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Extent of Summer Sea Ice 

2007 – Smallest Summer Sea Ice Extent in Recorded History – 1 Million 
Square Miles vs. Previous Low of 1.5 Million Square Miles (2005)

(source: European Space Agency)



A brief review of the human 
population
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Population 2000 years agoPopulation 2000 years ago 

10 million10 million
The following manner of 
depicting the growth in 
population is due to John 
Ritch, World Nuclear 
Association 10 million10 millionAssociation



Population 1000 years agoPopulation 1000 years ago 

300 million300 million300 million300 million



1800: Beginning of the industrial age

Robert Malthus 
publishes his

1 billion1 billion

publishes his 
essay on the 
Principle of 
Population 1 billion1 billion



1927 Global Population1927 Global Population

2 billion2 billion2 billion2 billion



19601960

3 billion3 billion3 billion3 billion



19741974

4 billion4 billion4 billion4 billion



19871987

5 billion5 billion5 billion5 billion



19991999

6 billion6 billion6 billion6 billion



2050 Estimated Population2050 Estimated Population

9 billion9 billion9 billion9 billion



2100 estimated populationp p

??5 billion or 10 billion?5 billion or 10 billion?



Global extremes of energy distributionGlobal extremes of energy distribution
No Electricity

Vulnerable to water shortage
Scarce Electricity

Future water vulnerability
Fo

80% of global 
consumption
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growing at 75 million people per year
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Correlation Between Electricity 
C ti & GDP
Per capita Electricity Consumption vs. Per capita GDP 

for various nations of the world
Per capita Electricity Consumption vs. Per capita GDP 

for various nations of the world

Consumption & GDP

for various nations of the worldfor various nations of the world
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All technologies will be required, including nuclear energy
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Achieving all targets is very aggressive, but potentially Achieving all targets is very aggressive, but potentially 
feasible. feasible. 
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Efficiency Load Growth ~ +1.05%/yr Load Growth ~ +0.75%/yr

Renewables 55 GWe by 2030 100 GWe by 2030

Nuclear Generation 15 GWe by 2030 64 GWe by 2030

Advanced Coal 
No Heat Rate Improvement for 

Existing Plants
1-3% Heat Rate Improvement for 130

GWe Existing Plants
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40% New Plant Efficiency
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46% New Plant Efficiency 

by 2020; 49% in 2030

CCS None Widely Deployed After 2020

PHEV None 10% of New Light-Duty Vehicle Sales 
by 2017; 33% by 2030 

0
1990 1995 2000 2005 2010 2015 2020 2025 2030

DER < 0.1% of Base Load in 2030 5% of Base Load in 2030
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Source: EIA Annual Energy Outlook, graph courtesy of Electric Power Research InstituteSource: EIA Annual Energy Outlook, graph courtesy of Electric Power Research Institute



Energy Supply Will Increase to Meet 
Gl b l D d
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The additional needs will mainly 
come from large developing 
Countries: China India Brazil

The additional needs will mainly 
come from large developing 
Countries: China India BrazilCountries: China, India, Brazil…Countries: China, India, Brazil… Jacques Bouchard, 

GLOBAL 2007



Energy: from the cosmos to electricityEnergy: from the cosmos to electricity

FusionCarbon BondsFission FusionCarbon Bonds



Radiation enables life on earthRadiation enables life on earth

If earth were only warmed by the 
sun, the oceans would be frozen 
solid Radioactive decay suppliessolid. Radioactive decay supplies 
most of the additional heat needed 
for a temperate climate



Life Cycle Greenhouse Gas EmissionsLife Cycle Greenhouse Gas Emissions

Lignite

Source: IAEA 2006

CO2 emission rates for electricity generating alternatives (storage: batteries, pumped hydro, 
compressed air storage; CCS Carbon Capture and Storage) (Weisser 2007)



Productivity and CO2 intensityProductivity and CO2 intensity
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Technical basis for energy policyTechnical basis for energy policy

• Highly recommendedHighly recommended 
reading

• Very useful rule-of-
Sustainable Energy-

without the hot airy
thumb numbers

• No advocacy David JC MacKayy
• Free download or 

$0.99 on Kindle
• Looks at both supply 

and demand



US Wind Energy CapacityUS Wind Energy Capacity



Most clean energy sources are intermittentMost clean energy sources are intermittent 

• 2007 study of the daily behavior of wind by GE (maker 
f i d t bi ) f d th t i d i ti l t d ith

Energy Daily Headline, 3/3/2008

of wind turbines) found that wind is anti-correlated with 
load.

• “If Texas has 15,000 megawatts of installed windIf Texas has 15,000 megawatts of installed wind 
capacity, the grid could rely on having more than 75 
percent of that capacity available for use only 10% of 
the year ”the year.

GE report based on data from the Electric Reliability Council of Texas



Total output of Ireland’s wind farms in 
2007 f it f 745 MW2007 from a capacity of 745 MW



Grid stability is a major concern with a 
high percentage of variable generationhigh percentage of variable generation

650

1 Day

Typical
Average 
CapacityCapacity



U.S Coal Fired Power Plants Cancelled or Delayed in 2007

Bull Mtn 
Power Project

Energy NW

PacifiCorp

Twin River 
Energy Center

Sempra
Sempra

PacifiCorp

NRG

Kansas City Board 
of Public Utilities

Xcel

Sunflower Westar Peabody

PacifiCorp

p

TXUTXU
SWPG

Peabody

Duke
AEP

Tenaska Energy 31 new plants were 
cancelled or delayed in 
2007 due to rising costs, 
cost uncertainty or 
public opposition

Florida Municipal
Power Agency

TECO

Seminole

TXU
TXU

TXU

SWPG

TXU
TXU

public opposition.

