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(57) ABSTRACT 

A gasi?cation system that includes a gasi?cation reactor 
chamber having perforated conduits or an inner lining that 
increases the exposed surface area of Waste materials to 
gasi?cation conditions, thereby decreasing gasi?cation tem 
perature, time, and cooling period betWeen subsequent gas 
i?cation procedures. After an aspirator Withdraws and oxi 
dizes fuel gas from the reactor chamber, a ?are assembly 
combusts the mixed fuel gas to provide poWer or heat to at 
least one heat recovery device. The at least one heat recovery 
device recaptures thermal energy entrained in the exhaust, 
thereby reducing exhaust temperature and eliminating the 
need for an exhaust stack. An absorber puri?es the exhaust 
and an extractor removes carbon dioxide. A portion of the 
removed carbon dioxide may be used for industrial purposes 
or for supporting vegetation. At least a portion of the 
remaining exhaust is returned to the reactor chamber as 
recycled process gas, thereby completing a closed-loop 
system. 
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APPARATUS FOR WASTE GASIFICATION 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/381,958, ?led May 17, 2002, 
Which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] Many attempts have been made at creating Waste 
disposal systems that eliminate or reduce the need to land?ll 
municipal solid Waste (“MSW”). Traditional approaches 
have included incineration and pyrolisis. Conventional 
incineration hoWever is objectionable because the high burn 
temperatures in the presence of oxygen results in the for 
mation of complex pollutants that are dif?cult and expensive 
to control. Furthermore, the vast majority of incinerated 
organic material is converted into undesirable carbon diox 
ide, Which is implicated in global Warming, oZone layer 
depletion, and the formation of volatile organic compounds. 
The incineration process also releases nitrogen oxides that 
contribute to smog problems in urban areas. The pyrolisis 
procedure involves the conversion of various materials into 
a glass like residue in an oxygen depleted, high temperature 
environment. HoWever, the high temperature, depleted oxy 
gen environment of pyrolisis creates some extremely toxic 
compounds. Furthermore, pyrolisis is an inef?cient method 
for disposing large volumes of Waste materials, and the 
residual ash material contains large amounts of carbon. 

[0003] Many of the disadvantages of incineration and 
pyrolisis are overcome by Waste gasi?cation. Waste gasi? 
cation involves supplying the minimum amount of oxygen 
necessary to cause a thermochemical reaction that releases 
simple combustible gases at a controlled temperature, With 
out supplying enough oxygen to cause combustion. When 
feed stock materials, such as MSW, that are rich in energy 
as measured by British thermal units, are loaded into gas 
i?cation reactor chambers, and are exposed to a controlled 
temperature, oxygen depleted environment, such solid, 
sludge, or liquid feed stock materials are converted into a 
heavy vapor gas fuel. Materials that are rich in energy 
include, but are not limited to, coal, Wood, cardboard, paper, 
industrial scrap, plastics, tires, organic Wastes, seWage cake, 
animal Waste, and crop residue, or a combination thereof. 
The released heavy vapor fuel gas is then mixed With oxygen 
and burned. Examples of prior gasi?cation systems are 
shoWn in US. Pat. No. 4,941,415, Which is incorporated 
herein by reference, and US. Pat. No. 5,941,184. 

[0004] The material remaining after the completion of the 
gasi?cation process cycle is composed of incombustible 
materials, including metals, glass, and ceramics, along With 
a ?ne inert salt and mineral poWer residue, and has a greatly 
reduced volume that is suitable for remanufacturing into 
concrete material or land ?lling. Furthermore, recyclable 
materials that do not undergo phase transition, such as all 
recycle glass, aluminum, metals, residual materials and salts, 
are recoverable after the gasi?cation process, thereby elimi 
nating the need for pre-sorting or processing the in-bound 
feed stock material. 

