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Weinberg’s Vision for our Energy Future 

Alvin Weinberg had 

a vision of our 

energy future.  It 

would be clean and 

sustainable. 

As director of the 

Oak Ridge National 

Lab from 1955 to 

1972 he and his 

technical team made 

remarkable progress 

on this vision. 



Weinberg’s vision of the future 

was based on thorium and liquid-

fueled reactors. 

These reactors would make 

electricity and produce fresh 

water from the ocean. 



But Weinberg’s vision and research stalled in 1974 when the United States 

ceased funding thorium efforts in favor of a plutonium fast breeder reactor. 



We formed Flibe Energy to fulfill the vision of a ―world 

set free‖ by the energy of thorium. 



Worldwide Need for Electricity and Water 

We need much more energy at 

much lower prices… 

…with much less impact on 

the Earth’s environment. 



Today’s Non-Solutions 

Expensive, intermittent, 

alternative energy isn’t 

the answer.  Most 

people on Earth can’t 

afford unsubsidized 

alternative energy. 

Cheap and reliable, but dirty 

energy isn’t a viable answer 

either.  Most people have no 

better alternatives. 



Thorium is the Answer 

Natural, abundant and 

inexpensive thorium is 

the answer. 

Thorium energy can be 

inexpensive and clean if 

made by a liquid-fluoride 

thorium reactor (LFTR). 

With thorium, you can 

hold a lifetime’s supply of 

energy in the palm of 

your hand. 

It would cost a few cents. 



DOE sees Industry Leading Future Nuclear 

 “In the United States, it is the 
responsibility of industry to 
design, construct, and operate 
commercial nuclear power 
plants.” (pg 22) 

 

 “It is ultimately industry’s 
decision which commercial 
technologies will be deployed. 
The federal role falls more 
squarely in the realm of R&D.” 
(pg 16) 

 

 “The decision to deploy 
nuclear energy systems is 
made by industry and the 
private sector in market-based 
economies.” (pg 45) 



Our mission is to supply the world with affordable and 

sustainable energy, water and fuel. 



The US Military Needs a Remote Source of Power 



Small Rugged Reactor (SRR) LFTR Concept 

 The military is exploring use 

of small rugged reactors 

capable of operating in 

dangerous and remote areas. 

We are designing small 

rugged LFTRs for this 

purpose. 

 The SRR LFTR would 

 Operate at low pressure 

 Operate at high temperature 

 Drive closed-cycle gas turbines 

 Use waste heat for desalination 

 Be portable and easy to 

assemble and disassemble 

 Could eventually generate syn-

fuels onsite 



Why Liquid-Fluoride Thorium Reactors? 

 Technical Advantages: 

 Inherent, passive safety through fluid fuel form and low-pressures. 

 High temperature operation offers high conversion efficiencies and air 

cooling offers siting flexibility away from water bodies. 

 Extremely low fuel preparation costs, no fuel fabrication costs. 

 Excellent chemistry match with thorium/uranium fuel cycle. 

 Salts are chemically stable and impervious to radiation damage, 

enabling unlimited fuel burnup and continuous solvent recycling. 

 Uranium-233 fissile fuel is highly unsuitable for weapons diversion and 

is readily downblended with depleted uranium in an emergency. 

 Technical Challenges 

 Salts can be aggressive to metals and other structural materials. 

 High-temperature operation naturally presents design challenges. 

 Technology base has largely stagnated for 40 years. 

 LFTR technology is very different from the water-cooled, uranium-

fueled reactors that are the basis for current nuclear power generation, 

and is not yet fully understood by regulatory agencies and officials. 



The turbine drives a 

generator creating 

electricity 
Hot fuel salt 

The gas is 

cooled and the 

waste heat is 

used to 

desalinate 

seawater 

Hot coolant salt 

Warm coolant 

salt 
Warm fuel salt 

Hot gas 
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How does a fluoride reactor make electricity? 

Reactor containment boundary 



LFTR is passively safe in case of accident 

 In the event of TOTAL loss of 

power, the freeze plug melts 

and the core salt drains into a 

passively cooled configuration 

where nuclear fission and 

meltdown are not possible. 

 The reactor is equipped 

with a “freeze plug”—an 

open line where a frozen 

plug of salt is blocking 

the flow. 

