Thank you, George Takel.

World’s Most Accurate
Pie Chart

B Pie | have eaten

2 Pie | have not
yet eaten
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Muons, I nc.

Muons, Inc.
Who we are, what we want to do

Rolland P. Johnson
Muons, Inc. (http://www.muonsinc.com/)

For the first half of its 10 year existence, Muons, Inc. was obsessed with a Muon
Collider, the next energy frontier machine to follow the LHC. We believe we
helped revive the MC, now the long-range goal of Fermilab and US HEP

In the last few years, Muons, Inc. has emphasized developing general tools and
technology for accelerators through DOE contracts and SBIR-STTR grants at
seven US universities and seven National Labs

These have allowed us to build a strong staff with a broad range of skills and

experience for commercial products and services. For example:

- Anew service is to use ACE3P codes on supercomputers to address
advanced designs of the next generations of RF devices

- A new product is a Ribbon e-beam Profile Monitor for proton/ion accelerators

Our latest obsession is to design and build a new kind of Accelerator-Driven
Subcritical Reactor (ADSR) that is not only intrinsically safe, but can have large
profits by producing synthetic diesel from natural gas and renewable carbon.
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Muons, Inc. ;
. Completed Muons, Inc. Projects

Year Completed Projects SBIR-STTR  Research Partner Phase Il
2002 Camypaamy fiouwmobksal Funds
2002-5 HHighAR ecsssuree A2ty $6HE0M0QO0 T  (Keatdain)
2003-7 Hrébilozd | Combiimug teanmed| $E5R00000 Jibhab ((2ebecrsy)
2004-5 NUNNNKK citemuoepeimmemit $9550000 FRMAL({eabiad) $22 230
2004-7 Fizessel onzzdicsDGuivlong $74%,000 Jlbhb ((ecbhecesy)
2004-7 HZACOysttHT ESMdamedss  $39SH)000 HRMAL(Ydaiolod) HNBE QB0
2005-8 HenvrssERTIHADSECEh SO Jlbab ((eedeaesy)
2005-8 Capture, phRotatior $850,00C FNAL (Neuffer) $198,90C
2006-9 GURL SimukdaionRogyeam  $EER0MD0 1IMT  (Kaptdai)
2006-9 NA/ANNKGED CmbinyDenmo FEYOUD  ANAL(IaamNM)) $198,900
2007-10 Ssoppoigg\iooBRaamss $FERO0D00  ARMAL(AMkkebbaaiold))  $3TEEH00
2007-10 HETCIMagnets $FERO0D00 HRMAL(ZIobin) $175,500
2007-8 Conmzentt, TLunzdddéeHE- $IRM000WO0 ARMAL(FPEooiaT) 2R 40D
2008-9 RRugmppetiFEANIddom's FIODOOD Jlbdb (FRmmee))
2008-9 H2zfflbeldRCaanitiess SHO000000 HRMAL(Yonehara) $R33400
Completed Projects $8&333B60100 $$100638860
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. MuonsneMuons, Inc. Projects in Progress

Year Projects In Progress
2008-12 HrilssedDaald~R IASS INYHE

2008-12 Filee IAphitss do HT B KNNHEE)
2008-12 RBBeaakdowmnShiditss
2009-12 HODVADIssobleess
2009-12 (paasisscbinoonoBEIC C
2009-10 OOGEumhirssuétor
2009-12 HAmmMsSHOINCESS
2009-12 HilFeovee Coaa0apfder
2009-10 Hi Hredddy BEICOMMAagiedss
2009-12 ¢ & f—locked Wemgrettans
2010-11 psettetbossdo MOGTIEE
2010-11 CrahiCaxttess

2010-11 MCECdeetetbo bikoads
2010-13 HpygibdPIC

Funds  Research Partner Phase Il
$SHEL00M00 Jlbhb Buymez)
$E300000 NCSRU Estmvaaiz))
$E58600000 LIEBNLL(ICL))AANLL(Gaa)i)
$88500000 Cooned( todHsiadke))
$850,000 ARMWAL(Keetfie))
SO  Jlbhb (Feettke))
$EEH0000 CHRNLLSDINS Frnokk))
SR  Jlbhb (RRimmee))
$$Q0MO00 NCSRU Estlmvaaiz))
$886(N000 HRNMAL (FPpooicl)
$HEMOMMO UChinseaod Frisst)
SHONOWD  Jlaak(HRimnee))
$SHIMO@MO NNWLKteeldin)
SESRNOUID  Jlbbl((Bebecesy)

