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MILESTONE REPORT 

 
Executive Summary 
 

During this milestone period, the three-dimensional modeling of the trailer-mounted 
indirect liquefaction system was switched from AutoCAD® Inventor to Siemen’s Solid Edge 
because of its greater ease of use and ability to easily lay out piping runs. After comparing the 
requirements of the indirect liquefaction system to commercial semitruck trailer designs, a 
nationwide search was initiated for a used curtain-sided dropped-deck trailer that will serve as 
the mobile platform of the system. As described in the last milestone report, the permit 
applicability request for the demonstration project in Minnesota has been submitted to the 
Minnesota Pollution Control Agency. During this reporting period, we received an exemption 
from air emission permit requirements for the field testing phase of the project (Appendix A).  

 
During this reporting period, parametric testing of the methanol catalyst performance was 

continued. The testing is necessary because the commercial catalyst is designed for creating 
methanol from a synthesis gas stream made from natural gas that has a much higher hydrogen 
content than simulated biomass syngas which will be created in this program. A five-factor, 
central composite experiment of 21 trials was designed to complete a parametric study that will 
help develop an understanding of reactor and catalyst performance. The highest methanol yield 
will be one of the primary criteria for the selection of operating parameters. This approach is 
critical to arrive at a reactor design that can be integrated with the gasifier without requiring 
extensive gas balance equipment that is inevitable with most large-scale methanol synthesis 
processes. The testing has so far shown that syngas conversion rate and selectivity are most 
strongly affected by the hydrogen partial pressure (PP) and lower reactor temperatures. Product 
yields are often over 90% methanol, with approximately 5% water and 5% other oxygenated 
hydrocarbons. 

 
A new type of small gasifier technology is being developed and tested at the Energy & 

Environmental Research Center under funding separate from the Xcel RD3-66 program. The 
system is designed to handle high-volatile fuels but should also be able to handle the very wet, or 
green, wood that is one of the unique objectives of the gasification technology being tested under 
RD3-66. One advantage of the new gasifier is that it is much more easily scaled up in size for 
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situations where a system larger than can be mounted on a trailer is required. Also, its throughput 
can be much higher than with the originally proposed thermally integrated system, allowing a 
higher overall system productivity. Therefore, during this reporting period, we used a portion of 
the program funds to pay for a test of the pilot-scale system with wet wood chips collected from 
the proposed field demonstration site. The main goals of the test were to determine if, in fact, the 
new gasifier design can gasify wet wood and, if so, to determine the maximum fuel feed and gas 
production rates as well as levels of contaminants in the product gas. Overall, the testing 
confirmed that the new gasifier design was well suited to the gasification of wet wood waste and 
will have a much higher throughput than the originally proposed thermally integrated gasifier. 
The high throughput translates into a higher liquid production rate for essentially the same 
amount of labor and capital cost. Therefore, this design will be adopted for the RD3-66 indirect 
wood waste liquefaction system. 

  
Technical Progress 

 
System Design: The software program AutoCAD® Inventor was being used to generate three-
dimensional (3-D) models of the components of the indirect biomass liquefaction system. 
However, this software was found to be more difficult to use than expected, especially in 
showing piping and electrical runs. Therefore, during this reporting period, the data already 
entered were transferred to Solid Edge modeling software from Siemens. This software provides 
for both 2-D and 3-D modeling and includes a robust piping and assembly package suitable for 
larger and more complex processes. This software is more suited to this project and is also more 
reliable than the previous AutoCAD software. The individual component models, such as the 
gasifier, scrubber, feed system, etc., are being assembled onto a model of a truck trailer to 
determine the most suitable location and orientations for the process modules. Most modules will 
be assembled on skids and then moved into place on the trailer, easing construction, repair, and 
substitution. The Energy & Environmental Research Center (EERC) postponed completion of 
the design because decisions about the size and exact types of gas cleanup modules were not 
finalized until we ran pilot-scale tests of a new gasifier concept that permits more rapid 
gasification of wet wood than the original concept could allow. Those gasifier tests were 
completed during this reporting period and are described in a following section of this report. We 
are currently analyzing the results of the tests and will use that data to complete the design and 
begin ordering and constructing parts of the system over the next reporting period. 

