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ABSTRACT 
 

With the move toward alternative fuels has come a dramatic increase in biodiesel 

production.  One of the inevitable byproducts of this process is glycerin.  Usually this glycerin is 

part of a mixture of components, known as “crude glycerin”, leaving the process.  There are 

limited uses for glycerin, especially in this unpurified form.  The goal of this project was to 

design a plant for a process in which crude glycerin could be repurposed into a useful and 

marketable product.   

To do this, a product was developed in which glycerin preserved Pseudomonas 

aeruginosa, a type of bacteria that degrades fats, oils, and grease (FOG) in restaurant grease traps 

or wastewater treatment.  Two experiments were conducted to determine the range of glycerin 

concentrations in which it would successfully preserve these bacteria.  Another experiment was 

done to compare the effectiveness of the bacteria alone versus that of the product, known as FOG 

Away, in degrading FOG.  The results of all three experiments were inconclusive.  Meanwhile, a 

process was designed for the manufacturing of FOG Away that involved eight pieces of 

equipment.  However, from the economic analysis, it was determined that this process is 

economically infeasible. Ultimately, the implementation of this process was not recommended.  
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Summary  
 

The objective of this project is to design a way to transform crude glycerin into a more 

valuable product.  The design process involved using glycerin as a preservative for Pseudomonas 

aeruginosa.  The product is called FOG Away as it is intended to degrade fats, oils and grease, 

FOG, through bioremediation.  Therefore, this option also necessitated the project to investigate 

the bacteria’s continued ability to degrade FOG after being preserved in glycerin. 

Before designing the process, the concentration of crude glycerin that induces 

bacteriostasis without bactericide needed to be determined.  At this concentration bacterial 

growth is inhibited, but the bacteria are still alive.  Two bacteriostasis experiments were 

performed.  In the first experiment, conclusive results were not established.  This experiment 

used a competitor’s product, BioOne, as the inoculums of Pseudomonas, and a trypticase soy 

broth, TSB, growth medium that was not potent.  The experiment did not show growth in pure 

TSB, which was intended as the control.  Therefore, the growth and inhibition observed for 

various concentrations of glycerin could not be considered.  The experiment was repeated using 

a new source of TSB and Pseudomonas.  Specifically, Pseudomonas aeruginosa was obtained 

from Dr. Gerba at The University of Arizona.  The second experiment gave more conclusive 

results.  It showed that growth was inhibited between 40% and 50% by volume of glycerin.  

Reseeds showed that 50% and above killed the bacteria.  Therefore, the range of preservation is 

less than 10%.  Note that this range is very small.  Fluctuations in the glycerin concentration may 

kill the bacteria or not inhibit growth at all. 

After finding the appropriate concentration of glycerin to use, 45%, Pseudomonas 

aeruginosa was grown in TSB.  An experiment was conducted where half of the grown bacteria 

were added directly to wastewater containing high concentrations of FOG.  Then, the other half 



was mixed with the appropriate amount of glycerin to make the FOG Away product, and then 

was added to another container of high FOG wastewater.  Samples of the initial mixture and the 

mixture after 48 hours were tested for FOG concentrations through a commercial lab, Turner 

Laboratories, Inc.  The results showed there was a greater decrease in FOG concentration when 

FOG Away was used instead of just the bacteria.  However, numerous uncertainty factors in this 

experiment make it impossible to form conclusions on the effectiveness of FOG Away.  For the 

design of this process, it was assumed the FOG Away is an effective treatment. 

Given the concentration of glycerin and the assumed effectiveness of the product in 

degrading FOG, a process to grow the bacteria and mix it with glycerin on a larger scale was 

designed.  This design incorporates a bioreactor with specific add-ons to provide ideal conditions 

for bacterial growth, a centrifuge to concentrate the bacteria and recycle TSB, a gravity separator 

to purify the crude glycerin and a mixer to form the final product.   

However, the cost of this process was much more than anticipated.  The initial capital 

investment totaled about $600 thousand.  The net present value after 10 years is $10 million 

indebted.  Clearly, this is not a feasible process.  The main costs attributing to this are that of the 

centrifuge and the TSB.  Current recommendations include finding a lower costing centrifuge 

and/or not concentrating the bacteria at all.  Also, using an alternative growth medium, perhaps 

made from cheaper constituents on site, is recommended.  Overall, it is not recommended that 

this process be put into practice.   
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Section 1:  Introduction 

Section 1.1:  Project Statement 

The first goal of this project is to design a product that incorporates crude glycerin 

provided by Zelen Environmental in the preservation of Pseudomonas aeruginosa.  

Concentrations of crude glycerin that inhibit growth without killing the bacteria must be 

determined.  The second goal of the project is to determine the effectiveness of Pseudomonas 

aeruginosa, once preserved, in the degradation of fats, oils and grease (or FOG) commonly 

present in wastewater.  The final goal is to then design a process that grows P. aeruginosa, 

preserves it, and packages it.  Thirty-one gallons of the product, called FOG Away, will need to 

be produced each day. 

Section 1.2:  Current Market Information 

FOG concentrations in wastewater are regulated by municipalities.  In Tucson, Arizona, 

FOG concentrations must be below 150 ppm (Personal communication, Mike Kazz, 4/26/11).  

This is because excess FOG will congeal in pipes and block flow.  Severely blocked pipes may 

force flow in reverse. This is when sewer overflows, or backups, occur.  Because of this, many 

commercial entities that produce waste with high FOG concentrations, such as restaurants, have 

to remove FOG before they can release it into the sewage system.  The most common method for 

this is to employ a grease interceptor, often called a grease, or FOG, trap. 

A grease interceptor is a continuous gravity separator.  It is comprised of a large retention 

tank with baffles that direct the flow.  For an example of this kind of tank, see Figure 1 below.  

FOG collects above the water as it is lighter while the water flows through the baffle bypasses 

below.  The water exits near the bottom of the tank while the FOG layer accumulates on top and 
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solid particles build up on bottom.  However, as the FOG layer grows, it is eventually forced 

down between the baffles, through the baffle bypasses and out the exit pipe.  Separation becomes 

very inefficient at this point.  Therefore, the FOG layer needs to be routinely removed or treated.  

Removal can be done with specialty pumping.  As most grease traps are too large to be serviced 

by the owner, this can become costly.  

 

 

Figure 1 Grease interceptor. Image from: City of St. Augustine. “Fats, Oils and Grease (FOG) 
Program Initiated by City” 26 Apr. 2011. <http://www.ci.st-augustine.fl.us/the-city/featured-
stories-archive/7_10/FOG2.cfm>. 
 

The other option is the treatment of the FOG.  This can be accomplished through the 

process of bioremediation.  This entails the application of certain bacteria to grease interceptors 

that will degrade the FOG.  The bacteria would be added directly through the manhole closest to 

the inlet.  The closer to the inlet the bacteria are added, the less likely they are to be washed out 

before propagating.  Once the FOG concentration is sufficiently lowered, the wastewater can exit 

the interceptor without violating regulations.  Bioremediation cannot replace pumping 

completely, as the bacteria will eventually wash out.  However, it can greatly decrease the 

frequency at which pumping needs to occur.   
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The proposed product, FOG Away, will treat grease interceptors through bioremediation.  

This process will employ bacteria, specifically Pseudomonas aeruginosa, that have been 

preserved in glycerin. When added directly to the grease interceptor, FOG Away will disperse 

and the glycerin will be diluted.  P.aeruginosa will then begin to propagate again.  Additionally, 

the glycerin can now act as a carbon source to the bacteria and promote faster growth. 

According to the Tucson Tallow Company, a company that services grease interceptors 

in Tucson, AZ., there are 447 grease interceptors locally with an average volume of 1500 gallons 

(Personal communication, Finance Department of Better Business Bureau, 4/6/2011).  Assuming 

a 10% market share, there are approximately 45 consumers for this product. Given that the 

treatment volume of FOG Away is 2.5 gallons for the average-sized grease interceptor treated 

every month, 30 gallons of product could be sold per day.  The main competitive product to FOG 

Away is BioOne.  This product costs $56 for a 64 ounce container (Aqua-pro Solutions, Inc.). 

Section 1.3:  Project Premises and Assumptions  

The decision to use crude glycerin as a preservative is based on a study by Litsky, 

Libbey, and Mariani where glycerin was used as a growth inhibitor for many different 

organisms.  However, the glycerin used in this study was of a much higher purity (greater than 

95%) than the crude glycerin (approximately 85% purity) available for this project.  It was 

assumed that the crude glycerin would still inhibit growth, though the impurities in the glycerin 

would affect the bacteriostatic and bactericidal threshold concentrations.  This necessitated an 

experiment to test the effects of this specific formulation of available crude glycerin. 

The design of this experiment was constrained by the availability of bacteria. Zelen 

Environmental requested that inquiries be made regarding whether any strains of Pseudomonas 

or similar FOG degrading bacteria in laboratories at The University of Arizona were available 
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for use.  Despite much effort, only P. aeruginosa could be acquired.  They were provided by Dr. 

Gerba’s laboratory and the transfer was facilitated by his assistant, Sheri Maxwell.  

Correspondence for obtaining P. aeruginosa can be found in Appendix A.7.  

The crude glycerin is a byproduct of biodiesel fabrication, which Zelen Environmental 

has accumulated in excess of 60,000 kg with more still being produced.  Therefore, the cost of 

obtaining glycerin is considered to be negligible.  
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Section 2: Process Description, Rationale, and Optimization 

Section 2.1: Block Flow Diagram 
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Section 2.2: Process Flow Diagram 
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Section 2.3: Equipment Tables 

Table 2.3-1 Equipment Table: Vessels and Towers 

 

 

Table 2.3-2 Equipment Table: Centrifuge and Mixer 
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Table 2.3-3 Equipment Table: Reactor 

 

 

Table 2.3-4: Equipment Table: Pumps 
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Section 2.4: Stream Tables 

Table 2.4-1 Stream Table: Streams 1-7 
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Table 2.4-2: Stream Table: Streams 8-14 

  

Section 2.5: Utility Tables 

Table 2.5-1: Water Utility 
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Table 2.5-2: Electricity Utilities 

 

 

Section 2.6: Process Description 

This process, as described in the PFD and accompanying stream tables (Sections 2.2 and 

2.3), grows Pseudomonas aeruginosa and then preserves it in crude glycerin.  All operations are 

performed in batch, with 270 annual batches.  The stream tables represent flows per batch. 

The crude glycerin is shipped to Zelen Environmental’s processing location by truck.  In 

case of transportation issues, there is a retention tank, T-101 that holds enough crude glycerin to 
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accommodate three batches.  This tank also holds the glycerin until the operator is ready to feed 

it to the continuous gravity separator, T-102.   The gravity separator is needed to remove the oily 

layer of triglycerides that form above the glycerin.  The triglycerides are then discarded. 

