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(57) Abstract: A method, apparatus, and system for a solar-driven bioretinery that may include a entrained-flow biomass feed sys-
tem that is feedstock flexible via particle size control of the biomass. Some embodiments include a chemical reactor that receives
concentrated solar thermal energy from an array of heliostats. The entrained-tflow biomass feed system can use an entrainment car-
rier gas and supplies a variety of biomass sources fed as particles into the solar- driven chemical reactor. Biomass sources in a raw
state or partially torrified state may be used, as long as parameters such as particle size of the biomass are controlled. Additionally,
concentrated solar thermal energy can drive gasification of the particles. An on-site tuel synthesis reactor may receive the hydro-
gen and carbon monoxide products from the gasification reaction use the hydrogen and carbon monoxide products in a hydrocar-
bon fuel synthesis process to create a liquid hydrocarbon fuel.
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SYSTEMS AND METHODS FOR BIOMASS GRINDING AND
FEEDING
RELATED APPLICATIONS
[001] This application claims the benefit of both U.S. Provisional
Patent Application Serial No. 61/248,282, filed October 2, 2009 and
entitled “Various Methods and Apparatuses for Sun Driven

Processes,” and U.S. Provisional Patent Application Serial No
61/185,492, titled “VARIOUS METHODS AND APPARATUSES FOR
SOLAR-THERMAL GASIFICATION OF BIOMASS TO PRODUCE
SYNTHESIS GAS” filed June 9, 2009.

NOTICE OF COPYRIGHT

[002] A portion of the disclosure of this patent document contains

material that is subject to copyright protection. The copyright owner
has no objection to the facsimile reproduction by anyone of the
software engine and its modules, as it appears in the Patent and
Trademark Office Patent file or records, but otherwise reserves all

copyright rights whatsoever.

FIELD OF THE INVENTION

[003] Embodiments of the invention generally relate to systems,

methods, and apparatus for refining biomass and other materials.
More particularly, an aspect of an embodiment of the invention
relates to solar-driven systems, methods, and apparatus for refining

biomass and other materials.

BACKGROUND OF THE INVENTION

[004] Biomass gasification is an endothermic process; energy

must be put into the process to drive it forward. Typically, this is
performed by partially oxidizing (burning) the biomass itself. Between
30% and 40% of the biomass must be consumed to drive the

process, and at the temperatures which the process is generally
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limited to (for efficiency reasons), conversion is typically limited,
giving still lower yields. In contrast, the proposed solar-driven
biorefinery uses the external source of energy (solar) to provide the
energy required for reaction, so none of the biomass need be
consumed to achieve the conversion. This results in significantly
higher yields of gallons of gasoline per biomass ton than other
technologies. As the energy source being used to drive the
conversion is renewable and carbon free. Also, chemical reactors
are generally engineered to operate at constant conditions around

the clock rather than on a cyclic basis.

SUMMARY OF THE INVENTION

[005] Some embodiments relate to a solar-driven bio-refinery with

an entrained-flow biomass feed system. The system may be
feedstock flexible via at least particle size control of the biomass
refined. One example system includes a chemical reactor and an on-
site fuel synthesis reactor. The chemical reactor may be aligned to
receive concentrated solar thermal energy from an array of heliostats,
solar concentrating dishes, or a combination of both. This energy
can be used to refine the biomass.

[006] In some embodiments, the entrained-flow biomass feed
system uses an entrainment carrier gas and supplies a variety of
biomass sources fed as particles into the solar-driven chemical
reactor. The variety of biomass sources may include three or more
types of biomass that can be fed, individually or in combinational
mixtures as long as a few parameters are controlled, including
particle size of the biomass supplied by the feed lines, without having
to change the components making up the feed system. These
sources can include rice straw, rice hulls, corn stover, switch grass,
non-food wheat straw, miscanthus, orchard wastes, sorghum,
forestry thinning, forestry wastes, source separated green wastes

and other similar biomass sources. Additionally, the biomass
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sources may be used in a raw state or partially torrified state as long
as a few parameters are controlled such as the particle size. In some
cases, food stock biomass might also be processed.

[007] One or more feeding vessels are in the biomass feed
system to each supply a tube subset of two or more reactor tubes in
the solar-driven chemical reactor. The feeding vessel has one or
more outlets configured to supply a consistent volumetric amount of
biomass particles within 10 percent of the demand signal amount
when distributing biomass particles to the two or more reactor tubes.
[008] In some embodiments, concentrated solar thermal energy
drives gasification of the particles of the biomass to generate at least
hydrogen and carbon monoxide products from the gasification

reaction.

BRIEF DESCRIPTION OF THE DRAWINGS

[009] The drawings refer to embodiments of the invention in

which:

figure 1 illustrates a block diagram of an embodiment of
an example process flow;

figure 2 illustrates a diagram of an embodiment of an
example multiple tube reactor;

figure 3 illustrates a diagram of an embodiment of an
example solar tower with receivers and heliostat field;

figure 4 illustrates a graph of an embodiment of particle
size distribution of some example biomass types;

figure 5 illustrates a diagram of an embodiment of a
solar thermal receiver with gasifier reactor tubes;

figures 6a and 6b illustrate block diagrams of
embodiments of a feed system;

figure 7 illustrates a diagram of an embodiment of a

solar-driven bio-refinery;
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figure 8 illustrates a flow diagram of an embodiment of

the system.

[0010] While the invention is subject to various modifications and
alternative forms, specific embodiments thereof have been shown by
way of example in the drawings and will herein be described in detail.
The invention should be understood to not be limited to the particular
forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and

scope of the invention.

DETAILED DISCUSSION

[0011] In the following description, numerous specific details are

set forth, such as examples of specific data signals, named
components, connections, number of reactor tubes, etc., in order to
provide a thorough understanding of the present invention. It will be
apparent, however, to one of ordinary skill in the art that the present
invention may be practiced without these specific details. In other
instances, well known components or methods have not been
described in detail but rather in a block diagram in order to avoid
unnecessarily obscuring the present invention. Further specific
numeric references, such as first reactor tube, may be made.
However, the specific numeric reference should not be interpreted as
a literal sequential order but rather interpreted that the first reactor
tube is different than a second reactor tube. Thus, the specific
details set forth are merely exemplary. The specific details may be
varied from and still be contemplated to be within the spirit and scope
of the present invention. The term coupled is defined as meaning
connected either directly to the component or indirectly to the
component through another component.

[0012] In general, the solar-driven bio-refinery includes an
entrained-flow biomass feed system. The system may be feedstock
flexible via at least particle size control of the biomass without having
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to change the components making up the feed system. One
example system includes a chemical reactor, one or more a feeding
vessels, and an on-site fuel synthesis reactor. The chemical reactor
may receive concentrated solar thermal energy from an array of
heliostats and this energy can be used to refine the biomass. A
heliostat is generally a device that tracks the movement of the sun
and typically utilizes a mirror to redirect sunlight toward a stationary
target or receiver such as a solar thermal tower.

[0013] Some embodiments relate to the entrained-flow biomass
feed system that uses an entrainment carrier gas and supplies a
variety of biomass sources fed as particles into the solar-driven
chemical reactor. The variety of biomass sources may include three
or more types of biomass that can be fed, individually or in
combinational mixtures. These sources can include rice straw, rice
hulls, corn stover, switch grass, non-food wheat straw, miscanthus,
orchard wastes, forestry wastes, sorghum, source separated green
wastes and other similar biomass sources. Additionally, the biomass
sources may be used in a raw state or partially torrefied state as long
as a few parameters are controlled such as the particle size. A
feeding vessel, such as a lock hopper, in the biomass feed system
supplies a tube subset of two or more reactor tubes in the solar-
driven chemical reactor. Although this design applies to a wide
variety of chemical reactors, this discussion for sake of brevity and
clarity focuses on the synthesis of methanol from syngas.

[0014] In some embodiments, concentrated solar thermal energy
drives gasification of the particles of the biomass to generate at least
hydrogen and carbon monoxide products from the gasification
reaction.

[0015] Figure 1 illustrates a block diagram of an embodiment of
an example process flow. Some embodiments encompass a solar-
driven-biomass gasification to liquid fuel/electrical process. The
process might also include generation, chemical processing, or bio-
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char, for solar generated syngas derivative product or other similar
technical process. In a specific example implementation the process
described is a solar-driven-biomass gasification to ‘green’ liquid fuel
process. In an embodiment, this process includes one or more of the
following process steps.

[0016] Biomass grinding or densification, transport, and then
offload 100 may be part of the overall process. Bales of the biomass
can be compressed and densified by a compactor to facilitate
transport to on-site via the densification achieved by the compression
and the bales are sized to dimensions that may, for example, fit
within a standard box car size or shipping container size to fit within
standard compactor size. The entrained-flow biomass feed system
can be preceded by a grinding system equipped with mechanical
cutting device and a particle classifier, such as a perforated screen or
a cyclone, to control the size of the particles that are then fed into
and gasified in the solar-driven chemical reactor.

[0017] Equipment generally used for grinding biomass includes
impact mills (e.g. hammer mills), attrition mills, and kinetic
disintegration mills-KDS (e.g. flail mills). A hammer mill system,
KDS, or similar system can be used to grind the bales (loaded by
conveyer) into particles, which are to be fed into the solar thermal
gasifier. The ground particles have an average screen size between
500 microns (um) and 1000 um in diameter, and are loaded into, a
silo with a standard belt conveyer or with a positive or negative
pressure pneumatic conveying system. The ground particles may
also have an average screen size between 50 microns (um) and
1000 um, 50 microns (um) and 200 um, 50 microns (um) and 2000
um and various combinations.

[0018] The biomass may then be stored 102. As needed, the
biomass will be fed 104 into an example solar-driven chemical
reactor via a feed system. For example, after grinding and
pulverizing the biomass to particles, a lock-hopper feed system feeds
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the particles of biomass into the solar-driven chemical reactor to be
gasified. The feed system can supply the variety and types of
biomass particles discussed above.

[0019] A solar receiver and gasifier 106 may be used to thermally
decompose the biomass. An example biomass gasifier design and
operation can include a solar chemical reactor and solar receiver to
generate components of syngas. Various heliostat field designs and
operations to drive the biomass gasifier might be used. Some
example designs may include a solar concentrator, secondary
concentrator, focused mirror array, etc. to drive biomass gasifier 110.
[0020] Quenching, gas clean up, and ash removal from biomass
gasifier 108 may be provided for. Some non-pilot syngas may exit
the system 112. Some gasses may be a waste product, while other
gasses can be compressed 114 prior to storage 118 or e.g.,
methanol synthesis 116. Methanol may then be stored 120 for later
methanol to gasoline conversion 122.