 
The modeling to date has included sizing of the components to fit on a semitruck trailer. 

The gasification, compressor, and gas cleanup systems have been modeled in the software. 
Because of size constraints, a drop-deck trailer was chosen in order to provide more internal 
height for large components. The floor of this type of trailer drops down to the rear of the hitch 
to provide an extra 1–2 feet of internal height. The preferred trailer type is also enclosed with a 
retractable tarp. This allows the system to be opened during warmer weather and construction 
phases or closed during colder weather. A curtainside drop-deck trailer can be seen in Figure 1. 
We are currently working with a trucking company and searching trucking sales publications to 
find a used trailer of this type for sale. 
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Figure 1. An example of a curtainside drop-deck trailer. 
 
 
The compressor that is required for the gas conversion module must be sized to fit inside 

the trailer dimensions, along with the gasification and gas-cleaning modules. A search of 
commercially available compressor types showed that, for the pressure and volume of gas 
required for the liquefaction system, a piston-type compressor is most suitable because 
diaphragm, rotary, and centrifugal compressors cannot meet the requirements economically. 
Atlas Copco provides a piston-type compressor with six cylinders and three stages that will 
compress the gas to 600 psi at the desired flow rate. The compressor is the largest component of 
the system, taking up 10 ft of the length and almost the entire width of the trailer. The 
compressor has an included oil cleanup system to capture any lubrication oil that may leak past 
the seals of the pistons. Most other compressor companies are not able to provide for such a large 
volume and pressure requirement as needed by this system.  

 
Subcontract Status: We have received a proposal from University of Minnesota – Duluth 
(UMD) for their work in the program. The EERC is currently in the process of negotiating the 
subcontract with UMD. 

 
State Permitting: An exemption from air quality permitting has been received from the 
Minnesota Pollution Control Agency for gaseous emissions that will occur during site testing of 
the indirect liquefaction system next year near Marcell, Minnesota. The exemption letter is 
shown in Appendix A. 

 
Laboratory Gas-to-Liquids Conversion Testing: The methanol synthesis reactor for the 
project is currently being designed. As a first step toward finalizing the design, various reactor 
operating parameters and expected syngas composition from the integrated biomass gasifier are 
being experimentally evaluated in a specially designed modular reactor system. A picture of the  
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system is shown in Figure 2. It consists of three main subsystems: 1) a synthetic syngas supply 
system, 2) a methanol synthesis reactor and heat management system, and 3) a purge gas 
analysis system. 

 
During this reporting period, parametric testing of the methanol catalyst performance was 

continued. The testing is necessary because the commercial catalyst is designed for creating 
methanol from a synthesis gas stream made from natural gas which has a much higher hydrogen 
content than the simulated biomass syngas that will be created in this program. The operating 
pressure of the system ranges between 100 and 1000 psig. It is designed to maintain a constant 
reactor temperature of 40°–300°C, achieved by direct as well as indirect heat transfer using air, 
nitrogen, and syngas as heat-transfer mediums. The synthesis reaction is mildly exothermic, 
and the heat management system ensures constant catalyst bed temperatures under steady-
state operation. The maximum design syngas flow rate is 70 L/min. The initial parametric 
study will be conducted at flow rates of 4 L/min. These experiments will be conducted at 
operating temperatures and pressures ranging from 200° to 300°C and 300 to 600 psig, 
respectively. The syngas composition range is based on prior high-moisture biomass gasification 
data that are H2=20%–35%, CO=20%–35%, CO2=8%, and N2=22%–52%.  

