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This is the third of threeeportsabout the claims by representatives and proponents of
the International Thermonuclear Experimental Reactor (ITHRe Selling of ITER"
published on Jan. 12, 201 Former ITER Spokesman Confirms Accuratiewof Energy
TimesStow" published on Jan. 19, 2017.

Abstract(Copyleft Duplicationwith Attribution Permitted)

The International Thermonuclear Experimental Reactor (IiBE#R) largest and most
expensive sciencexperiment onEarthtoday. Public outreachor the experimental
fusion reactor under the direction oLaban Coblentzhe head otthe ITER
communicationffice, hasled journalists andhe publicto believethat, when
completed,the reactorwill produce 10 times more power #h goes into it.

It will do no such thingThe $22 billion reactas designed to produce only.6 times
more thermal power than it consumes in electric powdsinga more conservative
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calculation, the reactor will lose more power than it produces. The planned output
power of the reactor has been reported correctly, but thput power for the reator
has beerwidely reported incorrectly, as 50 megawatts. Thactualinput power value
rarely discussed publiclwill be significantly larger

For decadessomeproponentsof thermonuclear fusion research have usadouble
meaning or the phrase "fusion poweryet failed to inform the public, the news media,
or legislators about the existence of this dual meanifigs ambiguityhascausel non-
expertsto think that power productionratesfrom large-scalethermonuclearfusion
experimens show greater technological progress than has actually occuhA®d.result,
people who are not fusion expertlink that ITERwill achievea power production rate
or power amplificationsix times largethanits desigrspecification ITER will produce
power at a rate of only twahirds of the rate it will consume power, when comparing
electric power input to equivalent electric power output.

Somefusion proponents have usdtle secondary meaningf "fusion power"to
convince norexperts thatthe record-setting1997fusion experiment in thdoint
European Torus (JET) reactor in the Ha€l. producedhermal power at a rate 065
percent of theelectricpower consumed by the reactand, therefore,that the reactor
had come close to producirmgpwer at a rate equal to theate of powerconsuned. In
fact, in that experiment, the reactor producgawerin heatat a rate ofless than 2
percentof the power inelectricityit consumed Coblentzand the ITER communications
group haveused thesame doible meaning tgpromote the publicly funded $22 billion
ITER reactor, under construction now in southern France.

CHART #1
ITER Power Amplification (Gain) Comparison '

Publicized Projected Power Actual Projected Power

Heat - Heat 1.6x Gain 4

Output Net Output -
(500 Mw) Power  Electric (500 MW)
(450 MW)  Input 3 Net Power
(300 MW) (200 MW)

1. Publicized values for ITER are given as power, not energy.
. The ITER Web site does not clearly disclose that the 50 MW is a heat input.
3. The ITER Web site does not disclose that the full reactor inputis 300 MW
during peak fusion output of 500 MW. See text of report for details. SBK
4. See chart #2 for electric-to-electric gain comparison 2017
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Fusion researclnsidersknowthat the currentprimarygoalof ITERs not to
demonstratepower amplification of the reactoidnstead, they knowthe maingoalis
the poweramplificationof the fusion plasmaa significantlydifferent measurement.
Fusion expertsaythat nonexpertsunderstandthe distinction, but nearly all evidence
as showrfor examplein news coverage byhe New York TimeScientific American,
Bloomberg, Forbeend BBC Newss to the contraryThe daible meaning of the phrase
"fusion powefl' went unnoticedfor yearsandhas misledexperienced journalists,
scientists, members of the public and elected officials

Full Text(Copyright 201® New Energy Time®uplication Prohibited)
(Average reading time: 25 minutes)

When | first learned thasomethermonuclearfusionrepresentativesad been
promotingfusionresults with a secondary meaning of the phrase "fusion powedne
that drasticallychanged theperceivedimportanceof the datat | didn't believe it.
However,my sources were reliable andaggnized experts. The firstasStephen O.
Dean one ofthe mostwell-recognized nuclear fusigoroponensin the U.SMy second
sourcewasMichael Schaffer, a plasma fusion physicist who had worked for General
Atomics.If what Dean and Schaffer told me svaght, then he publicizedpower gain of
the most powerful fusion reactathus fart whichpurportedly producedheatoutput of
16 million Watts froma heat input o24 million Wattst wasinaccurate It would mean
that the devicethe Joint Europeaforus (JET) fusion reacttrthe Culham Centre for
Fusion Energin the U.K.didn't come close to 65 perceefficiency as habeen widely
reported.