[0021] In various embodiments, synthesis gas may be feed to
another technical application. Examples include a syngas to other
chemical conversion process. The other chemical of chemicals
produced can include liquefied fuels such as transportation liquefied
fuels. Some transportation liquefied fuels include jet fuel, DME,
gasoline, diesel, and mixed alcohol, bio-char with a high sequestered
amount of carbon; chemical production, electricity generation,
synthetic natural gas production, heating oil generation, and other
similar syngas based technical applications. In an example
hydrocarbon based fuel, e.g., methanol, 116 may be formed from
syngas. The methanol may be further converted to gasoline or other
fuels 122 and various products may be separated out from the
gasoline 124 or syngas. These products, e.g., gasoline, may then be
stored for later use as an energy source.

[0022] In one example, the solar-driven biorefinery may have a

throughput of no less than one dry ton per day of cellulosic biomass
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from a region with abundant sources, such as California, that will
produce “green” gasoline. Solar thermal energy may be used to drive
gasification of biomass, upgrading the heating value of the feedstock
with a renewable energy source, while allowing operation at
temperatures where tar formation is negligible. Feedstock carbon
yield to “green” gasoline is estimated to be at least 30% higher in
comparison to conventional thermochemical partial gasification
processes since none of the biomass is oxidized for heating value.
Synthesis gas will be processed using proven catalytic processes into
intermediate methanol, and then subsequently into gasoline via the
MTG process. Alternatively the product gas will be catalytically
converted into a liquid fuel such as transportation diesel or aviation
fuels via GTL Fischer-Tropsch process. The biorefinery may be built
in an area having ample solar irradiation and proximity to a variety of
biomass feed stocks.

[0023] In one embodiment, an on-site fuel synthesis reactor has
an input to receive the hydrogen and carbon monoxide products from
the gasification reaction and configured to use the hydrogen and
carbon monoxide products in a hydrocarbon fuel synthesis process
to create a liquid hydrocarbon fuel. For example, synthesis gas may
be processed using many different technical applications as
discussed above. For example the solar generated syngas can be
used with proven catalytic processes into intermediate methanol, and
then subsequently into gasoline via the MTG process. In one
embodiment, the biorefinery will be the first solar unit integrated with
a downstream liquid transportation fuels plant. Thus, the fuel
synthesis reactor may be geographically located on the same site as
the chemical reactor and integrated into the process to utilize the
hydrogen and carbon monoxide products from the gasification
reaction.

[0024] In some embodiments, the entrained-flow biomass feed

system 104 includes a computerized control system configured to
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balance the amount of biomass particles flowing in each of the
reactor tubes to an amount of solar energy available. For example, a
2-phase control system receives a signal from the computerized
control system to control flow in the individual reactor tubes by
controlling a rotational rate of a screw of a lock hopper feeding the
biomass, a rotational rate of airlock type metering device, changing
an amount of reactor tubes participating in the gasification reaction,
controlling an amount of output/ports supplying biomass, an amount
of compression of a flexible pipe section applied to each individual
feed line that the biomass particles are flowing through, and other
example combinations. As noted, these biomass feedstock
resources can include energy crops such as miscanthus and
switchgrass, which are high-impact and high-yield energy crops. A
biomass with low lignin content will make it easier to gasify and
process in the solar gasifier.

[0025] Moving the biomass from the field into the reaction zone of
the solar gasifier can include a number of steps, such as biomass
densification, biomass transport, biomass offload, and biomass
storage.

[0026] The biomass, such as rice straw, corn stover, high
biomass sorghum, switchgrass, miscanthus, bales can be
compressed to make transportation via the densification more
economical. Compression allows very high loadings on the train cars
and trucks.

[0027] Transport biomass to site 100 occurs 1) with the biomass
aggregated in the field as bales, 2) the bales are then compressed,
and 3) these bales are loaded into shipping containers for transport.
Alternatively, torrefaction of the biomass may be implemented to
densify energy content per unit weight of biomass hence reduce the
effective shipping cost. Physical location in US may play a large part
in what feedstock we use due to shipping and availability issues. The
bales are loaded into standard shipping containers by forklift and
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transported by rail to the site. The densification achieved by
compression allows high loadings on the train cars and/or trucks,
greatly reducing transportation costs. This allows lower cost
transportation of biomass from highly fertile regions to the arid desert
regions where the solar facilities will be located.

[0028] The biomass materials are offloaded at the plant site,
ground in a hammer mill, and fed across a pressure barrier into the
entrained flow reactor. At the solar-driven biorefinery, the biomass is
unloaded and stored in a covered shed. The biomass storage is at
the base of the solar tower for best accessibility to the grinding and
the feeding systems. In some biomass, spoilage only occurs in 1%-
3% of delivered straw and grass feed stocks. Spoilage will be tested
in a delivery burn test at the primary grinding site, with rejection of
spoiled biomass occurring before grinding.

[0029] Figure 2 illustrates a diagram of an example multiple tube
chemical reactor 200 that may be used in a solar-driven system.
Reactor 200 has multiple reactor tubes 202, 204, 206, 208 and a
separate entrainment line may be used for each of the gasifier
reactor tubes 202, 204, 206, 208 in the chemical reactor 200. This
may allow for independent temperature control and balancing of the
amount of particles of biomass flowing in each of the gasifier reactor
tubes 202, 204, 206, 208 in the multiple-tube solar-driven chemical
reactor 200.

[0030] Multiple example feeding vessels and systems will be
described herein. An example system will be described below and
more in figure 6. An objective of the feeding system is to feed as
many reactor tubes as possible with the fewest number of feeding
vessels such as lock-hopper systems. The lock hopper and injection
vessels are pressure vessels, and thus expensive. Also, the more
lock-hopper systems the system has, the distribution of ground

particles of biomass then becomes more elaborate and complex.
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[0031] An example lock hopper rotary feed system has an output
to distribute the particles of biomass to the gasifier reactor tubes 202,
204, 206, 208. The rotary feed system, such as a Rotoscrew® in
combination with a fluid bed splitter can allow for balanced feeding to
individual reactor tubes 202, 204, 206, 208. An additional auger may
be mounted in the lock hopper to aid the flow of the biomass into the
Rotoscrew®. The feed rate of the biomass particles is controlled by
a weight measuring metering device, such as load cells, and by the
rotational speed of the Rotoscrew® set by a device such as variable
frequency drive (VFD). The Rotoscrew® may be located at the base
of the lock hopper and its rotational speed can be controlled by a
computerized control system to respond to feed demand of the
system. The control system may operate in a networked
environment using logical connections to one or more remote
computers, such as a remote computer. The control system
hardware may be one or more of a Programmable Logic Controller,
via different data communication protocols using Personal Computer,
Macintosh, CNC, neural nets, analog devices, with accompanying
software applications and algorithms scripted to perform various
functions, or various combinations of these systems. In an
embodiment, the computerized control system controls the feed rate
of biomass particles in the solar-driven chemical reactor based on an
amount of solar energy available indicated by sensors including
temperature sensors and/or light meters, temperature of the reactor
tubes indicated by one or more temperature sensors, particle size
and type of biomass being used, and other parameters supplied to
the computerized control system such as product yield and
composition.

[0032] The system may be feedstock flexible because the
gasification energy is external to the biomass itself. The biomass is
not combusted, and a combustion reaction does not need to be

managed at the same time as the gasification reaction; thus,
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eliminating the need for a specialized reactor geometry for each type
of biomass.

[0033] The solar-driven bio-refinery can include a solar-driven
chemical reactor that has a cyclic operation rather than a continuous
steady state operation. One or more sensors indicate an amount of
solar energy available during the cyclic operations. The
computerized control system receives a feedback signal from a set of
sensors, including the solar energy sensors. The computerized
control system controls the feed rate of the particles of biomass
material into the two or more reactor tubes with well controlled feed
rates that respond to changing of the feed rate of the biomass
material based on changing solar availability given as feedback to the
computerized control system by the solar energy sensors.

[0034] Figure 3 illustrates a diagram of an example solar tower
300 with receivers 302 and heliostat field 304. In some embodiments
solar tower 300 may be used to from a solar-driven bio-refinery with
the entrained-flow biomass feed system. The feed system can be
feedstock flexible via, for example, particle size control of the
biomass.

[0035] A solar-driven chemical reactor 306 receives concentrated
solar thermal energy from an array of heliostats 304. The chemical
reactor 306 can be, for example, a multiple reactor tube, downdraft
chemical reactor, which receives concentrated solar thermal energy
from the array of heliostats 306.

[0036] A solar tower 300 may form a portion of a solar-driven bio-
refinery that may also include a biomass feed system that has
balancing of the feed lines to each of the reactor tubes in a multiple
tube chemical reactor. For example, biomass may be fed to the solar
reactor in an operation including three parts: biomass transport and
preparation for feeding to the solar tower reactor, biomass transport
to the top of the, e.g., 500+ foot tower, and distribution into the
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specific downdraft tubes of the reactor. The distribution may be
performed via multiple stages.

[0037] In some embodiments, the system uses an entrainment
gas to convey particles from the ground into the tubes. In this
design, that entrainment gas, which may be hydrocarbon gas, such
as Low Pressure Gas (LPG), natural gas, methane, etc., H20
steam produced with energy recovered from waste heat in the plant,
or CO2 recycled from the amine unit, may be used as the purging
gas in the lock hopper. The pressurization can be provided by for
example, recycled carbon dioxide from the amine acid gas removal
step or dry steam heated by waste heat from products coming out of
the chemical reactor. The biomass may be pressurized up to 75 psig
(15-75 psig range), for example. The pressurized biomass may then
be entrained in the steam or other carrier gas, and fed up the tower
to the solar thermal gasifier.

[0038] For example, the particles of biomass are pre-heated prior
to entry into the chemical reactor by the entrainment carrier gas. The
entrainment carrier gas is at least one of carbon dioxide gas and
steam, which is heated by waste heat from the reaction products of
the gasification reaction coming out of the chemical reactor by a
counter flow heat exchanger using the waste heat as its heat source
to heat the entrainment carrier gas up to a maximum temperature of
300 degrees C. The entrained-flow biomass feed system can include
a computerized control system configured to balance the amount of
biomass particles flowing in each of the reactor tubes to an amount of
solar energy available via, for example, a 2-phase control system to
control flow in the individual reactor tubes. One or more detectors
may indicate to the computerized control system an amount of solar
energy available in different areas of the chemical reactor to guide a
distribution of the biomass particles flowing in each of the reactor
tubes. Alternatively, the feed can be distributed evenly among the

tubes within subsets of tubes and the biomass supply to the solar
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receiver can be controlled by engaging different numbers of tube
subsets.