Projectdn Progress

$8,100,000 $399/8600
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Muons, Inc. Recent Phask Gdnpetition

11-12 AdljlissibideCoosoCoopeer  $IPNOOMO0 AANLL(Keassi))
2011-12 SA\Photoinjector $E0000000 JlbbakFeedtke))

2011-12 2SBiggeMdggaion $SHIMOADO HRMAL(Vehkoidey)

2011-12 HffieentH-minus Source $$00M000 ARMAL(EBRdIhnge))

2011-12 Asbinoomaditd boiRzsa HIODOID  Jlask((Bebeeesy)

2011-14 FARREBSBepsattoMaggeet  $1$10000000GBBMNLGBpfEH))

2011-14 Fiee@ptit@uenctiieéeetioon $110000000 NCSEU E8binaaty )

2011-14 HOCCHAggeeenddBsisian $110000000 ARMAL(Yonehara) $FR3H000
$3,800,00( $70,20C

New Phase | Grant

2012-13 BBatRRE badd $$00M000 SEMKrasnykh)
2012-13 RithooreeHReamMidoitoor  $IIMOODO GIRRNL SIS AMekksaodooy)
2012-13 REFPhotoinjectot@aityy $100,000 JIbAMRIMME) SUACL) MuPlus

2012-13 Coompéée€ondinggChiaamed] $$Q0MO00 JlbboDenthemsy) MMIEFRUISS
$400,000
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. vuensIne Contracts with National Labs
Phase Il

2009-10MboiocE Photons 2ZootrmattswPRINNL ~ $$5172 5588
2009-10PPope B aamoh NUT RN aroTttettwy NN SRR (M0
2009- 1OMCEPaa0dpsi Miersr's @ttt wyANIL OB 3REB
2010 NKN¥P- L2 mngr 2 comtiracts w ANAL =~ $$55/399
2010 & NWHHz R- Cantty coatr@ativnLIAANL 230 (D
2012 N¥P- L2 mngr @uomtiraactt w FNAL $BMNOWIO
2012 cootraat inmARYAL B 4ED
2012 contract w FNAL U0 1B0
2012 ' cortomttagtlval ab $$6M000
$1,032,315

Pending Projects
2012 Adtixeamoesal MWtk | gy Tioml s CaumiccvithtRRAIAL ~ SHTBHMA S
2012 MPhattmm Dinixesr Desom CGoingreicdnithtir RNAL — SHTPZ34850
2012 Gt limes atfmwe gttt -+ St CorfauradtmiNANAL $7RM
2012 NWIC Backtanaumids at el DietEdace Commtaat hwithhFRMAL DA 2241
2011 -12SSNESTIessygnCaddalddinoss CabtraicaotithiiBNBNL ~ $ER000TO

1012413 DOD High Power RIF Tulbes SBBRRiththNIU $150,000

Rol - Oct. 11, 2012 Libera Workshop 6




ﬂ Muons, Inc.
Muons, Inc. Staff — CV Index

Muons, Inc. Staff

Rolland P. Johnson, Ph. D. President

Charles M. Ankenbrandt, Ph. D. VP Personnel Development
Mike Neubauer, MSEE VP Chief Engineer

Thomas J. Roberts, Ph. D. VP Technology Development
Randall C. Furlong, Ph. D., J.D. Patent Attorney/Physicist
Robert J. Abrams, Ph. D. Senior Experimental Physicist
Alan Dudas, MSEE Senior RF Engineer

Vadim Dudnikov , Ph. D. Senior Accelerator Physicist
Stephen Kahn, Ph. D. Senior Accelerator Physicist
Gigory Kazakevich, Ph. D. Senior Accelerator Physicist
Frank Marhauser, Ph.D. Senior Accelerator Physicist
James Nipper, BEE, MBA Senior Engineering Manager
Leonid Vorobiev, Ph. D. Senior Accelerator Physicist
Mary Anne Cummings, Ph. D. Experimental Physicist
Linda Even, MSCE Environmental Engineer
Gene Flanagan, Ph. D. Experimental Physicist
Justin Rodriguez, BA Computational Physicist
Cary Yoshikawa, Ph. D. Computational Physicist
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. Muons, Inc. MOre PeOpIe

s Under SBIR-STTR grants, Muons, Inc. supported or is supporting
seven full-time junior Ph. D. accelerator scientists directly (Drs.
Mohammad Alsharo’a, Kevin Beard, Gene Flanagan, Pierrick Hanlet,
Masahiro Notani, David Newsham, Kevin Paul, and Cary Yoshikawa).