Simultaneously, the growth medium, trypticase soy broth, is reconstituted and used to 

grow Pseudomonas aeruginosa.  This is comprised of first mixing the trypticase powder with 

water in the bioreactor, R 101.  Water is pumped into the bioreactor and the correct amount of 

trypticase, 1500g, is manually added by an operator. The bioreactor has suspended impeller 

blades that mix the contents.  The first batch requires the operator to inoculate the bioreactor.  

Then the bioreactor employs submersible heaters and external thermal insulation to provide ideal 

incubation conditions.  An aerator is also used since Pseudomonas aeruginosa is aerobic and 

thus requires oxygen. A blower, P-101 A/B, facilitates the aerator.  The aerator and impeller 

blades provide agitation within the bioreactor.  After two days of incubation, 95% by volume of 

the cell broth is pumped into a centrifuge, F-101.  (The remaining 5% is intended to inoculate 

subsequent batches.)  The centrifuge concentrates the bacteria and recycles some of the 

trypticase soy broth to R-101 via the pump, P-102.  About 5% by weight of cells is considered 

lost to the recycled stream.  The recycled trypticase soy broth is now nutrient poor and as such is 

considered a substitute for water in R-101.  This substitution lowers water demand in subsequent 

batches. 

The concentrated cell broth exiting F-101 is pumped to a mixer, M-101.  The separated 

glycerin leaves T-102 and enters the mixer.  The glycerin and concentrated broth are vigorously 

mixed.  After mixing, a valve in the mixer is opened.  This valve connects to the packaging 

pump, P-103.  The packager pumps precise amounts of solution via the given operator 

instructions.  The operator manually holds the packaging container next to the packaging outlet 
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for each container.  Together, the mixer and the packaging pump make up the packaging 

machine. 

 

Section 2.7: Rationale for Process Choice 

Zelen Environmental required a process be designed to create a salable product using 

glycerin as the primary constituent.  A number of methods were explored including the use of 

glycerin as a carbon source for denitrifying bacteria in wastewater treatment.  Zelen 

Environmental preferred that a process be designed to create a product that would be used in the 

degradation of FOG (fats, oils, and greases).  Therefore, a process was designed to manufacture a 

product containing Pseudomonas aeruginosa preserved in glycerin to be used in FOG 

degradation in commercial FOG interceptors.   

There is a largely unexploited market for this product (see Section 1.2).  This design 

envisions a 10% share of the market in Tucson, AZ. One gallon of the product services 100 

gallons of FOG.  Accounting for the 10% market share, this treatment then necessitates the 

production of 671 gallons of product per month.  Additionally, 0.1 gallons of product must be 

added to the FOG each month to maintain the treatment.  This requires an additional production 

of 4.5 gallons per month, which leads to a process that manufactures a grand total of 675.5 

gallons of product per month, or 31 gallons per day (see Appendix A.1).   

Bacteria of the genus Pseudomonas were chosen because they are known FOG degraders 

(Litsky, Libbey, and Mariani).  Also, Pseudomonas bacteria are commonly found in soils and 

waters and are typically harmless to healthy humans.  Specifically, Pseudomonas aeruginosa 

were chosen for this process because they were available for use in experimentation.  The next 
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best alternatives for bacteria were other strains of Pseudomonas and other bacterial species that 

presented more hazards to humans (Shon et al., 2002).   

Next, trypticase soy broth, TSB, was chosen as the growth media for the bacteria in this 

process because it was readily available to be used in experiments. However, it is not a cost 

effective option.  Preparing a growth medium onsite from cheaper constituents might mediate 

costs.  An example of this would be the combination of casein, glycerin, sodium chloride, and 

dipotassium phosphate.  Using this would significantly lower the reagent cost from over $1.4 

million/year to $416 thousand/year (see Appendix A.2).   

Several different pieces of equipment were considered for this process.  A bioreactor was 

chosen as it is the most convenient way to grow the bacteria.  A centrifugal blower pump was 

added to facilitate the aerator in providing more oxygen in the bioreactor to encourage bacterial 

growth.  A fan was also considered for this purpose, but was decided against because it is less 

capable of bubble the air into the reactor mixture itself.  Next, a centrifuge was added to the 

process to remove water from the product mixture and increase the bacterial concentration in the 

final product.  Additionally, the centrifuge serves to lower the amount of waste produced and 

decrease the cost of utilities by recycling water back into the bioreactor via a centrifugal pump.   

In the meantime, a holding tank was deemed necessary to store the crude glycerin prior to 

production.  The glycerin must first be separated from impurities.  To do this, both a settling tank 

and a gravity separator were considered.  However, the lack of agitation within the settling tank 

would require a larger retention time to achieve the same amount of separation produced in the 

gravity separator.  This larger retention time would lead to an increase in the required tank 

volume, which leads to an increase in cost.  A centrifuge is another possible alternative, but 

again the energy requirements and purchasing cost do not justify its use.  Therefore, the gravity 
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separator was chosen as it is the more cost effective option.  It was also decided that the product 

should be packaged on site using a semi-manual process involving a mixer and an additional 

centrifugal pump.  This cuts the cost of purchasing a fully automatic packaging machine, which 

was deemed unnecessary at this low scale of production.  Lastly, each of the three pumps in this 

process has a backup pump in case any sort of problem arises. 

 

Section 3: Equipment Description, Rationale, and Optimization 

Section 3.1: Equipment Descriptions 

From the PFD in Section 2.2, it can be seen that a total of eight pieces of equipment are 

used: a holding tank, a mixer, a centrifugal pump, a blower pump, a bioreactor, a centrifuge, a 

gravity separator and a mixer and additional centrifugal pump that serve as the packaging 

machine.  

Gravity Separator 

The gravity separator, T-101, is a specialized piece of equipment constructed of stainless 

steel.  It is a series of smaller square chambers and has a total volume of 0.13 m3 (see Section 

2.3).  The gravity separator has two outlets.  The top outlet is for the triglycerides to be discarded 

and the bottom is for the glycerin to be used in the FOG Away product.  Both outlets require no 

pumping as gravity flow is sufficient due to the placement of the gravity separator on an elevated 

platform and the small amounts of product produced per day.   

Bioreactor 

The bioreactor, R-101, contains four inlets and one outlet.   A mixture of water and 

trypticase soy broth enters the bioreactor from the mixer, a direct drive clamp mount mixer made 

of stainless steel, held on a raised platform to allow gravity draining.  A recycle stream from the 
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centrifuge feeds the bioreactor at a rate of 315 g cells/day.  New cell cultures are re-grown at a 

rate of 0.101 h-1 (Shon et al., 2002) and, the bioreactor has a retention time of 24 hours.  The 

bioreactor is made of plastic and has a volume, 20.6 m and is suspended two feet over the floor.  

The outlet for the bioreactor on the underside and material is pumped out. 

Blower Pump 

Air is blown in by a straight-two-lobe blower, P-101 A/B, delivering 39700 moles per 

day or 40 m3 per hour in the bioreactor as seen in Section 2.3.  This air supplies the bacteria in 

the bioreactor with the necessary oxygen and nitrogen. 

Centrifuge 

The centrifuge is a continuous scrolling decanter centrifuge.  Exiting the centrifuge are 

the concentrated cells in water, which move on to the packaging machine, and the spent 

trypticase soy broth, water and cells that are recycled and sent back to the bioreactor.  The 

centrifuge is suspended five feet in the air to allow flow out of the centrifuge to be affected only 

by gravity. 

Packaging Machine 

The packaging machine is a specialty machine designed around the need to package 31 

gallons per day.  It consists of a stainless steel mixing tank, M-101, with direct drive clamp 

mount mixer blades, and a stainless steel centrifugal pump, P-103 A/B.  The mixer has an energy 

requirement of 3.728 kW, while the pump operates at 0.7 kW.  The mixing of glycerin and cells 

occurs in the mixer, and is the pump removes this mixture one gallon at a time from the tank to 

be manually packaged. 

Holding Tank 
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The holding tank, T-101, is capable of housing three days’ worth of crude glycerin.  This 

tank is constructed out of stainless steel and is higher than the gravity separator.  This allows the 

glycerin to drain from the tank to the separator using gravity. 

Centrifugal Pump 

The other centrifugal pump, P-102A/B, feeds the bioreactor from the recycle on the 

centrifuge.  The pump operates at 0.7 kW and is made of carbon steel situated on the floor.  

  

Section 3.2: Equipment Rationale 

Material of Construction 

The material used for the piping was chosen based on two factors: cost and durability. 

The glycerin in this process is highly acidic and can cause damage to piping.  However, the 

majority of the components used in the process are not caustic. Therefore, stainless steel is not 

required everywhere.  However, the plant has an expected lifetime of 10 years, so the cheaper, 

but less durable alternative of plastic is not used.  Carbon steel is the best alternative because it is 

durable yet inexpensive.  Where the streams are caustic, using carbon steel would lead to high 

maintenance costs (Seider et al., 588).  Therefore, stainless steel is used instead in these streams. 

Packaging machine 

Several options are available for a packaging machine.  The machine chosen is capable of 

processing the necessary amounts of product per day while maintaining some unused capacity in 

the event that the market picks up.  The machine chosen is also the least expensive in its capacity 

among those researched (Inline Filling Systems Inc).  Both pieces of equipment are made of 

stainless steel because they come into contact with the glycerin. 

Bioreactor 
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A reactor capable of housing opportunistic bacteria can be made of just two materials: 

plastic and carbon steel.  Because the facility is housed in an area where temperatures fluctuate 

by more than 20 0C at some times during the year, the reactor must be able to stay at a constant 

temperature.   Plastic was chosen because it is less prone to issues when dealing with live 

microorganisms as it prevents the accumulation of bacterial on imperfections in the surface and 

has sufficient insulating ability.  Stainless steel is another option but it is more expensive and 

offers no improvements in maintenance schedules. 

Holding Tank 

The holding tank stores the crude glycerin.  As such, carbon steel is not an option as a 

material of construction as the maintenance costs would be much higher.  The size of the 

glycerin holding tank accounts for the possibility of an excess amount of glycerin from the 

incoming shipment or an increase in production. 

Gravity Separator 

The gravity separator is made out of stainless steel because it is used to purify the 

glycerin used in the process.  It is horizontal as opposed to vertical to increase its ability to 

separate.  Its dimensions were calculated based off of the desired separation.   

Centrifugal pumps 

Two centrifugal pumps are used in this process.  They are both electric and capable of 

delivering the necessary flow rates while minimizing a buildup of materials.   This in turn lowers 

maintenance costs.  The pumps each have one backup pump.  The pump that is never in contact 

with the glycerin is made of carbon steel, and the other, which is in contact with the glycerin, is 

made of stainless steel.   
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Blower Pump 

The blower pump used for the bioreactor must provide enough oxygen for the bacteria.  