[0039] The control system balances the amount of biomass
particles flowing into each of the reactor tubes to an amount of solar
energy available by 1) controlling a rotational rate of a screw of a lock
hopper feeding the biomass where all the tubes in the tube subset
have their feed rate simultaneously turned up or turned down, 2)
where of the multiple reactor tubes is split into two or more groups of
tube subsets and varying an amount of the reactor tube-subsets
participating in the gasification reaction by turning on or turning off a
flow of particles of biomass from the feed vessel to the reactor tubes
making up a tube subset, or 3) a combination of both.

[0040] In some embodiments, onsite biomass storage can have
bales stored at the base of the solar tower for best accessibility to the
feeding and grinding systems. Biomass bales are stored in a silo
type structure with bale moisture content between 5-50% with a
typical range between 10% and 14%. The biomass, such as rice
straw, rice hulls, corn stover, etc. bales can be stored onsite in a
Biomass Storage unit located at the base of the solar tower for best
accessibility to the feeding system.

[0041] In some embodiments, the gasification of the biomass
occurs in two phases. An important aspect of the initial phase of
gasification is that it is relatively fast at low temperatures and
extremely fast at high temperatures, with completion in 0.1-0.3
seconds at least 600 °C. Thus, this primary phase can be completed
quickly in the aerosol reactor, and the remaining char and tars can
heat up to temperatures of at least 950 °C where their gasification
can be completed. The char gasification phase is the slowest
reaction step of the solar biomass gasification process but is
possible with short residence times at these temperatures.

[0042] Figure 4 illustrates cumulative particle size distributions.

The graph illustrates the weight percentage below Y% for a given
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screen size in microns. Four example materials are illustrated with
the corresponding milling power requirements: knife-chopped rice
straw at 48 kilowatt-hours per ton in a hammer-mill, knife-chopped
rice straw with an unknown energy value per ton in KDS, miscanthus
stems at 35 kilowatt-hours per ton in a hammer-mill, and pelletized
rice straw at 190 kilowatt-hours per ton including energy for both
pelletization and grinding. The grinding system and the feed system
may supply the various biomass types.

[0043] The smaller the size of the particle of the various types of
biomass, the less difference in the way the feed system and reactor
view particles from different types of biomass. The average size of
ground particles may be correlated to filter particle size used in
standard filter ranges.

[0044] Biomass particle size is a parameter that can impact
performance of this solar-driven gasifier reactor. Through the mass
transfer coefficient and residence time, biomass particle size controls
intrinsic biomass reactivity and imposes specific solids handling
constraints. In general, there is a trade-off between particle size
range required by gasification kinetics, and the capital and operating
costs associated with providing target biomass size reduction. In
addition, the final material properties affect transportation cost (bulk
density) as well as the cost of conveyers, bins, hoppers, and required
energy for high pressure pneumatic transport. Based on the kinetic
experiments described herein, the particle size required for the
process may be generally between 50 um and 2000 um, for example.
[0045] The entrained-flow biomass feed system can include a
gas source for an entrainment carrier gas and one or more feed lines
to supply a variety of biomass sources that may be fed as particles
into the solar-driven chemical reactor. In some embodiments, the
variety of biomass sources feedable by the feed system without
major configuration changes includes the below described three or
more of the types of biomass.
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[0046] The variety of biomass sources may include rice straw,
rice hulls, corn stover, switch grass, non-food wheat straw,
miscanthus, orchard wastes, forestry wastes, source separated green
wastes and other similar biomass sources. These biomass sources
may be in a raw state or partially (torrefied) state, as long as a few
parameters such as particle size are controlled. Concentrated solar
thermal energy can drive the gasification of the particles of the
biomass in the solar-driven chemical reactor to generate hydrogen,
carbon monoxide, and perhaps other gases from the gasification
reaction.

[0047] The biomass may be fed into an example solar
gasification system using an entrained-flow biomass feed system that
includes a computerized control system. Such a computerized
control system can control the biomass flow rate for the particle size,
type of biomass, and current estimated temperature in each reactor
tube. For example, the temperature may be selected to achieve from
the gasification reaction a greater than 90 percent conversion of the
biomass particles to at least hydrogen and carbon monoxide
products with low to zero tar of less than 50 mg/Nm”3. In an
embodiment, the tar content may be less than 200 mg/Nm*3.

[0048] The solar gasification process can be feedstock flexible
and may be able to leverage a wide variety of biomass types.
Generally, the reactor will be feedstock flexible as long as the particle
size is controlled. The feed system is less sensitive to the type of
feedstock used. Also, types of biomass can be selected based on
parameters of the amount of moles of H2, CO, and CO2 gas
produced from the gasification per ton, different ash content, and
availability in quantity to be a renewable source of biomass to support
consumption demands of transportation industry.

[0049] Figure 5 illustrates a diagram of a solar thermal receiver
500 with gasifier reactor tubes 502. The solar thermal receiver 500

can form a portion of a solar-driven bio-refinery. In some
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embodiments, the solar thermal receiver 500 can be a solar-driven
chemical reactor that has multiple reaction tubes in a downdraft
orientation. Additionally, the feed system may feed biomass particles
into the multiple reaction tubes 502, in which the particles of biomass
may be gasified in the presence of steam in a gasification reaction
zone at a temperature exceeding 950 degrees C from the exit of the
gasification reaction zone of the reactor tubes. At least hydrogen and
carbon monoxide products are generated from the gasification
reaction.

[0050] In some embodiments, the entrained-flow biomass feed
system may include a device such as a Bulkmatology™ Pelletron
Flow Enhancer™, which may control an amount of entrainment gas
carrying the particles of biomass to a gasification reaction zone of the
reactor tubes by leaking out a portion of the carrier gas just prior to
an entrance to a gasification reaction zone of the reactor tubes,
thereby increasing the biomass-to-carrier gas weight ratio at the
entrance to the reactor tubes. For example, the entrained solids of
biomass-to-carrier gas ratio at the entrance of the reactor tubes may
be as much as three times its counterpart in the conveying lines
upstream of Pelletron Flow Enhancer™.

[0051] In some embodiments, a reduction in the carrier gas flow
rate can occur near the top of the reactor tubes in the downdraft solar
thermal receiver allowing unimpeded inertia-driven flow of dispersed
particles into the reactor tubes. Additionally, in various embodiments,
an outlet of each of the feed lines can be configured to control a
desired dispersion pattern of the biomass particles into its
corresponding reactor tube to maximize radiation absorption by the
particles when injected into the reactor tube based on a shape and
width of the outlet of the feed line pipe carrying the biomass particles
to its corresponding reactor tube.

[0052] Figures 6a and 6b illustrate block diagrams of
embodiments of the entrained-flow biomass feed system 600.
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Different types of feed systems may be used in conjunction with a
biomass reactor, for example, drop tube, total solid feed into the
reactor, slurry feed into the reactor, a moveable bed in the reactor, or
combinations of these schemes. One or more feeding vessels in the
biomass feed system supply two or more reactor tubes in the solar-
driven chemical reactor. Each of the feeding vessels has one or
more outlets configured to supply a consistent volumetric amount of
biomass particles within 10 percent of the demand signal amount
when distributing biomass particles to the two or more reactor tubes.
For example, the injection rate to each injection point into carrier gas
lines is within +/-10% of the desired demand signal amount. In an
embodiment, each of the feeding vessels has one or more outlets
configured to supply a consistent volumetric amount of biomass
particles within 5 percent of the demand signal amount when
distributing biomass particles to the two or more reactor tubes for a
tighter controlled system. In an embodiment, each of the feeding
vessels has one or more outlets configured to supply a consistent
volumetric amount of biomass particles within 20 percent of the
demand signal amount when distributing biomass particles to the two
or more reactor tubes for a system more tolerant of particle size.
[0053] One example solar-driven bio-refinery may include the
entrained-flow biomass feed system 600 that includes or otherwise
cooperates with a grinding system. The grinding process 603 and
feed process may be 1) processes separated in time and completed
independently of the other process or 2) a continuous process of the
where the grinding process 603 occurs and immediately feeds
biomass into the feed system and then into the chemical reactor.
[0054] An objective of the feeding system is to feed as many
reactor tubes as possible with the fewest number of feeding vessels
such as lock-hopper systems. The reactor tubes fed by a single lock-
hopper system can be referred as tube subset. Therefore, the total

number of the reactor tubes in the solar receiver in some
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embodiments may be the product of the number of lock-hopper
systems and the number of tubes in the tube subset. A lock-hopper
system may comprise of either a single isolating lock-vessel followed
by the injection vessel or of a pair of injection vessels operating
sequentially — as one discharges the other fills.

[0055] One or more combinations of the following example
feeding vessels can achieve feeding multiple reactor tubes within a
tube subset by a single lock-hopper system. The feeding vessel may
use an Auger/Screw feeder or an airlock-type rotational solids
feeding/rate metering device. A screw feeder type that controls
biomass particle feeding/rate will be discussed and a RotoScrew™
will be given as a common example of this type. An airlock-type
rotational metering device that controls biomass particle feeding/rate
and uses entrainment gas to carry solids along the axis of rotation will
be discussed and a RotoFeed™ will be given as a common example
of this type.

[0056] An embodiment of the feeding vessel has the injection
vessel configured to discharge ground particles of biomass through a
multiplicity of single-outlet rotational feed devices, such as the screw
feeder type or the airlock type, that provide a consistent volumetric
federate, each feeding separate biomass entrainment lines. The
rotational speed of each of the rotational feed devices is controlled
independently. Each of the rotational feed devices feeds a separate
reactor tube.

[0057] An embodiment of the feeding vessel has the injection
vessel configured to discharge ground particles of biomass via a
multi-outlet rotational device such as a (RotoFeed™). All the outlets
have the same nominal biomass feed rate controlled by the rpm on
the RotoFeed™.

[0058] An embodiment of the feeding vessel has the injection
vessel configured to discharge ground particles of biomass via a

single-outlet rotational device (RotoFeed™ or RotoScrew™) to the
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main pneumatic conveying line equipped with a fluid-bed splitter,
which then without any moving parts evenly splits the incoming main
biomass feed into a number of feed lines, each feeding a single tube
of the tube subset. All the splits into the feed lines have the same
nominal biomass feed rate controlled by the revolutions per minute
on the RotoFeed™ or RotoScrew™.

