline.
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(_ontinuous grid operation
requires new materials

F1rst wall material degradation

Tungsten is one of the leading contenders for first wall However, even Tungsten under high heat load will sputter into
material due to its high melting point of 3,422°C—the highest the plasma and cause it to cool, hindering the fusion power
among all metals—and its low thermal expansion coefficient. output by increasing iImpurity concentration in the plasma.

Additionally, the extreme heat loads can lead to

microcracking, surface erosion, and embrittlement over e
repeated cycles. Furthermore, helium ions (alpha F 1 ™
particles) from the fusion plasma can accumulate in
tungsten and create microscopic bubbles beneath the
surface—often leading to “fuzz” formation—which alters

}
i 4 o i I 5 g
"-:'55'«2; o1 ‘ ol o O

the material's morphology, reduces its thermal

g o L
IIIIIIIIII

conductivity, and accelerates overall degradation. | g
ITER first wall & blanket

ITER JT60-SA JET SPARC

State-of-the-art plasma-facing
materials are being validated for Auxillary Heating Power 120MW 6.7MW A0MW 25MW
ITER relevant operating
CondlthnS and ||fet|mes Alpha Heating Power 100MW 41TMW 3.2MW 27.8
(0.3MW*yr/m#?), but no materials

: ’ First Wall Surface Area 2 350m? 340m? 100m?
exist that have been shown to °00m " " "
last under these power loadings  Radiative Power Loading  o37mw/m? ~ 014MW/m?  013MW/m®  0.53MW/m?
for decades on end.
Source: ITER Research Plan within the Staged Approach (Level Ill - Final Neutron Power Loading 0.67MW/m? 0.08MW/m? 0.04MW/m? 112MW/m?

Version) - 2024

Nuclear activation creates radigactive waste

In fusion reactors, deuterium and tritium fuse to release :
high-energy neutrons (14MeV). These neutrons embed Dose Rate vs [Ime After ShUtd OWnN
themselves in surrounding reactor components, such as

the vacuum vessel, and react with trace impurities,

causing activation. This means that although fusion is 104
still no where near fission in-terms of radiological
hazard, radioactive waste is still generated that must be
handled and stored, adding additional cost to the fusion
plant lifecycle operations.

The severity of this problem is directly proportional to
the reactor's power density and its operating duration.
Thus for proposed high-power-density grid reactors like
ARC, the radiation dose rate following shutdown of the
reactor can remain dangerously radioactive for >100
years due to the high power density they operate at.

(see figure to theright) — heeees
106 f----- Out-plant recycling limit

— STRZ
0 —

= _|-
. O . . E— I . T . . E— I —

Dose Rate [Sv/hr]

In-plant recycling limit

R R S S S R S S S RN N S B S . - O — -

The goal is to minimize the duration that the structures
emit hazardous radiation levels to make maintenance : L |
and nuclear waste storage simpler. This can only be 107° 107 107 10° 10°
achieved by reducing the level of neutron bombardment Time after shutdown [years]

on the Stru Ctu resS or inventing |Ower aCt|Vat|On mate rlalS Source: Pettinari, D., Testoni, R., Zucchetti, M., & Parisi, M. (2024). Neutron transport and activation comparison

between OpenMC and FISPACT-Il in ARC-class reactor. Fusion Engineering and Design, 209, 114713.

Natural background

bl sl o s
I ji
I
i
I
i
I
'1-

I
I
I

Takeaway

High power density devices make both the first wall
heat flux and nuclear activation problems
exponentially harder, and we simply do not have the
materials to allow for continuous operations in these
environments.
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Solution

Meet Yinsen

The first of a kind fusion reactor designed for off-grid power

Named after Yinsen, Tony Stark’s fellow captive assistant from Iron Man who helped him assemble the
first arc reactor. He sacrificed himself helping Tony escape from their captors. A true unsung hero.

o | HBET
AR 7 ;“ Design Parameter Symbol Value
- .. Fusion Power Py 115MW
Net Power P, 25MW
RF Heating Prr 7.5MW
Plasma Gain Qp 13
Major Radius R 2.85m
Minor Radius a 0.884m
Elongation K 1.8
Triangularity 5 0.8
Toroidal Field By 8.8T
Plasma Current Ip 10.3MA
Average Temperature (T ) ~8keV
Average Density (ne)  ~10%102° m-3
First Wall Power Loading dFW  ~600kW/m?

Yinsen solves both the physics and economic problems for fusion

Why Yinsen? casier fTokamak Engineering

Yinsen is designed for off-grid applications,
prioritizing reliable, zero-emissions operations, in a
portable (via ship) form factor. Unlike conventional
fusion systems that target large-scale grid energy
production, Yinsen focuses on maritime, industrial,
and remote energy needs.

Because the target market requires 15x less power,
the engineering challenges associated with high
power density are greatly reduced as the first wall
will see 5x lower power loading - minimizing
material degradation, nuclear activation, and
extending component lifetimes. Using ITER first wall
lifetime scalings, we predict the FOAK Yinsen to

require at worse case bi-annual first wall
replacement, and best case 10 year first wall
ifetime, while never needing to replace the vacuum
vessel or HTS magnets over the 30 year lifetime.

Economic Viability

Grid Fusion Yinsen

2.5-4MW/m?  0.6MW/m?

First Wall Loading

: ) The business model is fundamentally different

Net Electric Power  400-1,000MW 2oMW from grid-scale fusion. Instead of competing with
the lowest-cost electricity sources like solar and

Plasma Volume 150-800m3 SR I < 2 x natural gas, Yinsen is designed for off-grid,
maritime applications where renewable energy

Energy Cost 5-10x S < 5 sources are impractical. By targeting these

Wit fespect 0 alerativecnergy sourcs, LOOE applications, we avoid the race to ultra-low energy

Capacity Factor 80-90% A5 prices that has historically challenged new power

technologies. This approach allows Yinsen to
become a commercially viable product far earlier

Large facility than traditional grid-scale fusion concepts.

Footprint Fits on a ship

Strictly Configental « 11



The perfect market...che ocean

Shipping's Path to Net-Zero: Today's Reality

The shipping industry is racing to decarbonize as it seeks alternatives to bunker fuel. The International Maritime Organization (IMO) has adopted a
plan targeting net-zero emissions by 2050, a commitment embraced by industry giants MSC and Maersk. They have already invested >$1billion
into alternatives, yet none fully meets the industry's needs. This creates a unigue and timely opportunity for us to introduce a truly viable solution

into a market eager for breakthrough innovation.

Problems with Alternative Fuels

Alternative propulsion technologies face substantial economic and
logistical hurdles. Fuels like ammonia and hydrogen suffer from lower
energy density, requiring larger storage tanks and consequently
reducing available cargo space. The production, transport, and storage

infrastructure required for these fuels introduce additional cost burdens,

complicating the operational logistics of shipping fleets. Moreover,
traditional fuels such as HFO are increasingly subjected to stringent
environmental regulations and emissions penalties, which are expected

to escalate significantly over the coming decades, further eroding their
economic viability.

Also, the safety and handling complexities associated with ammonia
and hydrogen present considerable operational risks, requiring
specialized infrastructure and, in the case of ammonia, still produces
polluting NOx byproducts.

Concern Fission (SMRs) Fusion
Meltdown Risk Possible Impossible
Radioactive Waste High Low
Proliferation Risk Concerning Minimal
Attack Vulnerability Ecological catastrophe Loss of ship

Public Perception Skepticism More positive

Source: https://www.fusionindustryassociation.org/nrc-decision-
separates-fusion-energy-regulation-from-nuclear-fission/

Benefits of Fusion

Nuclear fusion propulsion offers substantial economic and operational
advantages compared to traditional and emerging green fuels:
e High Fuel Volumetric Energy Density:

e Fusion fuel offers energy density far exceeding traditional fuels (HFO,

ammonia, hydrogen).
e Less space needed for fuel storage and bunkering.

e Enables large ships to transport more goods, boosting voyage profitability.

e Superior Operational Efficiency:

e Fusion propulsion maintains high efficiency even at maximum rated power. N |
e Unlike conventional fuels, fusion energy cost doesn't scale significantly ,1 ‘cotant pump

with output power.

e Ships can consistently operate at maximum hull speeds without increased

operational costs, improving transit times and competitiveness.
 Extended Reactor Lifespan:

e Fusion reactor cores are expected to last 30+ years vs ~15-20 years for

current vessel propulsion systems.

e Reduces frequency of vessel replacements, lowering long-term capital
expenditures enabled by the same fusion powered vessel enduring what

would’'ve been 2 procurement cycles of traditional vessels.
« Economic Feasibility:

e Higher initial capital construction and regulatory licensing costs, though

notably streamlined compared to fission reactors.

o Minimal fuel costs significantly offset initial investments and life-cycle

expenses.

Energy Density Comparison of Chemical and Nuclear Fuels
k¢ il 6,000,000,000

1,500,000,000

1DH B

1.[]5 £

1Dd B

Energy Density (M]/L)

2|
10 40.0

Fuel Type

What's Wrong with Fission?

