WO 2009/ 148700PCT/ US2009/ 040089 - 1 - MONETI ZI NG REMOTE GAS USI NG HI GH
ENERGY MATERI ALS CROSS REFERENCE TO RELATED APPLI CATI ONS 10001] Thi s

appl i cat iwo 20096480t he benefit of U S. Provisional ApplPCTAatS2@/0NDS9

561/ 130, 710, filed 2 June 2008. FIELD OF THE I NVENTI ON 10002] Thi s
invention relates generally to a nethod of nonetizing energy resources.
More specificall y the invention is drrlected to the economcally efficient

utilization of GROUND
10003] Thi s sec on 'S GZ%%W?% @&F uce e rea e‘r%%tl\e[%varl ous” aspects
of art, which may be : s with e E EE&E gnia %f the present
i nvent| on, which arc CROSSRE z 3 scussion is

bel i eved h@oﬁe hel I@fﬁié gﬁh&%i{' @Hnﬁﬂ; {H%ebén%ﬁgec{f Wi Sh prpdieloRRt 'AﬁBPhéa%on No.
faC|I|tate a better understanding of particular techniques of

preseni |61w1e3rﬁ)t7{1@nﬁleA(2ckundi20@ﬁ y, it should be understood that these
statenents are to be read in is ] cessarily as adm ssions
of prior art. 100041The utili in the world energy

mar ket i 50969 N9 TAJL ﬁfveﬁttﬂo‘?}f'retlﬂ?st Qfer yto%ﬁ@fhofi%%%dneﬁﬂﬁg 'r%so%ﬁ‘d%@m ed
to continue to becone iIncreasing y I npo tant in the forese future.

St r anded Matewpadifigaly, tlesievarg®nas directgeot thel edmlobecaélyrﬂﬁuentsmmphtyorﬂcﬁf st e
for the natura ‘Lﬁ‘fi ortion of the world energy narket. Some sources

esti mat e ¥RYED glgﬂlaglcgaﬁgqsgprgps gas reserves account for about 50% of the
total jpatural gas reserves held byghlgdtRpIGpcountries, and between 2, 700

and 3,400 trillion cubic feet (tcf}] worfrow de. Stranded Natural Gas
Reser ves,[0@Hr gy BuBiinsssoba ihgendﬁbmtintrac?qcezmmdérw maki@ts aspects of art, which

htt p: //ene busi ness all con1 trande atural - gas-r.eser

SUghest edTEy Rt s8Rt it PUt s BDRDIES bh e e ol GHH G ard
di fficul tde%&l&ﬁ%%ﬁﬁ)r%[a@ﬁéd beo'vJ i Thl@%&ﬂ%lé@ﬁe&éh@z&gt& herdphi (RBARSIRa Y al
gas reserves is one of the world s toughest energy chal | enges.

100051Si gnader oatit infatmatiah tgascibibsoarkegsr anderitachnge df iparticelgi devhnofues bé theor | d

t hat e . . . .
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in this light, and not necessarily as admissions of prior art.
[0004] The utilization of natural gas in the world energy market is growing faster than
that of any other fossil fuel and is expected to continue to become increasingly important in
the foreseeable future. Stranded natural gas reserves are expected to be a major supply
20 source for the natural gas portion of the world energy market. Some sources estimate that
stranded natural gas reserves account for about 50% of the total natural gas reserves held by
the top 10 countries, and between 2,700 and 3,400 trillion cubic feet (tcf) worldwide.
Stranded Natural Gas Reserves, Energy Business Daily, Sept. 27, 2007, found at
http://energybusinessdaily.com/oil__gas/stranded-natural-gas-reserves/. As suggested by its
25 name, these reserves are in remote or otherwise difficult to access areas. Utilizing and
monetizing these stranded natural gas reserves is one of the world’s toughest energy
challenges.
[0005] Significant natural gas resources are located in regions of the world that are
remote or otherwise stranded from gas markets and/or infrastructure (e.g., pipelines). Some
30 methods currently considered to commercialize this remote or stranded gas are liquefaction
(e.g., LNG), conversion to a liquid (e.g., syncrude or gas to liquid (GTL)), or compressed
natural gas (CNG). Note that CNG is not currently in wide commercial use. Major

challenges often limit the economic applicability of each of these methods: transportation
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atmosphere) rather than sequestered, sold or cleaned up. This is currently an economic, but

wasteful approach to dealing with remote or stranded natural gas reserves. This natural gas
25 may be gas associated with an oil production operation, or sour or acid gas that requires

significant processing to be “saleable.” Flaring or releasing stranded natural gasses is

currently the target of significant regulatory action, but many remediation options are

expensive, reducing the economic incentive to treat the gas.

