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➢Fission & Neutron Economy

➢Viewing the Present through the Lens of History

➢Advanced Reactor Concepts

What’s going on?
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Basics of Fission
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➢  Nuclear power is a low carbon emission, 7/24, dispatchable energy source that support grid 

stability, energy security, and climate goals.

➢ Accounts for total electricity generation 18% in USA and 10% in the world.
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Basics of Fission

Knief, R. A. (1992). Nuclear engineering: theory and technology of commercial nuclear power. ANS

These decay energy is 7% of all the 

energy released – but the big problem!~ 200 MeV 

energy released

~ 168 MeV 

as fission 

fragments

Fuel pellet, cladding, reactor 

vessel, and confinement 

building are 4 barriers 

holding these fission 

products
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Basics of Fission

MeV % of Total

Fission Fragments 168 168 84

Neutrons 5 5 2.5

Prompt Gamma Rays 7 7 3.5

Delayed Radiations

    Beta particles & antineutrinos 20 8 4

    Gamma Rays 7 7 3.5

Radiative Capture Gammas 5 2.5

Total 207 200 100

Heat Produced
Energy Source

Fission 

Energy 

(MeV)
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The electronvolt (eV) is built for particles 
because joules are too large there.

1 eV = 1.602 x 10^-19 J

0.0000000000000000001602 J

How much energy is 1 Joule?

E = mgh
0.10 kg x 9.8 m/s^2 x 1 m
≈ 0.98 J ≈ 1 J

1 g TNT
4,184 J

1 J

0.239 mg TNT
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Electron volt (eV) and Joule - Energy 

units: 

eV is an extremely small unit

1 fission releases about 200 MeV but only 3.2 × 10-11 J

How is that possible that a typical nuclear power plant 
produce 1000 MW (10000 MJ/s)? 

The 200 MeV released from a single fission event is a 

very small amount of energy, but it can drive this 

giangatic turbine?

fission events per second

For a plant to produce 500 MW,

• Sand: about as many as all the grains of sand on Earth’s beaches and deserts
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Reactor design is the art of optimizing 

a neutron economy

Boron in control rods and in water to regulate power by absorbing neutrons  
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1. Fuel: Uranium

• Oxide

• Metal

• TRISO*

• Carbide 

• Nitride

• Liquid salt

3. Coolant:

• Water

• Liquid Sodium

• Helium Gas

• Liquid Lead

• Lead-Bismuth Eutectic

• Molten Salt

Basics of Fission Reactors

2. Moderator:

• Light water

• Heavy water

• Graphite

Yellowcake uranium is used in the preparation of uranium 

fuel that is used in nuclear reactors. (Photo: DOE)
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A pressurized water reactor 
(PWR)

307/440 (73%)

A PWR fuel assembly (typically 14×14 to 
17×17) holds ~176–264 rods. A large 

reactor has ~150–250 assemblies 
containing 80–100 tons of uranium.

A boiling water reactor 
(BWR)

Source: World Nuclear Association

94/440  (21%)

~ 764 fuel assemblies, each containing 

62 fuel rods, a total ~ 47,368 fuel rods, 

and 70-100 tons of uranium.

Light Water Reactors
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The neutron was discovered by James Chadwick in 1932.

He published a short letter in Nature in February 1932 (“Possible Existence of a 

Neutron”)
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August 2, 1939: Albert Einstein signed the letter to President Roosevelt in USA that recent discoveries involving uranium 

nuclear chain reactions might make extremely powerful bombs possible and, importantly, that Nazi Germany might pursue 

such a weapon..
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1. Birth (1938–1945)

•Discovery of nuclear fission (1938)

•Manhattan Project (1942)

•First reactor (December 2, 1942)

2. Golden Age (1945–1973)

•Rapid reactor innovation 

•Research reactors (OSU research reactor 1961)

•Naval propulsion 

•Commercial nuclear power (1954, Obninsk, 1957, 

Shippingport)

•Atoms for Peace 

•Worldwide optimism 

•ORNL becomes the world's premier reactor research center 

3. The End of the First Nuclear Era (1973–1994)

•Safety becomes dominant; regulatory expansion 

•Public opposition, advanced reactor programs cancelled 

•Three Mile Island (March 28, 1979) - The Movie: China 

Syndrome was released in the United States on March 16, 1979

•Chernobyl (1986)

•Industry stagnation
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Molten Salt Reactor

Source: U.S. Department of Energy, Nuclear Energy Research Advisory Committee (NERAC).
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➢ Because of coolant activation, the potential for sodium/water interactions between high-pressure 

steam and a low-pressure sodium loop, an intermediate coolant loop is used.

➢ This leads to two fundamental design choices: Pool vs. Loop

Sodium-cooled fast reactor

➢ Low pressure

➢ Recycle plutonium repeatedly

➢ Burn minor actinides (Np, Am, Cm)

➢ Reduce long-lived nuclear waste
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Viewing the present through the lens of history



17This schematic was created with generative AI assistance and verified by the authors for technical accuracy.
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• The first nuclear-powered submarine, USS Nautilus (SSN-571), construction: 

1952, launch: 1954

• The first civilian nuclear power plant in the United States was the 

Shippingport, Pennsylvania, 1957, use water as moderator and water as 

coolant -  Light Water Reactor (LWR)

• 1946 - 1950s: The molten salt reactor (MSR) concept was proposed and 

developed at the U.S. Oak Ridge National Laboratory (ORNL).

• 1940s: The idea of sodium-cooled reactors was explored during the Manhattan 

Project, 1951: The first experimental sodium-cooled reactor, the Experimental 

Breeder Reactor I (EBR-I), was constructed and operated at the (now) U.S. 