In fact,the realpower efficiency ofthe JETreactorwas, at best, 2 percenlf these
fusion experts were right, the same type of confudiéely wasalsooccurring with the
promised claims of the $22 billidnternational Thermonuclear Experimental Reactor
(ITERpow under construction in southern France.

Theactual rates of tk power production of JET and the projected power production for
ITER are nearly universally misunderstood by people who are not fusion experts.

Theheartof fusion reactors such as JET and the forthcoming ITER resztdonut
shapedmetal chamber cdéd a tokamak, in which gaseous fuel is magnetically
suspended and heated to form a plasma. The plasma is a hot, electrically charged
mixture of deuterium and tritium gases, which, when heated to d#llion degrees
Celsius, will react and undergo nucléasion. The fusion reactions emit fusiparticles
(helium and neutrons)which have kinetic energy that is converted into thermal energy.
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JET highlights

* The first tokamak to
achieve controlled fusion
power (1991)

* The only device capable
of using Deuterium and
Tritium fuel

* World record of 16
megawatts of fusion

power (1997) — around
65% of power input

=« Flexible design that can
~  be upgraded to keep pace
with scientific progress

Slide #6 from Nick Holloway's 20dliie presentation

Fusion Power (MW)

Interior photos of fulscale mockup of JET reacor.(Photos: S.B. Krivit)
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AmongJournalists

Science journalists had thought th#tte publicizedoutput efficiency(65 percent of the
input power) of the JET reactor wadmsedon a calculatiorthat includedall power-
consuming systemaf the JET reactofFor exarmple, CharlesSeife,an experienced
science journalist and professor of joursati at Columbia Univetgi wrote about JET in
his2008book onnuclearfusionresearch Sun in a BottleJournalist Lev Grossman wrote
about JET ifimemagazine on Oct. 22, 2018o0th of them(as | once did too)
misunderstood the real powesfficiencyof JETEachof the quotesbelowis
fundamentallywrong.

"JET got 6 watts out for every 10 it put'iGeife wrote"It was arecord, and a
remarkable achievement, but a net loss ofgi¥cent ofenergyis not the hallmark of a
great powermplant.”

"The goafor all these machines is to pass the breakeven gboatpssman wrote,
"where the reactor puts out more energy than it takes to run it. The big tokaceake
close in the 1990s, but nobody has quite done it'yet

A detailed explanation of these numiseis shown belowror now, the simple answer is
that these numbers account for only a subsatsmall fractionof the completereactor
power consumption. First, howeverunderstandingthe historical contexts crucial

When journalistsfor example Seifand Grossmarhave discussed fusion research, they
have often used the wordgower' and"energy imprecisely In a nortechnical
sentence, either term cagenerallybe used. However, whetdiscussing measurements,
the termsare notinterchangeableEnergyis the capacity to do work over a defined
period of time and is measured in ungach akilowatt-hours.Power ighe rate at

which energy flows and is measured in usiteh asilowatts.

Among Legislators

According tcsomefusionadvocatesthe JET reactor, with its 1997 receseltting result,
had reached its design limitations. They convinleggislatorshat anewer,biggerfusion
reactort 10 times bigger would do the trickandwould finally create poweat a
greater ratethanthe reador consumesThisenormous undertakingvould require the
collective scientific knoviaow from many nationsglong withcontributions of materials
andpublicmoney. ITER was the way to fusion povaagording to its promoters.

Here are some examples of wHasionrepresentativesold members of theJ.S.

CongressOn May 5, 1993, the Committee on Science, Space, and Technology of the
U.S. House of Representatives cemed a hearing on fusion energy researghne
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Davies, the associate director for Fusion Energy Sciences in the Department of Energy
said that JET had produced 2gawatts of fusion powelPautHenri Rebutthen the

director of the U.S. ITER effprestified thatthe ITER devicéwill be able to produce
high-grade heat from controlled fusion reactions well over 1 billion watts.

Next to testify was Charles C. Baker, the U.S. ITER team leader and the associate director
of the Fusion Energy Division at tbak Ridge National Laboratoin his oral

testimony, Baker sajdIf ITER is built, which we all hope, it will essentially be a

complete model of the core of an operating fusion react@aker's written testimony

said that "ITER will produce 1,500 t®@@) megawatts of fusion thermal energy."”