While Small Modular Reactors (SMRs) appear very promising from a
technological perspective, deploying fission reactors on ships introduces
critical challenges. Fission carries inherent meltdown risks - intensified by
the harsh maritime environment - and produces significant amounts of
highly radioactive waste requiring secure long-term storage. Additionally,
enriched uranium used in naval reactors raises proliferation and
weaponization concerns. An attack could result in catastrophic
environmental contamination as well. Despite recent safety
advancements, persistent public apprehension—driven by historical
nuclear accidents—has halted many land-based reactors and makes
global acceptance of fission-powered ships unlikely. Conversely, fusion
reactors present a safer alternative by eliminating meltdown risks,
significantly reducing radioactive waste, easing proliferation fears, and
benefiting from more favorable public perception. The NRC has recently
separated fusion regulation from fission, noting they will be regulated
like a normal particle accelerator that already exists at labs and
universities all over the US.

{0 MARITIME FUSION

-
g
x i I
i
TS il
1
|
| 1Y)
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— 0 (e} -y

=

Boat impeller

Generator

Electric Motor

Basic systems layout of our proposed fusion propelled cargo ship

Still from our animated concept video (link here)
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HOw vwe compete

Total Capex Cost:

Projected Costs $1109,557,403.00 Cost Projection Over Time
The economic feasibility of fusion energy depends on - -

minimiZing Capital COStS While ensuring |Ong_term Tritium HaE::'gI";‘St":S > | " :ﬂlbclzaum:jst:{ed?;ml@uDul}
operational viability. Yinsen’s direct cost is estimated at bial Vacuum Vessel L | — Comumcrres

$1.1 billion, with the reactor plant accounting for 84.3%
of the total. The primary cost drivers include the toroidal
field (TF) magnets, shielding and first wall materials, and

Fueling

A
=]
1

Reactor Cost (Billion $)

heating systems. This analysis utilizes the ARIES costing prverter
model (UCSD-CER-13-01, Center for Energy Research),
where the largest uncertainties stem from fabrication " N
scale factors and material costs. Key assumptions T
include an HTS cost of $65/kA-m and tungsten priced at | | )
$85/kg. ear - .
Ca DeX Capex Breakdown by Subsystem

5007
HTS accounts for ~28% of total costs, or ; awera s/oystem
approximately $310 million. Today’s HTS pricing is B Coolant
about $100/kA-m, but projections suggest costs will drop 0 ey
to $20/kA-m by the mid 2030s, potentially reducing HTS- —

related costs by over $200 million and significantly 300}

lowering overall reactor costs.
Additionally, as manufacturing scales and supply chains |
mature, subsequent reactor units will be significantly
cheaper than the first-of-a-kind (FOAK) build. With lower
TS costs and improved production efficiencies, Maritime
~usion estimates later units to cost $600 million per

System Cost in Millions ($)

i_l
-
-

25MWe reactor, making fusion a commercially viable o
energy solution for the maritime sector. ﬁ}@
Opex Opex Breakdown Radiation Absorbed by Blanket Before Replacement
. . % total cost L

Based on recent studies, we can estimate the 100 l oter I(\;allablltl)ty 90 12 ﬁ!@ﬂ;ﬁt

. _ peration and maintenance ercen %@@’ﬁ@ﬁ-y
operating expenses to be $5M - $10M per o WM it i
year given a 30yr lifetime for Yinsen. Using & replaicsmsnt kilowatt hour)

. . . Divertor replacement
ITER SCa|Ing, we Can eStlmate d flrSt Wa” o | 80 i P 'S 10 The requ”'ement on
replacement every few years at our power N ot*? energy density and
flux levels. o*? component
50 +s ' m lifetimes for Yinsen
. . & 0. ¢ 8 to beviableis
Divertor and blanket/first wall replacements ® = - vastly reduced
will be much more infrequent compared to s ¢ compared to grid
grid scale reactors, we can estimate 5% of 2 ” " reactors.
total capital cost to conduct component 10 0 5 10 15 20 25:=
replacements, due to the lower power density i | megawatt years per meter?
OperaUOn . L’Z‘i.'i.!l;hfZTf“LEEELfT}.STZLZZZiflf e Source: anlinger center for energy + the environment, Article 4
reactor, shown as a percent of total cost [1].
: : : : : Assumptions:

UnIIKe. dles.ellalternatlve fuels' WhICh Incurs tens CUSt CDmDEFiSDH: FUSi‘Dﬂ VSs. Alternative FUE‘I Sh|p5 Marameter Fusion Ship Alternative-Fuel Ship MNotes
Of m”“?ns In annual fuel COStS - fUSI(?n h.as $3‘DB_ FUSiﬂn Ha.nge{ur‘.ndiSD:mntE::i} ) —$]_r2|§'j rl;r.rllt‘lim']mrr'- :f;"ﬂm# iﬂ;}'mrﬁ E::r::l;l?l:qf‘%:ii}rﬂ]
essentially zero fuel expenses, allowing it to pay i i -t s “ it o Vs

Alt Fuel Ship (undiscounted) (NPV).

cargo ship, the cost of fusion should become less  s500m-
than diesel/ammonia/green methanol/hydrogen, _.
which is within the operating lifespan of most 0 5 10 15 20 25 30 oo S i Noww N o sovens
commercial shipping vessels. (notable ke
assumptions listed to the right, SOAK used).

Financing / Polioy Mot treddeled Mot mioddeled Moy tased, snbsicdies,
of carbon pricing
asgumed.

for itself over time with a lower operating G $2.58- (S50 neu e mivaiceven & yuara iRl AT alia NS R ML Rk e
1 1 1 = Fusion Ship (di ted NPV) B A PEX [ & million fvear [ fisxes A0 mi i{:-:1.l]1 J'40.::.1' ; nsion OPEX iz
cost and higher long-term returns. Estimating the = Al Fuel Ship (discounted NPV) T e I e
. . o o . O -+=+ Discounted Break-even @ year 10 E alt fuel cosl prows
future cost of alternative fuels is non-trivial since ¢ s2.08- =" o S e
. . . . _E : o OUE Anirastrcknre v Tl o toks ..-]':l!'“Hf.[!::."lZ'::tlf'
it involves not only fuel + carbon emission fees + = e - $800M 2 e o
. . E : E Clarpo Advantage -510 million fyear — Beflects extra 200
engine + cargo space calculations, but port 5 $1.58- L g el -
. . . ) i % hid-life Owerhaul $0 at Year 15 £0 at Year 15 i:f'il,:ﬁﬁ,:?ﬁnrfﬁ
fueling infrastructure and fuel synthesis/ 3 - S —_—
. . g I i $6DDM 2 Decomrnizssioning 300 at Year 30 B0 at Year 30 Mo salvapge /residual
transportation. Given that, we calculate at 8 3 $1.08- | o | el D ey
E | Crror Margins =10 Lo e -13% Lo |25Y% Ay |-+_:i. .c‘: l-:r-.;-x P
years Of Operatlon for a Standard 2OIOOO TEU E i Frembk-even Crite- Unddiseonmted & dis- Undiseomnted & dis- ll]:-t]rll]!j”:::::'jjj; Fui-
. — $4DDM T csantec] coLnkexd gion < All Fuel
i
i
!
i

Inflation [raplicit in [miplicit in Fuel cost growth is
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Technology

Reactor Design Optimization

OD Optimization

We developed a custom POPCON (Plasma
OPerating CONtour) software and optimization
algorithm in C++ to determine which set of input
parameters (R, a, Bo, |p) best reduces the first
wall power flux - while simultaneously achieving
satisfactory plasma stability, pulse duration, and
net power.

The software can run over 1 billion simulations
per minute, compared to <100 with standard
Python alternatives.

This allows us to search the entire operating
space with super fine grained steps. Our
simulations show that we favor higher major
radius and minor radius to reduce neutron flux,
and its possible to reduce our centerline
magnetic field while still producing enough
power by increasing energy confinement time as
we increase the plasma current.

Constraint Sensitivity
R=2.990m, a=1.160m, B;=8.566T, /,=10.2727MA
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Yinsen Reactor Optimization
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Shaping / Elongation Analysis

Keeping the simulated major parameters from above constant
and sweeping over the elongation shows higher elongation is
favored for increased net power and Q, at the cost of higher
parallel heat flux and lower scrape-off-layer (SOL) width. To stay
below the elongation limit for vertical stability, we should not go
above an elongation of ~2.1, so we will leave some margin and
pick an elongation of ~1.8-1.9 to balance out these competing

factors.
Elongation Sweep Analysis
R=2.990m, a=1.160m, Bq=8.500T, /,=10.4545MA
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Sensitivity Analysis

If we relax our operating constraints from 30MWe to 25MWe net power and upper
constraint thermal limit to 150MW fusion power, our operating region opens significantly,
while still maintaining <700kW/m? neutron power flux. This shows that we have some
slack at our chosen operating temperature and density, additionally this is with a
confinement scalar H set to 1.0, giving further confidence and margin in the plasma
performance.

We are also operating well within the Greenwald density limit, the Troyon beta limit, and
the constraints on parallel heat flux and maximum flattop duration, so these factors do
not directly restrict our operating region. Instead, the primary constraints are net power,
the upper thermal plant limit, and the scape-off-layer power required to maintain H-
mode confinement. Even though our main operating point is at a lower temperature (8
keV) and density (~8x10'”m~3), we can increase these plasma parameters and trade
maintenance duration to support higher power operations if needed.

Temp / Density Contours

Based on this rough operating point from our simulations, we can plot the
temperature and density profiles for SOL power, parallel heat flux, bootstrap
fraction, core radiated power fraction, and heat flux width to further
understand the power distribution and identify localized regions of
concentrated thermal stress beyond simple uniform power metrics. The valid
points are in white and operating region is enclosed with a gold line.
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Reactor Design (Cconc.)

