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1 SUMMARY 
This study investigated the feasibility of co-digestion of thick stillage (syrup) from an 
ethanol plant with wastewater solids from a municipal wastewater treatment plant 
(WWTP) in order to increase biogas (methane) production at the WWTP.  A common 
situation at many municipal WWTPs is that the anaerobic digesters are under loaded with 
organic material.  By adding organic material to the digesters, i.e. with the addition of an 
organic “feed-stock” such as syrup, the excess treatment capacity can be utilized to 
enhance biogas production and utilization and, thus, to reduce fossil fuel consumption. 
 
Over a period of 64 days, 38,832 gallons of syrup were added to the anaerobic digesters 
at the Fergus Falls Wastewater treatment Plant (FFWWTP).  During that time period the 
syrup made up only 10% of the hydraulic loading, but it more than doubled the organic 
loading to, and biogas production from, the anaerobic digesters.  The biogas production 
(75% methane) averaged 30 ft3 per gallon of syrup added.   During the 64 day testing 
period, the syrup produced approximately 1,075,000 ft3 of biogas or, 825,000 ft3 of 
methane gas.   
 
With the addition of the syrup, it was found that the biogas production could satisfy the 
maximum winter daily heating demand of the WWTP; and that for most months, the 
daily biogas production would exceed the daily heating demand.  This study concludes 
that the FFWWTP could process sufficient thick stillage to produce energy to satisfy the 
plant’s heating requirements, and during the summer months, to operate a small 
generator. 
 
The potential operational limiting factors for using thick stillage in existing municipal 
anaerobic digesters are ammonia toxicity, volatile solids loading, and struvite formation.  
Ammonia can be toxic for anaerobic microorganisms at concentrations greater than 3,000 
mg/L.  The syrup was found to have a potential ammonia concentration as high as 7,500 
mg/L (the Total Kjeldahl Nitrogen TKN was 7,500 mg/L).  Thus, without co-digestion, 
i.e. blending the syrup with the other solids at the WWTP, ammonia toxicity would likely 
occur. To avoid ammonia toxicity, this report recommends that the FFWWTP digesters 
be loaded at no more than 30% of the current hydraulic load, or a maximum of 1,680 
gpd. 
 
The potential for struvite formation within the digestion system was evaluated in this 
study because the addition of thick stillage, which is rich in magnesium, ammonium, and 
phosphate, might conceivably result in struvite precipitation.  Struvite is a hard, adherent 
scale that can rapidly form and choke pipelines and foul equipment within weeks after 
operation begins.  At the loading rates used in this study there was only a modest increase 
in the potential for struvite precipitation. 
 
During the testing period the anaerobic digesters were loaded at a maximum rate of 0.05 
pounds of volatile solids per cubic foot per day (lbs VS/ft3/day).  This maximum loading 
occurred with a hydraulic loading of 2,000 gpd of syrup.  Typical digester loading rates 
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are 0.15 to 0.35 lbs VS/ft3/day.  The syrup loading to the digesters could have been 
doubled and still remained well within typical digester VS loading rates. 
  
All state requirements concerning biosolids were easily met during this study and all 
requirements would easily be met at the maximum recommended feed rate of 1,680 gpd 
of syrup. 
 
While this study focused on the use of thick stillage diluted with municipal wastewater 
solids to produce biogas, preliminary work with thin stillage indicates that it would have 
the potential to produce significant amounts of biogas and thus, significantly increase 
revenues at ethanol plants.  Laboratory analyses, bench scale testing and computer 
modeling conducted during this study indicate that significant additional revenues are 
possible by using stillage at ethanol plants to produce not only methane (biogas), but also 
struvite (a slow release fertilizer), and recyclable process or cooling water.   
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2 INTRODUCTION 

2.1 Background 
This study investigates “co-digestion” of thick stillage (syrup) from an ethanol plant with 
municipal wastewater solids to increase methane production.  A common situation at 
many municipal wastewater treatment plants is that the capacity of the anaerobic 
digesters is not fully utilized.  With the addition of an outside “bio-feedstock” the excess 
biogas capacity could be utilized to enhance energy production at existing wastewater 
treatment plants. 
 
The anaerobic digesters at the Fergus Falls Wastewater Treatment Plant (FFWWTP) are 
being operated well below maximum design capacity.  This project investigates the use 
of that excess capacity to produce additional biogas and thus, enhance the treatment 
plant’s renewable energy production and utilization. 

Figure 1  Fergus Falls Digesters 

 

2.2 Purpose 
This study investigates the feasibility of blending thick stillage with municipal WWTP 
solids as a bio-feed stock for the existing anaerobic digesters at the FFWWTP.  The 
information gained from this demonstration will: 
 

1. Identify a possible new market for thick stillage; 
 

2. Identify a means to enhance the renewable energy production at existing WWTPs 
without causing operational problems, such as unwanted struvite formation;  and 

 
3. Provide design information for a pilot scale biogas production facility that would 

use thin stillage. 
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2.3 Scope 
For this study thick stillage (syrup) was introduced into the Fergus Falls anaerobic 
digesters from late January until the time when the biosolids were dewatered and land 
applied in the spring.  Thick stillage was trucked to, and introduced into, the anaerobic 
digesters between January 29, 2007 and April 5, 2007.   

2.4 Methodology 
Syrup was transported from the Chippewa Valley Ethanol Company Facility in Benson, 
Minnesota to the FFWWTP.  Transportation was provided via a city 6,000 gallon 
insulated tanker truck (See Figure 2).   

Figure 2  Truck Unloading Syrup 

 
 
The syrup was stored at the WWTP in a large indoor metal tank (see Figure 3).        
Levels in the storage tank were recorded to determine the quantity of syrup added during 
each pumping event (see Appendix A, Table 9). 
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Figure 3  Stillage Flowing into Storage Tank 

 
 
Daily gas flow and percent methane to the boiler were recorded via an on-line biogas 
flow meter and an on-line percent methane meter.  
 