 The plug is kept frozen by 

an external cooling fan. 

Freeze Plug 

Drain Tank 



The Proposition 

We will initially design, develop and demonstrate a small 

modular liquid-fluoride thorium reactor (SM-LFTR) for the US 

military. 

 Desired first demonstration at a military site to be determined. 

 Design power level of 20-50 MWe. 

 

 The SM-LFTR is the precursor to much larger, utility-class LFTRs 

operating at the 250-300 MWe power generation scale. 

 Factory-produced and modular, with lower capital costs like gas 

turbines. 

 Extremely low fuel-cycle costs through use of thorium in a liquid 

fluoride form. 

 



Flibe Energy Co-founders 

 Kirk Sorensen 

 Chief nuclear technologist, Teledyne Brown 
Engineering, 2010-2011 

 US Army Space and Missile Defense Command, 2008-
2010 

 NASA Marshall Space Flight Center, 2000-2010 

 MS, nuclear engineering, University of Tennessee, 
2012 

 MS, aerospace engineering, Georgia Institute of 
Technology, 1999 

 Kirk Dorius 

 Intellectual Property Counsel, Zagorin O’Brien 
Graham, Austin, TX 

 JD, intellectual property law, University of New 
Hampshire, Franklin Pierce Law Center, 2004 

 Mechanical Engineer, The Boeing Co.,  ICBM Ground 
Systems 2000-2001 

 BS, mechanical engineering, Utah State University, 
2000 



Flibe Energy Executives 

 Gerald Grove-White, Independent Non-executive Director 
 Gerry Grove-White is a retired mechanical Engineer with 45 years experience 

 in power generation around the world (gas, oil, coal, nuclear, wind, hydro and 
geothermal). 

 This has included extensive project management experience, and financing of 
IPP’s, in addition to a wide range of operational engineering experience.  

 Managing Director of Geodynamics 

 COO of Tata Power 

 Power and Services Manager for The Boots Company in the UK 

 Operational engineering roles on MAGNOX, CANDU and FBR at Dounreay 

 B.Sc Hons in Mechanical Engineering, City University London 

 Member, Institution of Mechanical Engineers 

 Chartered Engineer 

 Certified Diploma In Accountancy and Finance 

 London Business Schools, Senior Executive programme, 1993 

 Bryan Lee Bennett (Colonel, USAF, Retired), Corporate Secretary 
 Expert in political science and international relations. 

 Two tours of duty at USAF HQ, two tours with the Organization of the Joint 
Chiefs of Staff. 

 Served as a politico-military affairs officer in the NATO Policy Branch, Air 
Defense of NATO/Europe. 

 OJCS/Plans and Policy, Chief, European Plans and Forces. 

 Graduate, National War College 

 Senior Research Fellow - National Defense University in Washington, DC. 

 Chief of Special Activities Division - Deputy Chief of Staff/Programs and 
Resources. 

 Director, Air Force Management Analysis Group/Latin America 
(AFMAG/LATAM). 

 Vice President, FedFunds, McLean, Virginia  

 President, Courtbridge Management Company, Arlington, Virginia 

 BS, East Carolina University, MA, University of North Dakota 



Board of Advisors 

 Dr. Parker Griffith 
 Former US Congressman (Alabama Fifth District)  

 Retired MD in radiation oncology 

 Dr. Robert Hargraves 
 Former corporate executive, PhD Physics, Dartmouth professor 

 Aim High campaign for thorium based civil power 

 Dr. Ralph Moir 
 Retired plasma physicist from Lawrence Livermore National Laboratory 

 Expert in hybrid fission-fusion reactors and molten-salt blankets 

 PhD in nuclear engineering, MIT 

 Dr. Per Peterson 
 Professor of nuclear engineering at UC-Berkeley, PhD mechanical engr 

 Expert in the thermal-hydraulics and heat transfer with molten salts 

 Member of the Blue Ribbon Commission on America’s Nuclear Future 

 Dr. Darryl Siemer, United States 
 Retired chemist from Idaho National Lab (INL), PhD Chemistry 

 Expert in nuclear waste disposal options, including MSR technologies 

 Dr. Chris Uhlik, United States 
 Former Google program manager, PhD electrical engineering 

 Program manager and developer of Gmail, Street View, Google Books 



Liquid Salt 

Liquid Metal Water 

Gas 

Coolant Choices for a Nuclear Reactor 

Moderate 

Temperature 

(250-350 C) 

High 

Temperature 

(700-1000 C) 

Atmospheric-

Pressure Operation 

High-Pressure 

Operation 

Pressure 

Coolant 

Temperature 



Power Conversion System 

 The power conversion system 

(PCS) transforms the heat 

generated by the reactor into 

useful work. 

