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Abstract 

 

The goal of the project is to design a plant that is capable of converting feedstock of primarily 

sorghum into a gluten-free beer. This product is intended to be sold as a replacement of malt 

based beers for consumption by those who suffer from celiac disease or other gluten 

intolerances.  The waste streams from this process include spent grains and yeast, and will be 

given to ranchers for the use as animal feed. This beer is created through a standard fermentation 

process.  This includes mashing, boiling, filtering, fermenting, maturing, and packaging for 

distribution. A process hazard analysis was conducted to identify and help reduce safety and 

environmental hazards. An economic analysis showed that the plant's net present value for a 

project life of ten years with an interest rate of 15% is $1.08 million; therefore, it was 

recommended that the plant be built at this time. Future work includes scaling up the process for 

better profit margins, and finding more ways to reduce the amount of water and energy used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Roles and Responsibilities of Group Members 

  

 This Honors Thesis is the result of the combined efforts of myself, Alexander Harris, 

Trevor Cuthbertson, and Jon Yang.  While we were at as a team for the majority of this project, 

we each were placed in charge of various aspects of the process to ensure completion.  My 

principal assignments were to conduct all of the energy balances for the system, as well as 

performing in-depth editing of each section.  

 To begin this project, literature searches were performed, and we took stock of the 

knowledge that each group member already had regarding the brewing process.  As Alex Harris 

had work experience in an actual brewery, he was placed in charge of setting up the brewing 

process.  This included creating preliminary block flow diagrams and process flow diagrams.  

This also included performing preliminary mass balances. 

 After the mass balances were completed, I was able to begin work on the energy balances 

for the project.  This included balances around the hot water tank, the boiling kettle, the 

fermentation tank, the maturation tank, boilers, chillers, heat exchangers, and pumping 

equipment.  Due to my knowledge of these calculations, I assisted in the selection of equipment 

that would minimize both capital and operational expenditures, and was able to assist in the 

section: Equipment Description, Rationale and Optimization.  I also described all of my 

calculations, in detail, in the appendices and presented my findings in organized tables.   

 I also performed process hazard analysis on the cleaning system.  This system is of 

utmost importance, as sterilization is necessary in any food or beverage producing process.  Due 

to my previous work in industry, I was able to edit the process hazard analyses performed by the 

rest of my team. 

 Jon Yang was placed in charge of performing the economic calculations for the project.  

This included compiling all capital costs incurred through the purchase of equipment and the 

operational costs.  This resulted in producing a net present value for the plant given a project life 

of ten years with an interest rate of 10%.  Through these calculations, we were able to determine 



 
 

if our process would be profitable or not.  Jon was also the lead in selecting equipment for our 

entire process. 

 Trevor Cuthbertson was in charge of performing analysis regarding the environmental 

impact and safety concerns created through the operation of the plant.  Trevor selected the safest, 

cheapest chemicals to use in our sterilization process, as well as how they should be 

implemented in cleaning the plant.  Trevor also tried to eliminate any safety risks that may have 

been created through our plant design, and was heavily dependent on the process safety analysis 

performed by the group in order to identify these hazards.     
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Executive Summary 

The focus of the project is to develop an economically beneficial method of utilizing the 

cultivation of the cash crop, grain sorghum.  To meet the project demands, The Sonoran Brewing 

Company has incorporated a design of a gluten-free brewery as a means of using the sugars found in 

grain sorghum to make a beer without the use of wheat, malted barley, or other gluten containing 

ingredients.  The project design encompasses a breadth of portions in order to fully incorporate both 

the engineering and the marketing aspect of establishing a new brewery.  

 First, a market analysis was conducted, to be able to quantify the potential gluten-free market.  

The results found that people who are gluten-intolerant or suffer from celiac disease comprise of a 

meaningful portion of the United States, and that the number of confirmed diagnoses are believed to be 

well behind that of the true number of celiacs.  Following the market analysis, several lab-scale 

sorghum beer batches were run for meaningful scale-up data as well as to establish the Sonoran 

Brewing Company’s personal sorghum beer recipe.  The lab work presented errors in scale-up 

conversions, although each data point gathered was checked against conventional industrial figures to 

ensure relative accuracy.  With lab-scale data acquired, and after consultation with the CEO of an 

established brewery, the design and implementation of the brewery was then finalized, and an 

economic analysis could be conducted. 

 With sales of the gluten-free beer at $3.00 per 12 ounces, the brewery’s net present value is 

$1,080,000  with an interest rate of 15% over a ten year period.  This is assuming, however, that the 

brewery finds a niche within the market to be able to sell at a production rate of 100,000 gallons of 

beer annually for a relatively small national market segment. This assumption is vital in the 

determination of the overall sales of the brewery, and ultimately the profitability and economic 

feasibility of the design.   

With careful consideration of the economic analysis and the potential market for the gluten-free 

beer, it is recommended that the design be constructed with a few additional suggestions.  The first 

suggestion is that a variety of beer products, including a selection of traditional beer products, be 

included to increase the target market and to marginalize the risk associated with opening a new 

business to a specialized consumer base.  Once the brewery has become established and profitable, it is 

also suggested to expand annual production volumes to increase overall sales.  This can be easily 

achieved, because the brewery has been designed to allow ample space for easy expansion by 

oversizing equipment and leaving room for extra shifts.
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I. Introduction 

 

1.1: Overall Goal 

The primary motivation for this project is to provide a reliable source of profitability 

from the cultivation of sweet sorghum, a crop containing a high sugar yield.  Given this problem 

description, two separate possible solutions were examined in an effort to find a profitable 

processing method from sorghum cultivation.  The initial process design focused on converting 

the sugars found in sweet sorghum to butanol by fermentation.  The energy density of butanol is 

110,000 BTU/gal (Sklar).  This conversion would yield an alcohol that would compete in the 

alternative fuel market with ethanol, E-85 (85% ethanol), and conventional gasoline due to its 

high energy content.  The energy content for each fuel mentioned is 84,600 BTU/gal, 90,700 

BTU/gal, and 125,000 BTU/gal, respectively (“Transportation Energy Data Book”).  In addition, 

butanol could be used to meet the rising fuel demand.  

In order to determine the feasibility of the fermentation of butanol, an economic analysis 

was performed measuring the profitability of butanol as an add-on process to an already existing 

ethanol production facility.  The analysis would determine the success of butanol against what 

would be its established competition, ethanol.  The details of this analysis are explained in 

Appendix G of this report, where it was found that too low of a concentration of butanol was 

produced to be successfully and profitably implemented given current technology. After 

exhausting the initial solution, a secondary process solution was developed and is the focus of 

the current design.  This solution takes the fermentable sugars in sorghum and produces a gluten-

free beer product. 

Sonoran Brewing Company, located in Tucson, Arizona, will distribute beyond the local 

physical plant location to reach the entire national market, maximizing sales while still remaining 

within the defining limits of a microbrewery to produce less than 15,000 barrels annually.  

Within these limits, we will run four batches of 500 gallons per week, yielding an annual total of 

100,000 gallons, or 3,000 barrels of beer, assuming 50 weeks of operation per year.  The beer 

produced contains 4.5% alcohol by volume (ABV).  By not brewing every day, flexibility is 

gained in the case of needing to increase production, if operating problems occur, or if another 

brewery needs help increasing their output because of physical limitations on space, a process 
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known as contract brewing.  This can also allow ample time to keep the brewery clean and well-

functioning, which is vital to production of a quality beer (Counts). 

 

1.2: Current Market Information 

The gluten-free market is growing due to the reliance of individuals with celiac disease 

on gluten-free products and the rising awareness of celiac disease amongst the general 

population.  Also with the recent health and dietary trends of health conscious consumers, more 

and more individuals are seeking low-gluten diets - approximately 15-25% of the population are 

intentionally seeking gluten-free foods (Hartel).  Currently, it is estimated that about 1 in 133 

Americans have celiac disease, resulting in an estimate of over 2.3 million people with the 

condition.  It is also interesting to note that over time, each published study has yielded a higher 

occurrence of the estimated amount of celiac sufferers than the one prior in the same 

geographical region.  This is more attributed to an improving ability to diagnose the disease and 

not because the disease is actually increasing in prevalence (Anderson).  Also, current market 

offerings for gluten-free beer are not of high quality, leaving room for a small-market, quality 

beer to establish itself as a market leader.  There have been signs of expansion in the gluten-free 

beer market recently that also point to the market’s attractiveness.  Toronto, a bustling, 

progressive city, has seen two gluten-free breweries open up in the last two years (Paiva, Nancy).  

