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“.ovin 2012 around 7 million people died
- one in eight of total global deaths -
as a result of air pollution exposure.’
- Wor|ld Health Organization

?

https://storify.com/ucirvine/made-in-china-air-pollution-as-well-as-exports
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1.2 billion people lack access to electricity;
2.7 billion people lack clean cooking facilities
- International Energy Agency

http://www.thestar.com/news/world/2013/07/22/how_electricity_has_the_power_to_transform_the_li
ves_of_girls_around_the_world.html
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“.~.climate change represents an urgent and
potentially irreversible threat to human societies
and the planet and thus requires the widest possible
cooperation by all countries:-”

- COP21 Agreement

Projected impact of climate change on agricultural yields
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" A key culprit in climate change

— carbon emissions — can also help
agriculture by a nhancing
photosynthesis in many important {...)
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How do we help the world
develop sustainably?

http://www.insidesources.com/wp-content/uploads/2015/11/bigstock-Energy-4298515-
300x300.jpg
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« The world is concerned with a lot of big things

 Nuclear energy can be an important part of a
suite of solutions

e Qur current model doesn” t work as well as we’ d
ke

« There are ways that our model could work better
 There are new opportunities for action

e We can build structures to capitalize on and
expand those opportunities

e To be a better world
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* Nuclear’ s lifecycle emits very little CO, or air

I’\f\l |||+|r\n

g CO, eq Solar Coal
/KWh (PV / CSP)

5/7
Max 271/ 89 220 220 1689 930

 Nuclear energy iIs an important component, it
— Exists and 1s large scale
— Is reliable / always on
— Uses little land

an _economic boon
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http://srren.ipcc-wg3.de/report/IPCC_SRREN_Annex_Il.pdf



-But it" s not perfect

— Rate of change — CGapital intensity

— Poor public — Used fuel and waste /
communication long-term fuel supply

— Small range of — Safety and security
products

— Innovative mindset?
— Economic viability

We must sA/7t how we think about
nuclear energy and nuclear innovation
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Why Isn’t it Working?
Financial Risk

Concept & Conceptual
Business Design, Testing &

Case Pre-Application Detailed Design, Detailed Construction &
Development Interactions Engineering Testing, & Licensing Startup Operation

Cumulative
<4— Investment
Required

Project
Risk

l

Time




Lack of trust; little public understanding of ri§%§idual

insufficient discussion about risk bad

_ , o will from
Impacts cost, policy, career choice, V'ab'l't¥5FiginaI orogram
secrecy

Also impacts public health in underappreciated way
« Three Mile Island

— Some increase in stress-related health effects [1]
e (Chernobyl

— Significant increase in stress-related health effects

[2]
 Fukushima
— 71 600 deaths from stress of evacuation [3]

[1] Baum, Andrew et al. (1983). Emotional, Behavioral, and Physiological Effects of Chronic Stress at
Three Mile Island. Journal of Consulting and Clinical Psychology, 51 (4), 565-572.

[2] Cwikel, J. et al. (1997).Two-year Follow-up Study of Stress-related Disorders among Immigrants to
Israel from the Chernobyl Area. Environmental Health Perspectives, 105 (6), 1545-1550.

[3] http://www.nytimes.com/2015/09/22/science/when-radiation-isnt-the-real-risk.html? r=0
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In other fields, profit motivates inno

In nuclear, profit is anti—-aligned
with big changes

We were innovative when motivated
Innovation drivers have lessened
Lost place to have failures; lost mind
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http://science.howstuffworks.com/nuclear-submarine3.htm




Environment
Health
Prosperity
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« National and International
scientific resources are
leveraged

https://www.olcf.ornl.gov/titan/ https://www.jaea.go.jp/english/04/ntokai/kasokuki/kasok
uki_02.html

Berkeley

UNIVERSITY OF CALIFORNIA




« National and international
scientific resources are
leveraged

o An i nSpi red’ L nnaviat ‘bf(,“l' —
workforce Is f
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« National and international
scientific resources are
leveraged

e An Inspired, innovative
workforce Is avallable

« Regulation 1s fast and
responsible
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« National and international
scientific resources are
leveraged

e An inspired, i1nnovative
workforce Is availlable

« Regulation 1s fast and
responsible

 Policy supports global
cooperation and market health
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« National and international
scientific resources are
leveraged

e An inspired, i1nnovative
workforce 1s available

« Regulation 1s fast and
responsible

 Policy supports global
cooperation and market health

« Communication is clear
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Cle AR COMMUNICATION

MAY OUR MINDS WORK TOGETDER
TO FIND MUTUAL UNDERSTANDING.
MAY 1 5€€ you TRuE
AND BE SEEN 1IN KIND.
=
MAY OUR WORDS
REVEAL

a e

MAY OUR_ MINDS,

CYES, AND TONGUES BC
GUIDED BY OUR DEARTS,

http://adviceyouneed.net/2014/08/12/the-lost-art-of-
communication/




« National and international
scientific resources are
leveraged

e An Inspired, innovative
workforce 1s available

« Regulation 1s fast and

responsible
« Policy supports global | LRI
cooperation and market health T e mlear e onthe oo

« Communication Is clear
Technology needs are met

Berkeley

UNIVERSITY OF CALIFORNIA



« National and international i
scientific resources are
leveraged

e An Inspired, innovative s
workforce Is available

« Regulation 1s fast and
responsible

 Policy supports global L\gmgh
cooperation and market health

» Communication is clear Froas
Technology needs are met
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« National and international
scientific resources are

leveraged
« An inspired, innovative Companies are
workforce is available rewarded for
« Regulation is fast and making the
responsible wor |d better