Routine operational testing of the digesters was done at the FFWWTP laboratory.  This 
testing was done to monitor digester health and ensure compliance with Minnesota 
Pollution Control Agency (MPCA) biosolids regulations. 
 
More detailed testing was done by a commercial laboratory (RMB Environmental 
Laboratories, Inc.) to characterize the syrup and the digester solids. The laboratory 
analysis matrix used in this study is shown on the following page.   
 
The struvite precipitation potential (SSI) from adding syrup to the digesters was 
determined using the USEPA’s water chemistry model MINTEQA2.   
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Analytea Unfiltered Filteredb Unfiltered Filtered Unfiltered Filtered Comment
Total P X X X X X X X means "do analysis"
Ortho-P X X X

Ammonia-N X X X
TKN X X X X X X

Mg X X X X X X
Ca X X X X X X
Fe X X X X X X

COD X X X

Alkalinity or acidity, X X X See Footnote"c"
 as CaCO3

Total solids X X X
Total volatile solids X X X

Conductivitry X X X

Volatile acids X

pH, units X X X Measure in field
Temperature, deg. C or F X X X Measure in field

Weekly flow rate, gal. X X From operating records

Footnotes
a  All analyses to be reported in mg/L unless otherwise noted

b   Generate filtered samples by first centrifuging the sample, then filtering the centrate through
0.45 micron filters.  

c  If sample initial pH > 4.5, measure alkalinity by titrating with acid to pH 4.5. 
 If sample initial pH < 4.5, measure acidity by titrating with base to pH 8.3

Chemical Analyses and Flow Rate Measurements for Final Sampling
 of Thick Stillage Digestion Experiments at Fergus Falls

Thick stillage Raw primary sludge Digested sludge 
Stream
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3 DISCUSSION OF RESULTS 
 

3.1 Syrup Organic Characteristics 
As can be seen from Appendix A, Table 6 and Appendix B, Table 10, the thick stillage 
had average organic characteristics measured as chemical oxygen demand (COD) 
concentration and a total volatile solids concentration (TVS) of approximately: 
 

• COD = 460,000 mg/L 
• TVS = 285,000 mg/L 

 
Because the COD and TVS of the syrup are very high, digestion of the syrup has the 
potential to produce a very large quantity of biogas with very low feeding rates. 

3.2 Initial Digester Conditions 
To determine the initial pre-test digester conditions, the contents of both Digesters #1 and 
#2 were determined as shown in Appendix B, Table 11. 

3.3 Digester Loading 
Thick stillage was added to Digester #1 as shown in Figure 4 and in Appendix A,  
Table 9. 

Figure 4  Digester Loading 
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Syrup addition was started on January 30, 2007.  Syrup was not added to the digesters 
from February 6 to February 21 because of an equipment failure (the cover on digester #3 
twisted and became stuck).  Loading was again started on February 21 using only 
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digesters #1 and #2 and continued to the end of the testing period.  From March 12 to 
April 5 syrup was added from Monday to Friday.  Syrup was not added on the weekends.   
 
As shown in Figure 4, over a time period of 64 days the total syrup added was 35,832 
gallons; the maximum month loading was 24,320 gallons; and the maximum week 
loading was 7,320 gallons.  During the same time period (64 days), approximately 
320,000 gallons of primary and secondary sludge were also added to the digesters.  
During this time period, the syrup made up only 10% of the hydraulic loading to the 
digesters.  
 
The weekly flows to the digesters during the 64 day testing period were from the normal 
waste activated sludge (WAS), normal primary sludge and from the added syrup: 
 

• WAS = 30,702 gallons,  
• Primary = 13,496 gallons, and  
• Syrup = 3,919 gallons. 

 
The COD of the syrup was approximately 500,000 mg/L; so, for the total flow of 35,832 
gallons, the total organic load from the syrup addition was approximately 149,420 lb of 
COD over the 64 days.  Based on historical biogas production, the estimated COD 
loading from the primary and secondary sludge was approximately 2,100 lb/day, or for 
the 64 days it was approximately 134,400 lb.  During the testing period the syrup more 
than doubled the organic loading rate to the digesters. 

3.4 Syrup Handling and Storage 
Syrup hauling and storage presented no operational problems.  The product did not 
significantly thicken during storage at room temperature and was easily moved using a 
progressive cavity pump.  One load of syrup was stored in the holding tank for two 
weeks.  During this time, no offensive odors were detected, and the product did not 
appear to begin organic decomposition.  

3.5 Syrup as a Digester Feedstock 
Syrup is a much different type of feed than typical municipal sludge.  The syrup is much 
higher in organic strength than municipal sludge and will produce much more biogas per 
unit volume.  The syrup is not a complex organic material and is easily (quickly) broken 
down into gaseous byproducts.  Typical municipal sludge will continue to produce biogas 
for several days after it has been introduced into a digester; whereas,  the syrup is 
essentially done making biogas 18 hours after introduction into the digesters. It is also 
worth noting that the fermentation process used to produce ethanol most likely improves 
the digestibility of the syrup in an anaerobic digester.  A final difference between 
municipal sludge and syrup is that the syrup is much richer in magnesium, ammonium 
and phosphates.  All these points support the idea that syrup could be an excellent 
feedstock for anaerobic digesters under controlled loading conditions. 
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3.6 Methane (Biogas) Production from Syrup 
The biogas production during the testing period is shown in Figure 5 and in Table 9 of 
Appendix A and Table 1 on the following page.  Prior to the addition of the syrup, the 
average biogas production from the digesters was approximately 16,000 ft3/day (75% 
methane = 12,000 ft3/day of methane). 

