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IS Nuclear the Future of Unlimited Clean Energy?

From the looks of it, it's not just humans who are hungry for power. In the
age of the Internet of Things [Iovlﬁ\e‘rvthmg needs unlimited power.
Whether it's a small hand-held deviceSisomething as big as a space
station; the mcessam need mr/nowerzls forcinyihe sharpest minds in the
world to think out of lhe nrovethialh MBUII how do’we tap into unlimited

clean BIIBI‘!]V”

the Sllﬂl‘l(:ﬂmlll!]S\Wllll uarl”éf@nower generatmn methodologies and

realized we don't just neetdle IBI‘!]M We Ilﬂﬂ[l clean energy.
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To Unite or To Split

Definition

Type oi
Reaction

Requirements

Process

Etymology

Use

Example

NuclearFission

Splitting of:alarge atom into two ormore
small atoms

Itisa chainreaction

The high temperature is not required to
initiate nuclear fission

It occurs hy hombarding the heavy
nucleus with neutrons

Fission means hreaking or splitting

Nuclear fission is used in nuclear reactors
hecause it can he controlled

Splitting of uranium

Nuclear Fusion
Fusion of two or more small atoms into one
large atom

Itis notachainreaction

Very high temperature is required to start
nuclear fusion

Itis carried out hy heating small nuclei at
hightemperature Bombarding of neutrons
iISnotrequired

Fusion means comhination or union

Notyet utilized to protduce energy hecause
itcannot he controlled or sustained

The combining of hydrogen nuclei to form
helium nuclei. the hydrogen homhb
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- Nuclear New Build. P%OIBCIS

= Duriny the early 2020s many of the UK's power'stations are expected to
close. If they are not replaced, there mightnot he enough electricity supply
to meet the demands o houses and businesses.

= Toprovidea ecur,efener-gvnsunnlv mrume future, the UK needs a diverse.and
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Reactor Pressure || Reinforced Concrete Reactor Building

Vessel, Core Containment Vessel | |.compact buildin
* Improved core * Short construction period « Strong structure%o withstand
+ Improved intemals * Low construction cost high vibration load

- 2
Turbine Generator
+ High thermal efficiency
» Reheat cycle
\. y,
Reactor Fine Motion _ | (Emergency Core ) ( Main Control Room )
Internal Pump| | Control Rod Drive| | Cooling System « Automatic operation to
* High safety * High reliabilit * Reduced capacity reduce startup time
+ Simplicity + High operability + High safety \_* Fully digital system 3
Ig'f mgﬁ ”» 5155 Copyright © 2011 Toshiba Corporation. All rights reserved.
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NugleaginjGeneration{il

Generation IV: Nuclear Energy Systems Deployable no later than 2030 and offering
significant advances in sustainability, safety and reliability, and economics

Generation |
Generation
oty Prototype Generation Il N
Reactors Commercial Power Deployment

Reactors Advanced

BT | Generation IV

[l o = = LWRs )
kel b Generation |11+
: Evolutionary ]
-’Lll'lﬂwhﬂi‘-'i"'l‘ ool Designs Offering —Highly
Improved Economical
| Economics —Enhanced
Safet
—Shippingport —M?n?m);I
—Dresden, Fermi | —ABWR Waste
—Magnox —LWR-PWR. BWR —System 80+ —Proliferation
—CANDU -APSOO Resistant

—VVER/RBMK —-EPR
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Supercritlcal_\.mter Cooled Reactor
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Gas Cooled Fast Reactor
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0 m[ﬂ@l]n[r aenergypsicieaiseiiicienwanaicheanyiuworkSihyisnliit

GQUEAINI

um

sjiolcreatelhcamihelresulangsteamiiusnsjyeneratorsitolcreate
@ﬂ@@tﬂ?ﬂ@nﬁw BuiiherefareliwolratesbuihuyeNdisauvantauessifsomeningy
goespwronysican (B[F(Bﬂ]ﬁ@ anueleagmelitownsihelresultaniratioactiviiylis

@@ﬁ@@fﬂ?@[@[ﬂﬂ@u [ihelusedifuelliSalsolradioactiveinaki

gifdifliculiofdiScar®

As Sfajxesulonly @ﬂ% @ﬁ e Werld enery IS produeed DY nuelear Bt for
Inany @@[ﬂnnmns. nucleagnowersineneinsjoutweighlitsyiisks?

