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Combustion with Oxygen Green LENR Transmutation

Jan. 17, 2015 added Slides #20, 28, 29 re two new papers by Steffen et al. in Science and The Anthropocene Journal
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Revolutionary new source of dense CO,-free energy
LENR commercialization could enable sustainable economic growth

Highly synergistic with vastly less energy-dense wind and solar power sot

v" While solar PV and wind are CO,-free and extremely biosafe, their intrinsic
energy densities are much lower than today’s fossil fuels and inherently
Intermittent - not continuous - sources of electrical and thermal power

v" Nuclear fission power has high energy densities, does not prOd: CO;and
operates continuously; but it emits huge quantities of deadly neutron and
gamma radiation during operation and produces many long-lived radwastes

v D-T nuclear fusion, while better than fission in terms of producingimuchiless
radwaste, still emits very dangerous neutron and gamma radiationiduring
operation; also, there is stillasno sign of it being commercializediafterg60lyears
of huge effort and hundredsiof billions of R&D $ spent worldwideRSeer iyl
2014 Nature story on ITER by Elizabeth Gibney (see hyperlinkibelow)

v’ Low energy neutron reactions (LENRs) are only prin
foreseeable horizon that can provide world with affordablejdenselgieen
energy, connect the unconnected, and empower billionsjofipoweilesSsipeople
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Key take-aways
LENRSs increase economic/BTU value of fossil Carbon by at least 500x

Achieved without emitting any CO, while releasing vastly greater thermal energy

4 Revolutionary LENR technology can potentially transform oil and coal into ‘green’ CO,-free
LENR fuels that possess >5,000x the energy density (Watt*hours/kg) of unleaded gasoline

v" In LENR fuels derived from extraction and processing of aromatic fractions found in oil and
coal, generation of usable heat (i.e. BTUs) occurs via clean radiation-free, neutron-catalyzed
transmutation of Carbon into Nitrogen and Oxygen rather than chemical combustion with O,

v We will show how applied LENR technology can potentially increase BTUs and economic $$$
values of natural fossil Carbonaceous energy sources by at least 500x; much of this increase
in energetic and economic value comes from huge energy densities and BTUs produced by
nuclear processes as compared to purely chemical energy processes such as combustion

v In British Petroleum's 63" annual Statistical Review of World Energy (2014) they estimated
that oil will run-out in ~53 years and coal in ~113 years. Given at least 500x increase in the
energetic/economic value of LENR fuel, commercialization of LENRs on aromatic molecules
would extend useful economic lifetime of fossil Carbon resources out to at least 25,000 years

<

Aromatic-based LENRs would eliminate “Carbon Bubble” and “stranded assets” problems

b

Small-scale LENR systems might seem light years away from being able to compete with huge
500 - 1,500 MW coal-fired and Uranium-fission power plant behemoths; that said, please recall
the history of personal microprocessors (PCs) versus mainframes. When PCs were first
introduced nearly 40 years ago, mainframe computer manufacturers regarded them as just
little toys, information processing jokes of no real consequence. Less than 10 years later, big
mainframe companies weren’t laughing any more. Today, except for handful of survivors like
IBM, mainframe and minicomputer dinosaurs are gone, replaced by microprocessor arrays

larmiimemes 14 ONALC TR S . [ —— e s Tt oaind TS A E 4 A . . ——— .
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v’ Virtually all agree cologically benign, low cost
sources of ene conomic growth and overall quality
of life, especiall; iral areas without electricity

s have been made in D-T
commercial power plants

1 ~US$250 million has gone into
ey came from private sector
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Widom-Larsen enables commercialization of LENRs
Applied nanotechnology and LENRs are mutually joined at the hip

Development rlsks can be reasonable thanks to Widom- Larsen and nanotech

Guided by, phyics of the Widom-asen theo,.
an to commercialize LENRs as truly
green nuclear energy source has'been.
‘enabled|by/ajunique juxtaposition of.very/recent:
in certain very,vibrant{areas|ofi.
(esp. plasmonics)quantum A
new,innovations in\nanoparticle 2
'techniques, as well @E]]J‘@iﬂ'jd?[iﬁw/
dlcoverles infadvanced materialsiscience. "%