Only a portion of the heat 

energy can be turned into 

work, and this is primarily 

governed by: 

 the temperature at which the 

heat is delivered to the PCS 

 the temperature at which the 

heat is rejected from the PCS 

 Large power-generating 

systems, like reactors, use 

continuous-flow techniques 

 Rankine cycle (steam) 

 Brayton cycle (gas) 

Rankine-cycle steam turbine 

for AP-1000 light-water reactor 

Brayton-cycle gas turbine 

for high-temperature reactor 

like LFTR 
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Small Modular Reactors by Primary Coolant 

 Hyperion 

 Toshiba 4S 

 GE PRISM 

 B&W mPower 

 NuScale 

 Westinghouse 

 IRIS 

 KLT-40S 

Moderate 
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High 
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Atmospheric-

Pressure Operation 

High-Pressure 

Operation 
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 PBMR 

 GT-MHR 

 EM2 

 

 Flibe Energy LFTR 



Nuclear Fuel Options 

Thermal 

Spectrum 

(< 1eV) 

Fast 

Spectrum 

(>100 keV) 

Uranium-233 / 

Thorium-232 

Feasible: U-233 

fission produces 

enough neutrons 

per thermal 

absorption to 

sustain conversion 

of thorium-232 

Fuel 

Neutron 

Spectrum 

Uranium-235 Plutonium-239 / 

Uranium-238 

Feasible but 

undesirable: fast 

fission requires 10x 

more fissile 

material per unit 

power than thermal 

fission 

Feasible: U-235 is 

naturally fissile but 

rare 

Feasible but 

undesirable: U-235 

fast fission requires 

10x more fissile 

material per unit 

power than thermal 

fission 

Not feasible: Pu-

233 fission does 

not produce 

enough neutrons 

per thermal 

absorption to 

sustain conversion 

of uranium-238 

Feasible and 

necessary: only fast 

fission of Pu-239 

produces enough 

neutrons per fast 

absorption to 

sustain conversion 

of uranium-238 



Thermal U-233/Th-232: Feasible but unattractive, 

thorium oxide fuel very difficult to process, 

demonstrated at Ft. St. Vrain HTGR 

Thermal U-235: Feasible implementation, basis of 

PBMR, VHTR, GT-MHR concepts, limited U-235 

Fast Pu-239/U-238: Feasible implementation,  

fuel processing difficult, basis of GCFR and  

EM2 concepts 

Thermal U-233/Th-232: Feasible and attractive, 

thorium and uranium tetrafluorides easy to 

process, basis of LFTR concept 

Thermal U-235: Feasible but unattractive, 

requires enriched fuel, limited U-235 

Fast Pu-239/U-238: Somewhat feasible, fluoride 

salts moderate neutrons, basis of MSFR concept 

Thermal U-233/Th-232: Feasible but unattractive, 

thorium oxide fuel very difficult to process, 

demonstrated at Shippingport LWBR 

Thermal U-235: Feasible and basis for nearly all 

reactors in the world today, limited U-235 

Fast Pu-239/U-238: Infeasible, water coolant is 

moderates neutrons and no fast spectrum 

Fast Pu-239/U-238: Attractive implementation, 

coolant choice minimizes moderation 

Thermal U-235: Feasible but unattractive, 

requires additional moderator material 

Thermal U-233/Th-232: Feasible but unattractive, 

thorium oxide fuel very difficult to process, 

requires additional moderator material 

Fuel Results Coupled with Primary Coolant 
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Pebble-Bed and Prismatic-Fueled 

High-Temperature Gas-Cooled Reactors 

Gas-Cooled Fast Breeder Reactors 

(uranium/plutonium) 

Liquid-Fluoride Thorium Reactor 

(Flibe Energy) 

Enriched uranium water-cooled reactors 

(light-water and heavy-water) 

Liquid-Metal Fast Breeder Reactors 

(uranium/plutonium) 

Fuel Results Coupled with Primary Coolant 
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High-temperature salts 

enable use of compact 

gas turbines instead of 

large steam turbines 

Low-pressure 

operation and 

passive safety 

enables compact 

reactor designs 

Locate thorium reactors 

at existing power-plant 

sites or near demand 

centers to minimize 

power transmission 

LFTR technology can lead to smaller, safer and more 

economic reactors! 