 
A five-factor, central composite experiment of 21 trials was designed to complete a 

parametric study that will help develop an understanding of reactor and catalyst performance. 
The highest methanol yield will be one of the primary criteria for the selection of operating  

 
 

 
 

Figure 2. A syngas-to-methanol test setup showing a syngas supply system, synthesis 
reactor, liquid condenser, and online gas analyzer. 
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parameters. This approach is critical to arrive at a reactor design which can be integrated with the 
gasifier without requiring extensive gas balance equipment that is inevitable with most large-
scale methanol synthesis processes.  

 
The five factors studied in this experiment are listed in Table 1. The PPs of carbon 

monoxide, hydrogen, carbon dioxide, and nitrogen were independently varied along with the 
reactor temperature. Varying PPs rather than specific molar gas compositions at a given total 
pressure allows for independent control of all four gases. Total system pressure and gas 
compositions are then variables dependent upon the PP settings. The upper and lower limits of 
the PP of the gases were established so that the molar gas composition of hydrogen and carbon 
monoxide varied between 18% and 42%, nitrogen between 21% and 45%, and carbon dioxide 
between 3% and 12%. Total system pressure differed between 305 and 595 psi. The complete 
experimental design, which includes 16 factorial points with five center points, is shown in  
Table 2. The methanol productivity and selectivity for each run is also included. 

 
The order of the trials was randomized, and several center point conditions were mixed in 

at regular intervals to determine catalyst deactivation rate. Data and product for each trial were 
collected during a period of at least 3 hours of steady-state operation. The catalyst was 
regenerated after every four trials, but it was determined during the experiment that the catalyst 
deactivates rapidly during the high-temperature trials. Because of this effect, some of the low-
temperature trials were replicated. 

 
The effects of the main factors and two-way interactions between factors were calculated 

and shown in Table 3. Statistical significance of the effects was determined from the variability 
observed from center point replication. Additionally, half normal plots of the effects were 
constructed to graphically verify significance. Reactor temperature (X5) was found to be the 
most important variable on methanol productivity and selectivity. Lower temperatures favor 
higher production and better selectivity to methanol. Hydrogen PP (X1) was the next most 
important variable. Higher hydrogen PP improves productivity and selectivity. The interaction 
between temperature and hydrogen PP (X1X5) was also a significant factor. The effect of 
hydrogen PP on methanol production rate was greater at low temperatures. Conversely, the effect 
of hydrogen PP on methanol selectivity was more important at high temperatures. 

 
Somewhat surprisingly, the PP of carbon monoxide (X2) was not proven to be important 

for methanol synthesis. It should be noted that the calculated effects were near the cut-off for 
statistical significance. Regardless, the PP of carbon monoxide is not nearly as important as 
hydrogen. This could be an advantageous finding for reactor systems that use coal or biomass-
derived syngas that have hydrogen to carbon monoxide ratios near one to one.  

 
 

Table 1. Factor List with Coded Upper, Lower, and Center Point Settings 
Factor −1 0 1 
X1: H2 PP, psi 95 125 155 
X2: CO PP, psi 95 125 155 
X3: N2 PP, psi 95 170 245 
X4: CO2 PP, psi 20 30 40 
X5: Temperature, °C 220 250 280 
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Table 2. 16 Run, Five-Factor Central Composite Experimental Design with Center Points 
 Coded Design Dependent Variables MeOH 

