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2 billion people sitting at home in the dark



Energy is the fuel of national prosperity

Source: Royal Dutch Shell, “Exploring the Future
- Energy Needs, Choices and Possibilities

Wealth

En
er

gy

• Raise living standard 
of 3 billion people in 
China, India to West 
European level

• 150 GJ/capita 
X 3 billion folks 
= 450 billion GJ, or

• Roughly doubles the 
world’s energy 
consumption.



Energy supply is easy?



New oil discoveries are smaller, 
deplete quickly, more costly
(source: Nature 17 June 2004, p.694)



*Year end 2004, BP Statistical Review
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Most of the world’s oil reserves (1,189 billion barrels*) are 
controlled by national oil companies, not major companies. 

Courtesy of David Greene, ORNL



Most oil production in the “Golden 
Triangle” in the Middle East

From Simmons & Company, International



An assessment
identifies that part
of the resource that 
is recoverable within
the foreseeable future

Successive assessments
From McCabe, 1998

Resources farther down the pyramid seem to be more carbon intensive
and their extraction more environmentally disruptive.

Courtesy of David Greene, ORNL



Resources in United States

~2 Trillion BOE                              ~800 Billion BOE

BOE – Barrels of Oil Equivalent

Source: EIA, 2005



Current hydrogen use is significant
• Although hydrogen is the most abundant element in the universe, 

it does not naturally exist in its elemental form in large quantities 
or high concentrations on earth.

• The World consumption in 2002 was 50 million tons H2/yr, 
produced primarily by steam reforming of methane 
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• We are now using more than 
5% of North American natural 
gas for H2 production which, 
with natural gas use for

electricity production, is putting 
pressure on home heating costs 

• The current H2 production releases 
320 million metric tons CO2/yr



Eventually we will have viable fuel cells -
hydrogen fuel & water out the tailpipes 
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Baldev Raj, GLOBAL 2005, October 2005



Prof. Jun Kai Lee, October 2005
(Ph.D. Princeton 19XX)



Let’s talk about nuclear

Monday
Boston Consulting Group report says 
reprocessing is economically viable.
Tuesday
India-US nuclear pact overwhelmingly passed by 
House of Representatives
Wednesday
Amarillo Power announced intent to build 2 
ABWRs in Texas
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Greenhouse gas (GHG) emissions
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Evidence of a pending renaissance

Enabling legislation
Public announcements of pending nuclear plant orders
Nuclear industry staffing
Nuclear engineering enrollment
Surge in favorable news stories
Significant financial investment
Shift in public policy to favor nuclear along with other 
environmentally friendly sources of power

• It is a great year to be ANS president!



0.252.1Industrial safety 
accident rate/200k-hr

07.3%Unplanned reactor 
shutdowns/7000 hr

90.5%56.3%Fleet average 
capacity factor

789 billion255 billionElectricity prod. 
(kilowatt-hours)

10369No. of commercial 
reactors

Today1979Performance 
indicator

Performance improvements since 
President Carter’s administration



Conditions for nuclear to be a significant 
part of the 21st century energy mix

• Low carbon emission technology
• Affordable
• Expandable
• Sustainable
• Safe
• Accepted
• Doesn’t leave a mess
• Consistent with national and international policy



Advanced Light Water Reactors 
(ALWRs)

• Standardized designs based on 
modularization producing shorter 
construction schedules

• Passive or redundant systems 
to enhance safety

• Easier to protect from terrorist 
attacks

New designs available today—Generation III+
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1 Reactor Pressure Vessel     18 HPCF Pump
2  Reactor Internal Pumps 19 RCIC Steam Turbine and Pump
3 Fine Motion Control Rod Drives 20 Diesel Generator
4 Main Steam Isolation Valves 21 Standby Gas Treatment Filter and Fans
5 Safety / Relief Valves 22 Spent Fuel Storage Pool
6 SRV Quenchers 23 Refueling Platform
7 Lower Drywell Equipment Platform 24 Shield Blocks
8 Horizontal Vents 25 Steam Dryer and Separator
9 Suppression Pool Storage Pool
10 Lower Drywell Flooder 26 Bridge Crane
11 Reinforced Concrete Containment  27 Main Steam Lines