Given the optimization analysis we performed above, we can see if the standard 0D plasma plasma stabilities criteria are satisfied:

Greenwald Fraction Troyon Beta Limit Edge Safety Factor
The Greenwald fraction determines the maximum The Troyon beta limit defines the maximum stable The edge safety factor (ga) quantifies the stability
achievable plasma density for stable operation, ensuring plasma pressure achievable in a tokamak. Operating of the plasma against kink driven instabilities.
the reactor operates safely below density-driven near, but below, this limit ensures optimal fusion Maintaining g, above 2 ensures sufficient safety
disruptive limits. Operating at or below the Greenwald power density without triggering pressure-driven margin against disruptive kink instabilities,
density maintains sufficient margin against unexpected magnetohydrodynamic (MHD) instabilities. Try to promoting stable, reliable reactor operation.
plasma excursions. keep below 3.
I aBy 5a2By [ 14 K
p _ a” Dy + KR
Mgy = — > 24.7x10" m3 By = 7 Br — 0.94 4o = 57 ( > ) —> 3.88
Ta p 0%p

At our target density of ~10x107° m3 we get a Greenwald /BT IS rOugth 1% for our electron denSity + temp Elongation Is assumed to 1.8 -- I{
fraction of ~0.4. and B field.

This shows we are well within operating limits for plasma stability. Next, we can begin modeling our magnetic equilibrium:

Temp and Density Profiles Initial Tokamaker Reconstruction

lon Temp Electron Density We initially started with Tokamaker to construct a basic coil layout with a simple first-wall
25 - - and parallel to last closed flux surface vacuum vessel configuration. This preliminary
100 . | . . reconstruction allowed us to visualize magnetic flux contours, assess coil placement, and
determine approximate coil currents required for desired plasma shaping. The distribution
> of poloidal field coil currents shown here illustrates the rough balance necessary to
& 80 I E e ———— l achieve vertical stability and proper shaping of the plasma boundary. These initial
\ parameters provided a foundation for iterative refinement using detailed modeling tools
5 such as ACCOME, MCNP, and COMSOL to optimize the reactor design.
: 02 04 05 08 £ 607 CS1U1: -0.48 MA 3
g 2 CS1U2: 0.27 MA 6
Electron Temp 2 Coilz: 036 MA
] » 407] - CS2L: 5.41 MA f
() r K.
I - CS3U: 2.06 MA
CS3L: 3.50 MA 1 p.
20t - PF1U: 0.25 MA — E
: 20 | - esmaE o =
o PF2L: 5.44 MA o
- PF3U: -1.92 MA -
PF3L: -1.46 MA = 1 .
5 0 | | | | PF4U: -4.56 MA
PF4L: -4.68 MA
0 - 0 0.2 0.4 0.6 0.8 1 o -4
a 0.2 0.4 0.6 0.8 1
P )
f | ™~ -6
These profiles are plotted with p on the x-axis, which is a normalized radial coordinate 0 2 a4
ranging from O at the plasma center to 1 at the plasma edge, assuming a parabolic shaping r[m]
function for the temperature distribution. Source: https://github.com/OpenFUSIONToolkit/OpenFUSIONToolKit

Plasma Heating on First Wall Triple Product vs Pulse Comparsion

. Pi;ﬂt Swa,lﬁ L /S
Heating Power (MW tot| “wall
Tokamak - ( ) (MW) (m?) (MW /m?2) 10 ITER DEMUD
NBI ECRH ICRH LH He?+ ' s

@ 100 ¢ SPARC
Yinsen - - 75 - 199 274 240 0.11 TE ‘i’.*
SPARC . - 25 - 9278 528 100  0.53 o % oA

- -1
ITER 33 67 20 - 994 2194 600  0.37 S *%

e = A ® JI-60
JT60-SA 34 7.0 - - 6.7 47.7 350 0.14 A _ A JET

=~ 10-2 *
JET 25 - 15 - 02 402 340 0.2 2 0 Y n LLEL

= x ' x K ¢ DII-D
EAST 80 05 30 35 - 150 310  0.05 = ve at v EAST

_3_
KSTAR 16 1.0 60 30 - 260 100  0.26 0 s Y kit
: B ToreSupra
DIII-D 20 3.0 - 1.0 - 24.0° 75 0.32 j LHD
I e e PSR R
WEST - 0.6 90 7.0 - 16.8 80 0.21 107% 107 10° 10% 102 10° 10% 10° 10° 107 108
t (duration), [s]

Total plasma heating per first wall surface area for reactor grade tokamaks Comparison of triple product vs. pulse duration for existing tokamaks and reactor-grade projects.

Yinsen targets triple product values in between ITER and SPARC tokamaks as shown above (right). Pulse duration is similar to ITER. A
distinguishing feature of Yinsen is a lower ratio of total plasma heating (auxiliary heating + alpha-particles) per first wall surface area. Values for
Yinsen, ITER, SPARC, and others are given in above left. As one can see, Yinsen has 3 (5) times lower power densities than ITER (SPARC).
Therefore, power exhaust management is expected to be solvable with SPARC and ITER-like technology that includes full or partial detachment,
closed divertors, and long-leg divertors. These are in line with the OD approximations we performed in POPCON.

It is Important to note that this is a first-pass design of a tokamak fusion reactor for a ship. We do not claim to have every detail fully resolved but
aim to demonstrate a clear path toward a viable solution through further analysis and iteration. Our approach ensures that key parameters remain
within reasonable margins, with ongoing refinements focused on tuning plasma equilibria as well as optimizing cable current density and
conducting further divertor analyses to enhance heat exhaust management and overall reactor performance
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S0 Plasma Simulations

Advanced MHD Equilibria

To further simulate the plasma confinement and stability, we use a MagnetoHydroDynamic (MHD) simulator based on the Grad-Shafranov
equation with a more advanced divertor and better coil placement than the basic simulator in Tokamaker. Since this device will operate at

temperatures exceeding 100 million Kelvin, the fuel ionizes and becomes a high-energy plasma that behaves like a magnetic fluid. The ions

in this fluid then move via the magnetic fields induced inside the reactor. Understanding the stability and evolution of this plasma is a critical
factor in ensuring proper confinement and sustained fusion reactions.

Coll Placement

CSiL_b CS1U_b

CS2L
CS3L

PF1L

PF2L

PF4U

PF4L

0 1 2

3

4

H' m . . .
Yinsen’s vertical cross-section: toroidal field coil - red

The poloidal magnetic system of
Yinsen consists of 8 poloidal
field coils and a central solenoid
divided into 6 sections shown to
the left. A stainless steel vacuum
vessel that replicates the target
plasma shape was used
(resistivity of stainless steel is
80x10-8 Ohm-m). The thickness
of the vacuum chamber was set
to 1 cm. The discharge pulse to
Initiate startup in the device is
shown to the right. This is
achieved by sending varying
currents through the CS and PF
coils (no active feedback control
IS shown, this Is purely passive
stability). The discharge duration
Is set to be ~10 minutes with ~1
minute for the discharge restart,
primarily a function of central

Startup Scenari
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line, vacuum vessel - blue line, first wall/limiter — black
line, PF1-4U/L — poloidal field coils, CS1-3U/L —
sections of central solenoid, Div1-2U/L — divertor
coils

Magnetic equilibrium evolution during discharge: (top left) 50 ms, 199 ms, 599 ms,

solenoid flux. 1099 ms, 1499 ms, 1799 ms, 2399 ms, 2699 ms (bottom right)

In the startup scenario, plasma discharge starts on the low field side (LFS) with a circular plasma column in a limiter configuration. The plasma
column is then extended and moved to the center of the vacuum vessel. At the next stage, strong plasma shaping occurs and a double zero
configuration is created (X-point formation). Strike lines of the separatrix are directed to the closed divertor. 2 divertor coils were introduced for
sweeping the separatrix legs which will also reduce average heat loads. These coils are placed on the sides of the strike lines which we will use
in future simulations for sweeping the strike point to reduce localized hot spots.

Stability Evolution

Using the same shaping parameters values and plasma profiles as in the previous section, a vertical plasma stability evaluation was performed.
3 cases of the plasma-wall gap were considered: 20, 30, and 40 cm. For a more accurate comparison, all 3 cases had the same equilibria at the
starting point of the simulation. Vacuum vessel currents were set to zero (stationary condition before the simulation was assumed). Coll
currents were equal for each case and fixed for the simulation to evaluate the stabilization of the plasma by the vacuum vessel wall.

The results of the simulations are represented in the figures below. The first case is the most stable with ~215 ms of stable plasma and ~290 ms
total VDE time. But this has a drawback, vacuum vessel currents not only stabilize plasma but also make it difficult for the PF coil's magnetic
field to diffuse through the vacuum vessel.

Z [cm]

The second and the third cases are less stable but still have quite a long stability phase: ~160 ms of stable plasma and ~215 ms total VDE time
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VDE plasma stability for chosen case at (left) Oms, 120ms, 130ms, 160ms, 180ms (right)

400

for the 30 cm gap and ~130 ms of stable plasma and ~180 ms total VDE time for the 40 cm gap. The last case (40cm gap) was chosen as the
optimal one as it provides reasonably good wall stabilization, requires less currents from the PF coils to control the plasma, and offers more
space for the first wall integration. Even bigger gaps may provide sufficient wall stabilization.