[0005] Conventional prior art gasi?cation systems are 
multi-step processes that generally utiliZe four open-looped 
process steps. These four steps typically involve: one or 
more primary gasi?ers; a central air mixing chamber; a 
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secondary processor for combusting the produced heavy 
vapor gas fuel; and ?nal air cleaning systems. HoWever, 
conventional gasi?cation systems have proved dif?cult to 
cost-effectively construct. Therefore, a need exists for a 
simpli?ed gasi?cation apparatus that is inexpensive to build, 
simple to operate, and yet achieves the bene?ts of producing 
a gas fuel from solid Waste feed stock materials. 

[0006] Furthermore, prior art open-looped systems, such 
as US. Pat. No. 6,439,135, Which is incorporated herein by 
reference, utiliZe exhaust stacks that release hot gases from 
the ?nal combustion step into the atmosphere, or use storage 
tanks to collect the hot gases for future ancillary purposes, 
rather than reclaiming at least a portion of the cleaned air for 
re-introduction into the gasi?cation process. Furthermore, 
such prior art systems do not teach a gasi?cation system that 
produces a relatively pure carbon dioxide for other industrial 
purposes or to support the augmentation of vegetation, such 
as a greenhouse, a carbon dioxide dispersal system, or an 
aquaculture bed. 

[0007] Current research indicates that increasing the sur 
face area of feed stock material that is exposed to gasi?ca 
tion process gas signi?cantly improves the production rate 
of fuel gas from the feed stock materials. Yet, prior art 
gasi?cation systems, such as those illustrated in US. Pat. 
No. 6,439,135 and 5,619,938, utiliZe reactor chamber con 
?gurations that expose only limited feed stock surface area 
to gasi?cation process gas. Such prior art systems incorpo 
rate reactor chamber con?gurations Where only the bottom 
of the feed stock at grate level, knoWn as the primary 
reaction Zone, and the uppermost surface of the feed stock, 
knoWn as the secondary reaction Zone, are exposed to 
optimum gasi?cation conditions. 

[0008] As a result, gasi?cation of the tons of feed stock 
material that is not located at either the primary or secondary 
Zones, such as that on the sides and center of the reactor 
chamber, requires that the temperature and duration of the 
gasi?cation cycle be increased. Yet, higher gasi?cation 
temperatures tend to reduce the Btu content of the resulting 
heavy vapor fuel gas. The high operating temperatures also 
increase the time required for cooling the gasi?cation cham 
ber to a temperature suitable for the loading and disposal of 
subsequent loads of feed stock materials. 

[0009] Furthermore, the costs associated With obtaining 
and maintaining the higher gasi?cation temperatures, along 
With the cost of fabricating a complex gasi?cation reactor 
chamber that can Withstand prolonged exposure to high 
temperatures, also increase. Current gasi?cation chambers 
are lined With various clay-based insulative/refractory mate 
rials. These refractory materials maintain gasi?cation reac 
tor temperatures While also preventing structural damage to 
the reactor chamber’s steel superstructure and surface paint 
from prolonged exposure to excessive heat. Refractory 
material is usually applied to the gasi?cation reactor cham 
ber as pre-cast panels, bricks, or sprayed on as a gunnite-like 
application. Such refractory material is af?xed to the exterior 
steel jacket of the gasi?cation reactor chamber by refractory 
hangers, Which are heavy metal doWels in the form of hooks. 
With typical prior art systems, a 2 to 4 inch layer of ceramic 
?ber blanket is usually inserted betWeen the refractory 
material and the steel jacket before the refractory layer is 
installed to offer additional thermal protection for the exte 
rior steel surfaces of the gasi?cation reactor chamber. 



US 2004/0103831 A1 

[0010] Application of refractory material is thus labor 
intensive, time consuming, and a signi?cantly expensive 
step. Additionally, the Weight of the refractory liner neces 
sitates that the steel vessel be constructed from at least 1A1 
inch thick hot rolled A36 steel plate and heavy structurals. 
This additional superstructure Weight further increases the 
overall cost of manufacturing, shipping, and installation. 

