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ITER under construction (Photo: ITER organization) 

 
Short link  to online version: http://tinyurl.com/y9lvf79j  
 
This is the third of three reports about the claims by representatives and proponents of 
the International Thermonuclear Experimental Reactor (ITER). "The Selling of ITER" 
published on Jan. 12, 2017. "Former ITER Spokesman Confirms Accuracy of New Energy 
Times Story" published on Jan. 19, 2017. 

 

 
Abstract (Copyleft, Duplication with Attribution Permitted) 

 
The International Thermonuclear Experimental Reactor (ITER) is the largest and most 
expensive science experiment on Earth today. Public outreach for the experimental 
fusion reactor, under the direction of Laban Coblentz, the head of the ITER 
communications office, has led journalists and the public to believe that, when 
completed, the reactor will produce 10 times more power than goes into it.  
 
It will do no such thing. The $22 billion reactor is designed to produce only 1.6 times 
more thermal power than it consumes in electric power. Using a more conservative 

http://tinyurl.com/y9lvf79j
http://news.newenergytimes.net/2017/01/12/the-selling-of-iter/
http://news.newenergytimes.net/2017/01/19/former-iter-spokesman-confirms-accuracy-of-new-energy-times-story/
http://news.newenergytimes.net/2017/01/19/former-iter-spokesman-confirms-accuracy-of-new-energy-times-story/
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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 the input power for the reactor 
has been widely reported, incorrectly, as 50 megawatts. The actual input power value, 
rarely discussed publicly, will be significantly larger. 
 
For decades, some proponents of thermonuclear fusion research have used a double 
meaning for the phrase "fusion power" yet failed to inform the public, the news media, 
or legislators about the existence of this dual meaning. This ambiguity has caused non-
experts to think that power production rates from large-scale thermonuclear fusion 
experiments show greater technological progress than has actually occurred. As a result, 
people who are not fusion experts think that ITER will achieve a power production rate, 
or power amplification, six times larger than its design specification. ITER will produce 
power at a rate of only two-thirds of the rate it will consume power, when comparing 
electric power input to equivalent electric power output. 
 
Some fusion proponents have used the secondary meaning of "fusion power" to 
convince non-experts that the record-setting 1997 fusion experiment in the Joint 
European Torus (JET) reactor in the U.K. had produced thermal power at a rate of 65 
percent of the electric power consumed by the reactor and, therefore, that the reactor 
had come close to producing power at a rate equal to the rate of power consumed. In 
fact, in that experiment, the reactor produced power in heat at a rate of less than 2 
percent of the power in electricity it consumed. Coblentz and the ITER communications 
group have used the same double meaning to promote the publicly funded $22 billion 
ITER reactor, under construction now in southern France. 
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Fusion research insiders know that the current primary goal of ITER is not to 
demonstrate power amplification of the reactor. Instead, they know, the main goal is 
the power amplification of the fusion plasma, a significantly different measurement. 
Fusion experts say that non-experts understand the distinction, but nearly all evidence, 
as shown for example in news coverage by The New York Times, Scientific American, 
Bloomberg, Forbes and BBC News, is to the contrary. The double meaning of the phrase 
"fusion power" went unnoticed for years and has misled experienced journalists, 
scientists, members of the public and elected officials. 

 

 
Full Text (Copyright 2017 © New Energy Times, Duplication Prohibited)  

(Average reading time: 25 minutes)  
 
When I first learned that some thermonuclear fusion representatives had been 
promoting fusion results with a secondary meaning of the phrase "fusion power" τ one 
that drastically changed the perceived importance of the data τ I didn't believe it. 
However, my sources were reliable and recognized experts. The first was Stephen O. 
Dean, one of the most well-recognized nuclear fusion proponents in the U.S. My second 
source was Michael Schaffer, a plasma fusion physicist who had worked for General 
Atomics. If what Dean and Schaffer told me was right, then the publicized power gain of 
the most powerful fusion reactor thus far τ which purportedly produced heat output of 
16 million Watts from a heat input of 24 million Watts τ was inaccurate. It would mean 
that the device, the Joint European Torus (JET) fusion reactor at the Culham Centre for 
Fusion Energy in the U.K., didn't come close to 65 percent efficiency, as has been widely 
reported. 
 
