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MILESTONE REPORT 

 
Executive Summary: During this milestone period, the Energy & Environmental Research 
Center completed Milestone 6, Gasifier Construction and Shakedown. The biomass gasification 
system was completed and shaken down on wood chips to verify gasification performance. 
Additional testing will also be performed on a range of biomass and coal through the project. 
The design modifications to the microturbine combustor was finalized, and the modifications 
were recommenced. This milestone is on schedule for the next milestone reporting period. An 
article entitled “Biomass in Microturbines” was published in the July/August 2010 issue of 
Renewable Energy Magazine that outlines the goals of the project and states that project funding 
was provided by customers of Xcel Energy through a grant from the Renewable Development 
Fund. Work is ongoing on Milestones 7 and 8–12. 
 
Technical Progress: During this milestone period, gasifier construction and shake down was 
completed. The feed system was connected to the gasifier, and the system was brought online for 
hot testing and shake down (Figure 1). The objective of hot testing and shake down was to 
address and correct any unanticipated issues under hot conditions and verify gasification 
performance. Hot gas from the gasifier was flared and then vented to atmosphere, and char and 
syngas particulates were removed via a cyclone into closed 55-gallon drums. The first hot test 
was performed on various-sized wood bark. Visual inspection of the flare output signified 
alternating smoke and clean syngas combustion. In addition, some syngas was backfeeding 
through the rotary valve into the hopper. While this was minor, it is an issue that must be 
addressed in the full-scale version to prevent the buildup of combustible gases in the hopper. 
Throughout the 6-hour hot tests, only one jam occurred when a 4” x ½” x ½” piece of bark was 
caught in the rotary valve. The ash and char extraction system worked as designed for this test, 
removing char. Visual analysis of the char revealed shiny spearlike particles, which may indicate 
that the ash extraction system was successfully removing the ash as designed. An image of the 
char and possible ash are shown in Figure 2. 
 
 Additional hot testing on coal char produced clinkers that fell back down into the vertical 
auger upon allowing the bed to burn down to the auger. This required shutdown of the gasifier, 
removal of the clinkers, and repair of the augers. However, this is not expected to be a problem  
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Figure 1. Gasification system and feed system set up for hot testing. 
 
 

 
 

Figure 2. Char and possibly ash particles extracted during first hot tests. 
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during normal operation of the gasifier when the bed is maintained up to the extraction auger. 
Additional testing and familiarity of the gasifier characteristics and the production of standard 
operating procedures should reduce these types of problems in the future. 
 

Final shakedown testing of the gasifier was performed on dry wood chips (Figure 3). 
Proximate/ultimate analysis of the wood mulch is provided in Table 1. Initial start-up was 
performed on wood char. Initial heatup was performed on wood chips and took approximately  
3 hours to reach an initial combustion temperature of 1300°F. The gasifier is designed to run 
continuously, uninterrupted, for long periods of time, so it was designed to have high thermal 
inertia. Long heatup times were expected and, in fact, continued throughout the shakedown 
period, with a rise of over 150°F over 3 hours with no change in input conditions. The final 
steady-state temperature will be determined during long-term testing and is expected to be 
between 1500° and 1700°F. Gas composition throughout the steady-state period of 4 hours 
cycled on a 25-minute period, which coincided with the time period for refilling the hopper. This 
may be an indication that feed density may be affecting the composition of CO, H2, and CH4, 
although CO2 remained steady throughout the 4-hour period, as shown in Figure 4.  
 

Assuming feed density was the limiting factor in gas composition, the maximum gas 
composition for a full hopper demonstrated a heating value of 90 Btu per standard cubic feet 
(scf) for this test. Overall, the CO and CH4 were produced as expected. The H2 was much lower 
than expected. This may have been because of the lower combustion temperatures in the gasifier. 
The primary water–carbon reaction, H2O(gas) + C(s) → CO + H2, is endothermic and occurs 
between 1650° and 1750°F. As the steady-state combustion temperature approaches 1650°F, 
both H2 and CO should increase, while the rate of increase in the combustion temperature should 
decrease until an equilibrium is reached. Only long-term testing will determine what the final 
combustion temperature and gas composition will be. Regardless, the final energy density is not 
expected to surpass 110–115 Btu/scf because of the use of air as the gasifying medium. 

 
 

Table 1. Proximate and Ultimate  
Analysis of Wood Chips 
Proximate Analysis  
Moisture 8.54
Volatile Matter 68.38
Fixed Carbon  22.73
Ash 0.36
Ultimate Analysis  
Hydrogen 6.22
Carbon 51.04
Nitrogen 0.30
Sulfur 0.01
Oxygen  42.07
Ash 0.36
Heating Value, Btu/lb     7882
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Figure 3. Image of wood chips used for shakedown of gasifier. 
 
 

 
 

Figure 4. Gas composition during steady-state shakedown of gasifier. 
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In addition to completing construction and shakedown of the gasification unit, the 
microturbine combustor modifications were finalized. Work recommenced on modifying the 
combustion system of the microturbine. This is Milestone 7 and is on schedule to be completed 
next milestone reporting period. Work is also ongoing on Milestones 8–12.  
 

Enclosed is the July/August 2010 article of Renewable World Magazine. The piece 
entitled “Biomass in Microturbines” is an article about this project and mentions Xcel Energy.   
 
Additional Milestones: Completion of Milestone 7, Microturbine Modification and Testing, is 
on schedule to be completed in the next milestone reporting period in accordance with the 
milestone and payment schedule. Work has commenced on Milestones 8–12 (Power System 
Construction and Testing). 
 
Project Status: The project is slightly behind schedule by about 1 month and slightly over 
budget associated with the high labor costs of the construction phase of the project. Once the 
construction phase is over (in approximately 2 months), the spending rate should decrease; both 
the schedule and budget should catch up with projections. 
 
LEGAL NOTICE 
 
THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY XCEL 
ENERGY. IT DOES NOT NECESSARILY REPRESENT THE VIEWS OF XCEL 
ENERGY, ITS EMPLOYEES, OR THE RENEWABLE DEVELOPMENT FUND 
BOARD. XCEL ENERGY, 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 XCEL ENERGY NOR HAS XCEL 
ENERGY PASSED UPON THE ACCURACY OR ADEQUACY OF THE 
INFORMATION IN THIS REPORT. 