: Fﬁn@ U3, 08 (e WS Rrmest Dredeer off MEear PO In 201, [

generatetisosh

100 (D off elecie, Uhals $2% of (e 29

nucleanowedniotuceiiworliwitexihelusaleaiershinlcame]iiomits
Istoie role &S & ploneer of Uelsar PowE? derelopment. e [rst
commercialiniessuizetiwategreactodvankeelRowesstariedunling960and
oneratetlintiitg9z2

LonkWhiok



[VATTERIES

Nucleagnowerdoesnemifanyjyreenhousefgasesunlikejcoaltantjiatural

l@%h@]ﬁ@@ﬂlﬂ&ﬂﬁ@@@@[ﬂuﬁ@@mmﬂ@ﬁ@(ﬁ

A (B[ﬂ&][ﬂ@]@ lihisihenefitis

heecominyinorelattraclivelasiinelworldiSeeksitolietiucelulohallwarmning
m[ﬂ@l]n[r ajnowerniantstarefalsolinorelresilienyianfothenioknsiofeneray)
produeion dordng metural disasiers. For ERamle, Nieanes eamn (esiray
Solkr amdl mimd famms. They are Iess el (o damage {he reinforesd

huildingsjihayhouselucleagniantse

ey ereais 0.5 fobs for every M of dleeireity produeeal. s is in
compason o 0.19 Jobs ih codll, 0.08 Jobs ih gos et piants and 0.0% i
windinoweAtihelonlylothednowersourceliacreatesinoreohsiisisolar

nhotoyoltaicfoiit06liohsyMting
[ﬂ[ﬂ@l]ilﬁ fuellisieticienaAnouw2sjufofura

umjreleaserasinuehleneryyas

100 meirs ons of coal IS SId U’@@E[Imu fﬂfﬁ][ﬂ@[!)@ﬁﬁﬂ]fﬂ@[ﬁ] IS U@S@ @W@EDS%DW@D




Disatuantages

s Ifaceidendagihelnlanycoulijreleaselradioactivelinateriallingo fﬂ]n@
GIVTFONIMEN 28 & e or lond-Nhe formaiion of railloaciivne Jases amd
NARCIESATNESE [Dﬂ]ﬁfﬂ@l]@@ mayihelinhalediodinuestedibyineonle @mﬁ]
ANIMAlS o (epesited on The groumnd. The pardcles 8][@ comnosenlof
mm%ﬁ@[ﬂ]@ AloIS ﬂﬁ]@ﬁ giue oll exeessienergycalletiatiationyunuihey
hecomelstalleinliowdosesyradiauionlisihanniessyAiteganclear

II@MD thoughathe [I@rl@ (0858 sYilestroyliL
Dl]l][in sEandideatns

0 cells and carse Mtaions,

o @U[I@]ﬁn ihiglehaneesjoffanueleagmelidownfarelraieyihelnotentiallimpact
Call .@ catastiophicanhejdevastattinolineldencesiinGhesnohyand
Ell nafanejieriecuillustrationsjoithe COIISEUIENGESS

o G G)[ﬁ]ﬂw UsSEnugleaiisastewasiauiihiee]l

116 Isliamna in 1979 wihen e el

naktialiyinelie! @mﬂw DS [Il] Amounyof mn@@@mm IIS \m@@ ielease




Disatuantages

Disnosallofnucleanwastelisfalhuueldisaduantaueyliowllevewaste]Comes
fromicontaciwithithelnucleaniuellinjiaysiostayjonerationsyilis{uisnoseulof
onssitelogitisisenttofallowlievenwasteliaciliy?

