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Section 1.2 - Project Summary:  
 
 The general purpose of this research project is to explore the feasibility of using cover crop 
biomass as additive in anaerobic digesters, with the focus on improving the natural gas 
production at the Ames Water Pollution Control (WPC) Facility digesters. Inherently, this is a 
very open project focus and so as such this report has broken down the project into two main 
fields of study. First, the project looks to determine the potential problems that using cover crop 
biomass as an additive could cause and what can be done to mitigate these issues. Second, the 
project seeks to determine how beneficial the cover crop additive is to the digester efficiency 
and, as an extension of this point, whether or not utilizing the cover crops is an economically 
sound decision.  
 
To address the first project focus, I consulted with Joe Krebs of the Ames Wastewater Treatment 
Plant to learn what he saw as potential issues for the project. He pointed out two potential issues, 
the first of which being that the grinder on the digester input port may be unable to properly 
process the cover crops2. This is due to their fibrous nature causing them to potentially produce 
stringy masses that would digest poorly and may end up causing clogging issues.  
 
To explore this, I designed an experiment where we tested different methods of adding material 
to the Ames WPC facility digesters. Ultimately it was concluded that adding material using the 
built-in grinder was not feasible and that the best method would be to pre-process the biomass 
material and add it directly to the retention basin that feeds the digesters. This matter is covered 
in greater detail in Section 2.1 (FOG Grinder Effectiveness Test).  
 
The second major concern about adding the biomass was that it would digest poorly in the WPC 
digester and not break down, resulting in stringy filamentous masses. Such material would cause 
internal clogging issues and make the resulting digested sludge a poor fertilizer. To address this 
concern, at the conclusion of the BMP tests that were used simulate the large-scale digestion and 
identify the volume of gas produced, the biomass remaining in the vials was removed and 
analyzed to understand to what degree the material had broken down. As a result of these tests, it 
was concluded that the material ultimately broke down very little throughout the digestion 
process, raising concerns for clogging issues throughout the digestion and transportation process. 
This matter is explored further in Section 2.2 (Biomass Degradation Analysis)  
 
A series of BMP (Biological methane production) tests were conducted to assess how beneficial 
and cost-effective it would be to add biomass to the digester. Nine in total were set up, with three 
control samples, three rough cut biomass samples, and three finely-ground biomass samples. The 
experiment was designed this way to assess whether pre-grinding the material would be a 
beneficial step, both in terms of material break-down and whether it would increase bio-gas 
production. These samples were placed in 250 mL glass vials along with digester sludge and 
some sodium bicarbonate to balance the pH. These were sealed with an airtight rubber stopper 
and left to incubate in a 35°C room. At set intervals, a syringe was used to extract the biogas to 
determine the volume produced. This experiment is explored further in Section 3.1 (BMP Test). 
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As a follow-up to the BMP test, the values for the volume of gas produced were used to conduct 
a cost assessment comparing the value of the gas produced and compare it to the cost of the 
biomass used to feed the digester. Values from the USDA Hay Auction Report4 were compared 
to the value of natural gas in the City of Ames1 and it was found that for the volumes of gas 
produced by feeding the digester biomass, the process was not economically feasible. This 
matter is explored in further detail in Section 3.2 (Cost Assessment). 
 
To analyze the contents of the gas and confirm that no leaks had occurred throughout the 
digestion and numerous gas extractions, the gas was analyzed using a mass spectrometer. 
Unfortunately, the dedicated BMP gas analysis machine was not working at the time of the 
experiment, so the samples were taken to the ISU Chemical Instrumentation Facility where a 
Agilent Technologies 7890B Mass Spectrometer was used to analyze the gas. However, this 
machine was unable to accurately detect light molecules such as methane, so this experiment 
only effectively served to determine which samples had remained completely airtight throughout 
the duration of the experiment. For gas composition, the conventionally accepted ratio of 65% 
methane was used to assess cost-effectiveness3. This experiment is covered in greater detail in 
Section 3.3 (Mass Spectrometry Analysis). 
 