Sixteenyearslater, on Oct. 29, 2009, the Subcommittee on Energy and Environment of
the Committee on Science and Technology of the U.S. House of Representatives
convened another hearing on fusion energy resea8tbwart C. Prager, the director of
the Princeton Plasma Physics Laboratory, testified "ITER will produce 500 million
watts." Edmund Synakowskhe associate director ahe Office ofFusion Energy
Sciences ahe U.S. Department of Enerdgstified that JET hagroduced"a few

million watts of fusion power, enough to pow#rousands of home$

Edmund Synakowski



JET's Real Numbers

In 2014, while | wasvorking on aook, one of my editors encouraged me to get better
information onthe progress in fusion researsice the 1950sDean and Schaffer had
already told me that the actual efficiency of the JET reactor wasn't 65 peaoelthat

the numberwas not based oall electricity consumed bthe reactor.But what wasthe

real power consumptior? Whatwas the real progress in reactor power over the years?
Dean suggested that | contact JET directly. Nick Holloway, the media manager for the
Communications Group of the Culham Centre for Fusion Energy, which operates the JET
fusion reactor responded promptly and clearly to my inquiry.

The full electrical inpubowerconsumed by the JET reactétolloway told mewasat

least 700 million Wattémegawatts, or MW) of electricity. Therefore, with a heat output
of 16 MW, JET came onlyithin 2 percent (rather than 65 percent) of producipgwer

at a rate equal tdahe rate of power it consumed. The 2 percent number is base@on
lessconservativeof two calculation methods, comparirige heatoutput rate to the
electricalinput rate. Amore conservativecalculation method normalizes the heat power
output to electrical power, using 40 percent conversion efficiency, and gives a reactor
power efficiency of less thad percent.

An Internet search for the electrical power rate that included all JEBgstems
returned no hits As shown on the Internet Archive Web site, which preserves past
versions of Web sites, thaput powerrate that included 4 of JET'power-consuming
systemsappearedfor the first timeg on the EUROfusiolVeb site,in 2015 after my
enquiry to Holloway.

Dean and Schaffer expladto me why fusion scientists, among themselves, never talk
about the full electrical power requirements of fusion reactd#®m their perspective

it's irrelevant.That's notfusion scientiststurrent objective Areactor thatcanproduce
power at a rategreater than is consumed by the reactsn't expected until theatter

part of this century

| wanted to know whether Dean and Schaffavay of looking athe powerrate from

fusion reactors wasommon among fusioexperts. In December 2014, | seninails to

SIFOK 2F GKS Hn YSYOSNRBR 2F GKS ! of{ & 5SLI NI Y
Advisory Committe@and asked them about fusion resulSix othem respondedIt was

true. Fusion researchers simply do not think about the power that goes irgcetttire

reactor. Instead, they think only about the power that is used to heat the plasma.

Mark Koepke, professor of physics at West Virginia University, then the chair of the
5SLI NIYSyld 2F 9ySNHeQa Cdzaizy 9y SN#ae { OASy
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past chair of the Plasma Physics Division of the American Physical Society, was one of
the respondents.

Koepke knew that JET hadnsumed a rate of 24 MW of thermal power to heat the
plasma, but he told me that he didn't know the full rate of powensumed by the JET
reactor. He wrote to me that power requirements in JET beyond those used for plasma
heating were, in his words, "extraneous quantities." Not one of the FESAC respondents
knew the full rate of electrical power consumption of JET.

Mark Koepke

ITERs Real Numbers

The next step was to look at the ITER clal@mson the ITER Web siwaidthat the

ITER reactor will "produce 500 MW of fusion power for 50 MW of input power (a power
amplification of 10)." The ITER organizatitaimson its Web site that ITERVl take its
place in history as the first fusion device to create net enér@exton the TER Web

siteis often imprecise in its use of the words energy and power. Howallestated

values on the site are values of powdf.the 50 MW and 500 M\jgower numbers
accurately represented what the reactoilido, ITERvould not only produce net powe

but would producel0 timesmore powerthan it would require to operate.
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There are two misleadingartsof the 50 MW input poweclaim The firstpart is that
the publicized50 MWinput is notelectricalpower but instead, it ishe power of the
heat injectedinto the plasna. Even Michel Claessens, the former head of
communications for ITER, did not know this

Michel Claessens

Two fusion research professomho did notwantto be quotedexplained to me that the
50 MW of powerwhichenter the reactor chambeas radio frequency waves and
energetic neutral beamsequire the expenditure oht least 150 MW electriaty.

The second misleadingart is that the actual inpupower for the entire reactor,
requiredto produce a thermal output of 500 MW, include®re power-consuming
systemghan just the plasma heating systems.