[0011] An additional problem With the use of refractory 
material is the length of time required for cooling the 
gasi?cation reactor chamber before it can be re-used to 
gasify a subsequent load of MSW. More speci?cally, a 
subsequent gasi?cation process typically cannot begin until 
the gasi?cation reactor chamber has cooled to approximately 
150 degrees Fahrenheit. Yet, at the end of a process cycle, 
the clay refractory material tends to retain heat for a long 
period of time. Depending on the particular chemistry of the 
refractory material, this retention of heat may require that 
the gasi?cation chamber be inoperative for several hours as 
the temperature of the chamber, and associated refractory 
material, cools doWn. 

[0012] The limited feed stock capacity of prior art gasi? 
cation systems often required the construction of multiple 
gasi?cation reactor chambers to meet demand requirements. 
In previous designs, gasi?cation reactor chambers typically 
have a rectangular con?guration. As the length of the 
rectangular sideWalls is increased to satisfy larger feed stock 
capacity requirements, the siZe of the reactor chamber 
creates problems associated With providing suf?cient clear 
ance space aWay from the prolonged high temperatures of 
the reactor chamber. This problem typically limits reactor 
chambers to con?gurations that are approximately 20 feet 
high, 20 feet Wide, 20 feet long. Such a con?guration 
hoWever has a limited load capacity of approximately 50 
tons of feed stock material. Furthermore, as the siZe of the 
rectangular con?guration is increased, problems develop 
With the side load Waste dump arrangement. More speci? 
cally, as the rectangular sideWalls extend beyond 20 feet, the 
angle of repose of the trash spilling out of the garbage truck 
typically only ?lls a small portion of the reactor chamber’s 
near sideWall. 

[0013] Because the heavy vapor fuel gas has been pro 
duced in an environment that typically contains no more 
than 8% oxygen, Waste gasi?cation systems must also 
increase the level of ambient oxygen in the gas produced in 
the gasi?cation reactor chamber to make it fully ?ammable. 
This often requires increasing the oxygen content of the 
heavy vapor fuel gas to approximately 15% to 20%. 

[0014] Prior art gasi?cation systems increased the oxygen 
content of the heavy vapor fuel gas by directing the heavy 
vapor fuel gas through air mixing chambers. These mixing 
chambers are typically large, cylindrical vessels, With a 
variety of air induction tubes attached to multiple bloWer 
fans that ?ood the air mixing chambers With outside air 
using air compressors or high velocity fans. Yet because of 
the large siZe of these chambers, they require substantial 
fabrication and installation time, and as a result are expen 
sive. The use of fans and/or air compressors also increases 
the initial cost of the system and operating and maintenance 
expenses. 

[0015] Conventional gasi?cation systems also use cum 
bersome techniques for moving fuel gas to the point of 
combustion. Such systems often vent, or breech, the fuel gas 
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from the top or at least one side of the reactor chamber, and 
direct the vented fuel gas from the reactor chamber into a 
secondary gas processor, Which is usually driven by a natural 
draft current that is created by hot air in the system rising 
through an exhaust stack. The fuel gas’ exit from the reactor 
chamber is controlled by a motor driven damper assembly 
that regulates the varying How of produced fuel gas from this 
?rst process step into ducting that connects the gasi?cation 
reactor chamber to the secondary air mixing chamber. Such 
systems typically require large diameter piping to draW the 
gas off from the gasi?cation chamber. This large piping, and 
associated ductWork, increases not only equipment cost, but 
also installation expenses. 

[0016] A further disadvantage of traditional air draft sys 
tems is that heavy vapor fuel gases have a tendency to linger 
in the gasi?cation reactor chamber, and become subject to 
accidental combustion, Which ultimately loWers the Btu 
content of the extracted heavy vapor fuel gas. This problem 
is exacerbated by the inconsistency of up-draft air move 
ment in a natural draft system. Humidity, Wind, barometric 
pressure and outside temperature all affect the rate of How 
through a natural draft system. This inconsistent ?oW causes 
the evacuation of gases from the reactor chambers to fre 
quently stall, produces negative results in the process, and 
adversely effects the total cycle time for the gasi?cation of 
the feed stock material. 