[ (evel wests consists aff el [t talkes hundreds of thousands of
VEarS (o (eaciieis. Mo than S0,000 meirs tons of fueliSifidielingil
COMMINTIES Acr0ss 89 States i the U.S. Most of The Wasis STes are near
ieactorsyiheyiarellocatedineanniuersylakeskantloeeanst

[ e Nuelear Wasts [Poliey Aet of 1962, Congress tld the U.S. Muclear
Begrlktorny Commission i desiyn, Consirues, amnd @[@@U@ﬁ@ AllERmaneit
lnl]un@ repesiiony for ihe (Ispesal of igh el elinNlicCa I]ﬂomnnﬁ@nm
ek, It would cost ST (. It would reauie S00 nnnn[l@g% off ralroad Taeks,
and Eﬂﬁﬂ mishielisjiolkeeniihelwastelintacia

[ 2076, Houss m@mm[@[lnunc sjnassedmalhiliiio w@@m@m fﬂ]n@ Ww]@@@ Mistaciliyk




[jhelkuturelofUiSINIIcleaROVE;

o [mnral 0.8, leeiiely demand Is projeeiad v [se 26% [ 2040, W rising
ollfantigasipricesiandiconcernfahoudglohallwarminginueleamnowerhas
Stantetitollopkfattiactivetagainyinghellateai99 0sqnucleaowegwasiseei
8]@ &] W&]&V} {0 MRIUEE (EDENIENEY Om MMporiedl ol amnd gos. UTis polley chanie
tthelwavliogsiyniiicanfurowthiinlnuelear um@@ﬂﬁw

O FI]D@ E[ﬁ]@l'l! [Poliey At of 2008 provided Tnaneil Iheenties for {ie
constuictionjoatuanceiiucieannowenlantsyihee [i’@l[ﬂl]@]ﬁ@[fw
initiativesfalsSo thelwayz

o [\ sreamined desian cerifiicaiion rocess.
o e provision for early Siie DErS.
o e combining of e constuciion and operating Icense Drocess.

o SIDEE 2007, companies have anplied for 24 Ieenses fof mer DUElear Dower
plantsyiherelateliougnewiniantSundeeonstinuetion




NugleansikuturelHingesiunonlGasikrices

Om e edher bamd, racking of domestiie shale o and namra s hos mads
s 2l afforiable alermatie to modermking old nuelear plants. S & result,
four nuelear phnts closed i The st o Years. Bulliing new ges e
niantsjcostsyiessithan B}@@[DD[MI ola] DUEIEAT DS funning. Refmrishing ol
coal {red pomer pianis o fm on Dot s osts less 28 Wl

It Seems Mt ihe fture of epanding nuelear power I the U.S. depends om
matral gas priees. If fhey rise again amnd stay iuh, Gmeet atenion (v
Ketunitoliicleanoweueneration®

[For DElEAr GDErY to play & meaningil role I @ Midh eneray, [ caron
e, We mrst ndamentally Tansiomm The Wy DUCIEAT Meacions Mok,
howithevfarelhuilisandiwhaitheyIcoS

10 SEME rapiilly esealaiing G

matelehanygelinitigationfanuienerxyyineensyiin

e Mt femy (ﬁ]@@&% mm@l]@@[r [DIJ@[MIS% INUSHIUSH %mg%ﬁw [D[i’@ﬂl[[lﬂ@ﬂﬁ@@u




GharaclenistiesjoffituancediNucleanEneryy

o Nuelear plamns must e compeiiive on priee Wit coal and gas: deplomaile
2 st s coall plhnts or fasier and suitable for eperation in (develoning
countriesjthaylacktSignificanunrezexistingucleancanabililiesy

o SuhstamtalL lover capiial and/or operaiiond cosis T crisiing plhnis
o [euneed mateil s
Januiacturahilivjorapididenlioymenyeapanility
o [PRSSIVG SalEl SYSIEIS il et Saiely Siraieiies
JEaselof{fonerationfandiimaiienance
JRedUGCEHemeryeneynianning
o g'?m@%?@m offsitelimpactdurinufanfaceidentand flexihiliny/sealanili;
o [Mereasad profieriion resiskn, deereaseil MRSt prodneiion and/or aciinide
managemenicapaciiyiandimoreleiiicienyuselofiuel
o [Viid generaifion adaniabiiy and/or load foloning

