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Solving the World’s Energy Problem
There is a misunderstanding that the most commonly offered alternatives to nonpolluting carbon-neutral energy production (solar and wind) are the most efficient for all
forms of energy production. Wind energy has a theoretical maximum efficiency of
59.3%, known as the Betz Limit, while solar panels do well if running at 25% efficiency.
Both technologies are primarily used for the generation of electricity. But when it comes
to the direct production of heat energy, the most common form of production is still
burning gases such as methane, propane, and in the case of vehicles, gasoline.
However, there is a nascent technology which could soon offer generations large
quantities of carbon-free heat at extremely low costs, while producing power and energy
outputs that are orders of magnitude greater than burning methane or gasoline.
For almost 30 years, hundreds of scientists at dozens of top ranked universities and
international governmental agencies (including NASA and the US Navy) have studied
this alternative to solar, wind and fossil fuel. Several energy companies have recently
announced products based upon transitioning that science into a distributed energy
technology.
Minnesota-based not-for-profit Digital Watershed and the Iowa-based non-profit Energy
2.0 Society would like to introduce the potential of this technology to the public at the
2019 Minnesota State Fair at the Eco Experience.
That technology and the science behind it is called LENR, though it was originally (and
erroneously) introduced to the public as Cold Fusion.

What is LENR?
LENR stands for Low Energy Nuclear Reactions, (or sometimes Lattice Enabled Nanoscale
Reactions) and refers to the phenomenon where anomalous amounts of heat are created when
certain metals (e.g., nickel, palladium) absorb hydrogen or deuterium and an external stimulus
such as heat or an electric current is applied. The result is a shift in isotopic composition, which
generates copious amounts of heat.
Over the past three decades researchers have been studying LENR to elucidate its physics.
Only in the past few years have results been attained suggesting a method for developing this
science into a reliable heat technology for use in industrial settings, farms and homes.
The reaction can take place at relatively low temperatures and results in transmutation of
isotopes as well as the production of heat. Several tests by third parties have reported the
detection of no radiation, meaning that either it is not produced or it is absorbed locally. The
waste products have been found not to be radioactive. This phenomenon had previously been
referred to as Cold Fusion and LANR (lattice assisted nuclear reaction), as well as other terms.

Modern interest in LENR began in 1989 when scientists Martin Fleischmann and Stanley Pons
announced at the University of Utah that they had succeeded in generating nuclear reactions in
laboratory experiments not employing fissionable materials. Their announcement sparked
much interest in the media and in the scientific community, with many researchers attempting
to replicate the eﬀect in their own experiments — mostly without success. The eﬀect was not
always easy to replicate, particularly since the lengthy preparation time required for the metal
lattice to absorb hydrogen or deuterium was critical and it sometimes took weeks for
anomalous heat to appear. The inability for many researchers to replicate Pons and
Fleischmann’s experimental setup led to a backlash from scientists — this despite
Fleischmann’s being a world-renowned electrochemist — and both he and Pons were treated
as pariahs and largely considered either incompetent or fraudsters.
While much of the mainstream scientific community dismissed LENR/Cold Fusion as
pseudoscience, a small core of researchers continued work in the field. Interest has
accelerated since 2011 when Andrea Rossi and Prof. Sergio Focardi first announced their
ability to consistently replicate the generation of anomalous heat, working with an early version
of the Energy Catalyzer (E-Cat). Since that announcement, successful attempts by various
parties to replicate and control the LENR eﬀect have been made by researchers from various
universities in Europe and the U.S.
The high power and energy density of LENR seems to compare with a nuclear process. No
known chemical process can generate a comparable energy output. If LENR is proved to be
economical in industrial settings, the cost of energy would likely drop dramatically. LENR has
the potential to be the most expansive energy source for the next century and may be able to
greatly curtail dumping of CO2 into the atmosphere.
There are attempts to engineer systems that can produce energy on a commercial scale other
than the E-Cat. Some other companies and individuals involved in this eﬀort are Brillouin
Energy, Inc., Clean Planet, Inc, Jet Energy, Inc., Brilliant Light Power, Deneum, Nichenergy SRL
and Etiam, Inc. Research has also been undertaken by “heavy-weights” in industry including
Mitsubishi Heavy Industries Ltd., Toyota Motor Corporation, Boeing Research and Technology
and others.
Whereas first applications of LENR plants are expected to be for industries requiring the
generation of steam and other applications requiring high temperatures, smaller, more eﬃcient
designs would be suitable for light industrial applications, applications for farms (including the
drying of grains), and the powering of transportation (even aircraft) in the following decades.
This promise of inexpensive, safe, clean power is why many are now following LENR.
Minnesota has only peripheral involvement in the development of LENR. In 1990, a professor
at the University of Minnesota, professor Richard Oriani found excess heat, as reported in Bad
Science: The Short Life and Weird Times of Cold Fusion by author Gary Taubes.
Minnesota need not be the location where a new technology is invented, but it could be where
it is distributed and popularized. Take rural electrification. From Benjamin Franklin’s early
experiments with electricity to Edison’s Pearl Street power distribution station in lower
Manhattan took about 120 years. Expansion of power distribution through rural electrification
was deemed feasible only after the 1923 “Red Wing Project” when a small number of farms
were provided electricity in rural Minnesota. LENR may not have started in Minnesota, but we
can be involved in its successful introduction in industry and home.