Figure 5 Biogas Production 
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Overall, the biogas production from the syrup averaged approximately 30 ft3 of biogas 
per gallon of syrup added.  At an average of 75% methane (as recorded by the on-line 
methane meter), this equals 23 ft3 of methane per gallon of syrup.   During the 64-day 
testing period, the syrup produced approximately 1,075,000 ft3 of biogas or 825,000 ft3 of 
methane.  
 
Table 1 compares actual unit gas production results for this study with results found in: 
 

1. A paper written for the American Society of Agricultural and Biological 
Engineers (ASABE) in 2006;  and  

2. Theoretical gas values found in various industrial wastewater operational books. 
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Table 1  Biogas/Methane Production from Syrup 

 Biogas 
ft3/gal 

Biogas 
ft3/ lb COD 

Methane 
ft3/gal 

Methane 
ft3/lb COD 

Fergus Falls 30 7.2 23 5.4 
ASABE 
Report 

34 4.56 25 3.37 

Theoretical 33 8.0 23 5.6 
*Benson syrup was 31% total solids, 94% volatile solids, and a total COD of 500,000 mg/L 
 
As can be seen from Table 1, the results obtained in this study compare well with the 
ASABE findings and theoretical values. 

3.7 Struvite Formation Potential 
The destruction of wastewater solids and bacterial cells during anaerobic digestion 
releases magnesium, ammonium, and phosphate into solution.  Under certain conditions, 
these released components can combine to form solid magnesium ammonium phosphate 
(struvite).   
 
Mg+2 + NH4

+ + PO4
-3 + 6H2O = MgNH4PO4.6H2O     (1) 

 
Struvite is a hard, adherent scale that can form rapidly and choke pipelines and foul 
equipment within weeks after operation begins.  It has affected recirculation lines, heat 
exchangers, and overflow pipes in anaerobic digestion systems; scrolls, bowls, and 
centrate lines of centrifuges; belts and filtrate/wash water lines in belt filter press 
systems; and supernatant lines and aerators in solids storage systems.   
 
The potential for struvite formation within the digestion system was evaluated in this 
study because the addition of thick stillage, which is rich in magnesium, ammonium, and 
phosphate, might conceivably result in struvite precipitation, causing some of the 
problems mentioned above.   Attention was focused on the digesters.   Possible 
downstream effects were not investigated, because we felt that they would not surface 
during the rather short duration of the test. 
 
The struvite saturation index (SSI), a convenient and easily interpreted parameter, was 
used as an indication of struvite precipitation potential within the digesters.  (See 
Appendix C for more detailed information about how the SSI is developed).  When the 
SSI is less than zero, struvite cannot precipitate.  When it is equal to, or greater than zero, 
struvite can precipitate. The digester’s SSI was determined by sampling the digested 
sludge, chemically analyzing the samples for dissolved magnesium, ammonium, and 
ortho-phosphate and pH, then using USEPA’s water chemistry model MINTEQA2 to 
calculate SSIs for those samples.  These analyses were made on samples taken on 
January 22 (before thick stillage was introduced to the digester) and April 3 (near the end 
of the test period).  Table 2 displays pertinent results. 
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Table 2  Struvite Analyses at the Beginning and End of the Study 

Measurements  
Parameter January 22, 2007a April 3, 2007 

Dissolved magnesium, mg/L 13 18 
Dissolved ammonia-N, mg/L 856 770 
Dissolved ortho-P, mg/L 159 221 
pH, units 7.15 7.1 
SSI -1.12 -1.00 
a Sample from Digester 1 
 
Table 2 shows the concentrations of dissolved magnesium and dissolved orthophosphate 
increased during the test.  These increases may be attributed to the influence of thick 
stillage, which is much richer in these components than the municipal sludge.  The 
ammonia-N concentration appeared to decrease.  The reason for the ammonia-N decrease 
is not apparent, since ammonia-N and its precursor (total Kjeldahl nitrogen (TKN)) are 
both more concentrated in thick stillage than the municipal sludge.  The SSI for  both 
samples are negative, indicating there was no potential for struvite precipitation before, 
or during, the test period.  The modest increase in SSI during the test period indicates a 
gradual movement in the direction of struvite precipitation, with precipitation not yet 
occurring. 
 
It should not be interpreted from the above analyses that struvite precipitation will never 
be a threat.  The test was not conducted long enough for steady-state conditions to be 
established within the digester.  Further feeding of thick stillage would tend to increase 
the digester’s dissolved magnesium and orthophosphate concentrations and perhaps the 
ammonia-N concentration as well, thus propelling the SSI towards positive territory.  The 
same result would be accomplished by increasing the proportion of thick stillage fed to 
the digester. 
 
Downstream, we need to recognize the potential for release of additional magnesium, 
ammonium-N, and orthophosphate in the digested sludge storage tanks.  Finally, and 
perhaps most importantly, loss of CO2 in the sludge dewatering operation could elevate 
the pH of the filtrate and dewatered sludge. This would cause struvite precipitation on the 
belts, filtrate pumps, and filtrate lines.  If thick stillage is to be continued at Fergus Falls 
WWTP, struvite precipitation monitoring should be continued. 

3.8 Digester Operations and Solids Handling 

3.8.1 Organic Loading Rate 
A common loading parameter for anaerobic digesters is pounds of volatile solids per 
cubic foot per day (lbs VS/ft3/day).  During the last half of the project, syrup was pumped 
to the digesters at a maximum rate 2,000 gallons per day (see Appendix A, Table 9).  
With 2,000 gallons of syrup per day and the normal loading of primary and secondary 
sludge, the digesters were being loaded at a rate of 0.05 lbsVS/ft3/day.  Typical digester 
loading rates are 0.15 to 0.35 lbsVS/ft3/day.  Thus, up to two times as much syrup could 
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have been added and the digesters would have still remained well within typical digester 
loading rates. 