Productivity, 
g/hr 

MeOH 
Selectivity, 

wt% 
Run 
Order  Trial X1 X2 X3 X4 X5 

Total 
Pressure 

H2, 
% 

CO, 
% 

N2, 
% 

CO2, 
% 

H2:CO 
Ratio 

10 1 −1 −1 −1 −1 1 305.0 31 31 31 7 1.00 0.41 64.1 
18 2 1 −1 −1 −1 −1 365.0 42 26 26 5 1.63 5.98 93.8 
11 3 −1 1 −1 −1 −1 365.0 26 42 26 5 0.61 2.80 88.7 
3 4 1 1 −1 −1 1 425.0 36 36 22 5 1.00 1.58 84.7 
19 5 −1 −1 1 −1 −1 455.0 21 21 54 4 1.00 3.15 93.5 
7 6 1 −1 1 −1 1 515.0 30 18 48 4 1.63 1.02 86.4 
16 7 −1 1 1 −1 1 515.0 18 30 48 4 0.61 0.26 47.7 
6 8 1 1 1 −1 −1 575.0 27 27 43 3 1.00 6.86 92.8 
21 9 −1 −1 −1 1 −1 325.0 29 29 29 12 1.00 2.05 84.5 
14 10 1 −1 −1 1 1 385.0 40 25 25 10 1.63 1.34 73.8 
2 11 −1 1 −1 1 1 385.0 25 40 25 10 0.61 0.31 50.0 
13 12 1 1 −1 1 −1 445.0 35 35 21 9 1.00 8.40 93.9 
20 13 −1 −1 1 1 1 475.0 20 20 52 8 1.00 0.07 60.0 
15 14 1 −1 1 1 −1 535.0 29 18 46 7 1.63 3.68 91.2 
4 15 −1 1 1 1 −1 535.0 18 29 46 7 0.61 3.57 93.5 
22 16 1 1 1 1 1 595.0 26 26 41 7 1.00 1.19 62.0 
1 17 0 0 0 0 0 450.0 28 28 38 7 1.00 4.35 80.4 
5 18 0 0 0 0 0 450.0 28 28 38 7 1.00 3.12 90.5 
9 20 0 0 0 0 0 450.0 28 28 38 7 1.00 2.78 84.9 
12 21 0 0 0 0 0 450.0 28 28 38 7 1.00 2.99 79.9 
23 23 0 0 0 0 0 450.0 28 28 38 7 1.00 2.82 85.7 

 
 

Table 3. Calculated Effects of Main Factors and Two-Way  
Interactions for Methanol Productivity and Selectivity 
 MeOH Productivity, g/hr MeOH Selectivity, wt% 
X1 2.2 12.1 
X2 0.9 −4.3 
X3 −0.4 −0.8 
X4 −0.2 −5.4 
X5 3.8 −25.4 
X1X2 0.6 1.3 
X1X3 −0.8 −2.6 
X1X4 0.0 −3.9 
X1X5 −1.2 9.2 
X2X3 0.1 −4.5 
X2X4 0.7 1.7 
X2X5 −0.8 −5.7 
X3X4 −0.5 1.9 
X3X5 0.1 −3.3 
X4X5 0.1 −3.9 
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The higher PPs of carbon monoxide would have little-to-no effect on the production and 
selectivity of methanol. However, at similar system pressures, the additional carbon monoxide 
decreases the PP of hydrogen, which will hurt catalyst performance. Therefore, a methanol 
reactor that processes syngas with a one-to-one ratio of hydrogen and carbon monoxide will have 
to be designed to operate at a higher total pressure to achieve similar production rates as a system 
that processes syngas with higher hydrogen content. 

 
The experimental design was analyzed for curvature, and it was determined not to be 

statistically significant. Therefore, the 16 factorial trials provide enough data to adequately 
describe the system. Mathematical models that are based on temperature and PP of hydrogen 
were created for each response. Contour plots were generated to show how methanol production 
rates and selectivity responds to changes in temperature and hydrogen PP (Figures 3 and 4). It is 
clear that both productivity and selectivity are maximized with increasing hydrogen PP and 
decreasing temperature. 

 
The analysis of data for gas conversions yielded somewhat vague results. This likely stems 

from the fact that at least five competing reactions exist in this system (Table 4.) All reactions 
are exothermic, but a relatively wide disparity in heats of reaction exists. Therefore, from a 
thermodynamic perspective, reactor temperature should have a significant effect on gas 
conversions and product selectivity.  