In fact, the real power efficiency of the JET reactor was, at best, 2 percent. If these 
fusion experts were right, the same type of confusion likely was also occurring with the 
promised claims of the $22 billion International Thermonuclear Experimental Reactor 
(ITER) now under construction in southern France.  
 
The actual rates of the power production of JET and the projected power production for 
ITER are nearly universally misunderstood by people who are not fusion experts.  
 
The heart of fusion reactors such as JET and the forthcoming ITER reactor is a donut-
shaped metal chamber called 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 150 million degrees 
Celsius, will react and undergo nuclear fusion. The fusion reactions emit fusion particles 
(helium and neutrons), which have kinetic energy that is converted into thermal energy.  
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Slide #6 from Nick Holloway's 2011 slide presentation 

 
 

  
Interior photos of full-scale mockup of JET reactor. (Photos: S.B. Krivit) 

http://newenergytimes.com/v2/sr/iter/Holloway-jet-140320111547-phpapp02.pdf
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Among Journalists  
Science journalists had thought that the publicized output efficiency (65 percent of the 
input power) of the JET reactor was based on a calculation that included all power-
consuming systems of the JET reactor. For example, Charles Seife, an experienced 
science journalist and professor of journalism at Columbia University, wrote about JET in 
his 2008 book on nuclear fusion research, Sun in a Bottle. Journalist Lev Grossman wrote 
about JET in Time magazine on Oct. 22, 2015. Both of them (as I once did too) 
misunderstood the real power efficiency of JET. Each of the quotes below is 
fundamentally wrong. 
 
"JET got 6 watts out for every 10 it put in," Seife wrote. "It was a record, and a 
remarkable achievement, but a net loss of 40 percent of energy is not the hallmark of a 
great power plant."  
 
"The goal for all these machines is to pass the breakeven point," Grossman wrote, 
"where the reactor puts out more energy than it takes to run it. The big tokamaks came 
close in the 1990s, but nobody has quite done it yet."  
 
A detailed explanation of these numbers is shown below. For now, the simple answer is 
that these numbers account for only a subset, a small fraction, of the complete reactor 
power consumption. First, however, understanding the historical context is crucial. 
 
When journalists, for example Seife and Grossman, have discussed fusion research, they 
have often used the words "power" and "energy" imprecisely. In a non-technical 
sentence, either term can generally be used. However, when discussing measurements, 
the terms are not interchangeable. Energy is the capacity to do work over a defined 
period of time and is measured in units such as kilowatt-hours. Power is the rate at 
which energy flows and is measured in units such as kilowatts. 
 
Among Legislators  
According to some fusion advocates, the JET reactor, with its 1997 record-setting result, 
had reached its design limitations. They convinced legislators that a newer, bigger fusion 
reactor τ 10 times bigger τ would do the trick and would finally create power at a 
greater rate than the reactor consumes. This enormous undertaking would require the 
collective scientific know-how from many nations along with contributions of materials 
and public money. ITER was the way to fusion power, according to its promoters.  
 
Here are some examples of what fusion representatives told members of the U.S. 
Congress. On May 5, 1993, the Committee on Science, Space, and Technology of the 
U.S. House of Representatives convened a hearing on fusion energy research. Anne 

http://newenergytimes.com/v2/sr/iter/Supplement-to-The-Selling-of-ITER.pdf
http://newenergytimes.com/v2/sr/iter/Supplement-to-The-Selling-of-ITER.pdf
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Davies, the associate director for Fusion Energy Sciences in the Department of Energy, 
said that JET had produced 2 megawatts of fusion power. Paul-Henri Rebut, then the 
director of the U.S. ITER effort, testified that the ITER device "will 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 the Oak Ridge National Laboratory. In his oral 
testimony, Baker said, "If ITER is built, which we all hope, it will essentially be a 
complete model of the core of an operating fusion reactor." Baker's written testimony 
said that "ITER will produce 1,500 to 3,000 megawatts of fusion thermal energy." 
 
Sixteen years later, 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 research. Stewart C. Prager, the director of 
the Princeton Plasma Physics Laboratory, testified that "ITER will produce 500 million 
watts." Edmund Synakowski, the associate director of the Office of Fusion Energy 
Sciences at the U.S. Department of Energy, testified that JET had produced "a few 
million watts of fusion power, enough to power thousands of homes."  
 