This requirement is 39,700 moles of oxygen per day or 40 m3 per hour (see Appendix A.1).  This 

flow rate requires a blower with low horsepower of 1.3 hp.  The pump is electric and made of 

carbon steel (see Section 2.3) 

 

Section 3.3: Equipment Optimization 

Materials of Construction 

 Stainless steel was explored for piping and for several pieces of equipment.  Due to the 

non-caustic nature of the majority of constituents in the process, carbon steel is a better 

alternative since it has a lower cost and calls for nearly the same maintenance intervals.  Plastic 

was also considered; however, the majority of equipment is housed outside and exposed to the 

elements and high temperature fluctuations associated Tucson.  In the areas where caustic 

substances are found, namely any step in the process that uses glycerin, stainless steel is used due 

to its resistance to corrosion (Seider et al., 588). 

Packaging Machine 

A number of machines were researched when determining a packaging machine.  The 

packaging machine does not require significant guards against contamination and only requires 

31 gallons of product to be manufactured a day.  A semi-manual operation unit was chosen as it 

was the lowest cost piece that was found during the research.  Even when the cost of the operator 

who runs it was taken into account, it still was the cheapest system a 10 year plant life (see 

Section 6).  A fully automatic unit capable of producing the low volume of product required for 

this project does not have a justifiable cost. 
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Storage Tank, Blower, and Gravity Separator 

The addition of several pieces of equipment that allow for an increase in the scale of the 

operation is justifiable since the product is only currently targeted at the local level and for 

restaurants.  In the event that the product becomes marketable to nearby communities other 

businesses that are not yet considered, production can increase.  The only piece of equipment 

that constrains any increase in production is the bioreactor.  To counter this, the parameters for 

bacterial growth can be manipulated.  For example, switching to a doubling time model with the 

recycle stream can achieve an increase in productivity (Masters and Ela, 13). 

Plant orientation 

The use of split level equipment housing is used to reduce the cost that would be created 

by the addition of pumps.  Gravity draining is restricted to the size of piping used in the process 

and the pressure heads throughout the process.  The cost to increase the pipe diameter is not 

significant compared to the savings on utilities (see Appendix A.3). 

 

Section 4: Safety Statement  

The process of using glycerin as a preservative for bacteria that are used in the treatment 

of FOG poses several potential safety hazards.  These hazards are broken down into three 

categories: chemical, biological, and equipment.  The chemical and biological hazards will be 

evaluated in this section of the report.   Those hazards associated with each piece of equipment 

were evaluated through a Process Hazards Analysis in which all possible risks were determined 

and explained along with the action that should be taken to prevent or counter any problem that 

may arise.  Overall, it was found that the gravity separator (T-102 on the PFD in Section 2.2) is 

the most dangerous due to the fact that a spill could lead to a large exposure to glycerin (the 
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hazards of glycerin are explained in the Chemical Hazards section).  The rest of the equipment 

hazards are available in detail in the Process Hazard Analysis section found online in the D2L 

Dropbox for CHEE 443. 

 

Chemical Hazards 

When the crude glycerin is taken from the biodiesel process, it can contain a number of 

contaminants including methanol, triglycerides, sulfuric acid and other chemicals.  It is assumed 

that the crude glycerin used in this process only contains glycerin, triglycerides, and sulfuric 

acid.  All other potential contaminants are assumed to be removed prior to the receiving of the 

crude glycerin.  Additionally, trypticase soy broth is used in this process.  The potential hazards 

of each of these materials were found using their material safety data sheets.  Table 4 lists all of 

the chemicals involved in this process and the hazards associated with them.  This table also 

includes recommended preventative safety measures.   

 
 
Table 4: Summary of Process Chemical Safety Hazards 

 
Chemical Substance Potential Hazards Prevention 

Triglycerides • Eye and gastrointestinal tract 
irritant1 

• Personal Protective 
Equipment* should be worn to 
avoid direct contact 
 

Glycerin (C3H5(OH)3) • Toxic in large doses 
• Eye, skin, and respiratory tract 

irritant 
 
 
 
• Slight flammability 
• Irritating and toxic fumes2 

 

• Personal Protective Equipment 
should be worn to avoid direct 
contact 

• Keep in well-ventilated areas 
and/or use a face mask  

 
• Keep away from open flame 
• Do not combust 

 
Sulfuric acid (H2SO4) • Eye, skin, respiratory tract, and 

gastrointestinal tract irritant 
• Personal Protective Equipment 

should be worn to avoid direct 
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• Suspected carcinogen 
• Corrosive3 
 
• Strong oxidizer 

contact 
• Keep in low concentrations 
 
• Store away from incompatible 

chemicals 
Trypticase soy broth • Eye, skin, and respiratory tract 

irritant 
• Chronic toxicity 

 
 

• Incompatible with strong acids 
and oxidizers4 

• Personal Protective Equipment 
should be worn to avoid direct 
contact 

• Keep substance enclosed 
 

• Store away from incompatible 
chemicals 

*Note: Personal protective equipment refers to lab coats, eye glasses or goggles, and gloves. 
1. Roche, 2009 
2. ScienceLab.com 
3. ScienceLab.com 
4. BD Diagnostic Systems, 2007 
 
Biological Hazards 

 This process involves the growing, preservation, and packaging of the bacteria 

Psuedomonas aeruginosa.  These are common bacteria that are found in soil and water, and they 

grow readily in moist environments (Todar 2008).  While Psuedomonas aeruginosa are not 

usually considered dangerous, they are considered to be opportunistic pathogens, meaning they 

will infect tissue that is already compromised (Todar 2008).  People who are suffering from 

burns, cystic fibrosis, cancer and AIDS are at the greatest risk of developing an infection from 

these bacteria (Todar 2008).  In terms of the workers involved in this process, even those who 

are not at a high risk of infection should take special care to avoid contact with the bacteria 

through the use of personal protective equipment as is described in the Chemical Hazard section 

above.  Also, if any equipment that comes into contact with the bacteria is to be used for a 

different purpose, it should be disinfected beforehand. 
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Section 5: Environmental Impact Statement 

A Life-Cycle Analysis on the process of using glycerin as a preservative for bacteria that 

is used in the treatment of FOG was performed.   This analysis was conducted from the receiving 

of the crude glycerin from the biodiesel process to the production of the FOG Away.  The 

environmental impact topics that were covered include global warming potential and ozone 

depletion, water consumption, non-renewable resource consumption, and toxicity.  These 

impacts are summarized in Table 5.1.  Additionally, water consumption, carbon dioxide (CO2) 

emissions associated with utilities, and environmental regulations are discussed.  Incorporated 

throughout the analysis will be the steps being taken to reduce these impacts. 

Global Warming Potential and Ozone Depletion 

According to the U.S. EPA Inventory of U.S. Greenhouse Gas Emissions and Sinks: 

1990 – 2009, none of the materials used in this process have global warming potentials (U.S. 

EPA, 2011). Additionally, from this same inventory, none of these materials were found to cause 

ozone depletion (U.S. EPA, 2011).  Therefore, no suggestions are offered as improvements. 

Non-renewable Resource Consumption 

 Crude glycerin is considered to be a renewable resource because it is an inevitable 

byproduct of biodiesel production.  Trypticase soy broth is also a renewable resource.  Water is 

another resource that is consumed in this process, and this is discussed below. 

Toxicity 

The ecotoxicity and human toxicity of all of the materials used in this process was 

gathered from the material safety data sheets, or MSDSs.  There is no ecotoxicity associated with 

trypticase soy broth or the triglycerides (BD Diagnostic Systems, 2007, Roche, 2009).   

Ecotoxicity is associated with glycerin and sulfuric acid.  However, the concentrations at which 
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they are leaving the process are much lower than the LC50 values given for fish, so even if these 

materials were to enter a body of water, they are unlikely to any negative effects 

(ScienceLab.com).  Lastly, there is no ecotoxicity associated with the bacteria used in this 

process, Pseudomonas aeruginosa, as they occur naturally in the environment (Todar, 2008). 

In terms of human toxicity, tryglycerides are not considered to have any effects (Roche, 

2009).  However, the trypticase soy broth, sulfuric acid and glycerin are toxic.  Trypticase soy 

broth has chronic toxic effects on the central nervous and endocrine systems (BD Diagnostic 

Systems, 2007).  Sulfuric acid has toxic effects if a human comes into contact with it in any way, 

but as was mentioned before, it remains at very low concentrations throughout this process 

(ScienceLab.com).  Glycerin is considered toxic especially if ingested repeatedly or at high doses 

(ScienceLab.com).  In the process, there are high concentrations of glycerin, so these hazards 

should be kept in mind.  Once the glycerin enters the wastewater, it will become diluted and 

much less hazardous.  Additionally, Pseudomonas aeruginosa can be highly toxic to those 

people whose health is already compromised (Todar 2008).   

Table 5.1 Summary of environmental impacts of process materials 

 
Water Consumption 

In this process, a total of 501,250 grams per hour of water are required.  To decrease the 

amount of water consumed, 494,000 grams per hour of this are recycled.  Therefore, only 7,250 

Material Human 
toxicity 

Ecotoxicity Global 
Warming 
Potential 

Ozone 
Depletion 

Non-renewable 
Resource 

Consumption 
Crude glycerin:      
Glycerin Yes Yes No No No 
Triglycerides No No No No No 
Sulfuric acid Yes Yes No No No 
Trypticase soy broth Yes No No No No 
Pseudomonas aeruginosa Yes No No No No 
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grams per hour of water need to be added into the process.  To put this into perspective, this 

amount is equal to 15.3 gallons, which is about the amount of water used in a five minute shower 

with a water-conserving showerhead that uses three gallon per minute (Rubin, 2011).  Overall, 

this recycling reduces the rate of water consumption by 98.6%. 

Emissions 

Gas emissions in this process are associated with the electricity requirement of the 

equipment.  The amount of annual emissions was determined by using the average emissions 

associated with electricity use in Arizona.  This data was found in the EPA eGRID 2006 

Summary Tables and applied to this process, which requires 81,751 kW-hr annually.   The 

results of this can be found in Table 5.2.  The annual carbon dioxide (CO2) emissions from this 

process is equal to the annual CO2 emissions of nine passenger cars (“Emission Facts: Average 

Annual Emissions and Fuel Consumption for Passenger Cars and Light Trucks”). 

Table 5-2 Emissions Summary 

Emissions Emissions1 (lb/kW-hr) Emissions (lb) 

CO2 1.219 99,654 
SO2 1.232 100,717 
NOx 1.770 144.699 

1 http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2006V2_1_Summary_Tables.pdf 

 

Environmental Regulations 

Of the materials used in this process only sulfuric acid is put under environmental 

regulations.  It is regulated by both the Comprehensive Environmental Response Compensation 

and Liability Act (CERCLA) and the Emergency Planning and Community Right to Know Act 

(EPRCA).  Both acts require that the storing of sulfuric acid be reported if it is at 1000 pounds or 

more (ScienceLab.com, EPRCA 2008).  Even if the sulfuric acid being stored from the process 
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was kept on site for a year, this would only accumulate to 27 pounds.  Therefore, the material 

kept on site does not need to be reported.   