 
It has been made clear that temperature is the most important variable that affects the 

productivity and selectivity of methanol, and for the most part, the same holds true for the  
 
 

 
 

Figure 3. A contour plot of methanol production rate (g/hr) as a function of hydrogen PP 
and temperature. 
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Figure 4. A contour plot of methanol selectivity (wt%) as a function of hydrogen and PP of 
hydrogen. 

 
 

Table 4. Competing Chemical Reactions with Heats of Reaction 
Water–Gas Shift CO + H2O ↔ H2 + CO2 −41 kJ/mol 
Methanol CO2 + 3H2 ↔ CH3OH + H2O −49 kJ/mol 
Methanol CO + 2H2 ↔ CH3OH −91 kJ/mol 
Fischer–Tropsch CO + 2H2 ↔ -CH2- + H2O −165 kJ/mol 
Methanation CO + 3H2 ↔ CH4 + H2O −217 kJ/mol 

 
 

conversion of gases. It was clear from the data that increasing temperatures increases conversion 
of CO but decreases that of CO2. At higher temperatures, more CO is being converted to CO2. 
However, it was unclear if any variables were significant in affecting the conversion of 
hydrogen. At higher temperatures, more H2 will also be created, but this extra H2 is likely being 
converted to light hydrocarbon gases via the Fischer–Tropsch (FT) and methanation reactions. 
This is thermodynamically unfavorable, but the kinetics of the catalytic reaction may be 
increased at higher temperatures. Kinetic rate expressions are unavailable for this particular 
catalyst to accurately model the effects of temperature and PPs. 

 
Future activities involve determining the deactivation rate of the catalyst at the optimum 

operating conditions of high hydrogen PP and low temperature. Also, a follow-up experiment 
will be conducted, which will focus on the low reactor temperature setting of 220°C and higher 
carbon dioxide PPs. Recent data from gasifier testing indicate that the syngas will likely have a 
higher composition of carbon dioxide than originally thought. The design of the trailer-mounted 
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methanol reactor will begin in earnest with a better understanding of syngas composition from 
the gasifier and the effects of higher CO2 PPs are determined. 

 
Additional Milestones 

 
Pilot-Scale Gasification Test 
 
System Design: In the original proposal for this project, the EERC described a unique biomass 
gasification system that, unlike other biomass gasification systems, would permit direct 
gasification of wet or green wood without the need for predrying. In addition, the gas produced 
has a higher hydrogen concentration than that produced from other small-scale gasifiers, making 
it especially suited for conversion to liquid fuels. Since the time of the proposal, however, the 
EERC has developed a new gasifier concept that has the potential to maintain these unique 
properties but, in addition, could allow for much more rapid throughput and easier system scale-
up. Funding from other sources was recently used to construct a pilot-scale version of the new 
gasifier concept. During this reporting period, RD3-66 funds were used to pay for a test of the 
gasifier using wet wood to prove the suitability of the design for this indirect liquefaction project. 
The tests were very successful, so the new gasifier concept will be adopted for RD3-66. 

 
The specifics of the gasifier design are currently confidential, pending the completion of 

the patenting process. However, we can give a generalized description of the system. The main 
components of the gasifier system include a fuel feed system, fixed-bed gasifier reactor, residue 
extraction system, syngas scrubber, induced draft (ID) fan, syngas exhaust system, and an 
operating parameter monitor and control system. The system is classified for Class 1, Division 2, 
Group B classification for the operation of electrical components in explosive gas environments. 
The nominal throughput of the biomass is 33 lb/h. The fuel is fed from the top of the gasifier 
with the help of an enclosed auger. The fuel hopper can store about 200 lb of biomass. The 
gasification air is injected from the top of the gasifier. The gasifier is equipped with a solid fuel 
igniter. The exothermic heat profile is established in the fuel bed soon after the ignition and 
steady-state gasification can be achieved, within 30 minutes of the initiation of ignition 
depending on the fuel moisture content and reactivity. The syngas leaves the reactor from the 
bottom of the gasifier. The syngas is scrubbed in a two-stage scrubber prior to exhausting it 
through the flare. The ID fan located downstream of the syngas scrubber maintains the pressure 
drop across all upstream components, including the gasifier and the syngas scrubbing system. 
The positive pressure maintained downstream of the ID fan helps exhaust the syngas through the 
flare. The syngas flow rate is measured with the help of an orifice flowmeter located downstream 
of the blower. A similar arrangement is provided to determine the gasification air flow rate 
upstream of the gasifier. The flare system consists of a hot-surface igniter. The flare combustion 
air is induced by the ejector effect caused by the flow of syngas. A gas sampling port is provided 
on the flare for determining exhaust emissions. The clean syngas composition is determined 
using an online gas analyzer capable of measuring CO, CO2, O2, H2, and CH4. A separate 
arrangement is provided for sampling syngas for the determination of tar and particulate matter 
in raw or hot as well as clean syngas.  