 
 Edmund Synakowski 
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JET's Real Numbers 
In 2014, while I was working on a book, one of my editors encouraged me to get better 
information on the progress in fusion research since the 1950s. Dean and Schaffer had 
already told me that the actual efficiency of the JET reactor wasn't 65 percent and that 
the number was not based on all electricity consumed by the reactor. But what was the 
real power consumption? What was the real progress in reactor power over the years? 
Dean suggested that I 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 input power consumed by the JET reactor, Holloway told me, was at 
least 700 million Watts (megawatts, or MW) of electricity. Therefore, with a heat output 
of 16 MW, JET came only within 2 percent (rather than 65 percent) of producing power 
at a rate equal to the rate of power it consumed. The 2 percent number is based on a 
less-conservative of two calculation methods, comparing the heat output rate to the 
electrical input rate. A more conservative calculation method normalizes the heat power 
output to electrical power, using a 40 percent conversion efficiency, and gives a reactor 
power efficiency of less than 1 percent.  
  
An Internet search for the electrical power rate that included all JET sub-systems 
returned no hits. As shown on the Internet Archive Web site, which preserves past 
versions of Web sites, the input power rate that included all of JET's power-consuming 
systems appeared for the first time, on the EUROfusion Web site, in 2015, after my 
enquiry to Holloway. 
 
Dean and Schaffer explained to me why fusion scientists, among themselves, never talk 
about the full electrical power requirements of fusion reactors: From their perspective, 
it's irrelevant. That's not fusion scientists' current objective. A reactor that can produce 
power at a rate greater than is consumed by the reactor isn't expected until the latter 
part of this century.  
 
I wanted to know whether Dean and Schaffer's way of looking at the power rate from 
fusion reactors was common among fusion experts. In December 2014, I sent e-mails to 
ŜŀŎƘ ƻŦ ǘƘŜ нл ƳŜƳōŜǊǎ ƻŦ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ Cǳǎƛƻƴ 9ƴŜǊƎȅ {ŎƛŜƴŎŜǎ 
Advisory Committee and asked them about fusion results. Six of them responded. It was 
true. Fusion researchers simply do not think about the power that goes into the entire 
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 
5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ Cǳǎƛƻƴ 9ƴŜǊƎȅ {ŎƛŜƴŎŜǎ !ŘǾƛǎƻǊȅ /ƻƳƳƛǘǘŜŜΣ ŀƴŘ ǘƘŜ ƛƳƳŜdiate 

http://newenergytimes.com/v2/sr/iter/tech/Holloway-JET-net-fusion-power.pdf
http://newenergytimes.com/v2/sr/iter/tech/Holloway-JET-net-fusion-power.pdf
http://newenergytimes.com/v2/sr/iter/tech/EUROFusion-JET-Full-power-input.pdf
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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 had consumed 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 power consumed 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 

 
ITER's Real Numbers 
The next step was to look at the ITER claims. Claims on the ITER Web site said that the 
ITER reactor will "produce 500 MW of fusion power for 50 MW of input power (a power 
amplification of 10)." The ITER organization claims on its Web site that ITER "will take its 
place in history as the first fusion device to create net energy." (Text on the ITER Web 
site is often imprecise in its use of the words energy and power. However, all stated 
values on the site are values of power.) If the 50 MW and 500 MW power numbers 
accurately represented what the reactor will do, ITER would not only produce net power 
but would produce 10 times more power than it would require to operate.  
 
 

http://newenergytimes.com/v2/sr/iter/website/home-amazing-machine-600.jpg
http://newenergytimes.com/v2/sr/iter/website/home-amazing-machine-600.jpg
http://newenergytimes.com/v2/sr/iter/website/ITER-What-will-it-do.jpg
http://newenergytimes.com/v2/sr/iter/website/ITER-What-will-it-do.jpg
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There are two misleading parts of the 50 MW input power claim. The first part is that 
the publicized 50 MW input is not electrical power but instead, it is the power of the 
heat injected into the plasma. Even Michel Claessens, the former head of 
communications for ITER, did not know this.  

 

  
Michel Claessens 

 
Two fusion research professors who did not want to be quoted explained to me that the 
50 MW of power, which enter the reactor chamber as radio frequency waves and 
energetic neutral beams, require the expenditure of at least 150 MW of electricity.  
 
