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(57) Abstract: Techniques, systems, apparatus and material
are disclosed for generating renewable energy from biomass
waste while sequestering carbon. In one aspect, a method
performed by a reactor to dissociate raw biomass waste into
a renewable source energy or a carbon byproduct or both in-
cludes receiving the raw biomass waste that includes carbon,
hydrogen and oxygen to be dissociated under an anaerobic
reaction. Waste heat is recovered from an external heat
source to heat the received raw biomass waste. The heated
raw biomass waste is dissociated to produce the renewable
fuel, carbon byproduct or both. The dissociating includes
compacting the heated 'raw biomass waste, generating heat
from an internal heat source, and applying the generated heat
to the compacted biomass waste under pressure.
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CARBON-BASED DURABLE GOODS AND RENEWABLE FutL
FROM BIOMASS WASTE DISSCCIATION FOR TRANSPORTATION
AND STORAGE

CROSS-REFERENCE TO RELATED APPLICATION(S)

ooot The present application claims priority to and the benefit of U.S. Provisional
Patent Application No. 81/523,280, filed August 13, 2011, and entitled "CARBON-
SASED DURABLE GOODS AND RENEWABLE FUEL FROM BIOMASS WASTE
NSSOCIATION FOR TRANSPORTATION AND STORAGE,” the entirety of which (s

incorporated by refersnce herain
BACKGROUND

{0002} This spplication relates to devices, techniques and materjals relaled to

carbon sequestiration and renswable energy production from biomass waste.

{0003] Aguatic plants and vegetative groundoover, particularly farms and forests,

are essential carbon dioxide collectors, natural habilats for countless wildiife, and
sources of fiber for applications renging from paper products o building materials.
Devastation of forests on almost all continents has occurrad because of non-native pest
introductions and greenhouse gas exacerbated climatic changes that have made

forests vulnerable to pestilence, fire, wind, flood, and drought damages.
{0004} Throughout South, Central, and North America forast fires have destroyed
vast stands of trees that have been weakened or killed by drought and disease. This

represents an enormous loss of pulp and bullding materals. Fires and rot also produce

gresnhouse gases such as carbon dioxide and methane that further hanm the globa
atmosphers. it is of paramount fmportance to provide practical solutions that enable
rapid conversion of vegetative biomass into renewable supplies of fuels, electricity, and
valuable materials before these materials are lost because of fires, decay, fioods and
svosion. A corollary objective is to faciliiate rapid redevslopment of heaithy forests,
crops, and other groundcover and to facilitate production of fuel and sequastered
carbon values from prescribed thinning and underbrush removal fo improve forest

conditions and to prevent the spread of harmiul fires.
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BRIEF DESCRIPTION OF THE DRAWINGS

$008 Figure 1 shows a process flow diagram of 3 process for a rapid CONVErsion

of carbon and hydrogen containing biomass wastes into useful renewable sources of

gy
Bl

carbon and hydrogen that can be used to produce carbon-based durable goons and
renswable fuel,
[0008] Figure 2 shows an sxemplary system for dissociating blomass waste into

hydrogen and carbon carrying infermediaries.

g

SOOTY Figure 3 shows a system for rapid conversion of biomass wasles into

renewable fus! and carbon products.

flow diagram of 2 process for dissociating
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proces:

$
hydrocarbons and alcohals to obiain carbon and hydrogen.

F009Y Figure 5 shows an exemplary process for producing DME from mathanol.
10040} Figure § is a block diagram of a system for generating carbon-based

durable goods from biomass waste produced hydrosarbons and alcohols.

o011 Figure 7 shows a system for separating mixtures of product gases such as
i g ¥ o g p g

carbon dioxide and carbon monmide fom methane andfor hydrogen by pressure swing
or iemperature absarplion.

[0013} Figure 8 is a system for separating methanol from carbon monoxide and
shipmant of the separated methano! to market by defivery pump.

{0013} Figure O iustrates another system for providing biomass waste material
conveyancs and compaction.

[0014] Figure 10 is a process flow diagram showing a process for converting
methane from jandfills, sewage freatment plants, waste disposal operations and other
methane sources into hydrogen and carbon.

{001 5] Figure 11 s & diagram showing ancther efficient system for faciitaling
hydrogen production with carbon repurposing or recyching.

f0018] Figure 12 & a block disgram showing an overall process for using

photosynthesis o convert biomass to renewable fuel and sequester carbon.
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0017} Figure 13 is a block diagram showing ancther process for using
vhotosynthesis fo initiate production of valuable fuels, solvents, chemical precursors,

and a wide variety of sequestered carbon products from biomass.

0018} Figures 14A and 14B are diagrams showing a solar concentratar for using

g

solar energy o provide heat to the biomass coNVersion process.

e Figure 15 is a process flow diagram showing a process for transporting
renewable energy generated from biomass wastes, including municipal, farm, and

forest wastes such as forest slash and dizeased andfor dead trees.

{0028} Figure 16A is a process flow diagram showing a process for producing
carbon-based and other durable goods and renewable fuels from crganic feadstocks,

which can be stored and fransported.
o221} Figure 188 is an alfermnative process flow diagram showing a wet-process
for progducing carbon-based and other durable goods and renewable fuels from organic

!S‘Qﬁq\u 4

gy

0022} Figwre 174 is a process flow diagram showing a process for producing
cartbon-based and other durable gonds and renewable fuels from organic feedstocks,
which can be stored and transported.

f00233 Figure 17B is an alternative process flow diagram showing a process for
mﬂducing carhon-based and other durable goods and renewable fuels from organic

edstocks, which includes an in-line filfer,

{0024} Figure 18 is a process flow diagram showing global warming resolution i

accordance with an example of the discloswre.

{6028} Figure 18 is a process flow diagram showing global warming resolution in

accordancs with an example of the disclosure.

028} Like reference symbols and designations in the various drawings indicate

ey

ke elements.
DETAILED DESCRIPTION

{H0ZETY Techniques, maledals, apparatus and systems are descobed for

repurposing carbon and hydrogen present in biomass waste to produce durable goods

and renswable fuel. The described fechnigues, materials, apparatus and systems can
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reduce or eliminate release of harmiul carbon into the envirvonment. For example, the
described techniques, apparatus, systems and materals can be used o produce
carpon-based durable goods, renewable fuels, electricity, valuable chemicals, st
sutrients, and materials from organic feedstocks particularly including energy crops and
wastes. The described technigques can also be used for redevelopment of forests and
other vegetative groundcover that have been destroyed by disease, fire, and other

harmfid events.

Overview

{0028} Techniques, structures, apparatus and malerials are disclosed for
generating renewable energy, such as biofusls from biomass while saquestering
carbon. Described are methods and systems for anaevebic {e.g., thermochemicai)
production of efficiently pressurized, refined and conveniently defivered feedsiocks and

oroducts such as hydrogen, methane and carbon along with soll nutrients from biomass

wastes including enormous amounts of agricultural and forest wastes,

0028 in one aspect, a method performed by a reactor to dissociate raw biomass
waste into a renewable source of energy of a carbon byproduct or both includes
repeiving the raw biomass waste that includes carbon, hydrogen and oxygen 1o be
dissociated under an anaerbic reaction. Waste heat is recovered from an sxternal
heat source to heat the received raw biomass waste. The heated raw blomass waste is
dissociated to produce the renswable fuel, carbon byproduct or both. The dissociating
includes compacting the heated raw biomass waste, generating heat from an internal

heat source, and spplying the generated heat o the compacted biomass wasle under

pressure.
{0030] implementations can optionally include ong or more of the following

features. Recovering the wasle heat can include at least one of recovering heat
rejected from an engine or fuel cell, and generating heat from a renewable energy
generator including at least one of a wind energy generator, a solar energy generator,
an energy generator from running water and a gecthermal energy generator.  The
method can include advancing the compacted biomass waste {owards a dissociation
zone for dissociating the campacted biomass waste and removing moisture and air
from the advancing compacied biomass waste. Removing the moisture and air can

include extruding the compacted biomass waste through a confined space to physically
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squeeze the moisture and air out  The method can include forcing the produced
renewable fuel or carbon byproduct of both in a counter-flow direction from the
advancing compacted biomass waste and transferring heat fom the produced
renewable energy, carbon byproduct or both that travel in the counter-flow direction.
The renewable fuel can include at feast one of hydrocarbon, alcehel, ammonia, and
hydrogen. The carbon byproduct can include at least one of carbon dioxide, carbon
monoxide and carbon.  The method can include producing a durable good using the
carbon produced from the biomass waste. The hydrocarbon can include at least one of
methane, propane, ethane and butane. The alcohol can include at least one of
methano!, propancl, ethano! and butanol. The method can include separating the
hydrocarbon into hydrogen and carbon.  Also, the method can include producing a
durable good using the carbon produced from the biomass waste. The raw pbiomass
waste can include organic material containing carbon and hydrogen oblained in
response {o photosynthesis. The method can include applying a catalyst to faciiitate
formation of the renewable energy comprising a hydrocarbon, The catalyst can include
at least one of chvomium, ceramics with rare sarth constifuents, g platinum metal
group, nobleized nickel, and intermetallics of transition metals. The biomass wastle can
include at least one of fruciose, lipid, carbohydrate, protein, glucoss, fignin, and

cellulosic feadstogk.

Jo031} in another aspect, the described methods can be implemented using a
system for production of a fuel mixture from biomass waste material includes a hopper
$0 raceive raw biomass waste material to be converted to the fus! mixture comprising a
hvdrocarbon, A countercurrent heat exchanger is coupled to the hopper 1o fecover
waste heat from a heat source and provide the recovered heat to the hopper 1o heat the
caw biomass waste material. A pressurized and heated reactor is coupled to the
hopper o receive the heated raw biomass waste material and perform Yarous
operations. For example, the reactor includes a conveyor to apply an extrusion action
to the heated raw biomass waste materal o oblain 2 compacted blomass wasle
material.  Also, the reactor includes a combustor to transfer heat to the compacied
niomass waste material to produce the hydrocarbon containing fus! mixture using &

thermochemical reaction.

{6033} implementations  can optionally include one or more of the following

features. The external heat source can include a device for generating renswable
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snergy comprising at least one of a wind energy generator, a solar energy generator,
an energy generator from running water and a geothermal energy generator. The
conveyor can be configured to advance the compacted biomass waste fowards a
dissociation zone for dissociating the compacted biomass waste, and remove moistwre
and air from the advancing compacied biomass waste, The conveyor can include 2
progressively reduced piteh of helical flights of rotating tubes ot an exterior surface of
the conveyor to facilitate the removal of moisture and air. The pressurized and heated
reactor can be shaped to reduce a cross sectional area within the reactor for advancing
the compacted biomass waste material white facilitating the removal of moisture and
air, The system can include a countercurrent heat exchanger coupled to the reacior to
transfer heat from the produced renswable fuel, carbon byproduct or both to the
compacted biomass waste that travels in a counter-flow direction from the advancing
compacted biomass waste. The renewable fuel can include at least one of
hydrocarbon, aloohol, ammonia and hydrogen. The carbon byproduct can include at
fcast one of carbon dioxide, carbon monoxide and carbon.  The hydrocarbon can
inolude at least one of methane and ethane. The alcoho! can include at least one of
methanot and sthanol. The system can include a hydrocarbon conversion system that
includes one or more heat exchangers coupled to the reactor to receive the
hydrocarbon and further coupled to the heat source to receive heat used {o separaie
the hydrocarbon into hydrogen and carbon. The raw biomass waste can include
organic material containing carbon, hydrogen and oxygen oblained i response fo
shotosynthesis. The system can include a catalytic reaction zone for receiving a
catalyst to faciltate formation of the renewable fuel comprising a hydrocarbon. The
catalyst can include at least one of chromium, ceramics with rare earth constifuents, a
platinum metal group, nobleized nickel, and intermetafiics of transition metals. The

biomass waste can include at least one of glucose, lignin, and cellulosic feedstock.

{0033} The sublect matter described in this specification potentially can provide
one or more of the following advantages. For example, the described techniques,
systems and materals can convert biomass into energy while recycling and
repurposing environmentally hanmful greenhouse gases, such as carbon diexide. Ao,
the descrived techniques, systems and material can be used to convert biomass info
energy with high energy-conversion efficiency and moderate costs for capital

squipment and infrastructure improvements.  The described tschniques also can be
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scaled up fo tackle large biomass sources, such as forest conversion while raducing
operating costs. Moreover, the described techniques can minimize or eliminate

releaseas of carbon dioxide.,

Biomass Waste Dissociation

{00343 Figure 1 shows & process flow diagram of a process 100 for a rapd

B

conversion of carbon and hydrogen containing biomass wasies into useful renewabie
sources of carbon and hydrogen that can be used to proeduce carbon-based durable

goods and renewable fuel,

00381 A system (e.q., a biomass dissociation system 200 below) can subdivide
the biomass waste info feadstock materials such as various cellulosic materials and
ignocelivlosic tissues {110} The subdivided feedstock materials can be compagcted 0

remove alr and moisture {(120). The compacted blomass wasts feedstock can be

3

heated o release various useful renewable sources of carbon andfor hydroge

noluding carbon, hydrogen, hydrocarbons, alcohols, ammonium, and oxides of carhon

{130). Also, the moisture content of the overall reaction environment can be controlied
nased on the desired amounts andfor proportions of renewable carbon andfor hydrogen
{140), To control the moisture cantent, the compacted biomass waste feedstock that
has been dried and de-aired can be usad as a desiccant, for example. The renswable
sources of hydrogen and carbon can be used to generate renewable fuel andlor

carbon-based durable goods (150}

G038} For example, as shown in Equation 1, biomass wastes can be healed

oy

o

sufficiently in an anasrobic environment to release desirable gases, carbon, and sulid
residues such as mineral oxides and other compounds. The anserobic process for
oxides of carbon and co-production of hydrogen andfor hydrocarbons from biomass
wastes summarizad in Eguation 1 is not balanced for any particular type, amount, of

ratio of lignin, celiulose, or other biomass fesdstock.