[0009] As such, a more energy efficient and economically efficient way to utilize or
30 monetize remote or stranded natural gas resources is desired.

[0010] Other related material may be found in D. GSTOEHL, et al., 4 Quenching

Apparatus for the Gaseous Products of the Solar Thermal Dissociation of ZnQ, J. of Material

Science, Accepted 27 November 2007; ECONOMIDES, MICHAEL J. and MOKHATAB, SAEID,
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[0012] In another embodiment of the present invention, an alternative method of
monetizing energy is provided. The method includes transporting a stranded natural gas
resource to a reduction site; transporting a material oxide to the reduction site; reducing the
25 material oxide to a high energy density material using the stranded natural gas resource in a
stranded natural gas reduction process at the reduction site; and transporting the high energy
density material to an energy market.
[0013] In a third embodiment of the present invention, a system for monetizing high
energy density materials is provided. The system includes at least a first transportation
30 infrastructure comprising transportation carriers configured to carry a high energy density
material to an energy market from a stranded natural gas reduction process location, wherein

the high energy density material is based from a material oxide.
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BRIEF DESCRIPTION OF THE DRAWINGS

15 [0016] The foregoing and other advantages of the present invention may become
apparent upon reviewing the following detailed description and drawings of non-limiting

examples of embodiments in which:

[0017] FIG. 1 is a chart of exemplary high energy density materials and their energy
concentrations;

20 [0018] FIG. 2 is an exemplary illustration of a cycle for monetizing energy;
[0019] FIGs. 3A-3B are exemplary flow charts of exemplary monetization processes

utilizing portions of the energy cycle of FIG. 2;
[0020] FIG. 4 is an exemplary illustration of an alternative reduction process of the
energy cycle of FIG. 2.

25 DETAILED DESCRIPTION

[0021] In the following detailed description and example, the invention will be

described in connection with its preferred embodiments. However, to the extent that the

following description is specific to a particular embodiment or a particular use of the

invention, this is intended to be illustrative only. Accordingly, the invention is not limited to
30 the specific embodiments described below, but rather, the invention includes all alternatives,

modifications, and equivalents falling within the true scope of the appended claims.

[0022] The term “transporting” as used in the present application means carrying

materials in large or bulk quantities and may include overland bulk carriers, marine bulk
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Britain, China, India) rather than primarily an exporter or producer of energy (e.g., Qatar,
Kuwait, UAE, Russia).

15 [0026] The present invention is directed to methods and systems for monetizing
energy. More specifically, the disclosure is directed to economically utilizing stranded natural
gas reserves by converting such reserves into a high energy density material for transportation to
energy markets. The high energy density material is transported to an energy market and
distributed in that market to generate energy. The energy generation will produce a material

20 oxide, which may be collected, transported to a reduction location near a stranded natural gas
resource, then reduced to form the high energy density material, which may then be transported
to the energy market for use in generating energy. The reduction may be accomplished using a
hydrocarbon, such as the stranded natural gas. The high energy density material may be selected
by calculating the amount of energy per unit volume and unit mass to determine which materials

25  have the highest energy density.

[0027] Turning now to the drawings, and referring initially to FIG. 1, a chart of
exemplary high energy density materials and their energy concentrations. The chart 100
shows a first energy density scale on the left 102 by Mega joules per kilogram (MJ/kg) or
Mega joules per liter (MJ/L), a second energy density scale on the right 104 of Ml/kg