= and seven indirectly through subgrants, at Fermilab, JLab, IIT,
NCSU, LBNL and ODU (Drs. Katsuya Yonehara, Shahid Ahmed,
Guimei Wang, Vasiliy Morozov, Frank Hunte, Dan Bowring).

= Muons, Inc. supports Ph. D. students working on our projects:
Ms. Mahzad BastaniNejad and Ms. Ana Samolov at ODU, Ms. Melanie
Turenne at NCSU, and Mr. James Maloney at NIU. Other potential Ph.
D. students are considering working on our projects as thesis topics.

= Melanie and Ana have completed all requirements and will receive
their Ph.D.s this year!
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. 7 512 GeV at Fermilab

Nothing like making difficult accelerators work well!




vuons ine. — Ultimate Goal — after the LHC:
High-Energy High-Luminosity Muon Colliders

s precision lepton machines at the energy frontier
= achieved in physics-motivated stages that require developing
inventions and technology, e.q.

e MANX (a new version is in the works)
= demonstrate HCC, HS, & EEX concepts (based on a prototype HCC segment)

high-intensity proton driver

= Simultaneous intense muon beams

stopping muon beams
= useful 6D cooling w HCC, EEX

neutrino factory
=  HCC with RF, RLA in CW Proj-X

Z' factory

= low Luminosity collider, HE RLA
Higgs factory & (we have some new ideas on this!)

= extreme 6D cooling, low beta, super-detectors

e energy-frontier muon collider

= more cooling, lower beta
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Muons, I nc.

new ideas for MCs first seen in our SBIR-STTR projects:
H,-Pressurized RF Cavities
Helical Cooling Channel
e Continuous Absorber for Emittance Exchange
Parametric-resonance Ionization Cooling
e Correlated Optics
Reverse Emittance Exchange with Absorbers
RF Capture, Phase Rotation, Cooling in HP RF Cavities
Bunch Coalescing
e to overcome space charge limitations
High Field HTS Solenoids for transverse cooling
Helical Solenoid magnets
e NDbTi 4-coil HS models

e YBCO 6-coil HS models
e Fiber optics for HTS quench protection

p-dependent HCC
e precooler
e MANX 6d Cooling Demo
e improved mu2e design

Pulsed Quadrupoles in SRF Linacs for RLAs

e Multipass arcs - c.f. Morozov et al.
Rol - Oct. 11, 2012 Libera Workshop




Muons, I nc.

New Nuclear Technology to Produce Inexpensive
Diesel Fuel from Natural Gas and Renewable Carbon
Charles Bowman Rolland P. Johns on
ADNA & CLF Corps Muons, Inc.,

The long-range goal of this project is to sell intrinsically safe and versatile nuclear reactors to
address world energy needs. The first application is an Accelerator-Driven Subcritical Reactor
that burns non-enriched Uranium, Thorium, or spent fuel from conventional nuclear reactors in
a molten salt fuel to produce high-temperature heat to convert Natural Gas and Carbon into
liquid fuel for vehicles. The project involves the development and interfacing between known
technologies that

1) use a superconducting RF accelerator to produce an intense source of neutrons to

2) generate process heat in a molten-salt-fueled subcritical nuclear reactor to

3) prepare methane and renewable carbon for the Fischer-Tropsch generation of diesel fuel.

The project requires

1) reducing accelerator construction and operating expenses,

2) integration of ORNL molten-salt reactor technology with an internal spallation target,
3) construction and test of a molten-salt to gas process heat transfer model device and
4) attracting private funding to build the first plant.

DOD could be the first customer
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. Muonstne— A few preliminary comments:

m We believe ADSR needs close collaboration between
accelerator and reactor people and have been very lucky
to collaborate with Charlie Bowman of ADNA and CLF

e 1992 patent: Apparatus for nuclear transmutation and power
production using an intense ... Charles D. Bowman

We have many other collaborators, including Bruce
Vogelaar of Virginia Tech

national labs - ANL, BNL, Fermilab, JLab, LANL, LBNL,
ORNL, PNNL, and SLAC

many universities - U of Chicago, Cornell, FSU, GWU, IIT,
NCSU, NIU, and ODU
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Muons Inc. Goal — US government pays industry to

take nuclear waste and produce energy from it

Setting the stage — where we are - opportunities/problems

Solid fuel nuclear reactor technology - what goes wrong
e fuel rods - accidents waiting to happen?