CoHyC, + HEAT 5 O+ He+ CHa # Hp + G + GO Egn i

[6037Y Using the process described in Equation 1, virtually any organic matenial
can be converted i large part o hydrocarbon fuel, such as methane {CHg for
distrivution and storage in the existing natural gas infrastructure.  Equation 2 below

Hlustrates & general summary of the overall reactions for production of a



WO 2013/025642 PCT/US2012/050649

hydroparbon such as methane from typical biomass wastes such as glucase, lignin,

ang celluvlosic feedstocks.

{G038] in some implementations, the biomass dissociation resction can produce
alcohols, such as methansi, ethano! or butanol as a readily storable and transportable
liquid fuel and chemical precursor. Methano! or “wood alcohol” can be extracted by
heating lignoceliulosic wastes through partial combustion or by anasrobic healing
processes. Equations 3 and 4 summarize the output of methano! that can be achieved

by selection of diferent anaerobic operating temperatures, prassures, and caladysts.

CaHQg + HEAT = 8C0 + 8 EQ?@ 3
BCO + 8H; = 3CH,0OH + 300 Eqn g
0038} At higher feed rates andfor lower heat releass rates in a reactor, the charg

doss not reach the higher temperatures that produce the gases shown in Equation 1,

Lo

and thus the dissociation process produces alcohol, such as methanol  Carbon
monoxide can be separated from methano! by cooling the methano! vapors o form
figuid methano! and to utilize the separated carbon monoxide to fuel 8 combustion
engine, to releass heat through combustion by a bumner assembly, and fo form
hydrogen by a reaction with water as summnarized in Equation 5. Hydrogen produced
by the reaction summarized in Eguation § may be used {o produce methanol as shown
in Equation 4, to improve operation of an engine, to improve the yield of methane

i

and/or ethane In the biomass conversion and/or as a heating fuel.

CO + HO = He + CO; Egn &
100407 Figure 2 shows an exemplary system 200 for dissociating biomass waste

202 into hydrogen and carbon carrying intermediaries.  The system 200 includes a
biomass waste 202 intake component, such as a hopper 210 that receives the biomass
waste 202 in raw forrm and breaks down {e.g.. chips, chops, grinds, eic) the raw
material inte subdivided feedstock, such as varicus ceflulosic and lignoceliulosic
materials. The hopper 210 can include 8 heating mechanism, such as 8 hea! sxchangsr

242 to pre-heat the subdivided feedstock. The heat exchanger can recaplure and
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racycle waste heat from an exiemnal heat source {2.4., engine exhaust andfor renewable

heat such as wind, solar, running water, geothermal, ete) or from the reactor 220,

0041 The subdivided {and ir some implementations, pre-heated) feedstock 214 s
forwarded to 2 reactor 220 io dissociate the biomass waste feedstock 214 into useful
renewable sources of carbon and hydrogen, such as various hydrocarbons, alcohols,
ammenia, and oxides of carbon. The reactor can include a drying mechanism 242 1o
expel moisture and air from the feedstock. The drying mechanism 222 can include an
extruding device fo physically ‘squeeze out' the molsture and air from the feadstook.
Exampies of the exiruding device include a helical screw conveyor and a ram piston
sonveyor,  Also, the drying mechanism 222 can include one or more healing
mechanisms, such as heat exchangers that capture heat generated by the reactor 220
and recycle the captured heat o dry the feedstock. The heat exchangers can also
recapture and recycle waste heat from an external heat source (e.g., engine axhaust

andfor renswable heat, such as wind, solar, running water, geothermal, efo.)

10042} The reactor 220 can also include a heating mechanism 224 for gensrating
adequate heat used in an anaercbic reaction to dissociate the biomass waste fesdsiock
214 into the useful renewable sources of catbon and hydrogen 216, such as
hydrocarbons, alcohols, smmonia and oxides of catbon.  The gex nerated  ussful
renewable sources of carbon and hydrogen 216 can be forwarded to a storage andfor
ransport mechanism 230 o be used in additional reactions to generate renswable fuel
andfor carbon-based durable goods in respective reactions as described in processes
(400 and 500) and systems (800 and 700) described below. Moreover, the siorage
andfor transport mechanism 230 aflows for efficlent transport of the useful renewable

sources of carbon and hydrogen 216 to remote jocations for further processing.

0043) The reactor 220 can be configured 1o increase thermal efficiency of the
hiomass waste 202 conversion process while reducing or sliminating carbon dioxide
formation. For example, the reactor 220 can include mechanisms to perform various
countercurrent drying {8.9., recycling heat) and elimination of alr, moisture, and other
oxygen donors prior fo exiraction of carbon, hydrocarbons such as methane, andfor

nydrogsn.

{00443 Figure 3 shows a biomass waste dissociation system 300 that uses a helical

screws mechanism fo expel moisture and air from the blomass waste feedstock. In
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operations, waste heat from an engine cooling system and/or exhiaust gases can be
fransferred to the raw biomass matesials i a hopper 350 by countercurrent turns of
helical heat exchange tubing 244 and 345 that are joined o the hopper 330 at
respactive zones that derive the maximum amount of heat recovery from the engine
302, The heated raw biomass materials gre advanced o a pressurized and heated
reactor 311 for dissociation inte a mixture that includes hydrocarbons, hydrogen and
carbon products. The heated reactor 211 includes a blomass compacior 314, such as
a rotating tubular screw conveyor within a stationary containment tube 338 that
compacts the raw biomass waste {o a dense state and advance the compacted
biomass waste towards a dissociation or reaction zone near a combustor assembly
320. The rotating tubular screw conveyor can include helical flight tubes 318 on an
exterior surface of the rotating tubular screw conveyor 314 to provide arn extrusion

action on the compacied biomass waste.

100457 The rotating tubular screw conveyor 314 can be driven by suitable speed
reduction systems 304 and 308 through an engine 302, Based on the size of the
system 300 and throughput desired, the engine 302 can may implemented as a rotary,
reciprocating piston, or turbing engine with suitable sxhaustfinteke systems 328 The
system 300 can oblain improvements in overall efficlency for generation of electricity by
a suitable generator such as alternator 380 connected to the engine 302. Also, the
engine 302 can be fusled by a fuel conditioning, injection, and ignitton system as
disclosed In U.S. Patent No. 8,155212 {Attorney Docket No. 68545-8301.U84), the

entire contents of which is incorporated herein by reference.

100481 Depending on the size of the converter system 300 implemented o convert
the biomass wastes to renewable energy, speed reducton components such as
sprockets and a chain or a drive gear 308 and bearing support assembly 308 and 312
can be thermaly isolated from the rotating tubular screw conveyor 314 and
housing 342 by a torgue-conveying thermal insulator assembly including 312,
310, and 326, The rofaling tubular screw conveyor 314 is supported simijarly and
thermally isolsted at an opposiie end by insulated bearing and suppod assembly 324
and 326 as shown. An insulator pack 330 provides insulation to prevent radiative and
conductive heat gain by bearing 312 and other areas where protection from heat is

deasired.
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0047) To continuously compact the raw solid blomass materials thal are
entrained within the stationary tube 336, the system 300 can include a drying
mechanism o ramove moisture and/or air from the biomass material. The drying
mechanism can include progressively raduced pitch of the helical flight tubes 318 on
the exterior of the rotating tubular screw conveyor 314 andfor a reduced cross-
sectional area between the rofaling tubular screw conveyor 314 and the siationary
tube 336. The drying mechanism can provide for expulsion of entrapped air andfor
maisture from the biomass material being heated by the process by forcing the
entrapped air and moisture to travel in a counterfiow direction o the material being
ingested through the heated hopper 350 and a fesd screw 356 driven by a suitable
sraction mator 352 or 2 suitable drive train from the engine 302. Decreasing the piich
of the rotating tubular sorew conveyor 314 or reducing the cross section through which
compacted blomass wastes travel can further provide a compact seal to reduce or
prevent leakage of gases produced by further heatling of the vrganic materials including

reactions with additions of reactive gases.

10048] After successive expulsion of air and moisture, the compacted biomass
material is dissociated into carbon and hydrogen andfor the product hydrocarbon gases
as shown in Eguation 1 at the dissooiation or reaction zone using the heat transferred
from the combustion device 320. The hot products, such as waley vapor, nilrogen,
oxygen, and cavbon dioxide of the combustion device 320 are circulated past a spiral
heat exchangs fubing 318 within fube 314 to transfer heat to the compacied blomass
materials that travel in a counterflow direction by extrusion action of the helical flight
tubes 318 located on an exterior surface of the rotating tubular screw conveyor 314 as

shown,

10048 The disscciation reactions also generate a much lower volume of solid
residues. The amount of solid residue can be about 2 to 10% of the original mass of
organic waste. Such residuss are important sources of trace minerals that can be used
o revitalize soils and assure rapid growth of replacement stands of healthy forests,
gardens, aquaculture, andior other groundeover. This can expedite greenhouse gas
reduction, sequestration of carborn and hydrogen, and economic development. Aiso,
reforested areas can serve as susiainable sources of lignoceliuloses for continued

production of renewable methane, hydrogen and sequestered carbon.
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[O050} A velatively small pottion of the hydrocarbon {e.g.. methane} andfor
hvdrogen andior carbon monoxide generated as summarized by Equation 11s delivared
o the engine 302 and to a bumer nozzle of a combustor assembly 320 through a

sondrol valve 322 as shown in Figure 3. Sufficlent amount of air is provided to assure
complete combustion of fuel values that are present with minimal objectionable

emissions in all applications.

0881 The system 300 can be implemented as larger units and high through-put
versions in which combustion gases from the combustor oy burner assembly 320 may
ne circulated within tubular fights {e.g., a spiral heat exchange tubing ) 318 constructed
fo connect through holes in the rotating tubular screw conveyor 314 with the helical
flight tubes 318 to provide more rapid transfer of heat from combustor 320 to feadstock
materials progressing along the outside of the helical flight tubes 318 within the

containment tube 338, Gases such as methane, hydrogen and carkon dioxide that are
released from heated biomass feedstocks by the thermal dissociation process are
allowed to pass into an annular space between helical fins or helical flight ubes 338
and insulated tube 341 to flow in countercurrent direction {o the flow of feedsiock being
heated by the rotating tubular screw conveyor 314, This provides for further heat
conservation as heat is regenerativaly added to feedstocks within the containment tube
336 that are progressively compacted and dissociated by heat wansfer {o enhance

ressuwre production as shown,

o

100523} Combustion gases such as water vapor, nitrogen, oxygen, ana carbon
dioxide reaching the hopper arsa 350 by travel through the interior of the rolating

tubular screw conveyor 314 and/or tubular fins or twbular fights 318 andior helical flight
tubes 318 enter a helical heat transfer tubing 346 to provide further countercurrent
energy addition to the feedstock materials progressing through the hopper 350 as
shown, Oases that are produced such as methane, hydrogen and carbon dioxide
and/or carbon monexide reaching the area of the hopper 350 by passage through holes
330 {not shown) and the annular space between the confainment lube 338 and
insulated tube 341 andfor hollow fin 338 are circulated through a fubing 348 which is
wound adiacent to a helical heat ransfer tubing 348 for efficlent countercurrent heat
transfer to materials progressing to the rotating tubular screw conveyor 314 as shown.

insulation 342 ang 360 prevent heat loss o the oulside.
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fB083] Such mixtures of product gases are provided at a sultable margin above
the desired pressure by conirolling the speed of wotation of the rotating  tubular screw
conveyar 314 and thus the compaction of solids that are delivered lo the thermal
dissociation stage. This provides efficient conversion of heal enevgy info pressure
ensrgy as desired gases are formed in substantially larger volumes than the original
solid volume. In operafion, a pressure sensor 370 sends pressure dals o a2
orocess conboller 372 for maintaining the speed of a feed conveyor 358, the
rotating tubular screw conveyor 314, and the heat rate of combustor assembly 320 to
achisve desired throughput, conversion temperature, and pressure of delivered product
gases. A pressure regulator 374 can provide the final adjustment of praduct gas delivery

from a regenerative converter through & pipeline 378,

{80841 The gas mixture produced by operation of the systern 300 at approximately
1.000 PSI and 1025°F (89 Atmospheres, 550°C) can vary as shown it Table 1 with the
type of biomass wastes being converted, the dwell time, and related parameters of
operation. A new formulation provides for compression ignition to replace diess! fuel

ang includes adsorbed hydrogen in activated carbon suspensions in methanol,

TABLE 1
Gas Product Forest Waste | Municipal Solid Waste | Manure
Hydrogen {(Hy) 22 (ol Yo} 33 {vol %3 20 {vol %)
Methane {CHy) 80 53 61
Ethane (CaHe) 17 11 18
Carbon Monoxide (CO} | 1 2 1
T0088) Such gas mixtures can be rapidly produced and can be supplemented with

higher energy constifuents such as methanol, carbon suspensions in methanct, of
propane, butane, ammonia, sic., o achieve vidually any desired energy content of the
resulfing hydrogen- combustion chavacterized combustion mixture in combined fuel
applications.  Also, the hydrogen andfor methane produced by the reaclion can be
redirected into the reaction zone by injection through the manifold 338 at a rate sufficient
fo produce the desirad ratios of methane and ethane fo provide pipeline qualily gas of

feedstocks for chemnical synthesis.

{DOEE] With most hiomass wastes, the initial output without recyeling hydrogen can

range from 350 to 650 BTUise! in a lower healing value. Anincreased heating valus

can be achisved by varous selections of pressure and lemperatwre in the
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decomposition process or by increasing the rate thal hydrogen is recycled o the

reaction zone at the manifold 338,
{087 The carbon o hydrogen ratios of the chemical species produced can be

controfled by implementing a ralatively extended period of operation with greatly

b

reduced carban production in between times that carbon is intentionally produced fo
aid in seafing the zone before collection of desired chemical species and/or the zone
after such colection. This enables carbon fo be ransported as a constituent of fluids
that are delivered by pipeling fo slorage including repressurization of depleted natural
gas reservolrs, 1o industrial plants for making carbon-enhanced durable goods, and for
other purpoges. A svsiem and a method of pioeline delivery of the produced
hydrocarbons, hydrogen andfor carbon products are described with respect to Figure

15 below.