Vessel 28 Feedwater Lines
12 Lower Drywell Equipment Hatch 29 Main Control Room
13 Wetwell Personnel Lock 30 Turbine-Generator
14 Hydraulic Control Units 31 Moisture Separator Reheater
15 Control Rod Drive Hydraulic 32 Combustion Turbine-Generator

System Pumps 33 Air Compressor and Dryers
16 RHR Heat Exchanger 34 Switchyard
17 RHR Pump

Gen-III
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ABWR
Advanced 
Boiling Water 
Reactor

further evolution



U.S. Nuclear Industry—First Movers

Constellation
Calvert Cliffs

Southern
Vogtle

Southern
Hatch

Dominion
North Anna

TVA
Bellefonte

Entergy
Grand Gulf

Entergy
River Bend

Progress Energy
Florida Plant

Progress Energy
Harris

SCE&G
V.C. Summer

Constellation
Nine Mile

Duke 
Carolina Plant

NRG
South Texas

Announced 
in mid-June

Amarillo 
Power

Amarillo

Announced 
7/27/06



Summary Estimate of New Nuclear Power Plants
Based on the Design Centered Approach

(as of 7/2/06)

2619Total

--------------------

33Unspecified

42ABWR

55EPR

33ESBWR

116AP 1000

UnitsCOLs

Number of Reference COLs: 4
Number of Environmental Reviews: 19+



The new ALWR designs reverse the trend of 
increasing steel and concrete

Gen II

1970’s PWR
1000 MWe

40 MTsteel/MW

Scaled Comparison

Gen III+ - Passive

ESBWR
1550 MWe

__ MTsteel/MW

AP-1000
1090MWe

42 MTsteel/MW

Gen III - Active

EPR
1600 MWe

49 MTsteel/MW

ABWR
1380 MWe

51 MTsteel/MW



USA is decidedly pro-nuclear today
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Megatons to Megawatts
• 1 out of 10 US light bulbs 

is powered by uranium 
from a former Soviet 
warhead

– 6 trillion kW-hr
– $12 billion cost

• Cost equivalent energy:
– $600 billion in oil
– $420 billion in gas
– $43 billion in coal

• Energy equivalent:
– 10 billion barrels of oil
– 60 trillion cf natural gas
– 3 billion tons of coal…atoms for peace.

2005 Nobel Peace Prize

International Policy 



50,000 t ore 
(0.32%)

160 t U

140 t U tails
20 t 4% enriched U

20 t 4% 
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20 t spent fuel0.2
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0.9 t waste in 
~5 t glass;

6 t radioactive 
hardware

18.9 t uranium



Cost: a challenge to fuel cycle closure?

1500900-1100-1300$/kgIHMMOX fabrication

30063-72-81$/kgIHMHLW 
storage/disposal

1000700-800-900$/kgIHMReprocessing
400410-530-650$/kgIHMSF storage/disposal
275200-250-300$/kgIHMUOX fabrication
10050-80-110$/kg SWUEnrichment
83-5-7$/kgConversion
3020-30-40$/kgOre

MIT/HarvardOECD-NEAUnitsCost Component

IHM: initial heavy metal
Not according to the Boston Consulting Group



Current industrial recycle



Waste volume has shrunk with advancements

Courtesy of
COGEMA



Discharges at La Hague 1976-2002

»Liquid discharges : β, γ activities
(other than tritium)
»Liquid discharges : α radiation
»Liquid discharges : tritium

»tU : Tons of reprocessed spent fuel per year
»TWh : energy produced by the reprocessed fuel

»TW
h

»Activitie
s

Courtesy of
COGEMA



National spent fuel policies
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Courtesy Areva

New Initiatives



The Greening of Nuclear Energy



Why nuclear is green; why it’s not green enough

• Safe
• Potentially sustainable
• Minimal air emissions
• Readily expandable
• Minimal solid waste
• It’s now a “cool”

conversation topic
• Strong environmental 

endorsements
• Economically competitive

• Extractive industry
• Much remains to be 

proven
• Much remains to be 

implemented
• Lingering nonproliferation 

issues