The second misleading part is that the actual input power for the entire reactor, 
required to produce a thermal output of 500 MW, includes more power-consuming 
systems than just the plasma heating systems.  
 
When the power gain is calculated using the full amount of required electrical power, 
using a less-conservative calculation method (heat output versus electrical input), ITER 
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will produce thermal power at a rate of 1.6 times rather than 10 times the electrical 
power it will consume. Using a more-conservative calculation method (heat output 
normalized to electricity), ITER will have a (negative) gain of 0.66 rather than a (positive) 
gain of 10.  
 
Nearly all recent news reports about the ITER reactor say that it will produce power at a 
rate 10 times greater than it consumes. Making sense of what happened requires 
understanding some of the history, understanding some scientific terminology, and 
analyzing the effect of the public communication of ITER.  
 
Fusion Power 
Here is an example of what experts have told non-experts about the results of fusion 
progress. Stewart C. Prager, the director of the Princeton Plasma Physics Laboratory, 
testified before members of Congress during the Oct. 29, 2009, hearing. 
 
"By any metric, we are far along the road to commercial fusion power," Prager said. "In 
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 for 10 minutes and longer. ... The most recent National Academy [of 
Sciences] study notes remarkable progress in recent years. But my focus today is the 
future, the remainder of the journey to fusion power." 
 
Prager's statement included two meanings for the phrase "fusion power." Fusion 
experts will recognize the different meanings from their knowledge of fusion science 
and the context of Prager's statements. Non-experts would have no idea that Prager's 
first and third uses of the phrase "fusion power" meant anything different from his 
second use of the phrase "fusion power."  
 
Prager, and everyone else who testified before Congress that day, failed to explain that, 
when they used the phrase "fusion power" in the context of "millions of Watts of fusion 
power," they were using a secondary, technical meaning. They didn't tell Congress that 
the secondary meaning for the phrase "fusion power" existed.  
 
Many decades ago, fusion scientists began using the words "fusion power" to compare 
the power, in heat, produced by a fusion plasma inside a tokamak reactor with the 
heating power injected into the tokamak to form the plasma. In this context, "fusion 
power" excludes all the other input power requirements of a fusion reactor.  
 
A less-ambiguous term that I suggest is the phrase fusion plasma power gain, to 
indicate the relationship between the power of the plasma and the heat consumed by 

http://newenergytimes.com/v2/sr/iter/Supplement-to-The-Selling-of-ITER.pdf
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the plasma. The phrase reactor power gain more clearly indicates the relationship 
between power, in heat, produced by the plasma and the electrical power consumed by 
all required reactor sub-systems. 
 
More precisely, the fusion plasma power gain is the ratio of the rate of fusion-produced 
particle power output produced by the plasma compared with the rate of heat required 
to maintain the plasma at the required temperature.  
 
The EUROfusion organization, a consortium that manages and funds European fusion 
research, wrote on its Web site that JET "is the only operational fusion experiment 
capable of producing fusion energy." That Web page gives readers no indication that 
JET, at best, produced 16 MW of fusion plasma power at a cost of 700 MW of electric 
power. 
 
Obscured ITER Input Power  
The ITER Web site does not give a discrete value for the reactor input power 
requirements. Instead, it commingles power consumption rates for non-reactor site 
requirements with reactor power requirements. For example, it says that "the ITER 
plant and facilities will range from 110 MW to up to 620 MW ..."  
 

  
Stewart C. Prager (left), Laban Coblentz (right) 

 
In December 2016, I asked Laban Coblentz, the communication head of ITER, for a 
precise value for the reactor electrical input power requirements. He gave a lengthy 
response but failed to answer the only question I had asked. I asked Coblentz the 

http://newenergytimes.com/v2/sr/iter/public/Eurofusion-JET-20171001.pdf
http://newenergytimes.com/v2/sr/iter/website/Iter-Power-Supply-20141217.pdf
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question three times, and three times Coblentz failed to provide the answer. On the 
other hand, I asked for the same information from three independent fusion experts. I 
asked each of them only once. Each of them, within a few days, responded only once, 
with a clear and direct answer. All responses were consistent with one another.  
 