The main disadvantage of larger gaps between the plasma and the vacuum vessel is an increase in the size of the device and can be enhanced

by introducing passive stabilization coils (PSC).
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Magnet Povver sSupplies

Tokamak magnets require substantial currents, necessitating

robust power supplies. Superconducting magnets consume Ramp-up: Coil currents {total)

the most energy during ramp-up, when currents increase 25

rapidly. Once steady-state (flat-top) operation is reached, 20 -
coil current stabilizes and di/dt decreases significantly.

Thus, power supply requirements primarily depend on the 15

energy needed during initial ramp-up to initiate plasma 10

current, after which flux consumption in the Poloidal Field
(PF) system levels off. The current design assumes fully
iInductive discharges, but adding external current drive
technologies could ease PF coil requirements—though it
remains uncertain whether they can achieve sufficient
efficiencies to meaningfully reduce recirculating power.

Current, MA
n o

These simulations were performed in the COMSOL
Multiphysics® software environment. For this purpose, a pre-
built complete 3D model (STEP format) of the tokamak
magnetic system was imported into the environment. All coils
in the model were set as single turns with full current; thus,
the specific (per turn) characteristics of the coils can be
determined. The coil parameters used for calculations and
construction of the 3D model are shown below.

Time, s

——(CS1U-1=——CS1U-2===CS1L-1 ===CS1L-2 =——CS2U
——PFIU ===PF1L ——PF2U ===PF2L ——PF3U

--=-(CS2L
-==PF3L

— 53U
—PF4U

-==CS3L
-==PF4L

Coil currents evolution during discharge scenario for the inductive current ramp-up phase

Coil R (2) Centerr Center z Sizer Size.z Max mag. field USIﬂg a SerleS Of Ca|CUIat|0nS Coil ki, Lnee difjdt  Uppwn FEiset  Cap. Negp  Meap Veap
() (m) (m) (m) (T) Performed in COMSOL within an (uH) (MA) (MA/s) (V) (MJ) (MJ) (t)  (m®)
iIntegrated 3D model, the total
CS1U-1 1.06E-08  0.4586 0.4865  0.074676 0.866216 23.0 intrinsic magnetic flux and energy Csiu-1  0.60 20 20 12 1193 155.1 13309 7.8 10.9
CSI1U-2 4.09E-09 05751  0.4865  0.153664 0.864076 26.9 of each coil, reduced to a single GRIUS D82 & 2 @ e I5@ 9k 806 Ik &
I 230 turln, }Nf.l’e de;tﬁrmlréed.tFrom these CSIL-1 060 20 20 12 1193 1551 15509 7.8 10.9
| . Calculations, the Inauctance CSIL-2 082 25 20 164 257.2 3344 33436 167 234
CS1L-2 4.09E-09  0.5751 04865  0.153664 0.864076 26.9 coefficient or the sin gle-turn
. : CS2U 1.04 10 45 468 521 677 6773 34 4.7
CS2U  2.33E-10  0.5415 1.216  0.21952  0.37107 16.0 inductance (k,) was derived (see
CS2L,  2.33E-10  0.5415 1.216  0.21952  0.37107 16.0 Table 2). This coefficient can be ok i = o I o I AT
I I ' I 3 1.04 4 31.2 : 10. 1 5 .
CS3U  2.33E-10  0.5415 1.694  0.21952  0.37107 6.8 used, In ConjunC;“On with the S : i } B i L e
formula k. = L/N?, to calculate the CS3L 104 4 30 312 83 108 1079 05 08
CS3L  2.33E-10  0.5415 1694 0.21952  0.37107 6.8 : :
inductance (L) of each coil based PF1U 203 25 100 293 914.6 1189.0 118898 59.4  83.2
PFIU  471E11 10802 27243  0.2548  0.262 36.8 on the number of turns (N), or to
: : PF1L 293 925 100 293 914.6 1189.0 118898 59.4  83.2
PFIL  47IE-11 10802  -27243 02548  0.262 36.5 determine the required number of
turns to achleve 3 reqUIred PE21J 7.96 25 75 97  2486.1 3231.9 323193 16l.6 226.2
PFoU  4.84E-11  2.2345 3.12 0.351753  0.26362 30.7 )
Inductance. The voltage per turn PF2L 796 25 75 597 24861 32319 323193 161.6 2262
SWES:  AGMSL  ESgle e B . A ol (Vturn). 1S CalCUlaFed by multiplying PF3U 1875 15 30 5625 2109.9 2742.9 274287 137.1 1920
S ahneer Rl 2605 0.306129  0.2107 21 mg f%g?(:em_lg%n dg]r?vua?;\a/g%ef ’?F]Le) ’E)O){(al PF3L 18.75 15 30 562.5 2109.9 2742.9 274287 137.1  192.0
PF3L  3.04E-11  3.8407 92605  0.306129 0.2107 21.7 : . _ S | R
current (di/dt) PF4U 2393 5 15 35895 299.0 3887 38870 194 272
R L et S R e P i 08 V... = k_-di/dt. It is important to | PFAL 2393 5 15 35895 200.0 3887 38870 194  27.2
Pral 1;sb-l 49824 13479 02648 0310967 o8 note that the total energy of the coll TOTAL: 12493 16240.9 1624000 812.0 1136.863

is independent of the turn number.

Table 1: Calculated parameters of the coils and power supplies Table 2: Initial parameters of the CS and PF coils

Since grid power is unavailable in remote locations, the only way to supply power to the magnetic system coils is through energy buffering and
storage. This can be achieved using either battery storage or capacitive storage. These systems must deliver the peak power required during a
ramp-up phase of the discharge. Energy and power density are important parameters for choosing which type of power supply to use. A hybrid
system combining supercapacitors and batteries is the optimal choice for an energy buffer.

107

106 A simplified Ragone plot (left) shows that battery storage units offer excellent
B 108 energy density but can’t deliver the high current derivatives required by the
2 - poloidal field system. They are most suitable for supplying the TF coils that do not
= SRR require large values of current derivatives. Traditional capacitor storage provides
g v exceptionally high power density but falls short in energy density. Supercapacitor
g 107 Batteries AT cells, on the other hand, have characteristics that bridge the gap between
£ ap o batteries and traditional capacitors, offering a balanced combination of energy

1 and power density. This balance makes them well-suited to meet the demands of

0.01 0.1 1 10 100 1000 PF and CS power supply.

Energy Density (Wh/kg)
Simplified Ragone plot of the energy storage domains [source] Based on the total energy per coil, the required number of supercapacitor cells
(3000 F, 3 V) is calculated, assuming an energy capacity of 10 kJ per cell with a
30% safety margin. The gross weight of each cell is estimated at 0.5 kg,
accounting for a cell weight range of 0.4-0.45 kg. The average volume per cell is
calculated based on its dimensions, assuming efficient dense packaging. All

relevant parameters are summarized in Table 2.

A rough estimate of the power storage mass and volume:
o TF Battery storage: 30 tons and 250 m?
o PF Supercapacitor storage: 812 tons and 1140 m?
e TOTAL: 842 tons and 1390 m?
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HTS Magnets

Our magnet system is composed of:

v 16 Toroidal Field (TF) Coils with outer intercoil structures (OIS) in between vacuum vessel ports and gravity supports below:
v 6 Central Solenoid (CS) Coils with their pre-compression system and gravity supports on top;
v 8 Poloidal Field (PF) Coils supported by the TF Coils with flexible supports, except for PF1U & L which are clamped with sliding interfaces.

TF Cable (36kA)

Fibers
Copper former 4

= oy P
n.._ = | :

Cooling tube

(stainless steel)

Solder 1
T 1 :
/| -
) e , TN =
o _‘n \\ Z l_ ©
} [ S — = e " ire
' DETAIL A
HTS stacks D21 Scale 3:1

Cable Cross Sections

CS/PF Cables (50kA)

Cooling tube (stainless steel)

Copper former 1.3 £2%
" Insulation
- | DETAIL A

o Uses RF electromagnetics to HTS stacks
quickly detect local heat variations NG

Scale 4:1

‘aﬂ-‘" | M T 1]
=

and mitigate risk of magnet
guenching.

e Resilient to >1000 kilonewtons of
force per meter of cable

e Copper “former” which holds 60/40
Pb/Sn electroplated REBCO

 Total cable area = 0.0/3 m2

27

: |“| N
| WA\ | [
Nl

10

Fibers

o i [
ﬂ .
Solder (

56 Jacket (stainless steel
or equivalent®)

07 Turn insulation

Toroidal Field Coil Assembly

Winding pack area = 0.1/ m2

Inner Section

g1 822

700

TF Coll Construction

TF conductor

TF case

Radial plate

und insulation

Cover plate

TF case

Detail B
Scale: 1:1

TF conductor

Radial plate

Winding pack composed of 7 double pancakes (DP) insulated separately
216 turns total, and 36 kA/turn — this can be increased.

Whole winding pack is insulated before insertion into the steel case
Total area (whole TF section with case) = 0.295 m2

Outer Section

- Winding Pack
ﬂ (current density:
T ~ 46 A/mm?2)
i il Coil Case
Wedged
70 510 | 120 Area

DP insulation

TF conductor

e TF coils are wedged against
each at the inboard straight leg.

o A stainless steel (or equivalent
material) case encloses the TF
winding pack.

e Shear keys (insulated) should be
iInserted at the inner curved
regions to withstand the
overturning moment during the
pulse.

e Four outer intercoil structures
connected to each other by
Insulated pins.

e PF coil support flanges are
integral part of the TF coil case.