SOURCE: Resource 
Media, a group that 
provides media strategy 
and services to 
environmental groups in Palmer

FPL
FPL

g p
the West.





Nuclear power generation—safe workplace

10X better than utility average10X better than utility average
20X better than manufacturing 20X better than manufacturing gg

ISAR = Number of accidents resulting in lost work, restricted work, or fatalities per 200,000 worker hours.
Note: Starting in 2008, data includes supplemental personnel.
Source:  World Association of Nuclear Operators  
Updated: 4/09



Top Nuclear Generating Countries 
Billi kWh 2005Billion kWh, 2005

782.08 0

280.7
430.9

75.283.386.888.7137.3139.3154.6

U.S. France Japan Germany Korea
Rep.

Russia China* Canada Ukraine U.K.

* Includes Taiwan, China

Source: International Atomic Energy Agency and Global Energy Decisions / Energy Information Administration



US electricity production cost, 
t /kil tt hcents/kilowatt-hour

Production Costs = Operations and Maintenance Costs + Fuel Costs. Production costs do not include indirect costs and are based on FERC 
Form 1 filings submitted by regulated utilities. Production costs are modeled for utilities that are not regulated.

Source: Ventyx Velocity Suite
Updated: 5/09



US Nuclear by the numbersUS Nuclear by the numbers
• Percentage of US electricity 

capacity

• Percentage of US electricity 
productionproduction

P t f US l t i it• Percentage of US electricity 
emission free generation
700,000,000 tons of CO2 emissions avoided annually 700,000,000 tons of CO2 emissions avoided annually 
by US nuclear energy productionby US nuclear energy production



Nuclear capacity factors 1971-2008Nuclear capacity factors 1971 2008

Source: Energy Information Administration

Updated: 4/09



US nuclear power uprates (MW/year)US nuclear power uprates (MW/year)

Source: Nuclear Regulatory Commission
Updated:  11/08



NRC has 17 applications for 26 new reactors

Nuclear 
RegulatoryRegulatory 

Commission 
Web Site 
updated 

2 July 2009



Proposed locations for new reactor plantsProposed locations for new reactor plants



DOE programs to advance nuclear energy

NP-2010
Ad d F lAdvanced Fuel 
Cycle Initiative

Generation-IV





Designs competing for US market: 
Generation III

• Standardized designs based on 
AP-1000

modularization producing shorter 
construction schedules

ESBWR• Passive or redundant systems 
to enhance safety

E i f i

ESBWR

• Easier to protect from terrorist 
attacks EPR
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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



Integrated LWR SMR Vendors

• Babcock & Wilcox
mPower– mPower

– 125 MWe
• NuScale Power Inc• NuScale Power, Inc.

– NuScale
– 45 MWe

• Westinghouse 
International
– International Reactor 

Innovative and Secure 
(IRIS )(IRIS )

– 335 MWe Source, R. Black, DOE
2009 ANS Conference



How many soccer fields needed to stack all that 
l t ? 50 000 t f d f l 2000 t/nuclear waste? 50,000 tons of used fuel; 2000 t/a

18 cm18 cm

500 kg500 kg



DOE has submitted a license application for a 
l it t Y M t i N dnuclear repository at Yucca Mountain, Nevada

However, its future is in However, its future is in 
doubt. A blue ribbon doubt. A blue ribbon 
panel will examine the panel will examine the 
hi h l l t i ihi h l l t i ihigh level waste issue in high level waste issue in 
the USthe US





Composition of used nuclear fuelComposition of used nuclear fuel



140 t U tails
20 t 4% enriched U

50,000 t ore 

160 t U 20 t 4% 
enriched U

,
(0.32%)

20 t spent fuel18.9 t uranium

0.9 t waste in 
~5 t glass;

6 t radioactive

20 t spent fuel

6 t radioactive 
hardware 1000 MWe

Modified from WNA



Nuclear Power and Global SecurityNuclear Power and Global Security

• Megatons to megawatts
– 325 tonnes of Russian military 

grade uranium downblended to 
make nuclear fuel

– Equivalent of 13,000 nuclear q
warheads

– 40-50% of US nuclear electric 
generation

– To be completed in 2013To be completed in 2013
– 500 tonnes; 20,000 warheads

• International regime hasInternational regime has 
worked; must continually 
evolve



Efficiency gains could be possible in the

HTSE and thermo-chemical 

Efficiency gains could be possible in the 
future with high temperature reactors

Steam reforming of 
natural gas

HTSE and thermo chemical 
hydrogen production

coal gasification

500500--900900°°CC

800800--10001000°°CC

Oil shale and oil 
sand processing

Cogeneration of 
electricity and steam

300300--600600°°CC

350350--800800°°CC

District heating seawater 

Petroleum refining

sand processing

250250--550550°°CC

8080--200200°°CC Light Water ReactorLight Water ReactorLight Water ReactorLight Water Reactorg
desalination

00 100100 200200 300300 400400 500500 600600 700700 800800 900900 10001000
Process temperature, Process temperature, °°CC

HTRsHTRsHTRsHTRs
LWRsLWRsLWRsLWRs

8080 200200 CC Light Water ReactorLight Water ReactorLight Water ReactorLight Water Reactor

There is a role for existing LWRs, advanced LWRs, and small reactors…



The Next Generation Nuclear Plant (NGNP)
— Process Heat Hydrogen and ElectricityProcess Heat, Hydrogen, and Electricity



USA’s wakeup call Our USA s wakeup call
growing 
concerns

Energy security

Price volatility

Climate Change



Thank you for your participationThank you for your participation

And remember, nuclear power works just fine at night!