LR The reactions of Bquations 1-5 and systems 200 and 300 ghove may be
further improved by the use of homogensous and heterogensous calalysis and
application of adaptive controls io improve or optimize the desired results.  For
aexampie, in the reaction zone between the manifold 339 and the gas stripper porls 340,
catalysts can be added to enhance hydrocarbon {(eg., methane and sthane) and
alcohol {e.g., methanc! and ethanol} formation by resctions that facilitate the action of
hydrogen to build reactive components that synthesize fo form such compounds.
Examples of catalysts includs chromia and other ceramics with rare garth constituents

the platinum matal group, nebelized nicksl, and intermetallics of transition metals. Use
of catalysts can provide an unexpected and significant reduction of equipment cost and
complexity compared o conventional approaches.  Simiarly, lanthanids-ruthenium
praparations, Fischer-Tropsch catalysts, and copper, coppsr intermetaliics, andfor
copper afloys can be used to enhance methano! synthesis from carbon monoxide and

hydrogen along with production of methanol by partial oxidation of methane.

10059} In another aspect, low cost heat can be converted info potential energy as
stored energy and the ulilization of such pressure to faciitate separalion processes,
and energy regeneration. Pressurized mixtures are separated while retaining desirable
pressurization of selectad gases. Such pressurized supplies of refined quality gas can
be used to power engines including internal combustion engines and engines with

exiemnal heat supplies.
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oosg] Such energy conversion, refinement and pressurization are also ulilized fo

deliver refined gases to distant markets by pipeline or pressurized tank cars or by
condensation, Houefaction, and siorage.  Also, the described energy conversion,
refinement and pressurization can be implemented fo operate it cerlain areas in
conjunciion with one or more of the various smbodiments of the U.S. Patent No.

8,884,305, the teachings of which are incorporaled hergin by reference.

10061} The descrbed systems {e.g., systems 100, 300) can provide selfreinforcing
structures of fubular construction.  Strengthening oan be provided by helical
reinforcement  structres that combine heat exchange, strengthening, rigidizing,
conveying, snd heat resisting benefits in modular structures that can be built by repid
assembly processes. This greally expedites deployment of the remedies needed i
waste management and reduces the delivered system cost compared to conventional

approaches,

Carbon-Based Durable Soods from Dissociation of Hydrocarbons and Alcghols

10063} The hydrocarbons {e.g., methane) and alcohols {8.g., methanol) preduced
from biomass waste as shown with respect to process 100 and systems 200, 300

shove, can be dissociated to produce carbon for a multitude of "specialized carbon”

53

applications ranging from diamond plating and semiconductors to compaosite structures
that ar

re stronger than sisel angd lighter than aluminum. Figure 4 s & process flow
diagram of a process 400 for dissociating hydrocarbons and alcohols to obtain carbon
and hydrogen. A reactor (2.4, reactor 610) can receive hydrocarbons and alcohols
dissociated from biomass waste (¢10). The reactor can apply adequate heat and
pressure 1o the hydrocarbons and alcohols {o dissociate carbon from hydrogen {420}
Equation § ilustrates a general process of dissociating hydrocarbon fuel to obtain
hydrogen andior methane and carbon. Equation 7 shows a specific reaction for

dissociation of methane into carbon and hydrogen.

CoHy + HEAT, =2 XC + 0.8YH; Egn g
CHE + &by 2H: + 0 i:& Hoae = 78.4KJmol) Ean?
F0083} Equation 8 shows a reaction for dissosiating cefiuiose and fuel alcohols that

contain oxygen by anasrobic decomposition o oblain carbon, carbon monoxide and

hydrogen.
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CotHsOH + HEAT -» C+ CO + 3Hp Egn 8
{0084 The carbon monoxide can be reacted in an anaserobic reaction shown in

reversible Equation 8 o increase the yield of hydrogen from feedsiocks that contain

carbon, hydrogen and oxygen

GO+ MO = GOy + Mp + HEAT Ean &
NS Total energy value of hydrogen and carbon monoxide produced in the

endothermic reactions {e.q.. Equation 1) can be 15 to 20% greater than thal of methane

used to source the carbon maonoxide and hydrogen.

{0088] To increase the thermochemical efficiency of the reactions, the heat used o
dissociate the hydrocarbons can be harvested and recycled from engine exhaust (2.9,
waste heat) or a renewable energy source, such as solar energy or heat released by

combustion of a suitable fuel including products generated by reactions of Equations 1~

5.
008N The carbon dissociated in the processes can be collected for use in the
production of carbon-based durable goods (430}, For example, the carbon exiracted

from biomass wasie-produced hydrocarbons and alcohols can be used fo generale
carbon products including activated carbon, fibrous carbon, diarmond-iike coatings,
graphitic components, and carbon black. Thess forms of carbon products can be used
to manufacture durable goods, such as better equipment to hamess solar, wing,
moving water, and geothermal resources along with transportation components that are
stronger than stes! and lighter than aluminum. Recycling or repurposing carbon to
produce equipment that harmesses renewable resources provides many times more
snergy than burning such carbon one time. Making carbon-enhanced durable goods
and equipment can provide highly profitable business benefils compared o the

greenhouse gases and pollution produced by burning carbon.

10068] Also, the hydrogen co-produced with carbon from the dissociation of
nydrocarbons and alcohols can be collected for use in producing varicus renewable
fusls {440}

00687 in some implementations, the anaerobic reaction can be modified to
produce intermediate chemicals, such as dimethy! ether (DME)} and/or disthyl ether

(DEE) from dissociation of the biomass waste produced including intermediates
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{ethylene, propylene ete) andfor alcohols {(e.g., methanol, ethanol butanoi etc}.
Figure 5 shows an exemplary process 500 for producing DME from methanol or DEE
from ethanol A reactor {e.g., reactor 810) can receive alcohols dissociated from
biomass waste {510). The reactor can apply adequate heat and pressure to the
alcohols to generate DME and/or BEE and water (520} Equation 10 shows an

iusirative specific reaction for DME production from methanol.

2CHOH -5 CHOCH; + H0 Eqn 10

{07 8T The generated DME can be converted by de-hydration into polymer
precursors, such as ethylens or propylene, which are building blocks for plastics, such
as polyethvilene, polypropylene and other polymers (53¢} Equation 11 shows a

process for de-hydration of DME to oblain ethylens or propylene.

{0871} The above genersted ethylene or propylene can be used Io generate
solvmers (340). The polymers can be used to produce carbon-based durable goods
(550). Converting mathano! into polymers such as polysthylene and/or polypropylene
by the processes described effectively seguesters the CO;, resulting in a8 net removal of

C s from the atmosphere.

0873} Figure § is a block diagram of a system 600 for generating carbon-based

ooy

durable goods from biomass waste produced hydrocarbons and alcchols. The system
800 includes a reacior 810 that receives the biomass waste produced hydrocarbons
and alcohols 218 from the slorage and transport mechanism 230 {from FIG. 2)) The
reactor 810 ocan include 8 heating mechanism 812, such as heal exchangers for
applying the heat used i the anasyobic reactions of Equations 8-8. The carbon 616
dissociated from the hydrocarbons and alcchols are used in production of durabt

goods B830.

00733 The reactor 810 can also include a drying mechanism 6§14 for de-hydrating

[ oo

the alcohols to create DEE or DME 818, which can be used to produce ethylene or

Lol

oropylene 835, Also, the heating mechanism 612 can be used to dehydrate the
alcohols and/or thelr products DEE andfor DME. The preduced ethylene or propylene

X,

an be used io generate polymers for producing various plastics and other carbon-

4]

£,

based durable goods 630,
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{00743 e addition, the anaerobic reaction generated in the reactor 610 produces
nydrogen 619 in addition to the carbon 616 from the hydrocarbon and alcohol
dissociation. The dissociated hydrogen 618 can be stored at the slorage & transgort
mechanism 840, such as a container andfor a pipeline.  Alsg, the hydrogen produced
can be used fo generate renewable fuel using a renswable fuel generating system

{e.g., 700}

Separation of £C» and CO from Hydrocarbons and Hydrogen

1007 E] Referring back to Equation 1, the biomass waste dissociation can produce

hydrogen, oxddes of carbon and hydrocarbons, such as methane,

Cuy O, + HEAT =» CHy + My + CO+ GO Ean 1
{0078} The oxides of carbon can be separated from the hydrocarbons and

hydrogen for use in separate reactions. Figure 7 shows an exempiary system 708 for
separating mbdures of product gases such as carbon dimdide and carbon rmonoxide
from methane andfor hydrogen by pressure swing or temperature absorption.  This
orovides for efficient separation of carbon compounds such as carbon dioxide or garbon
monoxide from gases such as methane andfor hydrogen. For example, mixtures of
oroduct gases are delivered through a fube 704 and travels along helical fins 708 as
shown in Figure 7 to be exposed to water or other absorber fluld selections in a

pressure vessel 702 for selective separation of carbon dioxide and/or carbon monoxide.

{0477
pressure is maintained in a pressure vessel 702. After absorption of carbon & oxide

Sorrid.

Methane andfor hydrogen are thus delivered to a collection tube 708 as the

andfor carbon monoxide, the pressurized sbsorption fluid is delivered by a pipe 710

i)

to a nozzle manifold 728 for delivery 1o heat exchangers such as 714, 718, 718, 720,
722. 724, sto. Heat from the exhaust of the engine 302 in Figure 3 may be delivered to
the heat exchangers 714, 718, 718, 720, 722, 724, =tc. Additional heat can he
delivered to the heat exchangers 714, 718, 718, 720, 722, 724, elc., including the heat

cleased by a burner 744 from combustion of portions of the produced gas along with
waste gases such as carbon monoxide that is released through outlet 758 by
subsequent expansion of the pressurized fluid.  Additional heat may alse be supplied
by a solar coliecior 742 or by resistance or induction heaters using wind, maoving water,
or get}thermai energy where such resources are abundani. Healed fuids are then
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expanded across turbines 730, 732, 734, 738, 738, 740, etc., as shown for recovery

andfor conversion of energy to further improve overall efficiency.

1007 8] in addition, the heated fluids can be recycled through & vessel 750 to
remove heat from the heated liquid using a heat exchangerfcooling cireut 756 that
circulates water or other materials through inlet and outlet porls 748 and 748 (o take
heat away from the hested fiuid.  In some implementations, the methane andfor
hydrogen separated from the oxides of carbon can react with an oxygen donor
girculated through the heat exchanger/cooling clrcuit 788 to generate water, The
generated water andfor cooled fluid can pass through a port 752 and forwarded fo the

oressurized vessel 702 using a pump 754,

10078] The system 700 in Figure 7 can provide additional improvements in overall
efficiency in generation of electricity by a suitable generator such 8s an allernalor 728,
Hydrogen can be used o cool these generalors and reduce windage losses. After
performing these functions, the same hydrogen can be then used to fuel the engine 302

or as a carbon-free fusl in combustor (8.9, burner} 744 andfor 320

[o080] in some implementations, carbon dioxide production can be reduced of
sliminated by eslectrolysis of derivatives of the fesdslock such as acids that are
generated fo produce oxygen. Hydrogen gasification of such materiale particularly with
hydrogen and surplus carbon present can also be controfled to produce ethane in
simultanecus o subsequent processes. This chemical process variation can be
implemented when i is desired to rapidly convert damaged forests inlo pressuyized
supplies of methane, ethane, and hydrogen that are shipped fo distant markets by
pipeiine. Then, the pipeline can be used lo continue delivery of such gases at
reduced rales as a function of desired rates of forest thinning, scheduled

harvesting, and maintenance programs.

{0081} Pipeling capacily established by this approach becomes an impodant
storage systemn for meeting daily and seasonal variations i market demand. s
generally desired for the resullant pipeline gas {o provide about 800 BTUfsch, after
removal of carbon dioxide, pariiculstes, ash, sulfur dioxide, and water as shown in

Figures 1 and 2.

0082} Moreaver, thermal dissociation of organic substances o directly produce

hydrogen andfor to produce methane for distribution and production of specialized
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carbon products as shown above can be far more profilable and can reduce of
eliminate costly changes to existing infrastructure than conventional seguestration and
storage of COy after § has been produced by wasteful bugning of organic matevials.
The described techniques, sysiems, apparatus and materials can couple carbon

sequestration with production with renewable energy.

100831 in addiion o co-production by dissociation of hydrocarbon  {CxHy)
compounds, bydrogen can be derived by electrolylic splitting of water using any clean,
alternative energy source. Hydrogen can be derived from a non-CQ producing
anasrobic dissociation of organic materials andfor by uiilization of energy scurces such
as wind, hydro, biomass, solar, tidal, geothermsl, or off-peak nuclsar power plants.
Hydrogen can also be produced from virtually any biomass waste that ordinarily rots or
purns. Also, carbon-neutral liguid compounds for storage of hydrogen can be

synthesized from hydrogen and carbon dioxide.

Separation of Methanol from Carbon Monoxide

10084} Figurs 8 is a system 800 for separating methano! from carbon monoxide
and shipment of the separated methanal to market by delivery pump 830, In operation,
the system 800 performs vortex separation of denser from lighter components and
provides for mixtures of carbon monoxide and methano! {o enter a separator vessel or
chamber 802 by a8 tube B04 and through a port 810 from regenerative pump/motor 812
The regenerative pump/motor 812 provides pumping action on such vapors  the
delivery pressure & not adeguate to achieve the delivery rate desed and provides
recovery of pressure energy iIf the desired delivery pressure is less than the supply

prassure from the system 100 of Figure 1 or another sullable converter 820,

¥

Ba8s] A heat exchange circuit 808 can be included to provide the cooling used to
condense methanol. The heat exchange circuit 808, which is symbolically shown in
Figure 8, can ulilize ground water oy cooling tower fluid as a heat sink. The water in the
heat exchange circuit 808 can be maintained at a higher pressure by & pump 840 than
the vapors that enter the separator chamber 802, and thus any containment fallure of
the heal exchange circult does not cause cooling water contamination. The cogcling
water that exits the separator chamber 802 from a port 814 may be used as & heated
water supply or refurned to the ground water system, cooling lower, or evaporation

pond as appropriate for the application. After sufficiently cooling the gas mixture o
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create denser vapors and droplets of methano! near the walls of the separator chamber
802, less dense carbon monoxide is extracted by a central tubs 808, Condensed
methanol may be delivered by the defivery pump 83€ for further processing {o remove

water andfor absorbed gases depending upon the purily desired.