[0059] The grinding system 603, such as a hammer mill system,
KDS, etc. may have a conveyer bringing biomass potentially in bales,
which are debaled via a bale cutter/debaler, and then grinds the de-
baled biomass into particles via a mechanical cutting device
cooperating with a set of filters with specific sized holes in the filters.
The grinding system 603 generates particles that have an average
smallest dimension size between 200 um and 2000 um, such to fit
through the holes in the filters, with a general range of between 500
um and 1000 um. The primary particles are then loaded into a lock
hopper system 601 with a standard belt or pneumatic conveyer. The
lock hopper system may have one or more injection vessels. The
lock hopper 604 has one or more output ports to then feed the
biomass particles across a pressure boundary into the pressurized
entrainment carrier gas for feeding one or more feed lines into in the
solar-driven chemical reactor.

[0060] In some embodiments, the grinding equipment 603, for
example, hammer mills and flail mills provide biomass material
reliably in the entire particle size range of interest for solar gasifier.
The grinding system 603 may be equipped with a classifier such as a
series perforated screens followed by a cyclone at the outlet, in order
to control the outlet particle size of the biomass to be between 50 um
and 2000 um, with a general range of 500 um to 1000 um. Thus, the
morphology of the biomass in conjunction with the specifics of the
grinding equipment can be controlled for reaching a certain biomass
particle size. For example, in some systems, the re-ground particles



WO 2010/144542 PCT/US2010/037923
21

having an average size between 50 um and 2000 um are then loaded
into the lock hopper system with a standard belt conveyer.

[0061] As illustrated in FIGs. 6a and 6b, the entrained-flow
biomass feed system 600 can include a pressurized lock hopper 604
that feeds the biomass to a rotating metering feed screw 602 and
then into an entrainment gas pipe at the lock hopper exit 606. The
particles of the biomass are distributed into multiple entrainment gas
lines by a flow splitter to feed the two or more reactor tubes making
up the solar-driven chemical reactor.

[0062] One or more methanol units may be in the on-site fuel
synthesis reactor. The gas source 610 may supply a hydrocarbon
gas, pressurized dry steam, or other gas as the entrainment carrier
gas for the entrained-flow biomass feed system. Note, the
pressurized dry steam can be generated from waste heat recovered
from at least one of 1) the hydrocarbon fuel synthesis process in the
on-site fuel synthesis units and 2) the reaction products from the
gasification reaction coming out of the solar-driven chemical reactor.
[0063] The solar-driven bio-refinery may also include the
entrained-flow biomass feed system 600 having a lock-hopper
equipped with a single multi-outlet RotoFeed™ that simultaneously
feeds the particles of the biomass into one or more pressurized
entrainment gas lines that feed the solar-driven chemical reactor.
The gas source 610 may also supply pressurized entrainment gas in
the form of recycled carbon dioxide from an amine acid gas removal
step in the hydrocarbon fuel synthesis process. The multi-outlet
RotoFeed™ provides and controls an amount of distribution of the
particles of the biomass to the one or more pressurized entrainment
gas lines that feed the two or more reactor tubes in the solar-driven
chemical reactor.

[0064] In some embodiments, the entrained-flow biomass feed
system 600 includes a lock-hopper equipped with a single multi-outlet

RotoFeed™ pneumatic splitter system. The multi-outlet RotoFeed™
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is configured to simultaneously split biomass feed among up to
twelve feed gas entrainment lines from a single lock hopper.

[0065] The entrained-flow biomass feed system 600 can include
a multi-outlet lock hopper with a number of metering rotating screws
to feed each of the separate feed lines. The feed rate is controlled
by each feed line’s metering screw and controlling the rotational
rate of the screw at the base of the lock hopper, which responds to a
feed demand signal from a computerized control system, and the
computerized control system controls a flow rate of particles of
biomass in the solar-driven chemical reactor based on an amount of
solar energy available indicated by sensors for the chemical reactor
including temperature sensors and/or light meters.

[0066] High pressure feeding of solids of biomass with
gasification at pressure may reduce capital cost due to the ability to
use smaller compressors in the post-gasification MTG or GTL
processes.. Additionally, operating cost may be reduced because
energy for pressurizing carrier gas comes from the sun, as opposed
to from electricity. The lock hopper system can feed the reactor
processes at pressure. For example, the feeding system can entrain
the biomass materials in steam at high pressure, successfully
disengage the particulates in the cyclone system, and distribute flow
appropriately to the reactor tubes. Alternatively, the high-pressure
entrainment gas can be used in the form of natural gas that is
supplied at elevated pressure in which case the methane component
of the entrainment gas may be reformed with the steam to provide
additional amounts of carbon monoxide and hydrogen. Moreover,
because of the methane being reformed with steam simultaneously
with biomass gasification the methane to biomass feed ratio can be
used as means of controlling the quality of the product syngas.
[0067] The computer control system may determine the
temperatures, and control the residence times and the amount of

particles traveling through the downdraft reactor at a particular time to
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achieve high conversion, and may lead to almost complete
gasification of the biomass, including lignin fractions. Due to intrinsic
variability in the available solar energy, the biomass feed rate for a
given amount of concentrated solar energy from the concentrating
field needs to be controlled by the computer control system to adjust
biomass in verses the heat sink effect in the solar receiver and
reactor of the biomass in the reactor tubes using the heat of the
receiver and reactor to drive the gasification reaction; and thus, a
balancing of mass in to supplied energy occurs to keep the target set
point reactor tube temperature in a controlled temperature range. In
some embodiments, the computer control system may use
computational models incorporating full mass and energy balances to
predict the temperature history of the flowing particles and solar
energy distribution within the receiver cavity for reaction rate. In
some systems, the biomass particles can be fed to a multi-tube
downdraft solar thermal receiver/reactor, in which the biomass is
gasified in the presence of steam at temperatures exceeding 950-
1000 °C. For example, in some systems, the biomass can be
gasified at 1000 °C, 1150 °C, 1200 °C, and 1300 °C with residence
times ranged between 0.01 s and 5.0 s.

[0068] The computer control system may send signals to the
feeding vessel’s metering device and/or rotational device to have all
of the reactor tubes in a tube subset active and then turn up/down
feed rate in all of the reactor tubes in the chemical reactor
simultaneously. The biomass feed rate within each of the tubes may
still vary within a wide range (for example, 5:1). Note, if the
entrainment gas requirements to feed each tube are independent of
the biomass rate, the product quality (composition) may vary with the
biomass feed rate (dilution by the entrainment gas effect). The
metering devices have been designed to have a potentially high turn-

down ratio.
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[0069] The computer control system may send signals to the
feeding vessel’s metering device and/or rotational device to have
some of the reactor tubes in a tube subset active and some having
biomass particle flow turned off. The chemical reactor has the
reactor tubes operating at a nominal (or at least within a narrow
biomass feed rate range) and the signal to the feed vessel varies the
number of the tube-subsets participating in the gasification reaction.
The turn-down ratio set by the number of tube subsets and the
number of tubes per subsets is easier to control. Also, the uniform
quality of the produced reaction products is also relatively
independent of the amount of biomass supplied to the chemical
reactor.

[0070] The heat from the gasification reaction products can be
put to useful work. The system can also use a counter flow heat
exchange to heat the carrier gas up to a temperature below 300 °C
and keeping the temperature below 300 °C. By using heat
exchangers the system may recuperate waste heat from other
process areas, which can decrease the amount of concentrated light
needed to rapidly heat the biomass to a tar free temperature zone
and the need for a secondary concentrator.

[0071] Figure 7 illustrates a diagram of an embodiment of a solar-
driven bio-refinery 800. In such a system, solar power 802 may be
provided through a window or aperture 804 to a solar heated reactor
chamber 806. A quencher 808 may be used to prevent back
reaction. As illustrated, biomass particles flow into the system at 810
and syngas flows out 812. Additionally, a heat exchange may occur
between the biomass particles and the syngas.

[0072] For example, some embodiments may include a
torrefaction unit that is geographically located on the same site as the
solar-driven chemical reactor. The torrefaction unit subjects the
biomass to partial pyrolysis with recouped waste heat in a

temperature range of 100-300 °C to make the biomass 1) brittle and



WO 2010/144542 PCT/US2010/037923
25

easier to grind, 2) dryer, less sticky, and easier to feed in conveying
system, 3) subject to less spoilage issues in storage as a torrefied
biomass. The off gases from the torrefaction process can be used for
an entrainment carrier gas, or can be processed to generate steam
and/or electricity. The torrefaction unit supplies the partially
pyrolyzed biomass to the grinding system which requires less energy
to grind partially pyrolyzed biomass to the controlled particle screen
size between 500 um and 1000 um.

[0073] For example, in some embodiments, an on-site fuel
synthesis reactor 808 may receive the hydrogen and carbon
monoxide products from the gasification reaction and use the
hydrogen and carbon monoxide products in a hydrocarbon fuel
synthesis process to create a liquid hydrocarbon fuel. The fuel
synthesis reactor 806 may be geographically located on the same
site as the chemical reactor and integrated into the process to utilize
the hydrogen and carbon monoxide products from the gasification
reaction.

[0074] In an example solar-driven bio-refinery, a 2-phase control
system can also include a pinch valve system on each feed line to
each reactor tube that receives dynamic feedback from the
computerized control system to control an amount of compression of
a flexible pipe section of the feed line that the biomass particles are
flowing through. The entrained-flow biomass feed system can use an
entrainment carrier gas and supplies biomass as particles into each
of the reactor tubes of the solar-driven chemical reactor. For
example, a separate entrainment line and metering device of the
entrained-flow biomass feed system is used for each of the gasifier
reactor tubes in the chemical reactor. This can allow balancing of 1)
an amount of the particles of non-food biomass flowing to each
reactor tube to 2) a temperature of that reactor tube in the multiple
tube solar-driven chemical reactor. The concentrated solar thermal

energy drives gasification of the biomass at an exit temperature that
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may exceed 950 degrees °C to achieve a greater than 90%
conversion of biomass particles to at least hydrogen and carbon
monoxide products with low to zero tar production from the
gasification reaction in some embodiments.

[0075] As discussed above, the entrained-flow biomass feed
system supplies a variety of three or more types of biomass that can
be fed, individually or in combinational mixtures of biomass sources
fed as particles into the solar-driven chemical reactor as long as a
few parameters are controlled, including particle size of the biomass
supplied by the feed lines, without having to change the components
making up the feed system. In some embodiments, a solar-driven
bio-refinery allows for feedstock flexibility in the type of biomass
making up the particles of biomass because the design also obviates
any need for an exothermic/endothermic reaction balancing in the
chemical reactor. The concentrated solar energy drives the
endothermic gasification reaction and thereby the biomass need not
be burned. Thus, at least two or more different types of biomass
materials might be used in the same reactor tube geometry in some
example systems. This can obviate any need for a complete
reengineering when a new type of biomass feedstock is used. It will
be understood that multiple feed stocks could be used
simultaneously or one feedstock might be used at a time.