This suggests that gluten-free breweries can be profitable and that there is a place for gluten-free 

beer in the right market segments. 

When taking all of the relevant market information and combining that with the modeled 

process and associated costs with assumed sales for our gluten-free brewery, it is recommended 

that the brewery be constructed.  With a net present value (NPV) at an interest rate of 15% of 

$1,080,000 (over a ten year period), the project has been deemed economically viable with the 

selling price of our gluten-free beer at $3.00 per 12 ounces.  While this current brewery design is 

recommended for construction, it is more economically beneficial to include traditional beer 

products to accompany the gluten-free beers to guarantee an initial consumer base. 
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1.3: Project Premise and Assumptions 

A microbrewery scale was chosen, (instead of a macrobrewery) because of the high capital 

investment of a macrobrewery, limited pool of those suffering from celiac disease, and limited 

current availability of gluten-free beers offered at local supermarkets.  This brewery was 

established using the same principles of that of a traditional brewery.  Traditional breweries use 

malted barley instead of sorghum for its grain feedstock.  Even though we specialize in a gluten-

free beer, the same fermentation process is required with all of the same major steps. 

The main assumption this design relies on is that the market is not already saturated with 

gluten-free beer options.  We expect that our beer will be able to sell at our rate of production – 

without needing to steal sales from already established gluten-free beers, such as New Planet, 

unless the amount of customers in the gluten-free market drastically decreases.  However, 

through improved diagnostic technology, and as gluten-free options increase in appeal to the 

general population, there is expected to be an increase in the number of consumers for our 

product.  Hunterdon, a New Jersey brewery distributer, is actually beginning a contract brewing 

project with New Planet, and plans to be distributing by the end of the month, also indicating 

there is room in the market for more competition (“Hunterdon Expands…”).  Another main 

assumption found in the design, is the fermentation efficiency of the brewery. An 80% 

fermentation efficiency was found in experimental trials and is used for this process design. 

 The cleaning system was designed to ensure each batch was run in an absolutely sterile 

environment.  It is necessary to maintain a spotless brewery in order to achieve a consistent, 

reproducible, quality beer that will be expected of the brewery by our consumers.  Without such 

a system, bacteria will cultivate, contaminating the yeast and leading to poor fermentation and a 

bad tasting beer (Hervey Home Brew).  The dependence on cleanliness also necessitates the use 

of stainless steel equipment throughout the process, like that of any food-grade process.   

 The majority of the energy costs are related to maintaining tanks at a constant 

temperature.  These costs are overestimated as insulation has not been taken into account with 

these calculations.  For actual implementation of these tanks, insulation will be included, and 

hence, these energy costs should drop drastically, resulting in reduced operating costs. 
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II. Process Description, Rationale and Optimization 

2.1: Block Flow Diagrams 

Block Flow Diagram (BFD) for the Production of Gluten-Free Beer from Sorghum

Mill Mash Mixer

Kettle

(20% Evaporation Loss)

Lauter Tun

(85% Conversion)

230 kg sorghum grains/batch

32 kg corn/batch

2344 kg water/batch

5 kg amylase/batch

46.1 kg honey/batch

5.6 kg hops/batch

Whirlpool

230 kg sorghum grains/batch

32 kg corn/batch

230 kg sorghum grains/batch

32 kg corn/batch

2344 kg water/batch

5 kg amylase/batch

114.7 kg sorghum grains/batch

16.6 kg corn/batch

23.2 kg water/batch

5 kg amylase/batch

115.3 kg sorghum sugar/batch

15.4 kg corn sugar/batch

2321.2 kg water/batch

115.3 kg sorghum sugar/batch

15.4 kg corn sugar/batch

2321.2 kg water/batch

46.1 kg honey/batch

5.6 kg hops/batch

Heat Exchanger
115.3 kg sorghum sugar/batch

15.4 kg corn sugar/batch

1838.6 kg water/batch

46.1 kg honey/batch

Oxygen Injector

18.6 kg water/batch

5.6 kg hops/batch

464.2 kg water vapor/batch

115.3 kg sorghum sugar/batch

15.4 kg corn sugar/batch

1838.6 kg water/batch

46.1 kg honey/batch

3.3 kg oxygen/batch

115.3 kg sorghum sugar/batch

15.4 kg corn sugar/batch

1838.6 kg water/batch

3.3 kg oxygen/batch

46.1 kg honey/batch

 

 Figure 2.1.1: Block Flow Diagram (Stage 1) 
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Block Flow Diagram (BFD) for the Production of Gluten-Free Beer from Sorghum

Filter

Fermentor/

Maturation 

Tank

Packaging

69.1 kg carbon dioxide/batch

18.4 kg water/batch

58 kg yeast/batch

Carbonation 

Tank

16.1 kg CO2/batch

115.3 kg sorghum sugar/batch

15.4 kg corn sugar/batch

1838.6 kg water/batch

3.3 kg oxygen/batch

46.1 kg honey/batch

1.4 kg yeast/batch

Distribution

20.1 kg sorghum sugar/batch

5.1 kg corn sugar/batch

1838.6 kg water/batch

72.4 kg ethanol/batch

10.1 kg honey/batch

10.2 kg yeast/batch

20.1 kg sorghum sugar/batch

5.1 kg corn sugar/batch

1802 kg water/batch

72.4 kg ethanol/batch

10.1 kg honey/batch

18.2 kg water/batch

10.2 kg yeast/batch

20.1 kg sorghum sugar/batch

5.1 kg corn sugar/batch

72.4 kg ethanol/batch

1802 kg water/batch

69.1 kg CO2/batch

10.1 kg honey/batch

20.1 kg sorghum sugar/batch

5.1 kg corn sugar/batch

72.4 kg ethanol/batch

1802 kg water/batch

69.1 kg CO2/batch

10.1 kg honey/batch

20.1 kg sorghum sugar/batch

5.1 kg corn sugar/batch

72.4 kg ethanol/batch

1802 kg water/batch

69.1 kg CO2/batch

10.1 kg honey/batch

189.3 kg water/batch

0.2 kg peracetic acid

189.3 kg water/batch

0.2 kg peracetic acid

 
Figure 2.1.2: Block Flow Diagram (Stage 2) 
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2.2: Process Flow Diagram 

E-101

P-103A/B

K-101

V-101

Process Flow Diagram (PFD) for the Production of Gluten-Free Beer from Sorghum
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 Figure 2.2.1: Process Flow Diagram (Stage 1) 
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Process Flow Diagram (PFD) for the Production of Gluten-Free Beer from Sorghum

P-202A/B
Fermentation 

Tank Pump

TK-201 (A-C)
Yeast Storage 

Tank
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Cooled Wort
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 Figure 2.2.2: Process Flow Diagram (Stage 2) 
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Process Flow Diagram (PFD) for Plant Cleaning and Sterilization
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 Figure 2.2.3: Process Flow Diagram (Stage 3) 
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Process Flow Diagram (PFD) for the Cleaning of the Production of Gluten-Free Beer
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1. Cold Water Rinse
2. Hot Caustic Rinse
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*Cleaning Agents (Water, Potassium Hydroxide, & Peracetic Acid)
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Figure 2.2.4: Process Flow Diagram (Stage 1 Cleaning) 
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Process Flow Diagram (PFD) for the Cleaning of the Production of Gluten-Free Beer
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 Figure 2.2.5: Process Flow Diagram (Stage 2 Cleaning) 
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2.3: Equipment Tables 

 

Table 2.3.1: Equipment List - Pumps                

 Pump P-101A/B P-102A/B P-103A/B P-104A/B P-201A/B P-202A/B P-203A/B P-301A/B P-302A/B P-303A/B 

Type Centrifugal Centrifugal Centrifugal Centrifugal Diaphragm Diaphragm Diaphragm Centrifugal Centrifugal Centrifugal 

Flow rate [kg/min] 131 123 102 115 0.1 101 96.3 121 40.4 31.4 

Flow rate [L/min] 146 137 114 127 35 113 108 136 45.2 35.2 

Unit Flow Percentage 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Stage per Unit 1 1 1 1 1 1 1 1 1 1 