 

Section 6: Economic Analysis 

The initial capital investment was calculated to include equipment costs for a blower pump 

with a backup, mixer, centrifuge, holding tank, bioreactor with impeller, gravity separator, and 

two centrifugal pumps with backups. All equipment costs were obtained through vendor pricing 

quotes. As they are current, they do not require adjustment by any cost indices. The total bare 

module costs for these pieces of equipment were obtained by multiplying each cost by a bare 

module factor obtained from Seider et al, 2010.  Detailed calculations are provided in Appendix 

A.3.  The most expensive piece of equipment is the decanter centrifuge.  It accounts for 80% of 

the total bare module equipment costs at $234 thousand. The initial capital investment also 

encompasses a one-time cost for the Pseudomonas aeruginosa cultures used for the initial 

inoculation.  The initial capital invest is $600 thousand.   

Table 6.1: Components of Total Capital Investment 

Total Bare Module cost, CTBM $294,532.48

Site Preparation, Csite $44,179.87

Service Facilities, CServ $0.00

Allocated Cost, Calloc $0.00

Direct Perm. Investment, CDPI $338,712.35

contingencies/contractor fee, Ccont $60,968.22

Total Depreciable Capital, CTDC $399,680.58
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Land Cost, Cland $7,993.61

Royalties, CRoyal $7,993.61

Startup Cost, CStartup $39,968.06

Total Permanent Investment, CTPI $455,635.86

Site Investment Factor, FSIF $0.95

Corrected CTPI $432,854.06

Total Capital Investment, CTCI $595,934.00

 

The process operates in batch, but requires several operators to run.  Each work week 

consists of five eight hour shifts, amounting to 2080 hours/year.  Assuming two workers per 

shift, the direct wages and benefits amount to $125 thousand/year.  Management costs were 

calculated at $19 thousand/year.  Given that this is well below a full time wage, this figure 

indicates only part-time management is required.  Maintenance salaries, wages and benefits 

amount to roughly $14 thousand.    Additionally, due to the scale of the plant, costs associated 

with service facilities and allocated costs are assumed to be negligible.  Utility costs for 

electricity and water were calculated with rates provided by the Tucson Electric Power company 

and the Tucson Water company respectively (see Appendix A.3).  Given operator/management 

costs, utility costs and raw materials costs, the annual cost of this process is $$2.3 million.   

The cash flow analysis was performed assuming a 10 year projection. The initial capital 

investment amounted to $590 thousand.  Of this, $400 thousand is considered depreciable 

capital.  Depreciation was calculated using the MACRS tax-based calculation method given a 

five year period. Sales were calculated assuming an output of 31 gallons of product per day, 

being sold at a unit price of $111.62 per gallon. This price estimate is an average of prices 
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belonging to similar products already available on the market. An associated sale transfer 

expense, such as that associated with shipping, of $26,989.72 is incurred upon transfer to the 

market. Given this information, the net present value of this process after ten years is $10 million 

indebted.  This cash flow analysis values can be found in Table 6.2. 

Table 6.2 Cash Flow Sheet For a 10 Year Plant Life 

 

Economic hazards associated with the process are dependent upon fluctuations in the cost of 

raw materials.  The costs of electricity and water are unlikely to fluctuate significantly over the 

course of the next ten years.  Also, the cost of glycerin will most likely not increase since there is 

an excess of it being produced in the biodiesel process.  However, these costs are dramatically 

surpassed by the cost of the trypticase soy broth, TSB.  The TSB alone currently costs $1.5 

million/year.  Additionally, the probability that the TSB will increase in cost is unknown.  This 

uncertainty presents a significant economic risk for this process.  Another risk associated with 

this process is that while the initial treatment of the FOG demands a large amount of product, the 

continuing monthly treatment is very small.  This may lead to a sharp decline in product sales 

over time.   

Year fCTDC CWC D CExcel. Dep S Net Earn Cash Flow
Cum. Cash 

Flow
Cum PV @ 15%

2012 (399,680.58) (163,689.81) (563,370.39) (563,370.39) (563,370.39)
2013 79,936.12  1,215,266.16  449,828.60  (532,585.41) (452,649.30) (1,016,019.69) (251,144.53)
2014 127,897.78  1,822,899.24  674,742.90  (803,914.10) (676,016.31) (1,692,036.00) (480,982.23)
2015 76,738.67  2,430,532.31  899,657.20  (1,012,796.68) (936,058.01) (2,628,094.01) (859,128.59)
2016 46,043.20  2,430,532.31  899,657.20  (993,458.54) (947,415.34) (3,575,509.35) (1,344,166.40)
2017 46,043.20  2,430,532.31  899,657.20  (993,458.54) (947,415.34) (4,522,924.69) (1,955,385.16)
2018 23,021.60  2,430,532.31  899,657.20  (978,954.93) (955,933.33) (5,478,858.02) (2,723,960.74)
2019 2,430,532.31  899,657.20  (964,451.32) (964,451.32) (6,443,309.34) (3,683,983.03)
2020 2,430,532.31  899,657.20  (964,451.32) (964,451.32) (7,407,760.66) (4,870,722.88)
2021 2,430,532.31  899,657.20  (964,451.32) (964,451.32) (8,372,211.98) (6,330,595.07)
2022 2,430,532.31  899,657.20  (964,451.32) (964,451.32) (9,336,663.30) (8,118,837.66)
2023 163,689.81  2,430,532.31  899,657.20  (964,451.32) (800,761.51) (10,137,424.81) (10,137,424.81)

y



 

33 
 

Because of this, a major economic optimization would be to replace the TSB with a cheaper 

growth medium.  TSB is typically used for laboratory culturing of bacteria because it is such an 

effective medium.  Consequently, it is prohibitively expensive.  TSB is appraised as $46.93/kg 

(Teknova).  A possible alternative to TSB would be a mixture of nitrate fertilizer, sugars, such as 

corn syrup, and phosphates.  Calculations for an example alternative can be found in Appendix 

A.2.  Individually purchasing these relatively cheap materials and combining them on site would 

dramatically reduce the cost of growth medium.  However, this mixture would first have to prove 

its ability to culture Pseudomonas aeruginosa effectively.  Suitability and effect on growth rate 

are currently unknown.  Additionally, the initial capital investment would drastically decrease if 

a lower costing centrifuge could be found. 

In order for the process to be profitable using current methods, the FOG Away product must 

have a retail price of $1258 per gallon. This value is more than 10 times lower than the current 

market value.  Clearly, unless the cost of the centrifuge is lowered or a suitable alternative 

growth medium becomes available, this process will remain infeasible. 

 

Section 7: Conclusions and Recommendations 

Conclusions 

1. There was a reduction in FOG concentration in a mixture that contained FOG, 

wastewater, and FOG Away.  However, the many uncertainty factors involved in this 

experiment make it impossible to say conclusively that FOG Away is a working product. 

2. The lack of conclusive results from the bacteriostasis experiments makes it impossible to 

determine the ideal glycerin concentration to be used in the product. 

3. This process is currently not economically feasible. 
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4. The centrifuge is the most costly piece of equipment in this process, while the trypticase 

soy broth used for the growth media of the Pseudomonas aeruginosa is the most 

expensive material. 

5. This process is unlikely to become economically feasible due to the uncertainty regarding 

fluctuations in the cost of trypticase soy broth. 

6. By minimizing the amount of equipment needed for this process and using materials with 

little environmental burden, the least environmentally hazardous process was chosen. 

7. The greatest environmental burden from this process is the emissions that result from the 

electricity demand of the equipment. 

8. Glycerin creates the greatest material safety hazard while the centrifuge creates the 

greatest equipment safety hazard. 

Recommendations 

1. Use an alternative growth media for the Pseudomonas aeruginosa.  

2. Find a less expensive centrifuge or eliminate it from the process altogether. 

3. Conduct additional experiments to determine more clearly the concentration at which 

glycerin has a bacteriostatic effect on Pseudomonas aeruginosa.  

4. Conduct additional experiments to determine more clearly the effectiveness of FOG 

Away in FOG degradation. 
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Appendices 

A.1:  Process Calculations 

The following eight pages contain the calculations for the mass balances, energy 

balances, and equipment, and any other additional calculations for the optimized process.   
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A.2:  Alternative Calculations 

One proposed alternative was the replacement of trypticase soy broth with a mixture of 

different nutrients for the bacteria.  Calculations were done for a mixture containing dipotassium 

phosphate, sodium chloride, casein, and glycerin.  These can be found in Table A.2. The 

amounts of all of these components except glycerin were based off of the composition of 

trypticase soy broth (Neogen Corportation, 2010). The prices for these components were taken 

from various sources as noted under Table A.2. 

Table A.2: Alternative Calculations 
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1 “Diphosphate potassium granular”. 
2 “Non-Iodized Table Salt 25 lb. Bag” 
3 “Optimum Nutrition 100% Casein Protein 4 lbs Chocolate Supreme” 
4 ICIS pricing 
 

A.3:  Economic Calculations 

All equations and much of the constants are taken from Product and Process Design 

Principles, 2nd Edition.  

Production of FOG Away requires several pieces of equipment, including a large stirred 

tank reactor, a clamp mount mixer unit, gravity separator and packaging machine. In addition a 

blower and two pumps are used to ferry process fluids throughout the process. 

Bare Module Equipment Costs 

The first costs calculated and considered are the bare module costs found in Table A.3-1. 

(Note that references for the equipment price quotes can be found under “Equipment Price 

References” in Section 8 and Appendix A.7.)  There are bare module costs associated with each 

piece of process machinery (CPM), fabricated equipment (CFE), spares (CSPARES), and surge and 

storage tanks (CSTORAGE). The F.O.B. cost of each piece was obtained from vendor quotes. To 

obtain the bare module cost, the F.O.B. cost was multiplied by a bare module factor (Seider et 

al., 558) according to the equation: 

      A.3-1 

The total bare module investment (CTBM) is the sum of the bare module costs of the 

individual pieces of equipment: 

∑ $294,532        A.3-2 

 

Table A.3-1 FOB Purchase Costs and Bare Module Factors for All Equipment  



 

50 
 

 

Bioreactor 

The bioreactor is designed to keep the bacterial growth media well distributed, the air 

concentration in the bacterial suspension high and the temperature even. The reactor itself 

consists of a large polyurethane tank, an aerator and a horizontal impeller mixer which is 

mounted to the side by means of a flanged opening. The bioreactor was designed using a volume 

of 4.63 m3 as a basis. This total volume was determined using a biomass growth rate of .101 

 
 

 and assuming a cell mass of 200 grams was left in the tank after each harvesting. The 

height of the tank was found by assuming that the diameter to height ratio of the tank was equal 

to three (Turton). A 10 percent freeboard was added to the tank height to prevent overflow 

(Turton). The overall cost of the unit is actually the sum of the costs of the horizontal mixer, and 

the tank itself.  

