GEN/[ International

Forum

?} www.inl.gov

|daho National
Laboratory

Nuclear Energy in 15 Minutes

Harold McFarlane

Deputy Associate Laboratory Director for Nuclear
Science and Technology

Technical Director, Generation-1V International
Forum

& former high school science student

National Science Teachers Workshop
10 July 2011




National Laboratory




—e

m Idaho National Laboratory




........................... ﬂ

m Idaho National Laboratory




—e

m Idaho National Laboratory










VVVVVVVVVV ﬂ

m Idaho National Laboratory

A brief review of the human population

World Population
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For most of human history, the global
population did not exceed 10 million at

any time

Millions
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Population 2000 years ago

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

10 million







\ “““““““ A E l \.gbldoho National laboratory

1800: Begmnlng of the industrial age

publishes his
essay on the

Principle of '...! bIIIIOn
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Correlation Between Electricity Consumption &

GDP
Per capita Electricity Consumption vs. Per capita GDP

for various nations of the world

18000

16000 - -

14000

12000 USA™>=
10000 - OECD—

- India in 2050 . Ecv) .

6000 : | /
4000 .

2000 / -

o ‘_,é}““ China

Olnd|85000 10000 15000 20000 25000 30000 35000

Per capita elecfricity consumption-kWh

Per capita Electricity Consumption - kWh

Per capita GDP (purchase power parity US $)



""""""""""""""" 1 9

m Idaho National Laboratory

Energy Supply Will Increase to Meet Demand

30 i i 9
Il Other Renewables
25_- Biomass 8,5
Scenarios lof o = Nuclear
Sustainable
Future [ Gas
207" e oil 8
Il Coal
15-— -&- Population 7,5

10

World Primary Energy Sources (Gtoe)

1990 2000 2010 2020 2030 2040 2050

Source IEA : Energy to 2050 -
Scenarios for a Sustainable Future

The additional needs will mainly come
from large developing Countries: China,
India, Brazil...

Jacques Bouchard,
GLOBAL 2007
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Technical basis for energy policy

Highly recommended
reading

Sustainable
Very useful rule-of- Energy-
thumb numbers without the hot
No advocacy David JC MacKay

Download on Kindle

Looks at both supply
and demand

For an energy technology
update, check out the DOE
Quadrennial Energy Review
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Energy: from the cosmos to electricity
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Radiation enables life on eart

If earth were only warmed by the sun,

" the oceans would be frozen solid.
Radioactive decay supplies most of the
additional heat needed for a temperate

climate
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Life Cycle Greenhouse Gas Emissions
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CO, emission rates for electricity generating alternatives (storage: batteries, pumped hydro,
compressed air storage; CCS Carbon Capture and Storage) (Weisser 2007)

Source: IAEA 2006
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Productivity and CO, intensity
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10 Megawatts—nuclear fuel and hydro
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What has Fukushima taught us about safety?
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Kushima-Daiichi NPP
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4 to 5 m inundation height across the ocean side of
main structures area (reactor and turbine buildings).




Tsunamiwave arrives
and-is going up
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: ) Car floated by tsunami inundation is
hanging more than 5 m above ground
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What do the data say?

* From Pro Publica, after the Fukushima accident
— Deaths from energy production in developed countries, 1970-2008

 Oil 3430
* Natural gas 2259
« Coal 1258
* Nuclear 0
* Hydro 14

 Renewable (insufficient for statistics)

* What about Fukushima Daiichi
— 3 deaths from earthquake and tsunami (fall and drowning)
— 1 death from heart failure

— 8 workers exceeded radiation exposure limit for emergency
operation
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The Nuclear Future (and Past)

Generation Il / lll+

Generation Il

Generation |

—————_

Generation IV

Diablo Canyon, Westinghouse PWR Kashiwazaki, GE ABWR AP1000, Westinghouse PWR Japan Sodium Fast Reactor
Early Large-scale Evolutionary Revolutionary
prototypes power stations designs designs
+ Calder Hall (GCR) * Bruce (PHWR/CANDU) + ABWR (GE-Hitachi; Toshiba) + EPR (AREVA NP PWR) + GCR (gas-cooled fast
+ Douglas Point + Calvert Cliffs (PWR) + ACR 1000 + ESBWR (GE-Hitachi BWR) reactor
(PHWR/CANDU) + Flamanville 1-2 (PWR) (AECL CANDU PHWR) o Small Modular Reactors LFR Iri%?:ig?med fast
+ Dresden-1 (BWR) . i s + AP1000
« Fermi-1(S Fuliushima Il 1-4 (BWR) (Westinghouse-Toshiba PWR) - Atomenergoproek! PR MSR molten salt reactor
ermi-1(SFR) + Grand Gulf (BWR) - B&W mPower PWR )
+ Kola 1-2 (PWRIVVER) « Kalinin (PWR/\VVER) s COOCHHE Y - India DAE AHWR SFH . soimm-cooled fest
bodl o) i LU LCRECMS . Mmea-t froahp - KAERI SMART PR SOWR superritcal vater
L . g
* Shippingport (PWR)  Palo Verde (PWR) BN - NuScale PWR cooled reactor
« CANDU 6 (AECL PHWR) - Westinghouse IRIS PWR VHTR very high
+ VVER-1200 (Gidropress PWR) temperature reactor