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006




Atlvancetiieactorsgiesiielifttihuies

=I\hilelnew W@ﬁ@ﬁ@@@ﬂ“ technologiesicanihiayelsomeloitheselieatunes
nongWateghaseuitechnologiesultimately @ﬁﬁ@[? fﬂ]n@ greateschancelof
ACNIEVINy [HJ@[F@ gigtheselohjecliveSsAtyanceigioesinoiinecessakiyinean
asinaligAdvanecediieactodiesignsianyeliniSizelinomymuelioxl .II Mlue
orinoresMorefoftenfinanuiacurabiliyratnenthaniSizeSIowersicoStstan
Shoriens constuction Tmes

sl How[dofadvangeeiieactorsiachieveltheseliesikeatttinuies:
Aastelinanauement
o Weapons profieration amnd pivsieal proteeiion
Jultipleranplications
o (Gapital cost
Joenloymentrates

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006




uuuuuuu
Nuclear capacity needed to meet climate targets

by various estimates
@ w Z'DDS
1,500

MCooliligwatenwastaleominonldenomia oo p—
1165 A1 S, Aot = P

kil IafaGEitents e
o [y [!JS%DDDG] ngizwateecolantsynelliKelinCOIC R_—
anjunsaieliemneratutelognressuteleventis D e o e e v

to be replac dhy2040

suistantiallyfiedueens

0 SOME (SIS, SUEh &S EaED molien sl
eactorsYineonnoratelSuchiiailssaelieatiiesias
plugSihaguissolvelshoulditemineraturesinihe
juellcoreliseydrainnuiheliuelintofaniisolatet
underyroundlehamher

Mest PMNL

Foroa from PRL, IEA, WHA

ghilvancetliNuclearEneryyNeeiiCharacletisicsYhroected[Coststani0nnortiniiesy mmmmmmmmmm



astelManagemeint
Ilﬂl[i]ﬁ%ﬁ@ﬁ reactorsjusellessiihantoy qoitheleneruylialuelontheiniue]!

G nl@ﬁ%@]@&ﬂﬂ@@ﬁ@

ManyiaduancediieactorsyoneratinglonitheltasgietitzoniSpeetumnicaniuse
unjiof9syoofitheleneruyiialuelofitieliuefieauinoamuchliioweuaste

uolune?

mﬂ@[r@m[r e remaining Wasies are far 6SS nersisiemt, with tomieiy hall
liyesiof l]nmmﬁ]ﬁ@ls. atheRthaniiens @ﬁtﬂhmlc. Of VEALTS,

Fﬁnm elfonmsyrathepthanireuiy

@ gealogical Isolkkion for millenmik,

would [ﬁ]@@ﬁ] only o e comtaine for seueral Dunaredl Pears amndl comldl s
housetfandimonitoredlinimansnatelcontainerss

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006



WeanonsieroliierationandiEhySicallRroteetion

ls wWithlcurre e acloks? ﬁﬁ]@[i’@ [S @IS Some [islk of (iverslon of nusiear
matesialicyliciiuLnosest

m [Dﬂnfﬂa]l] DemaI aff dvameEsd feRctrs s that Ianyjdesigisjuseluelsiand
nigducenastelstieamsiiiagaellessyuesiranlelioiiverSiont

Wiamy eianeed fiels are Dol really accessel Sines e Els e
contalnei I secalet cores it are (ESIInel S &S mot (v e opened I e
hoScouniny?

W B SIS a6 efien mueh Smaller (e to high burmup of Tsslie
ENGTRD (O ngoneration® _
@[ﬁ]l@ﬂ[i]@] etioxtSytojuuantiyandiassessisafeguandanilitylmusieontnuerand
factoedlintolanyjregulatonyfandilicensinyfetion

SalEIRrSs compaiiiiy shoull be & pre b (e (esiin of eivenesd
HEACLOTS?