What is the E-Cat?
E-Cat stands for “Energy Catalyzer”
and is one of the leading
implementations of LENR being
readied for the marketplace. It is an
energy production device invented
by Italian-American inventor Andrea
Rossi who has been developing it
over the course of two decades.
Rossi made a formal introduction of
the E-Cat in a video conference
streamed worldwide on November
24, 2017 on his company’s website
Ecat.com. A presentation of an
advanced model of the E-Cat called
the “SK” is scheduled for late
January, 2019.
Rossi’s E-Cat has received much
attention because he was the first to
publicly demonstrate his device and
it has now been tested by third
parties, demonstrating at least ten
times the energy of any known
chemical reaction and showing that
the E-Cat is capable of producing
useful heat.
Various statements by Rossi and
third party testers suggest that an
E-Cat can produce a Coeﬃcient of
Performance (COP) from 6 to over
50 (meaning between 6 and 50
times more energy is produced than
is input into a system). Even at the
low end such a device could make
obsolete virtually all other ways of
producing heat energy and,
ultimately, power.

How Does the E-Cat
Work?

A glowing “hot cat” (above) and Andrea Rossi inspecting his 1MW
E-Cat Plant, 2014 (photos courtesy www.andrea-rossi.com)

While there is considerable secrecy
surrounding the exact technical
specifications of the E-Cat, patent
disclosures state that powdered
nickel metal, lithium and lithium
aluminum hydride (LaAlH4) are
combined to produce large amounts

of heat. The heat produced is far in excess of possible chemical reactions, through a currently
little understood low energy nuclear reaction (LENR) process inside a reaction chamber.
In this process, when an external energy source is applied to the E-Cat device, large amounts
of thermal energy (heat) are produced, much more than the energy input into the device and
well above that which could be produced by chemical or mechanical means. The exact nature
of the energetic stimulation that Rossi applies to his E-Cat devices in order to “catalyze” the
energy output is a closely kept trade secret.

Potential Uses

The energy produced by the LENR reaction of the E-Cat (which Andrea Rossi calls the “Rossi
Eﬀect”) is in the form of heat which can be used for any number of purposes, including the
production of steam. This is the principle way that most electricity is generated at power
stations today, whether fossil fuel or nuclear.

The significance of the E-Cat as an energy source is that it can produce energy at a much
cheaper rate and much more cleanly than other sources on the market. The major ingredients,
nickel, lithium and hydrogen are common elements, readily available, low in cost, and
consumed inside the E-Cat in very small quantities. There is no release of CO2 or other
greenhouse gases from the E-Cat from fuel “combustion”. Unlike traditional nuclear fission
power, no radioactive materials are involved, and no radioactive waste is produced.
Several tests of the E-Cat have been reported over the years. In Bologna, Italy, the E-Cat ran
without external heat (referred to as ‘self-sustain mode’) for almost four hours, maintaining a
constant temperature and boiling water continuously. In third party testing of the E-Cat,
radiation detectors have found no radiation emitted by the device above background levels.