Mixer  

The mixer which combines the concentrated bacterial suspension and the crude glycerin 

consists of two units, a vertical cylindrical stainless steel mixing tank with a height/diameter 

ratio of three (Turton) and a light duty 0.75 kW clamp mounted stainless steel mixer 

(http://webcat.rhfs.com/). The bare module costs of these two pieces of equipment are accounted 

for separately (as M-101 (T) and M-101 (M) respectively.  
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Centrifuge 

The centrifuge used is a 5 hp solid bowl scrolling decanter centrifuge rated for a flow rate 

of between 10 and 50 gal (US Centrifuge). This piece of equipment represents the most 

significant process unit expense of the entire process. In order for the cost of the process to be 

reduced, the cost of the centrifuge must be decreased. 

Pumps 

Pumps were sized using the following equations from Turton et al.: 

 1.67
 ∆  

             A.3-3 

where η represents the efficiency of the pump. The power and flow rate were relayed to vendors  

to obtain estimates. 

Packager 

The packager comes as a compete unit, only needing to be anchored to the floor and 

plugged into an available outlet. As no bare module factor could be found in the literature it was 

assumed to be one. 

Cash Flow Analysis 

A plant life of ten years was assumed.  At the end of ten years, the process will be in debt 

by $10,090,147.  Tables A.3-2, A.3-3, and A4-4 contain a breakdown of the capital costs that 

were used in the cash flow analysis, which is given in Table A.3-5.  Additional information on 

how this table was put together can be found in the Economic Analysis in Section 6.   
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Table A.3-2: Components of Total Capital Investment 

Total Bare Module 
cost, CTBM $294,532.48 ∑ , ,   

Site Preparation, Csite $44,179.87 C 0.15CTBM  
Service Facilities, CServ $0.00 
Allocated Cost, Calloc $0.00 

Direct Perm. 
Investment, CDPI 

$338,712.35 ∑ C
CS CA   

contingencies/contract
or fee, Ccont 

$60,968.22 CC 0.18   

Total Depreciable 
Capital, CTDC $399,680.58 CC   

Land Cost, Cland $7,993.61 CL 0.02CTDC  
Royalties, CRoyal $7,993.61 CR 0.02CTDC   

Startup Cost, CStartup $39,968.06 CS 0.01CTDC  
Total Permanent 

Investment, CTPI 
$455,635.86 CTPI CTDC

C C CS   
Site Investment Factor, 

FSIF 0.95 From Sieder  

Corrected CTPI $432,854.06  CTPI  
Total Capital 

Investment, CTCI 
$595,934.00 CTCI  

For the purposes of this experiment, the costs of service facilities (CSERV) and allocated costs 

(CALLOC) are assumed to be negligible, since all utilities are municipal and service facilities for a 

plant of this size are unnecessary.  

The cost of feedstock materials were calculated assuming a 31 gallon per day production 

basis. The crude glycerol price was obtained from the ICIS pricing report (ICIS pricing). The 

cost of tryptic soy broth was obtained from a company called Teknova (Teknova). It represents 

the lowest price of several companies’ offers to buy this nutrient. It is however the largest 

expenditure of the entire project. Financial estimates were found by taking the mass flow rates of 

the respective component and multiplying by their respective costs.  
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The cost of utilities for electricity and water were calculated with rates provided by the 

Tucson Electric Power company and the Tucson Water company respectively.  Figures A.3-1 

and A.3-2 show the formulas used for these calculations. 

 

Figure A.3-1 Electricity Utilities Calculations with Formulas 
F 
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Figure A.3-2 Water Utilities Calculations with Formulas 

 

Table A.3-3: Cost Analysis Outline 

Raw Materials 
Utilities $1,740.51   

Feedstocks $1,469,029.12   
Operations 

Operators/shift 2   
Shifts/day 1   

Wages, $/hr 30 Taken from Seider et 
al. 

work hr/yr 2080  Assuming a 5 day 
work week 

Direct Wages & 
Benefits, DW&B ($/yr) $124,800.00   

Direct Salaries & 
Benefits, DS&B $18,720.00 &

0.15 &   
Operating Supplies & 

Services, OS&S $7,488.00 &
0.06 &   

Technical Assistance 
to Manufacturing $104,000.00  $  

Control Laboratory $114,000.00 $   
Total Operating Cost, $369,008.00   
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O 
Maintenance 

Maintenance Wages 
and Benefits, MW&B $13,988.82 . 035   

Maintenance Salaries 
and Benefits, MS&B $3,497.21 . 25 &   

Materials and Services $13,988.82  &  
Maintenance 

Overhead $699.44 . 05 &   

Operating Overhead 
Gen. Plant Overhead $11,431.43 0.071 &  &   
Mech. Dept. Services $3,864.14 0.024 &  &   
Employee Relations 

Dept. $9,499.36 0.059 &  &   

Business Services $11,914.45 0.074 &  &   
Property Tax & 

Insurance $7,993.61 . 02   

Depreciation  
Direct Plant $31,974.45 0.08 1.18  
Allocated Plant $0.00  0.06 1.18  
Cost of Manufacture, 

COM $2,319,750.35  Sum of Above 

General Expenses 
Sales (or Transfer) 

Expense 26989.716 0.03   

Direct Research 43183.5456  0.048  
Allocated research 4498.286  0.005  

Administrative 
Expense 17993.144  0.02  

Management Incentive 
Compensation 10795.8864  0.0125  

Total General 
Expenses, GE 103460.578   

Total Cost, C 2423210.924   
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Table A.3-4: Sales Estimate 

Product Output (gal/day) 31 
Price per Unit ($/gal) $111.62 

Work Days per Year (day/yr) 260 
sales, S ($) $899,657.20 

Table A.3.6: Working Capital, WC 
cash reserves $193,235.20 0.0833  

Inventory $17,273.42 0.0192  
accounts receivable $74,941.44 0.0833  
accounts payable $122,370.13 0.0833 . . 

Total working capital $163,079.94  
 

Table A.3-5 Net Present Value Calculations 
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A.4:  Product Information Sheet 

 
 

Product Information Sheet: 
 
FOG Away by Zelen Inc 

 
Performance Characteristics: 
 
Guaranteed quality‐controlled products with high cell counts 
Exceptional bacterial enzyme activity 
Speeds breakdown and digestion of fats, carbohydrates, proteins, and petroleum hydrocarbons 
Bacterial metabolism with aerobic growth 

 
Product Characteristics: 
 
Bacterial cell count: 0.5 g/L 
Bacterial type: Pseudomonads 
Appearance: Brown Liquid 
Stability: Over 1 year plus @ 35°F to 95°F (2°C to 35°C) 
 
Performance Characteristics: 
 
Bacterial pathways: Aerobic 
pH range: 1.3‐1.4 
Temperature range: 39°F to 95°F (4°C to 35°C) 
Inert materials: 14.65wt% 
Water content: 52.8 wt% 
Density: 1.09 g/ml 

 
Product Usage Information 
 
For optimal shelf life, store at temperatures below 60°F.  Do not freeze. 
1 gallon services 100 gallons for initial shock treatment.  Add ¼ cup (60 ml) a day for sustained dosing. 

 
 

Proprietary information: 
39.7 wt% raw glycerin, 0.5 g/l micro‐organism concentration, inert materials: 0.4 wt% H2SO4, 2.15 wt% 
Ash, 9.95 wt% Methanol 
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A.5:  Lab Reports 

A.5.1:  Initial Bacteriostatic Effect of Glycerin Laboratory Experiment 
 

 
 
 

 
 

Initial Bacteriostatic Effect of Glycerin 
Laboratory Experiment 

 
 
 
 
 
 
 
 

Prepared on 
25 April 2011 by: 

 
Ashley Endres 
Angela Athey 
John Pierce 

Eamon Dysinger 
 

Summary 
 

The bacteriostatic effect of glycerin on bacterial cultures present in BioOne, 

predominantly Pseudomonas species, occurs around 70% by volume of glycerin.  However, the 

control test tubes containing pure trypticase soy broth, TSB, did not grow at all. Therefore, the 

inhibited solutions were not reseeded to determine the bactericidal threshold concentration.  The 

ability of BioOne organisms to just propagate rather than degrade crude glycerin is questioned.  

Therefore, results are deemed inconclusive.  Experiment should be repeated with a new source of 

bacteria and TSB. 
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Objective 

The objective of the following experiment is to determine, first, the concentration at 

which crude glycerin induces bacteriostasis of Pseudomonas cultures within the BioOne product, 

and second, the concentration at which crude glycerin becomes a bactericide to Pseudomonas.  

The range of glycerin concentrations that induce bacteriostasis without bactericide will be used 

to design a preservation method for Pseudomonas bacteria for later use in the degradation of fats, 

oils and grease, FOG. 

 
 
Materials and Methods 

The experiment must first prove that the bacteria will grow in the growth media.  

Therefore, trypticase soy broth is inoculated with Pseudomonas.  After a 48 hour incubation 

period, the growth or lack thereof is observed.  Growth indicates that trypticase soy broth is a 

suitable growth media.  This fact is used in later conclusions. 

Then, trypticase soy broth is combined with different concentrations of glycerin.  The 

mixture is inoculated and incubated for 48 hours.  At this point, if growth is observed, there was 

clearly no bacteriostatic effect.  Otherwise, the sample is reseeded into trypticase soy broth.  The 

glycerin becomes diluted in the sample and is considered negligible.  If, after another 48 hour 

incubation period, the sample shows no growth, then the glycerin concentration used had both a 

bacteriostatic effect and a bactericidal effect.  (Since it was shown that growth would occur in 

such conditions, it is concluded that there were no active bacteria present.)    Growth implies that 

bacteriostasis occurred without a bactericidal effect.   

With an adequate range of glycerin concentrations tested, the critical concentrations when 

glycerin acts as a bacteriostatic affecter or a bactericide can be determined. 
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Experimental Apparatus 

This experiment requires the following apparatus: 2 capped 0.5 L bottles, a scale, 1000 

mL Erlenmeyer flask, 80 test tubes and caps, 2 test tube racks, 3 disposable pipettes, 1 precision 

pipette and 9 tips, an autoclave and an incubator.   
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Experimental Procedure 

Prepare the trypticase soy broth, TSB, solution.  To do so, measure out 15 g of TSB 

powder and reconstitute with 0.5 L of water, measured in an Erlenmeyer flask, in a capped 

bottle. Cap the bottle and vigorously shake till completely dissolved.  Loosen the cap and mark 

with autoclave specific tape and place in autoclave for 20 minutes at 121° C to kill off any 

bacteria that contacted the TSB.  Cap 40 test tubes; place in test tube rack and autoclave these as 

well.  Remove promptly from autoclave and tighten TSB bottle cap.  Allow to cool. 