Molten-salt Reactor Experiment (MSRE) 1965-1969

e continuous purging of volatile radioactive elements - no zircaloy

Accelerator-Driven Subcritical Reactors (ADSR)
e reactor concept uses molten salt fuel (e.g. UF, or ThF,)
e GEM*STAR example
= Avoids nuclear weapon proliferation concern of reprocessing for 200 years
The next step is a prototype ADSR machine to inspire industry

e basic design issues, safety systems, reliability, availability, residual radiation
from beam losses, beam delivery, independent reactor control, economy of

construction and operation, ...
Inexpensive natural gas changes things in the US

e Nuclear Power in the US cannot compete with 4.5 ¢/kw-h from natural gas
e ADSR process heat can make synthetic diesel out of natural gas and carbon
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Carlo Rubbia

Comparing alternatives

) 1 |
3,500,000 tonnes of caoal 200 tonnes of Uranium 1 tonne of Thorium

Significant impact upon Low CO, impact Low CO, impact

the Environment but challenges with ~ Can consume Plutonium and

especially CO, emissions reprocessing radioactive waste
and very long-term Reduced quantity and much
storage of hazardous shorter duration for
wastes storage of hazardous
Proliferation WHEleS
C.RubbiaZ2, Energy 2050, Stockholm NO p ro,‘ fer@ﬁgﬂ ol 5
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Muons, I nc. What does Carlo’s slide mean?

It compares power according to how much
you dig up and how you use lit.

e Only 0.7% of natural uranium is U-235, which is

« capable of self-sustaining nuclear fission (fissile),

* (the only element that exists in nature in sufficient quantity...)

e SO0 you need to dig up over 143 tonnes of U (to get 1 of U-235)

 Then you enrich it (using centrifuges, which have proliferation concerns)

e the restis U-238, which, like thorium-232, is fertile, not fissile.

e |.e. you need to provide neutrons to convert it to a fissile isotope.
« (Criticality is the point at which a nuclear reaction is self-sustaining;
subcritical means additional neutrons are needed)

fertile B B fissile
* N+28¥Ug — Uy, — *Npg; — “Puy, 30% LWR
24 m 2.4d

%
pem 2rd May limit k<.97
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Muons, Inc.
.The extra neutrons needed to convert fertile elements can be provided by:

« Afast or Breeder reactor using fissile U-235 or Pu-239, above criticality
or

e A particle accelerator — very hot topic 20 years ago!

e What is new:

 SRF Proton Linacs can now provide extraordinary neutron flux
 SRF is safer than BRs, which operate above criticality with fewer
delayed neutrons and require enrichment and reprocessing

The advantages of continuous purging of radioactive elements from the
nuclear fuel are apparent from Fukushima (and TMI and Chernobyl)

Molten salt fuel can be continuously purged in new reactor designs
without zircaloy, that can lead to hydrogen explosions

Molten salt fuel eases accelerator requirements

e Subcritical ADSR operation has always been appreciated
« fission stops when the accelerator is switched off
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viuons, inc. are Fuel Rods an intrinsic problem?

Fuel rods are made of many small cylinders of enriched UO, or mixed oxide

fuel (MOX) enclosed in a sheath of zirconium alloy.
e (aplantin France processes spent fuel rods to extract Pu,s,, Which is mixed
with UO, ., make MOX. Remains are returned to country of origin.)

During operation, many radioactive elements are created that are contained
by the zircaloy sheath

If, during operation or storage, the zircaloy casing is damaged, these
radioactive elements can be released and among other things scare the
heck out of a lot of people. (fall-out near Fukushima may be 10% of Chernobyl).
* Radioactive Fission Products Partially Released from Damaged Fuel
 Noble gases (Xe, Kr)

« Volatile fission products (I, Sr, Cs, Ru, ...)
* Non-volatile fission products retained, but may be leached by water

Hot zircaloy itself is a hazard — it can oxidize in steam to release hot H, in

large quantities, which can explode when it rises to meet air.
e Zr+2H,0— ZrO,+2H,
* Exothermic

* rate increases exponentially with temperature
Rol - Oct. 11, 2012 Libera Workshop




. Muons, I nc.

