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Background

• Nuclear energy supplies 20 % of US electricity
demand –

• 104 Operating Nuclear Plants – performance at
90% capacity

• No new order since 1975

• 4 US vendors consolidated into three companies
– Westinghouse, General Electric, AREVA
– only 1 US owned.

• Public Support for nuclear at all time high

• Nuclear Plants making money for utilities
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What Is Driving the Interest
In New Nuclear Plants?

• Increasing need for baseload generation

• Increasing environmental constraints,
potential controls on carbon emissions

• Volatility in natural gas prices

• Increasing support for nuclear energy
from the public and policymakers



“Scientific evidence shows that nuclear
power is an environmentally sound and
safe energy choice”
—Patrick Moore

   Greenpeace Co-Founder

“Nuclear power should be an
important part of [the country’s
energy] diversification plan.”
—Christine Todd Whitman

   Former EPA Administrator, N.J. Gov.

www.CleanSafeEnergy.org

202.338.CASE

An Emerging Consensus:
Nuclear energy key to future

An Emerging Consensus:
Nuclear energy key to future
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United States CO2 Emissions by
Sector and Fuels 2000
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Toward New Nuclear
Plant Construction

• Ensure availability of new designs to

meet new capacity needs

• Resolve uncertainties in licensing,

regulations and financing

• Finalize detailed design

• Rebuild human and manufacturing

infrastructure



Current Environment

•  Nuclear Regulatory Commission
– Made significant modifications to improve

efficiency and timing of license reviews
• Combined construction and operating license

• Pre-Certified Designs – safety reviews completed

• Pre-approved sites – all environmental reviews

• Revised regulatory oversight process – risk
informed – performance based.

– Awaiting 17 Combined Operating License
applications from utilities



Congress

• Passed Energy Policy Act of 2005
– Nuclear energy provisions

• Production tax credit - $ 200/kw – for first movers

• Loan guarantees

• Insurance protection of up to $ 500 million for
regulatory delays for first 2 plants.

– Effort to stimulate orders for new plants

• Department of Energy working to
develop advanced reactor designs as
part of Generation IV reactors - 2030
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Rebuilding the Infrastructure

• Industry faces potential shortage of skilled
workers
– 50% of existing work force will retire by 2016

• Industry recruiting  and training new
workers

• Supply of components needed in
construction

• Universities need to graduate new nuclear
engineers



Industry

• Has 3 NRC certified designs ready for  construction:

– Westinghouse AP-600 and AP-1000 – 1000 Mwe

– Combustion Engineering System 80+ 1200 Mwe

– GE Advanced Boiling Water Reactor (ABWR) – 1300 Mwe

• NRC is reviewing even more designs for certification:

– GE’s  ES Boiling Water Reactor (ESBWR) – 1500 Mwe

– AREVA’s – European Pressurized Water Reactor (EPR)

• NRC is also reviewing pre-applications:

– Pebble Bed Modular Reactor – Westinghouse – 165 Mwe



New Reactor Offerings
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The Pump is Primed

• Utilities now working out contractual
details for new orders for next series of
light water reactors.

• NRC hiring staff to review applications

• Industry is hiring Nuclear Engineers to
prepare for license applications and
support

• New university graduates in high demand



What About the Future ?

• Next Generation of New Technology

• MIT Nuclear Engineering Focus Areas

– Advanced nuclear fuels for existing reactors

– Advanced Reactor Concepts

• Super Critical Carbon Dioxide

• Super critical water

• Fast Gas Reactors

• Advanced Burner Reactors for waste
transmutation

• Fuel cycle studies for optimization of life cycle

• Pebble bed reactors









HTR- 10 China
First Criticality Dec.1, 2000



PBMR Location

Cape Town Site of Pebble Bed Modular Reactor

165 Mwe



China - Rongcheng Site for 19 Pebble Bed
Reactors for 3600 Mwe @ 190 Mwe each

Demonstration Plant



Hydrogen - Thermo-electric plant 

Hydrogen - Thermo-chemical plant

Secondary HX

MIT Modular Pebble

Bed Reactor

US - Next Generation Nuclear Plant
Electricity and Hydrogen Production

2107 -2021 ?



What is a Pebble Bed

Reactor ?

• 360,000 pebbles in core

• about 3,000 pebbles

handled by FHS each day

• about 350 discarded daily

• one pebble discharged

every 30 seconds

• average pebble cycles

through core 10 times

• Fuel handling most

maintenance-intensive

part of plant



Fuel Sphere
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Nuclear Energy for Oil Sands
and Other Process Heat Applications

• Problem – huge CO2 emissions

• Burn Natural gas as a heat source

• Develop conceptual design of nuclear
energy plant to support:

– Extraction of oil from oil sands

– Extraction of oil from shale

– Enhanced oil recovery

– Conversion of coal to gas or syncrude



Suncor Oil Sands Operation
Alberta, Canada

Bitumen

Processing

Plant



• Comprehensive strategy to

– Increase U.S. and global energy security,

– Encourage clean energy development around the
world,

– Reduce the risk of nuclear proliferation, and

– Improve the environment

Global Nuclear Energy Partnership



Global Nuclear Energy Partnership

• Goals of GNEP:

– Expand domestic use of nuclear power;

– Demonstrate more proliferation-resistant
recycling;

– Minimize nuclear waste;

– Develop advanced burner reactors;

– Establish reliable fuel cycle services;

– Demonstrate small-scale reactors;

– Develop enhanced nuclear safeguards.



GNEP-TD Facilities

 



No Discussion of Nuclear Energy
Can Conclude without asking what

Question ?

What are you going to do with

the WASTE ?







Geological Waste Disposal

• National Academy of Science Support for
Geological Disposal

• Waste Isolation Pilot Plant

• Yucca Mountain

Gabon, Africa
Site of Nature’s first nuclear
reactor – 3 billion years ago!



Waste Isolation 
Pilot Plant (WIPP)

First US Geological
      Repository

Carlsbad, New Mexico



Waste Isolation Pilot Plant



Excavated Salt for Geological Disposal



Standing next
to Plutonium
disposal waste 
barrels

Shaft over
2000 feet in
salt dome



Above the WIPP Repository



Yucca Mountain Repository Program

• Nuclear Waste Policy Acts of 1982 and
1987 required operation by 1998 ……

• Present schedule is 2010 or later (2015)

• Dug 6 mile Exploratory Studies Facilities
tunnel into and out of Yucca Mountain

• Spent about $8 billion to date of $16 B

• EPA sets public health standards

• NRC licenses facility



Nevada Test Site

Yucca Mountain

Underground 
Nuclear Explosion
Locations



YUCCA MOUNTAIN IN THE
BACKGROUND

PROPOSED STIE OF
CENTRAL INTERIM
STORAGE FACILITY



View from the Top of Yucca Mountain



Viability Assessment:
Total System Performance Assessment (Volume 3)

Water Movement Through the Geologic Formations



Viability Assessment:
Total System Performance Assessment (Volume 3)
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Future Challenge

• Global Warming is real
 CO2 Concentration is increasing rapidly

• Burning fossil fuels is harming the
environment which may become
“irreversible” by 2025  J. Romm.

• Nuclear can contribute to clean energy
options



Clean Coal







Alternative Options
Question:  How many windmills at 1 Mwe each
would it take to replace this nuclear generation ?

Finland Nuclear Plants

Olkiluoto

New EPR
1500 Mwe
Under
Construction

1 Mwe Windmill

2- 800 Mwe
Nuclear Plants

3,100 Mwe

Answer: ~ 10,000



Thank you

Questions ?

Kadak@mit.edu
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