Basic reactions in Widom-Larsen theory are simple

Protons or deuterons react directly with electrons to make neutrons

Neutrons are then captured by other atoms — catalyze nuclear transmutations

Collective many-body quantum
effects: many electrons each donate
little bits of energy to a much smaller

number of electrons that are also

Quantum electrodynamics (QED): smaller number

of electrons that absorb energy from electric field
can increase their effective masses (m = E/c?) to
point where they can react directly with protons

embedded in same high electric field (or deuterons) to make neutrons and neutrinos

WALV UL

EnergyE-ﬁeld + e-sp

n neutrons: capture on nearby atoms; v, neutrinos: ghostly unreactive photons that fly-off into space

Neutron-capture-catalyzed transmutations release energy stored in atoms:

Transmutation
Neutrons + atomic nuclei =————2»  heavier elements + decay products

Releases vast amounts of stored nuclear binding energy as energetic particles/photons that create heat

January 14, 2015 Lattice Energy LLC, Copyright 2015, All rights reserved 7



LENRSs are green: no energetic radiation or radwastes

Lack of hard radiation obviates need for shielding and containment
Major opportunity to develop safe, battery-like portable LENR power sources

Fission and fusion processes both emit deadly MeV-energy neutron and gamma radiation

Fission reactors need 1 foot of steel and 3 feet of concrete LENRSs enable devices something like
to protect humans from hard radiation and wastes emitted this: small, portable battery-like power
by reactor; makes systems intrinsically large and heavy sources that are safe and disposable

Energizer @[ 5%

Much larger LENR devices based on dusty
plasma embodiments can potentially scale-up
to megawatts; akin to today’s power plants

January 14, 2015 Lattice Energy LLC, Copyright 2015, All rights reserved 8



Possible applications for potent LENR thermal sources
Price/performance should outperform competing energy technologies

Market Application Examples

More details about applications

Economic Advantages

LENRs enable safe, radiation- and
CO,-free free nuclear energy
production and power generation
at substantially lower cost vs.
competing nuclear (fission or

fusion) and chemical technologies.

Vastly greater energy densities
and longevity at a lower price per
kWh compared to chemical power
sources for producing electricity

Create large quantities of
inexpensive raw process heat for
bitumen extraction, heavy oil
recovery, and/or oil shale
processing. Could eliminate
burning of natural gas used to
make steam employed in SAGD
process for underground bitumen
extraction in oil sands regions of
Canada (big decrease in CO,
footprint and extraction costs)

Integrate LENR heat sources w.
different types of energy conversion
technologies: e.g., create battery-like

devices using thermoelectrics that can
convert raw heat directly into DC
electricity; or use heat to rotate a shaft
for direct motive propulsion and/or in
power generation systems (e.g., steam
turbines); scale-up by increasing LENR-
active surface areas and/or
volumetrically in case of dusty plasmas

Long-lived LENR thermal sources
lowered down well holes could be used
to directly heat-up bitumen or heavy oil

in underground reservoirs to reduce
production costs and enhance %
recovery. Could use LENR heaters for
in-situ underground upgrading ---
maybe up to mid-distillates. Can also
produce clean, inexpensive process
heat for many downstream petroleum
operations such as refining

SAFE - no radiation
shielding or waste issues.
Could someday enter huge
unit-volume portable power

markets and be able to
compete directly against
advanced chemical
batteries, small fuel cells,
and fossil fuel
microgenerators

Major benefits to large oil
and coal producers — can
help increase long-term
supplies of oil and reduce
total production costs;
shrink industry’s global CO,
emission footprint across
all upstream and
downstream operations




Lattice commercialization plan akin to computer chips
Scale-up LENR system power outputs & integrate energy conversion

Leverage existing nanotechnology to minimize product development time/risks

v LENRs can presently reach temperatures of 4,000 - 6,000° K and boil refractory metals
in limited numbers of microscopic LENR-active hot spot sites on laboratory device
surfaces. Lattice plans to use its unique proprietary knowledge of LENR engineering
physics and key operating parameters (e.g., achieving and maintaining very high local
surface electric fields) to first get heat production working well microscopically. That
is: reproducibly trigger LENRs on specific, purpose-designed nanoparticulate
structures with dimensions ranging from nanometers to microns that are fabricated
using existing, off-the-shelf nanotech processes and then emplaced at what will
become LENR-active sites located on Hydrogen-loaded substrate surfaces

