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(22) Filed; J an, 31, 2005 feedstock for conversion to synthetic liquid fuels. 



Patent Application Publication Aug. 24, 2006 Sheet 1 0f 2 US 2006/0185246 A1 

FIG I 



Patent Application Publication Aug. 24, 2006 Sheet 2 0f 2 US 2006/0185246 A1 



US 2006/0185246 A1 

INTEGRATED WHOLE BALE FEED PLASMA 
PYROLYSIS GASIFICATION OF 

LIGNOCELLULOSIC FEED STOCK 

BACKGROUND OF THE INVENTION 

[0001] I. Field of the Invention 

[0002] This invention relates generally to a pyrolysis 
process, and more particularly to a pyrolysis process for 
gasifying biomass into a synthetic gas or “syngas” using 
plasma torch technology. 

[0003] II. Discussion of the Prior Art 

[0004] The ability to harness and e?iciently use the energy 
present in reneWable resources like biomass has long been a 
goal of those Who supply energy for society. One method by 
Which this can be done is through extraction of fuel gas from 
biomass. Biomass is composed primarily of hydrogen, car 
bon and oxygen, With hydrogen comprising approximately 
45-50% of the biomass composition. The extraction of 
hydrogen and other fuel gases from biomass requires heating 
the biomass to temperatures at Which the biomass breaks 
doWn into various constituents, including hydrogen, Which 
can be puri?ed, separated, compressed and stored as a clean 
fuel. This approach, knoWn as pyrolysis, requires energy 
from some source to raise the temperature of the biomass to 

cause it to dissociate, theoretically releasing the hydrogen 
and other fuel gas components. The ultimate goal of the 
pyrolysis process is to generate synthetic gas from the 
feedstock, and to do so economically. The purity of the 
extracted syngas depends on several design and operating 
variables incorporated in various pyrolysis and extraction 
technologies. 

[0005] Traditional autothermal gasi?ers combust a portion 
of the biomass feedstock, using that heat to pyrolyZe the 
remainderibreak it doWn to oils and smaller gaseous 
compounds. Most traditional gasi?ers require substantial 
pre-processing of the feedstock With shredding and pallet 
iZing commonly utiliZed. Another major draWback of this 
traditional gasi?cation technology is the limited ability to 
completely dissociate the feedstock constituents into fuel 
gas in the loWer-temperature gasi?cation Zone, and to con 
trol the distributed temperature in the overall process. There 
are often signi?cant amounts of dilution gases (nitrogen, 
carbon dioxide, and Water) and problematic higher carbon 
chain organic compounds (tars) to deal With in the doWn 
stream subsystem of traditional gasi?ers. 

[0006] Therefore, a more effective and ef?cient method of 
extracting synthetic gas from biomass is desired. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides for a reneWable 
synthetic gas plasma pyrolysis process as an integrated, 
clean, non-combustion heat source to gasify a Wide variety 
of biomass into hydrogen and carbon monoxide using 
plasma torch technology. A method is used Where biomass 
is converted into syngas by feeding biomass into a reaction 
chamber, directing the ?ame of a plasma torch across the 
face of the biomass in the chamber, and extracting hydrogen 
and carbon monoxide rich gas from the reaction chamber. 
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[0008] Advantages of the system include a uniform and 
controllable process temperature, plasma torch/feedstock 
close-coupling, a smaller and simpler system than conven 
tional gasi?ers, and feedstock improved handling via pro 
cessing as-delivered Whole bales of biomass such as corn 
stover, Wheat straW or sWitch grass, for example. Addition 
ally, a signi?cant advantage of the system is the unique 
pyrolysis chamber With plasma torch and oxidant integration 
for uniform, controllable gasi?cation temperature to insure 
total dissociation of the organic feedstock and the ability to 
use different plasma gases to augment the recovery of 
syngas. 

[0009] These and other objects, features, and advantages 
of the present invention Will become readily apparent to 
those skilled in the art through a revieW of the folloWing 
detailed description in conjunction With the claims and 
accompanying draWings in Which like numerals in several 
vieWs refer to the same corresponding parts. 

DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a diagram of a baled, biomass gasi?cation 
concept of the pyrolysis process of the present invention; 
and 

[0011] 
system. 

