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Earth At Night NASA

A Unique Perspective



Our Planet TodayPopulation ~ 6 Billion

Millions Enjoy Unprecedented 
Standard of Living



Our Planet TodayPopulation ~ 6 Billion

~ 1 Billion w/o Safe Water
~ 2.5 Billion w/o Adequate Sanitation

Dismal Poverty1/3 Humanity - NO  Electricity

A World of Need



Our Planet TodayPopulation ~ 6 Billion

Fossil Fuels dominate electricity 
generation, run factories, power 
vehicles, heat homes, etc. 

GHG Emissions (per capita)
North America 54 kg 
Europe & Japan 23 kg
China 6 kg

25 Billion Tonnes Of CO2 Into 
The Atmosphere Per Year  

Consumption & Emission Rates 
Will Increase With Economic 
Development And Growth

To Stabilize GHGs 50% - 75% 
Reduction in Global Emissions



Our Next Century
Economies Will Grow 
Developing Countries Will Evolve 

50 Years . . . . .

By 2050 Global Energy Consumption Will Double

Population

~ 9 Billion

~ 6 Billion

Energy 
Demand



The Global Challenge 
In the Next 50 Years . . . . .

More Energy Will Be Consumed Than In All 
Previous History

GHG Emissions 
Could Double

Our Challenge - To Produce Clean 
Energy On A Global Scale.



The Energy Picture In the Next 50 Years . . . . .

Meeting Energy Needs Will Require A Mix Of 
Energy Sources . . . .

. . . . And A Move Away 
From The Predominate 
Use Of Fossil Fuels 



“Renewables”“Clean Energy”

Biomass

Realistic Perspective – Collective impact will be quite 
limited – for decades to come.  OECD projects less 
than 3% of world electricity demand.

Solar

Wind
Geothermal

Renewable 
Development Must Be 

Strongly Supported



Reality of Renewables

Want H2 from renewables? 
Add more states!



Nuclear – A Viable “Clean Energy”
CO2

Nuclear on Par 
with Renewables
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Nuclear TodayPerformance is Outstanding
Capacity Factors - All Time High
Costs At All Time Low
Safety is Primary

Poised to realize its full potential - - - - - -

2/3 of Global Population ⇒ Nuclear Power
~ 440 Nuclear Power Plants

Nuclear Power – Not Fully Exploited
Labors Under Cloud Of Misunderstanding



Hydrogen - Today
World Consumption 45 MM Tons/yr

– ~96% Produced by Steam Methane 
Reforming

– Releases 320 MM tons of CO2/yr

Oil Refining 
(37%)

Ammonia 
Production

(50%)

Methanol 
Production 

(8%) Other (5%)

Source: Salomon Smith Barney, EIA, EPRI

Liquid Fuel Production is 
Rapidly Becoming Major 
Market for H2

10% Annual 
Growth

A “Bridging” Market For 
Deployment of Nuclear –
H d



Hydrogen’s PromiseFuel 
Cell

A Clean “Abundant” Fuel

Clean 
Transportation

Stationary 
Applications In 
Home & Industry

“Micro” 
Applicatio . . . Store Enormous 

Quantities Of “Electricity”ns



H2 Versatility
Biomass

Hydro
Wind
Solar

Biomass

Hydro
Wind
Solar

Biomass

Hydro
Wind
Solar

NuclearNuclear

Coal

Oil

Natural 
Gas 

Se
qu
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Multiple Sources & Applications

H 2H 2H 2
Stationary  
-
Commercia
l, 
Residential

Transportatio
n

Micro 
Apps

Makes Sense Only If Hydrogen Is 
Produced With Non-GHG Emitting 
Processes



Getting Hydrogen From Nuclear
• Conventional Electrolysis (A Proven Technology)

– Overall Efficiency ~24% (LWR), ~ 36% (HTGR)

• High Temperature Electrolysis (HTE)
– > 50% Efficiency 

• Thermo-Chemical Water-Splitting ⇒ Developing 
Technologies
– Set Of Chemical Reactions That Use Heat To Decompose Water 

Into H2 & O2
– Overall Efficiency ~ 50%
– Requires Generation IV Or High Temperature Gas Reactors
– Several Cycles under Consideration – Sulfur Iodine, Calcium



High Temperature Electrolysis
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Uses thermal energy to reduce 

electrical energy requirements



ThermoChemical Water SplittingSulfur Iodine - “SI” Process

800oC +
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SO2 H2O
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H2

120oC
H2O Heat
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+
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WATER