1950

1970

1990

2030

2050 2070

2090
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US Nuclear by the numbers

10
20

* Percentage of US electricity
capacity

* Percentage of US electricity
production

» Percentage of US electricity
emission free generation

700,000,000 tons of CO2 emissions avoided
annually by US nuclear energy production

10
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Nuclear capacity factors

Source: Nuclear Regulatory Commission
100 L
Updated: 5/11
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Cumulative Capacity Additions

at U.S. Nuclear Facilities
1977-2015

Under Review and Expected - 3,211 MWe by 2015

Approved- 6,018 MWe

1977- 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2018
1999

Source: Nuclear Regulatory Commission

Updated: 5/2011



< 65 under construction in June 2011
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Nuclear reactoréplanned &
proposed by 2030
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Source: WNA World Nuclear Reactors and Uranium Requirements; accessed May 2010
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New nuclear plant applications in US

River Bend*
Design/Units - TBA  Grand Guif*

Design/Units - TBA oy
EPR - 1 Unit

Fermi|
ESBWR - 1 Unit

}
L f
\ 1E Nine Mile Point*
MA, EPR -1 Unit
— Bell Bend

\ EPR - 1 Unit

Calvert Cliffs
& EPR-1 Unit

North Anna
ESBWR - 1 Unit
Harris

AP1000 - 2 Units
g f . William Lee

AP1000 - 2 Units

Turkey Point
AP1000 - 2 Units

Source: US NRC

Bellefonte
AP1000 - 2 Units

Comanche Peak Vogtle Levy Co
USAPWR - 2 Units AP1000 - 2 Units ﬂp?mﬂlflg’l.lﬂlﬁ
Victoria m‘ South Texas V.C. Summer

Design/Units - TBA ABWR - 2 Units AP1000 - 2 Units
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Designs Competing for U | Generation Il

Standardized designs based
on modularization
producing shorter
construction schedules

Passive or redundant
systems to enhance safety

Easier to protect from
terrorist attacks

37
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Small Modular Reactors (SMR)
address financing and
Infrastructure issues

mPower

NuScale

June 18, 2010
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Higher temperature expands the range of applications

HTSE and thermo-chemical
hydrogen production
coal gasification

Steam reforming of
natural gas

Cogeneration of electricity
and steam

Oil shale and oil sand
processing

Petroleum refining

District heating seawater 80-200° C
desalination _ = %
0 100 200 300 400 500 600 700 800 900 1000
LWRs Process temperature, ° C

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




Generation-1V
Challenges

e High temperature
« Exotic materials

e Helium

e Liquid metals

e Supercritical water
 Supercritical CO,
e Minor actinides

« Major actinides

« High burnup cores
* Nonproliferation
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The Nuclear Renaissance is upon us?

Increased public understanding ey
& acceptance of nuclear @
energy’s role

License extensions

Loan guarantees enabling new
reactor construction

Exploring advanced reactor
concepts and fuel cycles

Growing enrollments in nuclear
science and engineering at
universities
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Workforce Is a major issue

World Nuclear University Summer Institute
Oxford
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Nuclear Engineering degree trend
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DOE has a new
R&D roadmap

NUCLEAR ENERGY
RESEARCH AND DEVELOPMENT

ROADMAP
REPORT TO CONGRESS

April 2010

U5 DEFARTMENT QF
- ENERGY

Nuclear Energy
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Summary Status of Nuclear Energy

Globally embarking on construction of Generation-Ill reactors
China will overtake the US in installed capacity by mid-century

Countries with more government control over implementation of
energy policy have more success with nuclear construction

Cost of a new 2-unit plant is more than the total market
capitalization of most US utilities

Majority of future action will be in developing countries

No longer a US-owned domestic NPP supplier

Fuel cycle decisions deferred; Report this year

R&D trending toward more diffuse—no project focus

Small is beautiful?

Fusion is 20 years away just like it was in 1963

Everyone has a reactor concept in his hip pocket

Cheap natural gas due to new technology has softened the market
Scenarios of extensive nuclear build out assume a carbon policy