[0017] Furthermore, the combustion of the heavy vapor 
fuel gas in a hot Water heater, steam boiler, refrigeration unit, 
or other industrial process, produces a relatively high tem 
perature exhaust. Yet, prior art systems often vent this hot 
combusted exhaust into the atmosphere at a temperature 
betWeen 1200 and 1600 degrees Fahrenheit, thereby Wasting 
a signi?cant thermal resource that could be further captured 
and directly utiliZed in other heat dependent applications, 
thereby preserving natural resources and providing a cost 
ef?cient source for heated gas. 

[0018] Hot combusted exhaust that is vented into the 
atmosphere in prior art systems via an exhaust stack also 
often contain large quantities of carbon dioxide. While 
carbon dioxide is not currently regulated as a pollutant from 
solid Waste incinerators, it is subject to various industrial air 
quality abatement initiatives. 

[0019] Furthermore, by recapturing the thermal energy 
that is entrained in the exhaust for additional attached 
applications, and thereby continuing to reduce the ultimate 
exhaust temperature of the exhaust gas, the volume of the 
exhaust decreases. As the volume of the exhaust gas is 
reduced, the conveying piping and other gas handling equip 
ment, along With associated equipment costs, also decrease. 

[0020] It is therefore an object of the present invention to 
provide a gasi?cation system capable of gasifying feed stock 
at a reduced temperature and time. 

[0021] It is another object of the present invention to 
decrease the time betWeen subsequent uses of the gasi?ca 
tion reactor chamber. 

[0022] It is another object of the present invention to 
reclaim at least a portion of the exhaust air for re-consump 
tion in the gasi?cation process. 

[0023] It is a further object of the present invention to 
provide a gasi?cation system that produces a high Btu 
content vapor gas. 
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[0024] It is another object of the present invention is to 
provide an inexpensive to build, simple to operate, gasi? 
cation system that provides the bene?ts of producing a fuel 
gas from feed stock material. 

[0025] It is another object of the present invention to 
provide for improved gas collection that alloWs for both 
simpler gasi?cation reactor chamber con?gurations and an 
improved gas ?oW design that alloWs for better ?nal com 
bustion. 

[0026] It is another object of the present invention to 
provide a gasi?cation system that eliminates the need to rely 
on multiple gasi?cation reactor chambers to provide an 
increased system volume capacity. 

[0027] It is a further objective of the present invention to 
capture and sequester carbon dioxide produced by the gas 
i?cation system, and to use the sequestered carbon dioxide 
in a bene?cial manner. 

[0028] It is another objective of the present invention to 
improve the quality of the ?nal exhaust air from the present 
invention suf?ciently to re-introduce the recycled process 
gas into the gasi?cation system, thereby creating a closed 
loop system. 

[0029] These and other desirable characteristics of the 
present invention Will become apparent in vieW of the 
present speci?cation, including the claims and draWings. 

BRIEF SUMMARY OF THE INVENTION 

[0030] The present invention is directed to a system for the 
gasi?cation of a variety of Waste streams, including, but not 
limited to, agricultural, industrial, and municipal Waste 
streams. More particularly, the invention relates to a gasi? 
cation system that incorporates a self sustaining gasi?cation 
chamber that has its oWn dedicated ?are assembly, and 
Which is capable of gasifying large volumes of feed source 
material Without the need for multiple gasi?cation cham 
bers. This self-sustaining gasi?cation chamber and ?are 
assembly are also capable of being used With other self 
sustaining chambers to feed at least one common heat 
recovery device. Furthermore, the present invention is a 
closed-loop system, Which eliminates the need for an 
exhaust stack, and Which recovers heat entrained in hot 
exhaust, thereby producing a cooled exhaust that is subse 
quently ?ltered and separated from carbon dioxide, and 
Which is suitable for re-introduction in the gasi?cation 
procedure. Removed carbon dioxide may then be used for 
other industrial operations, or may be used to support the 
augmentation of vegetation, such as a greenhouse or a 
carbon dioxide dispersal system, Whereby vegetation con 
verts the carbon dioxide into oxygen that may also be 
recaptured for re-introduction in the system of the present 
invention. 