3.8.2 Process Monitoring Results 
Table 7 in Appendix A and Tables 11, 12 and 13 in Appendix B contain the digester 
testing results.   In-house testing was run at least twice per month between January and 
March.  Process control testing results indicated that the digesters were operating very 
well throughout the entire project.  The pH remained at 7.1, the alkalinity remained high, 
and the volatile fatty acids (VFA’s) remained very low.  The volatile acid to alkalinity 
ratio, which is the key to proper operation, remained at an ideal level of 0.1.  The soluble 
COD remained low as well. 
 
In addition to the process tests mentioned above, an on-line methane meter was used to 
read the percent methane in the biogas.   Percent methane is often used as an early 
warning indicator for digester performance.  Typically, methane readings trending below 
68% indicate possible operating problems.  The percent methane of the biogas while 
pumping in syrup averaged 77% and never fell below 70%.  The meter was checked 
often with a known methane standard to ensure accuracy.  
 
  All of the above process control tests indicated that: 
 

1. The digesters were not overloaded from the syrup; 
2. The syrup was easily consumed by the digester microorganisms; and  
3. The digester microorganisms were not being stressed, such as by toxic materials 

in the syrup. 

3.8.3 Toxicity (Ammonia-Nitrogen) 
The primary compound of concern in the syrup was ammonia.  Ammonia-N has been 
found to cause toxicity problems for anaerobic microorganism at concentrations greater 
than 3,000 mg/L.  Ammonia-N can enter the digester with the feed stock or can be 
formed in the digester from the organic nitrogen (TKN) that enters the process.  The 
TKN is the sum of the organic nitrogen and the ammonia. 
 
As can be seen from test results shown in Appendix B, Table 12, and summarized in 
Table 3 on page 17, high ammonia concentrations did not develop in the digester; 
however, the TKN did go up by 42%.  This indicates there could be a buildup of organic 
nitrogen that, when digested, would cause the ammonia concentration to increase.   
 
The current syrup loading amounted to 10% of the hydraulic load.  The average total 
TKN (the precursor to ammonia) in the syrup was 7,500 mg/L.  Based on current data, 
the digesters could be loaded with syrup at approximately 30% of the hydraulic load 
without exceeding the toxicity limit of 3,000 mg/L ammonia in the digesters.  In order to 
avoid ammonia toxicity, the feed rate for syrup addition should not exceed 1,680 gpd. 
 

Table 3  Nitrogen Concentrations in Digester 
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 Digester Before Syrup Digester After 
Ammonia (as N) 855 220 770 
TKN 935 7,659 1,622 
 
Process monitoring indicated that the microorganisms were not being inhibited by any 
other toxic compounds during the testing period. 

3.8.4 MPCA Biosolids Compliance 
Another area of concern during the project was to determine if feeding syrup into the 
municipal digesters would affect the ability of the digesters to meet Minnesota Pollution 
Control Agency (MPCA) standards for biosolids (digester solids remaining after 
digestion process is completed).  Biosolids at the FFWWTP must meet certain state 
requirements for pathogen destruction, vector attraction reduction and heavy metal limits. 
 
For pathogen destruction requirements, certain digester time and temperature 
requirements must be met.  For digesters operating at 98oF, such as the Fergus Falls 
digesters, the average solids retention time (SRT) must be at least 15 days.  The two 
mixed and heated digesters in Fergus Falls have a combined volume of 942,000 gallons.   
Normal pumping rates of primary and secondary solids prior to syrup addition were 
5,000 to 6,500 gallons per day. During this study, syrup was being pumped at an average 
of 560 gallons per day to the digesters, which made the SRT 133 days. Thus, feeding an 
additional 560 gallons per day of syrup did not result in a violation of the SRT 
regulations. 
 
For vector attraction requirements, the FFWWTP relies on achieving a minimum of 38% 
volatile solids reduction.  Table 8 in Appendix A contains testing results for volatile 
solids reduction during this study.  Table 8 indicates that feeding syrup into the digesters 
did not reduce the percentage reduction in volatile solids.  In fact, these results show that 
practically all of the syrup was destroyed, and that adding syrup actually improved the 
volatile solids destruction in the digesters (due to the fact that the syrup is 93% organic 
and 31% total solids).   While the syrup was fed into the digesters, the volatile solids 
reduction rate was 71%; therefore, volatile solids reduction requirements were easily met 
while feeding syrup.   Prior to the syrup addition, the average volatile solids reduction 
was 50%. 
 
The final area of concern for meeting MPCA biosolids requirements concerns heavy 
metal concentrations.   Appendix B, Table 14 contains heavy metal testing results for 
both the digesters and syrup.  The digester sample taken just prior to ending the project 
indicated that metal concentrations were very low in the digesters.  In fact, they were 
lower than normal.  The lower concentrations of heavy metals in the biosolids are more 
than likely due to syrup addition, which contains extremely low concentrations of heavy 
metals.    The addition of syrup had no adverse affect on meeting the heavy metal limits 
during the study period. 
 
At the maximum recommended feeding rate of 1,680 gpd of syrup into the FFWWTP 
digesters, all MPCA standards for biosolids would easily be met as well.  
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3.8.5 Dewatering Operations 
Twice per year the solids stored in a large reservoir are thickened (dewatered) from 
approximately 1.5% solids to 3.5% solids and land applied.  Dewatering operations 
include pumping solids from the storage reservoir and gravity-belt pressing for 
thickening.   Dewatering requires the use of a flocculating agent called polymer.   
Operators reported that belt pressing operations were typical and the polymer dose 
remained the same as in previous years. 
 