 
Green biomass obtained from forest product-processing units or those from legacy piles of 

wood-processing units typically contain about 35%–40% moisture, or possibly higher in a few 
other cases. The role of moisture in a self-sustained gasification process is to lower gasification 
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efficiency and syngas quality (calorific value) as a result of lowering of the gasifier bed 
temperature coupled with increases in contaminant concentrations in the syngas. The EERC’s 
advanced pilot plant gasifier is based on a staged-air gasification process that allows the reacting 
fixed bed to achieve a long and uniform high temperature such that the gasification reactions 
achieve the highest carbon conversion while achieving a high H2/CO and CO/CO2 ratio, which is 
favorable for the liquid synthesis process. Achieving these features in the gasifier are critical for 
maximizing the liquid yields, while reducing or eliminating unconverted char discharge from the 
system, which is typically a liability, particularly for the technology designed to operate on green 
biomass at remotely located sites where residue disposal is not viable.  

 
As was determined in an earlier feasibility study, maintaining a uniform high temperature 

in the reacting bed is critical for achieving a favorable gas composition for methanol (or FT 
liquid) production. The high moisture in the fuel could be used as a gasifying medium for 
increasing the hydrogen content of the syngas. The desired temperature profile could be provided 
either by indirect heat transfer to the reacting bed (thermal integration) or by direct heat transfer 
achieved by managing the hydrodynamics in the reacting bed. The latter approach is utilized in 
designing the advanced fixed-bed gasifier because of the ease of managing heat transfer in a 
large diameter gasifier bed. The advantage of this approach, opposed to the indirect heat transfer 
one, is the ability to achieve a radial as well as axial uniform temperature profile. This is critical 
for the kinetically controlled endothermic gasification reactions in maintaining desired syngas 
compositions. The advanced gasifier design is capable of achieving a uniform bed temperature 
even in the case of a large bed and helps achieve a near-complete carbon conversion. The small 
size of the gasifier is an additional feature critical for the mobile biomass-to-methanol system. 
The advanced gasifier is capable of operating at nearly twice the throughput rate compared to the 
originally proposed design. 

 
System Test Results: The forestry residue expected to be processed in the mobile biomass-to-
methanol production process will be low in energy density primarily because of a high-moisture 
content and partial natural decomposition. Tests of wood waste from the Marcell, Minnesota, 
plant show that the moisture content of the fuel can range from 30% to 55%. Preliminary 
gasification experiments were, therefore, conducted on wet wood waste obtained from three 
different sources. The three sources are a saw mill located near Marcell; a truss plant located in 
Grand Forks, North Dakota; and the Grand Forks Municipal wood disposal site. The moisture 
level of the waste wood from the truss plant was elevated to greater than 35%, while the inherent 
moisture levels of the wood from the saw mill and the municipal disposal site were 35% and 
50%, respectively. A total of five gasification experiments on the wet wood consisted of a large 
fraction of fines were conducted for the duration ranging from 7 h to 24 h and at a conversion 
rate of 50 lb/h, which was about 50% higher throughput as compared to its nominal throughput 
of 33 lb/h. 

