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INL— The National Nuclear Laboratory

‘Fostering education, research, industry,
Developing world-class Nuclear government and international

Energy capabilities ! collaborations to produce the needed

investment, programs and expertise
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U.S. Energy Landscape
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U.S. Primary Energy Consumption

by Source and Sector, 2007 I
SOURCE y U.S. Greenhouse Gas Emissions

. . SECTOR by Sector, 2007
of Source of Sector TOTAL 5,991 Million Metric Tons CO,-equivalent
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Use of Nuclear Energy in the U.S. Today —

EI eCt r I C I ty G e n e r at I O n U.5. Commercial Nuclear Power Reactors—Years of Operation
» 104 reactors in operation A "
. . . MT ND o VI (ME
« 20% of electricity, 17th in the BV e i) A o
world, far behind France, Japan, W
Switzerland, Sweden and South BN e e R e <
Korea ad O e
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* 70% of U.S. emission-free a ey
electricity =N g
» Low life-cycle carbon footprint N\ L
- Outstanding public and worker —pmien Bl
safety record
- High capacity factor

- Stable, low fuel costs

» Well understood operations and
maintenance costs

* New builds moving forward

Excellent baseload power source
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Nuclear Energy Opportunity

* Increased share of
carbon free electricity
generation

» Extension of the
environmental and
energy security
benefits of nuclear
energy to the
transportation and
industrial sectors
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Nuclear Energy Assessment

Cost G
- Large capital costs il i //
* Fuel cost low and not volatile (i . //

* Operating and management cost
understood | :

B v

» Used fuel disposition uncertain

* Subsidies — Government’s role in T
technology deployment

Construction

» Supply chain choke points — Heavy
components and nuclear equipment
manufacturing

« Time to license and construct
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Nuclear Energy Assessment

Workforce

* 50% of current nuclear —
industry workforce >47 years

* Not just scientists and
engineers — all skills

Environmental
Used LWR Fuel Impact
Minor Actinides 0.1%  Used fuel (Waste)

Uranium 95.6%

lutonium 0.9° -
V“'“’"'umou‘ - Water consumption
Stable
— s ONg-lived | &Tc 0.1%

Fission
Products s & Sr0.3%

2.9%
ther Long-lived
Fission Products 0.1%
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Potential for use of Nuclear Energy Beyond
Electricity Generation

HTSE and Thermo-Chemical ' ' I
Hydrogen Production 800-1000°C
Coal Gasification

Steam Reforming of Natural Gas :
Biomass Hydrothermal Gasification
Cogeneration of

Electricity and Steam
Ethanol Concentration

Seawater Desalination 80-200°C

District Heating . | | | ! ! . I l

0O 100 200 300 400 500 600 700 800 900 1000
LWRs Process Temperature °C

Oil Shale and Oil Sand Processing

Petroleum Refining
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HTRs
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Presentation Notes
HTSE = high-T steam electrolysis

Now hybrid energy systems do not have to include nuclear as a primary energy source – but when they do – you have an abundant supply of high-T industrial process heat.  High-T process heat is like gold to a chemical engineer.

LWR – limited to about 300 C because of limitations of the thermochemical properties of water.
HTR – can produce heat up to 950 C and remember, in a commercial nuclear power plant used to produce electricity – we throw the heat away or pay to have it disposed of.
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Carbon Management through Hybrid Energy
Systems — An Example

“Clean Energy
Donors”

Transportation
fuels, fertilizers,
and petrochemical
products

Oil Sands / Oil Shale

Carbon Donors 10
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Presentation Notes
 A hybrid energy system is one which uses one or more primary energy sources to produce a variety of desired products (electricity, transportation fuels, fertilizer, commodity chemicals, etc.).  Let’s consider an energy system which produces transportation fuels as the desired product and uses only clean (non-carbon) primary energy sources.  Such a system could use…..

Donors  electricity, heat, H2, O2 + carbon  products with less GHG – i.e., a lower carbon footprint.
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