 
The next and last major component of this study was the volatile suspended solids analysis or 
VSS. Volatile solids are organic compounds that are lost upon ignition of the material. A VSS 
analysis serves as an effective benchmark for how much the organic material within the digester 
samples was broken down. To conduct this analysis, two sample vials, B2 and S1, were opened 
up and strained to separate the remaining plant mass from the fluids and sludge. These were then 
placed on labeled weigh boats whose masses had been recorded. They were then dried in a kiln 
for 45 minutes at 100° C. Once dried, the samples were weighed, and then transferred into a 550° 
C kiln for one hour. Once removed and allowed to cool, the samples were weighed again and the 
masses from before and after the 550° C kiln were compared. This process was repeated with 
undigested biomass samples. This experiment is covered in further detail in Section 3.4 (Volatile 
Suspended Solids Analysis). All raw data and resources used to construct this report are included 
in sections 4.1 (Works Cited) and Section 4.2 (Appendix). 
 
 
 

 
 

This research was made possible thanks to a grant by the Walton Family Foundation 
 

Grant Number 00103089 
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Section 1.3 - Summary of Results 

 
In regard to the first major hurdle for utilizing the biomass, the clogging issues that could be 
caused by the inherently fibrous plant matter, the results of each experiment substantiated  
the concerns that the infrastructure of the digester was not suited to handle the biomass. In 
Section 2.1, we found that the biomass interacted poorly with other digester additives such as 
FOG and required immense force and manual effort to pass through the relatively wide pipes of 
the FOG grinder port. These issues are likely to be mirrored throughout the piping of the facility. 
Furthermore, in the experiments in section 2.2, it was found that the digestion process did not 
effectively degrade the biomass material. From this, it can be inferred that the material would 
likely cause clogging issues even after the retention period had been completed and would 
realistically be very difficult to remove from the digester.  
 
While the gas production values of the experiment in Sections 3.1 and 3.3 were ultimately every 
encouraging, several key factors regarding the BMP data stand out as potentially concerning. 
The most significant is that the biomass material takes just over a week to hydrolyze and begin 
producing significant quantities of gas. Gas production peaks at day fifteen of the digestion 
process, which means that the bulk of the highly efficient gas production would occur outside the 
retention time of the Ames WPC digester. Operating at a twenty-day retention time would 
significantly increase the volume of gas produced but would still miss much of the biomass’s 
most effective gas production. The most negative finding of this study however was that given 
the volume of methane produced by digestion, the price of the switchgrass needed to feed the 
digestion was worth over four times the value of the gas produced, not even including the costs 
associated with processing and refining the gas.  
 
Overall, on both major criteria for feasibility in this study, I believe using switchgrass biomass to 
improve the biogas production in the Ames Wastewater Treatment Plant Digester is not a sound 
course of action. To implement the biomass effectively, either major pre-treatment would need to 
be conducted on the biomass samples or major mechanical changes would need to be 
implemented in the digester facility, both of which far exceed the financial or environmental 
benefits that adding the biomass would provide.  
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Section 2.1 - FOG Grinder Effectiveness Test: 
 
Experiment Summary:  
 
 This experiment was designed to determine the effectiveness of the Ames Water Pollution 
Control Facility’s FOG (fats, oil, and grease) grinder as a means of processing and adding 
switchgrass cover crop biomass to the facility’s anaerobic digester. The grinder was considered 
as a potentially important step to break down long fibrous materials from the biomass that may 
otherwise fail to break down easily and cause clogging issues in the digester. In addition, it 
provided insight into how the biomass might interact with other feed products within the digester 
piping. 
 
 The experiment consisted of packing switchgrass into the feed port of the FOG grinder and 
flushing the material through the system with water while the grinder was running (figure 2.1.1). 
A bucket suspended by a rope below the exit faucet captured material exiting the grinder, both to 
prevent it from entering the digester and to allow samples to be collected for examination (figure 
2.1.2). Once the bucket was full, it could be hoisted out of the residence tank and samples could 
be collected. Two types of samples were collected using this method, one from the first 
outpouring of material, which reflected a high ratio of FOG to biomass (figures 2.1.5), and 
another sample taken once most of the residual FOG had been cleared from the tube and the 
majority of the discharged material was ground biomass (figure 2.1.6).  
 