10088} Maothanol and pipeline gas mixtures of methane, sthane, and hydrogen
may be inlerchangeably shipped to market by the same or addiional pipelines. in
instances that the same pipeline is used it is praferred o changeover from one chamical
ftype to the other by proven technologies such as the use of a pressure propelied
%emraﬂm siug or by pump down to clear the pipeline before refilling with the next

ssiection o be dalivered,

Biomass Conversion to Mydrocarbon Using Other Mechansms

{O0RTY Other

and process hiomas

terial conveyance and compaction means can be used to deliver

5

oy
3}

T}

i

wastes. For example, In some implementations, a unidirectional
ram delivery and compaction system can be used rather than the helical conveyor
shown in Figure 1. Other means can be implemented for processing the biomass
wastes 1o provide the following operations: 1) compaction of the biomass wasles; 2}
heat addition to eliiminate air and moisture; 3) creating a plug seal of advancing materdial
derived from the feedstock; 4) heating the advancing material to achieve the desired
pressure and temperature conditions for dissociation to produce the desired chemical
derivatives salected from subsiance options such as carbon, ong OF MOre vaporous
hydrocarbons, fuel alcohols, and gases such as ethane, methane, hydrogen, and
oxides of carbon; and §) extraction of the desired chemical species n & zone that
utilizes derivatives andfor remnants of the advancing material to seal or help seal the
zone that provides for removal of desired chemical species. To maximize heat
utifization in the resuliing system, the heat added o the materigl advancing through
such stages of progress can be obiained from countercurrent heat exchanges from the
desived chemical species as it is recuperatively or rageneratively cooled.  Additionally,
the heat added io the material can be obiainad by countercurrent heat exchanges from
gombustion of selscted fusls

{6088} Figure ¢ lustrates an embodiment 800 similar o the system 300 of Figure
3 that includes a ram piston compactor 802 for conversion of biomass such as an

energy crop, and/or wastes such as sawdust, manure, and wood chips. This system



WO 2013/025642 PCT/US2012/050649
22

800 can operate essentially the same as the 300 of Figure 3 except the compaction of
biomass is cyclically provided by a reciprocating ram. A ram piston compactor 802 can
he forced by a hydraulic oviinder 808 to reciprocate in a slafionary cylinder 818
compact the biomass waste that has been dried and preheated by countercurrent heat

exchange in the hopper 350

sy

10089] The biomass waste is loaded by the conveyor 358 into sigtionary cyiindsr

318 when the ram piston compacior 802 is in the position shown. The engine 302
drives a hydraulic pump 804 {not shown) {o deliver a pressurized working fluid through

ines 910 and 811 to actuate the hydraulic cylinder 908, In the forward siroke, the ram
piston compactor 802 forces the biomass wasle into a dense charge thatl is fudher
compactsd as i moves around a cone 812 of & heater 816 which may be stationary or
rotated to enhance throughput and maintain the compaction of biomass that is
orogressing through the conversion process. Numerous fubes in positions typical to
manifold 339 allow expulsion of alr and water vapor while further serving as a material
check-valve to pravent backward flow of material that is advanced by the action of the
ram piston 902, Countercurrent heat exchange from combustion gases from bumer
assembly 320 that travel through twbular flights 318 and helical flight Wwbes 318 raise
the temperature of the blomass sufficiently to cause the dissociaion reactions
summarized in Equations 1, 2, 3, and 4 in response to coordination and cantrol by

controlier 372,

100946] Thus, the blomass materials can be converted into fluids such as methane,
sthane, gropane, methangl, ethanol, hydrogen, hydrogen sulfide, carbon monoxide,

and carbon dioxide. Also, the biomass conversion as described above can produce
renewable energy that can replace fossil fuels while removing objectionable levels of
hydrogen sulfide, carbon monoxide, and carbon dioxide using the regenerative system
700 of Figure 7 or by another suftable selective removal process such as pressure
swing absorption, temperature swing absorption, solution absorption, and membrane
segaration. The renswable fuel production and carbon recycling or repurposing can be
pbiained using countercurrent heat exchange from sources such as combustion of a
portion of one or more fus! constifuents from such fluids, heat exchange from higher
temperature o lower temperature substances before, during, and after pmducﬁm‘;, and
by heat exchangs with energy conversion devices such as internal combustion engin

gxternal combustion engines, expansive motors, and fuel calls.
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aoen} Figure 10 is ancther process flow diagram showing a process 1000 for

gy

converting methane from landfills, sewage treatmert plants, waste disposal operations
using the systems 100, 200, 300, 700, 800 and 900 as described with respect o
Figwes 1, 2, 3, 7, 8 and 9 along with other methane sowces into hydrogen and carbon
as summarized in Equations §-7 above. Hydrogen combusts seven to ning times faster
compared to hydrocarbons such as gasoline, fuel aloohols, methane, and diesel fusel
This enables improved thermal efficiency in blomass conversion coupled with reduction
or elimination of carbon emissions by fwhbine, rotary combustion, and reciprocating
engine operations in which hydrogen or hydrogen-characterized fuels such as mixiures
of hydrogen and methane, hydrogen and methanol, or hydrogen and carbon monoxide

are injected and gnited.

{0082} improvements in thenma! efficiency gained by above described operations
are particularly important for intermiftent combustion engines such as rofary combustion
engines and reciprocating two- or fourstroke engines such as 302 whereby divect
injection andfor ignition is provided close Yo, at, or after top dead center to raduce or
prevent heat loss and backwork during compression.  This assures much greater
efficiency In the conversion of fusl potential energy fo wark energy during the power
stroke of the engine. Thus, by combusting fast buming hydrogen-characterized fuel
within surplus air in the combustion chamber, considerably greater aperating efficiencles
can be achieved compared to engines with conventional amangements o uliize

propang, natural gas or diesel fuals

10083] The hydrocarbons, such as methane, produced and purified o the desired
dagree using the systems 100, 200, 300, 700,800 and 800 of Figures 1, 2, 3, 7,

o

and § are wransported by bulk camier or pipeline to a sultable destination such as an
industrial park {process 1010). The transported hydrocarbons are then preheated
from ambilent lemperature o a sultable tempersture such as about 1200°C (2200°F;
by countercurrent heat exchange from hydrogen and/or cabon that is produced by
dissociation {process 1020). Sufficient heat is added by radiation and/or contact with a
haated substance such as graphite, on oxide, aluminum oxide, magnesium oxide,
various carbides or other ceramics o cause carbon {o be precipitated on of near
such heated substance selections and hydrogen s released as summarized by
Eqguations 2, 8 or 7 {process 1030). The hesled hydrogen is collected for

countercurrent heat exchange with advancing methane as described with respect t©
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orocess 1020 {process 1040). Carbon that is formed by dissociation of methans is
collected as a deposit of as a powder or flake matenal that is stripped or exfoliated

from the heated substrate used in process 1030 {process 1050},

[0084} in some implementations, a portion of the carbon andfor the hydrogen co-
produced in the process 1030 is provided to be combusted fo heat or assist with heat
addition to produce the desired presswe and femperature for dissocigtion of methane
{10801 Alternative sources of heat addition for accomplishing dissociation of methane in
process 1030 include: 1) concentrated solar energy, 2} electric induction heating of a
conductive ceramic such as graphite or zirconium oxide, 3) resistance heating of
such substrates and radiative heating of such subsirates from a suilable ncandescent
source, 4) various varieties of plasma healing including plasma involving hydrogen

andfor methane, 5) andfor by combustion of a suitable fuel hcluding the methane or the

products of methane dissociation such as hydrogen and or carbon.

[008S5] in some implementations, the process 1000 described above can be
implemented using various types of fluidized beds, helical screw or piston induced flow
reactors, plasma chambers with carbon collection provisions and features, and improved

carbon-black production furmnaces.

{0098] Figure 11 I8 a diagram showing another efficient system 1100 for facilitating
the method of hydmgen production with carbon sequestration.  Similay to the sbove

cribed systems and methods, the system 1100 shown in Figure 11 can be
implemented to produce hydrogen from hydrocarbons, sush as methane, with much
lower energy addition than required to dissociate water. Moreover, valyable forms of

carbon are co-produced with hvdrogen.

{00871} In operation, a hydrocarbon such as methane is defivered by a plpe 1102
a refractory tubular bamrel 1104, Within the refractory tubular barrel 1104, a refraciory
conveyor acrew 1110 is rotated to move particles and/or substrate materials 1111 of
preferrad geometry and size to recelve carbon that is dissociated from & hydrocarbon
such as methane and deposited or precipiiaied as the methane & heated by radiation,
conduction efs., according to the precess summarized in Equations ©-7. Hydrogen that
is co-produced is ducted through holes 1108 of a hollow helical screw conveyor 1110 fo
e interior bore as shown. Thus, heated hydrogen and carbon that travels towards a

seal 1114 and exchanges heat with methane that travels from seal 1126 toward a seal
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1114, The helical screw conveyor 1110 serves as an energy exchange system for
conductive and radiative heat along with performing mechanical work to rapidly

accomplish the reactions summasized by Equations 6-7.

T0088) A suitable heat source 1108 s used to add heat to the system fo dissociate
the preheated methane. Heat may also be added by combustion of hydrogen within the
holiow center of the refractory screw assembly 1110 as shown. Oxygen or ancther
oxidant such as air can be delivered through a rotary union 1118 to be used for such
combustion. Potential source for the oxygen used in hydrogen combustion can include
air separation or slectrolysis. Hydrogen can be deliversd by a conduit 1117 through a

444

rotary union 1118 as shown.

jo0eR) Rased on the size of the converter system 1100, speed reducton
components such as sprockets and a chain or a drive gear 1132 and & beanng suppont
assembly 1130 can be thermally isolated from the rotating screw assembly 1110 by a
torque-conveying thermal insulator assembly 1128, Similarly, insulating support of
beating and rotary union assembly 1116 with the rotary union 1118 on a shatt
1121 is provided o minimize heat transfer from the helical screw assembly 1110, An
insulator pack 1124 provides heat-transfer blocking fo prevent radiative and conductive

heat losses and other areas where protection from heatl is needed.

001001 A relatively smail portion of the methane andfor hydrogen andfor carbon
manaxide generated as summarized by Equations 1 and 6-7 is delivered o an engine
generator assembly similar 1o 302 as shown in Figure 3 to provide heat and electricity
far support operations. The engine gensvator in Figure 11 can include an electric drive
motor 1138, an electrolyzer and/or an air separator 1144, a pump or compreasor 1148,
and g generator 1112 as shown. The slectric motor 1136 can include a gear or
sprockeat drive 1134 that drive the corresponding gear or sprockst drive 1132 for diving
the ram piston.

W09041]  The system 1100 can include a progressively reduced pitch of helical fiights
to continucusly compact the solid biomass materfals that are entrained within.  In
aridition o the progressively reduced pitch of hetlical flights, the cross-sectional area
hetween the hefical rotating screw 1110 and the slationary tube barrel 1104 can be
reduced in zonss that serve as plug seals. This forces fravel of methane in heat

exchange direction to carbon waveling counter-current fowards extrusion through the
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seal 1114 and hydrogen that travels counter-current toward the rofary union 1118

within the helical rotaling screw 1110 as shown.

168102} Decraasing the pitch of the screw conveyor or reducing the cross section
near of at the seals 1128 and 1114 to compact carbon particles or shapes further
orovides for a compact seal against the escape of hydrogen or methane. in larger
applications, the helical rotating screw 1110 may be provided with slightly reversed
pitch in the zone near the seal 1114 to cause compaction of carbon o produce an

effective saal against methane or hydrogen ss.

[00103]  Aninsulation system 1124 factiitates efficient countercurrent heat exchange
between hydrocarbons such as methane advancing foward the seal 1114 and carbon
andfor hydrogen advancing toward the seal 1128, A gear or sprocket drive 1132 is
thermally isolated from the drive motor 1138, and bearings 1118 and bearing support
assembly 1130 are designed for heat isolation and/or elevated tamperatire senvice.
The helical screw conveyor 1110 and refractory tubular barrel 1104 can be made of
refractory metals or ceramic material selections such as graphite, carbides, nitrides,

intermetallics, and metaliic oxides.

P

004041  The heat added by the heat source 1108 may be by soncentrated solar
energy, catalytic or #ame combustion, or by electrical heating such as plasma,
resistance or inductive principles preferably using rencwable electiclly.  Oxygen
praduced by air separator andior electrolyzer 1144 can be stored In an accumulator
1122 and delivered through a pressure regulator 1120, The delivered oxygen can be
used when nesded to provide for combustion of hydrogen and heat generation for the
dissociation process such as during Hmes that soler, wind, moving water and other
renewabie resources are not availabie or not adeguate.

1004051 Additionally, as shown in Figure 11, ports 1108 allow hydrogen or other
gases o pass through the helical conveyor wall and ener the interior bore and travel
counter current to the feedstock so the cooled hydrogen exits through 117 and the
heated feedstock deposits carbon and co-produces hydrogen.