Next, pipette appropriate amounts of glycerin and TSB into the tubes using sterile 

disposable pipettes.  Pipette 9 mL of glycerin into five of the tubes, then 8 mL into the next five 

tubes and so on until 2 mL are added to the last five tubes.  Then, pipette 1 mL of TSB into the 

original five test tubes, 2 mL into the next five and so on, such that each tube contains a total of 

10 mL each.  Also, pipette 10 mL of only TSB into five tubes.  Do the same for the crude 

glycerin.  Vigorously agitate each test tube by holding the bottom of the tube against a vortex 

mixer until a cyclone appears in the tube.  Now, these tubes represent 100% through 30% by 

volume glycerin solutions, as well as a control group (pure TSB).  Using a 0.1 mL precision 

pipette, inoculate each tube from the bottle of BioOne wherein the Pseudomonas cultures are 

present. Place the rack of test tubes into the incubator and incubate at 32° C for two days.  Pour 

the remaining TSB down the sink drain, since it has been open and is no longer sterile.  

After incubation, visually inspect each test tube for bacterial growth.  Turbidity or 

clusters represent growth.  Solutions that do not appear any different than before inoculation are 

considered inhibited.   For each tube that showed inhibition, autoclave that many new test tubes.  

Additionally, prepare another 0.5 L bottle of TSB and autoclave with the test tubes.  After 

cooling, begin reseeding.  To do so, pipette 10 mL of the new bottle of TSB into each new tube, 
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then discard the unused TSB.  Again, use another sterile disposable pipette.  Using a precision 

pipette, inoculate the new tubes from the old tubes.  Each old tube should have a corresponding 

new tube.  Make sure to use a new pipette tip between each glycerin concentration.  This ensures 

that live cells from a lower glycerin concentration do not make it into a reseed for a higher 

concentration that perhaps contained only dead cells and give erroneous results.  Incubate the 

tubes at 32° C for two days.   

After reseeding, the original tubes need to be disposed of.  Since the tubes contain active 

bacteria, add about 1 mL of a 5% bleach solution into each tube and gently agitate.  To disinfect, 

let the tubes sit for a minute and then pour the tubes down a sink drain.    Clean each test tube out 

with a bristle brush.  After two days, visually inspect the reseeded tubes for turbidity or cell 

clusters and record observations.  Dispose of the tubes in the same manner as before using the 

bleach solution.   
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Results and Analysis 

Observations of the test tubes after two days were unexpected.  There did not appear to 

be any growth.  However, there was a definitive interface between the glycerin and the TSB 

phases.  This implies that there was clearly not enough mixing prior to the 48 hour incubation.  

The tubes were then agitated sufficiently for mixing and two out of each set of five test tubes 

were re-inoculated. 

After another two days, more interesting observations occurred.  The pure TSB test tubes 

still did not show cell growth.  However, the tubes containing 30, 40, 50 and 60% crude glycerin 

showed clusters of what appeared to be cells. At 30% there were many suspended particle 

clusters.  At 40% there were slightly fewer, less connected clusters that were still noticeable.  At 

50% there were a few very fine particulate clusters.  By 60% there were very few very fine 

particulates that were considered almost negligible.  Solutions with excess of 60% crude glycerin 

were homogenous, meaning there were no suspended solids.  (These included 80%, 90% and 

100% glycerin solutions.)  These results are shown below in Figures 1-5. 
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Figure 2: 0% Glycerin.  The solutions remains clear, dark meniscus on top. 

 
Figure 3: 30% Glycerin.  Large connected clusters and dark meniscus on top present. 
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Figure 4: 40% Glycerin.  Less connected clusters and dark meniscus on top present. 

 
Figure 5: 60% Glycerin.  Very few, very fine particulate clusters appearing almost negligible. 
Dark meniscus on top also present. 
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Figure 6: 80% Glycerin.  No suspended solids.  Dark meniscus on top present. 

It is assumed that these clusters are cells because they only occur in four of the solutions.  

Furthermore, bacteria often grow in flocks or clumps when present in non-ideal solutions.  Had it 

been an effect of immiscibility between the glycerin and TSB, one would expect some clumps in 

all mixed solutions, even the 80% and 90% solutions.   

All tubes had a notably dark, somewhat thick meniscus at the top of the solution.  This 

was originally assumed to be crude solids from the glycerin.  However, after also observing it in 

the pure TSB test tubes as well, it may be an immiscible solution from the product used to 

inoculate the test tubes. 

Since Pseudomonas did not appear to grow in the pure TSB solution, which was intended 

as the control, the 80%, 90% and 100% solutions were not reseeded.  The lack of growth is 

disconcerting because this is opposite of what was expected.  One hypothesis was that the TSB 

lacked an adequate carbon source.  This would account for why the lowest concentration of 
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glycerin had the densest growth.  The low concentrations acted as a carbon source while 

increasing it caused a bacteriostatic or bactericidal effect. 

According to the label, the TSB contained 2.5 g of dextrose per 30 g of product.  This is 

the standard amount of glucose and should have been sufficient, but perhaps the potency had 

diminished.  The label also said the container had been received in April of 2005 and opened in 

March of 2005.  There was also a printed date of November 2008 that might be the expiration 

date. 

Another hypothesis was that the BioOne product used was not a reliable source of 

Pseudomonas.  However, this would not account for the clusters that were observed. 
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Conclusions and Recommendations 

Since the results of this experiment were not expected nor the experiment completed in 

its entirety, it is recommended that the experiment be run again with the following changes:  a 

new TSB product used to ensure potency and possibly a different source of inoculums. 

Additionally, if one assumes that the TSB indeed lacked a carbon source, information can 

still be gleamed from this experiment.  Since the clusters disappeared between the 60 and 80% 

glycerin solutions, this is the range in which the bacteriostatic effect occurs.  In further 

experimentation, most test solutions should be within or near this range.  A control would still be 

needed.  For example, 0%, 40%, 50%, 65%, 70%, 75%, 80% and 85% glycerin solutions could 

be tested.  This would give a more accurate estimation of the bacteriostatic threshold. 

Current estimation of the bacteriostatic threshold is anywhere between 60 and 80% crude 

glycerin.  Given how small the clusters were at 60%, the threshold is estimated at about 70% 

through interpolation. 
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A.5.2:  Revised Bacteriostatic Effect of Glycerin Laboratory Experiment 
 
 
 
 

Revised Bacteriostatic Effect of Glycerin 
Laboratory Experiment 
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Summary 
 

The bacteriostatic effect of glycerin on Pseudomonas aeruginosa occurs in glycerin 

concentrations between 40% and 50% by volume.  That is, bacteria grew in 40% glycerin but not 

in 50% solutions.  In addition, 50% glycerin reseeds did not show growth, nor did cultures with 

any higher glycerin concentrations.  Therefore, the bactericidal concentration of the crude 

glycerin examined also occurs between 40% and 50%.  The range of concentrations wherein 

glycerin induces bacteriostasis without bactericide must be very narrow or not exist at all.  It 

appears to promote growth and cell cluster formations up to a point, then kill the bacteria above 

such a point.  Therefore, crude glycerin as a preservative is not recommended.  
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Objective 

The objective of the following experiment is to determine, first, the concentration at 

which crude glycerin induces bacteriostasis of Pseudomonas aeruginosa cultures, and second, 

the concentration at which crude glycerin becomes a bactericide to Pseudomonas aeruginosa.  

The range of glycerin concentrations that induce bacteriostasis without bactericide will be used 

to design a preservation method for Pseudomonas aeruginosa for later use in the degradation of 

fats, oils and grease, FOG. 

 

Materials and Methods 

The control experiment involves growing bacteria in traditional media.  Therefore, 

trypticase soy broth is inoculated with Pseudomonas.  After a 48 hour incubation period, the 

growth or lack thereof is observed.  Growth indicates that trypticase soy broth is a suitable 

growth media.   

Trypticase soy broth is combined with different concentrations of glycerin.  The mixture 

is then inoculated and incubated for 48 hours.  At this point, if growth is observed, there was 

clearly no bacteriostatic effect.  Otherwise, the sample is reseeded into trypticase soy broth.  The 

glycerin becomes diluted in the sample and is now considered negligible.  If after another 48 

hour incubation period the sample shows no growth, then the glycerin concentration used had 

both a bacteriostatic effect and a bactericidal effect.  (Since it was shown that growth would 

occur in such conditions, it is concluded that there were no active bacteria present.)    Growth 

implies that bacteriostasis occurred without a bactericidal effect.   

With an adequate range of glycerin concentrations tested, the critical concentrations when 

glycerin acts as a bacteriostatic affecter or a bactericide can be determined. 
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Experimental Apparatus 

This experiment requires the following apparatus: 2 capped 0.5 L bottles, a scale, 1000 

mL Erlenmeyer flask, 72 test tubes and caps, 2 test tube racks, 3 disposable pipettes, 1 precision 

pipette and 9 tips, an autoclave and an incubator.   
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Experimental Procedure 

Prepare the trypticase soy broth, TSB, solution.  To do so, measure out 15 g of TSB 

powder and reconstitute with 0.5 L of water, measured in an Erlenmeyer flask, and placed in a 

capped bottle. Cap the bottle and vigorously shake till TSB is completely dissolved.  Prepare two 

bottles, but transfer the contents of one to an Erlenmeyer flask.  Loosen the cap on the bottle and 

cover the Erlenmeyer flask with foil. Mark both with autoclave specific tape and place in 

autoclave for 20 minutes at 121° C to kill any bacteria that contacted the TSB.  Remove 

promptly from autoclave and tighten cap.  Allow to cool. 

The Pseudomonas aeruginosa cultures are provided on a Petri dish.  Inoculate the 

Erlenmeyer flask containing autoclaved TSB with these cultures.  To do so, disinfect a metal 

scraper by burning it over a flame, allowing it to cool for 30-45 seconds, then scraping some of 

the streaks from the Petri dish.  Cover the bottle loosely and place in an incubator at 32° C for 

two days.   

After two days, prepare the test tubes for incubation.  Cap 36 test tubes, place in test tube 

rack, mark with autoclave tape and place in autoclave for 20 minutes at 121° C.  Allow the tubes 

to cool.  Pipette appropriate amounts of glycerin and TSB (the unused bottle) into the tubes using 

sterile disposable pipettes.  Pipette 9 mL of glycerin into four of the tubes, then 8 mL into the 

next four tubes and so on until 2 mL are added to the last four tubes.  Then, pipette 1 mL of TSB 

into the original four test tubes, 2 mL into the next four and so on, such that each tube contains a 

total of 10 mL each.  Vigorously agitate each test tube by holding the bottom of the tube against 

a vortex mixer until a cyclone appears in the tube.  Now, these tubes represent 90% through 20% 

by volume glycerin solutions.  Using a 0.1 mL precision pipette, inoculate each tube from the 

bottle of TSB wherein the Pseudomonas aeruginosa was grown.  (Note that the rest of the 
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Pseudomonas aeruginosa cultures were used in another experiment.)   Place the rack of test 

tubes into the incubator and incubate at 32° C for two days.  Pour the remaining TSB down the 

sink drain, since it has been opened and is no longer sterile.   

After incubation, visually inspect each test tube for growth.  Turbidity or clusters 

represent growth.  Solutions that do not appear any different than before inoculation are 

considered inhibited.   For each tube that showed inhibition, autoclave that many new test tubes.  