Head Developed [ft] 50 50 50 50 50 50 50 50 50 50 

Efficiency 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 

Pressure, suction 

[kPa] 
101.3 101.3 101.3 101.3 101.3 101.3 101.3 101.3 101.3 101.3 

Pressure, discharge 

[kPa] 
111.3 111.3 111.3 111.3 101.3 101.3 101.3 101.3 101.3 101.3 

Temperature, suction 

[°C] 
68 68 100 100 13 2 2 25 25 25 

Temperature, 

discharge [°C] 
68 68 100 100 13 2 2 25 25 25 

Power [kW] 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

Power (shaft) [Hp] 10 10 10 10 10 10 10 10 10 10 

MOC 
Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

 

 

Table 2.3.2: Equipment List - Vessels         

Vessels TK-101 TK-102 TK-103 K-101 TK-101 
TK-201 

(A-C) 

R-201 

(A-E) 
TK-202 TK-301 TK-302 

Type Vertical Vertical Vertical Vertical Vertical Vertical Vertical Vertical Vertical Vertical 

Material 
Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainless 

Steel 

Stainles

s Steel 

Stainless 

Steel 

Capacity 

(L) 
3520 1760 1760 1760 3520 352 3520 3520 757 757 

Diameter 

(m) 
1.83 1.22 1.22 1.22 1.83 0.91 1.83 1.83 0.98 0.98 

Height (m) 3.63 1.5 1.5 1.5 3.63 1.73 3.63 3.63 1 1 
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Table 2.3.3: Equipment List – Filter 

Filter F-201 

Type Plate and Frame 

Filter Media Diatomaceous Earth 

Area (m
2
) 20 

MOC Stainless Steel 

 

Table 2.3.4: Equipment List – Injector 

Injector IN-201 

Type Needle 

Feed Rate (kg/min) 0.165 

MOC Stainless Steel 

 

Table 2.3.5: Equipment List – Crusher 

Roller Mill MI-101 

Type Roller 

Feed Rate (kg/hr) 1360 

MOC Stainless Steel 

 

Table 2.3.6: Equipment List – Packaging 

Bottling Equipment PK-201 

Type Semi-Automatic 

Feed Rate (bottles/hr) 2300 

MOC Stainless Steel 
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Table 2.3.7: Equipment List - Heat Exchanger 

Heat Exchangers E-201 

Type Floating Head 

Total Area [m
2
] 280 

Duty [kW] 736 

  

Shell   

Stream, inlet 8 

Stream, outlet 9 

Component  Hot wort* 

Temperature, inlet [°C] 95 

Temperature, outlet [°C] 13 

Pressure [kPa] 101.325 

Phase Liquid 

MOC Stainless Steel 

  

Tube   

Stream, inlet Utility 

Stream, outlet Utility 

Component Chilled Water 

Temperature, inlet [°C] 2 

Temperature, outlet [°C] 85 

Pressure [kPa] 101.325 

Phase Liquid 

MOC
1
 Stainless Steel 

*hot wort: sorghum syrup, honey, corn syrup, water, hops 
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2.4: Stream Tables 
 

Table 2.4.1: Stage One: Production of Gluten-Free Beer from Sorghum 
       

Stream Number 1 2 3 4 5 6 7 8 9 10 11 12 

Temperature (°C) 25 25 25 85 80 80 68 68 68 68 25 25 

Pressure (kPa) 101.3 101.3 101.3 111.3 101.3 111.3 101.3 101.3 101.3 111.3 135.0 101.3 

Mass Flow (kg/batch) 5 262 262 408.1 2344.4 2344 2611.4 159.5 2451.9 2451.9 3.3 1709.9 

Component Mass Flow 
            

[kg/batch] 
            

Amylase 5.0 0 0 0 0 0 5.0 5.0 0 0 0 0 

Grained Sorghum 0 230.0 230.0 0 0 0 230.0 114.7 0 0 0 0 

Sorghum 0 0 0 0 0 0 0 0 115.3 115.3 0 0 

Honey 0 0 0 0 0 0 0 0 0 0 0 0 

Corn 0 32.0 32.0 0 0 0 32.0 16.6 15.4 15.4 0 0 

Water 0 0 0 1709.9 2344.4 2344.4 2344.4 23.2 2321.2 2321.2 0 1709.9 

Hops 0 0 0 0 0 0 0 0 0 0 0 0 

Oxygen 0 0 0 0 0 0 0 0 0 0 3.3 0 

Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0 0 

      
     Stream Number 13 14 15 16 17 18 19 20 21 22 23 

Temperature (°C) 2 2 25 100 100 100 95 95 85 13 13 

Pressure (kPa) 101.3 111.3 101.3 101.3 101.3 111.3 111.3 111.3 111.3 111.3 135.0 

Mass Flow (kg/batch) 1709.9 1709.9 51.7 464.25 2039.4 2039.4 24.2 2015.4 1709.9 2015.4 2018.7 

Component Mass Flow 
           

[kg/batch] 
           

Amylase 0 0 0 0 0 0 0 0 0 0 0 

Grained Sorghum 0 0 0 0 0 0 0 0 0 0 0 

Sorghum 0 0 0 0 115.3 115.3 0 115.3 0 115.3 115.3 

Honey 0 0 46.1 0.0 46.1 46.1 0 46.1 0 46.1 46.1 

Corn 0 0 0.0 0 15.4 15.4 0 15.4 0 15.4 15.4 

Water 1709.9 1709.9 0 464.2 1857.0 1857.0 18.6 1838.6 1709.9 1838.6 1838.6 

Hops 0 0 5.6 0 5.6 5.6 5.6 0 0 0 0 

Oxygen 0 0 0 0 0 0 0 0 0 0 3.3 

Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0 
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Table 2.4.2: Stage Two: Production of Gluten-Free Beer from Sorghum             

Stream Number 1 2 3 4 5 6 7 8 9 10 

Temperature (°C) 13 13 13 13 8 2 2 2 2 2 

Pressure (kPa) 111.3 111.3 111.3 111.3 101.3 101.3 111.3 111.3 111.3 101.3 

Mass Flow (kg/batch) 1.4 1.4 2018.7 2020.1 69.1 2014.5 2014.5 76.4 1938.1 28.4 

Component Mass Flow           

[kg/batch]           

Sorghum 0 0 115.3 115.3 0 20.1 20.1 0 20.1 0 

Honey 0 0 46.1 46.1 0 10.1 10.1 0 10.1 0 

Corn 0 0 15.4 15.4 0 5.1 5.1 0 5.1 0 

Water 0 0 1838.6 1838.6 0 1838.6 1838.6 18.4 1820.2 18.2 

Yeast 1.4 1.4 0 1.4 0 68.2 68.2 58.0 10.2 10.2 

Ethanol 0 0 0 0 0 72.4 72.4 0 72.4 0 

Oxygen 0 0 3.3 3.3 0 0 0 0 0 0 

Carbon Dioxide 0 0 0 0 69.1 0 0 0 0 0 

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 0 0 

 

             

Stream Number 11 12 13 14 15 16 17 

Temperature (°C) 2 25 2 2 25 25 2 

Pressure (kPa) 111.3 177.1 177.1 187.1 111.3 111.3 177.1 

Mass Flow (kg/batch) 1909.7 16.1 1925.8 1925.8 189.5 189.5 1925.8 

Component Mass Flow        

[kg/batch]        

Sorghum 20.1 0 20.1 20.1 0 0 20.1 

Honey 10.1 0 10.1 10.1 0 0 10.1 

Corn 5.1 0 5.1 5.1 0 0 5.1 

Water 1802.0 0 1802.0 1802.0 189.3 189.3 1802.0 

Yeast 0 0 0 0 0 0 0 

Ethanol 72.4 0 72.4 72.4 0 0 72.4 

Oxygen 0 0 0 0 0 0 0 

Carbon Dioxide 0 16.1 16.1 16.1 0 0 16.1 

Peracetic Acid (15%) 0 0 0 0 0.2 0.2 0 



16 
 

Table 2.4.3: Stage Three: Hot Caustic Cleaning         

Stream Number 1 2 3 4 5 6 7 8 9 10 

Temperature (°C) 25 25 95 25 95 95 25 90 25 25 

Pressure (kPa) 101.3 101.3 101.3 101.3 101.3 111.3 101.3 111.3 101.3 111.3 

Mass Flow (kg/batch) 0.0 150.0 750.0 0.0 750.0 750.0 150.0 900.0 0.0 0.0 

Component Mass Flow           

[kg/batch]           

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 0 150.0 0 0 0 0 150.0 150.0 0 0 

Water 0 0 750.0 0 750.0 750.0 0 750.0 0 0 

           

           