30 multiplied by MIJ/L divided by 1,000 called the “combined energy density,”
(MJ?/L/kg)/1,000) and a list of various materials along the bottom horizontal axis of the chart
100. The light vertical bars show energy density by volume (MJ/L) and the dark vertical bars
show energy density by mass (MJ/kg), while the jagged line illustrates the combined energy
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The conbusted HEDM becones the material oxide, which is transported 212
back to t¥pmne of the stranded hydrocarbons may currently be burned in the atmosphere (e.g. flaring)
25 and the present disclosure would provide an economic alternative for such resources. Many
stranded hydrocarbons are found offshore, so the reduction site or location 204 may be a
floating reduction vessel (FRV), or other offshore platform that may be mobile, depending on

the situation.
[0031] The term “material oxide,” as used herein, means any oxide of a material,
30 particularly, an oxide of a HEDM in a solid form. Examples include, but are not limited to
boron trioxide (a.k.a. boria) (B,0s3), aluminum oxide (a.k.a. alumina) (Al,O3), aluminum

monoxide (AlO), silicon dioxide (Si0O;), carbon dioxide (CO;) or carbon monoxide (CO) (for

graphite or diamond) in solid or ash form, and magnesium oxide (MgO).



20 reduction process 220 in order to be reduced to the HEDM for re-use as
an energy carrier. [0030] In one exenplary enbodi nent of the energy
nonet i zatworoeyeBmo200, t he provi ded hydrocarbons 202 aPETSA@VO4@BY
stranded hydrocarbons, such as natural gas that may be initially produced
at a renote geographic location fromthe energy market of interest. Sone of
the stranded hydrocarbons may currentty-be burned in the atnosphere (e.g.
flaring) nd th r -di I i d i
al ter nat i[\ﬁ/@?ﬁor sugﬂ{%r%z%&%%@sé%/g%hgy ﬁ%%&%&%é;aélrno%ggﬁ%sﬁg&g?e% aﬁgﬁrnk own
of f shor e,in sl drhguclediiatd pow&iplsht oin dudeadbikord@keriayicbeha gthaally n@ecdteduel i on
vessel (FRY), or other offshore platformthat nmay be nobile, depending on
the sit ustNiHon IO Theorismmatedat Y ith|rewerd, boigy, gskigh Huesspng, ngedhHutny
oxi de of i i T ide of a HEDMin a solid form
Exanples(?ﬁg?t%%fggﬁﬁég%g@%%é&#$%?%égmﬁgaﬁéion trioxide (a.k.a. boria)
(B203)5 gbosginum oxilde. §A-3B a@c cakbmpiandfloGAIhdASbf cadnithiUidbmBRReIIEoCALE) |
silicon dioxide (Si02), carbon dioxideé%CI%% or carbon _nonoxide (CO (for
gr aphi t e WHIZHIZaRYHEYS i0A tBOInEreyr cysdh of gl Zand\niigledilm 421 mpawy by besinp
2009/ 148700PCISAA0OKA40088 P17 > 10982 ANGCORRSH | 9est £8) B TRIBR
performed I'n any reasonabl e manner knowh i h the art, “such as 1rma power
pl ant, argoaytheralilhdesaranoidithg déwdeRarbob(c.genedmadtt atirdlgat)y dmsech axductadn on
process is contenplated. Wth respect to boron, a higghgressure, nearln

a

pure oxydéh 2§4snf drappporingp epateripl osids A6 torthe sdyrien $ien204 T djormatsti

3A- 3B, arc e I . .af i.zatj o S

it 11 K g rlet o £ RisR ARG RbyB GHRA T AR RS s
be best umEBNsisalsh dMpblicd &f @irBpeied 31 0Fben chergl Mdrkdband e redetiol PusickOIR0
process 220 begins at block 302, then includes transporting a hydrocarbon
(e.g. a ragpei3lRatural gas) 304 to a reduction site 204 and transporting a
mat eri al ife 306 to the re i [ 04. Then,,shh ter| 10 oxi de
e FeducddtH®a ni dhukergb UL Skt pReRt e MeoR el Rber Bedson
308. The tHnEPdricd taca pippid, ed odarider 2BSPOTrdvedasd Ocb@],a0r s gyiniar katanand
the reduction process 220 ends at 312. [0034]1In one enbodi nent of the

r eductd oHp¥oEedhe prgesstataeipayris bighesivhemthe aydipedbemsrare graduseorgepdicrade, a
mari ne vessel. overland v 0 r sl lLak £t
orocess. o priuveR ol Rt RIR iedo RuldFioSliShizBh 8 Wihspobg REBHSle. T
recover edii@ancelrady Mefriymsddont ordi (3§ RilecttF &)t tBabs@BOOtn® or IfReatboul 18Q4 end
transported vi el ine. The distance may be from about one (1) kil oneter