FIG. 2 is a diagram of the pyrolysis process 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0012] The present invention represents broadly appli 
cable improvements for pyrolysis process systems. The 
embodiments herein are intended to be taken as represen 
tative of those in Which the invention may be incorporated 
and are not intended to be limiting. 

[0013] Referring ?rst to FIG. 1, there is shoWn a diagram 
of the biomass gasi?cation concept of the pyrolysis process 
of the present invention. The invention is described using 
corn stover as the biomass, but other agricultural and ligno 
cellulosic materials can be processed as Well. The assembly 
itself is indicated generally by numeral 10. It includes a 
plasma reaction chamber 12, a plasma torch 14, a feedstock 
supply inlet 16, and an air/steam supply inlet 18, and a gas 
outlet 20. 

[0014] Feedstock inlet 16 is generally a sealed hydraulic 
ram feed system comprising a structure in Which Whole corn 
stover bales 22 or other biomass is passed and continuously 
feed into the system at a controlled rate. The Whole corn 
stover bales 22 or other biomass are transferred from the 
feedstock inlet 16 to the plasma reaction chamber 12. As the 
bales 22 enter the chamber they enter a high enthalpy plasma 
coupling Zone 24 and are met With a plasma torch 14 
directed in a “close coupled” fashion onto the reacting 
interface of the continuously-fed Whole corn stover bale 22. 
Discharged from the plasma torch 14 is a highly energetic jet 
of ioniZed plasma-gas species that is continuously moved/ 
articulated across the exposed face of the bale 22. This torch 
movement, or rastoriZing folloWs a prescribed pattern via a 
preset control parameter strategy implemented using a pro 
grammed digital controller coupled to servomotor drives for 
optimum coverage (both time and space) of the moving bale 
and its exposed interface With the plasma reaction Zone 24. 
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If additional oxygen is required for carbon gasi?cation, it 
may be supplied from inlet 18. Oxygen, air, or steam may be 
injected from inlet 18 toward the face of the bale 22 to assist 
the pyrolysis process and to prevent the buildup of char. 
Steam provides additional oxidant, but more importantly, 
serves as a process temperature control feature. 

[0015] When using a plasma oxygen or oxygen-enriched 
air torch 14, temperatures Within the plasma jet cause 
dissociation of the diatomic gases into monatomic gas ions 
that are highly reactive. This high enthalpy plasma jet 
containing highly reactive monatomic gases can be focused 
directly on the feedstock, resulting in rapid dissociation of 
the feedstock and accelerated chemical reactions. There is 
also the added bene?t of signi?cant ultra-violet (UV) radia 
tion from the plasma jet that is knoWn to assist in breaking 
carbon bonds. The plasma jet also acts as a bulk gas heater, 
maintaining a desired reaction temperature in the volume of 
the gasi?er vessel, as the torch poWer is turned up or doWn. 

[0016] The directed high enthalpy coupling of monatomic 
plasma gas 26 (oxygen or oxygen-enriched air) and the bio 
feedstock 22, With controlled introduction of additional 
oxygen (or oxygen enriched air) results in rapid dissociation 
of feedstock and formation of a hydrogen and carbon 
monoxide rich gas. This, in effect, combines the advantages 
of some autogasi?er energy release plus the thermal and UV 
“boosting’ effect of the plasma gas. 

[0017] The present invention’s use of plasma torches as a 
clean non-combustion heat source to gasify biomass sim 
pli?es the process and produces a pyrolysis gas containing 
a much higher percentage of hydrogen than in traditional 
gasi?cation processors. 

[0018] For example, thermo/chemical model Was tested 
using basic constituents of corn stover input feedstock, 
together With a 90% oxygen plasma. The pyrolysis gas 
exiting the pyrolysis chamber contained approximately 48% 
hydrogen (by volume) and 48% carbon monoxide (by vol 
ume) and Was relatively insensitive to the form of biomass 
feedstock (i.e. very similar results for Wood chips/pellets, 
sWitch grass, etc). 

[0019] In general, the present invention drastically sim 
pli?es the biomass gasi?cation process by eliminating or 
minimiZing up-stream and doWn-stream components of a 
commercial plant. The purity of the syngas produced by the 
process virtually eliminates the need for catalytic crackers 
for tars produced by traditional gasi?cation plants. The 
near-total elimination of nitrogen in the gas simpli?es the 
gas separation requirements. Both of these accomplishments 
signi?cantly simplify the doWn-stream plant requirements. 
Minimizing feedstock costs can also be addressed With the 
use of a feed system that uses Whole bales (as received) from 
commercial baling systems currently in use. 

