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International energy consumption

Energy Use —

World Population

World populationlbillibns
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US energy modalities since 1850 have changed slowly

i Renewables

~ 2%/ year
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Source. Steven Koonin, Under Secretary of the Department of Energy
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We are burning up to 10 million years of
| fossil carbon fuel every year

It’s not going to last forever
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New-build electrical generation is required to fill the
“generation gap”

Based on U.S. Energy Information Agency’s Annual Energy
Outlook (2009), Retirement of Plants

Generation capacity
still on-line that was
/ operational in 2005
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New-build electrical generation is required to fill the
“generation gap”

Based on U.S. Energy Information Agency’s Annual Energy
Outlook (2009), Retirement of Plants

Electricity demand
(EIA Projection with
some electric vehicles)
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Generation capacity
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New-build electrical generation is required to fill the
“generation gap”

Based on U.S. Energy Information Agency’s Annual Energy
Outlook (2009), Retirement of Plants
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How much energy does the U.S. need to provide/replace
in the next 50 years?

250 Diablo Canyon 1000 Moss Landing Power Plants

01EIM/sb = NIF-0111-20919s1




Fusion is the source of the Sun’s heat and light

W ¥
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Fusion Reaction

Deuterium
nucleus

Reaction products
plus ENERGY

Tritium |
nucleus Neutron
\ ' (~14 MeV)

This is “Exothermic” — More energy out than in
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Could w"é’“bqu a
mmmtf e'sun on earth7

.to prowde significant
carbon-free energy.

4"
O for humankind. -
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Recipe for fusion on earth

2. Place in oven and heat 10 200M °F

3. Bake for few billionths of a second

us amounts

4. Convert mass 10 copio
of clean energy
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NO CARBON, NO WASTE!
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NIF is the culmination of a long line of
glass laser systems developed at LLNL

100J IR

T\ s
1.8MJ UV
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=192 Beams

- Frequency tripled Nd glass
- Energy 1.8 MJ

; - Power 500TW -

351 nm
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>108 K

\ f;,. Radiation
- Temperature >3.5x 108 K

Densities  >103 g/cm?
Pressures >1011 atm
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NIF is a Low Hazard Rad Facility

o k= ﬁi: e ¢

« Introduction of Tritium s
~ «» Neutron yield experiments ==

==

27EIM/cld = NIF-0910-20105s1 NIF-0311-21412 Deri - presentation to OSA-Rochester




Four steps to ignition

Commission laser

11EIM/pas * NIF-0110-18192s1r2 NIF-0311-21412

We are taking a systematic
approach to learning and

improving our engineering
design to achieve ignition

1 Commission capsule

C le Implosi oT: 104 107 glec
k -— CH: 10+ — 102 glee

“Commission layered
§ target implosions
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NIF/NIC Strategy: Ignition preparation period

Completed NIF Project

2011-2012
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Capsule implosions in 1 MJ cryogenic gas-filled
hohlraum have shown good symmetry at 284 eV

17% contour CCD counts
__P2/P0=14+2% BEEEEER
. P4/P0=1%6% -

2 10¢
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1.05MJ N091204-001-999
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It Seems Likely!
NIF provides the capabilities necessary
to demonstrate fusion | ot

A\
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The way forward to clean energy

Energy Secretary
Steven Chu

“The National Ignition Facility is a
marvel, and while the Laboratory
will achieve ignition, we need to
think about what we should be
doing in a year or two from today.

... DOE should assume ignition
success in that planning, and not
wait for NIF ignition to start such
planning.”

— Steven Chu U.S. Secretary of Energy

Our plan is for LIFE:
Laser Inertial Fusion Energy
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Experience with NIF & evidence from the ignition
campaign are defining the path forward for LIFE

LIFE: 16 HZz

Similar:

— Physical size

— Laser energy

— Target performance

— Concept of operations (LRUs, ...)
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LIFE combines the “single shot” capability of NIF with the
~16 Hz requirements for power plant operations
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e ~16 Hz
e Target injection

Heat Transfer

e Blanket (fusion to heat)

* Thermo-electric cycle | Exglr?gge
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NIF Beam geometry and chamber
size will be used for LIFE




An integrated design for LIFE power plants
has been developed

Turbines building

LIFE engine and laser bays

Maintenance bay
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oroduction in a LIFE system
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Targets are designed for ease of mass manufacture

/ R Target Cost Breakout
Stamp hohlraum

7 / Tent production
Yoy / EAl Tame Matad
’ L | 6%

= . To Uh)nbii

\ Steering
Consumables

Capsule : )
production Injector
. 1

/ ¥ \ DT Layering

Super-critical Target FaCIlltY
extractor Assembly DT Filling 3%

Use known high-throughput, low-cost esd
manufacture techniques such as injection y L\ . Hohlraum
molding, plating g P2 shield

N

Use large batch size for chemical processes 4 % carbon
. - | «— Capsule
Completely automated production line g 3 Foam
- > Membranes

Statistical process control

Approach based on consultation with
potential industrial suppliers
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Material performance uncertainties will be mitigated by
a modular, replaceable chamber

Unsealed chamber, separate from the vacuum and optical systems
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The LIFE “chamber” is a network of tubes, protected by
Xenon gas. It is modular and NIF scale

« Tubes balance hydrostatic
pressure, neutron heating
and conduction terms

« lons stopped in ~10cm gas

« X-ray heating mitigated
(to ~800C)

« Wall lifetime of 2-4 years
e Laser propagation OK
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LIFE laser design has been developed to balance
commercial and technical requirements

Time to market Conventional glass technology
Reliability 3w fluence = 1/3 NIF
Availability LRU beam box <12m long
Maintainability Factory build and repair
Performance specification Set by NIF demonstrations

Pwp PL1, PL3,

N P2 PL4
PPU 0\
| /]

PM1

Spatial Filter
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The point design uses a modular laser system, removing
the need for a NIF-style switchyard
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Feedback from industry has been used to determine
component availability, performance and cost

« 30+ major vendors engaged from the
semiconductor, optics, laser, construction,
controls, nuclear, project delivery and
regulatory industries

— white papers produced detailing
technology readiness and cost

— market assessments and industrial
advice have driven the LIFE design

« Example output:

— Semiconductor/laser diode industry T

— Optics industry: e.g.; glass production I
readiness (Schott APG-1) ' :

— Manufacturing industry: e.g.
production of low activation HT-9 tubes

— Construction / Engineering: facility
design, commissioning and operations

— Many of the key LIFE manufacturing
processes are already in place
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Economics of Low-Carbon Energy Technologies

Economics of Low-Carbon Energy Technologies
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Economics of Low-Carbon Energy Technologies

Economics of Low-Carbon Energy Technologies

PV Solar

y 4
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Off-shore Wind
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Economics of Low-Carbon Energy Technologies

Economics of Low-Carbon Energy Technologies

PV Solar
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Economics of Low-Carbon Energy Technologies

Economics of Low-Carbon Energy Technologies
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US LIFE deployment would reduce CO; emissions by
more than 140 billion tons (5 wedges) compared to coal

Carbon Emission Avoidance from Deployment of LIFE

LIFE deployment
scenario
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The cost of carbon is expected to be 2$100/ton
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LIFE delivery - pilot power plant in mid 2020’s

Mature Technology, Global
Market Penetration

Pilot Plant, transition to
commerial power to the Grid

Component and Subsystem | i
Level Demonstrations |

‘?‘_‘
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Fusion energy soon enough to make a difference

2009 NIF; ~ 2012 ignition ~ 2020 LIFE.1 |

2020 LIFE demo;

2030 LIFE commercial ~ 2050 fleet incorporated
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