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In 1954, Harrison Brown, a highly-regarded 
geoscientist at the California Institute of 
Technology, published a book that suggested 
solving world hunger by pumping massive amounts 
of carbon dioxide into the atmosphere to stimulate 
plant growth.

In The Challenge of Man’s Future, Brown proposed 
the construction of “huge carbon-dioxide 
generators pouring gas into the atmosphere” and 
calculated that doubling the amount in the 
atmosphere would require the burning of at least 
500 billion tons of coal.  Albert Einstein hailed 
Brown’s book as a work of genius.

































Another benefit of a closed fuel cycle is reduced long 

term radiotoxicity of material placed in geological 

storage
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Radiotoxicity of LWR Spent Fuel
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Fast Reactor Transmutation Analyses
Fast reactors with closed fuel cycle can effectively manage TRU

• Can be configured as modest 

breeders (CR≥1) to moderate 

burners (CR≥0.5) with 

conventional technology

• Low conversion ratio designs 

(CR<0.5) have been investigated 

for transmutation applications

– High enrichment fuels are required 

(~50% TRU/HM for CR=0.25)

– Non-uranium fuel would be needed to achieve CR=0

• Safety performance will change at low uranium content (e.g., reactivity 

losses, reduced Doppler coefficient) 

– Detailed safety analysis conducted for CR=0.25 SFR system

– Passive safety behavior is not compromised

• Compact low conversion ratio design COE is similar to reference system

– High leakage configuration increases cost by 20%

– Fuel cost and capacity factor differences roughly offset each other

High Leakage CompactPRISM Mod B

Low Enrichment Fuel High Enrichment Fuel Control Ultimate Shutdown

Shield Gas Expansion ModuleReflector



Fast Reactor Experience
U.S. experience

• First usable nuclear electricity 

was generated by a fast reactor 

– EBR-I in 1951

• EBR-II (20 MWe) was operated 

at Idaho site from 1963 to 1994

– Closed fuel cycle demo

– Passive safety tests

• Fast Flux Test Facility (400 

MWt) operated from 1980 to 

1992

International Experience

• BN-600 power reactor since 1980 at 75% capacity factor

• Operating test reactors: PHENIX (France), BOR-60 (Russia), JOYO 

(Japan)

• Most recent construction was MONJU (280 MWe) in 1990

Basic viability of sodium-cooled fast reactor technology is demonstrated



How Far can Transmutation Go?

• In a Hard-Spectrum Fusion Transmutation 

Blanket, Nuclear Performance can be 

Maintained (Mb~10) at least after 

Destroying 75% of the Spent Fuel 

Actinides

• Fraction of Minor Actinides (Am and Cm) 

in the Residual Actinides ~ 30%

• Fraction of Pu239+Pu241 in Pu ≤ 46%



Cost of Transmutation

• Cost of Electricity without Transmutation

– Estimated for Pure Fusion Power Plant ~ 

$0.11/kWh ($0.07/kWh, 1991)

– Market Price of Electric Energy [e.g., San 

Diego ~ $0.062/kWh, August 2004, Averaged 

over 1,223 kWh Charges]

• Cost of Electricity with Transmutation

– Expected to be Lower in a Fusion Based 

Transmutation Plant, ~$0.085/kWh



Recommendations by the Blue 
Ribbon Commission on America's 
Nuclear Future: A Plan for Managing 
Spent Nuclear Fuel and High-Level 
Nuclear Waste.

According to the president’s Blue 
Ribbon Commission, “We know what 
we have to do, we know we have to 
do it, and we even know how to do 
it.”









According to a 2012 Pew Research Center 
poll, 44 percent of Americans favor and 49 
percent oppose the promotion of increased 
use of nuclear power, while 69 percent favor 
increasing federal funding for research on 
wind power, solar power, and hydrogen 
energy technology.



Germany was once touted by President Obama as a shining example of green energy 
policy. The country aims to get 80 percent of its power from green energy by 2050 in an 
effort to drastically cut its carbon dioxide emissions, which scientists say cause global 
warming.

A mix of subsidies and production quotas have allowed the country to rapidly expand its 
green energy production, growing from 4.3 percent of total energy consumption in 1990 
to a whopping 23.5 percent in 2012 (this includes hydroelectric power). But the cost has 
been astronomical to consumers.

Consumer energy bills have been spiking for years to the point where electricity in the 
country has been called a “luxury good” by major media outlets. German households have 
seen electricity prices more than double in the last decade “increasing from €0.14/kilowatt 
hour (kWh) ($0.18) in 2000 to more than €0.29/kWh ($0.38) in 2013,” according to FAA. 
This is compared to U.S. household prices, which have been stable at $0.13 per kilowatt 
hour over the last decade.

FAA also reports that German consumers will pay $31.1 billion for energy subsidies this 
year alone. Furthermore, in the past five years Germany has suffered $67.6 billion in net 
export losses from high energy costs — a huge blow to an export-led economy like 
Germany.



German “Energiewende”



The Energiewende is a huge opportunity to 

pave the way for a highly industrialised, 

sustainable green economy. Ambitions are 

high:

Full phase-out of nuclear energy by 2022

80-95% reduction in greenhouse gases by 

2050

Minimum of 80% renewables in the power 

sector

50% increase in energy efficiency by 2050







BRING ON THE DIRTY COAL MINING 

MONSTERS

(courtesy of Wikipedia)
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