[0020] The present invention provides several advantages 
over traditional gasi?cation methods. First, the process 
provides a uniform and controllable process temperature. 
The process uses one or more plasma torches to heat the 

feedstock and evolving gases directly, providing the tem 
peratures necessary for complete dissociation of feedstock 
compounds Without tars and partially dissociated hydrocar 
bons. The process temperatures can be easily controlled by 
controlling torch poWer input to match the feed rate. Exit 
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average process gas temperatures of 1000-1500 degrees 
centigrade are easily achievable and maintained, assuring 
maximum fuel gas recovery With minimal tar components. 
There is no heat integration problem that is typical With 
partial-combustion gasi?cation systems. In commercial 
scale systems, multiple, multimegaWatt torches may be 
employed Within a single reactor to achieve uniform feed 
stock and gas heating. The torches’ position can be inde 
pendently controlled as a function of time Within the furnace 
(insertion depth and angular position) via ?exible control 
algorithms to achieve the most e?icient, time-averaged 
feedstock conversion. Processing requires no combustion, 
consequentially producing a pyrolysis gas loW in nitrogen 
and carbon dioxide. 

[0021] Second, plasma torches have great adaptability and 
performance. Because the plasma torches can run on differ 
ent plasma gases, air is often selected for use, based on cost 
and availability. HoWever, plasma torches can also run on 
other gases, including oxygen, nitrogen, carbon monoxide, 
carbon dioxide, or mixtures of these gases, including 
enriched air (up to 90% oxygen content). Plasma torch 
thermal ef?ciency and consumable components (i.e. elec 
trodes and outer-housing assemblies) can be affected by both 
the plasma gas used as Well as the reactor chamber chem 
istry. Plasma torches may take the form described in Us. 
Pat. Nos. 4,549,065; 4,559,439; 4,587,397 and 5,214,264 
the teachings of Which are incorporated by reference. 

[0022] Third the present invention provides a smaller and 
simple system. Because the system is capable of higher 
operating temperatures Without the formation of tars, and 
because there is no requirement for combustion air, the 
processing vessel and other doWnstream subsystems are 
smaller and less expensive than traditional systems. Vapor 
conditioning and gas cleanup for the system is simpli?ed 
due to the absence of tars, nitrogen and carbon dioxide in the 
pyrolysis gas. No further cracking or cleaning of tars is 
required. DoWnstream gas cleanup equipment is smaller, 
With loWer capital and operating costs due to a cleaner and 
loWer overall gas volume. Gas cleanup systems focus pri 
marily on removal of particulate. When hydrogen produc 
tion is to be maximiZed, Water-gas-shift catalytic processes 
(using steam to shift carbon monoxide to carbon dioxide 
With a byproduct of hydrogen) are also simpli?ed With the 
present invention because there is no requirement for tar 
cracking catalysts. 

[0023] Fourth, the system provides improved feedstock 
handling and feedstock ?exibility. To minimiZe the cost of 
feedstock handling, a proof-of-concept system has been 
designed to accept baled feedstock With no pre-processing. 
There are several ongoing studies directed toWard the col 
lection of agricultural biomass in the ?eld in various bale 
con?gurations and siZes. Bales tend to vary in dimensions 
due to moisture, temperature and baling equipment speci? 
cations. The bale feed system is designed to accommodate 
those variables. Loading and feeding the bales of biomass as 
they come from the ?eld greatly simpli?es feedstock han 
dling. Bales can be stored on site and loaded directly into the 
feed system With no additional processing. With feed rate 
control, temperature control and controlled oxidant injection 
in the gasi?cation furnace being controlled variables, the 
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conversion process is adaptable to different biomass feed 
stock. Experience and model projections shoW hydrogen 
production from pyrolysis of Wood (forest slash and mill 
Waste), corn stover, sWitch grass, and Wheat straW varies by 
only 3-4%. The primary difference in using different feed 
stock is the up-front feedstock handling and preparation, and 
With a system designed to feed bales With no pre-processing, 
multiple agricultural feedstock can be processed. 

