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MILESTONE REPORT 

 
Executive Summary: The overall goal of this Energy & Environmental Research Center (EERC) 
project is to test and demonstrate a novel biotechnology to convert biomass into a biogas having 
increased methane content and significantly reduced hydrogen sulfide. The project will be 
conducted at both the bench and pilot scale. Laboratory screening tests will establish baseline 
operating conditions prior to bench- and pilot-scale testing. The EERC has teamed with 
Haubenschild Farm Dairy, Inc., Princeton, Minnesota, to conduct the project. 
 
During this reporting period, the milestone included initiating laboratory screening experiments 
and compiling and analyzing laboratory screening data collected to date. In addition, an 
anaerobic seed reactor was established to develop an acclimated culture of anaerobic 
microorganisms that will be used in both laboratory screening experiments and subsequent 
bench-scale testing. Project funding was provided by customers of Xcel Energy through a grant 
from the Renewable Development Fund. 
 
Technical Progress:  

 
Preliminary testing and screening experiments were initiated to verify the effectiveness of the 
EERC additive on the mitigation of H2S production over a range of doses and to determine the 
additive concentration range to be used for the bench-scale experiments. These preliminary 
experiments are designed to demonstrate the “killing” effect on the sulfate-reducing bacteria 
without adversely impacting beneficial bacteria and are focusing on select additive ingredients. 
Subsequent experiments will establish an optimized blend of all of the additive ingredients to 
provide full sulfide control. Fresh manure samples were collected from Haubenschild Farm 
Dairy for use in these experiments. 
 
The experiments were set up in an anaerobic glove box, as shown in Figure 1. An anaerobic 
glove box is a flexible chamber equipped with a vacuum air lock and a system for the continuous 
removal of any oxygen from the chamber atmosphere. The oxygen removal system consists of 
airflow across a palladium catalyst in a nitrogen/hydrogen atmosphere with approximately 2% H2  
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Figure 1. EERC researchers prepare biological experiments in an anaerobic glove box. 
 
 

content. This immediately converts any oxygen to water vapor, thus maintaining an oxygen-free 
environment. All glassware, stoppers, and other supplies were autoclaved before use to prevent 
contamination. Fresh manure was mixed with an equal volume of digested manure collected 
from the anaerobic seed reactor and the mixed sample was then homogenized in a blender to 
prepare a material that could be transferred into the anaerobic tubes. The mixed manure slurry 
was dispensed into 28-mL anaerobic tubes using a 10-mL plastic syringe, and each tube received 
6 mL of the homogenized manure slurry. A 1-mL volume of varying doses of the EERC additive 
was then added to each of the anaerobic tubes. The tubes were then sealed with Teflon-lined 
butyl rubber stoppers and aluminum crimpers, removed from the glove box, mixed using a 
laboratory vortex mixer, and incubated at 35oC in the dark. 
 
Samples were prepared in triplicate. Periodically, the samples were removed from the incubator, 
sampled, and analyzed using gas chromatography to determine the methane, carbon dioxide, and 
hydrogen sulfide content of the generated biogas. Figures 2 and 3 are photographs showing the 
sampling and analysis of biogas. Experiments are ongoing, and analytical results will be 
presented in future quarterly reports. 

 
An anaerobic seed reactor was established to develop an acclimated culture of anaerobic bacteria 
for use in both laboratory screening experiments and bench-scale testing. The seed reactor 
consists of a 4-L sidearm glass filter flask fitted with ports to accommodate manure addition and 
biogas collection and sampling. Approximately 2 L of manure are maintained in the seed reactor, 
which is fed 200 mL of manure once a week, corresponding to a 10-day retention time. A sample 
of biogas is collected and analyzed periodically. Figure 4 is a chromatogram from a biogas  
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Figure 2. Biogas samples are collected from anaerobic tubes during preliminary laboratory 
screening experiments. 

 
 
 

 
 

Figure 3. Gas chromatography is used to analyze biogas samples. 
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Figure 4. Chromatogram from the anaerobic seed reactor biogas sample. 
 
 
sample collected from the seed reactor. Methane and carbon dioxide concentrations in the biogas 
were 67.4% and 31.6%, respectively, with trace amounts of hydrogen sulfide and other gases, 
indicative of a healthy anaerobic microbial community. 
 
Additional Milestones: None. 
 
Project Status: The project is on schedule and within budget. Key milestones for the upcoming 
quarter include the completion of laboratory screening experiments to assess additive 
formulations; compilation, reduction, and analysis of the laboratory screening data; preparation 
of an interim report on laboratory screening and additive formulation optimization; design, 
fabrication and shakedown of the bench-scale digesters, and a manure collection trip. 
 
 

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 OF ADEQUACY OF THE INFORMATION IN THIS 
REPORT. 


