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1. Introduction

A commercial power plant based on nuclear fusion is decades in the future. The path to
that future is through a forest of many alternative designs. The two major groves in this
forest are magnetic confinement fusion (as in the DIII-D tokamak, the largest operating
tokamak in North America)' and inertial confinement fusion (as in my hometown'’s
Lawrence Livermore National Lab's National Ignition Facility.)?

The above two projects are NOT operating power plants, but simply experiments, and
several additional experiments and prototypes may lead to power plants. Also, there are
other experiments that might (long-shot) lead to an operating power plant. | have written
about all of the above, and the summaries and links below are a brief sample.

Fusion — on Targets, Sept, 2025: LLNL is working on a fusion energy production
method, called inertial-confinement-fusion, and this is the primary subject of this paper.
Inertial-confinement-fusion uses either a pulse of light from multiple powerful lasers or an
electromagnetic pulse to compress a target containing Deuterium (D), the second
isotope of hydrogen and Tritium (T), the third isotope of hydrogen. This compression
triggers an implosion that increases the density, thus the temperature of the target, to
several million degrees. When this happens the D & T fuse releasing a large amount of
energy in the form of fast neutrons that heat water or other cooling fluids and/or
oscillating magnetic fields that can be converted directly to electricity via coils.

https://www.energycentral.com/enerqy-biz/post/fusion---on-tarqets-8FUNCNWel4pDnVV

Fusion Energy Firms Status Update, March 2025: | occasionally write about fusion
energy. Although this may be the holy-grail of sustainable energy production in the
future, 1 still need to write about it in the future-tense. There are many variants of fusion
energy being tested, but none of them have a clear path to an economically viable large-
scale electricity generation facility.

Two of these flavors are being championed by National Labs in my hometown
(Livermore, California): The National Ignition Facility (NIF) at Lawrence Livermore
National Labs (LLNL) and MagLIF at Sandia National Labs (SNL) with LLNL.

https://enerqycentral.com/c/cp/fusion-enerqy-firms-status-update

Twisted Fusion: The Stellarator, December 2023: The short story is that there are
basically two popular configurations of potential nuclear fusion reactors: The Tokamak,
created by the USSR in in 1968, and an earlier design, the Stellarator, invented by
American scientist Lyman Spitzer of Princeton University, which began operating in 1953
and demonstrated plasma confinement in 1951. Both of these designs had “issues.”

https://www.energycentral.com/enerqy-biz/post/twisted-fusion-stellarator-part-2-
14LHTHPYwWAAS1Rf

This paper is about one of the off-mainstream fusion experiments.

! https://d3dfusion.org/
2 https://www.innovationnewsnetwork.com/lawrence-livermore-national-laboratory-future-of-fusion-
following-ignition/
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2. Pulsed Plasma Fusion Powerplant

A Powerplant based on fusion should be the holy grail of power provision for the future.
The main reason for this is, at least based on current designs, it should be highly
scalable, ranging in power output from that required to power a single medium-sized
facility (like a factory or data center) to a large city. One reason for this is that, unlike
fission Powerplants, a fusion reactor does not require much supporting infrastructure.
This is especially true of the design from a new firm.

Just east of Malaga, Washington — a farm town in apple country-the Columbia River runs
between basalt bluffs past the Rock Island Dam, which has turned water into electricity
for the Pacific Northwest since 1933. Now, on a flat stretch of land nearby, a very
different kind of power project is taking shape.?

Helion Energy, one of the world's best-funded private fusion companies, is building
what it calls Orion: a machine it says will become the world's first fusion power plant,
delivering 50 megawatts of electricity to Microsoft data centers by 2029. In a field long
dominated by laboratory milestones and moving timelines, Helion, backed by the likes of
OpenAl CEO Sam Altman, is the first fusion company to make a commercial promise,
one that provides a useful lens on the new industry: well-funded, ambitious and
entangled with artificial intelligence's huge appetite for power.