 
The following are the summary results of the preliminary tests conducted on these fuels.  
 
Steady-state gasification experiments were conducted to establish a long duration operation 

of the gasifier at near-constant flow rate and composition. Table 5 shows the average syngas 
composition for a 14 h average from the steady-state gasification test. 
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Table 5. Average Snygas Composition 

Test Date: November 22, 2009 CO CO2 CH4 H2 N2 CxHy 

Higher 
Heating 

Value, MJ/m3 
Average Concentration, vol% 12.1 14.1 1.5 17.2 50.3 0.5 12.1 
Standard Deviation 2.2 1.8 0.4 2.8 2.6 0.2 2.2 

 
 
The gasification efficiency achieved for the high-moisture biomass was 80%, which means 

that only 20% of the calorific value of the wood waste was lost to system heat or emissions. The 
ratio of weight of gas produced to wet biomass fed during steady-state operation was 2.6. Short 
duration steady-state experiments were conducted to observe the range of H2 and CO achievable. 
Table 6 shows a single measurement value.  

 
 

Table 6. Single Measurement Value 
Test Date: November 11, 2009 CO CO2 CH4 H2 N2 
Highest Concentration, vol% 22.8 8.4 1.36 37.4 30 

 
 
The gasifier could be operated at two steady-state conditions such that the syngas 

composition with either high CO or high H2 concentrations could be obtained (H2/CO ratio of 
0.25 and 1.8). The gasifier operating condition for achieving a higher H2/CO ratio is selected for 
long duration steady-state operations for the liquid synthesis process. Nearly 100% carbon 
conversion could be achieved in the gasifier bed except for a small fraction of carbon recovered 
during the test in order to determine its gas adsorption capacity. 

 
A test was conducted to determine particulate concentrations in the syngas stream 

following U.S. Environmental Protection Agency Method 5. The measurement indicated that the 
installed scrubber system was capable of removing about 85%–96% of the particulate matter. 
The gravimetric tar determination in the hot and scrubbed syngas was conducted during unsteady 
or transition gasifier operation. It was found that the scrubber system could remove about 93% of 
the tar during the worst-case operating conditions. In addition, the concentrations of sulfur 
species in the syngas were low. Both hydrogen disulfide and carbonyl sulfide were typically 
below 1 part per million on a volume basis. 

 
Overall, the testing confirmed that the new gasifier design was well suited to the 

gasification of wet wood waste and will have a much higher throughput than the originally 
proposed thermally integrated gasifier. The high throughput translates into a higher liquid 
production rate for essentially the same amount of labor and capitol cost. Therefore, this design 
will be adopted for the RD3-66 indirect wood waste liquefaction system. 

 
Attached to this quarterly is a copy of the letter from the Minnesota Pollution Control 

Agency stating that the trailer-mounted indirect liquefaction unit will not need an air quality 
permit for operation near Marcell, Minnesota, during the field trials of the system next year. 
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LEGAL NOTICE 
 

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY 
NSP. IT DOES NOT NECESSARILY REPRESENT THE VIEWS OF NSP, ITS 
EMPLOYEES, OR THE RENEWABLE DEVELOPMENT FUND BOARD. NSP, ITS 
EMPLOYEES, CONTRACTORS, AND SUBCONTRACTORS MAKE NO WARRANTY, 
EXPRESS OR IMPLIED, AND ASSUME NO LEGAL LIABILITY FOR THE 
INFORMATION IN THIS REPORT; NOR DOES ANY PARTY REPRESENT THAT 
THE USE OF THIS INFORMATION WILL NOT INFRINGE UPON PRIVATELY 
OWNED RIGHTS. THIS REPORT HAS NOT BEEN APPROVED OR DISAPPROVED 
BY NSP NOR HAS NSP PASSED UPON THE ACCURACY OR ADEQUACY OF THE 
INFORMATION IN THIS REPORT.  



 

  