Additionally, prepare another 0.5 L bottle of TSB and autoclave with the test tubes.  After 

cooling, begin reseeding.  To do so, pipette 10 mL of the new bottle of TSB into each new tube, 

then discard the unused portion.  Again, use another sterile disposable pipette.  Using a precision 

pipette, inoculate the new tubes from the old tubes.  Each old tube should have a corresponding 

new tube.  Make sure to use a new pipette tip between each glycerin concentration.  This ensures 

that live cells from a lower glycerin concentration do not make it into a reseed for a higher 

concentration that perhaps contained only dead cells and give erroneous results.  Incubate the 

tubes at 32 C for two days.   

After reseeding, the original tubes need to be discarded.  Since the tubes contain active 

bacteria, add about 1 mL of a 5% bleach solution into each tube and gently agitate.  To disinfect, 

let the tubes sit for a minute and then pour the tubes down a sink drain.    Clean each test tube out 

with a bristle brush.  After two days, visually inspect the reseeded tubes for turbidity or cell 

clusters and record observations.  Dispose of the tubes in the same manner as before using the 

bleach solution.   

 
 
 
 
 
 



 

77 
 

Results and Analysis 

The initial demonstration of Pseudomonas aeruginosa growth in TSB showed high 

turbidity and suspended streaky clusters.  The following figure shows a comparison of pure TSB 

and TSB after being inoculated with Pseudomonas aeruginosa and incubated for two days.  The 

pure TSB appears clear and has a yellow color.  The bacteria containing TSB appears very 

cloudy and has a pink tinge. 

 
Figure 7:  Comparison of pure TSB and TSB after growing P. aeruginosa for two days. 

Clearly, TSB is a suitable growth medium for Pseudomonas aeruginosa growth.  The 

following figures, Figures 2-10, show test tubes attempting to grow the bacteria with various 

concentrations of glycerin after two days. 

The most notable observation was that all the 40% glycerin tubes had large, obvious cell 

clusters suspended near the bottom of the tube.  Glycerin percentages below 40% all had visibly 

dark mass at the bottom of the tube.  Glycerin percentages above 40% did not show any growth 
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accumulation at the bottom of the tube and did not appear any more turbid than the original 

solution.   

 
Figure 2: 20% glycerin.  Tube is very turbid with dense cells on bottom. 
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Figure 3: 30% glycerin.  Tube is very turbid with dense cells on bottom. 
 

 
Figure 4: 40% glycerin.  Tube is turbid with very obvious suspended cell clustering. 
 

 
Figure 5: 40% glycerin, alternative tube.  Tube is turbid with very obvious suspended clustered 
cells. 
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Figure 6:  50% Glycerin         Figure 7: 60% Glycerin 

 
Figure 8: 70% Glycerin.         Figure 9: 80% Glycerin. 

 
      Figure 10: 90% Glycerin. 
 

Therefore, 50% and above were reseeded, but none of the reseeds showed turbidity or 

cell clusters.  Figures 11- 13 show the reseeded tubes before and after incubation.  There appears 

to be no difference after incubation. 
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Figure 11:  Reseeds before incubation. 

 

 
Figure 12:  Alternative view of reseeds before incubation. 
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Figure 13:  Reseeds after incubation, not turbid. 

The reseeded test tubes did not visibly show any growth.  In fact, they were remarkably 

clear.  This implies that above 50%, concentrations of glycerin inhibit growth due to bactericide.  

Therefore, if there is a range of glycerin percentages in which growth is inhibited without 

bactericide, it must be between 40% and 50% glycerin.  Unfortunately, uninhibited 

concentrations were not reseeded.  This would have been a good control in retrospect. 

However, the lack of growth may be because none of the cells present in the original 

tubes made it into the sample used to reseed the next tube.  Reseed inoculums were taken from 

the middle of the tube.  However, the tubes were not shaken up as they appeared homogenous.  If 

the few cells that did not grow had accumulated at the bottom of the tube, so few that they were 

not visible, they would not have been picked up.  Perhaps the bactericidal threshold 

concentration is actually higher than 50%, but growth was not observed because the cells 

themselves were not actually reseeded.    
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Conclusions and Recommendations  

Glycerin had various effects on Pseudomonas aeruginosa growth depending on its 

concentration.  Concentrations between 20% and 40% by volume appear to promote cluster 

formation with increasing concentrations.  Indeed, 20% showed the highest turbidity, 30% 

showed less turbidity but more mass at the bottom of the tube, and 40% showed remarkably 

large cell clusters.  However, 50% and higher concentrations inhibited growth.  Since none of the 

reseeded tubes appeared to grow at all, this implies that the range of bacteriostasis without 

bactericide must occur between 40% and 50%, if at all.  The bactericidal threshold concentration 

occurs at or below 50%, but definitely above 40%.  

If the experiment is repeated, the following recommendations might improve the 

accuracy of these results. Before reseeding the tubes that showed inhibition, vigorously agitate 

the tubes for even dispersal of bacteria, to ensure that bacteria is contained in the 1 mL sample 

that is reseeded.  Additionally, the determination of inhibition could be improved if bacterial 

concentrations are measured and calculated using optical density rather than visual inspection.  

However, given such ideal growth conditions, growth should have been obvious.  The 

concentrations of glycerin tested could also have been narrowed down to smaller intervals.  So 

instead of 10% intervals, 5% intervals would be used.  This would narrow down the range of 

bacteriostasis without bactericide, or provide further proof that such a range does not exist. 

Glycerin as a preservative for Pseudomonas aeruginosa is not recommended.  The 

concentration range for bacteriostasis without bactericide is very small.  Slight fluctuations in 

concentration may kill the bacteria or not inhibit the bacteria’s growth at all.  Using glycerin to 

preserve other FOG degrading bacteria may be reasonable, however.  If repeating the experiment 

for that bacterium exhibits a bacteriostasis range larger than 15%, it would be suitable for 
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preservation in glycerin.  That is, if bacteriostasis occurred at 40%, bactericide would not appear 

for another 15% increase in glycerin concentration, or 55% glycerin.  That would leave a 

reasonable buffer between growth and bactericide, whereas Pseudomonas aeruginosa had a 

range less than 10% and very little buffer.  However, should crude glycerin be used to preserve 

Pseudomonas aeruginosa, a concentration of 45% by volume is recommended.     
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A.5.3:  FOG Bioreactor Experiment 
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Summary 

FOG Away seems to degrade FOG effectively and faster than a solution containing an 

equivalent concentration of the same bacteria.  However, the tests for the O2 and CO2 levels were 

inconclusive.  Therefore, due to the numerous uncertainty factors that came to play during this 

experiment, additional experiments should be performed to determine if FOG Away actually is a 

more effective treatment than a bacteria culture by itself. 
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Objective 

To develop the FOG Away product and determine if it successfully degrades FOG (fats, 

oils, and grease) in a mixture of FOG and wastewater in a bioreactor.  Also, to see if FOG Away 

matches or outperforms a solution with an equivalent concentration of bacteria in terms of FOG 

degradation. 

 

Materials and Methods 

FOG is a common byproduct of restaurants and kitchens. These places often have FOG 

traps that serve to capture the FOG in order to prevent it from entering into the wastewater 

system.  This experiment was designed to test the effectiveness of a new product, FOG Away, as 

a means of degrading FOG in these traps. FOG levels are measured using ultraviolet absorbance, 

visible light absorbance, ultraviolet fluorescence, infrared or Nephelometry (Claud).  Due to the 

time constraints associated with this experiment, these tests were performed by Turner 

Laboratories, Inc. 

To begin, FOG Away is a mixture of glycerin, the bacteria Pseudomonas aeruginosa, and 

trypticase soy broth.  These bacteria were chosen because they are already known to degrade 

FOG.  The trypticase soy broth acts as a growth medium for the bacteria.  Prior to this 

experiment, an experiment was performed to determine the concentration of glycerin that would 

have a bacteriostatic effect on the P. aeruginosa.  The bacteriostatic effect occurs when the 

bacteria are alive but cease to grow or die.  In that experiment, the glycerin concentration 

determined to have this effect was 50% v/v.  The FOG Away is prepared with this glycerin 

concentration and then set aside for 48 hours in order for the bacteriostatic effect to occur.  Then, 

it is added to a bioreactor containing a diluted mixture of wastewater and FOG.  The glycerin is 
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diluted once it enters the bioreactor and ceases to have a bacteriostatic effect on the bacteria.  It 

may even serve as a carbon source to the bacteria at this point.  The bacteria are then able to 

grow and degrade the FOG. 

 

Experimental Apparatus 

The experimental setup consists of a single 55 gallon drum with a hole drilled into the 

side near the bottom to serve as an outlet after the experiment is complete.  The outlet is 

regulated with a two inch valve.  An air sparger specially manufactured for use in wastewater 

applications is submerged in the drum and adjusted to 13 ft3/min, the lowest flow rate where 

bubbles were observed in the wastewater.  The drum has a cover that fits with three holes drilled 

into the top.  One serves as a path for a ½ inch clear plastic tube that connects the air sparger to a 

blower at 2 horsepower.  The smallest hole serves as a port for a submersible heater to be fed 

through.  The submersible heater is one that is used to regulate the temperature of a salt water 

aquarium.  In this experiment, it is used to keep the drums average temperature above 80○ F.  The 

final hole is used as an outlet for air that is blown into the tank.  A 150 gallon holding tank is 

used to hold experimental materials after the experiments are complete so that preparations can 

be made for their disposal.  See Figure 1 for a diagram of the experimental setup. 
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Figure 1 Diagram of the experimental setup 

Experimental Procedure 

 Two experiments were run in series.  First, a standard was prepared by adding 425 mL of 

1 g/L P. aeruginosa to 425 mL of water to dilute the bacteria to 0.5 g/L..  This amount was 

added to the bioreactor filled with 2026 g of FOG and 3126 g of wastewater.  Municipal drinking 

water was added to the bioreactor to yield a total volume of 40 gallons.  A sample of the top 

most layer was taken at the beginning of the experiment and every 12 hours after that for 48 

hours yielding a total of 5 samples.  The bioreactor was then drained and purged of all traces of 

materials before refilling.  Then, a 425 mL sample of 1 g/L P. aeruginosa was added to 425 mL 

of crude glycerin to produce a concentration of 0.5 g/L.  The crude glycerin sample is about 80% 

glycerin and 20% water and inert materials.  The 0.5 g/L solution of bacteria was allowed to 

attenuate for 48 hours at 40 ○F before being added to the bioreactor.  The bioreactor was filled 

with 2216 g of FOG and 3024 g of wastewater, and was again filled with municipal drinking 

water until a volume of 40 gallons was reached.  The attenuated solution of bacteria was then 

added to the system.  An initial sample was taken followed by additional samples every 12 hours 

150 gallon 
disposal tank 

2 hp pump 

55 gallon bio‐
reactor 
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for 48 horus.  The system was kept at over 80 ○F at all times, and air was blown in at a rate of 13 

ft3/min.  Samples were sent to Turner Laboratories, Inc. to measure the FOG levels at 0 and 48 

hours. 