When thepower gain is calculated using thél amountof requiredelectrical power,
usinga lessconservative calculation methogheatoutput versuselectrical input) ITER
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will producethermal power at a rate ofL..6 timesrather than10 timesthe electrical
power it will consume Usinga more-conservative calculation methdtheatoutput
normalized toelectricity), ITER wilhave a(negative)gain of 066 rather thana (positive)
gain of10.

Nearlyall recentnews reports abouthe ITEReactorsay that it will producepower at a
rate 10 timesgreaterthan it consumesMaking sense oivhat happenedequires
understandng some of the historyunderstandng somescientificterminology, and
analyang the effect of the public communicationf ITER

Fusion Power

Here isan example of whagxperts have told nom®xperts about the results of fusion
progressStewart C. Prager, the director of the Princeton Plasma Physics Laboratory,
testified beforemembers of Congreshuring theOct. 29, 200%hearing.

"By any metricye are far along the road to commercial fusion poyélrager said'ln

the past 30 years, we have progressed from producing 1 watt of fusion power for one
thousandth of a second to 15 million watts for seconds, and ITER will produce 500
million watts forl0 minutes and longer. ... The most recent National Acadeiy
Sciences}tudy notes remarkable progress in recent years. But my focus today is the
future, the remainder of the journey to fusion poweér.

Prager's statemenncludedtwo meanings for the phrase "fusion power." Fusion
experts will recognize the different meanings from their knowledgiisibnscience
and the contexpf Prager's statementdNonexperts would have no idea th&ragels
first and third uses of the phraséusion powel meant anything different from his
second use of the phraséusion power:

Prager, and everyone else who testifieeifore Congresshat day, failed to explain that,
when they used the phrase "fusion power" in the context of "millions oft§\af fusion
power," they were using aecondarytechnical meaninglhey didn't tell Congreghat
the secondarymeaningfor the phrase "fusion poweréxisted.

Many decades ago, fusion scientists began using the words "fusion power" to compare
the power, inheat, produced by a fusion plasma inside a tokamedkctorwith the

heating powerinjected into the tokamak to form the plasma. In this context, "fusion
power" excludesall theother input power requirements of a fusion reactor.

A lessambiguougerm that | suggestisthe phrasefusion plasma powegain, to
indicate the relationship betweetine power ofthe plasma andhe heat consumed by
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the plasmaThe phrasaeactor powergain more clearlyindicatesthe relationship
betweenpower, inheat, produced by the plasma and tledectrical powerconsumed by
all required reactor sulsystems

More precisely the fusionplasma power gain is the ratio of the rate of fusjgroduced
particle power output produced by the plasma compared wiité rate ofheat required
to maintain the plasma at the required temperature.

TheEUROfusion organizatipa consortium that manages and funds European fusion
researchwrote onits Web site that JET "is the only operational fusion experiment
capable of producing fusion energyhat Web page gives readers no indication that
JETat best,produced 16 MW of fusioplasmapower at a cost of 700 MW of electric
power.

Obscured TERnput Power

The ITER Web site does not giwdistretevalue for the reactor input power
requiremens. Instead, itomminglegpower consumption ratefor non-reactr site
requirements with reactor powerequirements.Forexample, i saysthat "the ITER
plant and facilities will range from 110 MW to up to 620 MW

In December 2016 dskedLaban Cobleiz, thecommunication head of ITERr a
precise value for the reactor electrical ungpowerrequirements.He gave d&ngthy
response but failed tanswerthe only questionl hadasked | askedCoblentzhe
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guestionthree times and three timesCoblentZailedto providethe answer. On the
other hand, | asked for the same information frolmee independent fusion experts.
asked each of theranly once. Each of them, within a few days, responded only pnce
with aclear and direcanswer All responses were cosgent withone another.

Several U.S. fusion experts were also not forthcoming when | asked them for the ITER
reactor input power requirements. Twice, | asked Don Rej, the chair of the U.S. Fusion
Energy Sciences Advisory Committee, whether he coulthtethe full input power

required to operate ITER during its peak 500 MW output. At the time, Rej shared the
leadership of that committee with Synakowski. Rej deflected my question both times
and, without explanation, said that | should ask Cotdehaskd Mark Uhran, the U.S.

ITER communications manager, and Ned Sauthoff, the U.S. ITER project director. | also
asked Ernest Moniz, the former U.S. Secretary of Energy. None responded.

However three other sources (see below) were ablegtackly, clearly, and succinctly
give me the answer to this question.