 A number of issues occurred throughout the test. Most notably, FOG material from previous 
digester loadings combined with the ground switchgrass in the grinder tube and caused some 
clogging issues, requiring great force to get the material to process through. When the material 
did pass through the grinder and out the exit tube, the fibers from the biomass seemed to have 
combined with the FOG material to form a dense gelatinous mass with a consistency similar to 
putty. While this material will likely become diluted in the digester, it could cause clogging 
issues in the digester feeding mechanisms. Finally, although the grinder did significantly 
emulsify much of the cover crop material, several long fibers made it through the grinder without 
being broken down. The results of this experiment raise several important concerns regarding 
how the biomass would interact with the mechanisms and piping of the digester.  
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(Figure 2.1.1) Cover crop material is added into the FOG grinder port 

 
 
 
(Figure 2.1.2) A bucket is used to collect material discharged from the FOG grinder 
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(Black boxes are 1 in2) 
 
(Figure 2.1.3) Switchgrass biomass as received from the ISU Horticulture Research Farm 

 
 
 
(Figure 2.1.4) Switchgrass biomass as received from the ISU Horticulture Research Farm 
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(Figure 2.1.5) Initial grinder discharge; high FOG to biomass ratio 

 
 
 
(Figure 2.1.6) Later grinder discharge; lower FOG to biomass ratio (congealed) 
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Section 2.2: Material Degradation Analysis 
 
Experiment Summary:  
 
This experiment was designed to assess to what degree the biomass in the digester would break 
down over the span of the digestion period. This experiment continues off of the BMP 
experiment which simulated the digestion process of the Ames WPC digesters. In this 
experiment, two samples were selected to be opened and have their contents analyzed. From the 
results of the mass spectrometry analysis, samples S3 and B1 were selected to be opened and 
analyzed. The biomass samples were strained from the liquid sludge and spread out on a flat 
surface for analysis.  
 
The digested samples were compared side by side with fresh samples that had not undergone the 
digestion process. To get an adequate comparison between the samples, the un-digested samples 
were soaked in fresh water for 60 minutes to get an even comparison between waterlogged 
samples. These can be seen in figures 2.2.1 and 2.2.2.  Using tweezers, the samples were 
analyzed to determine to what degree the material had broken down. The biomass samples were 
pulled, torn, and stretched to qualitatively assess whether the material was broken down to a state 
where it would be easy to pass through pipes, grates, and valves without clogging. 
 
Next, to analyze dry samples, both digested and un-digested samples were dried in a 100°C kiln 
for 45 minutes so that they could be adequately compared. Once removed, there were allowed to 
cool to room temperature where they were subjected to the same tweezer analysis as the wet 
samples. These samples are displayed in figures 2.2.3 and 2.2.4.  
 
From these tests, we were able to conclude that the material had not significantly decreased in 
strength or fibrousness and was generally comparable to the un-digested samples. While the 
digested samples were somewhat weaker than their un-digested counterparts, ultimately the 
difference was minimal to such a degree that from a technical perspective, they can be 
considered negligible. The results of these experiments raise significant concerns for how the 
material would interact with the machinery of the digester and work as fertilizer material once 
digested.  
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(Figure 2.2.1) Digested Finely Ground Biomass (Wet) 

 
 
 
Figure 2.2.1) Digested Finely Ground Biomass (Wet) 
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(Figure 2.2.1) Digested Coarsely Ground Biomass 

 
 
 
(Figure 2.2.1) Digested Finely Ground Biomass (Dry) 
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(Figure 2.2.1) Un-digested Finely Ground Biomass 

 
 
 
(Figure 2.2.1) Un-digested Corsley Ground Biomass
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Section 3.1: BMP Test 

Arguably the most important component of this study was the BMP test, which assessed the 
volume of gas produced by the biomass samples during digestion. To study this, digestion was 
simulated in a series of nine 250 mL vials. To the first three, three grams of large, coarsely 
ground switchgrass sample was added. These flasks were labeled B1, B2, and B3. Likewise, to 
the next three vials, three grams of finely ground switchgrass sample, which was produced by 
grinding the course ground switchgrass sample in a commercial food processer for 120 seconds, 
was added. These vials were labeled as S1, S2, and S3. For the remaining three vials, no biomass 
sample was added. To all nine vials, 140 mL of primary sludge that was taken from the Ames 
Water Pollution Control Facility Digester was added. Next, 10 mL of 9g/100mL sodium 
bicarbonate (NaHCO₃) was added to balance the pH. To begin the experiment, each vial was 
sealed with a rubber stopper and the samples were moved to incubate in a 35° C room for the 
duration of the experiment.  