Conclusion 

Nuclear technologies can be measured by several considerations 

 Primary coolant limits efficiency and sets pressure 

 Primary fuel determines waste generation and sustainability 

 LFTR technology has the potential for: 

 High-temperature 

 Low-pressure 

 Very low waste generation (and ready use of recovered ―wastes‖) 

 Sustainable resource base 

High-temperature generation offers deployment flexibility 

 Air-cooling enables deployment away from water sources 

 Thorium fuel offers deployment and supply stability 

 Dense fuel source enables lifetime fuel commitments 

 Flibe Energy aspires to be the world leader in the design, 

development, manufacture and deployment of liquid-fluoride 

thorium reactors! 



Why Didn’t This Happen? 



Uranium-238 

(99.3% of all U) 

Thorium-232 

(100% of all Th) 

Uranium-235 

(0.7% of all U) 

Uranium-233 

Plutonium-239 

Three Basic Nuclear Fuels 



Neutron Production Per Fission Event 
Neutron Production per Fission Event
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Can Nuclear Reactions be Sustained in Natural 

Uranium? 

Not with thermal neutrons—need more than 2 neutrons to sustain reaction 

(one for conversion, one for fission)—not enough neutrons produced at 

thermal energies.  Must use fast neutron reactors. 

Spectrum Moderated Spectrum Spectrum 
Fast Thermal 

Start 

Reality 

Pu-240 

Production 

Produces long-

lived Actinides 

– Yucca Mtn 

Greater 

propensity  

to absorb 

neutrons 

• Goal of fast 

breeder reactors 

• Most of Pu 

burned 

• Fast reactors 

keep neutrons 

here, but at a high 

price: 

– Safety 

– More fuel (5x) 



Can Nuclear Reactions be Sustained in Natural 

Thorium? 

Yes!  Enough neutrons to sustain reaction produced at thermal fission.  

Does not need fast neutron reactors—needs neutronic efficiency. 

Thermal Spectrum Moderated Spectrum Spectrum 
Fast 

No Advantage 

in the fast 

spectrum for 

Thorium 

U-234 

U-232 contaminates  

U-233 and cannot be 

removed 

– Prevents U-233 

being used as 

weapon 

Start 



1951: Experimental Breeder Reactor 1 

In 1951, Fermi’s protégé Walter Zinn and his 

Argonne team successfully operated the first 

liquid-metal-cooled fast spectrum breeder 

reactor at a site in Idaho. 

The reactor produced enough power to light 

a few light-bulbs, but was heralded as the 

first power-producing reactor in the world. 



Experimental Breeder Reactor-2, Idaho 



Enrico Fermi Breeder Reactor, Monroe, MI 



Weinberg’s 1969 Introduction to MSR Tech 

 ―The prevailing view holds that the LMFBR is the proper path to 

ubiquitous, permanent energy. It is no secret that I, as well as many 

of my colleagues at ORNL, have always felt differently. When the idea 

of the breeder was first suggested in 1943, the rapid and efficient 

recycle of the partially spent core was regarded as the main problem. 

Nothing that has happened in the ensuing quarter-century has 

fundamentally changed this. 

 

 ―The successful breeder will be the one that can deal with the spent 

core most rationally—either by achieving extremely long burnup, or 

by greatly simplifying the entire recycle step. We at Oak Ridge 

have always been intrigued by this latter possibility. It explains 

our long commitment to liquid-fueled reactors-first, the aqueous 

homogeneous and now, the molten salt.‖ 



USAEC Breeder Reactor Appropriations (FY1968-1985) 



Breeder Reactor Funding (1968-85) 
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Nixon wanted a fast-breeder reactor for CA 

Nixon: 

 Since you missed our meeting, when we had--on breeder reactor, you 

know--the one thing that I wanted to tell you too, is that I--now, this has 

got to be something we play very close to the vest--but I'm being 

ruthless on one thing. Any activities that we possibly can should be 

placed in southern California in this field and also in the saline water 

field. You know, we need the jobs, we need to sop up those air 

[Unclear.] workers. Now, we got some . . . we're going to do a couple 

of new things on water, for example. And I've decided to throw one big 

plant into southern California. I mean, you know, a big--‖one of these 

implementing, you know what I mean--‖ 

Hosmer: 

 Oh, yes, yes. 