Supernatant from the belt press, which is high in nitrogen and phosphorus, is treated in 
the activated sludge system along with normal sewage flow.  Normally, additional alum 
is fed to the secondary clarifiers to remove any phosphorus contributed by the 
supernatant from the belt press.  At the FFWWTP biological phosphorus removal is 
achieved; thus, a portion of the supernatant phosphorus is removed without chemicals.  
The operators reported that additional alum was not needed to treat supernatant from the 
syrup during this study. 
 
Supernatant ammonia removal is not required during spring dewatering but is required 
during the fall.  Ammonia removal is required and accomplished by aerating higher 
concentrations of mixed liquor.  As more ammonia from the supernatant is sent to the 
aeration tanks, the amount of air needed will increase.  Additional blower capacity was 
not required during this study because there was no ammonia limit in affect.  During the 
fall, when ammonia limits are in affect, it is estimated that an additional 4 hp would be 
required to remove the additional ammonia created from syrup addition.   
 
Table 4 shows current loadings and projected influent loadings at the WWTP with the 
addition of 1,680 gpd of syrup to the digesters. 

Table 4  WWTP Loading 

 Belt 
flow 
gpd 

INF 
flow, 
MGD 

BOD, 
lb/day 

TSS, 
lb/day 

TKN, 
lb/day 

P, 
lb/day 

Domestic Wastewater  2.000 2,500 3,340 320 18 
w/Supernatant/Histori
c Operations 

5,314 2.0027 2523 3,363 331 27 

w/Supernatant and 
Syrup 

6,994 2.0035 2,530 3,370 392 38 

 

3.8.6 Land Application 
Land application consists of hauling the biosolids to land application sites and applying 
the biosolids at agronomic rates.  We project that the number of gallons that will need to 
be hauled will increase by approximately 15% when feeding syrup at a rate 1,680 gpd.  
However, during this brief study, operators did not observe any increase in hauling due to 
feeding syrup. 
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Over time, due to the higher concentrations of nitrogen and phosphorus, the city will 
have to apply the solids at a slightly lower agronomic rate (gallons per acre) to prevent 
over applying nitrogen and or phosphorus. 
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4 ENERGY POTENTIAL FOR THE FERGUS FALLS WWTP 

4.1 Methane Utilization at Fergus Falls 
The biogas generated during this study was utilized in a boiler that is capable of burning 
fuel oil, natural gas, and/or biogas.  When syrup was fed at 1,000 gallons per day, the 
biogas generated from the syrup and sludge solids provided sufficient biogas to meet the 
daily demand of the main boiler, approximately 50,000 cubic feet of biogas per day. 

Figure 6  Fergus Falls Boiler with New Biogas Burner 

 
 
Biogas production during the two months prior to the start of the study averaged 16,000 
cubic feet of biogas per day.  The syrup addition more than tripled the normal gas 
production (see Figure 7). 
 
During the testing period it was demonstrated that the syrup could increase the biogas 
production to the point that all WWTP heating requirements could be met while 
operating the digesters below design capacity.  Based on VS reduction criteria, the 
digesters could have been loaded at twice the loading applied with the syrup.  It was also 
demonstrated that the digesters had additional production capacity that could be used for 
some other purpose, such as power generation.  During the peak heating season, there 
would be no excess biogas but during the summer there would be almost 45,000 ft3/day 
of methane gas that could be used for operation of a generator to produce green 
electricity. 
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Let’s assume that we have 45,000 ft3/day of methane.  How much electrical power could 
we produce?   
 
45,000 ft3/day = 45,000,000 Btu/day = 1,875,000 Btu/hr 
 
The conversion factor for Btu/hr to kW is 3,413 Btu/hr = 1 kW 
 
Using that conversion factor we have 1,875,000/3,413 = 550 kW at 100% conversion. 
 
Or, at 60% conversion efficiency, 0.6 x 550 = 330 kW. 
 
Thus, there would be sufficient methane production to operate a small generator during 
the summer. 

Figure 7  Historical Gas Consumption, Production & Projected Production 

Monthly Average Methane
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4.2 Additional Biogas Cleaning for a Generator 
Additional biogas cleaning would likely be necessary if the biogas is used in a generator.  
Siloxane deposits have appeared in the boiler tubes at the FFWWTP since utilizing 
biogas as a fuel source.    Siloxanes deposits are a result of synthetic products, such as 
shampoo and toothpaste, found in municipal wastewater.   While siloxanes pose no 
significant problems for boiler operations, their abrasive characteristics could create 
operational problems for internal combustion engines and micro turbines. 
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4.3 Economics of Using Syrup at the FFWWTP 
Table 5 shows the potential revenues, expenses and net savings from feeding syrup into 
the digesters at Fergus Falls and utilizing the biogas in a boiler.  The revenue shown is 
highly dependent on the price of natural gas.  Table 5 assumes that the current cost of 
natural gas is $9.00 per 1,000 cubic feet.  The expenses shown in Table 5 are 
conservative, and it is very likely that they would be much lower. Table 5 expenses are 
based on hauling the syrup from the Otter Tail Ag facility in Fergus Falls, MN. 

Table 5 Economics of Using Syrup in a Boiler (1,680 gpd) 

 Amount per Day Comments 
Revenue   
Gas Production $350 39,000 ft3/day CH4 
Expenses   
Phosphorus Removal with 
Chemical 

$40 16 lbs /day total 
50 % of total decanted 
50% removal with chemical 

Ammonia Removal  ___ 50 lbs /day 
50% of total decanted 

Thickening $5 $0.006 per gallon 
840 gpd additional 

Biosolids Hauling 
 

$11 $0.013 per gallon 
840 gpd additional 

Land Application $11 $.013 per gallon 
840 gpd additional 
applying at a lower 
agronomic rate 

Purchase/Hauling  Syrup $46 $120 per 5,500 gal for 
purchase of syrup 
$30 per 5,500 gal for 
transportation 

Net Savings $237 per day  
Net Savings per Gallon of 
Syrup Fed 

.14 cents per gallon  
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5 PHASE II THIN STILLAGE 
 
Ethanol facilities could significantly reduce their reliance on fossil fuels by producing 
and using biogas for a portion of their energy requirement.  Stillage provides this 
opportunity.  Both laboratory bench scale testing and this study support the contention 
that stillage has the potential to produce a significant amount of biogas (methane) and 
struvite (fertilizer).   In addition, the TKN concentration is low enough so that 100% thin 
stillage could be used in a digester without encountering ammonia toxicity as discussed 
for syrup (see Appendix B, Table 15).  A pilot plant study has been proposed and 
approved to investigate the production of biogas at ethanol production facilities as a 
means of reducing the use of fossil fuels. 