Andrea Rossi launched the first commercial E-Cat plant, a 1 MW thermal power plant in
Bologna, Italy on October 28th, 2011. It was tested and certified as being acceptable by an
agent for an unknown customer. Rossi stated that the customer is a military entity.
Below is a photograph of an early E-Cat unit (sometimes referred to as ‘hot cats” since they
glowed red hot). Andrea Rossi recently provided the dimension of this reactor: “the diameter of
the internal cylinder is 30 mm, the diameter of the external cylinder is 90 mm, the length of
both is 330 mm.”
In May 2013, Italian blogger Daniele Passerini released a photograph (without Andrea Rossi’s
approval) of an early Hot Cat reactor that was being tested to its maximum performance.
Andrea Rossi explained in an interview on May 7, 2013, that this picture, although
unauthorized, showed a Hot Cat reactor in self-sustain mode being allowed to run away — i.e.
the reaction was uncontrolled.
On May 16, 2013, a report was published by a group of European academics who were given
access to a hot cat reactor over a period of about five months to test. The conclusion of the
group was that the E-Cat provided energy in amounts far greater than would be possible from
any chemical reaction. The report can be read here.

3rd Party E-Cat Test Reports

There have been two major tests of the E-Cat device carried out by outside groups of testers
given permission by Andrea Rossi and Industrial Heat, LLC (a former partner of Rossi’s). The
most recent test was conducted in Lugano, Switzerland in early 2014; the first was carried out
in Ferrara Italy from 2012-2013.

Ferrara Test, 2012-2013

Between November 2012 and March 2013 a group of scientists were involved in testing of
some of Andrea Rossi’s E-Cat reactors with the purpose of determining if they truly were
capable of producing anomalous heat as the inventor has claimed. The tests were funded by a
Swedish energy institute called Elforsk AB, and the Alba Langenskiöld Foundation, also from
Sweden.
After two separate tests, each lasting several days in length, the team concluded that much
more energy was being produced by the E-Cat than could possibly have been produced by a
chemical reaction. The team did not speculate as to what was creating this unusual amount of
energy.
Here is a link to a PDF of the Report which is titled “Indication of anomalous heat energy
production in a reactor device”: http://arxiv.org/abs/1305.3913

The Lugano Report, 2014

In October 2014, the team of researchers which had conducted the testing in 2013 released a
new report about testing of an E-Cat reactor they had operated during a 31-day experiment
during February and March, 2014 in Lugano, Switzerland. The team reported that the reactor
produced over twice as much energy as was fed into it, and that during the testing, analysis
showed that isotopic makeup of elements used in the fuel changed significantly. See here for
more information on this test.

Non-3rd Party Tests
Industrial Plant Under Test at Customer Site (2014-2015)

Starting in late 2014, Andrea Rossi reported that he was performing a long-term test of an
industrial-grade 1MW E-Cat plant in Doral, Florida that was providing heat in the form of
steam.

Year-long Test of the E-Cat Concludes

On February 27, 2016 Andrea Rossi announced that the year-long test of the 1MW E-Cat plant
was finished. On April 6, 2016 Rossi’s Leonardo Corporation issued a press release
announcing that the E-Cat plant “generated energy at a rate in excess of six (6) times the
amount of energy consumed by the plant, often generating energy exceeding fifty (50) times
the amount of energy consumed during the same period.” That statement was based upon a
report written by Ing. Fabio Penon who certified that during the test the E-Cat plant ran at an
average COP of 6 or greater (meaning 6 times more energy was produced than consumed
during the test).

What has been the Public Reaction to these Test Results?