Audio link: 

http://whitehousetapes.net/transcript/nixon/004-027 



Pres. Richard Nixon, Hanford, Washington, September 26, 1971 

Video Link:  

http://www.youtube.com/watch?v=uRCib2l6T

uY&t=8m40s 

 

http://www.youtube.com/watch?v=uRCib2l6TuY&t=8m40s
http://www.youtube.com/watch?v=uRCib2l6TuY&t=8m40s


Pres. Richard Nixon, Hanford, Washington, September 26, 1971 

Video Link:  

http://www.youtube.com/watch?v=uRCib2l6T

uY&t=10m49s 

 

http://www.youtube.com/watch?v=uRCib2l6TuY&t=10m49s
http://www.youtube.com/watch?v=uRCib2l6TuY&t=10m49s


Nixon Continued to Back the Fast Breeder 

 January 20, 1972: 

 Nixon emphasizes the fast breeder reactor in his State of the Union speech 

 

 March 16, 1972: 

 Nixon emphasizes the fast breeder in a special message to Congress, 
highlighting the pledge of $25 million from the electrical industry. 

 

 July and August 1972: 

 Both Republican and Democratic Party platforms for 1972 strongly support the 
fast breeder. 

 

 September 7, 1972: 

 Congressional testimony notes that the US government will be expected to 
cover cost overruns on the fast-breeder reactor, and that the development cost 
will be at least $700 million. 

 Rep. Craig Hosmer states that if cost targets are missed "I for one don't intend 
to scream and holler about it.― 

 

 September 1972: 

 AEC issues WASH-1222, an "evaluation" of the molten-salt breeder reactor 
concept 



“I found myself increasingly at odds with the reactor division of the 

AEC.  The director at the time was Milton Shaw.  Milt was cut very 

much from the Rickover cloth: he had a singleness of purpose 

and was prepared to bend rules and regulations in achievement 

of his goal.  At the time he became director, the AEC had made 

the liquid-metal fast breeder (LMFBR) the primary goal of its 

reactor program.  Milt tackled the LMFBR project with 

Rickoverian dedication: woe unto any who stood in his way.  

This caused problems for me since I was still espousing the 

molten-salt breeder.” 

 

Weinberg Versus the USAEC in 1972 



“Milt was like a bull.  He enjoyed [congressional] confidence so 

his position in the AEC was unassailable.  And it was clear that 

he had little confidence in me or ORNL.  After all, we were 

pushing molten-salt not the LMFBR.  More that that, we were 

being troublesome over the question of reactor safety.” 

 

Asking Difficult Questions about Safety 



Holifield Drives Weinberg out of USAEC 

“[Congressman] Chet [Holifield] 

was clearly exasperated with me, 

and he finally blurted out, “Alvin, 

if you are concerned about the 

safety of reactors, then I think it 

may be time for you to leave 

nuclear energy.”  I was 

speechless.  But it was apparent 

to me that my style, my attitude, 

and my perception of the future 

were no longer in tune with the 

powers within the AEC.” 

 



“As I look back on these events, I 

realize that leaving ORNL was the 

best thing that could have 

happened to me. My views about 

nuclear energy were at variance 

with those of [the AEC and 

Congressional leadership].  After 

all, it was I who had called 

nuclear energy a Faustian 

bargain, who continued to 

promote the molten-salt 

breeder…” 



Political Developments in 1973 

 January 1973: 

 ORNL is directed by the AEC to terminate all development of the molten-salt 
reactor. 

 

 April 18, 1973: 

 Nixon reiterates the national commitment to the fast breeder, saying it will 
extract 30 times more energy from uranium than light-water reactors and that 
"development of the liquid metal fast breeder reactor is our highest priority 
target for nuclear research and development." 