Cover plate (stainless steel)

Radial plate [stainless steel or equivalent)

TF Coll Supports

f& PF j}upport

i
-‘+-
]
-"I-
!

I
-

TF Support
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HTS Magnets (cont.)

Poloidal Field + Central Solenoid Assembly

e PF colls are attached to the TF coil cases though
welded flanges.

e PF coils are clamped by cover plates after
Installation on the TF coills.

e At present, it is assumed that PF1 coils can slide
In radial direction inside their supports thanks
some low-friction interfaces (i.e. Alu-bronze
pads).

e The other coils are supported by sets of thin
flexible plates which allow for relative radial
movements (same as for CS, TF and VV
supports).

e For this first pass analysis, a simplified plasma
geometry without a divertor was used.

Flexible supports

PF2U

|| PF4U

Winding pack current
. density ~ 68 A/mm?
I PraL e

DPOS

DETAIL A

DPO4

284

DPO3

DETAIL B
Scale: 5:1

DPO2

DFO1

Insulation between

Ground insulation pancakes

Winding pack with insulated DPs

CS + PF Coil Number Conductors / Currents

Total Current (kA)
(50 kA /turn)

Central Solenoid Mechanical Structures

New Coil Centre
R (mm) Z (mm)

Nr. Conductors

Cﬂ'il N radial Nvert ical Nt ot i

PF1U 17 20 330 16,500 1190.0 3083.0

PF2U 31 12 366 18,300 2235.0 3465.5

PF3U 18 12 210 10,500 4250.0 2934.0

PF4U 11 10 105 92,200 2400.0 1398.5

PF1L 17 20 330 16,500 1190.0 -3083.0

PF2L 31 12 366 18,300 2235.0 -3465.5

PF3L 18 12 210 10,500 4250.0 -2934.0

PF4L 11 10 105 5,250 5400.0  -1398.5 Flexible su pports
CS3U 8 16 120 6,000 541.0 1693.0 ’
Cs2U 8 16 120 6,000 041.0 1216.0

CS1Ub 3 34 85 4,250 461.0 486.5

CS1Uf 5 34 153 7,650 580.0 486.5

CSILb 3 34 85 4,250 461.0  -486.5

CS1Lf 5 34 153 7,620 280.0 -486.5

CS2L 8 16 120 6,000 541.0 -1216.0

CS3L 8 16 120 6,000 241.0 -1693.0

o Gravity supports: The central solenoid is hung on 8 flexible
vertical supports attached to the PF1U support flanges: they
take the weight of the whole CS stack and its structures and
support net vertical or lateral loads due to electromagnetic
forces or seismic events, while supporting relative radial
movements.

e Pre-compression: The central solenoid is pre-compressed
vertically by 16 sets of tie-plates located on its inner and outer
surface: these tie-plates can be installed on upper and lower
flanges by thermal shrink-fitting to provide pre-compression.

o Radial restrainers are provided at the bottom of the CS stack to
centre the assembly: they will be equipped with spring jacks to
allow for relative radial movements.

e CS coils are separated by interface plates which can allow for
relative radial displacements.

o Separate (electrical-cryogenic) feeder lines will feed each coil in
the stack.

Tie-plates

CS winding pack

Interface plate

Radial restrainers
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Structural Hnalysis

Flectromagnetic Loads on the Coills

In an HTS tokamak, millions of amps flow through the coils, producing intense magnetic fields. These fields induce significant electromagnetic
forces on the coil structures. Accurately determining these structural loads is essential to ensure mechanical integrity and safe reactor
operation. By conducting detailed structural analyses, we evaluate stresses, deformation, and fatigue on coil components. The model setup is
shown below with the current applied and the current density in all coils + the plasma.

TFC Electromagnetic Model All Colls + Plasma Model

Comp I (MA)

e One sector model (22.5 degrees) Toroidal field coils (TFC) Poloidal field coils (PFC) Plasma 10,315

| « Cyclic boundary conditions TRC 7 8375

TFC model section e Current applied to TFC to have the CS3U  -4.772

| uniform current density distribution CS2U 1.262

CS1UB  -12.636

CS + PF CS1UF  -19.832

L Current 2 CSILB  -11.340

e - CSILF  -19.433

TFC geometry section ; == distribution i CS3L -4.503
v o, s (A/m? : PF1U  -16.435

/m?) PF2U  18.400

i

PF3U -10.783
PF4U -1.458

L]
:
i
Ii‘

o
I-r.-:-
)
W
e

E PFIL  -2.412
L 2 PF2L 9.293
L | PF3L -6.134
Comp I (MA) [ Y PF4AL -4.014
TFC1  2.553 i . _ e~ x
%ggg ﬁgj Currents applied to
TFCA4 1:237 PFC+CS+p|a8ma

After running the simulation in ANSYS, we can determine the magnetic fields at all points in the device. Looking at the images below, we can
see that the TFC sees peak ~18.5T on coil and hits our targeted ~8.5T on axis field. Also, importantly, we can see how quickly the magnetic
field drops off outside the reactors, going back to almost OT within less than <0.5m of the edge of of the device.

ANSYS 2023 R1
. - f . f . o Build 23.1
PLOT NO. 1
Toroidal magnetic field as function of radial position [T] L S
STEP=1
| SUB =1
20 TIME=1
BoUM (AVG)
- RSYS=0
PowerGraphilcs
EFACET=1
14 AVRES=Mat
SMN =.487E-03
T SMX =37.8846
2 A =2.10516
B =6.31451
g 8
0
-
= g
-
o
O 2 1.°
E BYPATH i =35./8
0
- -1
—4
=
101} —— i —— ' | - ; T
D ' Le i 32 4.8 R [ Magnetlc field
: | & Distance [m] : ‘ ' 'L" | . f
. - : ISO-SUITaces
_ [T]
I_l E | - EIeCtrOmagnetIC FOrceS lhame Fx[kN] Fy[kN] Fz[kN] Mx[kNm] My[kNm]  |Mz[kNm]
' 2 F \ on TF (X y Z) TFC -254746 -73 -30 -57442 103 -48
TFC plas ma TFC o . MISYS 2023 R ! P . . ASSYS 2023 Rl
X-force distribution [N] f{ﬁhﬂle Y-force distribution [N] izl Z-force distribution [N] Horie 1
on PF+CS (x,y,2) ' B -' = '
Total force on Polodial Field Coils (on one sector model) e ;m E:{'ﬁ%@” ;iﬂ ;_T%ﬁ;:
T | ‘.I.I...I |II - c
As we can see, the main forces and torques on all coils are in the radial “X” direction. But these
values are the same order of magnitude compared to ITER, proving EM load survivability.

B Ex|kN] EFy[kN] BIEz|kN
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Structural Hnalysis (cont.)

Vacuum Vessel Loads

Tokamaks operate only under ultra-high vacuum conditions, requiring a robust vacuum vessel to maintain extremely low internal pressures
(around 1078 to 10~ atmospheres). The vacuum vessel ensures plasma purity by preventing contamination from external gases. Additionally, it
must withstand significant structural loads due to vacuum pressures, thermal cycling, and electromagnetic forces induced by plasma

disruptions and coil currents. The simplified model (without divertor) is assumed to be under baking conditions (240°C) and 1bar to see how it
displaces under these stresses

Outer shell,
t=35mm

Ribs, t = 15 mm

e Geometry has been created from CAD model, by
extracting the inner/outer skin of the VV

e Internal ribs have been added to connect the skins (4
ribs per typical sector)

e One typical sector FEM model (360-degree 22.5
degrees) considered for structural analysis

e Complete 360 degree model considered for stability
analysis against crushing due to vacuum conditions

e Cyclic Symmetry boundary conditions applied to the
sector model i

e VV material is austenitic stainless steel (e.g. SS316L) . 4 | 4 FEM model

« Internal ribs are connected to the shells to simulate a " % CAD preliminary «—L .. 4 B SRt ettt
“perfect” weld model r ikt S, I ,L g ot

Inner shiell,
t=15 mm

VV Displacement under 240°C + 1bar Von Mises Stress under 240°C + 1bar

Single Sector

5, Mises S, Mises Max: +1.119e+07
L, Resultant SHEG, {Fran::ti_nn = =1.0) SNEG, (fraction = -1.0)
F 2 SPOS, {fraction = 1.0) _ SPOS, (fraction = 1.0)
1.606e-08 U, U3 Max: +1,110e+07
[ +1.7176-02 {Average-compute) R {Average-compute)
+1,627e-02 +1.647e-02 +1.1108+07 +1,119e+07 ;
+1.5386-02 [ +1.472e-02 [ +1.0268+07 [ +1.0268+07 y
+1.445e-02 Lt +9.328e+06 +8,334e+06
+1,3588-02 e +8.307e+06 +8, 406He+06
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+8.214e-03 /(,G“ / ; +B.034e-03 o +2.808e+06 +2.834e+08
+7.315e-03 et : : 'E-Ei%ﬂ'gg R [ +1.877e+06 [ Iélgggg:gg
S ‘ +6.543e-03f 0 +0.4532+05 :
o e e +1.388e+04 AoesRG
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We can see that the vessel displaces no more 2cm at max, which is acceptable. In addition, the Von Mises stress is very low, as expected.