Photosynthesis: Craanic Materisl for Conversion io Renawable Energy

I00108]  Figure 12 is a block diagram showing an overall process 1200 for using
photosynthesis to convert biomass o renewable fuel and sequester carbon. A system
{e.q., sysiems 100, 200, 300, 700, 800, 900 andfor 1100) can use photosynthesis io
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provide the owmanic material typically containing carbon, hydrogen, and oxygen for
conversion into renewable energy {process 1210). The system uses anasrobic
digestion or pyrolysis or partial oxidation to produce fuel gases such as methane and
oxides of carbon {process 1220). The system separates the oxides of carbon such as
carbon dioxide from the produced fuel gases {process 1230). The system can provide
an appropriate filler, pressure swing adsorption, lemperature swing adsorption, or

selective absorption 1232 to separate methang and oxides of carbon,

1004071 The system preheats the hydrocarbons {e.g., methang) by countercurrent
heat exchanges with hydrogen and carbon prior to final heat addition for dissociation as
shown {process 1240), Based on the pressure of the purified fuel gases and the
desired pressure for the foregoing preheat process 1240, the system can include a
nressurizer 1234 to perform one or more of the following: 1) slectrolysis pressurization,
2} mechanical pump or compressor operation, or 3} pressurizing release from heated
subsiance andfor adsorptive and/or metal hydride systems. Subseguent provisions for

heat addition are selected o specialize products made from carbon derived fron

preheated methane as shown {process 1250}

[00108]  Figure 13 is a block diagram showing snother process 1300 for using
photosynthesis o initiate production of valuable fusls, solvents, cherrical precursors,
and a wids variety of sequestsred catbon products from biomass.  Using
photosynihesis, a system (e.g., system 100, 200, 300, 700, 800, 800 andlor 1100}
generates organic feedsiocks or biomass, such as manwre, garbage and sewage
{process 1310). The system converts the produced biomass by countercurrent
regenerative preheating and anserchbic pyrolysis to carbon rich rasidus and fluids such
as methanol, hydrogen, and carbon monoxide {process 1320). Blomass conversion is
described above with respect to systems and methods 100, 200, 300, 700, 800, 840

andior 1100 described with respect to Figures 1-3, 6-8 and 11 above,

[00108]  The system deilivers the gases such as hydrogen and carbon monoxide
produced by anaerobic pyrolysis using a pump 1322 and separated to produce the
desired degree of purification {process 1330). The sysiem can include a second pump
1332 o defiver carbon moenaxide Yo be appropriately proportioned by metering pumps
134,

and 1344, The system can convert the delivered carbon monoxide inlo a wide
variety of products {processes 1340, 1380 and 1360}L

fo%]
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1001401  For example, heat can be produced as carbon monoxide dissociates info
carbon andfor produces carbon dioxide (process 1340). Alsg, heat can be released as
carbon monoxide is combined with hydrogen to produce methanol {CHyOH) {process
1350). Additionally, steam can be reacted with carbon monoxice in a weaction o
produce hydrogen (M) and carbon dioxide {CO,) {process 1360). Heat released by
these exothermic prooesses can be ufilized fo produce steam used in process 1380, 1o
dry biomass feedstocks before additional heat is provided in process 1320, for healing
angerobic digester 1120 in Figure 11 o increase the rate of methane andfor hydrogen

production, in process 1140, and for many other useful purposes.

Solar Concentrator: Heat Source for Biomass Conversion

001i1]  Figures 14A and 14B are diagrams showing a solar concentrator 1400 for

]

using solar energy to provide heat fo the biomass conversion process. The solar
concentrator 1400 fracks the sun to continuously focus the reflected solar energy
received by a mirror 1412 on a receiver zone 1430 of a reactor 1414 to produce a high
operating temperature.  Sufficient concentration of solar energy Is readily achieved by

he parabolic, spherical, or arayed heliostatic mirror 1412 to produce typical operating
temperatures of 500°C to 2500°C as facilitated by the physical and chemical properties
provided by the material and configuration specifications of a containment or receiver
tube 1430 for transmission through 1422 fo hest the reactor 1414, Along with the
stationary receiver tube 1422, the reactor 1414 includes a rolary screw conveyor and
extruder tube 1424 with integral helical screw flights 1426 that force reactive ingredients
such as organic matenial into the reaction zone, The organic material in the zone s

rapidly heated to the high temperature by concentrated solar energy.

[00112] A siationary base 1404 houses a drive system and provides transfer of
materials {0 and from the reactor 1414, Fuels and feedstocks such as landfll methane
for the reactor 1414 are delivered by a connected pipeline 1418. A fluid feedstock,
such as sewage can be delversd to the reactor 1414 by a different pipeline 1415,
Electricity produced or delivered is fransferred by a cable group 1418, Hydrogen andfor
other fluids produced by the reactor 1414 can be delivered to a pipsline 1416 for
storage and distribution. A movable stage 1408 rotates around a central vertical axis to
provide sun tracking of the reactor 1414 which is assembled with the mirror 1412

Coordinated rotation around 3 horizontal axis 1408 in support 1410 as shown is
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provided to track the sun and produce point focused solar energy reflected from the
mirror assembly 1412, Organic solids and semisalids to be heated are loaded nto a
hopper 1408 which feeds organic solid materials info a screw conveyor 1424, a portion

of which is shown in Figure 14B.

W00113]  Other forms of renewable heating are readily adapted such as inductive or
resistive heating using electricity from 3 generator powered by moving water, wind,
wave action, or by an engine using fuel produced by the operation described herein.
Sirilarly, a portion of the fuel produced by the reactor 1414 can be combusted t©
adequately heat zone 1430 for accomplishing the reactions of Equations 1, 4 and &
This group of atternate heal inpuls o the receiver zone 1420 Hiusirates means 1o
supplement or replace solar energy as needed {o assure continued operation i case of

intermitient cloud cover or at night.

W0OT14]  Supplemental heating or replacement of solar heat for zone 1430 by partial
combustion of the produced hydrogen andfor carbon monoxide can be accomplished
by delivering oxygen through tube 1437 within a bore 1431 of a rotary screw tube 1434
from an electrolyzer 1407, A synergistic benefit is provided by the operation of a heat
engine 1403 on the landfill methane and/or hydrogen for driving an eleciricity generator
1408, Surplus electricity generating capacity is used to produce oxygen and hydrogen
in the slsctrolyzer 1407, Mydrogen produced by such operation can readily be stored in
a pipeline 1418 for transport and oxygen can be used o greatly improve the procsss
efficiancy of heat generation by partial combustion of the fuel produced by the reactor

1414 andfor in fuel cell power generstion applications,

001981 Elmination of nitrogen greatly reduces the cost of hydrogen purification by
condensing or filtering water from the gas mixture within the rolary screw lube 1432
when oxygen is used fo produce heal by partial combustion. Tube 1437 delivers
oxygen as shown to combust the amount of fuel needed with minimum heat loss and
alimination of heating requirements for nitrogen which would be present if air is usad a5
an oxidant.

00118} Stalionary recsiver tube 1422 thus performs the functions of containing
organic feedstocks in an anaerchbic condition and transferring energy such as solar

anergy to the biomass conveyed inte the concentrated heating zone 1430 o faciltate

ok

he reactions summarized as follows:
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CoHnOx + HEAT; = xCO + mi2H; + (nx)C Eqn 12
CeMeoOs + HEAT, = 500 + 5k, + C San 13

{60147} Small amounts of NH;, He8, Nj, and H0 may also be found in the gaseous
products with the CO and H; that are forced by the compacted solids inlo the center
vore 1431 of rotary screw tube 1432 as shown. The generaled H:3 can be reacted
with Fon o form iron sulfide or collected in carbon produced by the process a8
hydrogen is released. Fixed nitrogen can be oollected as ammonia and sulfur as on

suifide to be used as sofl nulrlents along with mineral ash coliected,

004181 Solids sush as carbon and ash 1438 are extracted from the zone 1430 by
the rotating motion of the rotary screw tube 1432 along the exiruder Rights 1434 as
shown. HMigh temperature insulation 1440 can be used {0 cover the end of the
receiverireactor 1414 as shown, and an insulgted area 1442 can provide heat
conservation along the countercurrent exchangs of heat made between carbon rich
solids being extracted by the screw conveyor 1432 and biomass moving towards the
heated zone 1430 of the recaiver and reacior assembly. During times that solar energy
is not available, insulator sleeve 1438 is used to cover the zone 1430 and can be
supported and gulded fo and from the stored position shown by lslescoping tube

guides, which are not shown

1004181 Watler and other gases removad at sarly stages of compaction and
countercurrent pre-heating can be vented thyough louvers or holes 1444 to allow

exiraction through a collection tubes 1443 and 1448, For many feedstocks such as
manuwe and sewage, this water gensrally contains fixed nitrogen and other soll nutrients

and preferably is ufllized o replenish soil tith and productivity.

001207 When pure carbon and pure hydrogen are preferred, the blomass may be
pre-treated to remove ash forming malerials such as calclum, magnesium, phosphorus,
iron, and other minerals. Ash ingredients of biomass are often wastelully impounded in
landfills or allowed © sscape © the oceans as effluent is dumped from sewage and
garbage disposai operations. In the described subject matier, ash is readily collected and
ratumed to useful spplications as a soif nultient.  This may be accomplished by &
combination of mechanical separastion and dissolution of the biomass in a sulable

solvent 1o separate ash componenis.
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1001241 Ancther embodiment provides anaerobic digestion of biomass such as

carbohydrates and celiulose according to the following gensral reactions:

s} + rHLO + HEAT = n{CalGe) Egn 14
ﬁ{ﬂsﬁ—gg@s} e 4 BQ{C§‘§4} + 3nC0; + HEAT Egn 15

[001231  Soi nutrents captured in the aqueous liquor remaining after the processes
shown are efficienty Wansferred to depleted soils by various techniguss including
addition fo imigation water. Carbon dioxide is readily removed from the products of the
process by cooling {0 produce phase change separation or by adsorption v 2 suitable
solvent such as water. Carbon dioxide is soluble iy water o the extent of about 218

yolumes of gas per volume of water at 25 atmospheres pressure and 12°C (84°F)

fRG123) increasing the pressure andfor decreasing the lemperature increases the
amount of carbon dioxide dissolved per volume of water. After separalion of carbon
dioxide from methane, lowering the pressure or increasing the lemperalure releases

dissolved carbon dioxide.

{00124] The amount of heat required in the process of anaerchic dissociation of
prganic fesdstocks o produce a given amount of sequestered carbon is considerably
mss then the energy required to collect and dissociate carbon dioxide from the
atmosphere. The apparatus required o practice the process of carbon sequestration
from organic feedsiocks is far less involved and much simpler and more rugged than
would be required o extract carbon dioxide from the atmosphere and o breax it info

carbon and oxygen.

009251 In the process of converting hydrocarbons including biomass solids and
methane into carbon and hydrogen, the products of dissociation reactions fend fo

occupy more volume than the reactants.  Apparatus 1420 of the reaclor 1414 for
arrying out these endothermic reactions can readily seal the reaction zone 1430 with
carbon rich material that is compacted by extruder fiights 1426 along the inlet o the
reaction zone 1430 and with garbon rich material along extruder flighls 1434 of the
outiet of zone 1430 so that the hydrogen and other gases passing cut through the bore
1431 may be pressurized to the desired extent and maintained by a rotary union and

pressure regulation means on the outlet of the bore 1431,
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101281 Cool methane can be pressurized fo the desired delivery pressure of
hydrogen from the reactor 1420 with a sulteble pressurization technigue including
pressurization by release from adsorplive substrates, phase change, mechanical
compression, and hvbridized systems before methane entry into reactor 1420, K the
gases produced in anaerobic digestion are separated by lquefaction, this is readily
accomplished by vaporizing the methane to the pressure desired. Prasswization by
various pumps and compressors 1234 as shown in Figure 12 may also be used for this

QUTPOSE.

(001271 Types of carbon produced can vary based on market demand and the
sorresponding temperature and pressure at which the process of carbon seguesiration
is accomplished. For example, methane may be processed as needed o produce
fibers, carbon black, diamond-fike plating on suitable substrale, graphite crystals and in
many other forms as described in U.S. Patent Nos. 6,015,085 and 8,503,584, the

teachings of both of which are incorporated hersin in their entirety.

[00128]  Also, to provide heat conservation for cerlain applications, the screw
corveyor 1432 can be designed as a feed path and a preheater with hydrogen being
delivered through the bore 1431 and carbon produced by the resction in zone 1430
conveyed by appropriately designed exiruder tube 1424 in countercurrent hest
sxchange with the incoming feedstock. This arrangement can provide countercurrent
heating of the incoming feedstock from the inside and from the outside before reaching
the reaction zone 1430 by paraliel fows of products passing in the opposite direction of

feadstock

[00128]  Carbon formed by the reactor 1414 is carried by the screw conveyor 1432
in countercurrent heat exchange with the extruder fube 1424 o preheat the neoming
methane and thus increase the overall efficiency and rate that solar energy completes
the process reactions. Mydrogen produced is collected in the bore 1431 of the {ube
conveyor 1432 and heat is removed in countercurrent heat exchange with reactants

passing fowards the reaction zong 1430,

{00130] Renewable hydrogen produced can be used in fus! cells or in heat engines
that clean the alr and provide cleaner exhaust than the ambient atmospheare.

001391 Carbon continuously forms a gas-tight seal between the conveyor fiights

1428 and the imner wall of the tube 1422 as it is produced by the process. This seal
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can be assurad by reducing the helical extruder screw flight lead where the greatest
compaction is desired. The greatest carbon compaction and sealing effect can be
orovided after the material undergoing conversion to hydrogen passes the reaction
zone 1430 on the outlet in the screw conveyor past the reaction zone 1430.

[00132] Conveyance of reactanis in the processes shown i Figures 144 and 148
can he performed by cother analogous means in addition (o the screw conveyors as
shown, For example, the biomass could be forced fo the reaction zone 1430 by a
reciprocating plunger rather than the sorew conveyor 1424 and carbon can be extracied
from the hat end by other exiraction methods including a chain drive conveyor rather

2
han the screw convevor 1432,

o

f00433] When producing & liquid fuel or vapors of a solvent such as one or more
turpenes along with cther valuable products, the reaction lemperalure may be agjusted
to a reduced temperature or the throughput rate of the ingredients increased. Useld
compounds such as hydrogen, carbon, methanol, biodesel and turpantine may be
produced and collected in the tube bore 1431 as summarized In the egualions or &
portion of a typical biomass waste feedsiock with the average compound formula as

shown belows

CeHigOs + HEATs =2 CHON+4C0 + 3 + O Egn 16

00134] Inocorporation of colloidal carbon that hosts adsorbed hydrogen in methanal
provides higher heating value per volume and the ability to provide compression ignition
in applications for renswable diessl fuel. i a greater yield of liquid fuel and/or solvent is
desired, carbon monoxide and hydrogen praduced in the typical process of Equation 18
may be reacted in the presence of 3 suilable catalyst to produce additional methano!

and hydrogen.
400 + 3k =¥ 4 GHOH +Mp + HEAT 2 Ean 7

{00138]  The rate of blomass delivered into the reaction zone 1430 and the rate of
exiraction of solid residues by the helical conveyor 1432 can be controlled by a
computer. For example, the computer can adaptively control the blomass conversion
process in response o hstrumentation of the pressure, temperature, and other
indicators of the kind and qualily of products desired in the gas, vapor and sclid residus

streams.
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[00136]  Carbon monoxide may be decomposed or convered {o desired forms of
sequestered carbon by disproportionation as shown by the non-stoichiometric process

summarized in Eguation 18

2C0 = C + Oy + HEAT Egn 18

100137} Disproportionation as summarized in Equation 18 is exothermic and can be
orovided under various combinations of temperature and pressure conditions including

aperations at 10-40 atmospheric pressure at 500°C to 800°C.