v In principle, output of such LENR heat sources could be readily scaled-up: either by
fabricating larger area-densities of affixed nanostructures that facilitate formation of
LENR hot spot sites on device surfaces, or by injecting larger quantities of specially
designed fuel nanoparticles into volumetrically larger reaction chambers containing
turbulent dusty plasmas, with or without spatially organized magnetic fields present

v A variety of off-the-shelf energy conversion subsystems could potentially be
integrated with commercial versions of LENR-based heat sources. These include:
thermoelectrics or thermionics; steam engines; Rankine cycle steam turbines;
Brayton cycle gas turbines, boilers, etc. Other more speculative possibilities involve
new types of direct energy conversion technologies that are still under development
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il 193 | | = a1 N r—I rFiml | 'alat\Vidlala ol | & irnnTe ragaccaryv/am |
-J adliudl Y | ~. ) VU 1J Laltlice chel H"}.-’ |! o, COPVYIIGIIL U190, All | Iylito rescived | U



Nuclear energy density is vastly larger than fossil fuels
Energy density of LENRs is ~5,000 times greater than that of gasoline

Alkaline Battery 164

| Lithium Battery 329
| Zinc-Air Battery 460

Direct Methanol Fuel Cell (35% efficient) 1,680

. Gas Burning Microgenerator (20% efficient) 2,300
‘ 100% Efficient Combustion of Pure Methanol 5,930

' 100% Efficient Combustion of Pure Gasoline 11,500

LENRs (based on an assumption of an average 57,500,000 (maximum theoretical energy |
of 0.5 MeV per nuclear reaction in an LENR density — only a fraction would be achievable |

| system) In practice)

|
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LENR technology can transform today’s fossil fuels

Breakthroughs in physics and nanotechnology make this possible

Bitumen, heavy oil, and coal may be much more valuable as green LENR fuels

All of these natural hydrocarbons contain aromatic molecules that can be stripped-out

Canadian bitumen Heavy viscous oil Anthracite coal

Lattice has discovered that aromatic molecules can potentially be stripped-put and specially processed to

be converted into green LENR fuels: no hard radiation emissions, no production of long-lived radioactive

wastes or emission of gaseous CO, into the atmosphere but instead release > 5,000 times more thermal
energy vs. combustion of Carbon-based molecules with Oxygen

January 14, 2015 Lattice Energy LLC, Copyright 2015, All rights reserved 12



Opportunity: transmute Carbon rather than combust it
Help mitigate global warming and release vastly greater heat energy

Technology evolution S-curve: combustion vs. LENR transmutation of Carbon

Old technology -
New technology - LENR transmuiation: Carbon + neutrons ——>Nilrogen —3t)xygen

TECHNOLOGY EVOL VES
11880 1960 2005

austaining Mastery

Over a Technologuys HEW
Building of firm foundat®ns;
IMproving, suamenting, u%l 4ing TECHNOLOGY

[ CURYE

Com h.l$ltlﬂl1 .
I

EXAISTING
TECHNOLOGY
CURYE

Pioneering
Engineering & Science:
Prospecting Tor ne' possibilines;
exploring, evaluating, inventing

MEASURE OF ADYANCEMENT

E R R EEEEEEENR

MEASURE OF APPLIED EFFORT



sarbon can be transmuted rather than combusted
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Fossil Carbon can be transmuted rather than combusted
Heavy oil and coal could be processed to produce ‘green’ LENR fuels

Carbon atoms found on aromatic rings are fuel for radiation-free transmutation

Transmutation

Neutrons + target fuel atoms =3 heavier elements + decay products

Neutrons are readily absorbed by LENR  Direct conversion of neutron capture
Neutron ‘match’ fuels such as inexpensive Nickel, and decay-related gammas to IR and

Titanium, Lithium, or Carbon atoms beta/alpha particles create heat

noy

toms

capture on far \tﬁﬁe

3

produces
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Convert ring Hydrogen atoms (protons) into safe neutrons
Neutrons are captured by ring Carbon atoms that are then transmuted

In this example a Carbon atom is transmuted into a Nitrogen with LENR process

LENR neutron
__ capture catalyzed

BTUs

Transmutation

. Releases therma
. energy (heat)

C + xp + decays > N

1'% _
EP' (H)+ ep, = neutron (n) + neutrino photon

» Process does not emit any deadly radiation or produce troublesome radwastes «

January 14, 2015 Lattice Energy LLC, Copyright 2015, All rights reserved 16



LENR process transmutes Carbon into other elements
Heavy oil and coal could be processed to produce green LENR fuels