Table 2.4.4: Stage Three: Cold Sterilization         

Stream Number 1 2 3 4 5 6 7 8 9 10 

Temperature (°C) 25 25 95 25 95 25 25 90 25 25 

Pressure (kPa) 101.3 101.3 101.3 101.3 101.3 111.3 101.3 111.3 101.3 111.3 

Mass Flow (kg/batch) 0.8 0.0 0.0 750.0 750.0 750.0 0.0 0.0 0.8 750.0 

Component Mass Flow           

[kg/batch]           

Peracetic Acid (15%) 0.8 0 0 0 0 0 0 0 0.8 0 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 0 0 

Water 0 0 0 750.0 750.0 750.0 0 0 0 750.0 
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Cleaning Cycle for Stage 1 of Process 

Table 2.4.5: Cycle 1: Cold Water Rinse     
    Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 C1.9 

Temperature (°C) 25 25 25 25 25 25 25 25 25 

Pressure (kPa) 111.3 101.3 101.3 111.3 101.3 111.3 111.3 111.3 111.3 

Mass Flow (kg/batch) 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

Component Mass Flow 
         

[kg/batch] 
         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

          Table 2.4.6: Cycle 2: Hot Caustic Rinse     
    Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 C1.9 

Temperature (°C) 80 80 80 80 80 80 80 80 80 

Pressure (kPa) 111.3 101.3 101.3 111.3 101.3 111.3 111.3 111.3 111.3 

Mass Flow (kg/batch) 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 

Component Mass Flow 
         

[kg/batch] 
         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 150 150 150 150 150 150 150 150 150 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

          Table 2.4.7: Cycle 3: Cold Water Rinse     
    Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 C1.9 

Temperature (°C) 25 25 25 25 25 25 25 25 25 

Pressure (kPa) 111.3 101.3 101.3 111.3 101.3 111.3 111.3 111.3 111.3 

Mass Flow (kg/batch) 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

Component Mass Flow 
         

[kg/batch] 
         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 
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Table 2.4.8: Cycle 4: Cold Sterilant Rinse   
    Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 C1.9 

Temperature (°C) 25 25 90 25 90 90 25 85 25 

Pressure (kPa) 111.3 101.3 101.3 111.3 101.3 111.3 111.3 111.3 111.3 

Mass Flow (kg/batch) 750.8 750.8 750.8 750.8 750.8 750.8 750.8 750.8 750.8 

Component Mass Flow 
         

[kg/batch] 
         

Peracetic Acid (15%) 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

          Table 2.4.9: Cycle 5: Cold Water Rinse     
    Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 C1.9 

Temperature (°C) 25 25 25 25 25 25 25 25 25 

Pressure (kPa) 111.3 101.3 101.3 111.3 101.3 111.3 111.3 111.3 111.3 

Mass Flow (kg/batch) 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

Component Mass Flow 
         

[kg/batch] 
         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 
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Cleaning Cycle for Stage 2 of Process 

Table 2.4.10: Cycle 1: Cold Water Rinse        

Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 

Temperature (°C) 25 25 25 25 25 25 25 25 

Pressure (kPa) 111.3 101.3 111.3 111.3 111.3 101.3 111.3 111.3 

Mass Flow (kg/batch) 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

Component Mass Flow         

[kg/batch]         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

         

Table 2.4.11: Cycle 2: Hot Caustic Rinse        

Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 

Temperature (°C) 90 90 90 90 90 90 90 90 

Pressure (kPa) 111.3 101.3 111.3 111.3 111.3 101.3 111.3 111.3 

Mass Flow (kg/batch) 900.0 900.0 900.0 900.0 900.0 900.0 900.0 900.0 

Component Mass Flow         

[kg/batch]         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

         

Table 2.4.12: Cycle 3: Cold Water Rinse        

Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 

Temperature (°C) 25 25 25 25 25 25 25 25 

Pressure (kPa) 111.3 101.3 111.3 111.3 111.3 101.3 111.3 111.3 

Mass Flow (kg/batch) 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

Component Mass Flow         

[kg/batch]         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 
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Table 2.4.13: Cycle 4: Cold Sterilant Rinse        

Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 

Temperature (°C) 25 25 90 25 90 90 25 85 

Pressure (kPa) 111.3 101.3 111.3 111.3 111.3 101.3 111.3 111.3 

Mass Flow (kg/batch) 750.8 750.8 750.8 750.8 750.8 750.8 750.8 750.8 

Component Mass Flow         

[kg/batch]         

Peracetic Acid (15%) 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

         

Table 2.4.14: Cycle 5: Cold Water Rinse        

Stream Number C1.1 C1.2 C1.3 C1.4 C1.5 C1.6 C1.7 C1.8 

Temperature (°C) 25 25 25 25 25 25 25 25 

Pressure (kPa) 111.3 101.3 111.3 111.3 111.3 101.3 111.3 111.3 

Mass Flow (kg/batch) 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 

Component Mass Flow         

[kg/batch]         

Peracetic Acid (15%) 0 0 0 0 0 0 0 0 

Potassium Hydroxide (90%) 0 0 0 0 0 0 0 0 

Water 750.0 750.0 750.0 750.0 750.0 750.0 750.0 750.0 
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2.5: Utility Tables 

 

Table 2.5.1: Annual Utility Costs 

Utility Unit Price (per unit) Annual Usage Unit Annual Cost 

Water 1 ccf (748 gal) $2.41  710 ccf $1,700  

Natural Gas Therm $0.95  5,220 therms $5,000 

Electricity kW-h Summer, $0.12 63,900 kW-h $9,700  

  Winter, $0.10 63,900 kW-h $8,600  

      Total utility cost per year $25,000  

 

2.6: Process Description 

 

Gluten-free beer production is designed as a batch process.  From the attached process 

flow diagram (PFD) in Figure 2.2.1, sorghum and corn are crushed in the roller mill (MI-101) 

and sent to the mash tun using an augur in stream 3.  Milled sorghum, corn, water, and amylase 

are mixed in the mash (TK-102).  Amylase is an enzyme that breaks down starches in the corn 

and sorghum into fermentable sugars, mostly glucose.  Amylase is temperature sensitive, 

requiring the water in the mash tun to be 68°C ± 3°C.  The water is added at 85°C, but the 

temperature drops due to the addition of the corn and sorghum.  Once thoroughly mixed, this 

fluid is allowed to settle in the lauter tun (TK-103) for an hour to allow adequate starch 

conversion.  The mash and lauter tun are combined in a single piece of equipment but are shown 

as two separate tanks on the PFD to demonstrate their two purposes.  The lauter tun’s design 

allows for the water and dissolved sugar solution, now called wort, to be separated from the 

grains through metal plates at the bottom of the tank.  The wort is now pumped in stream 9 to the 

boiling kettle (K-101) and the spent grains are donated to local farmers as animal feed. Once the 

wort is boiling, honey and hops are added in stream 15. Honey is added once, whereas the hops 

are added three different times throughout the one-hour boil.  The brew kettle (K-101) has a 

tapered bottom that serves as a whirlpool separator. After boiling, the hot wort is pumped in 

stream 17 around the whirlpool separator (V-101) where residual grains and hops are separated 

from the wort. Grain and hop residues are combined and donated with the spent grains. The 

kettle and whirlpool are one piece of equipment but are shown as two on the PFD to demonstrate 

their two purposes. The hot wort is now sent to a plate and frame heat exchanger (E-101) in 

stream 20 where cold water (TK-104) at 2°C in stream 14 chills the wort to 13°C. The hot water 

exiting the heat exchanger at 85°C is recycled for another brew. As the cooled wort enters the 
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second stage of this process, an injector (IN-101) set at a gauge pressure of 34 kPa injects pure 

oxygen into the fresh wort in stream 23. 

 From the PFD in Figure 2.2.2, a mixing valve blends 1.4 kg of propagated lager yeast 

from TK-201 with the fresh wort from stage one in stream 4.  Yeast required for fermentation 

will be recycled for 8 generations (8 batches) before fresh yeast is cultivated.  This blend is 

pumped into one of five 30 bbl fermentation tanks (R-201 A-E).  The tank is equipped with a 

glycol-water cooling jacket system to keep the fluid at a constant 13°C, in order to control the 

reaction kinetics of the yeast.  Primary fermentation will take seven days to reach an 80% 

conversion, producing 72.4 kg of ethanol and 69.1 kg of carbon dioxide.  On day seven, the 

fermented wort will be cooled to 2°C for another seven days of maturation.  After fermentation 

and maturation, the majority of the yeast has settled to the bottom of the tank.  As the fermented 

beer and settled yeast are pumped in stream 6, a spectroscope measures the opacity of the exiting 

fluid.  The opacity is initially high due to the settled yeast and pumped for disposal in stream 8.  