Fuel Rods an intrinsic problem? (cont.)

It will be more and more apparent that stored used fuel rods are not without
risk. Losing coolant in these could cause zircaloy failures that could lead to
released volatile radioactive elements.

For reactors, there are lots of layers of protection that have been invented
and used to mitigate the problems that follow from solid fuel rod technology.
e See latest iteration on next slide.

Is there an intrinsic safety solution?

Like the manhole cover to protect workers below?
e e.(g. Trap door —safety chain —procedures — for safety
e Or just making the hole round with a round cover of larger diameter?
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Safety systems for conventional solid fuel reactors are still evolving

AREVA Evolutionary Power Reactor
http://en.wikipedia.org/wiki/European Pressurized Reactor

The EPR’'s main safety systems

Molten core
Double wall containment ot =, _
with ventilation and | spreading area
filtering systems F ,

Ultimate
containment heat
removal system

' Water tank
l  ingide containment

d-train
redundancy
of the main
- safety systems
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Muons, I nc.

* An intrinsic safety problem for conventional
reactors Is enclosed solid fuel.

e a natural solution is to use molten-salt fuel

e thatis also well suited to accelerator -driven

subcritical reactors.

« A major difficulty is fatigue of UO, fuel in rods caused by
accelerator trips — no such problem for molten salt fuel

* The technology of molten-salt fuel was
developed in the 1960s in the Molten-Salt
Reactor Experiment (MSRE) at ORNL.

e Use of molten salt fuel was later abandoned
e not enough Pu-239 for bombs?
 President Nixon?
(See MSRE on wikipedia for nice summary)

Rol - Oct. 11, 2012 Libera Workshop



Muons, I nc.

g A& .

Glowing radiator

. Reccter Vemal, 7. Heot Exchonger, 3. Fuel Pumg, 4. Freere Flange, 5. Thermal Shield,
. Coclam Pumg, 7. Rodioter, 8. Coolant Dvein Tank, ?. Fans, 10. Foel Drein Tambs,
1. Flhush Tank, 17. Contolnment Vesntal, 13, Freere Valve.
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Muons, I nc.

Molten-salt Reactor Experiment
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From 1969 MSRE Report Abstract

“The MSRE is an 8-MW(th) reactor in which molten fluoride salt at 1200F (650 C)
circulates through a core of graphite bars. Its purpose was to demonstrate the
practicality of the key features of molten-salt power reactors.

Operation with 235U (33% enrichment) in the fuel salt began in June 1965, and by
March 1968 nuclear operation amounted to 9,000 equivalent full-power hours. The goal
of demonstrating reliability had been attained - over the last 15 months of 235U
operation the reactor had been critical 80% of the time. At the end of a 6-month run
which climaxed this demonstration, the reactor was shutdown and the 0.9 mole%
uranium in the fuel was stripped very efficiently in an on-site fluorination facility.
Uranium-233 was then added to the carrier salt, making the MSRE the world's first
reactor to be fueled with this fissile material. Nuclear operation was resumed in October
1968, and over 2,500 equivalent full-power hours have now been produced with 233U.

The MSRE has shown that salt handling in an operating reactor is _quite practical, the
salt chemistry is well behaved, there is practically no corrosion, the nuclear
characteristics are very close to predictions, and the system is dynamically stable.
Containment_of fission products has been excellent and maintenance of radioactive
components has been accomplished without unreasonable delay and with very little
radiation exposure.

The successful operation of the MSRE is an achievement that should strengthen
confidence in the practicality of the molten-salt reactor concept.”
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Muons, Inc. _
A first example of an ADSR may be the destruction o  f 34 tons of

weapons grade plutonium in the US and 34 tonsin Ru  ssia

GEM*STAR Burns W-Pu Without U or Th

Hourly fill 34 Tons in 30 Years 5  Superconducting
3?: W plu' Accelerator

PuF, + Megnet 2.5mA, 1 GeV
as PuF,

carrier salt .
Inflow W-Pu: 0 Volatile f. p. removed by
93 % 239y Free closed cycle He flow
7 9 240py, surfac K.,
0.98-0.99 T verflow
pipe