For people paying attention there have been a range of reactions. Many people are convinced
that the test provided solid evidence that Andrea Rossi has developed an engineering method
to harness LENR reactions reliably and is now developing an automated factory to produce ECat reactors. You can check the main page of E-Cat World for the latest discussion of the
report. A good collection of articles discussing the tests can be found at Scoop.it here.
Elforsk, one of the sponsors of the test put the following statement on their web site:
“Researchers from Uppsala University and KTH Stockholm has conducted
measurements of the produced heat energy from a device called the E-cat. It is known
as an energy catalyzer invented by the Italian scientist Andrea Rossi.
The measurements show that the catalyzer gives substantially more energy than can be
explained by ordinary chemical reactions. The results are very remarkable. What lies
behind the extraordinary heat production can not be explained today. There has been
speculation over whether there can be any form of nuclear transformation. However,
this is highly questionable. To learn more about what is going on you have to learn what
is happening with the fuel and the waste it produces. The measurements have been
funded by such Elforsk.”

Patent Awarded by the US Patent Oﬃce

On August 25, 2015 the US Patent and Trademark Oﬃce awarded Rossi a patent for his
invention called in the application a ‘Fluid Heater’. The full text of the patent can be found here:
https://animpossibleinvention.files.wordpress.com/2015/08/us9115913b1.pdf

LENR Theories
There are several theories pending that describe the underlying science of LENR. Some
theories use classical physical concepts, while others employ concepts in the area of quantum
mechanics.
The most popular theory is based on the 2005 paper, 'Ultra Low Momentum Neutron Catalyzed
Nuclear Reactions on Metallic Hydride Surfaces' by Allan Widom and Lewis Larsen, often just
called the 'Widom-Larsen-Theory'. It was published in the peer reviewed 'The European
Physical Journal C' and caught the interest of researchers at NASA.
Since then other theories by Carl-Oscar Gullström at Uppsala University in Sweden and Yeong
Kim at Purdue have been developed to explain LENR. Various nuclear mechanisms are
explored in these theories. Though all include the shifting of the relative abundance of metal
isotopes in the fuel, none have been determined to be the definitive cause of heat generation
and isotopic shifts.

Papers for the general reader
The key findings of cold fusion have been replicated at over 180 laboratories worldwide in
thousands of experimental runs. (See Storms, The Science Of Low Energy Nuclear
Reaction, Table 2).
Though most of the papers in the LENR-CANR library are written for scientists, they can be
confusing and contradictory. There are introductory papers for the general reader. Here are
some of the more helpful ones:
Storms, E., A Student’s Guide to Cold Fusion. 2003, LENR-CANR.org. Revised April 2012.
Storms, E., What is believed about cold fusion? 2009, LENR-CANR.org.
Nagel, D.J., Scientific Overview of ICCF15. Infinite Energy, 2009(88): p. 21.
Rothwell, J., Cold Fusion And The Future. 2004: LENR-CANR.org. Chapter 1 of this book is a
list of Frequently Asked Questions written by Rothwell and Mallove.
Here are a few important reviews of the field:
U.S. Defense Intelligence Agency report on cold fusion: Technology Forecast: Worldwide
Research on Low-Energy Nuclear Reactions Increasing and Gaining
Acceptance DIA-08-0911-003, 13 November 2009
McKubre, M.C.H., Cold Fusion (LENR) One Perspective on the State of the Science.
Proceedings 15th International Conference on Condensed Matter Nuclear Science (Part 1).
2009. (The Forward to this book.)

Hagelstein, P.L., et al. New Physical Eﬀects in Metal Deuterides. in Eleventh International
Conference on Condensed Matter Nuclear Science. 2004. Marseille, France. This paper
references 130 other papers.
Three important books about cold fusion (LENR) are now available in the Kindle e-book format:
Excess Heat: Why Cold Fusion Prevailed, by Charles G. Beaudette
Fire from Ice: Searching for the Truth Behind the Cold Fusion Furor, by Eugene Mallove
Nuclear Transmutation: The Reality of Cold Fusion, by Tadahiko Mizuno

Further Reading
Lenr-canr.org — A library of research papers on LENR
LENR Proof — Slideshow examining of the commercial viability of LENR
Martin Fleischmann Memorial Project — An open science project to replicate LENR tests
Vortex-L — Archive of email list dealing with LENR-related topics

