


 
Energy & Environmental Research Center University of North Dakota 
15 North 23rd Street, Stop 9018 
Grand Forks, ND 58202-9018 

1 

 
 
Project Title: Mitigation of Hydrogen Sulfide with Concomitant Enhancement of Microbial 

 Methane Production in Biomass Digesters 

Contract Number: RD3-68  Milestone Number: 3       Report Date: October 30, 2009 

Principal Investigator: Daniel Stepan Contract Contact: Tobe Larson 

Phone: (701) 777-5247 Phone: (701) 777-5271 

Congressional District: Not Applicable 

Congressional District: Not Applicable 

 
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, key milestones included 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. Project funding was provided by customers of Xcel 
Energy through a grant from the Renewable Development Fund. 
 
 
Technical Progress:  
 
Laboratory Screening Experiments 
 
Materials and Methods 
 
 The proposed laboratory screening experiments were completed during this reporting 
period. As in previously reported laboratory screening experiments, 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 serum bottles. Samples were prepared in an anaerobic glove box as described in the 
Milestone 2 quarterly report. In order to provide a larger sample aliquot, 125-mL serum bottles 
were used as the experimental vessels. Each serum bottle received 40 mL of the homogenized 
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manure slurry, and a 5-mL volume of varying doses of the EERC additive was then added to 
each bottle. For the control group, each bottle received 5 mL of the sterile distilled water that 
was used to prepare the EERC additive. All groups consisted of triplicate samples. The bottles 
were then sealed with butyl rubber stoppers and aluminum crimpers, removed from the anaerobic 
glove box, mixed using a laboratory vortex mixer, and incubated at 35°C in the dark. All 
glassware, stoppers, and other supplies were autoclaved before use to prevent contamination.  
 
 The samples were periodically removed from the incubator; the headspace gas of the 
samples was sampled with a gas-tight syringe and analyzed using gas chromatography to 
determine the methane, carbon dioxide, and hydrogen sulfide content of the generated biogas.  
 
Effects of the Additive on Production of Hydrogen Sulfide 
 
 Addition of the EERC additive over the screened concentration range significantly reduced 
hydrogen sulfide production (Figures 1 and 2). Figure 1 shows the cumulative production of 
hydrogen sulfide in the gas phase, expressed as µM per gram of manure (dry weight). The 
experiments were first conducted with 8, 2, and 1 units of additive concentration, and the results 
are plotted in Figure 1a. A second experiment was then set up with 4, 0.8, and 0.5 units of 
additive concentration, and the results are plotted in Figure 1b. In both experiments, the “No 
additive” group served as the control sample. As shown in Figure 1, compared with the control 
group, production of hydrogen sulfide in all experimental groups was significantly reduced, and 
the reduction effects were proportional to the concentration of the additive. The H2S-reduction 
effect was consistent at all additive doses after 5 days of incubation, with the overall effect 
diminishing somewhat with time. Even with a diminished effect, the overall reduction in H2S 
was greater than 65% after 21 days of incubation (Figure 2) at the lowest dose tested  
(0.5 units). This provides good control, considering that commercial digesters typically operate 
at a hydraulic retention time (HRT) of less than 20 days. These experimental results clearly 
demonstrate that the EERC additive is able to effectively minimize hydrogen sulfide production 
at all tested experimental concentrations.   
 
Effects of the Additive on Methane and Carbon Dioxide Production 
 
 Figures 3 and 4 are plots of methane and carbon dioxide generation, respectively, for the 
same samples previously discussed. At additive doses of 4 units or less, there did not appear to 
be a significant effect, either stimulatory or inhibitory. However, at an additive dose of 8 units, a 
possible inhibitory effect can be noted with incubation times greater than 14 days, with reduced 
generation of both methane and carbon dioxide. A dose this high, however, while it defines an 
upper limit of additive use, would not be practical in commercial applications, even in digesters 
operating at less than a 14-day HRT. 
 