5.1 Biogas Production at Ethanol Plants 
If biogas were to be produced at an ethanol production facility, undiluted thick stillage 
would not work.  It would have to be diluted to prevent ammonia toxicity, which makes 
no sense since “thick stillage” is produced from “thin stillage”.  Thick stillage is merely 
thin stillage that has had approximately 80% of the moisture driven off through 
evaporation.  Thin stillage has all of the constituents found in thick stillage, but at 20% of 
the concentration.  
 
Thin stillage appears to have a greater unit biogas production rate than thick stillage 
(perhaps because some of the organics are lost during evaporation).  Our Preliminary 
bench scale testing indicates that if thin stillage (538,000 gpd) were digested at the Otter 
Tail Ag Ethanol Plant, approximately 3,000,000 CF/day methane could be produced. 

5.2 Struvite Production at Ethanol Plants 
Digestion of thick stillage can be done successfully in the Fergus Falls digesters because 
its magnesium, phosphate, and ammonia (and TKN) concentrations are diluted by 
blending the thick stillage with the municipal sludge.  Because of the blending, the 
digestion process is not likely to be affected by ammonia toxicity and struvite fouling can 
probably be avoided (with careful monitoring and management).  Digestion of thick 
stillage without blending appears impractical because it is too concentrated in these 
components.   
 
The potential limitations to digesting “thick stillage” can possibly be overcome by 
digesting “thin stillage”.  Laboratory analysis of thin stillage (see Appendix B, Table 15) 
shows the concentration of TKN to be low enough to allow the use of 100% thin stillage 
in a digester without encountering ammonia toxicity.  Moreover, treatment at the ethanol 
plant and subsequent recycling of the digester process effluent (1) avoids the high costs 
of concentrating the thin stillage by evaporation to thick stillage and (2) provides 
recyclable water for the ethanol facility. 
 
Digestion of thin stillage, however, is not without its challenges.  Its magnesium, 
ammonium, and phosphate concentrations are sufficiently high that struvite precipitation 
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is almost certain to occur in the digestion system if steps are not taken to avert it.  The 
most practical approach to this problem appears to be to separate as much as much 
dissolved magnesium, ammonium, and phosphate from the thin stillage prior to digestion, 
and to then precipitate these components as a relatively pure, high-value struvite product 
in a separate reactor.  This scheme also reduces the phosphate concentration of the 
digested stillage solids which allows the solids to be applied to farmland in heavier 
loadings than would otherwise be possible.  

5.3 Thin Stillage Mass Balance Model 
A preliminary mass balance computer model has been developed based on the flow sheet 
shown in Figure 8.  Several biogas/struvite production alternatives have been evaluated.  
The two most promising alternatives involve struvite precipitation prior to the anaerobic 
digester.  The model is predicting a net income (profit) of $14 million per year, half from 
struvite production and the other half from methane generation.  

Figure 8  Thin Stillage Mass Balance Flow Diagram* (Dr. Merrill, 5/5/07) 

 
                 *patent pending
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6 CONCLUSIONS AND RECOMMENDATIONS 
 

1. The addition of thick stillage for the limited time, and in the limited quantities of 
this test, did not result in any adverse affects on the operation of the Fergus Falls 
WWTP or its biosolids treatment and disposal operations.  If the use of thick 
stillage is to be continued, struvite precipitation monitoring should be continued.   

2. Syrup was added to the anaerobic digesters at approximately 10% of the hydraulic 
load and 100% of the organic load.   This loading significantly increased biogas 
production. 

3. Due to potential ammonia toxicity in the anaerobic digesters, it is recommended 
that the Fergus Falls digesters not be loaded with syrup at more than 30% of the 
hydraulic loading, or at the current hydraulic loading, by more than 1,680 gpd. 

4. At syrup loading rates of 1,680 gpd, there would be no excess biogas produced 
during the peak heating season, and approximately 45,000 ft3/day of excess 
methane produced during the summer.   

5. The FFWWTP could produce sufficient methane during the summer to operate a 
small generator. 

 
6. Prior to implementation of syrup digestion on a permanent basis, we recommend 

that this report be submitted to the MPCA along with a request for approval of 
continued co-digestion of syrup in the anaerobic digesters. 

 
7. Laboratory analyses, bench scale testing and computer modeling indicate that 

substantial increases in net income (profit) are possible from methane and struvite 
production at ethanol plants. 