[0031] In one embodiment of the present invention, the 
gasi?cation system is comprised of a gasi?cation reactor 
chamber, an aspirator, a ?are assembly, at least one heat 
recovery device, an absorber, and an extractor. 

[0032] MSW is loaded into the gasi?cation reactor cham 
ber for gasi?cation, Whereby the MSW serves as feed stock 
material. The reactor chamber is comprised of an interior 
chamber and an outer shell. Although the gasi?cation reactor 
chamber of the present invention may have a number of 
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shapes, including being rectangular, square, or cylindrical, 
the reactor chamber of the preferred embodiment of the 
present invention has at least ?ve sideWalls and includes 
perforated conduits or an inner liner. The perforate conduits 
or inner liner increase the surface area of the feed stock 
material that is exposed to optimum gasi?cation conditions, 
thereby decreasing both the gasi?cation cycle time and 
temperature, While also decreasing the time betWeen addi 
tional gasi?cation procedures on subsequently loaded feed 
stock material. The reduction in the gasi?cation temperature 
also alloWs for the fabrication of the gasi?cation chamber 
from lighter gage material, and eliminates the need for 
refractory material, thereby reducing the Weight of the 
gasi?cation system and the time and expense associated With 
its fabrication. Furthermore, gasi?cation conditions may be 
controlled by a process logic controller, Which is used to 
control the gas content and temperature in the interior 
chamber. 

[0033] An aspirator assembly, through the use of a motor, 
is used to create a negative pressure in the interior chamber, 
thereby alloWing for the smooth and even evacuation of 
heavy fuel vapor gas. As the motor bloWs ambient air into 
a conduit coupling, a suction force is created in the conduit 
coupling and attached single gas manifold and gas siphon 
assembly. This suction force pulls the heavy vapor fuel gas 
from the interior chamber and into the conduit coupling. The 
ef?cient extraction of heavy vapor fuel gas afforded by the 
aspirator assembly also prevents the occurrence of acciden 
tal combustion that may loWer the Btu content of the desired 
fuel gas. 

[0034] The ambient air used by the aspirator to create the 
suction force is mixed With the heavy vapor fuel gas in the 
conduit coupling, thereby eliminating the need for a separate 
mixing chamber. Furthermore, control of the motor and the 
selected siZe of the tubing and conduit alloW for ?nite 
control of the volume of gas that moves through, and is 
mixed by, the aspirator assembly. The aspirator assembly of 
the present invention also eliminates the need for a damper. 

[0035] Mixed gas exiting the aspirator then enters a ?are 
assembly. In the preferred embodiment of the invention, the 
?are assembly includes a targeting noZZle that has a conical 
funnel con?guration. The con?guration of the targeting 
noZZle alloWs for additional mixing of the gases, increases 
the velocity of the mixed gas so as to provide back pressure 
in the system, and creates a focus point for combustion. 
Back pressure created by the conical funnel con?guration 
not only aids in the smooth operation of the at least one 
common heat recovery device, but alloWs the system to 
incorporate heat recovery devices that have minimum posi 
tive input pressure requirements. 

[0036] In the preferred embodiment of the present inven 
tion, the ?are assembly is built in, or is a sub-component of, 
at least one primary heat recovery device. The combustion 
of the mixed gas by the ?are assembly is then used to operate 
or heat the at least one heat recovery device. Alternatively, 
hot combusted gas is delivered from the ?are assembly to the 
at least one common heat recovery device. In instances in 
Which more than one common heat recovery device is used, 
each subsequent heat recovery device further captures the 
thermal energy that is entrained in the exhaust until the 
temperature of the exhaust has been reduced to a permissible 
level for ?ltering in an absorber. Heat recovery devices 
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include, but are not limited to, boilers, generators, and 
reverse chiller refrigeration loops. 

[0037] In an alternative embodiment, the hot exhaust 
exiting the at least one heat recovery device may also pass 
through a geothermal ?eld, in Which the exhaust is directed 
to a subsurface manifold that may be located underground or 
beneath a body of Water. Heat from the exhaust is then used 
to heat the surrounding ground or Water, and may provide a 
no-operating cost method for heating such things as on-site 
greenhouses and aquaculture beds. 