For the samples taken 12, 24 and, 36 hours after start up pH, CO2 and, O2 were measured 

to determine if any trends could be developed.  pH was measured using a calibrated pH probe.  

CO2 and, O2 were measured using field test kits.   

The CO2 test kit is a simple titration.  To test in a range of 0 to 100 mg/L, 5 mL of sample 

is placed in a vial and 1 drop of phenolphthalein is added to the sample.  If the sample is 

immediately red or pink the CO2 concentration is zero.  The sample is then titrated with sodium 

hydroxide where 1 mL sodium hydroxide is equal to 10 mg/L CO2 (Hanna Instruments). 

The O2 test kit uses a modified Winkler method to perform the analysis and utilizes a 

glass jar to seal the sample from the surrounding atmosphere.  Manganese sulfate and alkali-

iodide-azide are added to solution and cause it to turn yellow and form a precipitate, which 

indicates the presence of oxygen.  Sulfuric acid is then added to redissolve the precipitate, and a 

drop of starch is added to act as an indicator.  The solution should initially be blue.  The solution 

is then titrated with sodium thiosulfate until a clear end point is reached.  The concentration of 

dissolved oxygen is equal to ten times the amount of titrate used (Hanna Instruments) 

 

Results and Analysis 

The raw data taken from the experiment is given in Figure 1.2.  The FOG levels were 

determined by Turner Laboratories, Inc.  A relative scale on the performance characteristics of 

the product versus a 0.5 g/L solution of Pseudomonas aeruginosa are shown below in Figure 1.3. 
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Figure 1.2 Raw Data 

 

Figure 1.3 A weighted performance of the product versus a 0.5 g/L solution of Psuedomonas 

aeruginosa 

 The samples taken indicate that the bio-reactor contents maintained a pH in the range of 

6.4-6.5 throughout the experiment.  However, the CO2 and O2 analysis proved inconclusive.  The 

1
0.881944444

0.653968254

1 2 3

Relative FOG Level

Initial     .5 g/L pseudomonas product 
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CO2 analysis showed that the CO2 concentration was outside of the detection limit of the test 

performed.  Also, the O2 test indicated that O2 was present due to the color change of the solution 

and formation of a precipitate.  However, when the starch indicator was added to the solution, it 

was initially non-colored instead of blue. 

 The 850 mL of product degraded the FOG better than the 850 mL of 0.5 g/L just 

Pseudomonas aeruginoa.  This indicates that even while refrigerated at 10○ C, the Pseudomonas 

were able to propagate when mixed with 50% glycerin.  This result counters the initial trials 

which indicated growth hindrance and possible bactericidal effects of glycerin at 50% 

concentration.  This could be the result of experimental error as the trials were loaded with 

different levels of FOG and wastewater before testing.  The pH levels stayed consistently at 6.4-

6.5, which is slightly acidic, but not acidic enough to cause the bacteria in solution to be killed.  

The most curious finding is that the CO2 concentration is so high it was outside the detectable 

limits of the kit used.  Finally, the O2 test proved inconclusive in all tests.  The samples turned 

yellow and formed a precipitate but did not indicate the correct color upon titration. 

Sources of error in this experiment could come from the product being allowed to 

attenuate for 48 hours before loading it into the experiment.  The standard was not allowed to 

attenuate and was loaded into the experiment four hours after procurement.  Another possible 

source of error is that the experiment utilizes water from the municipal water supply instead of 

milli q water or unsterilized wastewater.  There exists a significant potential for the experiment 

to be contaminated by native types of bacteria in both cases.  There is also a potential that the 

glycerin the Pseudomonas were mixed with was also contaminated by other strains of bacteria.  

These bacteria can possibly outperform the Pseudomonas leading to what could be a false 

positive in terms of the drop in FOG concentration.   
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The error associated with the CO2 and O2 testing could come from the reagents going 

bad.  Even so, the expiration date for the reagents and the kits is in 2015.  The samples that had 

these tests performed on them were extremely turbid and contained suspended solids which 

could result in the reagents used in both analyses becoming drawn into the suspended solids.  

The samples were also allowed to sit, at 20 ○C, for upwards of one week before this testing was 

performed and any biological activity would deplete oxygen levels of the samples and allow 

additional CO2 to build up. 

 

Conclusions and Recommendations 

FOG Away appeared to degrade FOG faster than a solution containing just an equivalent 

amount of the same bacteria.  However, due the unsanitary, and therefore uncertain, conditions 

of this experiment, additional experiments should be performed that checks the FOG reducing 

potential of 850 mL of municipal water and 850 mL of the product to verify the results this 

experiment.  Also, since the CO2 and O2 tests might have been inconclusive due to the samples 

being stored for a week before being tested, it might be pertinent to measure these samples 

immediately after they are taken instead in future experiments. 
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A.6:  Phone and Meeting Logs 

1. Phone Log  

Date: Thursday 21st April 2011 

Members Present From Senior Design Group: Eamon Dysinger 

Individual providing information: Wendy from US Centrifuge 

Summary of Information that pertains to the report:  

• Bare module cost for a 50 gpm model CQ3 solid bowl scrolling decanter centrifuge: 

$115,000 

• Optional accessories to the model are available but are not essential for operation 

• Used models may be available, but availability is on a first-come-first-served basis. 

• Assume 95 percent solids entrainment 

2. Phone Log 

Date: Monday 18th April 2011 

Members Present From Senior Design Group: Eamon Dysinger 

Individual providing information: Tommy Bowen, AB Industrial Equipment Co. 

Summary of Information that pertains to the report: 

• 3-phase centrifugal motor allows variable speed control; important for mitigating 

shear stress that can kill microbes 

• Recommended three pumps which may suit needs, pricing quotes 

• Recommended that a larger pump with a slower rate of revolution might be preferable 

for mitigating shear stress, but that it would be more expensive. 

• Gave process specifications pertinent to proper pump sizing 
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3. Phone Log 

Date: Wednesday 6th April 2011 

Members Present From Senior Design Group: Eamon Dysinger 

Individual providing information: Jenny, from Tucson Tallow Company 

Summary of Information that pertains to the report: 

Reported average grease trap size in Tucson  as 1500 gallons 

4. Phone Log  

Date: Wednesday 6th April 2011 

Members Present From Senior Design Group: Eamon Dysinger 

Individual providing information: Finance Department of Better Business Bureau (name 

unavailable) 

Summary of Information that pertains to the report: 

• Listed number of restaurants in Tucson registered with the better business bureau as 

447 

5. Phone Log 

Date: Thursday 21st April, 2011 

Members Present From Senior Design Group: Eamon Dysinger 

Individual providing information: Charlie, Plastic Mart sales representative 

Summary of Information that pertains to the report: 

• Requested quote on horizontal polyurethane tank 

• Recommended considering a horizontal leg tank with steel braces 
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1. Meeting Log 

Date: Tuesday 26th April, 2011 

Members Present From Senior Design Group: Angela Athey, Eamon Dysinger, Ashley 

Endres, John Pierce 

Individual providing information: Mike Kazz, Zelen Environmental, Project Mentor 

Summary of Information that pertains to the report: 

• The maximum FOG concentration in grease traps in Tucson is 150 ppm. 

A.7 Email Correspondences 

1. Regarding the procurement of Pseudomonas 

from Ashley Endres <endres.ashley@gmail.com> 

to gerba@ag.arizona.edu 

date Tue, Mar 29, 2011 at 9:39 AM 

subject Pseudomonas 

mailed-by gmail.com 
 

 
Dr. Gerba,  
 
I am a student in the Chemical Engineering department.  While working on my senior design 
project, I ran an experiment growing Pseudomonas in Trypticase Soy Broth.  However, our 
cultures did not grow as expected. So now I am hoping to find a new source of Pseudomonas 
quickly so I can repeat the lab.  I was told you might have some Pseudomonas available.  If so, I 
would greatly appreciate it if you could allow me to use some. I only need enough to inoculate 
roughly 35 test tubes. Thank you for your consideration. 
 
Cordially,  
Ashley Endres 
 
2.  Regarding the cost of the pumps 
 

Glycerol-Water-H2SO4 PUMP 
 

Tom Bowen <tdbowen@abpump.com> Sun, Apr 24, 2011 at 2:10 
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PM 
To: dysinger@email.arizona.edu  

Eamon, 
  
Happy Easter! 
  
We can offer 3 pumps that can meet your specs.  We encourage you to consider 

running the pump with a variable speed drive which will allow you to run at the slowest 
possible speed with the least turbulence/ agitation and still meet your system flow and head/ 
back pressure requirements.  Here are some preliminary quotes 

  
OFFER A (this will require a VFD to run the pump at approx 2000 rpm) 
Qty (1) AARDVARK Model AM2x1.5x5SS-2T18 End Suction Centrifugal Pump 
            All Cast 316SS Construction 
            5.25” Impeller 
            Viton/ Carbon/ Ceramic Mechanical Seal 
            2 HP 1800 or 3600 rpm TEFC Premium Efficiency Motor 
                        Hostile Duty, VFD Rated, Cast Iron 
                        208-230/460V-3-60 Hz 
                        Close Coupled (No alignment required) 
            2” Suction, 1.5” Discharge- FNPT 
  
Total net price each-       $1403 
  
OFFER B 
Qty (1) AARDVARK Model AMF2x1.5x6SS-2T18 End Suction Centrifugal Pump 
            All Cast 316SS Construction 
            Self Venting Top Discharge\ 
            6.25” Impeller 
            Viton/ Carbon/ Ceramic Mechanical Seal 
            2 HP 1800 rpm TEFC Premium Efficiency Motor 
                        Hostile Duty, VFD Rated, Cast Iron 
                        208-230/460V-3-60 Hz 
                        Close Coupled (No alignment required) 
            2” Suction, 1.5” Discharge- 150 Lb. FF Flanges 
  
Total net price each-       $2144 
  
OFFER C 
Qty (1) AARDVARK Model AMF2x1.5x10SS-2T12 End Suction Centrifugal Pump 
            All Cast 316SS Construction 
            Self Venting Top Discharge 
            10” Impeller 
            Viton/ Carbon/ Ceramic Mechanical Seal 
            2 HP 1200 rpm TEFC Premium Efficiency Motor 
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                        Hostile Duty, VFD Rated, Cast Iron 
                        208-230/460V-3-60 Hz 
                        Close Coupled (No alignment required) 
            2” Suction, 1.5” Discharge- 150 Lb. FF Flanges 
  
Total net price each-       $2809 
  
Ship: 3-6 weeks 
FOB: Downingtown, PA 
  
We may be able to use a 1.5 HP motor- price is same. 
  

Let me know if and which you may have a genuine interest in and we will get you 
more info. 
  
Thanks, 
  
Tommy Bowen 
AB Industrial Equipment Co 
109 Robbins Road 
Downingtown, PA 19335 
  
Phone 610-269-5791 (new #) 
Fax 610-269-7705 (new #) 
www.abpump.com 
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