100138 For hydrogen production for fuel cells or heat engines that clean the air,
carbon monoxide can be reacted with steam in an exothermic reaction to produce

hydrogen as shown in Equation 19

SO+ HO =2 COp + Hy + HEAT 4 Eqn g

[00138]  Carbon monoxide produced by the processes summarized above can be
converted into numerous products fo meet market demand as selected from processes
requiting hydrogen andfor carbon production as Hlustrated.  Heat released by the
exothermic processes can be used as a partt of the heat addition needed for

endothermic reactions shown.

oy

$0140] A practical process has been described for sequestration of carbon from
the atmosphere using photosynthesis, collection of photosynthesized biomass, and
heating the biomass 1o yield products selected from the group including carbon,
hydrogen, methanol, turpenes, and ash. Biomass wastes that are ordinarty allowed o
rot into the atmosphere and which contribute fo carbon dioxide and/or methane buiidup

can now be utilized to efficiently produce hydrogen, carbon products and soil nuinients.

Tangible, Useful Applications

{00411 Anaiysis of fire, earthquake and mudslide hazards in most damaged forest
sotiings show that it is highly advantageous to facilitate the solulion presently disclosed
by establishing underground pipelines to transport methane produced by rapid harvest
and conversion of such damaged forests andfor groundcover. Pipeline shipment of
such renewable methane o markels now served by natural gas or other fossit fusls

can provide dramatic reductions in environmental impact from greenhouse gases and
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facilitate evolution from present dependence upon fossil energy o renewable energy

serurity.

1001421 Also, job development and investor confidence can be bolstered by
astablishment of renewsbie sources of methane that can be delivered by low cost
transport through pipelines. Further improvement can be provided by development of
the “carbon age” that is facililated by conversion of methane to carbon products as

hydrogen is used for clean energy applications.

[00443] Figure 15 is a process flow disgram showing & process 1560 for
transporting renewable energy generated from biomass wastes, including municipal,
sarm, and forest wastes such as forest slash and diseased and/or dead frees. A
biomass processing system {e.g., systems 200, 300, 800, 700, 800, 800 and 1100
desaribed in Figures 2-3, 8-8 and 11 above) receives the biomass waste for conversion
to renewable energy (process 1502). For example, the blomass waste from diseased
andfor dead trees can be cul, pulled, or otherwise harvested. The biomass processing
system chips or cotherwise subdivides the harvested blomass wastes into bils and
pisces for efficient transport and compaction by & conveyor such as a bell, ram, oy
sofew conveyor (process 1504).  Using regenerative dissociation, the biomass
srocessing system dries and converts the subdivided biomass wastes to produce
renewable energy and byproducts including hydrocarbons, aloohol vapors along with
methane, hydrogen, and other gases along with solids such as carbon and minerals
that are infroduced by or along with the cefiulose andfor Hignocsiiulosic feedstocks
{process 1508}, The biomass processing system separates vapors and gases such as
methane and or hydrogen from carbon dioxide {process 1508). The generated
methane-rich gases can be shipped to remote locations by pipelings or other fransport
methods such as those utilized by the natural gas industry {(1810), Hydrogen and
carbon products can be produced from the methane-ich gases either before or after
transporting the methane-rich gases through pipeline defivery {1812). The produced
hydrogen can be used as fuel in various applications {1814}, For sxampie, hydrogen
can be used in engines andfor fuel cells to power motor vehicles, to provide heat, for
shaft work and slectricity generation, for chemical process applications, and to produce
fertilizers

{00144] While this specification contains many specifics, these should not be

construed as fimitations on the scope of any invention or of what may be claimed, but
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rather as descriptions of features that may be specific to particular embodiments of
varticular inventions. Certain features that are described in this spacification in the
context of separate embodiments can also be implemented in combination in a8 single
embodiment. Tonversely, various features that are described in the context of a single
ernbodiment can also be implementad in multiple embodiments separately or in any
suftable subcombination. Moreover, although features may be described above as
acting in certain combinations and even initially claimed as such, one or more features
from a claimad combination can i some cases be excised from the combination, and
the claimsd combingtion may be diected fo a subcombination or variation of a

subcombingtion.

J00448]  Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the
carticular order shown or in seguential order, or that all Hlustraled operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
naraliel processing may be advantagecus. Moreover, the separation of various system
components in the embodiments described above should not be undersiood as
requiring such separation in all smbodiments.

1001481  Only a few implemeniations and examples are described and other
knplementations, enhancements and variations can be made based on whal s

described and Hlustrated in this application,

[00147
application incorporates by reference in their entirety the subject matter of each of the

To the extent not previcusly incorporated herein by reference, the present

ek

following materials: U.S. Patent Application No. 12/857,553, filed on August 18, 2010
and fitied "SUSTAINABLE ECONOMIC DEVELOPMENT THRQUGH INTEGRATED
PRODUCTION OF RENEWABLE ENERGY, MATERIALS RESOURCES, AND
NUTRIENT REGIMES™ U.8. Patent Application No. 12/857 541, filed on August 18,
2010 and titled "SYSTEMS AND METHODS FOR SUSTAINABLE ECONOMIC
DEVELOPMENT THROUGH INTEGRATED FULL SPECTRUM PRODUCTION OF
RENEWARBLE ENERGY!” U.S. Patent Appilication No. 12/857 554, filed on August 18,
2010 and tited "SYSTEMS AND METHODS FOR SUSTAINABLE ECONOMIC
DEVELOPMENT THROUGH INTEGRATED FULL SPECTRUM PRODUCTION OF
RENEWABLE MATERIAL RESQURCES USING SOLAR THERMALY UGS Pafent
Agpplication No. 12/887 502, filed on August 16, 2010 and titled "ENERGY SYSTEM
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FOR DWELLING SUPPORT" U.8. Patent Application No. 13027235, filed on
February 14, 2011 and ttled "DELIVERY SYSTEMS WITH IN-LINE SELECTIVE
EXTRACTION DEVICES AND ASSODCIATED METHODS OF OPERATION™ US.
Patent Application No. 81401888, filed on August 18, 2010 and titled
"COMPREMHENSIVE COST MQODELING OF AUTOGENQOUS SYSTEMS AND
PROCESSES FOR THE PRODUCTION OF ENERQGY, MATERIAL RESCURCES AND
NUTRIENT REGIMES™ U.S. Patent Application No. 13/027,208, filed on February 14,
2011 and titled "CHEMICAL PROCESSES AND REACTORS FOR EFFHICIENTLY
PRODUCING HYDROGEN FUELS AND STRUCTURAL MATERIALS, AND
ASSOCIATED SYSTEMS AND METHODS;" U.S. Patent Application No. 13/026,888,
fled on February 14, 2011 and ttled "REACTOR VESSELS WITH TRANSMISSIVE
SURFACES FOR PRODUCING HYDROGEN-BASED FUELS AND STRUCTURAL
E{EFMENTS, AND ASSOCIATED SYSTEMS AND METHODS” UG, Patent Application
No. 13/027.015, filed on February 14, 2011 and titled "CHEMICAL REACTORS WITH
RE-RADIATING SURFACES AND ASSOCIATED SYSTEMS AND METHQODS® US.
Patert Application No. 13/027,244, filed on February 14, 2011 and fitled "THERMAL
TRANSFER DEVICE AND ASSOCIATED SYSTEMS AND METHODS” US. Patent
Appiication No. 13/028,880, filed on February 14, 2011 and tittled "CHEMICAL
REACTORS WITH ANNULARLY POSITIONED DELIVERY AND REMOVAL
DEVICES, AND ASSCCIATED SYSTEMS AND METHODS" U8, Patent Application
Mo, 13/027.181, filed on February 14, 2011 and ttled "REACTORS FOR
CONDUCTING THERMOCHEMICAL PROCESSES WITH SOLAR HEAT INPUT, AND
ASSOCIATED SYSTEMS AND METHODS!" U.S. Patent Application No. 13/027,215,
filed on February 14, 2011 and titled "INDUCTION FOR THERMOUHEMICAL
PROCESS, AND ASBOCIATED SYSTEMS AND METHODSE” U.8. Patent Application
MNo. 13/027,188, filed on February 14, 2011 and titled "COUPLED THERMOCHEMICAL
REACTORS AND ENGINES, AND ASSOCIATED SYSTEMS AND METHODS” US
Patent Application No. 61/385 508, filed on September 22, 2010 and titted "REDUCING
AND HARVESTING DRAG ENERGY ON MOBILE ENGINES USING THERMAL
CHEMICAL REGENERATION” U.8. Palent Application No. 13/027,08G, filed on
February 14, 2011 and titled "REACTOR VESSELS WITH PRESSURE AND HEAT
TRANSFER FEATURES FOR PRODUCING HYDROGEN-BASED FUELS AND
STRUCTURAL ELEMENTS, AND ASSOCIATED SYSTEME AND METHODS" U8
Patent Application No. 81/237 418, filed on August 27, 2008 and titled "CARBON
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EQUESTRATION” U8 Patent Application No. 13/027,188, filed on February 14,
2011 and tiled TCARBON RECYCLING AND REINVESTMENT USING
THERMOCHEMICAL REGENERATION;" LL.8. Patent Application No. 13/027 185, fied
on February 14, 2011 and tited "OXYCGENATED FUEL"™ U8, Patent Application No.
§1/237 425, filed on August 27, 2009 and titled "OXYGENATED FUEL PRODUCTION”
U.S. Fatent Application No. 13/027,197, filed on February 14, 2011 and ftled "MULTH
PURPOSE RENEWARBLE FUEL FOR [BOLATING CONTAMINANTS AND STORING
ENERGY™ U8, Patent Application No. 81/421,189, filed on December 8, 2010 and
titted "LIQUHD FUELS FROM HYDROGEN, OXIDES OF CARBON, ANDIOR
NITROGEN; AND PRODUCTION OF CARBON FOR MANUFACTURING DURABLE
GOODS" (Attorney Docket Ng, 88545-8103.U8); and U8 Patent Application No.
136027 ,185, filed on February 14, 2011 and titled "ENGINEERED FUEL STORAGE,
RESPECIATION AND TRANSPORT" (Attorney Docket No. 89545-8105.US).

{Other implementations of methods 1o progess carbon-based durable goods and
renewable fuels

jop48 Technigues, materials, apparatus and sysltems are described for

repurposing carbon, nitrogen, and hydrogen present in wasie sireams fo produce

Srrirr.

durable goods and renewabls fuel and siore and fransport them.  For example, carbon-
based durable goods, renewable fuels including high density hydrogen fusl mixtures,
enargy including sleciricity, and other valuable chemicals, soil nuirients, and malerials
from organic feedsiocks can be produced using the described processes, systems,

materials, and methads.

T0148]  Figure 18A shows an exemplary process 1600 that can to produce carbon-
based and other durable goods and renewable fuels from organic fesdstocks, which
can be stored and transported. Process 16800 can include & process 1810 fo harvest
and subdivide a waste derived from an organic Teedsiock, such as a biomass waste
from industrial or agricultral processes wasie streams. Process 1810 can ullize
systemns {0 recapture andlor recycle low temperature heat {1611 from an extemnal
waste heat source {e.g., engine axhaust) or a renswable energy source {8.g., solar,
wind, hydro, geothermal, stc.), The harvesied and subdivided waste can be preheated
{process 1615) and compacted {process 1620} before process 1830 that can dry
compact the waste, or direclly compacted in process 1630 from procsgss 1810, Process

1830 can remove air and squeezes oul moisture {1831}, which can include various
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useful renewable sources of carbon andlor hydrogen including hydrocarbons, alcohols,
ammonium, and oxides of carbon.  Also, the moisture content of the overall reaction
environment can be controlied based on the desired renewable sowrce of carbon and/or
hydrogen in process 1640, For example, one method o control the moisture content
can inciuds reincorporating the compacted blomass wasie feedstock that has been
completely dried and de-aired into the process 1630 fo be used as a desiccant. Qther
methods can include use of countercurrent heat exchangers that can utilize recaptured
andlor recycled heat from @ waste heat or a renewable energy source. The dried,
compacted waste can be dissociated into the wasle constituents 1651, e.g., at least
one of carbon, nitrogen, hydrogen, through process 1650 in an anserchic dissosiation
reaction zone. The renewsble sources of hydrogen and carbon can be used o
generate renewable fusl andfor carbon-based durable goods of nitrogen-based goods.
Process 1800 utilizes a lower temperature heat, and thevefore can be referred (0 as 2

"wet stream” process.

1001801 Some examples of organic feedstocks include biomass waste. Biomass
wastes can derive from vavious sources, such as rotting wood, Other examples include
the sourcing of afiatoxin in mik {e.g, M1 and M2 aflatoxin in foodffeed of lactating
animals). The root cause of aflatoxin can ypically be moldy feed ~ e.9., when moldy
feed gets blended with a sweetener such as molasses {to meke R fasty for the
livestonk), the toxins produced by the fungal mold source can wind up in mik. On the
other hand, the moldy feed (biomass waste) can be pretreated with pretreatment
process 1625 that can be implemented as an additional step in the "wet stream”
process 1600 as shown in Figure 18B. Prooesss 1628 can include at least one of acid
treating, sieam freating, or ammonia {reating of the compact prehested waste {from
process 16820} Prefreatment process 1625 can_further creale separable food value
and energy. Additionally, a nitrogen environment can be included in process 1825 and
used o kil afiatoxin after the mold has produced § by taking water out of the aflatoxin
that dissociates . To sense aflatoxin or monitor the amount of nitrogen, for example,
one could incorporate and utilize a sensor technigue, system, and apparatus, like the
sensor and acluator disclosed in U.S. Patent Application Mo, 13/027.188, fled on
February 14, 2011 and ftded "METHODS, DEVICES, AND SYSTEMS FOR
DETECTING PROPERTIES OF TARGET SAMPLES" (Altorney [ocket No. 89545-
8801.USO1). in which the entivety of its subject matter is incorporated herein by
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reference. Also a nilrogen environment {e.q., dry nitrogen} can be used {o store things
sa that there would not be mold or other harmful pesis {e.g., insecis, rodents, eic.), and
thus the use of dissociated nitrogen {obtained i 1831 and 1651} can be employed in

this process for storage of food and/or feed.