For the next thirty-six days, gas would be extracted from the vials using a syringe. First, the vials 
would be swirled to agitate the material and free up gas within the sample. To test the gas levels, 
the syringe would be inserted through the rubber stopper while the plunger was depressed by the 
researcher’s thumb. Then, the plunger was released, causing the built-up gas pressure in the vials 
to lift the syringe an amount equivalent to the volume of gas produced. The value was then 
recorded in the research log and, holding the plunger in place, the syringe pulled free from the 
rubber stopper and the gas was vented. This was repeated for all nine samples. The results of this 
experiment are presented below in Table 3.1.1 and Table 3.1.2. These results are expressed 
visually and for different retention times across Graphs 3.1.1 through 3.1.6 below.  

To assess the volume of methane produced, the conventional ratio of 65% methane2 was applied 
to the gas production values. Unfortunately, precise gas analysis was unable to be preformed on 
the gas samples from this experiment for reasons discussed in Section 3.3. However, the range of 
what percent of gas produced by the samples is usable methane is relatively consistent in all 
types of anaerobic digestion and the ratio of 65% should serve as more than adequate for the 
purposes of this experiment. The volumes of gas adjusted for according to this ration are 
presented in Table 3.1.3. The values of methane gas per gram of biomass are presented in Table 
3.1.4.  
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(Table 3.1.1) Average Gas Production (mL) per Sample Time by Fiber Size 

Test Time Control Avg (mL) 
Large Fiber Avg 
(mL) 

Small Fiber Avg 
(mL) 

1 7/8/2021 16:00 0.0 0.00 0.00 
2 7/8/2021 21:00 5.0 4.17 4.33 
3 7/9/2021 8:00 4.8 6.67 7.67 
4 7/9/2021 16:40 1.8 5.17 5.83 
5 7/10/2021 9:00 1.8 9.33 10.67 
6 7/10/2021 19:00 0.0 4.33 2.17 
7 7/11/2021 8:00 0.5 4.17 5.50 
8 7/11/2021 20:30 0.5 3.50 2.83 
9 7/12/2021 8:30 0.0 1.83 2.83 

10 7/12/2021 22:30 0.8 4.83 4.67 
11 7/13/2021 17:30 0.0 7.17 2.33 
12 7/14/2021 17:45 0.5 7.33 7.50 
13 7/15/2021 18:00 0.0 7.83 3.83 
14 7/16/2021 15:00 1.5 9.17 14.33 
15 7/21/2021 9:00 0.5 30.67 46.00 
16 7/23/2021 21:00 1.0 39.33 48.33 
17 7/25/2021 17:00 0.0 35.67 36.00 
18 7/28/2021 15:15 0.0 37.67 29.67 
19 7/30/2021 12:30 0.0 24.67 19.33 
20 8/1/2021 12:15 0.0 22.00 16.67 
21 8/6/2021 12:00 0.8 37.33 28.67 
22 8/13/2021 12:30 0.0 31.33 27.33 
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(Table 3.1.2) Average Total Gas Production (mL) per Sample Time by Fiber Size 

Test Time Control Sum (mL) Large Fiber Sum (mL) 
Small Fiber Sum 
(mL) 

1 7/8/2021 16:00 0.00 0.00 0.00 
2 7/8/2021 21:00 5.00 4.17 4.33 
3 7/9/2021 8:00 9.75 10.83 12.00 
4 7/9/2021 16:40 11.50 16.00 17.83 
5 7/10/2021 9:00 13.35 25.33 28.50 
6 7/10/2021 19:00 13.35 29.67 30.67 
7 7/11/2021 8:00 13.75 33.83 36.17 
8 7/11/2021 20:30 14.25 37.33 39.00 
9 7/12/2021 8:30 14.25 39.17 41.83 