Target

Hourly overflow: 93 % graphite
7.5gasPuF; + 7 % salt

carrier salt + Ll Non-W-Pu
22.5 g of fission product

Salt Overflow | W-Pu transformed
NO"'W@:’J: ": zgpouutflow. tank to permanent
25.4 % 2%0py non-weapons Pu
10.6 % 2*1Pu Fission power 500 MWt immediately upon
11.7 % 242py adding and mixing
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Muons, Inc.  In the US, natural gas can be turned into diesel fo
very large profits — here is a staged approach

W-Pu Burned for Diesel in Three Const. Stages; 34 Tons Burned in 30 Years
350,000,000; 700,000,000; 1400,000,000 Gal/Year

H* R. F.Generation  njzsel Sold for 54.2 Billion/Year :
\ . Diesel from
\ 1 Subcritical

@ [_Proton Accelerator |- reactor /cHa

— 1o I m—
Cryogens

2.5 ma

\I'-I* R. F. Generation - ' -
\ N " Subcritical

@ [_Proton Accelerator | { reactors Diesel from wood/CH4

H- Cryogens 5 mA

R. F. Generation

 mmEmEm e O subonal -

Diesel from wood,/CH4

@ Accelerator ]-_.’ reactors
P T

’H_ Cryogens| 1GeV

10 mA _
o
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The Superconducting Particle Accelerator Forum (SPAFOA) from ILC days
Has many industrial partners that we are partnering with for ADSR.

Niobium Superconducting Cavities
1.3 GHz 9-Cell ILC/TESLA

Niobium
in stock
for quick
delivery!

* Entry level niobium cavity delivered in @ Acoelerating Your Parkoles

3 months (other options available).

www.niowaveinc.com

Let us help you customize the exact sales@niowaveinc.com
niobium structure you need from 517.999.3475
2RI SHE S Devon, Contact us to discuss your needs

Libera Workshop




SNS ORNL Linac
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invent Beam Input

the
Fut ;
bl Electric
motors

750 C

Molten
salt
pumps

Graphite

Modified Hastelloy-N
or graphite encloses
all fuel salt

UF, or fluorinated LWR spent fuel + ’LiF carrier

He out (plus volatile f.p.)

Salt
Overflow

Steam generator

650 C out

500 MWt
220 MWe

—Secondary
salt loop heat
exchanger

Turbine/generator

550Cin

Steel base plate

GEM*STAR
Functional Elements
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'n{:,eem Beam Inp‘Utr UF, or fluorinated LWR spent fuel + 7LiF carrier
Bl  Electric He out (plus volatile f.p.)
motors
Salt Steam generator
Overflow
750 C W s
Molten 650 C out
salt
pumps
anh Nihecdiiih 4, o
500 MWt lr:"rm{:Tmrf::ﬂ . Lo0p tube with
Target 220 MWe mallen sai
Graphite rSecondary ]
salt loop heat Turbine/generator
Gl beating
exchanger :
wlume
650 C 550 Cin Gasin il I nig
Salt oukled
Steel base plate
s Suppan bag
Modified Hastelloy-N
or graphite encloses GEM*STAR
all fuel salt -
Functional Elements GEM:STAR GH, +H,0ta CO+ 3H,
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. conclusions: SRF Linacs with today’s technologies* can drive

an ADSR with Molten-Salt-Fuel to simultaneously address
- elimination of dangerous stored nuclear waste
- production of safe, environmentally-friendly energy
- many process heat applications like Diesel fuel production

ADSR stations using molten salt fuel operate
e In an inherently safe region below criticality,
without accidental releases of radioactive volatile elements,
without generation of greenhouse gases,
producing minimal nuclear waste,
without byproducts useful to rogue nations or terrorists,
fueled by and eliminating existing stockpiles of
* LWR nuclear waste and depleted uranium
and/or efficiently using abundant natural thorium or uranium,
» which does not need enrichment.

*Molten-salt fuel allows an end-run around the solid fuel fatigue
problem so that short-term accelerator trips are not important. Non-
radioactive salt heat transfer reservoirs allow multi-hour interruptions.
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. Muons, I nc.

The next generation of nuclear reactors will be subcritical,

Which is made possible by powerful proton accelerators.

They will be intrinsically safe because of molten salt fuel
There will be many of them,

because
The sun does not always shine
The wind does not always blow and
The nuclear fuel is almost inexhaustible
there is enough for 1000 years of electrical power
already out of the ground.
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