 
8. Continued pilot scale studies using thin stillage are recommended.   
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7 APPENDIX A.  FERGUS FALLS LAB TESTING RESULTS  
 

Table 6  Syrup Testing 

 
Date pH COD, mg/L Total Solids 

(mg/L) 
Total Volatile 
Solids (mg/L) 

1/19/2007 4.0 428,000   
1/22/07  464,000 310,000 285,200 
3/19/07 3.7 520,000 310,000 291,400 
3/26/07   310,000 282,100 
Average  471,000 310,000 286,300 
 

 
Table 7  Digester Testing 

 
Date pH1 Alkalinity 

(mg/L as CaCO3) 
Volatile Fatty 

Acids       
(mg/L HOAC) 

VFA/ALK2 
(Ratio) 

SCOD3 

(mg/L) 

1/19/2007  2875 350 0.1 2500 
1/23/2007 7.12 2900 193 0.1 1930 
1/25/2007 7.15 2785 254 0.1 2340 
1/26/2007 7.1 2850 282 0.1 2280 
1/30/2007 7.2 2885 275 0.1 2140 
1/31/2007 7.1 2790 244 0.1 2200 
2/7/2007 7.0 2550 245 0.1 2120 
2/20/2007 7.1 2850 322 0.1 2150 
3/16/2007 6.9 3130 322 0.1 2280 
3/23/2007 7.1 3225 353 0.1 2780 
3/30/2007 7.1 3185 356 0.1 2180 
1pH values were recorded on a daily basis.  They were similar to those listed in this table. 
2Volatile Fatty Acid / Alkalinity 
3 Soluble Chemical Oxygen Demand 
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Table 8  Volatile Solids Reduction 

 

Year: 2007
RAS FLOW TO DIGESTER

 Date TS(%) TVS(%) TS (%) TVS (%) TS(%) TVS (%) TS (%) TVS (%)
 1/29/2007 31 94 5.7098 83 0.7757 77 1.335 64 4386 GPD

2/6/2007 5.0654 84 0.7006 75 1.3629 65
2/13/2007 5.8119 86 0.818 76 1.3348 64 PRI. FLOW TO DIGESTER
2/20/2007 9.3301 81 1.005 77 1.2906 65
2/27/2007 7.2748 81 0.8253 82 1.3663 77 1928 GPD
3/6/2007 31 94 3.09 84 0.89 74 1.409 66

3/13/2007 7.1977 82 1.0121 72 1.4053 66  SYRUP FLOW TO DIGESTER
3/20/2007 2.502 82 1.1904 71 1.49 67 560 GPD
3/27/2007 31 94 7.0714 79 1.2351 71 1.55 67
4/3/2007   7.4007 76 1.5915 72 1.5955 66 % VS TO DIGESTER

87%
 

VS REDUCTION (38% min)

71%

% 31 94 6.05 82 1.00 75 1.41 67
Average decimal 0.31 0.94 0.060 0.818 0.010 0.747 0.014 0.667

PRIMARY RAS DIGESTER 1

Data Tracking for Calculating VSR Using Van Kleek
Fergus Falls Wastewater Treatment Facility

SYRUP
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Table 9  Syrup Pumping/Gas Log 

 
Date Gallons of Syrup 

Fed to Digesters 
ft3 biogas 

Generated from 
Syrup* 

ft3 Biogas/Gal 
Syrup 

1/30/07 880 20,832 24 
2/1/07 1,056 24,504 23 
2/2/07 1,056 39,944 38 
2/5/07 880 30,139 34 
2/6/07 880   

2/21/07 704   
2/22/07 704 14,000 20 
2/23/07 704 14,592 21 
2/27/07 704   
2/28/07 704   
3/5/07 704   
3/6/07 704 26,386 37 
3/7/07 1,760   
3/9/07 1,056 25,500 24 

3/12/07 1,056 19,200 18 
3/13/07 1,408 26,674 19 
3/14/07 1,056 24,130 23 
3/15/07 1,800 43,808 24 
3/16/07 2,000 70,563 35 
3/19/07 1,408   
3/20/07 1,056 38,960 37 
3/21/07 704 28,526 41 
3/22/07 1,056 43,000 41 
3/23/07 1,232   
3/26/07 1,232 24,185 20 
3/27/07 1,056 30,892 29 
3/28/07 1,232 35,195 29 
3/29/07 1,056 30,272 29 
3/30/07 1,936   
4/2/07 1,056 34,744 33 
4/3/07 1,232 40,261 33 
4/4/07 1,232 37,213 30 
4/5/07 1,232 36, 240 29 

*16,000 ft3 of biogas per day was deducted from this value to arrive at the volume generated from only 
syrup addition. 
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8 APPENDIX B.  COMMERCIAL LAB TESTING RESULTS 
Table 10  Thick Stillage (Syrup) Characteristics 

Average
Analytea Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered

Total P 3,276 3,980 3,005 2,671 3,420
Ortho-P 1,501

Ammonia-N 220
TKN 9,138 7,691 6,149 3,631 7,659

Mg 2,600 2,700 2,000 1,700 2,433
Ca 180 63 180
Fe 35 25 35

COD 495,000 565,000 285,500 448,500

Acidity 18,000 30,000 14,000 20,667
 as CaCO3

Total solids 239,000 249,000 194,600 227,533
Total volatile solids 180,000 180,000

Conductivitry,umhos/om 8,653 11,880 11,390 10,641

Volatile acids

pH, units 3.47 3.3 3.57 3.4
a All concentrations in mg/L unless otherwise noted.

1/22/2007 1/30/2007 4/3/2007
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Table 11  Anaerobic Digester #1 Prior to Syrup Addition 

Analytea Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered
Total P
Ortho-P 159 143 151

Ammonia-N 856 856 856
TKN 998 873 936

Mg 13 8 11
Ca
Fe 

COD 14,400 653 14,700 539 14,550 596

Alkalinity 3,500 3,400 3,450
 as CaCO3

Total solids 14,280 1,400 14,680 1,200 14,480 1,300
Total volatile solids 8,700 9,000 8,850

Conductivitry, umhos/cm 6,026 6,032 6,029

Volatile acids 44 35 39

pH, units 7.15 7.21 7.18
a All concentrations in mg/L unless otherwise indicated

Digester #1 Digester #2 Average
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Table 12  Anaerobic Digester #1 After Syrup Addition 

Analytea Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered
Total P 516 673 213
Ortho-P 159 129 324 221