Adocument bylvone Benfatto, the head of the ITER Electrical Engineering Division,
showsthat ITERs designed t@onsume far more than 50 MW of electrical power.
Benfatto's document"PowerConverters for ITERshowsthat ITERwill draw hundreds
of megawatts of power from dozen hydroelectric and nuclear power plairighe
nearby Rhone Valley.

| alsohad located &J.S. Department of Energy documehnat explained thathe ITER
reactor will use two sets of power suppli€3ne is the Pulsed Power Distribution
System, dsigned to deliver up to 500 MW of power for short intervals. The other is the
SteadyState Electric Power Network, which will deliver up to 120 MW of continuous
power.

Key Source

But the ITER reactor will consurdigferent amountsof electricalpower during different

phases of operatiorOn April 19, 201the Bulletin of Atomic Scientispaiblished an

articleby Daniel Jasshy, a former principal research physicist at the Princeton Plasma
Physics Laboratorfis article wasited "Cdza A 2y wSIF Ol 2NRAY b2d 2 KI{
to B€' and hespokewith me.

Jassby explained that ITER will have thpemary sets of poweconsuming systems.

The first willbe the steadystate power, drawing about 100 MW of electricity. This

occurs always, during the startup phase, the fusion phase, and even when the reactor is
not operating. The power is necessary ovariety of essentiakactor systems such as
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liquid-helium refrigerators, water pumps, vacuum pumps, temperatcoatrols for the
reactor buildings and tritium processing systems.

"The secondet of powerconsuming systemsill consume about 300 MW of
electricity," Jassby said. "This wil kequired before the start of the fusion phase. It will
be used primarily for the various magnetic and electrical systems to start up the
discharge and reach operating conditions. This 300 MW of electricity will not be used
during the fusion phase. Thettd powerconsumptionbefore the fusion phase will
therefore be about 400 MW of electricity."”

"Third," Jassby said, "during the fusion phase, the electric power consumption for the
reactor'splasmaheating systems, current drivand magnetic controls will be about 200
MW of electricity. Theotal power consumptionduring the fusion phase therefore will

be about 300 MW of electricity

Hidden Input Power

The image below, from the ITEReDb site provides aurther example of how the ITER
organizationin its definition of "net energy has hidden the full required reactor input
power and the actual reactor power gaifhe ITER Web sigglitors' sloppy use othe
words power and energy is a side issltee ITER numbers are alwaysblicizedin

terms of power (megawatts) rather than energy (megawaitrs).
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ITER will be the first fusion device to produce net enerqvo. ITER will be the first fusion device to maintain fusion for long periods of
time. And ITER will be the first fusion device totes  NET ENERGY and physics regimes necessary for the

commercial production of fusion-based electricity.
When the total energy created

Thousands of engineers and scientists have contri during a fusion plasma :a for an international joint experiment in
fusion was first launched in 1985 The ITER Memt  Pulse surpasses the amount of a, Japan, Korea, Russia and the United
States—are now engaged in a 35-year collaboratic €nergy required to power the 1ental device, and together bring fusion

to the point where a demonstration fusion reactor ¢  machine's systems (heating).

ITER Web site definition of net energy

A moreaccurate statementvould include alithe machine's required power systems
not just the heating system

Confirmation

If Jassby was right, then ITERIblicized50 MW of input power waswrong. Twice,|

asSyid WFHaaodua adzyYINE 2F GKS L¢9wchieR g SN NE
scientist, and asked faroncurrence or correction€ampbell did not respondHowever,

two otherindependentfusion experts promptlandclearly answeredhe question

"How much total electrical input power (not just the 50 MW plasma heating power) will

be requiredfor all systems on ITER, during its peak fusion power production of 500 MW
thermaf?"

Hartmut Zohm(left), Steven Cowley (Photo: Royal Socigtght)
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One experwasHartmut Zohm the head of the Tokamak Scenario Development
Division athe Max-PlanckInstitute of Plasma Physics.

"From my discussions with some of the ITER team members,” Zohm wrote, "I learned
the following:At the peak operation point, ITER will produce 500 MW of fusion power
which is 10 times the external power neededheatthe plasma.

The magnet system will require about 80 MW of electrical power and the heating
systems about 150 MW. Add to this an overall consumption of the site of around 100
MW (for all subsystems needed to run the whole plant), we would haveta28MW

of electrical power needed to run the machine in this state."

The other expert tawonfirmthe ITER power requirements wageven Cowleychief
executiveofficer of the United Kingdom Atomic Energy Authorigwrote that, in
ITERfor a 50 MW tlermal input, "with the efficiency of the beams etthe electrical
power in would be over 30MW." Cowley concurred that the primary goal of ITER is a
500 MW thermal output for a 50 MW thermal input, but he also said,thatording to
computer simulatios, the reactor could get hot enough for ignition, where no external
heatingwould berequired. A article inNature, in which Cowley is quoted as a source,
says that ITER is not intended "to demonstrate the feasibility of plasma ignition."