[0024] Fifth, the design is readily scaleable. The combined 
information from thermochemical equilibrium analyses and 
bench scale data serves to de?ne the pilot-scale perfor 
mance. Elements of e?icient feedstock/plasma coupling in 
the high-enthalpy Zone of the plasma/bale interface Will 
need to transfer to the larger, pilot scale design. Use of the 
process thermochemical model together With proprietary, 
?uid dynamic process reactor simulation models can be used 
to help to identify reactor design parameters to de?ne/ 
control residence time so that scale-up problems can be 
minimized. 

[0025] The key to the foregoing advantages of the 
described system is the unique pyrolysis chamber With 
plasma torch and oxidant integration for uniform control 
lable gasi?cation temperature to insure total dissociation of 
the organic feedstock and the ability to use different plasma 
gasses to augment the production of synthetic gas. 

[0026] With reference to FIG. 2, a diagram of the pyroly 
sis process system is seen, Whereby the operation of the 
pyrolysis process can be described as folloWs. First, biom 
ass, such as Whole corn stover bales 22 are fed into the 
feedstock inlet as described in the previous discussion of 
FIG. 1. The corn stover bales 22 are urged into the plasma 
reaction chamber 12 together With oxygen fed through inlet 
18. The bales 22 are then met With a highly energetic jet of 
ioniZed plasma-gas species Which is exerted from plasma 
torch 14 and is continually moved across the exposed face 
of the bales 22. Apyrolysis gas is produced containing a high 
percentage of hydrogen and carbon monoxide. This gas exits 
the outlet 20 and travels into the ej ector/ scrubber system 28, 
many forms of Which are knoWn in the art. Waste Water 
produced is separated subjected to a Waste Water treatment 
system 30 here as Well. The pyrolysis gas next passes 
through a draft fan 32 and through the on-line gas analyZer 
34 and ?oW meter 36. Last the gas is either delivered to a 
commercial gas separation system 38 or to the thermal 
oxidiZer for star‘tup/shutdoWn 40. 

[0027] This invention has been de?ned herein in consid 
erable detail in order to comply With the Patent Statutes and 
to provide those skilled in the art With the information 
needed to apply the novel principles and to construct and use 
such specialiZed components as are required. HoWever, it is 
to be understood that the invention can be carried out by 
speci?cally different equipment and devices, and that vari 
ous modi?cations, both as to the equipment details and 
operating procedures, can be accomplished Without depart 
ing from the scope of the invention itself. 
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What is claimed is: 
1. A method for converting biomass into synthetic fuel gas 

comprising: 
feeding biomass into a reaction chamber; 

directing the ?ame of a plasma torch across a face of said 
biomass in said reaction chamber; and 

extracting hydrogen and carbon monoxide rich gas from 
said reaction chamber. 

2. The method of claim 1 Wherein said plasma torch is 
directed in a prescribed pattern via a preset control param 
eter strategy. 

3. The method of claim 2 further including supplying 
additional oxygen, air or steam to said reaction chamber as 
the plasma torch is made to traverse said face in the 
prescribed pattern. 

4. The method of claim 1 Wherein said biomass is Whole 
baled biomass 

5. The method of claim 4 Wherein the biomass is com 
stover. 

6. A gasi?cation system comprising: 

a reaction chamber; 

an inlet coupled to said reaction chamber; 

means adapted to feed a biomass material into said 
reaction chamber through said inlet; 

a plasma torch con?gured to scan its ?ame across a face 
of the biomass material Within said reaction chamber 
for producing a synthetic fuel gas; and 

an outlet from the reaction chamber through Which said 
synthetic fuel gas exits the reaction chamber. 

7. The gasi?cation system of claim 6 Wherein said plasma 
torch is directed in a predetermined rastoriZing pattern. 

8. The gasi?cation system of claim 7 further including an 
additional inlet in said reaction chamber for introducing 
oxygen, air, or steam. 

9. The gasi?cation system of claim 6 Wherein said bio 
mass material comprises a bale of biomass, such as corn 
stover. 

10. A method for converting biomass into gaseous syn 
thetic fuel comprising: 

feeding biomass into a reaction chamber; 

supplying at least one of oxygen, air and steam to said 
reaction chamber; 

directing the ?ame of a plasma torch across a surface of 
said biomass in a continuous pattern; and 

extracting hydrogen and carbon monoxide rich gas from 
said reaction chamber. 

11. The method of claim 10 Wherein said biomass com 
prises a Whole bale of biomass. 

12. The method of claim 11 Wherein the biomass is com 
stover. 