[0038] In another embodiment of the present invention, 
exhaust from the last heat recovery device is diverted into a 
chilling loop. In the preferred embodiment, the exhaust 
entering the chilling loop has a temperature of approxi 
mately 30 degrees Fahrenheit. The cold chill tubes cause the 
temperature of the through-?oWing exhaust air to cool and 
the moisture to condense. The condensation removes virtu 
ally all particulate matter, particularly Water-soluble particu 
late matter, including HCL and S02, from the exhaust air 
stream. The Water is then removed in a knock-out trap 

[0039] Once the exhaust temperature has been reduced to 
meet the intake requirements of an absorber, such as a 
monolithic lime absorber, the exhaust gas is ?ltered for loW 
temperature criteria pollutants, such as, but not limited to, 
HCl. The ?ltered exhaust then proceeds to an extractor 
Where carbon dioxide is separated from the remaining 
?ltered exhaust, Which is comprised mainly of oxygen and 
Water vapor. The oxygen and Water vapor may then be 
re-directed back to the gasi?cation chamber as recycled 
process gas for re-use in the gasi?cation system, thus 
providing a closed-loop process. 

[0040] Carbon dioxide may be captured for other indus 
trial purposes, or may be vented for the purpose of facili 
tating the groWth of on-site vegetation, such as a green 
house. Careful planning in the selection of plants may create 
an on-site vegetative environment that is capable of con 
verting all of the produced carbon dioxide into oxygen. The 
converted oxygen may then be captured for re-introduction 
in the gasi?cation system of the present invention. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0041] For a more complete understanding of this inven 
tion reference should noW be had to the embodiment illus 
trated in greater detail in the accompanying draWings and 
described beloW by Way of example of the invention. 

[0042] FIG. 1 shoWs a process diagram for a multi-cell 
gasi?cation system in accordance With the present invention. 

[0043] FIG. 2 shoWs a variant of the process How of an 
embodiment of the invention. 

[0044] FIGS. 3A, 3B, and 3C shoW exterior vieWs of a 
gasi?cation reactor chamber for use With the present inven 
tion. 

[0045] FIG. 3D shoWs a perspective vieW of one embodi 
ment of the interior chamber of the gasi?cation reactor 
chamber for use With the present invention. 

[0046] FIG. 3E shoWs an exterior perspective vieW of one 
embodiment of the interior chamber and an inclined Waste 
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disposal con?guration of the gasi?cation reactor chamber 
for use With the present invention. 

[0047] FIG. 4 shoWs a ?are assembly for use in combus 
ting mixed gas With the present invention. 

[0048] FIG. 5A shoWs a cross sectional top vieW of the 
gasi?cation reactor chamber made in accordance With one 
embodiment of the present invention. 

[0049] FIG. 5B shoWs a perspective cross sectional vieW 
of the gasi?cation reactor chamber made in accordance With 
one embodiment of the present invention. 

[0050] FIG. 5C shoWs a perspective cross sectional vieW 
of the gasi?cation reactor chamber including an inner liner 
in accordance With one embodiment of the present inven 
tion. 

[0051] FIG. 5D shoWs a cross sectional side vieW outer 
shell and interior chamber for the gasi?cation reactor cham 
ber of the present invention. 

[0052] FIG. 6 shoWs an aspirator assembly for use With 
the present invention. 

[0053] FIG. 7 shoWs a cross-sectional vieW of a conduit 
coupling for use With the aspirator assembly shoWn in FIG. 
6. 

[0054] FIG. 8 shoWs the inclusion of a geothermal ?eld in 
one embodiment of the present invention. 

[0055] FIG. 9 shoWs a general operational layout of the 
present invention. 

[0056] FIG. 10 shoWs an overvieW of transporting feed 
stock material to multiple Waste gasi?cation reactor cham 
bers in accordance With the present invention. 

[0057] FIG. 11 shoWs the use of a greenhouse for absorb 
ing carbon dioxide in accordance With one embodiment of 
the present invention. 