Ammonia-N 1,100 1,000 800 770
TKN 998 753 1,000 1,622 828

Mg 13 16 150 160 18
Ca 450 530 36
Fe 170 200 1.9

COD 14,400 653 12,700 653 22,156 6,534 11,078

Alkalinity or acidity, 3,500 3,300 4,200
 as CaCO3

Total solids 14,280 1,400 13,600 1,700 16,000 16,360
Total volatile solids 8,700 8,700 10,880 9,700

Conductivitry, umhos/cm 6,026 6,008 5,973 6,488

Volatile acids 43.5 52.2 139 38

pH, units 7.15 7.1
a All concentrations in mg/L unless otherwise noted

1/22/2007 1/30/2007 3/16/2007 4/3/2007
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Table 13  Final Sampling Event 

Analytea Unfiltered Filteredb Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered
Total P 3,005 2,671 220 10 642 56 673 213
Ortho-P 1,501 11 59 221

Ammonia-N 220 32 23 770
TKN 6,149 3,631 1,400 80 978 50 1,622 828

Mg 2,000 1,700 150 59 200 72 160 18
Ca 180 63 600 220 420 76 530 36
Fe 35 25 170 6 130 2 200 1.9

COD 285,500 86,090 12,213 11,078

Alkalinity(or acidity) 14,000 1,800 920 4,200
 as CaCO3

Total solids 194,600 39,000 16,450 16,360
Total volatile solids 180,000 29,000 11,000 9,700

Conductivitry, umhos/cm 11,390 2,600 1,240 6,488

Volatile acids 38

pH, units 3.57 8.2 6.53 7.28
Temperature, deg. C or F

Weekly flow rate, gal. 4000 8400 26600
a  All analyses to be reported in mg/L unless otherwise noted

Thick Stillage Raw Primary Sludge Digested sludge Raw Secondary Sludge

 
 
 

Table 14  Heavy Metals Concentrations (Syrup and Digester #1) 
Syrup 4/3 Digester 3/16

Arsenic <0.55 <44
Cadmium 0.24 <22
Copper 7.2 530
Lead 7.3 61
Molybdenum 1.6 <44
Nickel 1.6 41
Potassium 2.3 2.3
Selenium 0.78 <44
Zinc 110 780
Mercury <0.088 0.99  

*Units are mg/kg dry, except for potassium which is % wt dry.
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Table 15 Thin Stillage Characteristics 

Thin Stillage (2/12/2007) a

COD 138,000
CODs 70,000
Conductance, umhos/cm 7,164
Ammonia as NH4 Soluble 130
Nitrogen, TKN 2,318
Dissolved Ortho-P 379
Ortho-P 714
Total Dissolved P 1,108
Total P 1,303
TDS 28,100
TS 65,000
TVS 61,000

Ca, soluble 58
Ca 220
Iron, soluble 7.8
Iron 26
Mg soluble 720
Mg 710
a All concentation in mg/L unless otherwise noted.  
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9 APPENDIX C.  STRUVITE CHEMISTRY 
 
Struvite is a hard, adherent precipitate formed by the reaction of magnesium, ammonium 
and phosphate ions and water. 
 
Mg+2 + NH4

+ + PO4
-3 + 6H2O = MgNH4PO4.6H2O     (C1) 

 
PO4

-3 is the trivalent portion of the orthophosphate fraction.  While other forms of 
orthophosphate are present (HPO4

-2, H2PO4
-, for example) at much higher concentrations, 

only the trivalent ion can participate in struvite formation.   
 
A necessary precondition for struvite formation is that the component ions be in the 
dissolved state.  In anaerobic treatment systems, magnesium, ammonium, and phosphate 
enter solution as sewage solids and microorganisms are destroyed.  The concentrations of 
dissolved  magnesium, ammonium, and phosphate could also increase if an additional 
feed stream rich in these components, such as thick stillage, is added to the digester feed.    
 
To determine whether or not struvite can precipitate, we first calculate Q, the product of 
the concentrations of the soluble magnesium, ammonium, and phosphate ions, expressed 
in gram-moles per liter.  
 
Q = [Mg+2] x [NH4

+] x [PO4
-3]       (C2) 

 
Q increases when the concentrations of dissolved magnesium, ammonium, or phosphate 
ions increase and when the pH increases1. When Q exceeds the solubility product 
constant for struvite (K), struvite precipitation is possible.  K is a constant of known 
value that is moderately sensitive to temperature and the concentration of dissolved 
solids.  When Q exceeds K, the water contains more magnesium, ammonium, and 
phosphate than it can comfortably hold, and it expels the excess ions from solution by 
precipitating them as struvite.  Precipitation continues until the value of Q drops to the 
value of K.  It remains at K as long as struvite is present.    
 
Conversely, when Q is less than K, struvite cannot precipitate.  The most effective 
practices keep Q lower than K throughout the system, thus preventing struvite 
precipitation in the first place.   
 
The struvite saturation index (SSI) is a convenient and easily interpreted measure of  
struvite precipitation potential 
 
                                                 
1 The concentration of PO4

-3 is drastically affected by pH.  For example, an increase of 1.4 pH units 
increases the concentration of PO4

-3 25 fold.  This increase is accomplished by converting HPO4
-2, which 

cannot precipitate, to PO4
-3, which can. 
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SSI = log10 (Q/K)          (C3) 
 
When SSI is less than zero, struvite cannot precipitate.  When it is equal to, or greater 
than zero, struvite can precipitate.  We can determine the potential for struvite scaling in 
various locations in the treatment plant by sampling at those locations, chemically 
analyzing the samples for dissolved magnesium, ammonium, and phosphate and pH, then 
using USEPA’s water chemistry model MINTEQA2 to calculate SSI for those samples. 
 

Rein and Associates 35



10 APPENDIX D. COMMERCIAL LABORATORY DATA SHEETS 
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