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ENERGY SUSTAINABILITY

Conditions Needed for Energy Sustainability:
¢ Economically feasible technology
¢ Minimal by-product streams
¢ Acceptable land usage
¢ “Unlimited” supply of energy resource

¢ Neither the power source nor the technology to
exploit it can be controlled by a few nations/regions

Nuclear energy systems meet these conditions and can
be part of the solution for future energy growth
(Electricity growth estimates range 1 - 4.5%/yr)
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Evolution of Nuclear Power Systems
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AP1000-Enhanced Passive Safety

Contalnment e T i
Condensate i) Ceysa )
p i Sinam Air Discharge
TRSSUTET U&rlu ¥ .
Lime PCCS Gravity Drain
.I’r-.“\ Water Tank
Water Film
Evaporation
’ Steam -
P assive IRWST Generator Outside Cooling =
RHR Air Intake Al
Heat St 1T e |
b Exchanger L [ R IR R A |
Steel /-1" Internal Condensation and |||
H: Containment - Natural Circulation |||
Vessel S e S e
£ Db
dth - Air Baffle =]| | * !r
Stﬂ-ﬂﬂ-l—
ADS % |
: o=
Hot Leg Cald Leg Reactor
Cate Coolant
Reactor Pump

Advanced Light Water Reactors:




Advanced Light Water Reactors:
ESBWR-Simplified Operation & Safety
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Advanced Light Water Reactors:
Multiphase Heat Transfer Issues

= Passive systems can simplify construction and
operation but may complicate engr. analyses

= Natural-circulation multiphase flow in complex
geometries (plant geom. dependent)

x Condensation heat transfer with non-condensible
gases in reactor containment

= Multiphase/multicomponent heat transfer in
safety analyses beyond the ALWR design base

¢ In-vessel lower head cooling & Ex-vessel debris coolability
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The next logical step in path toward simplification ?
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SUPERCRITICAL WATER REACTOR
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SCW Flow Control and Instabilities
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Nuclear Fuel Recycle

Direct
Disposal

Repository

Advanced,
Proliferation-Resistan

Recycling AFCI

Conventional
Reprocessing

—> PUREX

Pu Uranium

LWRs/ALWRs

Repository

Advanced Separations
LWRs/ALWRs

Gen IV Fuel Fabrication
Gen IV Fast Reactors

ADS Transmuter

et T

g




Liquid-Metal-Cooled Fast Reactor (e.g. LFR)

N

Characteristics
* Pb or Pb/Bi coolant

* 550°C to 800°C outlet
temperature

* 120-400 MWe

Key Benefit

» Waste minimization and
efficient use of uranium
resources
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DCHT via Xray |maging
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Very-High-Temperature Reactor (VHTR)

Control
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Characteristics

- Helium coolant Pump
- 1000°C outlet temp. Graphite - WWE
. 600 MWth _ Core™" -High-Temperature Reactor

- Water-cracking cycle g 1fl _Reftoctor

Key Benefit

- Hydrogen production
by water-cracking

Reactor Helium Exchanger
Coolant

Hydrogen
7 Production Phait




GAS-COOLED
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Process Heat for Hydrogen Production
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Micro-Nuclear Power Applications (NAE-Blanchard)
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