Buckling Analysis

Buckling Pressure
= 169bar

e Buckling analysis was performed via FEM to confirm the T

L. LA G| O
— 105400

structural margin against crushing due to vacuum-induced B
loads. Simple linear buckling procedure with no =
VV supports touch imperfections has been used: thus, the results obtained
vessel and apply force shall be considered upper bound values, to be reduced to
take into account knock-down factors typically requested
by various calculation codes.
e Openings are expected to significantly reduce the buckling
load calculated here for a vessel with no opening.

bucklimg, 260deg model

e The buckling analysis model is essentially the sector model v R gt model ottt 206

copied/pasted 16 times to cover 360 degrees. Additionally, ¥ e,

Mefarmesd war: U Deformartien Scale Fachor: +7.2410-01

' . 8 supporting points have been considered at the bottom
Y. side, i.e. where the VV supporting columns will be
connected.
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Neutranics

In deuterium-tritium fusion, the primary high-energy particles produced are 14 MeV neutrons. These neutrons are responsible
for carrying most of the fusion energy away from the reaction core. When they collide with the reactor’s blanket, their kinetic
energy is transferred to the working fluid, raising its temperature and ultimately converting the energy into usable power. This
energy deposition not only contributes to the reactor's electrical output but also plays a crucial role in processes such as
tritium breeding, where neutrons interact with lithium to breed additional fuel, to later be extracted from the coolant.

However, as the high energy neutrons traverse the reactor, not confined by the strong magnetic fields, they deposit energy in
structural and ancillary materials, leading to effects such as displacement damage, embrittlement, and nuclear activation.
These interactions present significant engineering challenges, as they can compromise the integrity and longevity of reactor
components. To study the effects of this, we can run Monte Carlo simulations to determine the heating and nuclear activation
in all components of the tokamak.

Bl Neutron Shield Neutron Multiplier

: : : : Blanket Tank P faci terial
The radial cross section of Yinsen has the following stackup: = Ffi‘geeCog‘gnt =C§§.@;V2%22tmg o
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Using OpenMC we can estimate the heating, neutron flux, photon flux, and tritium breeding in all components of the reactor

Tritium Breeding Ratio
Neutron Flux 1.1 Heating

TBR

o e B Dm

“im M B z 0.975 h 0.001 g
50 St 5 20 40 60 80 100 = E
Li-6 Enrichment ” oo 3
. Takeaway B
b Nuclear heating and flux values are within h -
B o expected ranges. The total heating to the ﬂ’ 1007
. TF magnets is low, on the order of T0kW -
1 with further room for optimization by B
trading FLiBe thickness for dedicated =
neutron shielding, particularly on the inner
high field side (HFS). In the future, using
SS316 with water shielding and refining
Photon Flux the model to reduce material density will Tritium Generation
TR E Y reduce energy release. Additionally, the 0 & 10 1 20 %0 W %O 40 40 50
Vacuum Vessel is projected to incur - .
1.2DPA/year, thus giving strong indication - - 5.06.05
e replacing the VV and magnets will not be ol o o
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Cryogenics

HTS magnets are only superconducting at below certain temperatures, so cooling systems are needed. The cooling
system we will use is based on a Reverse Turbo Brayton (RTB) cycle. The principles of operation for this cryogenic

system are:

e Compress a fluid (helium, in our case) using centrifugal compressors.
e Cool down the fluid (in the recuperative heat exchangers). The cycle can include a “pre-cooling” loop using
Liquid Nitrogen. The use of Liquid Nitrogen as a pre-cooling loop is not mandatory but can increase efficiency.

o Expand the fluid through a high-speed turbine.

o Use this cold helium for the cooling down of the application (through an secondary loop or Application Loop).

To be able to size a cryocooler able to
deliver 20 kW at 20K, we need to
determine associated boundary
conditions, corresponding to the
Appllcatlon Loop:
e Helium temperature at Cryocooler Inlet
(or application outlet, (6) on the sketch
below)

e Helium temperature at Cryocooler
Outlet (or application inlet, (7) on the
sketch below)

e Helium mass flow rate through
application

Unit

Main Loop (Numbered)
£ -

\

SETW:E ®@ [_]© =
4
1
Mo ‘m:
< /
6 '@

An increase of application temperature from
23K to 33K decreases the cryocooler
electrical consumption from 1.3MW to
820kW (37% reduction) to provide 20kW of
cooling power. Using the maximum electrical
consumption in the motor to run the
centrifugal compressors can provide either
20kW @ 23K or 32 kW @ 33K. If further
footprint reduction is needed, use of Liquid
Nitrogen will be considered as well.

Parameter Case 1 Case 2
Maximum application 23 K 33 K
temperature

Electrical consumption to 1.3 MW 820 kW

provide 20 kW
Maximum cold power for
an electrical power of 1.3

MW

20kW @23 K 32kW @33 K

Delta-T in application loop 4 K 4 K
The footprint of such a 4mXxX1ldm X 4m X 12m X
system 2.0 m 2.0 m

Because the TF magnets in Yinsen are < 9T, the
current density required is reduced, allowing us
to operate at hotter cryogenic temperatures
while still below the superconducting critical
current density, thus improving overall
efficiency.

Compression

Ambient (300K)

Overview of a RTB cycle

Pre-cooling (optional) Expansion Unit

1 Heat Exchange ——(_|—
AD :'-"\/\z- x:i‘ i
LN o~ I._,_'
E — -+ Application inlet
e e -/ o
Cold Box Application outlet

— RTB Cycle

— " Pre cooling (optional)
— Application cooling loop

The following cases are considered:

Parameter Case 1: 23 K Case 2: 33 K
Helium temperature at Cryocooler Inlet or application 23 K 33 K
outlet

Hehum temperature at Cryocooler Outlet or application 10 K 99 K
inlet

Pressure of helium in application loop 20 bar 20 bar

Based on these cases we can calculate the helium mass flow rate
to reach the target cooling power (20kW) :

Parameter Case 1: 20 K Case 2: 30 K
Calculated helium mass flow rate through application and 860 g/s 910 g/s
cryocooler

So=TEM | Cryocool 1000 =
1TkW @ 20 K

2.5 m

Cryocool 1000 device and size -- Source: Absolut Systems
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|_ayout/Floorplanning

A major engineering challenge that we are solving to fit these devices on a ship is the size. Current
facilities like ITER take up a full football field. To fit inside a large 20,000TEU vessel we must be

below 100,000m?3, this is the current maximum size of the fuel tanks being considered for alternative
fuel storage.

Below is a rendering of how these systems may fit inside the ship. The exact spacing here is subject
to change, but the relative size of the auxiliary systems compared to the tokamak itself is the main

point to highlight here. We just want to show that it is feasible to fit a tokamak fusion system on a
large commercial class shipping vessel.

Cross
Section

TF & PF Magnet Power Supplies & Energy Storage Tritium Fueling System Heat Extraction & Turbine

T x 1

Cryoplant Tokamak + Cryostat + Shielding RF Gryotrons

80m |
Front View (45° Up)

Based on all this, we estimate the total volume for the entire system to be: 30,000m?. For reference,
the fuel tanks inside of a 20,000TEU ammonia tanker can exceed ~100,000m* and a similar green
methanol tanker ~80,000m?3 + ~20,000m? for the engine room itself. Thus, the reactor and
supporting auxiliary system will quite easily fit inside the ship with room to spare. It is slightly larger
than the engine room of these tankers, but with the removal of the traditional fuel tanks, a fusion
propulsion system can achieve a size reduction of ~3-4x.

T P Py
sesssefeoscen
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First Wall and Oivertcor

First Wall Lifetime Estimation

The peak heat flux regions of the reactor are protected by a 1 cm-thick pure tungsten first wall, designed to withstand erosion and
thermal stress. First-wall lifetime is primarily determined by power density and particle flux, which drive material degradation. With
a lower surface power density (< 0.88MW/m?2), Yinsen'’s first wall will experience significantly less erosion than grid-scale reactors
operating at higher power densities, extending lifespan and reducing maintenance demands.

Based on a tungsten sputtering yield of Y = 0.0048 at 300 eV [1], the estimated erosion rate for Yinsen’s first wall is 21 g/m?-yr,
compared to 7900 g/m?-yr in grid-scale reactors (>2.5 MW/m?2) [1]. Assuming sputtering is primarily driven by charge-exchange
neutrals, this results in a minimal material loss of 5.26 kg/yr-m?, giving the first wall an erosion-limited, ideal lifespan of ~30 years.
However, neutron-induced damage—not sputtering erosion—primarily dictates replacement intervals. The neutronics

analysis suggests negligible displacement per atom, 1DPA/yr, however experimental data shows tungsten withstands only up to 10
DPA/year [2]. Based on this data and Yinsen’s expected neutron flux, we estimate a 5-10 year replacement schedule, potentially
extending to 10-15 years due to the reactor’s low capacity factor operation, which reduces integrated neutron exposure.

Divertor Design

The divertor, located at the top and bottom of the tokamak, intercepts heat and particles from , Blanket Tank
the scrape-off layer (SOL) to prevent excessive plasma-wall interactions and provide an '

energy and particle exhaust pathway. While divertor systems in high-power-density reactors l;
face extreme thermal loads and maintenance challenges, Yinsen'’s lower-power-density plasma

significantly reduces divertor stress, simplifying both its geometry and maintenance Scrape-Off
requirements. Layer (SOL)
A double-null tungsten divertor was chosen for its efficient heat and particle exhaust First Wall
capability, reduced localized thermal stress, and long-term durability - leveraging

/3

FLiBe Coolant

tungsten’s high melting point (3,422°C), low sputtering rate, and neutron resilience under
fusion conditions. UEDGE simulations were used to optimize neon (Ne) impurity seeding to
maintain safe operating temperatures.By leveraging active liquid cooling, we prevent localized
melting and minimize material erosion.