a pip . .may,

(km) to cbeut l@fbgnk mThese disReeshygtnot dimigtions fhdbe Piaygsscutpliset e savardles
arc not | ipi: i e . f rall, ef.fici f
the pr oottt & Blockile hARERTs ol TAg bY B BNGHRn BediSUREREAE,
the 200 r adddtion Noddioata0dnfra@ dnf ih@iBriadk porrdocdtioa X pditlvel dictahdcomd, cricghydinadets

di stance to energy markets 310, the geography of the Iocatiog@ﬁe.g. rocky
terrai n iy ¢kg geewaphy ehdha dcations @lc&ckyr BFaIMamgY ycadn Bprge spetart distance),
factors, Criteri i al oxide may be provided from
a nunberlg g%h?%@??°k@?%%§#?%gggﬁégﬁ%{g&%ﬁ' oxi de may be extracted (e.g.

m ned) fr[oo3she earrtie @adripr Nddedy he prévdd@l BERSENZRBer FotiRWEV Riitiallyatiey

shi pnments of the material oxide may be a result of the reduced HEDM bei ng
oxi di zed M#cral aFideusey bp cxteagtad (68 Dosed) drogt Bgwerh apd prgyidedgoithe priecess @By

mar ke . i { O .t e 0 J i

adai tFondi e SO eT QuBRT Ss e Rl LR Y Bp WHAAER: F r ey PRI Fefive

anot her efxidigéeicy doatiudtiod Reactién QU8rtal frodi@dusictBN2 po & @fSendBy aatket. heOf
energy cycle 200. It may be efficient to supply nore than one type. of

mat eri al QOEx# gampi@aton phiheac Bl seagistade passible pdEeralyy My logeian#idng
on avail api it - flicl - ' i j .
0 AR DLBEEALoSHE LN S W 5 UL Bl i
reduci ng 220eind the energy cycle 200. It may be efficient to supply more than one type of material
30 oxide (e.g. boron and graphite) to the process 220, depending on availability and process
efficiency of the various material oxides.

[0036] The reduction process 220 may include a variety of methods of reducing the

material oxide utilizing the hydrocarbon. Also, the reduction methods will vary depending
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BBr3 + 6/ pgé%ra%ﬁr ﬁrotld%/d%k’zburmng the remote hydrocarbon and may be supplemented by other
heat or power sources. Mixed boria and boron sulfide emerging from the bottom of the sulfur

15 percolation vessel will enter another vessel and have bromine bubbled up through them
resulting in sulfur and boron tribromide. A boron filament may then be grown by exposing

boron to heat in the presence of hydrogen and boron tribromide. Again, the heat may be

provided by any reliable energy source, but is preferably provided by the remote
hydrocarbons 308 (e.g. natural gas recovered from a remote location). The disclosed

20 chemical balances for the steps discussed above are summarized in Table 1 below.

Table 1
Reagents Products
1/2B,03 + 9/8S, 1/2B2S; + 37480,
1/2B,S3 + 3/2Br, BBr; + 6/8S;
BBr; + 3/2H, B + 3HBr
[0038] Another exemplary reduction process may include aluminum, which occurs

naturally as bauxite and is typically reduced to alumina (Al,Os) using the Bayer process, then
25 purified by electrolysis. The hydrocarbon may be used to generate the heat or steam needed
for these processes, or may be decomposed to supply the hydrogen gas needed for some of
the processes. In particular, the Bayer process includes the steps of: 1) crushing the bauxite
ore and mixing the crushed ore with caustic soda to produce a slurry containing very fine
particles of ore; 2) heating the slurry to about 230-520°F (110-270°C) under a pressure of
30 about 50 psi (340 kPa) in a digester (pressure cooker type of device) for about half an hour to
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may be mixed with lower quality natural gas to provide a stable flame for heat and power
generation.
[0041] It should be noted that the reduction process 220 of FIG. 4 fits into the energy