Several U.S. fusion experts were also not forthcoming when I asked them for the ITER 
reactor input power requirements. Twice, I asked Don Rej, the chair of the U.S. Fusion 
Energy Sciences Advisory Committee, whether he could tell me the 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 I should ask Coblentz. I asked Mark Uhran, the U.S. 
ITER communications manager, and Ned Sauthoff, the U.S. ITER project director. I also 
asked Ernest Moniz, the former U.S. Secretary of Energy. None responded.  
 
However, three other sources (see below) were able to quickly, clearly, and succinctly 
give me the answer to this question.  
 
A document by Ivone Benfatto, the head of the ITER Electrical Engineering Division, 
shows that ITER is designed to consume far more than 50 MW of electrical power. 
Benfatto's document, "Power Converters for ITER," shows that ITER will draw hundreds 
of megawatts of power from a dozen hydroelectric and nuclear power plants in the 
nearby Rhône Valley.  
 
I also had located a U.S. Department of Energy document that explained that the ITER 
reactor will use two sets of power supplies. One is the Pulsed Power Distribution 
System, designed to deliver up to 500 MW of power for short intervals. The other is the 
Steady-State Electric Power Network, which will deliver up to 120 MW of continuous 
power.  
 
Key Source 
But the ITER reactor will consume different amounts of electrical power during different 
phases of operation. On April 19, 2017, the Bulletin of Atomic Scientists published an 
article by Daniel Jassby, a former principal research physicist at the Princeton Plasma 
Physics Laboratory. His article was titled "Cǳǎƛƻƴ wŜŀŎǘƻǊǎΥ bƻǘ ²Ƙŀǘ ¢ƘŜȅΩǊŜ /ǊŀŎƪŜŘ ¦Ǉ 
to Be" and he spoke with me. 
 
Jassby explained that ITER will have three primary sets of power-consuming systems. 
The first will be the steady-state 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 for a variety of essential reactor systems such as 

http://newenergytimes.com/v2/sr/iter/tech/Benfatto-ITER-Power-Input.pdf
http://newenergytimes.com/v2/sr/iter/USITER/DOE-ITER-COST-Lehman.pdf
http://thebulletin.org/fusion-reactors-not-what-they%E2%80%99re-cracked-be10699
http://thebulletin.org/fusion-reactors-not-what-they%E2%80%99re-cracked-be10699
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liquid-helium refrigerators, water pumps, vacuum pumps, temperature controls for the 
reactor buildings and tritium processing systems. 
 

 
 Daniel Jassby 

 
"The second set of power-consuming systems will consume about 300 MW of 
electricity," Jassby said. "This will be required 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. The total power consumption before 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's plasma heating systems, current drive, and magnetic controls will be about 200 
MW of electricity. The total power consumption during the fusion phase therefore will 
be about 300 MW of electricity." 
 
Hidden Input Power 
The image below, from the ITER Web site, provides a further example of how the ITER 
organization, in its definition of "net energy," has hidden the full required reactor input 
power and the actual reactor power gain. The ITER Web site editors' sloppy use of the 
words power and energy is a side issue: The ITER numbers are always publicized in 
terms of power (megawatts) rather than energy (megawatt-hours).  

http://newenergytimes.com/v2/sr/iter/website/in-a-few-lines-full-page-20170819.jpg
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ITER Web site definition of net energy 

 
A more accurate statement would include all the machine's required power systems, 
not just the heating system. 
 
Confirmation 
If Jassby was right, then ITER's publicized 50 MW of input power was wrong. Twice, I 
ǎŜƴǘ Wŀǎǎōȅϥǎ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ L¢9w ǇƻǿŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ 5ŀǾƛŘ /ŀƳǇōŜƭƭΣ L¢9wΩǎ chief 
scientist, and asked for concurrence or corrections. Campbell did not respond. However, 
two other independent fusion experts promptly and clearly answered the question 
"How much total electrical input power (not just the 50 MW plasma heating power) will 
be required for all systems on ITER, during its peak fusion power production of 500 MW 
thermal?" 
 

  
Hartmut Zohm (left), Steven Cowley (Photo: Royal Society) (right) 
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One expert was Hartmut Zohm, the head of the Tokamak Scenario Development 
Division at the Max-Planck-Institute 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 needed to heat the 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 have about 330 MW 
of electrical power needed to run the machine in this state." 
 