[0058] FIG. 12 shoWs the use of a carbon dioxide dis 
persal system in accordance With one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

OvervieW 

[0059] The complete system of the present invention can 
be understood by referring to FIG. 1, Which shoWs a 
closed-loop Waste gasi?cation system 100. Waste hauling 
trucks unload feed stock material either directly into batch 
Waste gasi?cation reactor chambers 101, 102, 103, as shoWn 
in FIG. 9, or unload the feed stock at a tipping ?oor area 50, 
as shoWn by FIG. 10, Whereby a variety of conveyors 60 
transport the feed stock to the gasi?cation reactor chambers 
101, 102, 103. Once in the gasi?cation reactor chambers 
101, 102, 103, the feed stock material undergoes gasi?ca 
tion. Uncombusted heavy vapor fuel gas driven off in the 
reactor chambers 101, 102, 103 is evacuated by aspirator 
assemblies 229a, 229b, 229c through collection ducts 107, 
108, 109 to the dedicated ?are assemblies 210a, 210b, 210c. 

[0060] Radiant and convection heat generated in the ?are 
assemblies 210a, 210b, 210c converge, and are absorbed by 
at least one heat recovery device, such as a primary heat 



US 2004/0103831 A1 

recovery device 211, Which may include, but is not limited 
to, a steam boiler, heat exchanger, or any other heat sink. 
Each ?are assembly 229a, 229b, 2296 may be operably 
connected to both a single self-sustaining gasi?cation reac 
tor chamber 101, 102, 103 and to the primary heat exchanger 
211, as illustrated in FIG. 1, Whereby the ?are assemblies 
229a, 229b, 2296 produce a hot combusted exhaust that is 
fed into a primary heat recovery device 211. Alternatively, 
the dedicated ?are assemblies 210a, 210b, 210c may be a 
sub-component of, or built into, a common or a separate 
primary heat recovery device 211, Whereby, rather than 
receiving thermal energy in the form of hot combusted gas, 
the combustion of heavy vapor fuel gas is directly used to 
poWer or operate the primary heat recovery device 211. 

[0061] As shoWn in FIG. 9, in the preferred embodiment 
of the present invention, the gasi?cation reactor chambers 
101, 102, 103 and their dedicated ?are assemblies (not 
shoWn), the ?are assemblies being similar to the ?are 
assemblies 210a, 210b, 210c illustrated in FIG. 1, are 
operably connected to different primary heat recovery 
devices. As illustrated, one gasi?cation reactor chamber 101 
provides heavy vapor fuel gas for operating a boiler 111 and 
hot Water heater 110, While other gasi?cation reactor cham 
bers 102, 103 independently supply heavy vapor fuel gas to 
support the operations of a greenhouse 117. Each associated 
?are assembly then independently satis?es its combustion 
requirements for the attached heat recovery device. Alter 
natively, as shoWn in FIG. 1, the multiple ?are assemblies 
210a, 210b, 210c may also be operably connected to a 
common primary heat recovery device 211, Whereby each 
individual ?are assembly 210a, 210b, 210c independently 
combusts heavy vapor fuel gas from its dedicated reactor 
chamber 101, 102, 103 in accordance With the designed 
combustion requirements of the common primary heat 
recovery device 211. Furthermore, although FIG. 1 illus 
trates ?are assemblies 210a, 210b, 210c as separate com 
ponents that are not part of the primary heat recovery device 
211, each ?are assembly 210a, 210b, 210c may also be built 
into, or a subcomponent of, the system’s 100 primary heat 
recovery device 211. 