10 7/12/2021 22:30 15.00 44.00 46.50 
11 7/13/2021 17:30 15.00 51.17 48.83 
12 7/14/2021 17:45 15.50 58.50 56.33 
13 7/15/2021 18:00 15.50 66.33 60.17 
14 7/16/2021 15:00 17.00 75.50 74.50 
15 7/21/2021 9:00 17.50 106.17 120.50 
16 7/23/2021 21:00 18.50 145.50 168.83 
17 7/25/2021 17:00 18.50 181.17 204.83 
18 7/28/2021 15:15 18.50 218.83 234.50 
19 7/30/2021 12:30 18.50 243.50 253.83 
20 8/1/2021 12:15 18.50 265.50 270.50 
21 8/6/2021 12:00 19.25 302.83 299.17 
22 8/13/2021 12:30 19.25 334.17 326.50 
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(Table 3.1.3) Average Methane Gas Production (mL) per Sample Time by Fiber Size 

Test Time Control Sum (mL) 
Large Fiber Sum 
(mL) 

Small Fiber Sum 
(mL) 

1 7/8/2021 16:00 0.00 0.00 0.00 
2 7/8/2021 21:00 3.35 2.71 2.82 
3 7/9/2021 8:00 6.34 7.04 7.80 
4 7/9/2021 16:40 7.48 10.40 11.59 
5 7/10/2021 9:00 8.61 16.47 18.53 
6 7/10/2021 19:00 8.61 19.28 19.93 
7 7/11/2021 8:00 8.94 21.99 23.51 
8 7/11/2021 20:30 9.26 24.27 25.35 
9 7/12/2021 8:30 9.26 25.46 27.19 

10 7/12/2021 22:30 9.75 28.60 30.23 
11 7/13/2021 17:30 9.75 33.36 31.74 
12 7/14/2021 17:45 10.08 38.03 36.62 
13 7/15/2021 18:00 10.08 43.12 39.11 
14 7/16/2021 15:00 11.05 49.08 48.43 
15 7/21/2021 9:00 11.38 69.01 78.33 
16 7/23/2021 21:00 12.03 94.58 109.74 
17 7/25/2021 17:00 12.03 117.76 133.14 
18 7/28/2021 15:15 12.03 142.24 152.43 
19 7/30/2021 12:30 12.03 158.28 164.99 
20 8/1/2021 12:15 12.03 172.58 175.83 
21 8/6/2021 12:00 12.51 196.84 194.46 
22 8/13/2021 12:30 12.51 217.21 212.23 
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(Table 3.1.4) Average Methane Gas Production (mL) per one gram of biomass per Sample Time 
by Fiber Size 

Test Time Control Sum (mL) 
Large Fiber Sum 
(mL) 

Small Fiber Sum 
(mL) 

1 7/8/2021 16:00 0.00 0.00 0.00 
2 7/8/2021 21:00 1.08 0.90 0.94 
3 7/9/2021 8:00 2.11 2.35 2.60 
4 7/9/2021 16:40 2.49 3.47 3.86 
5 7/10/2021 9:00 2.87 5.49 6.18 
6 7/10/2021 19:00 2.87 6.43 6.64 
7 7/11/2021 8:00 2.98 7.33 7.84 
8 7/11/2021 20:30 3.09 8.09 8.45 
9 7/12/2021 8:30 3.09 8.49 9.06 

10 7/12/2021 22:30 3.35 9.53 10.08 
11 7/13/2021 17:30 3.35 11.09 10.58 
12 7/14/2021 17:45 3.46 12.68 12.21 
13 7/15/2021 18:00 3.46 14.37 13.04 
14 7/16/2021 15:00 3.68 16.36 16.14 
15 7/21/2021 9:00 3.79 23.00 26.11 
16 7/23/2021 21:00 4.01 31.53 36.58 
17 7/25/2021 17:00 4.01 39.25 44.38 
18 7/28/2021 15:15 4.01 47.41 50.81 
19 7/30/2021 12:30 4.01 52.76 55.00 
20 8/1/2021 12:15 4.01 57.53 58.61 
21 8/6/2021 12:00 4.17 65.61 64.82 
22 8/13/2021 12:30 4.17 72.40 70.74 
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(Graph 3.1.1) Average Gas Production (mL) Over Full 36 Day Digestion 