Carbon atoms found on aromatic rings are fuel for green transmutation process

Combustion of THE PERIODIC TABLE o Depending on
Carbon atoms in A Begin at Carbon (;C'?) vHiA where nuclear
fossil fuels with b Vector of Carbon-target LENR = . 1 19 R process was
Oxygen O, produces ' transmutation network pathway Ingreen g, @ va via via| & stopped, LENR
] - | cvmBO i ' | ]
CO, and H,0; CO, » P | ? ()= ESTIMATES C [N ‘ o F ‘“ transmutation of
. . 6.94 | ATOMIC WEIGHT _::.._ m | 140 m 1~ 203 - .
gas emissions are a JRECREE | EE | e Carbon atoms in oil
problem, which has [HEERE s Bl e I | Si P S “ “‘ and coal could
led to schemes like ??. Ti‘ IIIB  IVB l VB | VIB  VIIB ‘ IB H;m 13593 sl [ 1 32{]? l 1" | ....4;, | produce a wide
- I‘: ’ - | 7. "
Carbon capture and [JEEREE a | Sf | T' ‘f | T Sam xe ! ‘;P Ni | Ca Z:,;‘ Ga (‘e A‘ | . variety of stable
sequestration (CCS) ' g ey Il s “::;.:r . "i" ; | . elements up
Additional issues - ad 1} | R“ s | w ,g « d s Sn | Sb S S through Zinc;
with coal’s varied |t | s o | st | st ”” poten | riniem | | o :'__H_ __1'_ o | v | i gaseous emissions
s | Ba | La | | Au Eg TI Pb Bi Po | . | - imi
trace elements e gq AR AEARd A might be limited to
S A e | | e | o B o | Neon, Argon,
Salo of arer | Nitrogen and/or
i gy preferably Oxygen
chemical reaction e _
- Ce | Pr [Nd [Pm|Sm|Eu [Gd|Tb Dy Ho | Er [Tm|Yb | L Scale of energy
processes are on ]_‘LF (THANIDES 14,1 | 140.91 14424 .145-. . 5.'9,-_:: i.,,.r% m;:. :';.r,'- h“ 167 ;,:-.__-. 1,5_5_ a3 | . 3_. .}. release |S in Mev;
| -b’ [ SO : Ao e e el = . 6
the order of eVs MENEIL Th { p:l L \dl) ( t ‘ L"i | llll hid \ﬂ : ] )10 Iarger t_han
i 232 04 231.04 ;3__13: 03 23705 3 .;!.1','--. .;:1,:,5.. 257.10 LE:-.! NEG 40 Chemlcal feaCtlonS
www.hmpublishing.com Megtunim | Pt :

layden-Mchall Specialty Prod

LENRSs presently occur both in Nature and in some industrial processes at extremely low rates
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Future: retrofit existing coal plants with C—=> N- O boilers
LENRs can end combustion of coal: CH, +2 O, — CO, + 2 H,O + heat

Retrofit strategy preserves earlier capital investments and minimizes disruption

Today’s fossil fuel Today's fossil fuel

inputs: outputs:
Capital $ Heat
> Bulk coal Electricity
Air (O,)
Scrubber

NO, and SO,
Slag, Particulates

- | 1 Exhaust
Coal Pulverize Stack — '
. A e | .l'I_ "." M

technology

Steam
Turbine

LENR inputs:

LENR outputs:
Capital $ Heat
Hydrogen >>> Electricity
:: > Electricit | Wi Whater
y- LENRs would change boiler, coal iam W = N,, O,, etc.
LENR fuel: : : Condensor [
_ pulverizer, and environmental — Waste (valuable
Aromatic Carbon subsystems (for zero NO, or SO.,) _ ] $$$ elements)
and base metals | e Particulates



Growth of Carbon emissions exponential since 1855
If today’s global warming caused by O, combustion then must curb it

May be a better way to use fossil Carbon: transmutation rather than combustion

GLOBAL CARBON EMISSIONS

FROM ENERGY PRODUCTION

30

Red curved line added by Lattice J 24 gﬂ
=
”~ ©
- o
-_“--—/ 0

1855 1885 1910 1935 1960 1985 2009

SOURCE: International Energy Agency
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Green LENRs vs. combustion: not to decide is to decide
Global energy use has been rising exponentially since the mid-1850s