 Various additive formulations with scavengers were tested with inconclusive results. 
Additional laboratory screening tests were set up to validate the test results of a modified 
additive formulation. These samples were still undergoing incubation and biogas sampling and 
analysis. The results of this testing will be presented under separate cover as an interim project 
report. 
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Note: Values are averages of triplicate samples. The error bars represent the standard deviation of the triplicates. Where not shown, the error bars 
are within the symbols.   

 
Figure 1. Gas-phase hydrogen sulfide produced by 1 gram (dry weight) of the manure. 

 

 
Note: Values are averages of triplicate samples. The error bars represent the standard deviation of the triplicates. Where not shown, the error bars 
are within the symbols.   
 
Figure 2. Percentage reduction in gas-phase hydrogen sulfide (hydrogen sulfide produced by the 

control group is defined as 100%). 
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Figure 3. Cumulative methane produced by 1 gram (dry weight) of the manure. 
 
 
 
 
 

 
 

Figure 4. Gas-phase carbon dioxide produced by 1 gram (dry weight) of the manure. 
 
 
 



5 

Bench-Scale Digester Design, Fabrication, and Shakedown 
 
 The objective of the bench-scale testing is to conduct semicontinuous biodigester 
experiments to verify laboratory screening test results on a larger-scale process and to optimize 
operational parameters in preparation for pilot-scale tests. Two bench-scale digesters were 
constructed to assess performance of the EERC additive: a control digester that will be fed 
untreated manure and an experimental digester that will be fed manure treated with the EERC 
additive.  
 
 The bench-scale digesters were configured to simulate the full-scale plug-flow anaerobic 
digester at the Haubenschild Farm Dairy, Inc., site in Princeton, Minnesota. The digesters were 
fabricated from 8-inch ID schedule 40 PVC pipe. The ends of the 10-ft PVC pipes were fitted 
with PVC caps that were tapped and plumbed with 1-inch polypropylene ball valves installed 
near the bottom of each pipe end cap to accommodate feeding and removing of manure. A half-
inch-diameter nipple was installed at the top of each digester, 6 inches from the outlet end, to 
accommodate biogas collection, measurement, and monitoring. A process diagram of the bench-
scale digesters is shown in Figure 5.  
 
 Each digester has a working volume of 13 gallons when operating with the pipe half full. 
Heating is provided with recirculating hot water pumped from a water heater through half-inch-
diameter tubing wrapped around the digesters. A PID temperature controller maintains 
recirculating water temperature at ±0.1°F (Figure 6). The entire digester assemblies were 
mounted on a frame constructed of Unistrut channel and wrapped with 1-inch-thick closed-cell 
foam rubber insulation (Figure 7). 
 
 Biogas from the digesters flows to a gas cooling system (Figure 8) which cools the gas to a 
dew point of approximately 60°F to remove water vapor in the biogas prior to entering the 
flowmeter. The dried biogas passes through the gas meter and is exhausted to a fume hood. A  
0-5 volt signal from the gas meter is routed to a signal processor, and the flow data are 
downloaded and saved on a dedicated computer. 
 
 The bench-scale digester system ran well during shakedown testing, with only minor 
difficulties, primarily leaks, which were sealed. The systems were operated for a weeklong 
period with the digesters filled with tap water to verify temperature control capabilities and pump 
performance.  
 
 Approximately 50 gallons of fresh manure and 50 gallons of digester effluent (digested 
manure) were collected from Haubenschild Farm Dairy, Inc. The digested manure will be used to 
inoculate the bench-scale digesters, and the fresh manure will serve as digester feed.  
 
Additional Milestones: None. 
 
Project Status: The project is on schedule and within budget. Key milestones for the upcoming 
quarter include the completion of additional laboratory screening experiments to assess optimal 
additive formulation for manure and the initiation of bench-scale manure digester experiments.  
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Figure 5. Bench-scale digester diagram. 
 
 
 
 

 
 
 

Figure 6. Bench-scale digester systems. 
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Figure 7. Closed-cell foam insulated digesters. 
 
 
 
 

 
 

Figure 8. Biogas collection, cooling, and monitoring system. 
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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. 