[0062] Additional heat recovery devices, such as a sec 
ondary heat recovery device 212 may also use exhaust from 
the primary heat recovery device 211. In one embodiment of 
the invention, the secondary heat recovery device 212 is a 
reverse chiller refrigeration system, the reverse chiller sys 
tem being comprised of an inlet, a radiator, an induced draft 
fan, a sump, and an outlet. Hot exhaust is pumped into the 
radiator from the primary heat recovery device 211, the 
momentum for the hot exhaust being provided by the in-line 
induced draft fan that is preferably located on the back 
out-take side of the radiator loop. In the preferred embodi 
ment of the present invention, exhaust from the primary heat 
recovery device 211 enters the reverse chiller at approxi 
mately 350 degrees Fahrenheit. Water Within the radiator 
then begins to condense, and continues condensing as the 
exhaust gas is reduced in temperature to preferably 70 
degrees Fahrenheit. The rapid cooling of the exhaust from 
the primary heat recovery device 211 causes particulates, 
such as HCl and S02, to condense out of the gas. Accumu 
lated pollutants and condensate are then collected in a sump 
at the loW point of the radiator and removed from the system. 
Cooled exhaust gas Will then be piped back to the gasi?ca 
tion reactor via an additional induced draft fan, and directed 
to a plurality of cooling ?ns Within the reactor chambers 
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101, 102, 103. The cooled exhaust is then used as a cooling 
media, Which thereby eliminates the need for an exhaust 
stack, as required by incineration and pyrolysis operations. 
Alternatively, once conditions, such as temperature and 
oxygen content, Within the reactor chambers 101, 102, 103 
reach predetermined levels, cooled exhaust may be re 
introduced into the gasi?cation chamber through a plurality 
of process gas inlets and aid the gasi?cation procedure. 

[0063] In the illustrated embodiment, once the at least one 
heat recovery device has signi?cantly cooled the exhaust 
gas, it becomes possible to avoid any regulated air emissions 
by diverting the exhaust to an underground geothermal ?eld 
113. Heat from the exhaust passing through the geothermal 
?eld 113 may then heat surrounding surfaces, such as soil or 
a body of Water, thereby providing heat to support a number 
of activities, such as, but not limited to, a greenhouse 117 or 
an aquaculture bed. 

[0064] The geothermal ?eld 113 is forcibly vented by an 
induced draft fan 317 to an absorber 115, such as a mono 
lithic lime or sodium carbonate absorber, for the removal of 
at least a portion of criteria pollutants. For example, if the 
feed stock material contained plastics, or other substances 
Which might cause the formation of either HCl or S02, the 
exhaust leaving the at least one heat recovery device Will be 
diverted to a passive sodium carbonate absorber to reduce 
any potential for excessive levels of these chemicals in the 
end recycled process gas product. 

[0065] As a ?nal step, at a juncture 148, the ?ltered gas is 
pulled from the system and into an extractor 116 a carbon 
dioxide extractor 116 retrieves gaseous carbon dioxide for a 
carbon dioxide consumer. Oxygen produced by the con 
sumption of extracted carbon dioxide, such as the conver 
sion of carbon dioxide into oxygen by vegetation, may be 
vented back into the system 100 via a return air line 118 to 
provide recycled process gas or a cooling medium for the 
gasi?cation reactor chambers 101, 102, 103. 

[0066] In another iteration of the design, a greenhouse 
117, or some other agricultural carbon dioxide dispersal 
system replaces the carbon dioxide extractor 116. Carbon 
dioxide is then sequestered before the balance of the ?ltered 
exhaust stream is returned to the reactor chambers 101, 102, 
103 via the return air line 118 as recycled process gas. 

Combustion Loop Detail 

[0067] FIG. 2 illustrates additional detail of the gasi?ca 
tion system 100 combustion process loop. Feed stock mate 
rial is fed into the gasi?cation chamber 101 through the 
primary access loading door 120, as shoWn in FIG. 3B. The 
primary access loading door 120 and any other residual 
removal ports are then sealed, and all gasi?cation process 
gas intake ports are closed. The aspirator assembly 229 then 
starts reducing the volume of ambient air Within the reactor 
chamber 101. FolloWing this air purge, Which typically for 
a system containing 50 tons of feed stock material may take 
15 minutes, at least one heater that is near the base of the 
reactor chamber 101 is activated. In the preferred embodi 
ment of the present invention, the heater may include, but is 
not limited to, a fuel-?red burner or an electric thermal 
radiant heat assembly. 

[0068] Once the ambient temperature inside the reactor 
chamber 101 reaches a predetermined temperature, the 






