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006




MultiplelApplications

F@G]%v]fg nucleagieactorsiaLe alnroducinulelectricijinfiiaseload
oferation
Buinanyfadvancedireactoksiatelnorelversatilelantieantinoreleasilyjeyele
fo meatelh fucinating loaal, Wikleh may DECOE More Mporiant S
nm@nnl anountsjowindfanulsolar @m@m W &r® Qi to global arids.
Becauselinanyfaduancedlreactorsynrogucelnuehlhighegiemneraturelheat
fﬂ]n@w EaN SHbsime for process heat I The ehemieal, fel ﬂmg, food
Drocessing, amnd sieal Iniusies Mhose heat 1se (Ffom foss] fuels Aeeoums
fior more han 10% of global cneray GU, Cissins as W@l][l as{iSnlace
hollers In Edsting coal plans.
Higheriemperatureloutnugalsolenablesjmuechlnoreleiiicientiowel
COMEISIoN MrocESSES ST &S e Brayion CYele.

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006



GanilaliGost

i]]]@][i] 20% off e cosis of & comveniional Dueiear DRt Qe Conneeied v

ihelcosofithelnieleagreaciogitSelfantinowenrodueticnieuuinmnennt

MoSt @ﬁ 106 CoSt COMES [Fom 16 ConsTIElon of Rre 'l[ﬁ]ﬁﬂ]ﬂ[ﬁ][il]ﬂ@[i]ﬁ

SEUT[[I@E[[I[F@S% cooliny ﬂ[ﬂﬂ[ﬂ[ﬁ]ﬂ@[ﬁ]ﬁp elinfrastiucturesantjii

aDEng Coss for

Ienythylconstiuction|neriodsyhat HW[DDOIUUW lasuiourtolfivelVearsjol [HJ@[F@ a8
”[DTJ[D@][F@G] withimonthsitoxiwolyearsitorfajgasiogeoaljilait

Aduaneetineactogcanitalicesisiianuelinomissyatol8 0y oifcurneniiarue

lighiwaterreactogievelsiinithelutS¥aiitignthfoialki

N consuetion I

NGBS

spanistightiylmoreltivanitwopearst

Nivanead Feaciors aldmess {he cost Issues I o Ways. [rst, by 1sing

coolantSwithiditierenicharaclesistiestandlusinglinherenysafety;

Sraieiies: Secomnd, by reducing the complerity and skze of the on-sie

SHEres DeeEieL

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006



Deploymenyhates

0 OWEE & FRpially Mok _ Inyandjue [[I zingjpla
elimae Ehandge monld require & minimum of 1e00
um@@ﬂﬁw hylmidscenturyh

newandiwhilejinanaging
Glilelofinstalledinucledn

D (e eirements of {he erising fieet of S66 GE, Tiis geal would

temanttantannualiieactoghu 1@] atelnouyhiypten

nesjtheleunieniratelon

thejeuuivaleniopi0olauelieACIoNSs,

sllfaltactonydoshiivakizhu 1@] imogelthisjupalican
o IRDREIrers Such &S Boeing produce G0 to /00 &

helachievet!
linlanesieyearai

fﬂ]ﬂ@ W@[ﬂ]ﬁ]’ S shiphuiliers anmually m et (ezens of kige 0cean-going

[l@u

hecauselofithelenhancedisafelyandiwastelcharacteristicsyauranced
[PS% wouldliikelyineediiessisitelueveionmentandrannioyalieaditine?