Once opacity reaches an acceptable limit, a two-way valve is switched from disposal to filtration 

in stream 9.  The plate and frame filter (F-201) removes suspended yeast using diatomaceous 

earth.  The solution now called bright beer enters the carbonating tank (TK-202) in stream 11, 

where carbon dioxide is dissolved into the beer to 2.5 volumes at a pressure of 177.1 kPa in 

stream 12.  Quality control and gluten tests for the United States Food and Drug Administration 

(FDA) are performed when the beer is fully carbonated (see Appendix F for gluten testing 

procedures).  Post carbonation the beer is bottled and packaged using a six-head filler (PK-201) 

from Meheen Manufacturing Inc. in stream 17. 

2.7: Rationale for Process 

 

 Beer production is known as both a science and an art form. The big-picture brewing 

process is well established. However, depending on the region and the individual brewer, 

segments of the brewing process may be handled differently. Since gluten-free and traditional 

beer productions are nearly identical, the Sonoran Brewing Company consulted with Nimbus 

Brewing Company, a local brewery in Tucson, Arizona, for specific questions regarding the 

brewing process. All of the equipment in this process design is stainless steel due to the 

production of a food-grade product. The equipment and tanks chosen for this process are based 



23 
 

on the production time, output volume, quality of product, and expansion capacities (see Section 

III). 

 The spent grains, hops, and yeast are donated rather than sold in this process because a 

mutual partnership exists between the rancher and this brewery.  From the brewery’s perspective, 

the rancher is eliminating the disposal cost for the brewery.  Inversely, the rancher is benefiting 

from this partnership by receiving a quality feedstock for their livestock. If this brewery were on 

a macro scale, the spent grains, hops, and yeast would likely be sold due to the sheer volume 

generated per batch.  This method of disposal was validated by Nimbus Brewing Company 

(Counts). 

 Corn is traditionally not a major ingredient for beer brewing but rather an adjunct. In this 

process corn is a major ingredient and in combination with sorghum grain, aims to increase the 

body and flavor of the beer. Corn is consistent in quality, composition, and produces a spectrum 

of fermentable sugars. With its sweet, smooth flavor and compatibility with many styles of beer, 

corn is a unique and more than capable ingredient for this brewery (“Malt & Adjunct Guide”). 

 In efforts to decrease the capital investment of this brewery, the fermentation tanks have 

two purposes, the first being fermentation and the second being maturation. Typical breweries 

have a separate tank for the maturation process; however, this design provides precise 

temperature and time control throughout fermentation and maturation to ensure consistent 

product quality. In addition to this, starting with a relatively small annual output of 100,000 

gallons helps minimize initial capital costs to enter the gluten-free marketplace. Once established 

in this marketplace, this design allows for easy expansion to meet market demands through 

increased tank volume and operator shifts. 

 The current design minimizes operating costs through water, energy, and yeast recycling. 

Current innovations recycle the cold water used to rapidly cool the hot wort to its fermentation 

temperature.  The now hot water is recycled for another batch, where a small amount of energy is 

needed to maintain this fluid’s temperature. Yeast is also recycled for 8 generations to reduce 

costs and maintain a quality beer. 
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III. Equipment Description, Rationale and Optimization 

3.1: Equipment Description 

Boiler: 

The boiler provides high pressure steam for the heating applications of the brewery.  The boiler 

is a direct-fired piece of equipment using natural gas to create the steam.  For the heating 

requirements of the brewery, the boiler can provide steam at a pressure of 150 psi at an average 

temperature of 185 °C (Bid on Equipment). 

Carbon Filter: 

The carbon filter treats the incoming water from Tucson Water to remove the lingering residues 

of chlorine.  The profile of the water in Tucson in terms of mineral contents is actually favorable 

to the production of quality beer, thus eliminating the need for further treatment.  In an interview 

with Jim Counts, CEO of Nimbus Brewing Company, this was the only measure he employed to 

treat the incoming water.  The lab data in Appendix F displays the water profile in Tucson.  The 

filter has a 7 cubic foot volume and is capable of flowrates in the range of 35 gallons per minute.  

The manufacturer-specified replacement rate for the carbon is every 3.5 million gallons of water 

that goes through the filter (Filter Water). 

Roller Mill: MI-101 

The roller mill (MI-101 in the PFD) is a two-roller grist mill with a 1.5 hp motor and hopper to 

house the grains.  The rollers are eight inches in diameter and are stainless steel.  The supporting 

frame is heavy plate steel welded together to reduce vibrations (see Equipment Tables).  

According to the vendor’s specifications, the mill can process approximately 50 bushels of wheat 

per hour, roughly equating to 3000 pounds per hour, assuming 13.5% moisture content by weight 

(Apollo Machine and Products, Ltd.). 

Grain Augur 

The grain augur is incorporated in the roller mill and moves the milled grain to the mash/lauter 

tun to begin the infusion process.  A steel augur is housed inside of a PVC tub three inches in 

outer diameter.  With a 1 hp motor, the augur is capable of delivering 50 pounds of grain per 

minute (Chore-Time Poultry). 
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Brewhouse: TK-102, TK-103, K-101 

The brewhouse is the general term for the system that houses the mash and lauter tuns as well as 

the brew kettle itself.  Also among the equipment collectively referred to as the brewhouse are 

pumps to transfer wort from the mash/lauter tun to the brew kettle, a whirlpool to separate the 

grains, a pump to transfer the wort from the brew kettle to the fermentation vessels, and a plate 

and frame heat exchanger.  Referring to the PFD, the brewhouse is separated into the individual 

components in an exploded view for clarity in defining the process.  The capacity of the 

brewhouse is 15 barrels of beer (bbl) per batch.  The annual output of the brewery based upon 

this sizing is 3000 bbl a year (Appendix B).  All materials are stainless steel. 

 

Figure 3.1.1: Schematic of Brewhouse Front, North American Brewing Systems 
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Figure 3.1.2: Schematic of Brewhouse Top, North American Brewing Systems 

Mash/Lauter Tun: TK-202, TK-203 

As described in the Process Description and the PFD (Section II), the mash/lauter tun holds the 

infusion of grains and hot liquor (hot water) where the enzyme amylase converts the starch into 

fermentable sugars.  The combined mash/lauter tun has interior rakes that serve to evenly mix the 

solution.  The hot liquor tank (discussed later in this section) supplies the hot water to the 

mash/lauter tun.  Steam jackets around the tun supply additional heating to maintain a constant 

temperature during the infusion process (see Section II of the PFD). 
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Figure 3.1.3: Mash/Lauter Tun Rakes, North American Brewing Systems 

Mash/Lauter Tun Pump: P-102 A/B 

A pump transfers the hot liquor from the mash/lauter tun to the boil kettle. 

Brew Kettle/Whirlpool: K-101, V-101 

The brew kettle is simply a stainless steel tank with a steam jacket for heating.  The bottom of 

the brew kettle is conical in shape, with an outlet at the very bottom of the cone, and an outlet 

near the outer edge.  After the boiling of the wort (see Section II of the PFD), the sweet liquor 

needs to be separated from the trub (the residual grains and hops).  Gently stirring the wort 

creates a whirlpool effect wherein the solids accumulate in the center.  Once the wort settles, the 

sweet liquor is removed via the outlet on the outer edge. 
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Wort Pump: P-103 A/B 

The wort pump gently transfers the wort through the heat exchanger (E-101) and into the 

fermenters (R-201A-E).   

Heat Exchanger: E-101 

The plate and frame heat exchanger cools the wort down to 13 °C via heat exchange with cooling 

water.  The heat exchanger area is 480 m
2
.  The cooling water is supplied from the cold liquor 

tank (see PFD) and continues on to the hot liquor tank after exchanging heat. 

Wort Aerator: IN-101 

Once the wort is cooled to the correct temperature, it passes through an aerator.  The aerator is 

simply an oxygen tank connected to an injector which injects oxygen at 34 kPa gauge pressure 

into the wort stream in passing.  After the aerator, the wort leaves the section referred to as the 

brewhouse. 

Hot Water Tank: TK-101 

The hot water tank (TK-101 in the PFD) is a 30 bbl capacity stainless steel tank that holds the 

hot water.  Hot water is supplied from the heat exchanger effluent, which comes in at a 

temperature of 85 °C (see Appendix A).  The tank has a steam jacket to provide additional 

heating in order to maintain temperature. 