Divertor Region

UEDGE Mesh Plots

UEDGE, a 2D fluid transport code developed by Lawrence Livermore National Laboratory (LLNL), was used to model the scrape-off
layer (SOL) and divertor plasma, estimating heat fluxes to divertor targets based on our operating parameters. For Ps,, = 20 MW and
n_separatrix = 2.5 x 102° m~3, the results indicate that only minimal power handling is required for an actively cooled divertor. With a
fixed neon impurity seeding fraction of 4%, the peak heat flux at the outer divertor target remains within acceptable limits (max heat
flux: 10 MW/m?), and the tungsten wall temperature stays below the recrystallization threshold of 1,550°C.

Electron Temperature (eV) Electron Heat (W) Outer Plate Heat Fluxes
- 108
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In addition to neon impurity seeding, the first wall will be actively cooled by the blanket behind it, and the divertor will
employ strike-point sweeping to distribute heat loads and minimize localized erosion. With these mitigation strategies in place, first
wall and divertor erosion are solvable challenges, ensuring extended component lifetimes and reduced maintenance needs.

1] P.C. Stangeby. Assessing material migration through 13c injection experiments. Journal of Nuclear Materials, 415(1):S1-S8, 2010.
2] Steven J. Zinkle and Lance L. Snead. Designing radiation resistance in materials for fusion energy. Annual Review of Materials
Research, 44:241-267, 2014.
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Tricium Fueling

For a 5S00MWy, fusion system, the estimated baseline tritium inventory is approximately 1.6kg, accounting for both the initial startup
requirement and the steady-state inventory within the fuel processing systems. The tritium inventory within the gas-phase
processing loop is expected to scale proportionally with the reactor’s thermal power output. Accordingly, for a T15SMWjy, system, a
proportional estimate suggests a tritium inventory of approximately 3509 in the gas-phase loop.

The majority of this tritium inventory stays contained within the gas-phase processing loop, however some exists within the blanket
itself. For a 5S00MWy, system utilizing a FLiBe blanket, the expected tritium inventory within the blanket is approximately 329. In
contrast, for a T1SMWy, system, the blanket inventory is anticipated to be significantly lower, as it scales with the blanket’s volumetric
capacity rather than directly with thermal power. Specifically, for the Yinsen system, a reasonable estimate for the FLiBe blanket
tritium inventory falls within the range of 20-30g.

Advanced Tokamak Fuel Cycle

Fuel Injection

Distillation

Scroll /
Diaphragm

Pump :
Separation

Membranes

Marathon
Plasma
Centrifuge

Exhaust and
Water

Detritiation

Marathon Plasma
Centrifuge Marathon Metal

Differential Pump Foil Pump

Cryopump

Source: Marathon Fusion

The implementation of a plasma centrifuge enables a significant increase in tritium burn efficiency—by an order of magnitude or more
—resulting in a corresponding reduction in the mass flow rate through downstream gas processing systems. This reduction decreases
the required tritium inventory from 318g to approximately 31.8g, bringing it in line with the expected inventory within the FLiBe
blanket.

Further optimization is achievable through the integration of a superpermeable pump, which enhances the efficiency of gas-phase
tritium recovery. This technology is expected to improve processing speed by an additional factor of ~2, further reducing the gas-
phase tritium inventory to ~15q, leading to a total system inventory of approximately 47g.

A key advantage of this approach, particularly for Yinsen, is the substantial reduction in system size. By leveraging both the plasma
centrifuge and superpermeable pump, the downstream processing systems beyond the superpermeable pump can be scaled down to
only a few percent of the size required for conventional grid-scale fusion reactors, based on tritium flow rate. While these fuel cycle
technologies have yet to reach full production readiness, significant R&D efforts are underway within the fusion supply chain to bring
them to market within a timeframe aligned with the first Yinsen deployment.
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Go-to-Market
Starting with Commercial Snipping and Defense

The commercial shipping industry is actively seeking alternative energy solutions, investing heavily in infrastructure-
intensive and costly fuels such as ammonia and hydrogen. Aware of impending carbon taxes, the industry is
welcoming of innovative new technologies. It’s the ideal gateway market to bring fusion to the world. By starting
with ships, fusion gains a critical early market—generating revenue, scaling production, and proving reliability long
before achieving competitiveness in traditional energy markets. However, fusion energy’s transformative potential
extends far beyond commercial shipping applications. Here we outline additional applicable markets where FOAK
fusion reactors can have a meaningful impact, delivering emission free, safe energy.

Application

Commercial
Shipping

Primary Application

Defense - Ship to
Shore Power

Primary Application

Remote Diesel +
Desalinatior
Replacement

Market Opportunity

The maritime shipping industry moves
around 90% of global trade and faces
increasing pressure from the International
Maritime Organization (IMO) to rapidly cut
emissions. Existing alternative fuels like LNG,
hydrogen, and ammonia have significant
drawbacks, including storage challenges and
infrastructure constraints. With tightening
global regulations and rising fuel costs,
adopting fusion-based solutions will become
a more attractive option.

Military operations increasingly require
reliable, large-scale, and mobile power

generation, particularly in contested theaters

like the Pacific. Traditional energy logistics,
heavily reliant on liquid fuel, are vulnerable,
costly, and impose operational risks. Rapid
deployment of resilient nuclear-powered
ships is critical for both forward military
bases and disaster response efforts,

underscoring a significant strategic capability

need within the Department of Defense
(DoD). Fusion systems are also less of a
concern for kinetic impact compared to

fission, a major concern in the theater of war.

More details here.

Remote communities, islands, and industries
depend on costly, polluting diesel for power
and water desalination. Fusion offers a
sustainable, long-term solution, cutting
costs and environmental impact. Expanding
access to clean, limitless energy transforms
economic prospects for isolated regions,
driving new development without
dependence on fossil fuels.

Value Proposition

Fusion-powered ships redefine
maritime sustainability by
completely eliminating dependence
on traditional fuel. They deliver
unmatched energy density,
extended operational lifespans, and
superior efficiency—empowering
shipping companies to achieve net-
zero emissions goals without the
drawbacks and compromises of
existing alternative fuels.

Fusion energy meets the DoD's
critical need for mobile, large-scale
power by providing compact,
resilient, and fuel-independent
solutions. Fusion eliminates
reliance on vulnerable fuel supply
chains and addresses logistical and
security issues associated with
diesel and nuclear fission. Minimal
refueling requirements reduce
operational risks and enhance
mission endurance in forward-
deployed and disaster-relief
scenarios.

Fusion delivers energy
iIndependence by eliminating diesel
reliance, enabling large-scale
desalination without constraints.
With zero emissions and no risk of
spills, it’s a clean, scalable solution
for diverse energy needs. The ability
to generate massive amounts of
electricity in a small form factor
makes fusion a game-changer for
iIndustrial expansion, rural
electrification, and water security.

Adoption Strategy

Focus on early adopters like
Maersk and MSC, already investing
in alternative fuels. Partner with
shipbuilders and regulators for
compliance and integration. Launch
a pilot vessel to prove viability, then
scale production for fleet-wide
adoption.

1,000 container ships must
decarbonize by 2050. Reactors
cost ~$1B initially, dropping to
~$600M at scale. Selling 10-100/
year (15% margin) yields ~$1B-
$10B annual profit.

Partner with the DoD, Navy, and
allied military forces to
demonstrate fusion-powered
mobile units in expeditionary
operations, especially in the Pacific
theater. Conduct pilot programs
with U.S. Pacific Command to
validate performance and reliability,
positioning fusion as a core
element of future military logistics.

Partner with governments and
utilities to bring fusion to remote
communities, integrating with
existing infrastructure and
leveraging renewable energy
incentives for deployment.

Build partnerships with NGOs and
global development organizations
to accelerate fusion adoption in
regions most affected by energy
poverty and climate change.
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FPovering the next frontier of ocean INnovation

From Arctic expeditions to deep-sea mining and submerged data infrastructure, the demand for
reliable and dependable energy in extreme marine environments is growing. lcebreakers require
constant refueling in the harshest conditions, while mining and underwater data centers struggle
with the limitations of diesel and battery power. Fusion energy unlocks new possibilities. We
expect these markets to grow over the next few decades, and they will need a solution capable of
providing consistent, long-duration power in challenging environments. The table below explores
additional applications where fusion can transform ocean-based industries.