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006



lihelBolicyjAuenta

=lneveloplintennatonalisaiewsconstauctionsanulgualityzassukaiee
@ﬁ@mﬁ]@ flor adraneed MeAciors. [ core Set af stamikrds reviewed amd
aceentedliniernationaliyjwounldienablelinoke [r@mn@] denloymenmsineejeach
m@tﬂ@m \m@mﬂﬁ] loneeiolreassessyuesiynsipasedionjuninuelnational
@ﬁ@mﬁ]@m sfortniiolharmonizeumhexof ﬁ]ﬂﬁﬁ@ 1gfstandaris

sl injrovejiegulaionjniocessiand [r@lmu@ﬁ@[r ADeienes. I addiion to
COMMED SRS, FORiomn DrocesSsSes must b (eveloped amnd
AErse amd @m@m@mu huilwwithinfregulatosyfaueneiesaStanaris
Shoull i@ (IS Ifermed and DonpreSeEripive, alloming for phesed Neensing
off DEW reacior @]@@Dlmg% rain@r tham “all or nodhing” @@nmmnnmm(amﬁ@ iiaiinay
deten D[DW@SEU]DD@[D& [Programs Wil he needed i GVeDnieie demth amd

exiertiselioganiexnansionjoffadvanced

reactorieullatonjoyersighiant

elicouragelanlintennationalesionistolhui

i TRiming pipelnes.

“Tiivemeed NMueledar EDerm: Meed, Chareieiisies, Praiecied Costs, ami Opportmmiies,” Gledr A Tk Foree, Bosiom, [ 02108, TS, Apr 2006



nels, Beiier i

fesizaieuelopmenyinirastaugtiiie
>[I A Gases, Axlameed muclear (eslms Fguirs [se of Rem mateals and

gifacilitiesyesneciallyfalilexinle)iasuieutionisouiceawill

6 meeHeN) 00 GIelie GilEia] eariiEaon o] These hew M.
Niiiomally, ones & (esiyn IS well (evslonadl, & (eEmensiaiion DIt must

hegh

IIAWhichireut

iesisiunificanyeiioyiiositeldeyelopmengant

MEEnsing. Eiiher @ Susiained paiond Elor or & coonlnated mMermetional
eiforgwoulilfaceeleratelueyelonmeint

o [Ivesiment M other hels Sueh &s medeing amid SImukiion sl contnue
tofsupioriinnoyaticniandiresearehlinicomplementaniieehneloyieSisueh
asjatvancedlinanuiacturingynodulagconStuctionfauyanceulnoweHeyeles?

Q0] &0 [

gistiouldihelsealedjunfand{coordinatediwithinuelear

mnevaon (o Ierease Te uilkzxiion ef hese DEN ﬁ@@[ﬂ[ﬂ@ﬂ“ﬂ“ ingthe
nucleanfields
“{Nmed Mvear Aneron: eed, GhAretssss, Proletsd Gosts, an Onporumis,” Glar Ay Task Fores, Bustor, G 02008, USA, ATl 2013



EXport Control Procedures & Reauirements

aallinthe U:S", some innovators have foungithejtime, complexity, cost, angd
Stringency'ofitheiexport control progessjtojhe overly hurden-some,
delayving ordeterring international cooralmn and international husingss
AgKEeIments:
Eiforts canfandishould be/made to ke lGe me hurdenof lhe exnorticaiirol
eess without endangermg the nnal securnv mlerests ofithe|UISs

_—_._—_»,, '» 7, ’, ‘. ‘. " I i 1 ‘v

gAULaICEI'NUCIearENergyINEeTIFCharaclersSucsTRrojecLet CostsTanironportuniiessClearAiiTaskiForce Boston MAI0210 91U SATANniIk20)18



B

»

P

\\‘

U

S s L o A W, o A e
o ..“ - :";“\:’“ S e " oy v. oY ﬁ‘,'ﬁ‘“.'\ o
- 3 - 0 T 2l « . LA =
—A'largejAdvanced NuclearPOWEE SN
» "l —’ ’o»’\ oo Z -~ \, “"- .l - a . = ~

£y




WhylDoelhinkfigWillifakeNucleanGhean:k

Construction cost of reactors by type
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c Global Sourcing
H AI N c H A l I- E N G Es In the majority of cases there will be no domestic nuclear component
suppliers. This leads to difficulties in developing, controlling and

; g maintaining nuclear safety culture, technical expertise and knowledge
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in large quantities from domestic markets. The majority of

procurement will be in collaboration with global suppliers, S
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