25 cycle 200 in approximately the same manner as the reduction process 220 of FIG. 3A, but
includes at least one additional fuel source for transportation. In one exemplary embodiment,
some of the produced carbon may be used to power at least a portion of the reduction
process, or may all be transported for fuel or sales 406. It is contemplated that the carbon and
HEDM may be transported on the same vessel at the same time, different times or different

30 vessels. One benefit of the process is that the vessels for carrying the HEDM or carbon do
not need many, if any, special equipment or storage tanks like an LNG or oil tanker would
require. Hence, such vessels should be less expensive to build (about the same as a container

ship) and operate. Further, the possibility of an environmentally damaging spill is reduced or
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processes nentione ove Wwth respect to the reducti on processes 308. For
exanpl e, [D03]hydr odére rdyctha proedsks a)8amewnibal syhilar toethu dtyidoopepsbasmt sxductiona
suspensi on reduction téc nol og[K process or other hydrogen reduction

proc eby  NESOMRSS MeAgRe G| respect to the reduction processes 308. For example, the

hydrogen may be used as a catalytic reduction promoter in a suspension reduction technology
process or other hydrogen reduction process.
EXAMPLE CASE STUDY
[0044] While the processes discussed above may be used for any number of regions
20 and situations, the following is one specific example of the process. This example is only
intended to illustrate the disclosed methods and systems and should not be construed to limit
the present disclosure.
[0045] In a first example, LNG is produced in the Middle East at about 1.2 billion
standard cubic feet per day (GSCFD) (or about 9.4 mega-tons per annum (MTA)) and
25 delivered to North America. Assuming a ship speed of 19.5 nautical miles per hour (kts),
12 LNG carriers of the Qflex category (about 210,000 cubic meters (m’)) would be required.
Compare a project based on a high energy density material (HEDM) delivering a comparable
amount of energy to market. If the HEDM is Mg/MgO, 16 conventional material cargo ships
would be needed (number is set by the bulkier load of returning MgO to the gas resource
30 location; only ten ships are required to transport the Mg to the market). Because the
conversion efficiency (material reduction) at the gas resource (assumed to be 0.67) is less
than that for LNG production (0.92), the production rate would be about 1.65 GSCFD to

deliver to same 1.2 GSCFD in the LNG case. This increased rate will require additional



[ 0044] Whi | e the processes di scussed above may be used for any nunber of
regions 20 and situations, the followng is one specific exanple of the
process. Whi2e0%nstopl e is only intended to illustrate thectitsetoonedsnet hods
and systens and should not be construed to |imt the present disclosure.
[0045]In a first exanple, LNGis produced in the Mddle East at about 1.2
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20 shown by way of example. However, it should again be understood that the invention is not

intended to be limited to the particular embodiments disclosed herein. Indeed, the present
techniques of the invention are to cover all modifications, equivalents, and alternatives falling

within the spirit and scope of the invention as defined by the following appended claims.
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mat eri al  QgkO@e material okigansferring energy in a stranded natural gas
resource to the high energy density material by reducing the nmateri al
oxi de to the hillh reatleadpf ang 9ot vy clemsel-8 afurtbel spgpirisengst r anded nat ur al
gas reduction pr Cess %ﬁn&%% ﬁ}t&pdgg nat ural gas reduction process

| ocation; and tF nsp%ﬁ%lng t'fie |gﬁ nergy density material to the
ener gy market. trafispoftite: fRi Aoekriafl okl B the StndBEMaBRMPEAsStdAPction process
repeating the steps of clains 1-5 in a cycle. 7. The nethod of any
one of cl &%#o1-6, wherein the high energy density material has an

crery e O RO R bgYR souerod per 1iier per
providing a stranded natural gas resource;
providing the material oxide;
transferring energy in a stranded natural gas resource to the high energy density
material by reducing the material oxide to the high energy density material using the
stranded natural gas reduction process at the stranded natural gas reduction process
location; and

transporting the high energy density material to the energy market.

0. The method of claim 5, further comprising repeating the steps of claims 1-5 in a
cycle.
7. The method of any one of claims 1-6, wherein the high energy density material

has an energy density greater than 1.0 mega-joules squared per liter per kilogram divided
by 1,000 (MJ?*/kg/L/1000).

8. The method of any one of claims 1-6, wherein the high energy density material is
one of magnesium (Mg), boron (B), silicon (Si), carbon (C), zinc (Zn), polyethylene

plastic, and aluminum (Al).