Cold Water Tank: TK-104 

The cold liquor tank is similar to the hot liquor tank in that it is a 30 bbl stainless steel tank.  The 

cold liquor tank, however, has a cooling jacket with glycol/water coils to cool the water. 

Yeast Storage Tanks: TK-201 A-C 

The three yeast tanks hold and propagate the yeast cultures prior to pitching into the fermenters 

(see PFD).  Each tank is constructed from stainless steel and holds 3 bbls of yeast. 

 

 



29 
 

Glycol Chiller 

A glycol chiller achieves and maintains lower temperatures in the brewing process.  The chiller 

operates using a refrigerant (R-134a) to chill a 20% glycol/water solution via the standard 

refrigeration cycle.  This glycol solution can then be pumped throughout the site for various 

cooling applications. Appendix A shows the calculations for this system. 

Fermentation Vessels: R-201 A-E 

After being chilled to 13 °C, the wort is sent into the fermentation vessels where the yeast will be 

pitched.  There are five fermentation vessels accounted for currently; each have a 30 bbl 

capacity, stainless steel construction, and are jacketed with glycol cooling lines.  These vessels 

will be under pressure as the fermentation releases carbon dioxide (see Process Description).  

Each tank is designed for a pressure of 15 psig with a pressure relief valve located on top of the 

tank (GW Kent).  The tanks have conical, tapered bottoms which aid in removing sediment after 

primary fermentation (see Process Description).  In this particular process, the fermentation 

vessels will also serve as maturation tanks once primary fermentation is complete. 

Plant and Frame Filter: F-201  

Before the packaging stage, the beer passes through a filter to remove suspended particles and to 

improve the clarity of the beer.  The media in the filter is a grade of diatomaceous earth (DE) 

which creates a bed upon the filter plates.  Tortuous paths created in the DE beds filter out the 

particulates.  For a typical flow rate of 3.6 hL m
-2 

h
-1

 (95 gal m
-2

 h
-1

), a 20 square meter filter will 

filter approximately 1900 gallons of beer per hour (Pall Corporation). 

Carbonating Tank: TK-202 

The carbonating tank houses the clean, filtered beer (bright beer) prior to packaging.  

Constructed of stainless steel, this 30 bbl tank is also rated to handle pressures up to 15 psig.  

While holding in the carbonating tank, the bright beer is carbonated via forced carbonation (see 

Section II of the PFD). 
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Packaging System: PK-201 

The bottling machine is a six-head filler capable of filling 2300 bottles per hour (Meheen 

Manufacturing Inc.).  The machine is powered by compressed air, meaning less mechanical parts 

to maintain.  Bottles are gravity-fed into the machine, where they are also rinsed and sanitized. 

Labeler 

The labeler works in conjunction with the bottling machine and is capable of applying 100 labels 

per minute. 

CIP System 

A clean-in-place (CIP) system cleans and sanitizes the brewing equipment.  The 3-vessel CIP 

system uses caustic solutions followed by peracetic acid solutions to clean and sterilize (see PFD 

for the Cleaning of the Production of Gluten-free Beer). 

3.2: Rationale 

As evidenced by the level of detail in the process description and the process flow 

diagrams, brewing beer is a complicated endeavor, requiring complicated equipment.  Such 

equipment becomes difficult to model and calculate specifications for based solely upon 

industrial heuristics and guidelines commonly found in design textbooks.  For a component such 

as the brew kettle/whirlpool combination, exact design is difficult for individuals not familiar 

with brewing systems.  Thus, such attempts could lead to grossly distorted specifications not 

commonly found in the brewing industry.  Instead, a much more accurate method is to piece 

together existing components from commercial vendors into a single brewery.  In this manner, 

the equipment represents a true brewing system with actual specifications and limitations. 

While locating existing components on the current market is the preferred method of 

design, the individual components cannot simply be thrown together in an ad hoc manner.  Each 

component must contribute to achieving the constraints of the system.  In the case of a brewery, 

the main constraint is the amount of beer to be brewed.  Using standard industry practices, the 

brew house was sized at 15 bbls to produce an annual output of 3000 bbls (see Appendix B).  

The brew house size constrains the sizes of the rest of the equipment.  Once the brew house size 
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was selected, the remainder of the components could easily be found and put in place with a 

relatively large degree of freedom.  The justifications behind the most crucial selections are 

detailed below. 

One option available in the design of the brewery was the size and number of 

fermentation vessels used.  These fermentation vessels are quite expensive on an individual 

basis, costing about $11,500 each (see Appendix B).  Thus, it is prudent to accurately describe 

the size and number of vessels to use in order to minimize costs.  By sizing the fermentation 

vessels to be double the size of the brewhouse (30 bbls) the brewery can effectively operate with 

less vessels, reducing capital costs.  For the type of beer produced, a gluten-free lager, the 

number of fermenters comes out to five for an annual output of 3,000 bbls (see Sizing 

Calculations, Appendix B).  The fermenters also serve as maturation tanks in order to avoid 

purchasing separate tanks for fermentation and maturation.  After primary fermentation is 

complete (see Section II of the PFD), the yeast can be dropped from the tank and the beer 

allowed to mature for up to a week. 

 Diatomaceous earth filters are common in the brewing industry in the filtration of the 

beer.  The only consideration in selecting the filter was the size of the plate area.  Assuming a 

standard flow rate of 32 gal min
-1

 through a DE filter (Pall Corporation), and using available 

market prices, a 20 square meter filter was chosen.  The time to filter 30 bbls is around half an 

hour.
 

3.3: Optimization 

 Optimization of the brewery equipment has several facets.  The equipment should 

maximize the efficiency of the process by minimizing energy and water usages.  Additionally, 

the optimum equipment will also be relatively low maintenance, will mitigate potential hazards, 

and above all else maintain a pristine level of cleanliness and sanitation.  Cleanliness is perhaps 

the single most important aspect of a brewery operation.  If contaminants are introduced into the 

beer, off-flavors could develop, resulting in a taste profile of estery, acetyl –like flavors.  The 

beer will be essentially worthless at that point.  With that in mind, the optimum equipment 

should be easy to clean and sanitize.  All of the equipment specified above have compatibility 

with the CIP system.  That is, there are spray balls mounted in each of the tanks, brew kettle, and 
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mash/lauter tun to cover all interior surfaces for complete cleaning.  It is also important to 

physically keep the grain mill separate from the rest of the brewing equipment.  The mill 

generates a significant amount of grain dust which could contaminate the beer. 

 Optimizing the energy usage of the equipment without radically redesigning the brewery 

is as simple as adding insulation to all temperature sensitive components.  For heating, using 

high pressure steam generated on-site from a boiler is much more efficient than using direct-fired 

methods.  Ultimately, the brewery may opt for solar heating to augment and reduce the need for 

heating produced by the boiler, but this a renovation that cannot be implemented from the onset 

due to capital costs.  Steam jackets around the mash/lauter tun, brew kettle, and hot liquor tank 

are insulated to direct heat transfer to the contents of the tanks rather than the surrounding 

environment.  The insulation also serves a double purpose of mitigating the risk of burn injury 

from contacting the high temperature equipment.  Similarly, glycol cooling jackets will also be 

insulated.  Pipe insulation is also present on all exposed pipes which transfer the beer from 

section to section.  The energy consumption of the glycol chiller can also be mitigated by using a 

‘soft-starting’ operation of multiple, smaller compressors (Counts).   

 The cost of the equipment is also an important figure to optimize, at least in terms of 

capital costs.  However, there are few pieces of equipment whose cost can be manipulated.  

Stainless steel is necessary for all equipment both in terms of maintenance and durability and in 

terms of producing a food-grade product.  Costs cannot be minimized by opting for a different 

material of construction.  One of the few places where capital costs can be optimized is in the 

selection of the fermentation vessels.  As described above and detailed in the Sizing Calculations 

(Appendix B), the brewery has a choice in the size and amount of fermenters to operate.  

Operating fermenters that are double the size of the brewhouse reduces the number of fermenters 

necessary, thereby reducing the capital costs of purchasing fermenters.  By also utilizing the 

fermenters as maturation tanks, the brewery cuts out the expense of purchasing additional, 

separate tanks for maturation. 
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IV. Safety Statement 

Several safety issues must be considered before implementing this process. Safety is 

always an important factor when dealing with machinery and chemicals. It is vital to identify all 

potential hazards in order to protect employees and prevent accidents from occurring. Exposure 

to hazardous chemicals, extreme pressures and temperatures should always be a main priority 

when dealing with a commercial process. This protocol identifies potential safety risks in the 

brewery. 