Efficiencies 47%- 53%
600 MWTh Module ⇒ ~200 Tons / Day



ThermoChemical Water SplittingWestinghouse – Hybrid Process

Water 2H2O SO2+

0.55V 
90oC

Electricity
H2SO4

H2H2

SO2
850oC

Heat

+ H2O
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ThermoChemical Water SplittingSulfur-Bromine “S-Br” Process
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ThermoChemical Water Splitting
H2

Water H2O 2CuCl2+
Steam

430oC

Heat 2CuClCuCl2 + CuO
500oC

Heat

2HCl + 2Cu 450oC

Heat

2CuCl

25oC

Electricity

+

+
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½O2

O2
2CuCl2

2Cu

Copper Chlorine – “Cu-Cl” Process (Argonne Low Temperature 
Cycle - 3)



Nuclear H2 – Commercially Viable ?Preliminary Economics “SI” Process - - Based on Best Available 
Industry Data
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Nuclear Appears To Be Commercially 
Competitive in H2 Production On A Large 
Scale



Gas Turbine – Modular Helium Reactor 
(GT-MHR)Modular Construction

– 288 MWe / Unit - - 4 Units / Site
– Below Grade Silo & Terrorist Hardened

Low Cost
– Construction Time  < 3 years
– Capital Cost ~ $1000/kW (nth-of-a-kind)
– O&M + Fuel Costs < $15 / MWHr
– Low Staffing Levels
– Low Decommissioning Costs 

Technology Base
– 40 Years - Gas Reactor Experience
– Core / Fuel Design 

–- Fort St. Vrain, Peach Bottom, 
International



A Closer Look• Reactor
– Helium Cooled
– Inert / Non-Corrosive Gas
– Non Radioactive
– High Heat Capacity

• Power Conversion System
– Gas Turbine
– Brayton Cycle vs. Steam Cycle
– High Efficiency  ~ 50%
– Modern Gas Turbine Technology

MHR

490  C (915 F)
7.07MPa (1025psi)

850  C (1562 F)
7.01MPa (1016psi)

510  C (950 F)
2.64MPa (382psi)

125  C (257 F)
2.59MPa (376psi)

26  C (78 F)
2.57MPa (373psi)

TURBINE

GENERATOR

RECUPERATOR

PRECOOLER

HIGH PRESSURE
COMPRESSOR

LOW PRESSURE
COMPRESSOR

FROM HEAT
SINK

FROM HEAT
SINK

INTERCOOLER



Simpler Design – Less Equipment
Turbine - Generator

Feedwater 
Heaters

Deaerator

Feedwater Booster & Main 
Feed Pump System

Condensate 
Pumps

Condenser

Safety Systems
Auxiliary Systems
Redundant Systems

Piping



Particle Fuel

Uranium Oxycarbide

Porous Carbon Buffer

Silicon Carbide

Pyrolytic Carbon

PARTICLES

COMPACTS

FUEL ELEMENTS

Coated fuel 
particles (right) are 
formed into fuel 
rods or compacts 
and inserted into 
graphite fuel 
elements (below).

• Ceramic Fuel Particles
– High Temperature Capability > 1600 oC
– Stable Graphite Core / Moderator
– Low Power Density
– Superior Radionuclide Retention
– High Proliferation Resistance

–High Fuel Burn-up Capability
–Low Fissile Fuel Volume Fraction

Meltdown Proof



Passive Safety

C.  Passive Reactor Cavity Cooling System

B.  Active Shutdown Cooling System

D.  Passive Radiation & Conductive Cooling 

Air Blast 
Heat 
Exchanger

Relief 
Valve

Surge 
Tank

Shutdown Cooling System 
Heat Exchanger and 
Circulator

Reactor Cavity 
Cooling System 
Panels

Natural Draft, Air-
Cooled Passive 
System

A.  Normal - Using Power Conversion System
Heat Removal Paths

Cooling 
Tower



Passive Safety
Design Goal = 1600°C

Depressurized

Pressurized

To Ground
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“Safe”- in Worst Case Conditions
– Temperature Remains  < 1600 oC
– Fuel Integrity Maintained
– Prevents Release of Radioactivity

Large Margin To Fuel Degradation

No Need For

Active Safety Systems 

Offsite Emergency Response



Our Future

A Future Of Radical Change – Either In The Way We 
Produce Energy Or In The Health Of Our Planet

A “Bridge” – From Electric Energy 
Sector To The Larger Spectrum of 

Energy Use 

Public Awareness – Recognize Nuclear Power As A 
Safe, Large Scale Source of Climate Friendly Energy1

Collaborative Efforts – Support International Efforts to 
Fully Develop Nuclear-Hydrogen Technologies 2
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