[0076] Some systems may use commercially available grades of
fumed silica blended with the biomass to aid in a bulk flow of the
biomass materials that otherwise would tend to bridge due to strong
Van der Waals inter-particle forces. This assists in the three or more
types of biomass that can be fed, individually or in combinational
mixtures without having to change the components making up the
feed system. Factors causing the presence of these forces include
moisture and “sticky” organics (such are resins typically found in
woody biomass materials). Some systems may use Aerosil™ and

Spernat™ from the product line , which is a product of Evonik
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Industries AG. A mechanical agitator in the lock hopper or feeding
vessel can also be used to enhance the bulk flow of biomass
particles that might otherwise tend to bridge in the vessel due to Van
der Waal’s forces.

[0077] Example systems may use an addition of 1-15% (1-2%
more likely) of a bulk flow aid (silica) to our biomass raw materials in
order to mitigate adverse effects of variable moisture levels and
difference in chemical composition of our biomass raw materials,
thereby increasing the operability of our plants in spite of the wide
range of raw biomass materials considered.

[0078] Some embodiments may use the waste ash produced by
the solar gasifier. An ash source may be in the entrained-flow
biomass feed system to add the waste ash to the raw biomass
particles. The added waste ash aids in a bulk flow of the combined
materials that otherwise would tend to bridge due to strong Van der
Waals inter-particle forces. This assists in the three or more types of
biomass that can be fed, individually or in combinational mixtures
without having to change the components making up the feed
system. The feed lines carry the biomass particles with the waste
ash. In this way, the waste ash can be recycled. In some
embodiments, it may resemble or even exceed the performance of
commercially available fumed silica. Additionally, in some
embodiments, the bulk flow aid could be added to the biomass during
the pulverizing (grinding) step or in a post-pulverizer blender.

[0079] Figure 8 illustrates a flow diagram of an embodiment of
the system. In step 900, biomass grinding can occur. Equipment
generally used for grinding biomass includes impact mills (e.g.
hammer mills), attrition mills, and kinetic disintegration mills (e.g. flail
mills). A hammer mill system can be used to grind the biomass into
primary particles, which are to be fed into the solar thermal gasifier.

The ground particles have an average screen size between 500 um
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and 1000 um, and are loaded into the lock hopper system with a
standard belt or pneumatic conveyer.

[0080] In step 902 biomass feeding occurs. In some
embodiments, high pressure feeding may be used. High pressure
feeding of solids of biomass with gasification at pressure may
reduce capital cost of the downstream liquid fuel plant 906 due to the
ability to use smaller compressors in some such systems.
Additionally, operating cost may be reduced because energy for
pressurizing carrier gas comes from the sun, as opposed to from
electricity. The lock hopper system can feed the reactor processes at
pressure.

[0081] In step 904 gasification occurs. For example, in some
embodiments, concentrated solar thermal energy drives gasification
of the particles of the biomass to generate at least hydrogen and
carbon monoxide products from the gasification reaction. In contrast
to commercial chemical reactors, this chemical reactor design may
have a cyclic operation rather than a continuous steady state
operation. This design and its operational strategy are designed with
the goal of cyclic operation, such as diurnal operation.

[0082] In step 906 fuel synthesis occurs. An on-site fuel
synthesis reactor can receive the hydrogen and carbon monoxide
products from the gasification reaction and use the hydrogen and
carbon monoxide products in a hydrocarbon fuel synthesis process to
create a liquid hydrocarbon fuel. The fuel synthesis reactor may be
geographically located on the same site as the chemical reactor and
integrated into the process to utilize the hydrogen and carbon
monoxide products from the gasification reaction.

[0083] The methods and apparatuses of the invention in some
cases may be implemented using computer software. If written in a
programming language conforming to a recognized standard,
sequences of instructions designed to implement the methods can be

compiled for execution on a variety of hardware platforms and for
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interface to a variety of operating systems. It will be appreciated that
a variety of programming languages may be used to implement the
teachings of the invention as described herein. Furthermore, it is
common in the art to speak of software, in one form or another (e.g.,
program, procedure, application, driver,), as taking an action or
causing a result. Such expressions are merely a shorthand way of
saying that execution of the software by a computer causes the
processor of the computer to perform an action or produce a result.
[0084] A machine-readable medium to store instructions and data
of the software is understood to include any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a
computer). For example, a machine-readable medium includes read
only memory (ROM); random access memory (RAM); magnetic disk
storage media; optical storage media; flash memory devices, etc.
[0085] While some specific embodiments of the invention have
been shown the invention is not to be limited to these embodiments.
The invention is to be understood as not limited by the specific
embodiments described herein, but only by scope of the appended

claims.
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CLAIMS

What is claimed is:

We claim:

1. A solar-driven bio-refinery with an entrained-flow biomass feed
system that is feedstock flexible via at least particle size control of the
biomass, comprising:

a solar-driven chemical reactor aligned to receive
concentrated solar thermal energy from one or more solar energy
concentrating fields including an array of heliostats, a solar
concentrating dishes or any combination of these two;

the entrained-flow biomass feed system having a gas source
for an entrainment carrier gas and one or more feed lines to supply a
variety of biomass sources fed as particles into the solar-driven
chemical reactor, where the variety includes three or more types of
biomass that can be fed, individually or in combinational mixtures,
from the group consisting of rice straw, rice hulls, corn stover, switch
grass, non-food wheat straw, miscanthus, orchard wastes, forestry
thinnings, forestry wastes, sorghum, and source separated green
wastes in a raw state or partially torrified state, as long as a few
parameters are controlled including particle size of the biomass
supplied by the feed lines without having to change the components
making up the feed system, wherein the concentrated solar thermal
energy drives gasification of the particles of the biomass in the solar-
driven chemical reactor to generate at least hydrogen and carbon
monoxide products from the gasification reaction; and

a feeding vessel of the biomass feed system that supplies a
tube subset of two or more reactor tubes in the solar-driven chemical
reactor, where the feeding vessel has one or more outlets configured
to supply a consistent volumetric amount of biomass particles within
10 percent of the demand signal amount when distributing biomass
particles to the two or more reactor tubes.
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2. The solar-driven bio-refinery of claim 1, further comprising:

an on-site fuel synthesis reactor having an input to receive the
hydrogen and carbon monoxide products from the gasification
reaction and configured to use the hydrogen and carbon monoxide
products in a hydrocarbon fuel synthesis process to create a liquid
hydrocarbon fuel, where the fuel synthesis reactor is geographically
located on the same site as the chemical reactor and integrated into
the process to utilize the hydrogen and carbon monoxide products
from the gasification reaction; and

a grinding system to couple to the entrained-flow biomass feed
system, which further includes a conveyer to bring the biomass to the
grinding system that grinds biomass into particles via a mechanical
cutting device cooperating with a set of filters with specific sized
holes in the filters, where the grinding system generates particles that
have an average smallest dimension size between 200 microns (um)
and 2000 um in diameter, such to fit through the holes in the filters,
with a general range of between 500 um and 1000 um, and then the
particles are loaded into a lock hopper system with a standard belt or
pneumatic conveyer, where the lock hopper has an output, which
then feeds the primary particles across a pressure boundary into the
pressurized entrainment carrier gas for feeding via the one or more

feed lines into the solar-driven chemical reactor.

3. The solar-driven bio-refinery of claim 1, further comprising:

wherein the feeding vessel is a pressurized lock hopper having
an injection vessel configured to discharge the particles of biomass
via a single-outlet and rotational screw and then into an entrainment
gas pipe, wherein the particles of the biomass are distributed in the
entrainment gas line by a fluid-bed splitter to feed into a number of
feed lines, which each feeds its own reactor tube making up the

solar-driven chemical reactor.
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4. The solar-driven bio-refinery of claim 1, further comprising:

two or more multiple outlet lock hoppers in the entrained-flow
biomass feed system, each multi-outlet lock hopper feeding the
biomass particles at the consistent volumetric amount of biomass
particles into a reactor tube subset via one or more pressurized
entrainment lines that feed the solar-driven chemical reactor, wherein
the pressurized entrainment gas in the entrainment lines is provided
by recycled carbon dioxide from an amine acid gas removal step in
the hydrocarbon fuel synthesis process, where first multiple outlet
lock hopper is the feeding vessel and each additional multiple outlet
lock hopper is another feeding vessel; and

two or more reactor tubes in the solar-driven chemical reactor,
where each multi-outlet lock hopper provides and controls an amount
of distribution of the biomass particles to the one or more pressurized
entrainment lines that feed the two or more reactor tubes within a

tube subset in the solar-driven chemical reactor.

5. The solar-driven bio-refinery of claim 1, further comprising:

two or more gasifier reactor tubes in the solar-driven chemical
reactor and a separate biomass entrainment/feed rate metering line
is used for each of the gasifier reactor tubes in the chemical reactor,
which allows independent temperature control and balancing of an
amount of particles of non-food biomass flowing in each of the
gasifier reactor tubes in the multiple tube solar-driven chemical
reactor;

wherein the feeding vessel is a lock hopper rotary feed system
having an output to distribute the particles of biomass to the gasifier
reactor tubes, which allows for balanced feeding to individual gasifier
reactor tubes;

a screw in the lock hopper rotary feed system, wherein feed
rate of the particles of biomass is controlled by a weight measuring

metering device and by controlling a rotational rate of the screw that
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moves set amounts of biomass along the axis of rotation, and
wherein the screw is located at the base of the lock hopper; and

a computerized control system to send a feed demand signal
to the screw and weight measuring metering device to control the
feed rate of the particles of biomass in the individual gasifier reactor
tubes in the solar-driven chemical reactor based on an amount of
solar energy available indicated by sensors including temperature

sensors and/or light meters.

6. The solar-driven bio-refinery of claim 1, wherein the feeding
vessel is a multiple output port lock hopper with a multiple rotational
feed splitter system, where the multiple port lock hopper is configured
to simultaneously feed up to twelve feed gas entrainment lines from a
single lock hopper with the added ability to accurately control feed
rate of the particles of biomass with a rotational rate of each

rotational feed splitter.

7. The solar-driven bio-refinery of claim 1, further comprising:

a torrefaction unit that is geographically located on the same
site as the solar-driven chemical reactor and configured to subject
the biomass to partial pyrolysis with recouped waste heat in a
temperature range of up to 300 degrees C to make the biomass 1)
brittle and easier for grinding, 2) dryer, less sticky, and easier to feed
in a conveying system, 3) subject to less spoilage issues in storage
as a torrefied biomass, as well as 4) produce off gases from the
torrefaction process and use the off gases for one or more of the
entrainment carrier gas, steam generation, or electrical generation;
and

a grinding system that has a mechanical cutting device that
cuts and sheers biomass, and a series perforated filters in the
entrained-flow biomass feed system, where the mechanical cutting

device and perforated filters grind the partially pyrolyzed biomass
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from the torrefaction unit to control the particle size of the biomass to
be between 500 um and 1000 um, where the torrefaction unit
supplies partially pyrolyzed biomass to the grinding system and the
torrefaction of the partially pyrolyzed biomass reduces the energy
required by the pneumatic screw to grind the biomass to the

controlled particle size between 500 um and 1000 um.