Based on the informtéon publishedon the ITER Web site powsupply pagein the
Benfatto documentijn the DOE document, arfdom the threeexpertsourcesthe
claimed50 MWinput for ITER as understood by the public is afiction. Therefore,

the claim of a 1€fold gain in powers also a fictionThe claim that ITER will produce any
more power than it consumesgeak, at best

ITER OutpuPower

The ITER reactor is desigrntedand expected to produce fusigoroduced particles that
will be emitted from the fusion plasma. Most of the energy produced by the fusion
reaction will be carried away from the plasma by thsionproduced neutrons. These
neutrons will be absorbed by the walls of the reaciehere their kinetic energy will be
converted to500 megawatts ofieat. ITER isot designed to use this heat to produce
any usable power, let alone electricity. Inste#toe heat will be captured by cooling
water and dispersed to the atmosphere through cooling towers.

ITER PoweGain

Therefore, if the total heabutput is 500 MW and theninimumtotal reactor electrical
input is 300 MW, the reactor will demonstrate awer gain, or amplification, df.6
times, not10 times. An amplification of 1.6 is the b&stse scenaribecause rore-

15


http://www.nature.com/news/2010/100430/full/news.2010.214.html

critical observers will argue that only like terms can be compared. They will argue that
heatpower and electrical powerannot bediredly compared Therefore, if the heat
output is normalized to electricitywith a conversion efficiency @ percent,the

reactorwill actuallyproducelesselectricitythan it consumesresulting inan efficiency

of 066 and a net loss of 100 MW

CHART #2

ITER Reactor Design Power Values *
Electric Input and Normalized Electric Output

500
400

Electric
Input 2

Thermal-to-Electric
Conversion -
(40% Efficiency)

g 300 Thermal

S 3 2

= PAOR Drain 3 Output Equivalent [ISSSEN
g 100 . ; Electric st
nc_> 0 Drain 1 Output

Net Power

-100

1. Publicized values for ITER are given as power, not energy. SBK
2. See text of report for details about the three power drains. 2017

Fusion scientists are concerned wahly the fusion plasma power gaiffhe public is
interestedprimarilyin reactor power gainHere is a summary of the three ways to look
at the projected power gain of ITER.

FalsePublicPerceptionof ITERReactorPower Gain 50 MW ofheatin, 500 MW

of heat out; a gain of 10.

ITERReactorThermal Power Gain300 MW of electricity in, 500 MW of heat out;
again of 1.6.

ITERReactorElectrical Power GairB00 MW of electricity in, 500 MW of heat
converted to200MW df electricity;a (negative)gain of0.66.

Misleading the Journalists

Most journalistswho have written aboudET ofTERincluding mehave unknowingly
taken communicationby fusionrepresentativesat face valueand published
substantially erroneoustatements abouthe reactors Here are a fewwamples
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SteverKrivit, Pacific Oaks Presitune 2004{JET] "has generated, at its best, only
60 percent of thanput power it consumed.”

Geoff BrumfielScientific Americgrnlune 2012: "It will generate around 500
megawatts of power, 10 times the energy needed to run it."

Raffi Khatchadouriamjew YorkerMarch 3, 2014: "[ITER will] produce ten times
the energy fired into the plasma, at half a gigawatt."

Ethan Siegekorbes Aug. 27, 2015:The breakeven energy point in nuclear
fusion[is] where we get out as much energy as we put.irThe reality is we've
moved ever closer to the breaken point."

Daniel CleryScienceNov. 19, 2015:The ITER project aims to show that nuclear
fusiont the power source of the sun and starsis technically feasible as a

source of energyDespite more than 60 years of work, researchers have failed to
achieve a fusion reaction that produces more energy than it consumes. ITER ...

the biggest attempt so faand is predicted to produce at leaSD0 megawatts of
power from a 50 megawatt input.”

Nathaniel ScharpindpiscoverMarch 23, 2016: "ITER is projected to produce 500

MW of power with an input of 50 MW. enough energy to power roughly 50,000
households.

Davide Castelvecchnd Jeff TollefsonNature, May 26, 2016:[ITER]s predicted
to produce about 500 megawatts of elecity."

Dave Loschiav@\yrs Technicaluly 3, 2016: "[ITER] is projected to produce
500MW of fusion energy while consuming 50MW to heat the hydrogen."
Damian Carringto, The GuardianOct. 17, 2016'ITER should be completed in
15Hn &@SFNHBE FYyR IAYa (2 RStAOSNI pnnaz
large fission reactors."