 The first equipment addressed is the bottling and capping plant.  An analysis was 

performed by the Health and Safety Executive of all reported injuries in the brewery process in 

the years 1995 through 1997.  This study found that 42% of all injuries caused by machinery are 

due to the presence of conveyors on bottling lines (Priorities for health and safety in the brewing 

industry).  This becomes a major risk if the operator is wearing any loose-fitting clothing, and 

can potentially result in death (“Temporary Worker…”).  The bottling equipment utilized, 

however, mitigates this risk by using a gravity-feed system of the bottles. 

In a batch process, pumps are constantly on and off with flow being directed to a batch 

kettle followed by a cleaning cycle with the process repeating.  It is important to be aware of the 

process and to never turn on a pump that has a closed valve directly downstream of it (Pump 

Safety Guidelines).  This will result in back pressure, and could lead to a rupture requiring clean 

up as well as a new pump and new pipes. 

The fermenter houses an exothermic reaction in which the yeast converts the fermentable 

sugars to ethanol.  Exothermic reactions have the potential of runaway reactions if the process is 

not constantly overseen.  In this specific case, however, the yeast will die at a temperature of 

60°C, providing a ceiling to the temperature and thereby preventing the reaction from running 

away (USDA).  This will still produce an unexpected amount of heat however, interfering with 

the fermentation chemistry and beer quality.  This heat is mitigated by a cooling jacket on the 

fermentation tank. 

The kettle holds the wort, and is kept at a high temperature of 100° C.  Skin exposure to 

this temperature could lead to burns, and in the event an individual is burned at a raised 
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elevation, a fall could ensue.  Proper railing should be included from any sample ports or access 

points if they are above floor level.  

The boiler provides the heat to the kettle for the wort in the form of steam.  It is important 

when handling steam lines to be sure that all of the piping and fittings are consistently 

maintained to ensure there is no corrosion or damage that could lead to a steam leak (Boiler 

Safety Guidelines).  Also, boilers will be very hot to the touch while running, and will cause 

burns. 

The mixer mixes the concentrated sorghum with the adjuncts.  To do so, impellers move 

inside the mixer, often at high speeds.  Any manual maintenance or cleaning of the mixer should 

be done with proper locking and tagging out procedure to prevent unnecessary injuries or 

fatalities.  The use of a CIP system, in which physically cleaning the equipment by hand is 

eliminated, helps to reduce this hazard. 

The carbonating tank operates under high pressures due to the compressor which can put 

strain on the piping and valves.  Both should be regularly maintained to ensure there are no 

failures in the carbonating tank.  If there are any leaks, CO2 would be released to the 

surroundings (Beer Carbonation Safety in Brewing Beer).  It is also important for the tank to be 

rated for the appropriate pressure to prevent structural failure, which would also lead to the 

release of CO2 to the surroundings.  A CO2 leak could create an oxygen-deficient environment, 

so oxygen levels should be checked before entering an enclosed area that has the possibility of 

being rich in CO2. If the area is found to be low in oxygen content, it should either be opened so 

that it can equilibrate with the atmosphere, or a breathing-apparatus should be worn while 

performing repairs. 

The shell and tube heat exchanger does not handle any high pressures, so the only safety 

concern is the incoming temperature of the wort.  Any leaks or cracks in the heat exchanger 

would result in a loss of the wort and exposure of the rest of the facility to a high temperature 

liquid.  It is important to conduct regularly scheduled maintenance on the heat exchanger to 

prevent any such occurrences.  

The roller mill, which mills the grain sorghum and corn into usable feed prior to entering 

the kettle, also provides safety concerns.  Extreme caution should be taken so that limbs and 
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clothing do not enter the roller mill, as this would cause entrapment and severe injury. When 

milling grains, dust will be released to the air and in so doing, a potential exists for the dust to 

create an explosion if a spark were to ignite.  In mitigating this risk, the room in which the 

rolling mill is located should be well ventilated to disturb the dust so it does not collect in a 

concentrated area (Malt Milling Safety in Brewing Beer).  Grain dust in the air will also create a 

respiratory hazard, and masks should be worn in order to avoid breathing in large quantities of 

dust particles.  Diatomaceous earth also poses a respiration risk.  When operating the beer filter 

and handling the diatomaceous earth, masks should be worn to mitigate the risk of inhalation. 

To protect the health of any personnel near the brewery, detailed safety information for 

each chemical used in the process is considered; refer to Table 4.1 for detailed safety information 

on each chemical. It is important, when storing the chemicals used during the cleaning cycle, that 

the caustic and sterilant be kept separately as they are incompatible with each other ("MSDS 

Potassium Hydroxide").   If these two chemicals were to come into contact, a violent reaction 

and possibly ignition could occur because of the fire hazards posed by potassium hydroxide 

("MSDS Potassium Hydroxide").  According to the Occupational Safety and Health 

Administration (OSHA) standards, “tanks and drums must be diked or segregated by partitions 

or distances great enough to prevent incompatible chemicals from mixing (Chemical Storage: 

Reactive and Incompatible Materials). Both of these chemicals will be stored in separate holding 

tanks, with partitions present to prevent any chemical mixing. 
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Table 4.1: Detailed safety information for process chemicals 

Name Peracetic Acid (C2H4O3) 
Potassium Hydroxide 

(KOH) 

Carbon Dioxide 

(CO2) 

Description Colorless Liquid 
White and odorless solid 

pellet 
Colorless gas 

Health Hazards 

Very hazardous in case of 

skin contact (irritant), eye 

contact (irritant), and 

ingestion. Slightly 

hazardous in case of 

inhalation (lung sensitizer). 

Eye contact can result in 

corneal damage or 

blindness. Skin contact can 

produce inflammation and 

blistering. Inhalation of dust 

will produce irritation to 

gastro-intestinal or 

respiratory tract, 

characterized by burning, 

sneezing and coughing. 

Severe over-exposure can 

produce lung damage, 

choking, unconsciousness or 

death. 

Oxygen levels below 

19.5% may cause 

asphyxia. Carbon 

dioxide exposure can 

cause nausea and 

respiratory problems. 

High concentrations 

may cause 

vasodilation leading 

to circulatory 

collapse. 

Exposure 

Prolonged exposure may 

result in skin burns and 

ulcerations. Over-exposure 

by inhalation may cause 

respiratory irritation. 

Severe over-exposure can 

result in death. 

OSHA Limit: 2 mg/m
3
 

OSHA Limit: 5000 

ppm 

First Aid 

Eyes: Check for and 

remove any contact lenses. 

In case of contact, 

immediately flush eyes 

with plenty of water for at 

least 15 minutes. Cold 

water may be used. Get 

medical attention 

immediately. 

Skin: Immediately flush 

skin with water for 15 

minutes while removing 

contaminated clothing. 

Cover irritated skin with 

emollient. Get medical 

attention immediately. 

Inhalation: Remove to 

fresh air. If not breathing, 

give artificial respiration. If 

Eyes: Check for and 

remove any contact lenses. 

In case of contact, 

immediately flush eyes with 

plenty of water for at least 

15 minutes. Cold water may 

be used. Get medical 

attention immediately. 

Skin: Immediately flush 

skin with water for 15 

minutes while removing 

contaminated clothing. 

Cover irritated skin with 

emollient. Get medical 

attention immediately. 

Inhalation: Remove to 

fresh air. If not breathing, 

give artificial respiration. If 

breathing is difficult, give 

Unconscious persons 

should be moved to 

an uncontaminated 

area, given mouth-to-

mouth resuscitation 

and supplemental 

oxygen 
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breathing is difficult, give 

oxygen. Get medical 

attention immediately. 

Ingestion: Do NOT induce 

vomiting unless directed to 

do so by medical 

personnel. Never give 

anything by mouth to an 

unconscious person. If 

large quantities of this 

material are swallowed, 

call a physician 

immediately. Loosen tight 

clothing such as a collar, 

tie, belt or waistband. 

oxygen. Get medical 

attention immediately. 

Ingestion: Do NOT induce 

vomiting unless directed to 

do so by medical personnel. 

Never give anything by 

mouth to an unconscious 

person. If large quantities of 

this material are swallowed, 

call a physician 

immediately. Loosen tight 

clothing such as a collar, tie, 

belt or waistband. 