The other expert to confirm the ITER power requirements was Steven Cowley, chief 
executive officer of the United Kingdom Atomic Energy Authority. He wrote that, in 
ITER, for a 50 MW thermal input, "with the efficiency of the beams etc., the electrical 
power in would be over 300 MW." Cowley concurred that the primary goal of ITER is a 
500 MW thermal output for a 50 MW thermal input, but he also said that, according to 
computer simulations, the reactor could get hot enough for ignition, where no external 
heating would be required. An article in Nature, in which Cowley is quoted as a source, 
says that ITER is not intended "to demonstrate the feasibility of plasma ignition."  
 
Based on the information published on the ITER Web site power-supply page, in the 
Benfatto document, in the DOE document, and from the three expert sources, the 
claimed 50 MW input for ITER τ as understood by the public τ is a fiction. Therefore, 
the claim of a 10-fold gain in power is also a fiction. The claim that ITER will produce any 
more power than it consumes is weak, at best. 
 
ITER Output Power 
The ITER reactor is designed to and expected to produce fusion-produced 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 the fusion-produced neutrons. These 
neutrons will be absorbed by the walls of the reactor, where their kinetic energy will be 
converted to 500 megawatts of heat. ITER is not designed to use this heat to produce 
any usable power, let alone electricity. Instead, the heat will be captured by cooling 
water and dispersed to the atmosphere through cooling towers.  
 
ITER Power Gain  
Therefore, if the total heat output is 500 MW and the minimum total reactor electrical 
input is 300 MW, the reactor will demonstrate a power gain, or amplification, of 1.6 
times, not 10 times. An amplification of 1.6 is the best-case scenario because more-

http://www.nature.com/news/2010/100430/full/news.2010.214.html
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critical observers will argue that only like terms can be compared. They will argue that 
heat power and electrical power cannot be directly compared. Therefore, if the heat 
output is normalized to electricity, with a conversion efficiency of 40 percent, the 
reactor will actually produce less electricity than it consumes, resulting in an efficiency 
of 0.66 and a net loss of 100 MW. 
 

 
 
Fusion scientists are concerned with only the fusion plasma power gain. The public is 
interested primarily in reactor power gain. Here is a summary of the three ways to look 
at the projected power gain of ITER. 
 

False Public Perception of ITER Reactor Power Gain: 50 MW of heat in, 500 MW 
of heat out; a gain of 10. 
ITER Reactor Thermal Power Gain: 300 MW of electricity in, 500 MW of heat out; 
a gain of 1.6. 
ITER Reactor Electrical Power Gain: 300 MW of electricity in, 500 MW of heat 
converted to 200 MW of electricity; a (negative) gain of 0.66. 

 
Misleading the Journalists  
Most journalists who have written about JET or ITER, including me, have unknowingly 
taken communications by fusion representatives at face value and published 
substantially erroneous statements about the reactors. Here are a few samples: 
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¶ Steven Krivit, Pacific Oaks Press, June 2004: [JET] "has generated, at its best, only 
60 percent of the input power it consumed." 

¶ Geoff Brumfiel, Scientific American, June 2012: "It will generate around 500 
megawatts of power, 10 times the energy needed to run it." 

¶ Raffi Khatchadourian, New Yorker, March 3, 2014: "[ITER will] produce ten times 
the energy fired into the plasma, at half a gigawatt." 

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

¶ Daniel Clery, Science, Nov. 19, 2015: "The ITER project aims to show that nuclear 
fusion τ the power source of the sun and stars τ is technically feasible as a 
source of energy. Despite more than 60 years of work, researchers have failed to 
achieve a fusion reaction that produces more energy than it consumes. ITER ... is 
the biggest attempt so far and is predicted to produce at least 500 megawatts of 
power from a 50 megawatt input." 

¶ Nathaniel Scharping, Discover, March 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 Castelvecchi and Jeff Tollefson, Nature, May 26, 2016: "[ITER] is predicted 
to produce about 500 megawatts of electricity." 

¶ Dave Loschiavo, Ars Technica, July 3, 2016: "[ITER] is projected to produce 
500MW of fusion energy while consuming 50MW to heat the hydrogen." 

¶ Damian Carrington, The Guardian, Oct. 17, 2016: "ITER should be completed in 
15-нл ȅŜŀǊǎ ŀƴŘ ŀƛƳǎ ǘƻ ŘŜƭƛǾŜǊ рллa² ƻŦ ǇƻǿŜǊΣ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ ŀǎ ǘƻŘŀȅΩǎ 
large fission reactors." 