Idaho National Laboratory.

• Atoms for Peace was initiated by President Eisenhower on December 8, 1953

Historical Perspective
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“Why didn’t the molten-salt system, so elegant and so well 

thought-out, prevail? …..It was a successful technology that 
was dropped because it was too different from the main lines 
of reactor development…I hope that in a second nuclear 

era, the technology will be resurrected.” —pg 130-131

“That light water would be the main line for commercial 

development was a surprise to me even though I had 
proposed this system for submarine propulsion. In the early 
days, other systems had their proponents. But the LWR had 

one overwhelming advantage: it has already proven itself as a 
reliable power plant for Nautilus.” —pg 133

“I knew this was untrue: pressurized water had been chosen 

to power submarines because such reactors are compact 
and simple. Their advent on land was entirely due to 
Rickover’s dominance in reactor development the 1950s, 

and once established, the light-water reactor could not be 
displaced by a competing reactor. To claim that light-water 
reactors were chosen because of their superior safety 

belied an ignorance of how the technology had actually 
evolved.” —pg 231

Admiral Rickover

Historic Perspective

1994
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This timeline was created with generative AI assistance and is for interpretive summary only, not a definitive historical chronology.
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Key takeaway from Weinberg's book:

The Light Water Reactor won the commercialization race before alternative 

reactor concepts had the opportunity to fully mature.

The commercialization of reactor technologies was shaped less by a direct 

technical competition than by a sequence of decisions:

1.Naval propulsion gave the PWR a 10-year engineering head start. 

2.Shippingport demonstrated that a naval reactor could be adapted for civilian electricity 

generation. 

3.Utilities and vendors standardized on LWRs, creating economies of scale. 

4.Regulatory frameworks evolved around LWR technology. 

5.Advanced reactors (MSR, SFR, HTGR) remained successful demonstrations but never 

received comparable commercial investment.
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➢ China and India are 
leading with massive 
investments in nuclear 
reactors constructions.

➢ The US, France, Russia, 
and South Korea are also 
expanding their nuclear 
infrastructure.

➢ US has a surging interests 
in bringing nuclear 
energy to power AI/data 
centers

The Present - Nuclear Energy in the World
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Current Operable Nuclear Power Plants



24



25



26“Generation IV Nuclear Energy Systems: Program Overview” (Department of Energy, n.d.)

Generations of Nuclear Energy Systems chart

➢ This Nuclear Generation Chart is a bit outdated, but still relevant, proposed in 2000s

➢ Microreactors, SMRs, and advanced reactor concepts were not introduced back then



27https://liftoff.energy.gov/advanced-nuclear/

➢ US nuclear capacity has the potential to triple from ~100 GW in 2024 to ~300 
GW by 2050

https://liftoff.energy.gov/advanced-nuclear/
https://liftoff.energy.gov/advanced-nuclear/
https://liftoff.energy.gov/advanced-nuclear/
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SMR and Microreactor
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1.) Advanced Light 

Water Reactors

• Existing light-water 

reactor systems

• Use enhanced safety 

systems

2.) Liquid Metal Fast 

Reactor

• Na or Pb 

• High temperature

• Low pressure

3.) High-Temperature

Gas Reactor
• (750 - 900 Celsius)

• TRISO fuel

4.) Molten-salt Reactor

• Atmospheric pressure
• On-line refueling

5.) Heat-pipe Reactor

• No pumps or moving parts

Advanced Reactor Types

U.S. Department of Energy, Office of Nuclear Energy, educational use
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• In the U.S., X-energy is working on pebble-fueled Xe-100 design (80-MWe high-temperature, 
gas-cooled reactor) that can be scaled into a four-pack to make a 320-MWe power plant. 

• Kairos Power also has a version of molten salt coolant (Flibe, contains fluorine, lithium, and 
beryllium), TRISO fuel-based reactor.

https://x-energy.com/

X-energy’s X-100

In the prismatic reactor, 

no flowing balls

Thousands of 

hexagonal blocks are 

stacked and their 

TRISO fuel sticks 

replaced periodically.

https://x-energy.com/reactors/xe-100
https://x-energy.com/reactors/xe-100
https://x-energy.com/reactors/xe-100
https://x-energy/
https://x-energy/
https://x-energy/
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https://www.youtube.com/watch?v=YBNFvZ6Vr2U

An overview of nuclear accident in Fukushima Japan

https://www.youtube.com/watch?v=YBNFvZ6Vr2U
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https://www.youtube.com/watch?v=bCbms6umE_o

Chernobyl Visually Explained

https://www.youtube.com/watch?v=bCbms6umE_o
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Summary
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2015–Present: 

Accelerated by advanced reactor concepts, major legislation, and rising demands from AI 
data centers.

KEY POLICY MILESTONES

2019

NEIMA

Restructured NRC fees; 

workforce development; 
directed Part 53 

framework

2020

Energy Act

Advanced Reactor 

Demonstration Program — 
cost-sharing to cut 
development risk

2022

IRA

Zero-emission production 

credit for existing plants; 
uranium supply-chain 

investment

2024

ADVANCE Act

Efficient licensing 

mandate; reduced fees; 
statutory deadlines; Price-

Anderson +40 yrs

2025

Exec. Orders

Research push; re-examine 

LNT model & NRC pace; 
wholesale regulatory 

revision

Part 53 Milestone

Completion of the Part 53 licensing framework marks the 
first concrete achievement of this latest renaissance 
push.

AI Data Center Demand

Exogenous momentum from large language model data 
centers seeking reliable, carbon-free baseload power — 
sustainability of the renaissance still uncertain.
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