ICCF21 Conference
October 3, 2017
ICCF-21 was held from 3 – 8 June, 2018 at The Lory Student Center at Colorado State
University, in Fort Collins, CO
https://iccf21.com

European Commission Report on LENR
European Commission for Research and Innovation, 2012
“ENEA, SRI and NRL have been involved within review programs in the U.S. and in Italy. The
main task was to demonstrate, on the basis of signals well above the measurement
uncertainties and with a cross check, the existence of the excess of heat production during
electrochemical loading of deuterium into palladium cathodes. The target was achieved and
the existence of the eﬀect is no longer in doubt .”
“Funding the research should be the target to achieve a critical mass on a multidisciplinary
level. There are only few academic institutions working on this research field and an increasing
number of these institutions need to be involved, along with a network, particularly in
Europe.”

Recommendations to the Commission
•
•

Include LENR in FP7 calls as research on materials as it has unlimited and sustainable
future energy technology potential.
Support the study in material science as a strategic approach to achieve the control of
the technology.

•
•

Support workshops, meetings, visiting exchanges in Europe and between European and
US research institutions.
Focus on the fundamental research aspects because of the synergy with other
disciplines.

See: http://ec.europa.eu/research/industrial_technologies/pdf/emerging-materialsreport_en.pdf
Below are just a sample of all the world-wide institutions, organizations and companies that
currently are involved in LENR research:

Governmental Laboratories
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Atomic Energy Commission (France)
IMRA (Japan)
IMRA France (France)
ENEA (Italy)
INFN (Italy)
Istituto TeSRE/CNR (Italy)
Lab. Electroch. (LEPGER) (Bulgaria)
High Energy Accelerator Research Organization (KEK) (Japan)
Scientific Industrial Association, LUTCH (Russia)
Ins. Physical Chem., Russian Acad. Of Sciences (Russia)
Indira Gandhi Centre for Atomic Research (India)
National Institute for Fusion Science (Japan)
Bhabha Atomic Research Centre (India)
High Energy Accelerator Res. Org. (KEK, Japan)
Tokyo Institute of Technology (Japan)
Joint Institute For Nuclear Research (Russia)
Institut des Sciences Nucléaires (France)
Los Alamos National Laboratory (US) lanl.gov
NASA Research Center Langley (US)
Naval Air Warfare Center Weapons Division (US)
Naval Research Laboratory (US)
SPAWAR Systems Center, San Diego (US)
Russian Academy of Sciences (Russia)
Tata Institute of Fundamental Research (india)
Oak Ridge National Laboratory 8US)
Korea Institute of Science and Technology (Korea)
Defence Materiel Administration (FMV), (Sweden)

Universities
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

California Polytechnic State University (US)
Faculté des Sciences de Luminy (France)
Massachusetts Institute of Technology (US)
Mississippi State University (US)
Osaka University (Japan)
Portland State University (US
Purdue University (US)
Uppsala University (Sweden)
Stanford University (US)
Hacezepe University (Turkey)
Shizuoka University (Japan)
Tsinghua University (China)

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Università degli Studi di Milano (Italy)
Università degli Studi di Torino (Italy)
Université Pierre et Marie Curie (France)
University of Illinois (US)
University of Minnesota (US)
University of New South Wales (Australia)
University of Texas (US)
University of Utah (US)
University of Hawaii (US)
University of Missouri (US)
Bologna University (Italy)
University di Roma La Sapienza (Italy)
CNR IPELP, Padova (Italy)
Kyoto University (Japan)
Tsinghua University (China)
Yokohama Nat. University (Japan)
Hakodate National. College of Tech ( Japan)
J. Northwest Normal University (China)
Hokkaido University, Engineering Dept (Japan)
Kinki University , Atomic Energy Res. Institute (Japan)
Tokyo U. Of Agriculture & Technology (Japan)
Sichuan Union University (China)
Montclair State University, New Jersey