 Policy supports global
cooperation and market health

« Communication Is clear
Technology needs are met
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But how do we
get there?
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Breakout Labs.

http://www.gatesfoundation.org/What-We-
Do/Global-Health/Malaria

=

»'L@ SION] “‘V

YCR is a non-profit
research lab.

http://www.mission-innovation.net/
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Introducing the Advanced Nuclear Industry

. General Fusion

Helion Energy

TWR
SuperCritical
. . Starcore Nuclear
NuScale
Integral MSR TAP,
j ~ FHR
Leadir-PS100 - X R
Fusion RADIX
Stience Center . Lawrenceville Plasma Physics
@ Westinghouse . . @ Princeton Plasma Physics Laboratory
PB-FHR GAM : STAR Aflgl(g‘f;tg(;ldge X-Energy
Thorenco (@ National Ignition B Missouri DOE Next Gen Yl -0ckheed Martin
~ T @ ENHS - HyperV SIC}HTGIF/:F
-ESSTAR -
» Reactor Design Types
@ cevsTAR
= @® Molten Salt Reactor
General Atomics s SmATHR @ @ M _
Tri Alpha @ Py ?Iuorlde tSalt»%oole;j High
o~ T NSRS @ emperature Reactor
EM2 and MHR LFTR ® Liquid Metal-cooled Fast Reactor
® High Temperature Gas Reactor
@ Pebble Bed Reactor

=

® Nuclear Battery Reactor

Thorcon

‘ @ Designs Advanced Nuclear Fuels
: BN ® Small Modular Reactor
. 3 @ Fusion Reactor
~y
50 companies
® Super-Critical CO, Reactor

~$1.3B of private capital
third way

fresh thinking




WWONAL LAs Dem o r?élration

R&D Test

S
Deployment &
Test Beds :

Fraction of Institutions’ Effort &
Competence

Basic Science Basic Science Applied Engineering Serial
Understanding how To advance Science Production
the world works applications
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Shift the Curve

Conceptual Detailed Design,
Concept & Design, Detailed Detailed

Business Testing & Engineering Engineering &
Case Pre-Application Testing, Third Stage Construction &
Development Interactions & Licensing of Licensing Startup Operation

Cumulative
<4— Investment
Required

<4— Project
Risk

Time




TRAIN the current and

next generations through A U.S. example
Bootcamps

SUPPORT companies
through
Innovation Centers

LEVERAGE public
resources through
GAIN
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« The NIA” s mission is to lead advanced
nuclear energy innovation by
addressing:

— Regulatory Pathways
— Testing and Development

— International Cooperation NUCLEAR
— Financial Support INNOVATION
« Assemble companies, Investors, ALLIANCE

experts, stakeholders, students

« Find ways to bring new i1deas to market
ulelds effiCiently
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AIN

 Gateway for Accelerated
Innovation in Nuclear

New DOE-NE Initiative

within the Clean Energy
Initiative

« $12.5B in loan guarantees
« $10M in SB vouchers

Integrated institute managing a
distributed test-bed and demonstration
platform, dedication to innovation in

NuUctear Energy

Public—private partnership including
Industry, Entrepreneurs, National
Caboratories, and Academia

Headquartered at the
Idaho National Laboratory

« Tens of $B in DOE and partner assets

(experimental and computational)

« More than $1M in yearly investments for

R&D and infrastructure

Expertise and intellectual



«. USNRC

L I'IU.(] drates NUCZQ‘AI' Rf_‘i_"‘ULl(L?f\ Commission

Protecting People and the Environment

Regulator \

AIN

Key Physical Capability

Test Bed
Core Innovation
(Reactor Concept, Fuel,
Communications, Regulation)
Investment Developers
Community Key Intellectual Capability

\ & Introducing the Advanced Nuclear Industry
* Seeded with Federal Funds : . ,
* Fungibility of Staff to Core Institutions R —
* Aggressive Innovation

* Can have Centers at early innovation and at demo O rizue



« Jeach students Aow to Innovate:
— Entrepreneurship
— Nuclear aspects
— Non-traditional material

BDUTEAMP « Two week pilot program August 1-12
*NUCLEAR UPENDED* « Team design projects

— Teams have non-technical member
http://www.nuclear o | arge company involvement
innovationalliance.org/

bootcamp  Experts teach and mentor

e Judged completion

NUGLEAR
INNOVATION
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http://www.nuclearinnovationalliance.org/bootcamp
http://www.nuclearinnovationalliance.org/bootcamp
http://www.nuclearinnovationalliance.org/bootcamp
http://www.nuclearinnovationalliance.org/bootcamp
http://www.nuclearinnovationalliance.org/bootcamp

Nuclear Innovation Bootcamp

e Full program Summer 2017

 Deeper content

« Expand to include professionals
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e (Goal: reduce the non-technical barriers while
enabl ing technical breakthroughs

NUCTEAR i
INNOVATION s 2

:> m'l RS
BOOTCAMP LU
HMUCEA PENDED*

« Global participation; expand model

« Beyond GAIN: need a coordinated interagency (U.S.)
and international strategy for global deployment
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Now is the time

Motivated by Global Health, Prosperity, and
Environment,

we have the opportunity to reinvent
things

yay we do

What do we want the
world to look |ike?
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 Nuclear Innovation  (Google

Al |l iance « Southern Company

« Third Way « Transatomic

« UC Berkeley « TerraPower

 Department of Energy « Venrock

- Idaho National Laboratory . | jghtbridge

» Sutardja Center for  Advanced Reactor Concepts
Entrepreneurship « General Fusion

- MIT  Exelon

 University of Wisconsin . INPO

 (Cyclotron Road
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