¶ Damian Carrington, The Guardian, Dec. 2, 2016: "'We are convinced we can 
deliver hundreds of megawatts through ITER,' up to 10 times more energy than is 
put in, says David Campbell." 

¶ Henry Fountain, New York Times, March 27, 2017: "ITER will benefit from its 
larger size and will produce about 10 times more power than it consumes." 

¶ Fraser Cain, Universe Today Web site, May 28, 2017: "If all goes well, ITER will 
ƘŀǾŜ ŀ Ǌŀǘƛƻ ƻŦ млΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ŦƻǊ ŜǾŜǊȅ мл a² ƻŦ ŜƴŜǊƎȅ ǇǳƳǇŜŘ ƛƴΣ ƛǘΩƭƭ 
generate 100 MW of usable power." 

¶ Jing Cao, Bloomberg, June 29, 2017: "[ITER's] developers say it'll produce 500 
megawatts of power using 50 megawatts to get the reaction going." 

¶ Edwin Cartlidge, Nature, July 6, 2017: "ITER [will] generate electricity only in 
bursts of a few minutes."  

¶ Edwin Cartlidge, BBC News, July 11, 2017: "[ITER] is designed to generate 10 
times the power that it consumes." 

¶ Jason Bardi, Inside Science, July 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 statement above, with the exception of Khatchadourian's and Loschiavo's, is 
factually incorrect. KhatchadourianΩǎ and Loschiavo's statements, while factually 
correct, are misleading in context because they did not tell their readers that the 500 
MW output will require much greater input than will be used just to heat the hydrogen. 
 
With the exception of Daniel Clery, none of these journalists made the distinction 
between reactor power and fusion plasma power. Clery, who has a degree in theoretical 
physics and wrote a book about fusion, A Piece of the Sun, had to have known the 
difference. Even if journalists knew about the distinction, they likely assumed, as did 
fusion expert Koepke, that the increased power beyond that needed to heat the plasma 
was immaterial.  
 
Bardi, quoted above, is the news director of the American Institute of Physics and a 
longtime science writer. Siegel, quoted above, is a professor of physics and astronomy 
at Lewis and Clark College and has a Ph.D. in astrophysics. They likely did not recognize 
the distinction or its magnitude. 
 
After I explained the distinction to Khatchadourian and Loschiavo in a series of e-mails, 
each said that he had already known the distinction. However, they didn't disclose to their 
readers the distinction or explain the magnitude of difference in reactor power versus 
plasma power rates.  
 
The impact of the ITER promotion is widespread. As this screenshot shows, the editor of 
the World Nuclear Association accepted the ITER claimed figures. That editor was very 
surprised when I shared information with him that the reactor input power was much 
greater than 50 MW.  
 
John Greenwald, the science editor for the Princeton Plasma Physics Laboratory, 
published a press release that said "ITER can produce 10 times more power than it 
consumes." The EUROfusion organization wrote on its Web site that ITER "is designed to 
deliver ten times more power than it consumes." Neither organization disclosed on those 
Web pages that the figure of 10 applied only to the fusion plasma power gain, making 
each statement false and misleading.   
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No Electrical Output 
Several journalists writing for Nature, an authoritative source for science news, didn't 
know that ITER is designed to produce only heat. In 2016, Davide Castelvecchi and Jeff 
Tollefson wrote that ITER would "produce about 500 megawatts of electricity." In 2017, 
Edwin Cartlidge, made the same mistake. I submitted a comment on Nature's Web site 
with corrections to Cartlidge's article, and it appeared on the site immediately.  
 
Four days later, Nature corrected the article. Rather than acknowledging my assistance, 
Nature removed my entire comment without explanation and locked the article from 
further comments. This is the second such deletion by Nature of one of my posted 
comments on ITER. The first was in response to Elizabeth Gibney's Jan. 27, 2107, article 
on ITER. As of Sept. 28, 2017, the Castelvecchi-Tollefson error is still on the Nature Web 
site.  
  