009811 Figure 17A shows an sxemplary process 1700 that can to praduce carbon-
based and other durable goods and renewable fuels from organic feedstocks, which
can be stored and transported. Process 1700 can include & process 1710 o harvest
and subdivide a waste derived from an organic feedstock, such as a hbiomass wasle
from industrial or agricultural processes wasle streams. Frocess 1710 can utilize
systems o recapture andfor recycle high femperature heat (1711} from an external
waste heal source (8.4, engine exhaust) or a renewable energy source {(e.g.,
concentrated solar, etc.). The harvested and subdivided wasle can be prehested
{process 1715) and compacted {process 1720) before process 1730 that can dry
compact the waste, or directly compacted in process 1730 from process 1710, Process
1730 can remove air and squesze oul moisture {1731), which can include various
useful renewable sources of carbon andfor hydrogen including hydrocarbons, alecchols,
amynonium, and oxides of carbon.  Alse, the moisture content of the overall reaction
environment can be controlled based on the desived renewable source of carbon andfor
hydrogen in process 1740, For example, one method to control the moisture content
can include reincorporating the compacted biomass waste feedstack that has been
completsly dnsd and de-alred into the process 1730 10 be used a8 3 desiccant. Other
methods can include use of countercurrent heat exchangers that can utilize recaptured
andior recycled heat from a waste heat or a renswable snergy source. The dried,
compacted waste can be dissociated info the waste constituents 1751, e.g., &l least
one of carbon, nitrogen, hydrogen, through process 1750 in an ansercbic dissociation
reaction zone.  The renswable sources of hydrogen and carbon can be used {0
generate renewable fuel andfor carbon-based durable goods or nitrogen-based goods.
Process 1700 ulilizes a high lemperature heat, and therefore can be referred to as a

“dry stream” process.

00152) Like process 1600, process 1700 can also include the additional step
prefreatment process 1825, including &t least one of acid trealing, steam treating, or
ammonia treating of the compsct! preheated wasle {(from process 1720 or 1710 befors

compacting waste). In addition, the use of dissociated nitrtogen {oblamned in 1731 and
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1751} can be employed as a nitrogen environment in this process for storage of food

andiar feed,

1001831 in ancther aspect, renewable energy sources of 1811 and 1711, eg.
hydroelectric energy, can also be employed fo power systems ard infrastructure on a
iocal scale in addition to providing heat to the waste harvesting processes. This can
help to asvoid distribution costs, thereby making energy cheaper, and concurrently
making & material such as a carbon-based durable good(s), instead of producing
greenhouse gases. Facloring economics in 8 decision process as to whether generate
and distribute energy from renewabie sources or utiize those renewable energies fo
further process durable goods and renswable fuels, or both, on a local scale can

consider Energy Park modeis in the grocess.

I001584]  In other aspect of 3 process to produce carbon-based and other digable
goods and renewable fuels from organic feedstocks, which can be stored and
transported, the “dry siream” process can further include a process 1770 to separate
fiquid, gas, solid, after process 1730 to dry compactable waste. Process 1770 gan
utilize a fiter technique, system, and apparatus, such as that disclosed in U.S. Patent
Application No. 13/027.235, filed on February 14, 2011 and titled "DELIVERY
SYSTEMS WITH IN-LINE SELECTIVE EXTRACTION DEVICES AND ASSOCIATED
METHODS OF OPERATION® {Atforney Docket No. 88545-85058.U8), In which the
entirety of its subject matler is incorporated herein by reference. Additionally, process
1770 also can ulllize 3 sensor technigue, system, and apparatus, such as that
disclosed it U.B. Patent Application No. 13/027,188, filed on February 14, 2011 and
tiled "METHODS, DEVICES, AND SYSTEMS FOR DETECTING PROPERTIES OF
TARGET SAMPLES" (Attorney Docket No. 68545-8801.US01), in which the entivety of
its subject matter i8 incorporated herein by reference, in order to monitor the steps for
changing the rate of throughput to maich the heat inpul giving an oulcome of
selectively (by controlling the temperature} producing the waste constituents, eg,,
meathane for the distribution of carbon and can produce hydrogen. The products of
anaerchic dissociation can include mathane. if one chose to disivibude a product (ke a
carbon-based durable good {e.g., paraffin substance), then it would be desiable to

choose methane; if ene choese o distribute energy, then # would be hydrogen.

JOOSE] Process 1701 can be seen in Figure 178, Process 1770 can include an in-

line fiter, such as the fifler referenced above, to carry out the separation of liquids,
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gases, and solids into separated waste constituents 1771, It is also noted thal the
sansor and actuator raferenced above can be ufilized at every slage (subprocess) of
processes 1600, 1801, 1700, and 1701 in order to monilor the steps for changing the
rate of throughput to maich the heat input, giving an outcome of selectively (by
controlling the femperature) producing the waste constituents, &g, methane for the
distribution of carbon and production of hydrogen.  The products of anasrobic
dissociation can include meathane. If one chose to distribute a product (ke & carbon-
hased durable good, e.g., paraffin substance), then & would be desirable o chooss
mathane, if one chose o distribule energy, then i would be hydrogen,

{00158 in ancther aspect, methane can be put into higher molecular weight

substances for the purposes of fransport and for production, ke making olefin polymers

,”...

polyethyviens or Poly{4-methyl-1-pentena)). The way olefins are made to have different
properties s by condrofling the orystalline and amorphous percentages {(or relativ
positions in contant), so malerials would be very transparent, higher tempserature
materials. To make the strongest fiber in the world, make oriented olefin polvethylene
{long, molecular weight orlented); and then {o make a higher lemperature material,
dehydrogenate It {carbon strand}. A methane purification step can be perdformed in
exemmary processses 1800, 1601, 1700, and 1701 by teking the methane from 1631 or
1 i i is preferred, for example to react 002 with CHY to make designer fuels or
%m;n*egnaténg the fusl into architectural constructs. This can make a pure methane, not
a 'dirty methang'. For example, a problem with 'dirty methane' is that if inhibils catalytic

DrOCesSes.

[O0187] in ancther aspect, an sisclolyzer 8 one of the combination systems o
make much more methane out of the same apparatus, system, or technique (per uni
time) and increases throughput by taking away {continuously) aclds that are harmiul io
the microbes; without the acids’ inhibition of the microbial process, those hydrogen ions
{that can be acid producing) can produce both hydrogen and methane. The
slecirolyzer is 2 system where, for example, a8 biomass waste goes o angerobic
dissociation process {such as 1650 or 1750). By running the slectrolyzer, R can be a
source of pressurized hydrogen; the pressurized hydrogen can be used to sty (e

change the surface {o volume ratio) bicdegradeable feedsiock for faster { more sfficient)

digestion and put hydrogen back into the system. Once the ions are divided into aloms
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and atoms inte diatomic hydrogen, then & can be bubbled through the liquid

enwironmaeant

0158 Inanother aspect, the elecirolyzer can also be used in the high temperature
process 1700 and 1701 {in order to use the pressurized hydrogen and run & back
though for stiring). When the excess moisture is squeerzed out, the liquid can be run
through the slectrolyzer to creale pressurized hydrogen for a stiming device in the
anaerchbic dissociation process. For example, the liguid that is squeezed out can be
used in electrolyzer for further harvesting, e.g., methane being liberated {"harvested",
and densified biomass will underge precision heating, the byproduct is used a stiving

wand.

100159] fn another aspect, the electrolyzer can also be used in the lower
femperature process 1800 and 1601, In jower temperaiure prooesses using the
slectrojyzer, this can exciude squeeze oul of counter-current heat exchange sieps.
Additonally, the lower femperature process can include the electrolyzer in anaerobic
digestion {"enzymic®), and a third process slectrolysis. Keaping them in the same

overall process can be done through heat exchange.

G60180]  Precision healing can be performed with and without vents. For sxample,

ey

with vents: vents can be incorporated in the agar system, placing them at different
temperatures, and by relieving the gas trying 10 escape with & pathway, it can be
cotected as methane before # further degrades into hydrogen and carbon, Vents also

can give the choice of harvesting hydrogen or mmethane during this process.

1001841 In ancther example, without vents: it degrades fo hydrogen and carbon.
Sither with or without the vents, collected gas can come with carbon dioxide {because

there is oxyaen present in the apparatus where the anaerobic process takes place)
by by

[ogiez} i ancther aspect, harvesting "ash® fom 1751 constituents can be
performed so that nulrients for the low temperature pracess ¢an be used, for example.
For example, ash can include trace minerals, such as V., Mg, Ca, Mn, Mo, sic.
Microbes can use these minerals to make their enzymes, for example. Therefore, this
can feed {as nutrlents} back into the anaerobic processes. Ash can be fed back to 8
third thermochemical process, or the previcus thermochemical processes. One can
adsorh these minerals {essentially, the enzymes the microbes use o digest waste) to

prevent getting washed away, and can capture them through ‘activated carbon.’ The

43
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activated carbon can come from the high temperature production of carbon. Microbes
can live (as 3 slime) on the activated carbon {e.g., host substrates of activated carbon,

otherwise lignoceliulose substrates), which can capture and preserve their enzymes.

[00183] A unique opporiunily exists to store energy {e.g., hydrogen) in sublerranean
formation {in most instances, one can pick between warm / hot formation).  This
process can bring more than one stores. Bringing cold hydrogen to a sublerranean
surface (that is hot) gives a pressure addition, a thermal addition, and a chemical
addition because # picks up pefrochemicals, for example, methang with hydrogen. A
further advantage can be that i can enable 2 spent fleld (e.g.. old ol wells / fields} that
nas no use sconomically. Methanol can be delivered to the swface as “heal’, for
example, Howsver, another problem to consider with geothermal systems can be that
water pumped in will mineralize and form carbonates {ex: Mg2+, CaZ+, eto) and
hecoma a poor heat exchanger, no longer a dense heat exchange media. So in such
an example, one can replace the use of waler with the use of methanol. O In
geothermal energy generation process (instead of water), one can use methanol

ammonia, hydrogen, of COx.

{G3164] Examples of durable goods can include (1} fiber, (2) architectural
constructs, {3) polymer precursors, {4) plating, {5) intermediates lo intermetaliics, and

{8) diamond.

Further Examples

[00165] To reverse giobal warming carbon is taken from photosynthesized
substances including wastes and dangerous clathraies such as methane hydrales and
making carhon-enhanced equipment to harness renewable energy, reduce curb weaight
for improving fust economy, and so many other better uses. To further reverse global
warming is to utilize the co-produced hydrogen in existing and new engines fo replace
fossil fuels with the result of reversing warming by reducing global atmospheric
concentrations of M0, CO5, CHy, NOx, S0k, H2Z efe .

[00186]  As shown in Figure 18 global warming gases that would ordinarily be
released by rotting or burning of carbon in plant tissues can be avoided by extraction
and utilization of such carbon o reinfores, block UV degradation, and in associated
ways provide carbon-enhanced durable goods. Hydrogen that is coproduced in step

1804 is combined with nitrogen andfor carbon dioxide fo produce Hguid fuels that
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densely store hydrogen such as ammonia or various alcohols as previously disclosed.
These liquid fuels can be transporied by pipelines and stored in fankage previously
utilized for fossi fuels such as gasoling or diesel fuels. This enables engines presently

operating throughout the world fo be converied to the hydrogen carrier fugls to provide

i

he net benefits of improved performance and lower malnlenance expenses by

erating on hydrogen. The net impact of such hydrogen combustion is production of
water vapor in an amount that is less than the amount now contributed by fossi fuels
that combust fossii-age hydrogen and carbon from subterransan storage into the

surface inventory of atmospheric gases.

o018 ?§ As shown in Figure 19 global warming that would ordinarily be produced as
releases by permafrost decays and from vast oceanic methane hydrates slong with
methane production by municipal and agricultural waste disposal praclices can be
profitably avoided. Collected methane can be an economical source of carbon o
reinforce and in other ways enhancs the guality and value of durable goods. Hydrogen
that is oo-produced with such carbon-enhanced durable goods is combined with
nitrogen andfor an oxide of carbon to produce liquid fuels that densely store hydrogen
such as ammonia or various alcohols as previously disclosed. Thess liquid fuels can
he transported by pipelines and stored in tankage previously ulilized for fossi fusls
such as gasoline or diesel fusls. This enables efficient deliveries to engines throughout
the world for environmenially beneficial and improved operations on such hydrogen
carrigy fuels o provide the nst benefit of operating on hydrogen. The net impact of
such hydrogen combustion is elimination of the carbon dioxide and other global
warming emissions by ulilization of the carboen o produce durable goods and emissions
of water vapor in an amount that s less than the amount now contributed by burning
fossil fuels that remove fossl hydrogen from sublerranean storage into the surface

inventory of gases,

{60188} Further, even without counting all the fusl to dig, pump, refine, deliver ele,,
the hydrogen in a mole of fossi gasoline reacts with oxygen from the air and makes 8
moles of water. Fossil C8H18 + 12,502 -> BCO2 + 9H20 ~ plus, the 8 moles of R20
and 8 moles of CO2 are added fo the atmosphere. But methane hydrates or forest
slash can be dissociated fo produce carbon durable goods and hydrogen instead of
rotting or bumning. Using the renewable hydrogen to replace fossi fuels adds zere water

comparad to the amount that would have been released by methane destruction of
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stratospheric ozone or by plant fissues rolting or buming. And replacing the fossi! fust
reduces the atmospheric contamination by 8 moles of CO2 and 9 moles of HZ20. Along
with hamessing renewable energy by carbon enhanced sguipment this service by @
biflien engines can provide a much more rapid and profitable relief for global warming

than trying to collect tail pipe COZ and putting & in the ocean or in deep formations.
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Examgiss
1001881 Example 10 Method for reversing global warming comprising

conversion of carbon dioxide into plant tissue by pholosynthesis

conversion of plant tissue into carban enhanced durable goods and hydrogen

pollection of at leasi one of nitrogen or carbon dioxide from one of the
atmosphere or mors

concentrated sources for reaction with the hydrogen to produce liquid fuels
suitable for replacement of fossil sourced fuels

utitization of the Houid fuels in engine selected out of the world's population of
about one billion heat engines to produce the net result of using hydrogen

to power the engines.”