 

 

 

(Graph 3.1.2) Average Total Gas Production (mL) Over Full 36 Day Digestion 
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(Graph 3.1.3) Average Gas Production (mL) for 15 Day Retention Time 

 

 

(Graph 3.1.4) Average Total Gas Production (mL) for 15 Day Retention Time 

 

 

 

 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

Average Daily Biogas Production (15 Day Retention)

Control Avg (mL) Large Fiber Avg (mL) Small Fiber Avg (mL)

0.00
20.00
40.00
60.00
80.00

100.00
120.00
140.00
160.00
180.00

Average Total Biogas Production (15 Day Retention)

Control Sum (mL) Large Fiber Sum (mL) Small Fiber Sum (mL)



Anaerobic Digestion                                                
Sep 02, 2021                            

20 

 

(Graph 3.1.5) Average Gas Production (mL) for 20 Day Retention Time 

 

 

(Graph 3.1.6) Average Total Gas Production (mL) for 15 Day Retention Time 
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Section 3.2: Cost Assessment 

Over a 20-day retention period, one gram of biomass could be expected to produce 45.10 mL of 
methane gas or 0.159 cubic feet of gas per kg of biomass. At the going price for switchgrass of 
$77.27 per U.S. ton4, the digestion process would produce only 18.69 cubic feet per dollar of 
switchgrass. Given that the price of natural gas in Ames is $13.35 per thousand cubic feet1, 
producing the gas by digestion would be 4.0056 times more expensive than the gas is worth, 
even disregarding the inherent costs needed to process and refine the gas.  

Likewise, for a 15-day retention period, one gram of biomass could be expected to produce 34.06 
mL of methane gas or 0.106 cubic feet of gas per kg of biomass. This results in 12.45 cubic feet 
per dollar of switchgrass. Per the price of gas in Ames at $13.35 per thousand cubic feet1, 
producing the gas by digestion would be 6.013 times more expensive than the gas is worth.   

Sample Calculations 
 
1000 ft2 CH4 = $13.35 
1 ton biomass = 907.185 kg 
45.10 mL/g * 1000 = 45100 mL/Kg 
45100 mL/kg * 3.53147e-5 ml/ft3 = 1.59269 ft3 

$77.27 / 907.185 Kg = $0.08517/kg 
($13.35 * 1.59269 ft3) / 1000 = $0.02126 
$0.02126 / $0.08517 = 0.24964 % Return  
$0.08517 / $0.02126 = 4.0045 x Loss 

 
 
(Table 3.2.1) Methane Gas Produced (mL) for Different Retention Time Scenarios (Days) 
 

Retention Time (Days) 
Avg Gas Produced 
(mL) 

Control Gas 
(mL) Bio - Control (mL) 

15 34.06 4.01 30.05 
20 49.11 4.01 45.10 
36 71.57 4.17 67.40 

 
 
(Table 3.2.2) Cost Assessment for Different Retention Time Scenarios (Days) 

Retention Time (Days) ft^3 per Kg Biomass 
$ per Gas 
Volume % Return  X Times Loss 

15 1.061030162 0.014164753 0.166311526 6.012812371 
20 1.59269297 0.021262451 0.24964719 4.005652942 
36 2.38021078 0.031775814 0.373086931 2.68034047 
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Section 3.3: Mass Spectrometry Analysis 
 
An important step in verifying the quality of the data taken was to conduct a gas analysis on the 
samples. In the absence of machinery to determine the exact composition of the gasses, this was 
done primarily to confirm that the digestion had occurred to completion in anaerobic conditions 
and that no leaks had occurred as a result of repeatedly extracting gas through the rubber stopper. 
Unfortunately, the dedicated BMP gas analysis machine was not working at the time of the 
experiment, so the samples were taken to the ISU Chemical Instrumentation Facility where a 
Agilent Technologies 7890B Mass Spectrometer was used to analyze the gas. At the instruction 
of Dr. Abdel Harrata, the mass spectrometer was powered up and a reference sample of 200 μL 
of regular air was injected into the machine with a syringe. Next, 200 μL of gas from each 
sample was extracted from each vial and run through the machine, producing the readouts seen 
in Graphs 3.3.1 through 3.3.3. Table 3.3.1 serves as a reference table to help correlate the data in 
the graphs to the sample ids. 
 