The publicized ITER numbers give the impression that a reactor like ITER may be 
competitive with fission reactors. For example, the R.E. Ginna nuclear power plant in 
Ontario, New York has an electrical output capacity of 576 MW. The full input power 
requirement for the reactor is 22 MW, according to Maria Hudson, a communications 
manager for Exelon Generation, the site operator. The Ginna plant has the smallest 
power output of any utility power production reactor operating in the United States. 
 
Not Self-Sustaining 
In 2016, Jonathan Menard, a program director at the Princeton Plasma Physics Lab, told 
Business Insider that ITER "will be almost completely self-sustaining." A 2003 press 
release from the White House, based on information it received from experts, said that 
the goal of ITER is to generate a self-sustained fusion reaction.  
 
In no way does a constant input of 300 MW of electricity qualify any reactor as self-
sustaining. At best, ITER will take a 300 MW flow of electricity, a high-grade form of 
power, and turn it into a 500 MW flow of heat and warm the planet.  
 
ITER will also not be the first fusion reactor to accomplish sustained controlled fusion. In 
1997, JET sustained a fusion plasma for six seconds. In 2017, China's Experimental 
Advanced Superconducting Tokamak (EAST) maintained a stable plasma for 101.2 
seconds.  
 
In my conversations with fusion experts, I found that they often use the ambiguous term 
"self-heating" to differentiate internal plasma heating from external plasma heating. I 
pointed out to Cowley that members of the public could easily misinterpret "self-
heating" to mean "self-sustaining."  
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"You are correct. We use [self-]heating to mean the plasma heating, so really I should 
say self-plasma 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 is, the plasma is sustained only by the 
generated helium nuclei. Some fusion experts use the phrase "burning plasma" to 
describe the expected results of ITER and other fusion reactor systems. But "burning 
plasma" does not mean "self-sustained" plasma, as members of the public mistakenly 
believe.  
 
In fact, within the fusion community, there is no agreement as to the meaning of the 
phrase "burning plasma." The U.S. National Academy of Sciences defines a burning 
plasma as a plasma "in which at least 50% of the energy to drive the fusion reaction is 
generated internally." The Max Planck Institute in Germany defines a burning plasma as 
a plasma in which "so many fusion processes occur that the energy of the helium nuclei 
produced is almost or completely sufficient to maintain the temperature of the plasma."  
 
Not Commercially Viable  
CNN reporter Thom Patterson published a news story on fusion in 2015. Patterson had 
spoken with Coblentz. Patterson wrote that, "to be commercially viable, [fusion 
reactors] have to 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 to a) produce more power 
than is consumed, b) produce power at least three times higher than is consumed, c) do 
so cost-effectively, and d) sustain the fusion plasma either for long continuous or long 
pulsed periods.  
 
Not Sold as a Science Experiment 
After I questioned Coblentz about the full projected power consumption of ITER, he 
denied that the reactor power gain was the main goal of ITER and, instead, said that the 
fusion plasma power gain was the main goal.  
 
Coblentz wrote that the reactor power gain is "completely irrelevant to the success of 
ITER."  
 
Coblentz's statement is entirely true: Fusion plasma power gain, not reactor power gain, 
is the real goal of ITER. Thus, he inadvertently confirmed that the goal claimed by the 
ITER organization is misleading.  
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Publicized goal of ITER, as shown on the ITER project's "Facts and Figures" Web page 

 
Some ITER promoters have said that other benefits will come from ITER, such as 
increased understanding in a number of fusion-related engineering areas that will aid in 
scientific advancement. While true, this, too, is not how ITER was and continues to be 
sold. ITER has been sold to the public as "an energy source that is inexhaustible," as this 
promotional document dated sometime before 2000 from General Atomics, an ITER 
contractor, shows.  
 
Here is a screenshot from the ITER organization's home page that says, "Harnessing 
fusion's power is the goal of ITER." Another page on the ITER Web site says, "The main 
goal of ITER and future fusion reactor-based power plants is to develop a new, 
sustainable and virtually unlimited energy source."  
 
The ITER Web site and literature promote ITER's promised forthcoming achievements 
without clarifying, let alone defining, the double meaning of "fusion power."  
 
Although fusion experts see such claims and understand which meaning of "fusion 
power" applies to the ITER organization's primary claim, non-experts do not. As a result 
of this misunderstanding, non-experts expect that the power gain of ITER will be six 
times higher than it actually will be. 
 

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