"The pressure's on for Helion and everyone else," says David Kirtley, Helion's CEO. He
has a ready reply to the old joke about fusion always being 20 years away. "l say, 'We're
20 years late. We need to step up and build these [plants] and deploy them at scale." "

Private money has flooded the field. Big tech companies are signing power deals with
fusion-firms years before any commercial machine has delivered electricity. Al is not the
only reason for this rush, but it has sharpened the urgency. Data centers require
staggering amounts of around the-clock electricity; fusion start-ups are selling a path to
firm, carbon-free power. "It's a situation that's certainly unlike any other energy
technology,” says Troy Carter, director of the Fusion Energy Division at Oak Ridge
National Laboratory.

But you can't buy your way around the laws of physics. Even as the walls at the Orion
site rise, big questions swirl over the company's bold promises including from one of
Helion's co-founders.

Fusion happens in stars all the time. But doing it on Earth is harder: the first, task is you
must heat light nuclei into plasma at temperatures above 100 million degrees Celsius,
then keep them hot, dense and stable long enough for sufficient reactions to occur.
That's the first challenge.

Fuel and materials pose more hard problems. The most practical fusion fuel-deuterium
and tritium, both hydrogen isotopes-throws off fast neutrons that bombard their
surroundings, degrading the very machine meant to contain the reaction. And tritium is
radioactive, with a relatively quick half-life of 12 years, and barely exists in nature. Any
reactor running on deuterium-tritium fuel will need to breed its own tritium supply — one
of a number of burdens that, as Carter says, the industry has yet to seriously address,
leaving them to hope the national labs will carry that load.

3 Alex Pasternack, “The Fusion Wager,” Scientific American, June 2026 Issue (hardcopy),
https://www.scientificamerican.com/article/helion-energy-is-building-a-fusion-power-plant-can-its-
technology-deliver/

2|



https://www.scientificamerican.com/article/helion-energy-is-building-a-fusion-power-plant-can-its-technology-deliver/
https://www.scientificamerican.com/article/helion-energy-is-building-a-fusion-power-plant-can-its-technology-deliver/

Helion, based in Everett, Wash., is betting on one of the more obscure fusion ideas: a
linear reactor built around a plasma shape called a field-reversed configuration (FRC).
Unlike the doughnut- shaped steady-state plasma that forms inside a tokamak or the
asymmetrical ribbon of plasma coursing around a stellarator, an FRC plasma,
resembling a spinning smoke ring, holds itself in place, requiring fewer external
magnets. An FRC reactor "has very few external magnets," Carter says. "The magnets
you need are much less complex, much lower field and less costly.” The catch is
confinement: FRC plasmas are notoriously hard to stabilize as they take in more energy.

m

"The unique thing about FRCs: We call them 'self-organized," says experimental
physicist John Slough. "It's like spinning a top. But, if you try to screw around with it,
you're just going to mess it up.”

Slough spent decades working to keep the idea alive. By the early 2000s federal support
for alternative fusion concepts had largely dried up; Slough, then at the University of
Washington, continued on a shoestring, with small space-propulsion contracts from
NASA and the U.S. Air Force. A key insight was that two FRC plasmoids could be
formed with magnetic pulses at either end of the reactor, accelerated toward each other
at up to 1.6 million kilometers per hour, and made to collide and merge-using the
collision itself as a shortcut to fusion temperatures. The reaction takes place in fractions
of a millisecond: through a rapid stream of pulses, the fuel is heated, compressed and
expanded repeatedly to generate electricity.

Around 2008 Slough hired Kirtley, then a young aerospace engineer. As federal support
ebbed, Kirtley g saw something Slough did not: the seed of a start-up. They and an
engineering technician named Chris Pihl worked on the idea. With Slough's blessing,
Kirtley and Pihl took the concept to start-up incubator Y Combinator (then run by
Altman), and Helion took off. It was part of a pattern in fusion: when public money dried
up, some abandoned concepts turned into start-ups.

Another unusual feature of Helion’s approach is what comes after the reaction. Most
fusion power plant designs call for using fusion heat to boil water, spin a turbine and
drive a generator. Helion is skipping that thermal cycle. As the merged plasma expands
after the fusion pulse, it should push back against the magnetic field and induce electric
current directly in coils surrounding the machine. Helion claims that when the plasma
generates current directly, it can recover electricity at efficiencies over 95 percent. That
number matters enormously.