From the results of the data, we were able to detect that an extremely minor leak had occurred in 
sample S1 and a fairly major leak had occurred in sample C3. As a result, sample C3 was 
discounted from the data analysis seen in Section 3.1. However, the decision was made to 
include the data from sample S1 as the contamination was so minor it likely had no impact on the 
digestion and may have even been caused by the transfer of the sample gas to the mass 
spectrometer. The mass spectrometry confirmed that the rest of the samples had maintained 
airtight conditions, and that digestion had occurred to completion. 
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(Graph 3.3.1) Mass Spectrometry Readings (Counts %) vs. Acquisition Time (min) 
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(Graph 3.3.2) Mass Spectrometry Readings by Counts vs. Mass to Change (m/z) 
 

 
 
(Graph 3.3.3) Mass Spectrometry Readings by Counts vs. Mass to Change (m/z) (Continued) 
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(Table 3.3.1) Reference Table for Mass Spectrometry Analysis 
Reading Timestamp Vial Label  Color on Chart 
1.720 Air (Blank) Black 
4.706 B3 Red 
8.220 S2 Green 
14.159 C1 Blue 
17.025 S1 Purple 
19.122 B1 Maroon 
   
1.876 Air (Blank) Black 
4.653 S-3 Red 
6.929 B-2 Green 
9.353 C-3 Blue 
12.123 C-2 Purple 
16.212 S-3 (Repeat for Quality Check) Maroon 
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Section 3.4: Volatile Suspended Solids Analysis 
 
The next and last major component of this study was the volatile suspended solids analysis or 
VSS. Volatile solids are organic compounds that are lost upon ignition of the material. A VSS 
analysis serves as an effective benchmark for how much the organic material within the digester 
samples was broken down. To conduct this analysis, to sample vials, B2 and S1 were opened up 
and strained to separate the remaining plant mass from the fluids and sludge. These were then 
placed on labeled weigh boats whose masses had been recorded. They were then dried in a 
laboratory oven for 45 minutes at 100° C. Once dried, the samples were weighted, and then 
transferred into a 550° C kiln for one hour. Once removed and allowed to cool, the samples were 
weighted and the masses between before and after the 550° C kiln were compared. This process 
was repeated with undigested biomass samples. 
 
(Table 3.4.1) VSS Analysis Biomass Values 

Sample Dry Biomass (g) Kiln Biomass (g) Change (g) Percent Change (%) 
Small 1 0.4062 0.0349 0.3713 91.408 
Small 2 0.7862 0.0280 0.7582 96.439 
Large 1 0.5061 0.0238 0.4823 95.297 
Large 2 1.0429 0.0533 0.9896 94.889 
Control Small 1 0.4162 0.0368 0.3794 91.158 
Control Small 2 0.4673 0.0437 0.4236 90.648 
Control Small 3 0.7979 0.0748 0.7231 90.625 
Control Small 4 0.9259 0.0976 0.8283 89.459 
Control Large 1 0.6664 0.0410 0.6254 93.848 
Control Large 2 0.3580 0.0279 0.3301 92.207 
Control Large 3 0.4626 0.0280 0.4346 93.947 
Control Large 4 0.5499 0.0327 0.5172 94.053 

 
 
(Table 3.4.2) VSS Analysis Average Percent Change by Sample Type 

Sample Avg Avg Percent Change 
Digested Small 93.923 
Digested Large 95.093 
Digested 94.508 
Control Small 90.473 
Control Large 93.514 
Control 91.993 
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(Figure 3.4.1) Digested Finely Ground Biomass Prior to Heat Treatment

 
 
(Figure 3.4.2) Digested Coarsely Ground Biomass Prior to Heat Treatment 
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(Figure 3.4.3) Un-digested Finely Ground Biomass Prior to Heat Treatment 