8. The solar-driven bio-refinery of claim 1, further comprising:

where the feeding vessel in the feed system is configured to
discharge the particles of biomass through a multiplicity of single-
outlet rotational feed devices that provide the consistent volumetric
feed rate, where each rotational feed device feeds a separate gas
entrainment line, and where the rotational speed of each of the
rotational feed devices is controlled independently, and each of the
rotational feed devices feeds a separate reactor tube; and

an ash source in the entrained-flow biomass feed system,
where the ash source adds waste ash to the particles of biomass to
aid in a bulk flow of the combined materials that otherwise would tend
to bridge due to strong Van der Waals inter-particle forces and
assists in the three or more types of biomass that can be fed,
individually or in combinational mixtures without having to change the
components making up the feed system, and wherein the feed lines
carry the biomass particles with the waste ash, and an outlet of each
of the feed lines controls a dispersion pattern of the of the biomass
particles into its corresponding reactor tube to maximize radiation
absorption by the particles when injected into the reactor tube based
on a shape and width of the outlet of the feed line pipe carrying the

biomass particles to its corresponding reactor tube.

9. The solar-driven bio-refinery of claim 1, further comprising:
a grinding system that has a mechanical cutting device and a

set of filters with micron sized holes in the entrained-flow biomass
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feed system, where the pneumatic screw and set of filters cooperate
to grind and pulverize the biomass to particles to the micron sized
holes of the filters, and the particles of biomass are then fed into and
gasified in the solar-driven chemical reactor; and

wherein the feeding vessel is a lock hopper having an airlock
type of feeding rate metering device and varies an amount of
biomass being supplied to the two or more reactor tubes based on an
amount of available concentrated solar energy to a heat sink affect to
the chemical reactor and solar thermal receiver from the supplied
amount of biomass in order to generate the at least hydrogen and
carbon monoxide products from the gasification reaction at a greater
than 90% conversion rate of the biomass in a residence time of 0.01
seconds to 5 seconds.

10. The solar-driven bio-refinery of claim 1, further comprising:
two or more reactor tubes in the solar-driven chemical reactor;
a first sensor to indicate an amount of solar energy available;
a computerized control system configured to receive a
feedback signal from a set of sensors, including the first sensor; and
wherein the solar-driven chemical reactor has a cyclic
operation rather than a continuous steady state operation, and the
computerized control system controls the feed rate of the particles of
biomass material into the two or more reactor tubes with well
controlled feed rates that respond to changing of the feed rate of the
biomass material based on changing solar availability given as

feedback to the computerized control system by the first sensor.

11. The solar-driven bio-refinery of claim 2, wherein the solar-driven
chemical reactor has multiple reaction tubes in a downdraft
orientation, and the feed system feeds the biomass particles into the
multiple reaction tubes, in which the particles of biomass are gasified

in the presence of steam at a temperature exceeding 950 degrees C
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from an exit of a gasification reaction zone of the reactor tubes to
generate the at least hydrogen and carbon monoxide products from
the gasification reaction, and

wherein a computerized control system is configured to send a
signal to vary an amount of the reactor tube subsets participating in
the gasification reaction by turning on or turning off a flow of particles
of biomass from the feed vessel to one or more reactor tubes in the

tube subset.

12. The solar-driven bio-refinery of claim 10, further comprising:

one or more temperature sensors in the solar-driven chemical
reactor; and

where the computerized control system in the entrained-flow
biomass feed system is further configured to control a biomass flow
rate for the particle size and type of biomass and current temperature
in each reactor tube required to achieve from the gasification reaction
a greater than 90 percent conversion of the biomass particles into the
at least hydrogen and carbon monoxide products with low tar
production of less than 50 milligrams per normal cubic meter, where
the current temperature is fed back to the computerized control
system by the temperature sensors.

13. The solar-driven bio-refinery of claim 1, wherein the particles of
biomass are pneumatically fed from the entrained-flow biomass feed
system via the entrainment carrier gas to the solar-driven chemical
reactor, and the particles of biomass are pre-heated prior to entry into
the chemical reactor by the entrainment carrier gas, where the
entrainment carrier gas is at least one of carbon dioxide gas and
steam, which is heated by waste heat from the reaction products of
the gasification reaction coming out of the chemical reactor by a
counter flow heat exchanger using the waste heat as its heat source

to heat the entrainment carrier gas up to a maximum temperature of
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300 degrees C.

14. The solar-driven bio-refinery of claim 1, further comprising:

two or more reactor tubes in the solar-driven chemical reactor,
where each reactor tube is fed by the one or more feed lines, where
a 2-phase control system couples to the feed lines; and

a computerized control system in the entrained-flow biomass
feed system that is configured to balance an amount of biomass
particles flowing in each of the reactor tubes to an amount of solar
energy available via, the 2-phase control system to control flow in the
individual reactor tubes, where one or more detectors indicate to the
computerized control system an amount of solar energy available in
different areas of the chemical reactor to guide a distribution of the

biomass patrticles flowing in each of the reactor tubes.

15. The solar-driven bio-refinery of claim 14, wherein the 2-phase
control system is a pinch system on each feed line to each reactor
tube that receives dynamic feedback from the computerized control
system to control an amount of compression of a flexible pipe section
of the feed line that the biomass particles are flowing through; and

wherein a filtered form of the carbon monoxide and hydrogen
resulting from the chemical reaction in the solar driven chemical
reactor is supplied to an input of a downstream chemical synthesis
processes, in which methanol is generated, and then supplied to a
Methanol-to-Gasoline process.

16. The solar-driven bio-refinery of claim 2, further comprising:

a flow enhancer, including bulkmatology flow enhancer or a
porous-walled tube, in the entrained-flow biomass feed system to
control an amount of entrainment carrier gas carrying the particles of
biomass entering a gasification reaction zone of the reactor tubes by

reducing velocity of the carrier gas just prior to an entrance to a
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gasification reaction zone of the reactor tubes by removing a
controlled portion of the carrier gas through the flow enhancer; and

a computerized control system in the entrained-flow biomass
feed system configured to balance the amount of biomass particles
flowing in each of the reactor tubes based on an amount of solar
energy available by controlling the resistance to flow in each tube via
the addition or removal of carrier gas through the flow enhancer.

17. A solar-driven bio-refinery with a biomass feed system that has
balancing of the feed lines to each of the reactor tubes in a multiple
tube chemical reactor, comprising:

a chemical reactor that is a multiple reactor tube, downdraft,
solar-driven, chemical reactor, which is aligned to receive
concentrated solar thermal energy from an array of heliostats, solar
concentrating dishes, or a combination of both;

an entrained-flow biomass feed system having a gas source
for an entrainment carrier gas that carries biomass as particles into
each of the reactor tubes of the solar-driven chemical reactor;

a feeding vessel of the biomass feed system that supplies a
tube subset of two or more reactor tubes in the solar-driven chemical
reactor, where the feeding vessel has one or more outlets configured
to supply a consistent volumetric amount of biomass particles within
10 percent of the demand signal amount when distributing biomass
particles to the two or more reactor tubes; and

a separate entrainment line and metering device in the
entrained-flow biomass feed system is used for each of the gasifier
reactor tubes in the chemical reactor, which allows balancing of 1) an
amount of the particles of non-food biomass flowing to each reactor
tube to 2) a temperature of that reactor tube in the multiple tube
solar-driven chemical reactor, wherein the concentrated solar thermal
energy drives gasification of the biomass at an exit temperature

exceeding 950 degrees C to achieve from the gasification reaction a
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greater than 90% conversion of biomass particles to at least
hydrogen and carbon monoxide products with low tar production of
less than 50 mg/Nm”3.

18. The solar-driven bio-refinery of claim 17, further comprising:

an on-site fuel synthesis reactor having an input configured to
receive the hydrogen and carbon monoxide products from the
gasification reaction and configured to use the hydrogen and carbon
monoxide products in a hydrocarbon fuel synthesis process to create
a liquid hydrocarbon fuel, wherein the entrained-flow biomass feed
system includes a common entrainment line, a multiple port lock
hopper with a metering device and a rotating screw to feed each of
the separate feed lines, where feed rate is controlled by each feed
line’s metering device and controlling the rotational rate of the screw
at the base of the lock hopper, which responds to a feed demand
signal from a computerized control system, and the computerized
control system controls a flow rate of particles of biomass in the
solar-driven chemical reactor based on an amount of solar energy
available indicated by sensors for the chemical reactor including

temperature sensors and/or light meters.

19. The solar-driven bio-refinery of claim 17, wherein the entrained-
flow biomass feed system includes a computerized control system
configured to balance of amount of biomass particles flowing in each
of the reactor tubes to an amount of solar energy available, and
wherein the entrained-flow biomass feed system further comprises
an ash source to add waste ash to the biomass to aid in a bulk flow
of the combined materials that otherwise would tend to bridge due to
strong Van der Waals inter-particle forces and assists in the three or
more types of biomass that can be fed, individually or in
combinational mixtures without having to change the components

making up the feed system, and wherein an outlet of each of the feed
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lines controls a dispersion pattern of the of the biomass particles into
its corresponding reactor tube to maximize radiation absorption by
the particles when injected into the reactor tube based on a shape
and width of the outlet of the feed line pipe carrying the biomass
particles to its corresponding reactor tube.