8. The method of any one of clains 1-6, wherein the high energy
density material is one of magnesi um(l\/g), boron (B), silicon (Si),
carbon (C, zinc (Zn), polyethylene pFdstic, and al umi num (A). - 13
- 9. The nethod of claim3, wherein the reaction process is
conducted at one of a fuel cell, gas turbine, industrial power plant,
comrer ci ab, powdhe jplettitdd, ofadidmi 3)tvitfeRdh tigomRRttvhi o8N B ddductddat ohB®f a fuel
met hod of claim6, wherein the stranded natural gas reduction process
i s sel ect &L Bam NG r tdpstEah J108ter nplast : carmaeRH epOHoPSE @8d nigtarnd
st randed @%Hﬁﬁongﬁgmgo provi de heat to the process, a boria
reduction process uSing the stranded natural gas to provide heat, a
bori a redu6ti oThpmakss ofislang 4, hehatihathd etrandddunialira@ss rlupiay ptteess is
di sassoci at edcp drogen for use.in the process as a fuel or a

react ant . S€l§9e éOWE‘Sﬁ&EPU@fCOH%?f&g‘%EF R@ &F Bipcess gfipeiths Hegpnded natural gas to

t t bng: ' b8
ranspor Fﬂﬂu@e ot %‘%ﬁprﬂ@és&”@boﬁz@?edﬁ@ﬁ&ygl%%ests%sﬁ}g; t‘ﬁg léﬁ“éu:;cg:gurga‘:tl%rgl %Ehseto

transporting a material” oxide to the reduction site;

mat eri al oxivide heata ahbytie eedrcgyn dansdss yusingt ¢rd atrandei ngatoriak gat rtanpredide
natural gas resource in a.stranded natural {g S red%%ation process at

the reductiPB¥OSPIE hYARER FANSHET PP R LR UH BidFiensi ty materi al

to an enengy markethod otfondtiEnd®idhOd cofphbidbm 11, further conprising:
mar keti ng a high energy density materi alp to an energy market; and

di stributing t Fenspogngenwsraggeciaaigiat gasrasoardedd avgdustion sites ener gy

mar ket. 13. Tprgnsrret hod oft ﬁnlﬁo Q etoqbe cel ai me lt]é_- 12, further

conpri si ng: pBFSWclinﬁa & éﬁ’@? b Féig%tfqnnsé the material in a
reaction procesaucHgene hiatdriae ok aad iaGiighp é@&gf Seii9dHaesal alsingeds tstrhitRd
mat eri al oxide; and transporting the material oxide to the reduction

site. 14natyd gasicholcom aitunded mtuighsisapdndting pracessst die refugtion s8e;nd
repeated in cy - - i - in the high
ener gy densi tyﬁjang gerlilr%thggghﬁggﬁgfg%t)ﬁéﬁgﬂ%@&S%Zeé%ff‘rg?ﬁ{aﬁg‘% or equal
to about 49. neJae pethodisofptriml i1} ArtheMidiprisingt6. The nethod of claim

13, wherein the reactiqgn process is a conbustion process. 17. The
met hod cl ai m 1Markghae@imsh sermadepsty maiegial OARICHY PHEeleddd conpri ses:

produci ng hydr aagf, iz e ﬁlglq Bhdr 9%&2 T 3ler 32 Svithf e energy ggiﬁé?.g the

produced hydrogen as catal yti tion pronoter to uce the
mat eri al &Xi de The ntaftedhiighy enepfjslaidenkli-t3; fomitee combrising8. The net hod

of claim17, wherein the hydrogen. is,produced by a process sel ected
P om the ot oupPoHRecaEuy bk SRERne R BRESd ot nEDORRBRISST BTG the

SCe POt il BTG s and 2 catal

transporting the material oxide to the reduction site.

14. The method of claim 13, wherein the steps of claim 13 are repeated in cycle.

15.  The method of claim 11-14, wherein the high energy density material has an

energy density greater than or equal to about 40 mega-joules per liter (MI/1).

16.  The method of claim 13, wherein the reaction process is a combustion process.

17.  The method claim 11, wherein the natural gas reduction process comprises:
producing hydrogen (Hs) from the natural gas; and
using the produced hydrogen as a catalytic reduction promoter to reduce the

material oxide to the high energy density material.