Combustion powered most of this growth: collision course with CO, emissions

“The trajectory of the Anthropocene: The great acceleration” W. Steffen et al.
The Anthropocene Review pp. 1 -18 (OnlineFirst Jan. 16, 2015)

“The dominant feature of the socio-economic trends is that
the economic activity of the human enterprise continues to
grow at a rapid rate. The Global Financial Crisis of 2008 -
2009 may be just discernible at the end of the global GDP
curve but it is more clearly visible as a sharp downturn
during the last decade in foreign direct investment.
Recovery has been rapid, however. Also, there may be a
slowing in the construction of new large dams. However,
remaining global indicators show no signs of slowing in the
most recent decade. Primary energy use shows the shape
typical of the Great Acceleration trajectory but shows little
or no evidence of an effect of the Global Financial Crisis.”

N
-
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Oil companies facing| 'near future
m .m‘@_],}gﬂdﬁ ﬂj]y |kel un-out in ~53 years

aeyuﬁwmwﬂwﬂaylaﬂyu, dfiinziz cne JJ# na force drop in fossil fuel usage
e

Resurce depletion: BP says oil will run-out

World Population & Energy Demand Growth Fin ~53 years and coal in ~113; what

/
Population (Billions) Energy Consumption (Qbtu/yr) g™ happens to energy markets after that™

12 1,400

V. Climate change: emerging scientific
consensus posits global warming is being
caused by increasing CO, emissions from
human activities; want huge cuts in CO,

Population |
1Eﬂj orid E:‘ln;e_r-;n-' 600 - W
LANsumpuon .
| Fear of global warming: has lead to

400
il _ .
i - speculation about somehow effecting
Insuchi Comier. radical decreases in man’s CO, emissions

B T SR el | lo 54 : ]
G e _p = to help mitigate further rise in average

P P il R global temperature; restrict fossil fuels?

Erprgy Projcsans: “(ledal Sapmy Perspectives ™ ITASA / WEC

1,200

1,000

wed 800

j Populaﬁon projections: United Nations . =

v _These trigger concerns about a “Carbon
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British Petroleum believes the Oil Age only has 53 years left
Published in “The Christian Science Monitor” on July 14, 2014

7 (CHRISTIAN SCIENCE

ONITOR.

How long will world's oil reserves last?
53 years, says BP
53.3 years left to find

) find an alternative to oil before cu

The world has 53.3 ycal =

By Andy Tully, OilPrice.comr

According to BP, drivers whose vehicles rely on burning oil have a little

more than a half-century to find alternate sources of energy. Or walk.



BP says only 14 years remain for Asia-Pacific oil reserves

Published in “The Christian Science Monitor” on July 14, 2014

7he (CHRISTIAN SCIENCE

ONITOR.

Such methods are helping the United States, for example, to achieve energy

independence. But that won't apply to China, a huge customer for fossil

fuels. BP savs Asia-Pacific o1l reserves will last onlyv 14 vears at current

rates. That means China will have to keep importing oil, putting turther

strain on global reserves.




BP says only 113 years remaining for global coal reserves
Published in BP’s annual “Statistical Review of World Energy 2014”

Coal reserves

World proved coal reserves in 2013 were sufficient to meet 113 years
of global production, by far the largest R/P ratio for any tossil fuel

The U5, Russia and China hold the largest proved reserves. By region, Europe & Eurasia holds the largest proved

reserves and has the highest R/P ratio 254 years, compared with 250 for North A




IPCC says global warming definitely occurring today
“Warming of the climate system is unequivocal” — IPCC report 2014

Societal response to global warming may restrict the combustion of fossil fuels

! d

. "%Y"Jf]‘ﬁ i—im wa ll k

“Warming of the climate system is unequivocal, and since the 1950s, many of
the observed changes are unprecedented over decades to millennia. The
atmosphere and ocean have warmed, the amounts of snow and ice have
diminished, and sea level has risen.”

“Anthropogenic greenhouse gas emissions have increased since the pre-
industrial era, driven largely by economic and population growth, and are now
higher than ever. This has led to atmospheric concentrations of carbon dioxide,
methane and nitrous oxide that are unprecedented in at least the last 800,000
years. Their effects, together with those of other anthropogenic drivers, have
been detected throughout the climate system and are extremely likely to have
been the dominant cause of the observed warming since the mid-20th century.”