 
 
(Figure 3.4.4) Un-digested Coarsely Ground Biomass Prior to Heat Treatment 
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(Figure 3.4.5) Digested Finely Ground Biomass After 550°C Heat Treatment 

 
 
 
(Figure 3.4.6) Digested Coarsely Ground Biomass After 550°C Heat Treatment 
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(Figure 3.4.7) Un-digested Finely Ground Biomass After 550°C Heat Treatment 

 
 
(Figure 3.4.8) Un-digested Finely Ground Biomass After 550°C Heat Treatment 
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Section 4.2: Appendix 
 
(Table 4.2.1) BMP Test Raw Data 
 

Time C1 C2 C3 C Avg B1 B2 B3 
7/8/2021 16:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7/8/2021 21:00 5.0 5.0 4.5 5.0 4.0 4.5 4.0 

7/9/2021 8:00 5.0 4.5 4.0 4.8 6.0 7.0 7.0 
7/9/2021 16:40 1.5 2.0 2.0 1.8 5.5 5.0 5.0 
7/10/2021 9:00 2.0 1.5 1.5 1.8 9.0 10.0 9.0 

7/10/2021 19:00 0.0 0.0 0.0 0.0 4.5 4.5 4.0 
7/11/2021 8:00 0.5 0.5 1.0 0.5 5.0 3.5 4.0 

7/11/2021 20:30 1.0 0.0 0.0 0.5 3.0 4.0 3.5 
7/12/2021 8:30 0.0 0.0 0.5 0.0 0.5 2.0 3.0 

7/12/2021 22:30 0.5 1.0 1.5 0.8 4.5 5.0 5.0 
7/13/2021 17:30 0.0 0.0 0.0 0.0 7.5 7.0 7.0 
7/14/2021 17:45 0.0 1.0 0.5 0.5 6.5 6.5 9.0 
7/15/2021 18:00 0.0 0.0 0.0 0.0 8.5 8.0 7.0 
7/16/2021 15:00 1.0 2.0 2.0 1.5 8.0 10.0 9.5 

7/21/2021 9:00 0.5 0.5 0.0 0.5 30.0 29.0 33.0 
7/23/2021 21:00 1.0 1.0 0.5 1.0 39.0 38.0 41.0 
7/25/2021 17:00 0.0 0.0 0.0 0.0 34.0 31.0 42.0 
7/28/2021 15:15 0.0 0.0 0.0 0.0 33.0 34.0 46.0 
7/30/2021 12:30 0.00 0.00 0.00 0.0 22.00 20.00 32.00 

8/1/2021 12:15 0 0 0 0.0 20 16 30 
8/6/2021 12:00 0.0 1.5 2.0 0.8 36.0 22.0 54.0 

8/13/2021 12:30 0.0 0.0 0.0 0.0 26.0 9.0 59.0 
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(Table 4.2.2) BMP Test Raw Data Continued 
 

B Avg S1 S2 S3 S Avg 
0.0 0.0 0.0 0.0 0.0 
4.2 4.5 4.0 4.5 4.3 
6.7 7.0 8.0 8.0 7.7 
5.2 6.0 5.0 6.5 5.8 
9.3 10.5 10.5 11.0 10.7 
4.3 2.0 2.5 2.0 2.2 
4.2 5.0 7.0 4.5 5.5 
3.5 3.5 2.5 2.5 2.8 
1.8 3.0 3.0 2.5 2.8 
4.8 4.0 5.0 5.0 4.7 
7.2 0.5 5.5 1.0 2.3 
7.3 7.5 7.0 8.0 7.5 
7.8 3.0 5.0 3.5 3.8 
9.2 12.0 16.0 15.0 14.3 

30.7 46.0 47.0 45.0 46.0 
39.3 51.0 48.0 46.0 48.3 
35.7 36.0 37.0 35.0 36.0 
37.7 23.0 39.0 27.0 29.7 
24.7 14.00 26.00 18.00 19.3 

22 14 22 14 16.7 
37.3 26.0 44.0 16.0 28.7 
31.3 20.0 53.0 9.0 27.3 

 