18.  The method of claim 17, wherein the hydrogen is produced by a process selected

from the group of processes consisting of: a methane decomposition process, a steam

natural gas reforming process, and a catalytic dissociation of natural gas process.



- 14 - 19. The nmethod of claim 11, wherein the material oxide
reduction process is one of the processes selected fromthe group
consisting of: a Missan process combi-iédd with an upgradi ng process,
t hermal deconposition of the material oxide, reducing the nmateri al
oxi de using hydrogen (H2) as a catalytic reduction pronmoter, a Bayer

process cagbi ndthewhéthodbf elage tin ohiisicth Peas@ssal cxide @ﬂ&ctib@rﬁ?béb% iDdne of
thereof 20. A system for_ nonetizing high ener density materials,

conpr i si ndhe processes;sefactedifram Siecgorn sanseHng Af rldoissen Ripecss sppbingd mgth an
transportg gbﬁﬂm eleé)l:&E Sth%ﬁlqgll c% 5iflodi®orf 8F Hé dﬁa@hg{haﬁ&g rrgé(uc%?d%ﬁ'{e Haterial

mat eri al a stran nat ur as re
process | malel wBimg Wdees@nr(ﬁzhas hicathlyéin ecdpctide peirhytetyat Btsieabrdcesss combmed

obtained fr duc ion of a mgterial_ oxi.de to the high energy
density it ngle W&%{ngaﬂqﬂéam%hwat%ﬁ@r@ duction process. 21.

The systemof ol &jsin?fr rhdtetiDgE h?él’f’@?fegg'%’t d¥lsity materials Conhpr‘sﬁ-,n &ner gy

adi stributioninfrastructure configure recei ve the
density materi alfifst tyanspheatidnr mfrastnmbgpmnmnsmg tramfspca@tmu(c'aurees emdigured

di stribut at st i on of t h ener ity ma

W hi nan TRAETSS Tk BubeY ey Rabia e ol tnGRe kg & ranied Bural s
system of reduatioh dlocebd [dchEdn, mélh&h@%ghae&% 86kt MmAtBi 4188 LdbRGAL Bom
configured to collect the react ed hi gh energy density naterials as a

mat eri al &sdugtion ghe nuiterial peidade Beilagh endrebe dénsity ondieriad ubing @rstranded mfpral

exportati asf,era[l&%%r#g re. 23. The system of claim 22, further
conpri si n%: q second ransportatl on infrastructure operatively

connect ed 210 t Ihe@QdtbiAGI cRim i20f fudthitr ctpipHsthe QNPT | GiktiAGutisrans pifiatrh&ire
carriers configured to carry the materjial oxide to a natural gas

reduct i on cgpigired gg reqgiee 4R high eferanylenyiy sratesiahifipm 2be Iost txmsp@mtlon
the high %%?J RN &is %fat%ashgﬁo%ned}%g}ﬁ ﬂee'ﬁ%! YaedSi %{engggﬂglyn

or equal to mega-j oul'es squared per liter ogram di Vi
1, 000 (waﬁlegérgyhﬁﬁﬂ)tto b@feactei orsynstgyrpentratioy. one of clains 20 23

V\,her eint ener y .density erial 1s one_of magpesi um
boron (B) BSSs. BRSTEL: )Of CI?‘HF%nﬁJ?%’T COﬁH{&qutgzﬁ)coliﬁﬁwyéfrﬁw@ﬁ@%F%{giaueed
and al um L&) the r&Rted THGH SHEE é?;sﬁ?r%at%@zﬁs f o %ﬁ{eﬁﬁl %Qld%3wllereln the

wherein the material oxide™Is transporte one of a marlne
over| and hmﬂtwlaiamdleesto bemkilvﬁedm Mdcp@ﬁamrohhﬁaastng:hﬁner ay, corrprl si ng:

provi di ng a material oxi dec o Si t he
renot e hy&?ocar Sr? ? %ngeﬁ"&'ﬁ&i%wl%raﬁswgésmmar l?ﬁgla%{fﬁ%tufe
carbon f oppengval cBH@écte’ﬂn@ tﬁ@'c@ﬁectio‘n 1ﬁ§astrlfcﬁ9é‘€blﬂﬁr1§1ﬂ§ tﬁﬁﬁrﬁﬁt‘aﬁbn QAR
to a high energy densHK materi al using the hydrogen; and utilizing