“Cumulative emissions of carbon dioxide largely determine global mean
surface warming by the late 21st century and beyond.”

cEdd o | Iy i T ¥ & 1 i -"‘-.. il Sl Y Tl Sl & B ) Vi 'r'ﬂ-a ;' =2 ¥ i N - f |ﬁ -
http://www.ipcc.ch/pdf/assessment-report/ars5/syr/ISYR AR5 LONG
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IPCC says global warming definitely occurring today
Impact of CO, emissions on temperature illustrated in IPCC chart

Societal response to global warming may restrict the combustion of fossil fuels

Cumulative total anthropogenic CO, emissions from 1870 (GtCO»)
1000 2000 3000 4000 5000 6000 7000 8000

Source: Fig. SPM-10 pp. 26 in
IPCC’s “Summary for Policy
Makers” which was released in
conjunction with “Climate
change 2014 - Synthesis
Report”
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2014 was confirmed as the warmest year since 1880
Jan. 16, 2015: NASA and NOAA announced results of analyzed data

Independent studies by NASA and NOAA scientists reached same conclusion

“This is the latest in a series of warm years, in a series of warm decades. While the
ranking of individual years can be affected by chaotic weather patterns, the long-term
trends are attributable to drivers of climate change that right now are dominated by
human emissions of greenhouse gases,” GISS Director Gavin Schmidt

Global average temperature anomaly (1880-2014)

('C)

2014

2014 temperature
anomaly

-0.4
-0.5
1880 90 1900 10 20 30 40 1950 60 70 80 90 2000 10

1ISource: NOAA




New research reiterates dire warnings re climatic shifts

Concluded man-caused drivers show “no signs they are slowing down”

Scientific data continues to accumulate that climate change is a pressing reality

the guardian Rate of environmental degradation puts

W ofthe Pulitzoy pris life on Earth at risk, say scientists

Humans are ‘eating away at our own life support systems’ at a rate unseen in the

——————

dl5, TWO IICW IC5CAlCI] PAPCIS 54Y

Quoted directly from news story by Oliver Milman, The Guardian online, January 15, 2015 at 14:00 EST

Milman’s excellent news story reports on two new, just-published papers by Steffen et al.

Quoting excerpts directly from the Guardian story, Humans are “eating away at our own life
support systems” at a rate unseen in the past 10,000 years by degrading land and freshwater
systems, emitting greenhouse gases and releasing vast amounts of agricultural chemicals
into the environment, new research has found.

All of these changes are shifting Earth into a “new state” that is becoming less hospitable to
human life, researchers said. “These indicators have shot up since 1950 and there are no
signs they are slowing down,” said Prof Will Steffen of the Australian National University and
the Stockholm Resilience Centre. Steffen is the lead author on both of the studies.



New research reiterates dire warnings re climatic shifts
Many key planetary boundaries moving into zones having higher risks

“ILarge] changes could compromise Earth’s ability to sustain human societies”

“Planetary boundaries: Guiding human ' Planetary boundaries
development on a changing planet” _
W. Steffen et al., Science online Jan. 15, 2015 Key | [ Beyond zoneofuncertainty (highrisk)

In zone of uncertainty (increasing risk)

Below boundary (safe) Boundary not yet quantified

Biosphere E;;Ef;i:; Rl cgy:

Abstract: “The planetary boundaries framework defines nbegtity - |
a safe operating space for humanity based on the T DL eiEiies
intrinsic biophysical processes that regulate the stability diversity
of the Earth System. Here, we revise and update the SAaoephenc
planetary boundaries framework, with a focus on the Land- B depletion
underpinning biophysical science, based on targeted System -

change

input from expert research communities and on more
general scientific advances over the past 5 years.
Several of the boundaries now have a two-tier approach, :
reflecting the importance of cross-scale interactions and Freahwater | Atmospheric

the regional-level heterogeneity of the processes that moe A fj;ﬁf,?;
underpin the boundaries. Two core boundaries - e Ny ‘

climate change and biosphere integrity - have been ) ““"*** Ocean

identified, each of which has the potential on its own Blochemical o ocen acidification

f
to drive the Earth System into a new state should gia

they be substantially and persistently transgressed.”