"Fundamental to our technology is direct electricity recovery,” Kirtley says. "If you can
recover the electricity at 95 percent efficiency, fusion has to do only that [last] little bit."
Carter agrees that this aspect is Helion's clearest technical edge — if it works. "That's a
real advantage for Helion," he says, which "does lower the bar, if they can do that, on
how much gain they need."

That "if" is the whole story. Helion has built seven prototype machines, each more
powerful than the last. The latest, Polaris, is a 19-meter device with capacitor banks
capable of storing and delivering a staggering 50 megajoules of energy per pulse. Earlier
this year Helion announced that Polaris, housed in a 30,000-squarefoot facility in

Everett, had reached a record 150 million degrees C and, according to the company,
had become the first privately developed fusion machine used to demonstrate fusion
using deuterium-tritium fuel.
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The engineering challenges have been brutal. Helion has had to replace research-grade
switches with solid-state hardware that can survive hundreds of millions of pulses. To
power the machine, the company also has constructed thousands of specialized high-
voltage capacitors; Polaris requires enough of the oil-filled devices to fill 150 shipping
containers. Through each rapid repetition, all the electrical systems must work in perfect
synchrony, with nanosecond timings. Each pulse appears as "this flash of light, like a
camera flash,"” says Anthony Pancotti, a Helion co-founder. "It produces fusion, recovers
that energy, before you can blink your eye."

This approach shapes Helion's manufacturing ambitions. It imagines many modular
generators, built in factories and shipped to customers like server racks for energy. The
company now employs around 600 people, with a heavy emphasis on technicians rather
than scientists.

In 2023 Helion announced what it called the first power purchase agreement in fusion,
committing to open its Malaga plant by 2028 and supply Microsoft with 50 megawatts of
electricity by the following year, with financial penalties for non-delivery. A few months
later it announced a 500-megawatt development deal with steelmaker Nucor. Altman
recently stepped off the company's board as OpenAl and Helion explored a possible
partnership.

But a power deal is not the same thing as a working power plant. Helion's history, like

that of many fusion projects, includes a string of missed deadlines. The company once
projected net electricity from an earlier machine by 2024. As the Microsoft date looms,
no published results have confirmed net power generation from Polaris.

The sharpest criticism comes from Slough, whose FRC research helped to give rise to
Helion. He has since split with the company, and his objection goes to the heart of the
design. The core problem, he says, is the same one FRCs have always faced:
confinement. In his view, Helion's aggressive approach of firing plasmas together at
extreme speed and compressing them drives instabilities severe enough to produce a
“catastrophic” loss of flux before fusion can do the work Helion needs it to do. At those
speeds, he says, "you've run up against a fundamental aspect of the FRC."

Helion's longer-term ambition draws a second line of criticism. The company ultimately
wants Orion to run on deuterium and helium-3, which would produce fewer higher-
energy neutrons and maximize its direct capture of electricity. But helium-3, produced by
the radioactive decay of tritium, is exceedingly scarce, and fusion reactions are harder to
achieve, requiring temperatures of about 200 million degrees C. Slough says that the
heat and confinement it would require are physically implausible with Helion's design.
Where he once saw possible pathways, he now "can't see anything in the physics” that
would allow it.

Kirtley counters that Slough relies on "dated" one-dimensional models that ignore the
speed of its pulses. "Many instabilities do not have enough time to grow," he says,
arguing that Helion's machines remain stable enough to complete formation, merging,
compression and fusion on the required timescale. Helion plans to breed helium-3 from
tritium and says that its models suggest it can convert more than 85 percent of the
plasma's energy into useful electricity.
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There is also the question of transparency. Helion publishes very little peer-reviewed
data about the core performance of its plasma, making it difficult for outside scientists to
evaluate its claims. "They don't publish, and that's a stance they take," Carter says.
Without more data, he adds, "it is hard to fully assess where they're headed."