Organizations/Companies
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Mitsubishi Heavy Industries Ltd. (Japan)
Toyota Motor Corporation (Japan)
Royal Dutch Shell plc (UK)
Boeing Research and Technology (US)
Airbus (US)
Elforsk (Sweden)
Industrial Heat LLC (US)
NASA (US)
Deneum (https://deneum.com)
Leonardo Corp. (https://ecat.com)
Brilliant Light Powre (https://brilliantlightpower.com)

Key Reports
https://www.businesswire.com/news/home/20180313005600/en/SRI-Report-IndependentlyVerifies-Brillouin-LENR-Reactions

Forums
LENR Forum - The independent Low Energy Nuclear Reaction Community
https://www.lenr-forum.com/home/
E-Cat World - This site is for news, information and discussion about advanced energy
technology, currently focusing on the Energy Catalyzer (E-Cat) invention of Andrea Rossi, and
Low Energy Nuclear Reactions (LENR) in general.
http://www.e-catworld.com

The Exhibit for Eco Experience
Exhibit Sponsors
Digital Watershed

Digital Watershed (http://www.digitalwatershed.org) – A Minnesota-based 501(c)(3)
Our mission is to take social interactions and education to a new place, empowering users to
share their insights, ideas and knowledge through interactive media.

Energy 2.0 Society

Energy 2.0 Society (http://energy2point0.org/goals/) – An Iowa-based 501(c)(3)

The Energy 2.0 Society is an educational organization that provides information and spreads
awareness about Low Energy Nuclear Reaction (LENR) technology and promotes it as a clean
and economical source of energy to be used for the benefit of humanity.

Current composition of the three panels describing LENR, the E-Cat and research references.

A composition of how the popup banners might be placed in the current exhibit space.

Exhibit Design

The draft exhibit design includes a series of three freestanding retractable popup banners that
are easily reconfigured to fit the available space in the Eco Exhibit hall. The closest sections,
thematically, would be Solar and Wind power, since this is a power technology. Popup banners
are already in use in the hall, such as one entitled “The Scale of Wind Power”.
Freestanding banners also provide the opportunity to add one or two additional banners,
reflecting any advances made in the technology during the spring of 2019.

Each of the banner designs would have a header as an attractor to the exhibit, “LENR: The
New Fire,” which is an often employed phrase used in the LENR community.
The educational goals of the overall design are to:
• Introduce the public to this clean technology

• Explain the benefits and safety of this non-chemical heating process
• Provide useful links to information and research
• Instill an interest in non-polluting energy education

Panel #1 (left panel)

This panel describes one potential technology, the E-Cat, which is expected to be one of the
first to market (in 2019). It describes one of the key independent tests of an early version of the
E-Cat and one of the newer versions called the QX. It also describes where this technology is
likely to first be used.
Members of the Energy 2.0 Society have frequent contacts with the firm producing the QX and
it is possible we might be given one of the reactors for display. This would be a small, empty
chamber lacking any of the nickel-lithium fuel normally used.
Option: We might also include a visual of a QX reactor and allow users to put their cell phones
up to the exhibit to see an animated simulation of the QX. This would either be through a QR
code scanned by the cell phone, or employing augmented reality (AR), such as used in the
Living Wine Labels technologies.

Panel #2 (central panel)

The central panel asks the question “What is LENR?” and gives background on the key factors
of its usage, including how we know it is real (since LENR is associated with the old term “Cold
Fusion”), whether it is safe to use, and how useful is it?

Panel #3 (right panel)

The right panel goes into additional detail about who are the researchers of LENR, what
institutions (governmental agencies, universities, companies) are pursuing research and
development, and where to find more information about LENR. The right panel also includes
information on the sponsors of the exhibit.

Placement

As a first-time entry to the Eco Experience, the exhibit was purposefully designed to be small
and unobtrusive so that its placement might be more flexible. There is no current space within
the Eco Experience building for this specific technology and it does not fit easily into the
categories of Wind, Water, Solar, Air Quality, Reuse/Recycle, etc.
However, the flexibility of the design allows us to place it wherever the administration of the
Eco Experience feels it would be best. Although the technology is not technically a renewable,
it is carbon-free so would likely go best among other carbon-free energy alternatives.