GUARDIAN GRAPHIC SOURCE: PIK PR

Source: The Guardian



LENRSs solve issue of future “Carbon bubble” asset risk

Bank of England et al. weigh risks of “stranded” in-ground fossil fuels
Not only will such risks disappear but LENRs mcrease @]@@;’ﬂgm ]:).])oll‘

Bank of England investigating risk of
carbon bubble’

Enquiry to assess thfﬁ of an economic crash if climate change rules render
coal, oil and gas assets worthless

the guardlan

Winner of the Pulitzer prize

Quoted directly from news story by Damian Carrington, The Guardian online, December 1, 2014 at 08:47 EST

"The Bank of England is to conduct an enquiry into the risk of fossil fuel companies causing a major
economic crash if future climate change rules render their coal, oil and gas assets worthless."

"The concept of a ‘carbon bubble' has gained rapid recognition since 2013, and is being taken
increasingly seriously by some major financial companies including Citibank, HSBC and Moody'’s,
but the Bank’s enquiry is the most significant endorsement yet from a regulator.”

"The concern is that if the world’s government’s meet their agreed target of limiting global warming
to 2° C by cutting carbon emissions, then about two-thirds of proven coal, oil and gas reserves
cannot be burned. With fossil fuel companies being among the largest in the world, sharp losses in
their value could prompt a new economic crisis.”



Transmutation is economically attractive vs. combustion

LENRSs increase BTUs and economic $ values from coal and oil by >500x

BP est. proven reserves as of the end of 2013

Percentage of proven reserves of a fossil fuel
left in ground for whatever reasons (%)

Number of barrels of oil or short tons of coal
deliberately left in the ground (reserves x %)

For discussion purposes, simply assume price

of oil and coal remains ~ same as it is today

Conservatively estimated economic value of
reserves left-in-ground (USS$ price x in-ground)

Assume that only 10% of in-ground oil and coal
is recoverable as usable aromatic molecules

Net economic value of green LENR fuels before
adjusting for > energy density (value x .10)

Adjust energy equivalent economic value for
higher LENR energy density (multiply x 5,000)

1,687,900,000,000

0.33

5.57007E+11

USS 50 bbl

2.78504E+13

0.10

2.78504E+12

1.39252E+16

891,531,000,000

0.80

7.13225E+11

USS 55 ST

3.92274E+13

0.10

3.92274E+12

1.96137E+16

See BP’s Statistical Review
of World Energy (2014)

See McGlade & Elkins in

recent Nature article (2015)

Hypothetical assumption
for discussion purposes

In fact, prices should rise
as resources are depleted

6.70777E+13

“Haircut” for non-aromatic
fractions of oil and coal

Finally adjust for vastly >>>
LENR production of heat

g

3.35389E+16 USS

Assumed proven reserves data is taken from the BP Statistical Review of World Energy (2014);
assumptions re % of oil and coal possibly left in ground (whether because of governmental fiats,
voluntary restraint, taxation on extraction, or any combination thereof) taken from McGlade & Elkins
(Nature 2015); assumption that energy density (ED) of LENR fuels derived from aromatic rings found in
oil and coal is ~5,000x > gasoline is probably quite conservative - very likely that an additional 10 - 12x
iIncrease in BTU output could be achievable, i.e., >50,000x ED of gasoline




Transmutation is economically attractive vs. combustion

v' At this point, it is not clear exactly how or even whether rates of extraction and/or use of
fossil fuels for combustion could be substantially reduced. That said, for purposes of
discussion let’s assume that leaving 33% of remaining oil and 80% of coal fallow in the
ground might be a real possibility via governmental fiats. What would it be worth in terms of
economic $$$ value for the oil and coal industry to be able to extract those potentially
‘stranded’ fossil Carbon resources and generate vastly more CO,-free energy via LENRs?
(note: non-aromatic components of oil and coal would still be available for use as chemical
feedstock) Answer to this question is provided in previous slide’s Table: 3.35 x 10716 US$

v For purposes of discussion, let’s arbitrarily assume that US$ 250 billion invested over 10
years would be needed to fully commercialize LENRs (Lattice believes it is ~2 - 3 orders of
magnitude /ess than that number). What multiple of that investment would the realized
economic value of 3.35 x 10'¢ US$ represent; dividing that number by 2.5 x 10" US$ yields
ratio of 1.34 x 10° — huge economic multiplier resulting from a 10-year US$ 250 b investment