20. The solar-driven bio-refinery of claim 17, wherein balancing the
amount of biomass particles flowing into each of the reactor tubes to
an amount of solar energy available is accomplished via a control
system to control flow in the individual reactor tubes by controlling a
rotational rate of a screw of a lock hopper feeding the biomass where
all the tubes in the tube subset have their feed rate simultaneously
turned up or turned down, and wherein the entrained-flow biomass
feed system further comprises a silica source to add silica to the
particles of biomass to aid in a bulk flow of the combined materials
that otherwise would tend to bridge due to strong Van der Waals
inter-particle forces and assists in the three or more types of biomass
that can be fed, individually or in combinational mixtures without
having to change the components making up the feed system,
wherein the silica comprises fumed silica, the silica comprises 1-15%
of the bulk flow, and the bulk flow aid is added to the biomass during
pulverization, and wherein the silica comprises 2-5% of the bulk flow,
and the bulk flow aid is added to the biomass during pulverization.
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AMENDED CLAIMS
received by the International Bureau on 20 November 2010 (20.11.2010)

1 A bio-refinery with-an entrarned-ﬂow biomass feed system. that is feedstock ﬂexrble
via at least partlcle size control of the b:omass and that the energy source for the ‘_
chemical reaction comes from an external source, -rather,than bur_nrng the brornass
itself, comprising: | | |

a chemical reaetor in which the‘particles of b.iomass ar'e‘ gas"’if.'ed. tn the presenoe :
of steam at a temperature exceedrng 950 degrees C from an exrt of a gaslﬁcatron '
reactlon zone of the reactor tubes to generate at least hydrogen and carbon monoxrde |
products from the gasrf catron reaction;

the entrained-flow biomass feed system having a gas source for an entramment‘

carner gas and one or more feed Imes to supply a varlety of bromass sources fed as .

partrcles |nto the chemlcal reactor, where the vanety inciudes three or more types of
blomass that can be fed, mdrvrduaﬂy orin combmatlonal mlxtures from the group
consnstrng of rice straw, rice hulls, corn stover, smtch grass, non-food wheat straw,

miscanthus, orchard wastes, forestry thinnings, forestry wastes, sorghum, and souroe'.

AMENDED SHEET (ARTICLE 19)
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separated green wastes in'a raw stafe or p‘aiftielly torrified state,'as long as a .few. |
barametel's are controlled including particl'e size of the biomas_s's‘upplied by'thefeed
j:li'nes without having to change the componerits making up ;thefeed.s'ys:tem“ and

| a feeding vessel of the biomass feed system that supphes a tube subset of two or.
more reactor tubes in the chemucal reactor, where the feedmg vessel has one or. more
outlets conﬂgured to supply a consistent volumetnc _amount of b:omass pe-rtlcles within "
10 percent of the demand.‘sig"hel -ameuht when 'dis_tribu_ting. biomess. particles fo'the two

or more reactor tubes.

2. The bio-refinery of claim 1, wherein the chemical reactor is a solar-driven chermiical
reactor aligned to receive concentrated solar thermal energy from one of. more solar -
energy concentrating fields including an array of hel'ips'tats..:sol’_a'r. co'ncent,ra,ting.dishesj

or any combination of these two,

| 3. The bio-refinery of claim 2, further comprising:

| an oh-eite fuel synthesis reactor having an ‘iﬁpuf to re'ce’h}e ihe hydrogen and.'
‘carbon monoxide products from the‘gasiﬁcation reaction end conﬁg'.urec:i 1o use the |

. hydrogen and earbon monoxide producfs iﬁ a hydfoca’rbon fuel .synt'he's'-is process to
create a Ilqmd hydrocarbon fuel where the fuel synthesus reactor |s geographlca[ly

' Iocated on the same site as the cherical reactor’ and mtegrated into the process to

' utnhze the hydr,ogen and carbon‘ ronoxide prqducts from the ga$|ﬁcat|on reactlon;

a grinding system to couple. t.o the entrained;ﬂqw bioma‘ee f,eed: éys-tem, which _

further includes a conveyer to bring the biomass to tl'ie'g_rind'ingf's;ys,tem':that gﬁnd.’s‘;‘ ,
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biorhass into particles via a mechanical cutting device cooperating with a set of flters.
-with specific sized holes in the.ﬁlters where the gr‘rndir\g syetem generates particte's th'at : ;
have an average smallest drmensron size between 200 mrcrons (um) -and 2000 um m
ﬁdrameter such to fit through the’ holes in the filters, wrth a general range of between 500..
“um and 1000 um, and then the partrc!es are Ioaded rnto a lock hopper system wrth a
‘standard belt or pneumatlc conveyer where the Iock hopper has an output whlch then .
feeds the primary particles across a pressure boundary into- the pressunzed entrarnment.
carrier gas for feeding via the one or more feed lines into the;s_olar—dnveh chemrcal_ o "
. feactor; and | | |

~ wherein the feeding vessel is a pressunzed Iock hopper havmg an mjectlon
vessel confi gured to discharge the partlcles of blomass via a smgle-outlet and rotatronal
‘SCrew and then mto an entrainment gas plpe wherein the partrcles of the biomass are |
drstnbuted in the entrainment.gas lme by a flurd bed Sphtter to feed mto -a number of

. feed lines, which each feeds |ts own reactor tube makmg up the solar-drrven chemrcal

reactor.

4. The bio-refi nery of claim 2, further comprising-.

| two or more multlple outlet lock hoppers.i in the entrained-flow bromass feed
'system each multi-outlet Iock hopper feeding the bromass partrcles at the consetent
volumetrrc amount of- blomass partrcles into a reactor tube subset via one or more
~pressunzed entrainment hnes that feed the so!ar—dnven chemrcal reactor, wherern the
. pressurized entramment gas in the entramment lines is provided by recyctedcarbon

dioxide from an amine acid gas removal step in-the hydrocarbpn foe‘l synthesis process,
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'where first multiple outlet lock hopper is the feedmg vessel and each add\t\onat mu\ttpte
outlet lock hOpper is another feedlng vessel; and | |
two or more reactor tubes in the solar—dnven chemlcal reactor, where each multr-'f :
| outlet lock hopper provudes and controls an amount of drstnbutron of the biomass
partlcles to the one or more pressunzed entramment lines that feed'the two or more |

reactor tubes within a tube subset in the solar-driven chemical reactor

5. The bio-reﬁnery of claim 2, further oompristng: |

two of more gasiﬁet reactor tubes irt'the .so,[ar'-d'riven{chjerhi'cal reactor and-a
separate biomass entrainment/feed rate meterino line is used ‘for'each of the g"a'sit‘ er
reactor tubes in-the chemical reactor which allows mdependent temperature control
and balancmg of an amount of particles of non-food blomass ﬂowmg tn each of the
gas,tﬁer‘reaotor tubes in the multiple tube solar—drlven chemical -reactor;
| wherein the feeding vessel is-a lock hopper rotary fe'ed system having an output
to distribute the particles of biomass to the gaeif er .reactor tubee-, whach allot‘vs.lfo.r ._
balanced feeding to individual gas:t‘ er reactor tubes; | |

a screw in the Iock hopper rotary feed system wherem feed rate of the parttcles )
of- blomass is controlied by a we|ght measunng metering dthce and by controlhng a-
rotational rate of the screw that moves set amounts of biomass along the axis of
rotation, and wherein the screw.is located at the base of the Iook hooper; and

a computerized control system to send a teed demand ‘si'onal to the ‘sc're‘w;.ano
weight measuring meterihg devtce to. control the feed rate of the particles of biomass - |

in the individual gasifier reactor tubes in the solar-driven ch'emio'al reactor b‘aeed on an.
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amount-of soler energy a\/ailable indicated by sensors including 'temperature sensors. |

and/or light meters.

6.: The bio-refinery of eleim 2, wherein the feedihg vessel is a 4mur.tiple'.6utput: poft'{ock

"hopper with a multiple rotational feed _spl'rtter sYstenr, where _the rrru-itip!e port Idck B
hopper is corifiQUred to sinrult'arreously-feed Lrp to twelve feed ge_e entrainment fines
from a single lock hopper with the added,abiii'ty. to.accuraiejly cenfroi‘feed -'rete qf. the .

particles of biomass with'a rotational rate of each 'r_ptétioha'l.fe,e_d ‘epliﬁer.

7. The bio-refinery of 'cleim 2, further comprising:

. a torrefactron unit that is geographrcally located on the same srte asthe so!ar-
~ driven chemical reactor and oonﬁgured to subject the blomass to parttal pyrolyszs wrth
' recouped waste heat i in & temperature range of up to 300 degrees C to make the _' :
bromass 1 bnttle and eesrer for grmdmg, 2) dryer, less sticky, and_;easrer tofeedina
"c_on.veying system, 3) é'u.bj.ect to less spoilage issuee- in storage.. asa rerreﬁed :bi‘om'ass,
as well as 4) produce off gases from the torrefaction process ahd use the off gases for
one_.or more of the entrai'rrment carrier ées, steam gen.eretion, er electrieal ,gene'ratio'n;'
and | | | |

e grinding system that has a i"nechanical cutting device thet c'ute end sheers :

blomess and a series perforated filters in the entralned-ﬂow blomass feed system
where the mechanical cuttmg dewce and perforated filters grlnd the pamally pyroiyzed.‘
buomass from.the torrefaction unit to control the pamcle size of the b:omass {o be :

between 500 um and 1000 um, where thetorrefactlon unit supplres pamelly,pyrol,yzed
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biomass to the grinding system and the torrefa'ction. of:the partfatlypyro’lyzed biomass
'.re'du.'ces the energy required by the pheumatic screw to grind the biomass to the

controlled particle size between 500 um and. 1000 um.

8. The bio-ref nery of clarm 2, further compnsrng

where the feedmg vessel in the feed system |s conf gured to discharge the -
particles of biomass through a multrphcrty of srngle—outlet rotatronal feed dewces that |
provrde the consrstent votumetnc feed rate, where each rotatlonal feed devrce feeds a |
| separate gas entramment line, and where the rotatronal speed of each of the rotatlonal
feed devrces is controlled mdependently, and each of the rotatronal feed devrces feeds
a separate reactor tube; and : |

an ash source in the entrarned flow biomass feed system where the ash source
adds waste ash to the particles of bromass to aid in.a bulk ﬂow of the oombrned
'matenals that otherwrse would tend to bndge due to strong Van der Waals |nter-part1c|e
forces and assists in the three or more types of blomass that can be fed, mdlvrduaﬂy or
in combmatrona[ mixtures wrthout having to change the components makmg up the feed "
sYstem .and Awherein the feed Iinee carry thebiomass 'pémc'rés with the waete ash and .
an outlet of each of the feed lines controls a dispersion pattem of the of the bromass ‘
partrcles rnto |ts correspondmg reactor tube to maximize radratron absorption by the
'partlcles when injected rnto the reactor tube based on a shape and wrdth of the outtet of '

the feed line pipe carrymg the blomass partrcles to its correspondlhg reaotor tube ’

9. The bio-refinery of claim 2, further comprising: -
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a grinding system that has a mechanlcal cuttlng devrce and a set of fi lters WIth
micron sized holes in the entramed—ﬂow biomass feed- system where the pneumatic
- screw and set of filters. c00perate to gnnd and pulverize the- blomass to parhcles to the
micron sized holes of the fi lters and the particles of biomass are.then fed info and
gasified in the solar—dnven chemrcal reactor; and
| wherein the feedmg vessel is a Iock ‘hopper hawog an aII'IOCK type of feedlng rate e |

metenng device and vanes an amount of bwmass being supphed to the two or more . :

.reactor tubes based onan amount of available concentrated solar energy toa heat-smk L

'affect to the chemlcal reactor and solar thermal receiver from the supphed amount of
biomass in order to generate the at least hydrogen and carbon monoxnde products from s |
the gasification reaction ata greaterthan 90% conversion rate.of the blomass. ina

residence time of 0.01 seconds to 5 seconds.