Application Market Opportunity Value Proposition Adoption Strategy
: Arctic operations face logistical hurdles due Fusion-powered icebreakers can Partner with Arctic research
lcebreaker Ships t . . . . L .
o extreme environments and fuel scarcity. operate without fuel constraints, Initiatives, commercial operators,
Existing nuclear-powered icebreakers present eliminating logistical challenges. and governments to integrate
regulatory and safety concerns, driving They produce no hazardous fusion technology into icebreaker
demand for cleaner, safer alternatives. nuclear waste, offer high power fleets. Target both retrofits and
Climate change has expanded Arctic shipping output for icebreaking, and reduce new builds. Secure strategic
routes, increasing the need for reliable environmental risks. This will allow  collaborations with climate-
vessels with substantial power. Fusion icebreakers to support critical focused organizations and
technology addresses these challenges, research missions, emergency expedition groups to accelerate
supporting extended polar missions without  rescue operations, and year-round adoption and policy support.
typical supply chain issues. Arctic navigation.
. Extracting rare earth elements from the Fusion empowers advanced subsea Collaborate with mining companies
Deep Sea Mining . - . . .
seabed requires self-sustaining energy robotics and automated systems, to develop pilot projects and
sources, as diesel-based power is inefficient  substantially improving advocate for fusion as a
and polluting. Battery-powered alternatives  productivity, operational depth, sustainable alternative. Work
lack longevity for continuous operations. and environmental stewardship closely with regulatory agencies to
The growing demand for rare earth metals in  for mining rare earth metals critical position fusion as the standard for
EVs, semiconductors, and renewable energy  to renewable energy and responsible deep-sea resource
makes seabed mining a trillion-dollar industry. technology sectors. extraction.
und t Tech companies are exploring submerged Fusion ensures continuous, off- Engage with cloud providers like
naerwater data centers for improved cooling and grid power with minimal Microsoft, Google, AWS and other
Datacenters reduced land usage. These require stable, environmental impact. Fusion- startups to explore pilot projects.
long-term power sources, independent of powered data hubs enable ultra- Develop demonstration facilities
terrestrial grids. The Al revolution and global  secure, resilient computing showcasing fusion’s role in
data demands are pushing existing networks, reducing reliance on sustainable data infrastructure.
infrastructure to its limits. Fusion ensures unstable grid power and offering Work with governments and
scalable, emissions-free power, making redundancy. telecom leaders to establish fusion
underwater data centers a viable long-term as the foundation of next-
solution. generation global internet
infrastructure.
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Company

Meet The Team

We are a small but highly skilled team dedicated to bringing fusion power to the world. With
deep expertise in nuclear engineering, plasma physics, and hardware systems, we are well
suited to grow a company capable of tackling the applied engineering problems that are
necessary to build practical fusion reactors for ships. We're here to turn theory into reality.

Justin Cohen, CEO + Co-Founder
Nuclear Engineer & Plasma Physicist

Expert in fusion reactor technology with experience spanning the gauntlet of
approaches to fusion. Extensive experience in plasma physics and nuclear
engineering, with roles at Tesla, SpaceX, Columbia University, Princeton Plasma
Physics Laboratory, and NC State.

.-'"._ .
S gt !
j".‘?';“:--? g - i s [l i, i i s |
ot & skt et | ek [
F T &
I I8 . | .5:_; A Ll e .-55:' e
| 15 = ST amth ol WEEEEC ah
— . - = = T
TR O g L il SN il
sl . . ] 1. 1; I¢x
: ‘ ) e
e
S—

COLUMBIA
UNIVERSITY DLASMA PHYSICS
T=5L 5  ABORATORY

Jason Kaufmann
Electrical Engineer & Computational Physics

Physics and computer engineering background from Penn. Pioneered megawatt-scale
power electronics for Tesla’s Dojo and designed hardware flying on rockets and
satellites in orbit right now at SpaceX and Astranis. Has designed a full scale electric
race car from scratch.
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Milaestone Plan

Fusion reactors are not cheap. For this to be a viable business, we must devise a plan to
warrant raising serious capital on our journey to building to a fusion reactor. To do this, we
believe the milestone plan detailed below will allow us to demonstrate meaningful staged
progress en route to the full scale reactor and justify our growing intake of capital.

2025 Q1 2025Q2 2026 - 2028 2028 ~2031
Pre-seed (YC) Seed Series A, B Series C Delivery
Design and analysis, Build and Next largest auxiliary =~ Magnets & Tokamak Fulllgcat!en 2030’s scale
customer engagement commission full scale  system (gyrotrons, app 'ﬁ; 'f sion 10 reactors/yr
auxiliary system, magnet power supplies, fgaegtor . by 2035,
cryogenic plant energy storage, tritium >$1B profit
fueling)
Pre-seed Seed
Incorporated the company e Peer reviewed design with detailed plasma $100M-$500M for the HTS Fusion powered revenue!
and kicked off detailed design  physics basis, operational and maintenance magnets, vacuum vessel,
of the reactor. Began forming plans cryostat.
Industry, government, and e Experimental campaign on existing facilities to
. . . : g Government
academic partnerships. materials for fusion relevant conditions and [ Partnerships ]
divertor scenarios. "
Series A and B will —> ° Grow the team. +.10%1OO klpk ass engineers
f icatin (nuclear, mechanical, electrical, thermal), plasma
OCUS Oh replicating physicists, marine architecture.

these at larger scale —— « Build a full scale auxiliary system relevant for [ Sggﬁg‘ﬁgip ]ﬁ [ Yinsen ﬂ%[ Academic R&D ﬂ
marine deployment. Demonstrating the de- ) | ‘ ‘ |
risking of miniaturizing auxiliary systems.

Series C we ‘fill in the gap’ biting off
the HTS magnets, Vacuum Vessel, and
heart of the facility; the tokamak core.

Delivery on a ship

MW RF Gyrotron from QST & CETD (Japan)
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Vision
FUSION IS the future

The Looming Energy Crisis

The world runs on energy, yet the foundation of our energy
systems is crumbling. Fossil fuels—coal, oil, and natural SE——
gas—have powered civilization for centuries, but they are e 1800 - 2300

finite. At current consumption rates, known oil reserves
could be depleted within 50 years, while natural gas and
coal reserves face similar fates. The harder these fuels are
to extract, the more expensive and unsustainable they
become. Even as renewables scale, they remain unreliable.
Solar and wind fluctuate, requiring storage solutions that
are expensive and underdeveloped. Meanwhile, global
energy demand is set to double by 2050, driven by Al
computing, urban expansion, and industry. Without a —
breakthrough, the world faces an unavoidable energy :
crisis—one that threatens economic growth, technological
progress, and geopolitical stability.
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Advanced societies do not use less energy—they use more. Energy consumption is directly correlated with
innovation, economic growth, and quality of life. A world constrained by energy shortages is a world of stagnation.

The answer has been In front of us all along

7000 | Nearly every watt of energy ever used on Earth—

= Transportation Historical Modeled High . . . ..
| ——— every fire lit, every barrel of oil burned—originates

x Residentia e from a single source: fusion. The Sun fuses hydrogen
000 | uIndustria Reference atoms, unleashing energy far beyond any chemical

reaction. Fossil fuels are simply ancient sunlight,
energy stored from past fusion reactions. For the first
time In history, we have the technology to replicate
the Sun’s power here on Earth.

Electricity Consumption (TWh)

2000

1000

v Why burn the leftovers when we can tap into the
E;EEE} 1960 1970 1980 1990 2000 2010 DED E{Séﬂ 2040 2'550 Source itself?

Fusion is not just another energy source—it is a civilizational unlock. It is essentially limitless, emissions-
free, and requires fuel sources so abundant that we will never run out.

If energy was no longer scarce, what would that mean for the world?

Water Scarcity Food production Computation & Al Transportation
. ® » L]
Unlimited clean Vertical farming and No limits on training the Fusion propulsion makes
energy means unlimited abundant harvests— most powerful models. sustainable travel
de-salination feeding humanity feasible
sustainably.

Fusion is not about consuming less energy—it’'s about unlocking more.

But we need a thoughtful way to bring the first fusion reactors to market.
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FUSIOon IS the future

The promise of fusion is undeniable, but realizing it =\
demands more than scientific progress—it requires Q\_A L\ \
an industrial revolution the likes of the Manhattan Rl |\ \
Project and Apollo Program. Unlike past energy | - U \\ \

transitions, which repurposed existing infrastructure,
fusion needs an entirely new ecosystem. The
reactors themselves are just one piece of a far larger
puzzle. The true challenge lies in building the supply
chains, refining fuel production, and restructuring the
energy grid to distribute near-limitless power.

Scaling fusion isn't just about technological breakthroughs—it’s about execution. Who will take fusion
from lab experiments to real-world deployment? The transition demands unprecedented
collaboration between governments, industries, and innovators. Policies must evolve, capital must
flow, and industries must adapt to a world where energy is no longer a constraint but a catalyst for
transformation.

This is no longer a question of if but when—and who will lead. The world’s largest economies are
already competing to dominate fusion, with billions flowing into research and commercialization. The
U.S., China, and the European Union have made bold commitments, but private companies are moving
faster than governments. The economic stakes are massive. The first countries to commercialize
fusion will control the energy future—while others risk being left behind in a world they no longer
dictate.

The pioneers of fusion will define the future energy landscape for generations.

Maritime Fusion isn’t just watching—we’re building it. This is more than an engineering race; it's the
defining economic and technological contest of the 21st century. The moment we crack fusion, energy
scarcity soon becomes a relic of the past—fueling infinite innovation, limitless computation, and a world
no longer constrained by resources. This isn’t just an investment in energy—it’s an investment in a new
industrial age. Practicality drives our approach, ensuring we deliver not just theoretical solutions but
tangible results. Fusion is the future. With our eyes set firmly on FOAKs today and SOAKs and NOAKSs
tomorrow, we're not just preparing to change the maritime industry; we're ready to change the world.

The future belongs to those bold enough to create it.
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