v' In 2014 alone, the global oil & gas industry collectively spent US$ 670 billion searching for
and developing new fossil fuel resources. In 2013, just Chevron, ExxonMobil, and Royal
Dutch Shell together spent more than US$ 120 billion on such activities. Lastly, drilling a
single deep water oil well can cost US$100 million. Investment capital that is needed to fully
commercialize LENR technology is well-within the financing capabilities of major oil players

v LENRs have not yet been successfully commercialized but the science behind it is certainly
real --- what remains to be accomplished is mainly device engineering and scale-up of system
power outputs. Besides Lattice and NASA in USA, Mitsubishi Heavy Industries and Toyota in
Japan have experimental R&D programs, are filing patents, and are publishing some of their
results in peer-reviewed scientific journals. Given the very attractive economic proposition
that has been outlined herein, more major companies will very likely enter the LENR
technology race and eventually, somebody or somebodies, somewhere, will succeed

January 14, 2015 Lattice Energy LLC, Copyright 2015, All rights reserved 32
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Some Dinosauria survived Cretaceous by evolving into birds

LENRSs could save fossil Carbon resources from twin asteroid strikes
of resource depletion and mitigation of potential climate change

January 14, 2015 Lattice Energy LLC, Copyright 2015, All rights reserved 34



a New World

DN USeda for power generation

Oil and coal industries can become eagles in

!I—.-L

with vastly less combust

| ENRS provide longerandimore profitable pathway into future

Lattice Energy LL ght 2015, All rights reserved
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Transmutation of Carbon could enable sustainable growth
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Coal power plant, Grosskrotzenburg, Germany — image credit: Reuters/Kai Pfaffenbach/files (2007)



LENRSs: disruptive, paradigm-shifting energy technology
Unique proprietary knowledge about LENRs and their potential impact

Larsen cv: h
’ - Concentrating E-M energy in
1 "31 2"'861 ""01 1 5 |eWISQ|arsen@g mal|.00m resonant e|ectr0magnetic Cavity
. . 5 o Intensity distribution of beam
v’ Lattice’s primary goal is commercializing LENRs focusing with plasmonics from
for a variety of power generation applications Porie ot <

direction of power flows

F Y

v In addition to serving as President and CEO of
Lattice, Lewis Larsen also selectively engages in
fee-based third-party consulting that does not
compromise Lattice’s proprietary intellectual
property relating to LENR power sources. As a
result of his having very strong foundations in
business as well as chemistry and theoretical
physics, he is uniquely qualified to assist energy
companies, institutional investors, and a variety
of government organizations in assessing
strategic business, investment, and technology
issues related to and tightly interwoven with the
fascinating subject matter discussed herein

January 14, 2015 Lattice Energy LLC, Copyright 2015, All rights reserved 38
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Pramana Journal of Ph ys:cs 75 pp 617- - 637 (2010)
http://www.las.ac. |n/pramanafv75X0617/fulltext pdf

“Toyota confirms Mitsubishi transmutation of Cesium to Praseodymlum d’
es]

L. Larsen, Lattice Energy LLC, October 31, 2013 [100 MS-PowerPoint sli
http://www.slideshare. net/lewasqlarsen/lattlce energy-lic-toyota-confirms-

mitsubishi-transmutation-of-cs-to-proct-31-2013 L

“Index to hyperlinked online information, technical and otherwise, about low énergy
neutron reactions (LENRs) and the Widom-Larsen theory”

L. Larsen, Lattice Energy LLC, v. 20 updated on January 8, 2015 [125 slides]
http://www.slideshare.net/lewisglarsen/lattice-enerqgy-lic-index-to-documents-re-
widomlarsen-theory-of-lenrsmay-28-2013




“Power”

By John and Johanna Hall - Siren Songs (BMI) first recorded on “No Nukes” CD (1980) in reaction to Three Mile Island (1979)

"Everybody needs some power I'm told

To shield them from t}f'“ d?ar)(ﬁaand the cold.”

4

now that lives are tstake' Y.
'(Yours and mine and o desceﬁdants in tlme
~ There's so much to gain 'sq,lﬁuch gjlose

1Y/t very one of us has to choose.”

™/ I LLY 1. -

The limits of hef Ways have'been defined
And we've crossed that line.”

Performed by PP&M at their, 2% annlversary concert (1986)
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