 

 August 31, 1973: 

 French ―Phenix‖ reactor achieves criticality. It has a power rating of 250 MWe. 

 

 October-November 1973: 

 Yom Kippur War, OPEC oil embargo 

 

 November 7, 1973: 

 Nixon announces "Project Independence," a plan to make the US energy 
independent by 1980.  The breeder reactor was a central feature of this plan. 



Political Developments in 1974 

 February 4, 1974: 
 Nixon highlights the development of fast-breeder nuclear reactors as part of his 

"comprehensive national energy policy― in his annual budget message to 
Congress. 

 

 March 17, 1974: 
 OPEC oil embargo ends. 

 

 May 1974: 
 India detonates a nuclear weapon built from plutonium separated from natural 

uranium irradiated in a heavy-water reactor. 

 

 August 9, 1974: 
 Nixon resigns as President of the United States and is replaced by Gerald Ford. 

 

 October 11, 1974: 
 President Ford abolishes the Atomic Energy Commission and creates in its 

place the Energy Research and Development Administration (ERDA) and the 
Nuclear Regulatory Commission (NRC) to begin regulating the nuclear industry. 
The Joint Congressional Committee on Atomic Energy (JCAE) is also 
abolished. 



Political Developments in 1975-1976 

 January 15, 1975: 
 Ford announces that the United States will be energy independent by 1985 in 

his State of the Union address. 

 

 February 25, 1975: 
 Ford reiterates his commitment to the fast breeder reactor as the cornerstone of 

an energy-independence plan, now saying that it will provide 60 times more 
energy from uranium than conventional light-water reactors. 

 

 February 26, 1976: 
 Ford increases funding for research and development in energy from $2.2 

billion to $2.9 billion, with the fast breeder reactor mentioned as a particular 
priority. 

 

 March 22, 1976: 
 Ford again highlights fast breeder reactor development and how it could extend 

uranium resources for "centuries." 

 

 October 28, 1976: 
 Ford bans the reprocessing of nuclear fuel based on fears of proliferation of 

nuclear material for weapons and political pressure from Carter. 



Proposed Clinch River Breeder Reactor 



Carter’s Nuclear Policies in 1977 

March 25, 1977: 

 Carter states that solar energy will be his prime focus and that "we're 
going to cut back drastically on the concentration involving the breeder 
reactor and a plutonium society.― 

 

April 7,1977: 

 Carter extends Ford’s ban on reprocessing used nuclear fuel; he also 
calls for a cutback in federal funding for the Clinch River Breeder 
Reactor effort. 

 

April 20, 1977: 

 Carter announces a National Energy Plan—less petroleum, more coal. 
"There is no need to enter the plutonium age by licensing or building a 
fast breeder reactor such as the proposed demonstration plant at 
Clinch River." 

 

May 17, 1977: 

 Carter blames emphasis on the breeder reactor for the slow progress 
made in solar power. 



Political Developments from 1977-1983 

August 26, 1977: 

 Shippingport Atomic Power Station loaded with an experimental 
thorium-uranium-233 core. 

 

March 28, 1979: 

 Meltdown at Three Mile Island-2. 

 

 1981: 

 Reagan lifts the ban on commercial reprocessing, but none are built. 

 

October 1, 1982: 

 Shippingport is shutdown for the last time—The examination shows 
that there is 1.3% more fissile material in the core than when the 
experiment began—thorium breeding works! 

 

 January 7, 1983: 

 President Reagan signs into law the Nuclear Waste Policy Act. 



Breeder Reactor Funding (1968-85) 
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Why Didn’t This Happen? 

 The AEC saw plutonium as a “sure bet” in a breeder reactor, 
thorium was more uncertain (but proven in the end). 

 

 They invested early and heavily in the liquid-metal fast-breeder 
reactor (LMFBR) despite failures and meltdowns. 

 Industry got involved with $200M in investment 

 

 In June 1971, Nixon announced that the fast breeder was US 
policy, he saw it as a strategy for energy independence 

 Weinberg fired, MSRP cancelled 

 

 Ford cancelled fuel processing, Carter extended it 

 Without fuel reprocessing and plutonium extraction, the plutonium fast-
breeder was non-viable. 

 

No one in DC revisited the decision to cancel the MSR program. 

 Team disbanded and dispersed; knowledge lost; considered a failure 