00178} Example 2. The method of Example 1 wharein such liquid fuels are stored

in deplsted fossil fus! reservoirs.

{00171]  Example 3 The method of claim Example 2 wherein such liquid fuels are
utilized to deliver greater potential energy such as thermal energy, chemical potentiai
energy, or pressure potential energy than provided by such liquid fuel upon entry into

such storage.

Lk g Example 4. The msthod of Example 1 wherein such engines use liquid
fuels that have improved snergy density as a result of incorporating architectural

consiruct particles containing hydrogen.

1001730 Example & Method for reversing global warming comprising conversion of
methane, ethane, hydrogen sulfide or carbon dioxide from one of permafrost decay,
oceanic clathrates, or wasie treatment systems inte carbon enhanced durable goods
and hydrogen, wherein
coliection and synthesis of nitrogen or carbon dioxide from the almosphere or
more concentrated sources with the hydrogen produces liguid fuels
sultable for replacement of fossil sourced fuels, and
utilization of such lquid fuels in selected engines out of the world's population of
about one bilfion heat engines fo producs the net result of using hydrogen

to power the engines.”
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1001741 Example & The method of Exampie § in which such liquid fuels aye stored
in depleted fossi fuel reservolrs.

{30975] Example 7. The method of Example § in which such liquid fuels are utilized
to deliver greater potential energy from thermal energy, chemical potential energy, and
or pressure potential energy than provided by such liquid fuel upen entry into such

storage.

001761 Example 8 The method of Example § in which such engines use liquid

P

-

fusis that have improved energy densily as a result of incorporating architectural

construct particles containing hydrogen.

Conclusion

00177] While this specification contains many specifics, these should not be
construad as himitations on the scape of any invention or of what may be claimed, but
rather as descriptions of features that may be specific to particular embodiments of
particular inventions.  Cerlain features that are described in this specification in the
sontext of separate ambodiments oan also be implemented in combination in 8 single
embodiment. Conversely, various features that ave described in the context of a single
smbadiment can also be implemented in multiple embodiments separately o in any
suitable subcombination. Maoreover, although features may be described above as
acting in cedain combinations and even initially claimed as such, one or more features
from a claimed combination can in some cases be excised from the combingtion, and
the claimed combination may be directed to a subcombination or variation of a

subocombination.

00478]  Simitgrly, while operations are depicted in the drawings in a particular order,
this shouid not be understood as reguiring that such operations be performed in the
particular order shown of in sequential order, or that all iMustrated operations be
performed, {o achieve desirable results. In certain circumstances, multitasking and
naraliel processing may be advantageous. Moreover, the separation of various system
components in the embeodiments described above should not be undersiood as
requiring such separation in all embodiments.

001781 Only a few implementations and examples arg described and other

implemeniations, enhancements and varfations can be made based on what is

described and iHustrated in this application. For example, the described fechnigues,
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systems and apparatus can be implemented o provide carbon extraction from any
hydrogen and carbon containing material. Specific embodiments of the invention have
been described herain for purposes of jllustration, bt various modifications may be
made without deviating from the spivit and scope of the invention.  Accordingly, the

invention is not limited except as by the appended claims.

1001801 To the extent not previously incorporated herein by reference, the present
application alsc incorporates by reference in their entirety the subject matier of sach of
the following materials: U.S. Patent Application No. 13/037 238, filed on February 14,
2011 and ttled DELIVERY SYSTEMS WITH IN-LINE SELECTIVE EXTRACTION
DEVICES AND ASSOCIATED METHODS OF OPERATION; U.S. Patent Application
No. 13/027,188, filed on February 14, 2011 and titled METHODS, DEVICES, AND
SYSTEMS FOR DETECTING PROPERTIES OF TARGET SAMPLES; U.5. Fatent
Agplication No. 13/027,088, filed on February 14, 2011 and filed CARBON-BASED
DURABLE G0O0DS AND RENEWABLE FUEL FROM BIOMASS WASTE
DISSOCIATION; U.S. Patent Application No. 13/027,1985, filed on February 14, 2011
and fed OXYGENATED FUERL U8, Patent Application No. 13/027,188, filed on
February 14, 2011 and titled CARBON RECYCLING AND REINVESTMENT USING
THERMOCHEMICAL REGENERATION; U.S. Patent Application No. 13/027 197, filed
on February 14, 2011 and fitled MULTLPURPQOSE RENEWADLE FUEL FOR
ISOLATING CONTAMINANTS AND STORING ENERGY; and U 8. Patent Application
No. 13/027,185, filed on February 14, 2011 and titled ENGINEERED FUEL STORAGE,
ESPECIATION AND TRANSPORT,

Py
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CLAIMS

We clgirmy:

1. A method performed by a reaclor {o dissociate waste into a2 renewable
source anergy or a carbon byproduct or both, the method comprising:

receiving the waste that includes carbon, hydrogen and oxygen to be dissaciated
under an anaerobic reaction,

regovernng waste heat from an external heat source o heat the received waste;
and

dissociating the heated waste to producs the renewable fuel, carbon byproduct
or both, the dissocialing comprising
compacting the heated waste,
generating heat from an internal heat source, and

appiving the generated heat to the compacted waste under pressure.

2. The method of claim 1, whersin recovering the waste heat comprises at
least one of:
recovering heat rejected from an engine, and
generating heat from a renewable snergy generator comprising at lsastone of a
wind energy generalor, 2 solar energy generalor, an energy generatoy

from running water and a geothammal energy generator,

3. The method of claim 1, further comprising:
advancing the compacted waste towards a dissociation zons for dissociating the
compacied waste; and

rernoving moisture and alr from the advancing compacted waste.

4. The method of claim 3, whersin removing the moisture and air comprises:
exiruding the compacted waste through a confined space to physically squeeze

the moisture and air out.
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5. Tha method of claim 1, further comprising:

forcing the produced renewable fuel or carbon byproduct or both in & counter-
Row direction from the advancing compacted waste; and

transferring heat from the produced renewable ensrgy, or carbon byproduct or

both that travel in the counterfiow direction.

8. The method of claim 1, wherein the renewable fusl comprises al lsast one
of hydrocarbon, alcohol, ammonis, and hydrogen, and
wherein the carbon byproduct comprises at least one of carbon dioxide, carbon

monoxide ang carbon.

7. The method of claim 6, further comprising:
oroducing a durable good using the carbon produced from the waste.

8. The method of claim §, wherein the hydrocarbon comprises at least one
of methane and ethane,; and

wherein the alcchol comprises at least one of mathano! and ethanaol,

8. The method of claim 8, further comprising:
=]

separating the hydrocarbon into hydrogen and carbon,

10, The method of claim &, further comprising:
producing a durable good using the carbon proauced from the wasle.
11. The method of claim 1, wherein the wasle comprises organic matsat

containing carbon, hydrogen and oxygen oblained in responss to photesynthesis.

12, The method of claim 1, further comprising applying a calalyst {0 facilitate

formation of the renewable energy comprising a hydrocarbon.

13, The method of claim 12, whereiln the catalyst comprises at least one of,
chromium, ceramics with rare earth constituents, a platinum melsl group, nobleized

nickel and intermetaliics of transition meials.
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14. The method of claim 1, whersin the wasle comprises at lgast ong of

s

glucose, lignin, and celiudosic feadstock.

15, A system for dissociation of waste into a renewable fuel or & carbon

byproduct or both, the sysiem comprising:

a hopper to receive the wasle that includes carbon, hydrogen and oxygen to be
dissociated under an anaerobic reaction;

a waste heat exchanger coupled to the hopper o recover wasle heal from an
external hest source and transfer the recovered heat to the hopper to heat
the waste; and

a pressurized and heated reactor coupled to the hopper o receive the healed
waste, the reactor comprising
a conveyor to compact the heated waste, and
a combusior to generate heat used in the anaerobic reaction o dissociate

the compacted wasts to produce the renewabls fuel, carbon

byproduct or both.

16. The system of claim 18, wherein the external heat sowrce comprises a
device for generating renewable energy comprising at least one of & wind energy
generator, a solar energy generator, an energy generator from running waler and a

gesthermal energy generator.

17.  The system of claim 18, wherein the conveyor is configursd to
advance the compacted waste fowards 8 dissociation zone for dissociating the
compactad waste; and

remove moisture and air from the advancing compacted waste.

18. The system of claim 17, wherein the conveyor comprises:
a progressively reduced pitch of helical flights of rotating tubes on an exterior

surface of the conveyor o faciitate the removal of moisture and air.
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19.  The system of claim 17, wherein the pressurized and heated reactor is
shaped fo reduce a cross sectional area within the reactor for advancing the compacted

waste material while facilitating the removal of moisturs and air.

20. The system of claim 15, further comprising:

a countercirvent heat exchangsr coupled fo the reactor to transfer heat from the
oroduced renewable fust or carbon byproduct or both to the compacted
waste that travels In a counterflow direction from the advancing

compacted waste.

2

ong of hydrocarbon, alcohol, ammonia and hydrogen; and

b

The system of claim 18, wherein the renewable fusl comprises at least

wherein the carbon byproduct comprises at least ong of carbon dioxide, carbon

monoxids and carbon.

22. The system of claim 21, whersin the hydrocarbon comprises at least one
of mathane and ethane; and
wherein the alcohol comprises at least one of methanol and athanol

23, The system of claim 21, further comprising:

a hydrocarbon conversion syslem comprising one of more heal exchangers
souplad to the reactor 10 receive the hydrocarbon and further coupled o
the heat source to receive heat used to saparate the hydrocarbon inlo

hvdrogen and carbon.

24, The system of claim 15, wherein the wasle comprises organic material

containing carbon, hydrogen and oxygen obiained in response o photosynthesis,

25, The system of claim 15, further comprising a catalytic reaction zone for
raceiving & catalyst to faciltate formation of the renewable fusl comprising a

hydrocarbon.
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28. The sysiem of claim 25, wherein the catalyst compriges at least ane of,
chromium, ceramics with rare earth constituents, a platinum melal group, nobleized

nickel, and intermetallics of ransition metals.

27. The system of claim 15, wherein the wasle comprises al least ong of

glucose, lignin, and celidosic feedstock.

b=
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Subdivide biomass waste into feedsiock such as various celluosic
materials and lignocsilulosic Hissues
(1163

;

Compacting the subdivided fesdstock material {o remove air and
maoisture
{128}

§

Y

Heating the compacted feedstock o release various useful
ranewable sources of carbon and hydrogen including carbon,
hvdrogen, hydrocarbons, alcohols, ammaonia and oxides of carbon
{130}

X £

Controlling the moisture content of the reaction environment
based on the desired amounts of renewable carbon and/or
hydrogen
{140}

b oo

Convert the renewable sources of hydrogen and carboninto
renewable fuel and/or carbon-based durable goaods.
{150}
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Recsive compounds such as hydrocarbons and alcohols
generated from biomass waste dissociation
{410}

o

Apply heat o the compounds to dissociate carbon from the
hydrogen
(428}

%
Cotlect carbon for use in production of carbon-based durable

goods
{430}

\

;

Collect hydregen for use as a constituent or for producing
renewable fust
{440}

FiG. 4
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500G \ m

Receive aloohols generated from biomass waste dissociation
{510}

ol seersh

Apply energy to the alcohols to generate DME or DEE
{520}

Convert DME by de-hydration info polymer precursors, such as

sthylensg or propyiene
{536}

H

i
i

Ganerate polymers using sthylene or propylene
{540

Sfrrrrssssssorroos

Produce durable goods using the polymers
{550}

N
N
N
N
é

End H
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10422
1000 ™
L% Start
¥

Transporting produced hydrogen and carbion containing fue!
mixiure 1o a destination
18310

Praheating the hydrogen and carbon containing fuel mixture using
countercurrent heat exchange produced from dissockation that
produced the hydrogen and carbon cordaining fusl mixturs
1020

3

v

Applving additional heat to the | ydmger and carbon containing
fuel mbdure {o cause pracipitation of carbon and release of heated
hydrogen
1030

v

Colecting the heated hydrogen for countercurrent heat exchange
o advancing hydrogen and carbon containing fusl mixture
1040

Collect precipitated carbon
1

e aaa Saaa G0AM  SAM 00N GMAN  NAaR - AAAY  AMWYY REY MM RV NTIV YTTTY NN NNTS e e o vl st

st "1(.? a portion of the collected carbon or hydrogen {o generate E
heat used to dissociate the hydrogen and carbon confaining fuel |
ribxture to obtain carbon and hydrogen 5

1060 '
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Receiving bomass waste for conversion to hydrogen and carbon

containing fuel subsiance
1502

Y

Breaking down the biomass waste and compacting the broken
down biomass waste
1504

!
A

Using regenerative dissoeciation, drving the blomass material and
converting dried biomass material into hydrogen and carbon
containing fuel subsiance
1506

v

Separating carbor producis from hydrocarbons
1508
¥
Transporiing hydrogen and carbon containing fusl substance {o
ong or more remote locations
G

.
5]
ey

i rrnsrs

Separating hydrogen and carbon pontaining substance, such as
methane into hydrogen and carbon products
1512

tiffrrrors

Using produced hydrogen in engines or fuel cells in varfous
applications
1514

{ End ;
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Comvarsion of carbon diokide into plant Ussue by photosynthesis
{1802}

:

Conversion of plant {issue into carbon enhanced durable goods
and hydrogen
{1804}
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Coliection of nitrogen and/or carbon dioxide from one of the
atmosphere or more concentrated sources for reaction with the
hydrogen {o produce Sguid fuels sultable for replacement of fossi
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