Damian Carngton, The GuardianDec. 2, 201:6"We are convinced we can
deliver hundreds of megawatts throughER up to 10 times more energy than is
put in, says Davi@ampbell."

Henry FountainNew York TimedMarch 27, 2017: "ITER will benefit from its
larger size and will produce about 10 times more power than it consumes."
Fraser CairlJniverse TodaWeb site, May 28, 2017: "If all goes well, ITER will
KFgS + NIXdA2 2F mMnd Ly 208KSNJ g2NRax
generate 100 MW of usableopver."

Jing CadBloomberg June 29, 207: "[ITERBdevelopers say it produce 500
megawatts of power using 50 megawatts to get the reaction going."

Edwin CartlidgeNature, Julys, 2017:"ITER [will] generate electricity only in
bursts of a few minutes."

Edwin CartlidgeBBC NewsJuly 11, 2017: "[ITER] is designed to generate 10
times the power that it consumes."

Jason Bardinside Sciengeluly 17, 2017: "The goal of ITER is to prove it's
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possible to produce a net gain of energy. That means it will produce more power
than it takes to make it. It will produce 500 megawatts of output power but only
use 50 megawatts of input power."

Every satement above, with the exception of Khatchadourian's and Loschiavo's, is
factually incorrect. Khatchadouri@@nd Loschiavo's statementshile factually
correct,are misleadingn contextbecause they did not tell their readers that tB60
MW outputwill requiremuchgreater inputthan will beused justto heat the hydrogen.

With the exception of Daniel Clery, none of these journafisisie thedistinction

between reactor power and fusion plasma pow€ftery, who has a degree in theoretical
physics anavrote a book about fusiom Piece of the Suhad to have known the
difference.Even if journalistknewabout the distinctionthey likelyassumed, as did
fusion expert Koepkehat the increasedoower beyond thaneeded to heat the plasma
wasimmaterial

Bardi, quoted above, is theewsdirector of the American Institute of Physics and a
longtime science writerSiegel quoted aboveis a professor of physics and astronomy
at LewisandClark Collegandhas a Ph.D. in astrophysid$iey likey didnot recognize
the distinction or its magnitude.

After | explained the distinction to Khatchadourian and Loschiavo in a serienafs
each said that he had already known the distinction. However, they didn't digddseir
readersthe distindion or explain the magnitude of difference in reactor power versus
plasma power rates.

The impact of the ITERRomotionis widespread. As thicreenshoshows the editor of
the World Nuclear Associati@atcepted the ITE&aimedfigures. That editor was very
surprised when | shared information with hitmat the reactor input power was much
greater than 50 MW.

John Greenwaldhe science editor for thBrinceton Plasma Physics Laboratory
published a press release that s8liER can produce 10 times more power than it
consumes' TheEUROfusion organizatievrote on its Web site thalTER'is designed to
deliver ten times more power than it consumesleither organization disclosed on those
Web pagestiat the figure of 10 applied only to the fusion plasma power gaiaking

each statement false and misleading
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No Electrical Output

Several journalists writing fddature, an authoritative source for science news, didn't
know that ITER is designedpooduce only heatln 2016 Davide Castelvecchi and Jeff
Tollefsonwrote that ITER would "produce about 500 megawatts of electricity.” In 2017,
Edwin Cartlidge, made theame mistakel submitted a&commenton Nature'sWeb site

with corrections to Caritige's articleand it appeared on the site immediately.

Fourdays laterNaturecorrected the article. Rather than acknowledging my assistance,
Natureremoved my entire comment without explanation almtked the articldrom

further comments.This is tle second such deletion yatureof one of my posted
comments on ITER. The first was in response to Elizabeth GiBary27, 2107article

on ITERAs ofSept. 28, 201,the Castelvecchiollefsonerror is still on theNature Web

site. -

Thepublicized TERumbersgive the impression that eeactorlike ITER may be
competitivewith fission reactorsfFor example,tie R.EGinnanuclear powerplant in
Ontario,NewYorkhas an electrical outputapacity of 576 MW. The full input power
requirement for the reactor i22 MW, according to Maria Hudson, a communications
manager for Exelon Generation, the site operafidre Ginna plant has the smalies
power output of any utility power production reactor operating in the United States.