the hi gh emeligycdiorsary\hermateriaboxifoto omiuet gastreducting srtﬁal es 28. The
L@é?gga?};o%l ?Is r’Ph% sg%tarl’n;c{f%lg)r} 8%1(2 g}(f)%ni?‘%?% g()ﬁ ee(%glmf)es hlgﬂ energy d%n51%y material
has an energy density greater than or equal to 1.0 mega-joules squared per liter per
kilogram divided by 1,000 (MJ*/kg/L/1000).
25.  The system of any one of claims 20-23, wherein the high energy density material
is one of magnesium (Mg), boron (B), silicon (Si), carbon (C), zinc (Zn), polyethylene
plastic, and aluminum (Al).
26. The system of any one of claims 20-23, wherein the material oxide is transported
by one of a marine or overland bulk carrier.
27. A method of producing energy, comprising:
providing a remote hydrocarbon and a material oxide;

decomposing the remote hydrocarbon into hydrogen (H,) and carbon (C);

utilizing the carbon for one of fuel and sales;



29. The nethod of claim 28, wherein the hydrogen is used as a

catal ytic reduction pronoter to reduce the material oxide to a high
energy density material. 30. The nethdd-of claim 27, wherein the
renot e hydrocarbon is deconposed by a process selected fromthe group
of processes consisting of: a nethane deconposition process, a steam
nat ural gas retalwingghpmaceraboxidath ahizhtaakiplyi densityssaetial wsiip e hydrogen;
natural gas_process. 31. A system for produci ng energy, conprising:
a reducti8fdsite; a first delivery infrastructure to supply a renote
gas 10 the T eAUehiaD aflhigh cforSPBONTY AehdrPtof dnBLE AR EiELAKC Lo SuPply
a material oxide to the Feduction site; a renbte gas deconposition

pl ant for 28ecofesinafot hef clmot 27, gaberemt thehymrtlogle ot (dd2)mpoing dhd oamote

(O; mat eri al oxi de .reduction plant for reducing the materi al
oxi de to QM%PQﬁL@%EFUV“ HsHESPCIEPR Mefiodysi ng t he hydrogen from t he

renpte gagogdecqnrpesdthhPBf BlafR28, ¥hdrein the hRIrdFANERRED 8¢ b Qtalytic reduction
infrastructure to transport the carbon and the high energy density

mat eri al prmeictinaedpee i keterial Gade Mrachigly snasgy dénsgy aiatar@l, wherein

the transpg@rtation infrastyuctylre.conprises irst transportatio

i rastroddur o et P 3PSt SHERIRMS e bhidtmbbEyT flbrEbhahey 4
second tr pRsReY §edddtanfibif thaSErbts bl ipeodeSdes tdoANISRQY bf: NOMeMANd dBEHNBNBTTIN
density material to the energy market. 33. The system of claim3l
wherei n t ROCeEnd Byt Waempesmingmreseantani § cewhfticglivsedation elevanwabens
t he renntﬁnggg by at | east one of the foll ow ng processes: a nethane
deconposi ti on process, a steamnatural gas reform ng process, and a
catal yti c3di ssaciyatenofor pfoduaingreabregaconirBhess.

a reduction site;

a first delivery infrastructure to supply a remote gas to the reduction site;

a second delivery infrastructure to supply a material oxide to the reduction site;

a remote gas decomposition plant for decomposing the remote gas into hydrogen
(Ha) and carbon (C);

a material oxide reduction plant for reducing the material oxide to a high energy
density material using the hydrogen from the remote gas decomposition plant; and

a transportation infrastructure to transport the carbon and the high energy density
material to an energy market.
32.  The system of claim 31, wherein the transportation infrastructure comprises a first
transportation infrastructure for transporting the carbon to the energy market and a
second transportation infrastructure for transporting the high energy density material to
the energy market.
33.  The system of claim 31, wherein the remote gas decomposition plant is
configured to decompose the remote gas by at least one of the following processes: a
methane decomposition process, a steam natural gas reforming process, and a catalytic

dissociation of natural gas process.