10. The bio-refinery of claim 2, fw_'tt'cer compﬁstng:

two-or more reactor tube:e'in the solar-oriven chemical '.reac':to.r;.

a.:ﬁrst sensdr to indicate ép amount of solar enel;gy.avaiiable;

a combuterized eontrOI'_system oonﬁguted to receive a feeol?ack signal from a set
- of sensors, including the first se.nsor;' and |

wherein the solar-.d‘riven chemical reactor hes a cyolic_Opetation rather'thar_l a
continuous steady state operation, and the compUterized control. system controt"s the :
feed rate of the particles of biomass matenal into the two or-mofe reactoftubes with: yvell" :

. controlled feed rates that respond to changing of the feed rate of the biomass‘ raterial -
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‘based on changlng solar availability glven as feedback to the computerlzed control

vsystem by the first sensor.

1. The blo-reﬁnery of clalm 3, wherein the solar-driven chemlcal reactor has multlpte |
reaction tubes in a downdraﬂ onentatlon and the feed. system feeds the blomass T
partlcles into the multlple reactuon tubes, in whlch the parttcles of bxomass are gasnf ed .,
in the presence of steam.at a temperature exceedlng 950 degrees C from an exit of a-
gasrﬁcatron reactlon zone of the reactor tubes to generate the at least hydrogen and
'carbon monoxnde products from the. gasrﬁcatlon reactlon and
~ wherein a computenzed control system is confi gured to send a srgnal to vary an f

“amount of the reactor tube subsets partrcrpatlng m the: gaslf catron reactlon by tumrng
on or turning off a flow of partrcles of biomass from the feed vessel to one or more

reactor tubes in the tube subset.

12. The bio-refinery of claim 10, further comprising:
" one or more temperatur'e sensors in the"solar—driven chemical reactor; and '

: where the computerized control system in the entramed-ﬂow biomass feed
system is further conﬁgured to control a b|omass flow rate for the part:cle size and type.
of biomass and current temperature in each reactor tube required ~tc achieve from the.
gasification reaction a greater than 80 percent 'con'versicn of the"bioma'ss' particles' inte - ’
the at least hydrogen and carbon monoxide products wrth Iow tar productlen of Iess than '
50 milligrams per normal cubi¢ meter, where the current temperature is fed back to the

computenzed control system by the temperature-sensqrs.
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, 13 The bio- ret' inery of claim 2, wherein the partioles of biomass are pneumatically fed .
from the entrained-flow blomass feed system via the entramment carrier gas to. the , ~5 '
. solar-driven chemical reactor and the particles of biomass are pre heated pnor to entry ..
mto the chemical reactor by the entrainment carrier gas where the entrainment carrier
gasis a.t least one of carbon dioxide gas and steam, which is heated by waste. :h'eati-from"
the reaction products of the gasn° eatlon reaction coming out of the chemical reactor by a:
counter flow heat exchanger usmg the waste heat as its heat source to heat the

entrainment carrier gas'up to a maximum tempe,rature of~300. degrees C. .

14. The bio-refinery of claim 2, 'further comprising'
" two or more reactor tubes in the sotar—driven chemical reactor where each
| reactor tube is fed by the one or more feed lines, where a 2-phase control system
couples to the feed lines and
a computerized control systern in the entrained-ﬂov’v biomass feed system that is
| co‘hﬂgured to balance an.-ar'nount of bi'ornass particles ﬂowing ‘in‘each of the reactor
| tubes to an amount of solar energy available via, the 2-phase control system to control'
| ﬂow in the individual reactor tubes where one or more detectors indicate to the
~ computerized control system an amount of solar-energy availab,le in d.lfferent;areas of |
the chemical reactor to .g"uide a distribution ot.the biornass oarticles ﬂowi:ng in"each of

the reactor tubes.
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15."The bio-refinery of claim 14, wherein the 2-phase cOntroI system is a pinch syste'rn _
on each feed line to each' rea‘ctor‘tuhe that receives dynamic feedback ’t‘rom the :
computenzed control system to control an amount of compressmn ofa ﬂexrble plpe |
sectlon of the feed line’ that the biomass particles are ﬂowmg through and .

wherem afi Itered form of the carbon monoxide and: hydrogen resultlng from the B
chemiical reaction in the solar dnven chemlcal reactor is supplled to an input of a
downstream chemical synthesus processes,. in whlch methanol is generated, and then-

supplied to a Methanol-to-Gasoline prooess.

16. The bio-refinery of claim 3, 'further comprising:

a ﬂow enhancer, mcludmg bulkmatology flow enhancer or a porous—walled tube
in the entrained-flow blomass feed system to control an amount of entramment carner .
- gas carrymg the partlcles of biomass entenng a gasxf' catlon reactlon zone of the reactor o
tubes by reducing velocrcy of the camer gas just pnor to an entrance fo a gasmcatlon
'reactlon zone of the reactor tubes by removmg a controlled portuon of the camer gas
through the ﬂow enhancer in response to a feedback signal; and

a computenzed control system in the. entralned-ﬂow blomass feed system
conﬁgured to balance the amount of biomass partlcles'ﬂowmg in each of‘the reactor-
tubes based on an amount of solar energy available by contro[lmg the: resustance to flow.

in each tube via the add:tlon or removal of carrier gas through the flow enhancer

17. A bio-refinery with a biomass feed system that has balancing of the feed lines to -

each of the reactor tubes in a multiple tube chemical 'reac't'or, comprising:
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a chemical reactor that isa multrple reactor tube downdraft .chemical reactof;

an entramed-ﬂow biomass feed system having a gas souroe for an entramment
carrier gas that carries blomass as partlcles into each of the reactor tubes of the
' chemlcal reactor |
| a'fe‘e_dmg vessel of the biomass feed system that supplies a tube subset of two or
~ more reactor tubes in the chemical reaptor, wh_ere the feeding ve'see] ‘haé one or rhore_ 3
outlets configured to s,uptaly a eoneistent volumetrie-amount of-'biornasé particle'e within
10 percent of the demand si‘gnat amotxnt wh’ert diettibuting'biomaee patti'eles to the ftwo' -
or more reactor tubes and | B

a separate entralnment lme and metenng dev1ce in the entralned-ﬂow bromass |
feed system is used for each of the gasifier reactor tubes in the'chemlcal reactor, wh_reh . ..
atlows ba|ancirtg ef 1) an amount of the particles of non-food Biemase-ﬂowin'g to each
reactor tube fo 2) a. temperature of that reactor tube in the multlple tube chemlcal 3

reactor wherein the thermal energy drives gas;f catlon of the bromass at ah exit

- temperature exceedmg 950 degrees c to achreve from the gasrt'tcatlon reactrona
greater than 90%.conv..ers‘ioﬁ ef biomass particies to at least hydrogen and carbqrf |

‘monoxide products.with iow tar production of less than 50 mg'/Nm.AS.

18. The bio—reﬁnery of clailtt 17..furth.er c'omprisinQ: .

an on-site fuel _synthesis reactorhavirrg an input conﬁgt'rred to receive the’
hydrogen and carbon monoxide products from the gasification.: réaction and conﬁgure’d" .
to use the hydrogen and carboh.monoxide pioducts in.a hydrocarbeh tﬁel synthesis

process to create a liquid hydrocarbon fuel, wherein the entrained-flow biomass feéed'
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'-system mcludes a common entrainment lrne a multrple port lock hopper w:th a meterrng o

devrce and a rotatlng screw to feed each of the separate feed lmes where feed rate rs '
controlled by each feed hne s metermg device and controllrng the rotatronal rate .of the |

_ screw at the base. of the lock-hopper, which responds toa feed deman_d srgnal‘from a

c‘om'p‘uterized control system.

19. The bio-refi inery of claim 17, wherein the chemical reactor is a'solar-driven chemical a

| reactor aligned to recelve concentrated solar thermal energy from one or more solar L

'energy concentratlng fi elds mcludmg an array of heltostats solar concentratmg dlshes
or any combination of these two, and

wherein the entrarned-ﬂow blomass feed system mcludes a computenzed c0ntro|.- .
" system configured to balance of amount of biomass part,rcles flowing in each of:.the'
 reactor tubes to an amou_nt of solar en‘ergy available, and wherein the entrained-flow -
biomass feed system further comprises an ash source to add Waste ash to the oiomass' :
¥ to ard ina bulk flow of the combined matenals that otherwrse would tend to bndge due
to strong Van der Waals mter-partrcle forces and assrsts in the three or mare types . of

f biomass that can be fed rndlvrdually or'in combinational mlxtures without having to -

‘ change the components makmg up the feed system, and wherern an outlet of each of

i the feed lines controls a d:spersron pattern of the of .the bromass pa-rtrcles into its
corresponding reactor'tul)e to ma>timize radiation. absorption by the particles Whé.n .
injected into the reactor tube based on a shape and-width:of the'ouuet of the feed line '

pipe carrying the biomass particles to its corre'spondlng reactor tube.
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20. The bio-refinery of clair'n‘17 wherein the chemical reactor is'a soler—driven ch’emidal
reactor alrgned to recerve concentrated solar thermal. energy from one or more solar |
'energy concentrating fields mcludlng an array of hellostats solar concentratlng dlshes
. or any combination of these two, and
balancing the amount of biomass particles.'ﬂowing into each of ‘.th,,e reactor: tubee'

- to an amount of solar energy available is accomptished \./ia' a .control systern to centrol |
flow in the lndlwdual reactor tubes by controlhng a rotatlonal rate of a screw of a lock
hopper feedmg the biomass where all the tubes in the tube subset have thelr feed rate
smultaneously turned up or turned down; and wherem the entralned-ﬂow blomass feed
system further comprises a srlrca source to add srhca to the partlcles of blomass to ald ‘
it a bulk flow of the combmed matenals that otherwise would tend to bndge due to. |
strong Van der Waals inter-penicle fprces and assis:te in the three or more types of
biomass that can be fed, "individually orin c‘ombinati‘bnal mixtures wtthout having to ,.

' t:hange the eompon,ents making up the feed system, wherein the e'ilica comprises :
.' fumed silica, the eilica comprises 1-1 5% of the bulk flow, and the bulk'ﬂowetd is added
to the bromass during pulvenzatron and wherein the suhca compnses 2-5% of the bulk

flow, and the bulk flow a[d is added to the biomass dunng pulvenzatlon
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