Another line of scrutiny comes from Karl Lackner of the Max Planck Institute for Plasma
Physics in Germany, whose group published formal comments in the Journal of Fusion
Energy in February. Their target is a 2023 paper by Kirtley and Helion scientist Richard
Milroy, laying out the physics case for the company's deuterium-helium-3 approach.
Central to its projected energy gains is the idea that ions in the plasma can remain far
hotter than electrons after the collision and compression-a condition that would reduce
the energy input required to sustain the reaction. Lackner's group argues that, once you
account for ordinary collisional power transfer, the requirements become "much more
demanding" than Helion's analysis suggests.

For its part, Helion says Lackner's analysis does not account for the cadence of its
pulses. A favorable ion-electron temperature ratio improves efficiency, but the question
"is not whether ions can remain hotter than electrons forever but whether the pulse
evolves quickly enough" for that nonequilibrium to support efficient fusion and energy
recovery.

None of this means Helion will fail. Fusion has a long history of overpromised deadlines
and delayed breakthroughs. But private fusion has changed the field's pace, forcing
questions about supply chains and manufacturing into a domain that for decades
focused on lab science. Carter, whose 2021 U.S. Department of Energy report set a
2040 target for the first fusion pilot plant before private capital accelerated the timeline,
thinks a pilot plant in the 2030s is feasible. But he is emphatic that no one company can
get there by itself.

The supply-chain dimension alone illustrates why. Helion makes its own capacitors and
ultrahigh- pressure ceramics; other fusion companies need similar components.
Massachusetts--based Commonwealth Fusion Systems is building infrastructure to
produce the high-temperature superconducting magnets it needs. But no start-up can
fully internalize these industrial-scale obstacles on its own. In April the DOE said it will
invest $135 million — its largest fusion investment to date — to address the "toughest
technical barriers"” to commercial-scale fusion. "If there's a way for the public sector to
support these supply-chain gaps," Carter says, "that's something we should be looking
at.”

Back near Malaga, the construction continues. Orion is rising on the plain above the
Columbia. Not far away, Helion is preparing a new assembly facility to piece together
thousands of intricate components. A short distance downstream, the dam still turns the
falling water into light.

Whether Helion will deliver by 2028 is uncertain, as is fusion's ability to make a
meaningful contribution to the grid in the 2030s. The physics still have to cooperate. But
by treating fusion as a manufacturing challenge rather than a mainly scientific one,
Helion has already changed what the industry believes is possible-and how soon.

Final author’'s comment: There is no doubt that the above-described path to fusion
energy is a long-shot, but so are most other similar ventures. However, recent events
give me hope.
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Helion’s next big bet is fusion power manufacturing at scale — but tech uncertainty
remains

November 11, 2025: The company recently signed a lease near its Everett headquarters
for a 166,000 square-foot space dubbed Omega where the company will install an
assembly line to build the thousands of capacitors needed to deliver massive surges of
electricity to its fusion generator and capture the energy it produces.*

And from today (June 3, 2026) as I'm writing this:

Helion Energy Raises $425 Million to Build World's First Nuclear Fusion Power
Plant

Helion Energy, a US-based startup focused on nuclear fusion technology, has raised
$425 million in a Series F funding round, bringing its total capital raised since its
inception in 2013 to over $1 billion.®

The latest round of investment includes contributions from prominent backers such as
Lightspeed Venture Partners, SoftBank, Vision Fund 2, as well as existing investors like
Sam Altman, Capricorn Investment Group, Mithril Capital, Dustin Moskovitz, and Nucor.

Large investors don’t invest a billion dollars without doing a ton of research. This is still a
long-shot, but it might be the real-deal. It is different enough from every other approach
to fusion energy to potentially be a breakthrough technology. Also, Sam Altman is on the
inside, so it would be difficult to hide any serious issues from him, and he is a primary
investor in the round announced today (reference 5, below).

4 https://www.geekwire.com/2025/helions-next-big-bet-is-fusion-power-manufacturing-at-scale-but-tech-
uncertainty-remains/
3 https://londondaily.com/rnmbnz-helion-energy-raises-425-million-to-build-world-s-first-nuclear-fusion-

power-plant
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