Not SeltSustaining

In 2016, Jonathan Menard, a program director at the Princeton Plasma Physics Lab, told
Business Insidéhat ITER "will be almost completely ssifstaining.” A 2003 press

release from thé/Vhite House based on information it received from experts, said that

the goal of ITER is to generate a-sei$tained fusion reaction.

In no way does aonstantinput of 30 MW of electricityqualifyany reactoras self
sustaining. At best, ITER will tak800 MWflow of electricity, a higklgrade form of
power, and turn it intca 500 MWflow of heat and warm theplanet

ITERwill also not be the first fusion reactor to accomplish sustained controlled fusion. In
1997, JET sustained a fusion plasma for six secém@817, China's Experimental
AdvancedSuperconducting Tokamak (EABBjntained a stable plasma for 101.2
seconds.

In my conversations with fusion experts, | found that they often use the ambiguous term
"self-heating" to differentiate internal plasmiaeating from external plasma heating. |
pointed out to Cowley that members of the public could easily misinterpret-"self
heating" to mean "selustaining.”
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"You are correct. We use [s¢Heating to mean the plasma heating, so really | should
say seHplasma heating,"” Cowley wrote. "Yes, this comes from the helium nuclei, also
called alpha particles, which stay in the plasma.”

Cowley also defined "ignition" as the condition in which a fusion plasma is sustained
without any external plasma heating; that the plasma is sustained only by the
generated helium nucleBome fusion experts use the phrase "burning plasma" to
describe the expected results of ITER and other fusion reactor sysBetri®urning
plasma"does not mean "selfustained” plasma, as mmbers of the publienistakenly
believe

In fact, withinthe fusion communitythere is no agreement as to the meaning!uodé

phrase "burning plasmaThe U.S. National Academy of Sciences defitesrang

plasmaas a plasma "in which at least 50% of the energy to drive the fusion reaction is
generated internally.” The MaPlanck Institute in Germany defineb@ning plasmas

a plasma in which "so many fusion processes occur that the energy of the helium nuclei
produced is almost atompletely sufficient to maintain the temperature of the plasma.”

Not Commercially Viable

CNN reporter Thom Patterson publishedews storyon fusian in 2015. Pattersohad
spoken withCoblertz. Pattersonwrote that, "to be commercially viablgfusion

reactors] havdo create more energy than the original energy you use to heat the fuel."

Fuel (plasma)heating is but one of many required systems in the ITER reactor.
Moreover, to be commercially viable, fusion reactors have torajlucemore power

than isconsumed, bproducepower at least three timesigherthan is consumect)do
so costeffectively, and d) sustain the fusion plasma either for long continuous or long
pulsed periods.

Not Soldasa Science Experiment

After | questioned Coblentz about the full projected power consumption of, IR&ER
denied that thereactor power gaiwasthe main goabf ITERand, insteadsaidthat the
fusion plasma power gawwas the man goal

Cobleriz wrote that thereactor power gainis "completely irrelevant to the success of
ITER."

Coblenz's statement igntirely true: Fusion plasma power gajmot reactorpower gain

Is the real goal of ITERhus, he inadvertently confirmed that tlgwalclaimedby the
ITER organization is misleading
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© 500 MW

The goal of the ITER fusion program is fo produce a net gain
of energy and set the stage for the demonstration fusion
power plantto come. ITER has been designed to produce
500 MW of output power for 50 MW of input power—or ten
fimes the amount of energy put in. The current record for
released fusion poweris 16 MW (held by the European JET
facility located in Culham, UK)

Publicizedyoal of ITER, as shown on ti&Rproject's"Facts and FigurésNebpage

Some ITERromotershave saidhat other benefits will comdrom ITER, such as

increased understanding in a number of fusi@tated engneering areashat will aid in
scientific advancement. While true, thiso, is not how ITER wasd continues to be
sold.ITER has been sold to the public as "an energy source that is inexhaustible,” as this
promotional documentated sometime before 2000om General Atomics, an ITER
contractor, shows

Hereisascreenshofrom the ITER organization's home page that s&yarnessing
fusion's power is the goal of ITERrotherpageon the ITER Web site sayfhe main
goal of ITER and future fusion reachmsed power plants is to develop a new,
sustainable and virtually unlimited energy source."

The ITER Web site ahtgrature promote ITER'promisedforthcoming achievements
without clarifying let alonedefining the double meaning dffusion power"

Although fusion experts sesichclaims and understand which meaning of "fusion
power" applies to the ITER organizatiopfsnaryclaim non-experts do not. As a result
of this misunderstanding, neexpertsexpect that thepower gainof ITER will beix
timeshigherthanit actually will be.

Image from ITER Web site home page (May 10, 2017)
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