Toxicology 
Oral, LD50: 210 mg/kg 

(Mouse) 

Oral, LD50: 273 mg/kg 

(Rat) 
Not hazardous 

Flammability 
NFPA rating flammability: 

2 

NFPA rating flammability: 

0 
Non-flammable 

Explosiveness 

Explosive in presence of 

reducing materials, of 

organic materials. 

Non-explosive Non-explosive 

Reactivity 
NFPA rating 

reactivity: 2 

Highly reactive with acids. 

Reactive with organic 

materials, metals, moisture. 

 

NFPA rating 

reactivity: 1 

Certain reactive 

metals, hydrides, 

moist cesium 

monoxide, or lithium 

acetylene carbide 

diammino may 

ignite. Passing 

carbon dioxide over a 

mixture of sodium 

peroxide and 

aluminum or 

magnesium may 

explode. 

Personal 

Protective 

Equipment 

(PPE) 

Wear suitable protective 

clothing, gloves and 

eye/face protection. 

Splash goggles. Synthetic 

apron. Vapor and dust 

respirator. Be sure to use an 

approved/certified respirator 

or equivalent. Gloves. 

Eye/Face 

Protection: Safety 

goggles or glasses as 

appropriate for the 

job. 

Skin Protection: 
Protective gloves of 

any material 

appropriate for the 

job. 
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Storage & 

Handling 

 

Store in a segregated and 

approved area. Keep 

container in a cool, well-

ventilated area. Keep 

container tightly closed and 

sealed until ready for use. 

Separate from acids, 

alkalies, reducing agents 

and combustibles 

Keep container tightly 

closed. Keep container in a 

cool, well-ventilated area. 

Do not store above 23°C 

(73.4°F). 

Non-Hazardous 

Disposal 

Waste must be disposed of 

in accordance with federal, 

state and local 

environmental control 

regulations. 

Waste must be disposed of 

in accordance with federal, 

state and local 

environmental control 

regulations. 

Do not attempt to 

dispose of residual 

waste or unused 

quantities. Return in 

the shipping 

container properly 

labeled, with any 

valve outlet plugs or 

caps secured and 

valve protection cap 

in place. 

Accidental 

Release 

Small Spill: Dilute with 

water and mop up, or 

absorb with an inert dry 

material and place in an 

appropriate waste disposal 

container. If necessary: 

Neutralize the residue with 

a dilute solution of sodium 

carbonate. 

Large Spill: Flammable 

liquid. Oxidizing material. 

Organic peroxide. Keep 

away from heat. Keep away 

from sources of ignition. 

Stop leak if without risk. 

Absorb with DRY earth, 

sand or other non-

combustible material. Use 

water spray to reduce 

vapors. Prevent entry into 

sewers, basements or 

confined areas; dike if 

needed. Call for assistance 

on disposal. Neutralize the 

residue with a dilute 

Small Spill: Use 

appropriate tools to put the 

spilled solid in a convenient 

waste disposal container. If 

necessary: Neutralize the 

residue with a dilute 

solution of acetic acid. 

Large Spill: Corrosive 

solid. Stop leak if without 

risk. Do not get water inside 

container. Do not touch 

spilled material. Use water 

spray to reduce vapors. 

Prevent entry into sewers, 

basements or confined 

areas; dike if needed. Call 

for assistance on disposal. 

Neutralize the residue with 

a dilute solution of acetic 

acid. 

Evacuate all 

personnel from 

affected area. Use 

appropriate 

protective equipment. 

If leak is in user’s 

equipment, be certain 

to purge piping with 

inert gas prior to 

attempting repairs. If 

leak is in container or 

container valve, 

contact the 

appropriate 

emergency personal. 
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solution of sodium 

carbonate. 

Reference "MSDS Peracetic Acid" 
"MSDS Potassium 

Hydroxide" 

"MSDS Carbon 

Dioxide" 

 

Name α-Amylase 
Propylene Glycol 

(C3H8O2) 
Natural Gas 

Description 
Clear to yellow aqueous 

solution 

Clear, odorless viscous 

liquid 
Colorless gas 

Health 

Hazards 

The chemical, physical 

and toxicological 

properties of this 

preparation have not 

been thoroughly 

characterized. May be 

irritating to eyes, 

respiratory system and 

skin. May be harmful in 

contact with skin and if 

swallowed. Avoid 

contact with eyes and 

skin. Do not ingest or 

inhale. 

Hazardous in case of 

ingestion. Slightly 

hazardous in case of 

skin contact (irritant, 

permeator), of eye 

contact (irritant), of 

inhalation. 

Skin/Eyes: Pressurized 

gas, and contaminants 

within piping, may 

cause mechanical 

injury. 

Inhalation: Sufficient 

concentrations can 

displace oxygen in the 

air and can cause 

symptoms of oxygen 

deprivation 

(asphyxiation), 

including 

unconsciousness. 

Exposure 

Occupational exposure 

routes may include eye 

contact, skin contact, 

skin absorption and 

inhalation. 

Repeated or prolonged 

exposure to the 

substance can produce 

target organs damage. 

Inhalation 

First Aid 

Eyes: Check for and 

remove any contact 

lenses. In case of contact, 

immediately flush eyes 

with plenty of water for 

at least 15 minutes. Cold 

water may be used. 

Skin: In case of contact, 

flush skin with copious 

amounts of cool water 

and remove contaminated 

clothing. Obtain medical 

attention if needed or 

irritation develops. 

Ingestion: In case of 

ingestion, contact a 

poison control center or 

Eyes: Check for and 

remove any contact 

lenses. In case of 

contact, immediately 

flush eyes with plenty of 

water for at least 15 

minutes. Cold water 

may be used. 

Skin: In case of contact, 

flush skin with copious 

amounts of cool water 

and remove 

contaminated clothing. 

Obtain medical attention 

if needed or irritation 

develops. 

Inhalation: If inhaled, 

Eyes/Skin: No effects 

expected. 

Inhalation: 
Remove victim to fresh 

air. If not breathing, 

clear airway and start 

mouth-to-mouth 

artificial respiration or 

use a bag-mask 

respirator. Get 

immediate medical 

attention. If the victim 

is having trouble 

breathing, transport to 

medical care and if 

available, give 

supplemental oxygen. 
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physician for 

instructions. 

remove to fresh air. If 

not breathing, give 

artificial respiration. If 

breathing is difficult, 

give oxygen. Get 

medical attention. 

Ingestion: Do NOT 

induce vomiting unless 

directed to do so by 

medical personnel. 

Never give anything by 

mouth to an unconscious 

person. If large 

quantities of this 

material are swallowed, 

call a physician 

immediately. Loosen 

tight clothing such as a 

collar, tie, belt or 

waistband. 

Ingestion: 
This material is a gas 

under normal 

atmospheric conditions 

and ingestion is 

unlikely. 

 

Toxicology 
Oral, LD50: 854 mg/kg 

(Rat) 

Oral, LD50: 20 g/kg 

(Rat) 

Oral, LD50: 658 mg/l 

(Rat) 

Flammability Not available 
May be combustible at 

high temperature. 

Very flammable gas 

 

Explosiveness Not available Not available 

Gas forms mixtures 

with air which can 

ignite and burn with 

explosive violence. 

Reactivity 

Stable but avoid strong 

oxidizing agents, acids, 

heavy metals and their 

salts. Thiocyanates can 

develop toxic gas in 

contact with strong acids. 

Reactive with oxidizing 

agents, reducing agents, 

acids, alkalis. 

Reactive with strong 

oxidizing agents. 

Personal 

Protective 

Equipment 

(PPE) 

Wear chemical safety 

glasses, protective 

clothing including 

gloves. 

Splash goggles. Lab 

coat. Vapor respirator. 

Be sure to use an 

approved/certified 

respirator or equivalent. 

Gloves. 

If a leak is found, wear 

flame resistant clothing 

that is treated to avoid 

static buildup. 
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Storage & 

Handling 

Store at 2 - 8°C (36 - 

46°F). Do not freeze. Do 

not store with 

incompatible substances. 

See Reactivity Section. 

Keep container tightly 

closed. Keep container 

in a cool, well-ventilated 

area. Do not store above 

23°C (73.4°F). 

- 

Disposal 

Contains a small amount 

of sodium azide which 

can react with copper, 

lead, brass or solder in 

plumbing systems and 

form potentially 

explosive metal azides. If 

preparation enters drain, 

flush with a large volume 

of water to prevent azide 

build-up. Dispose of 

unused product, spilled 

material and waste in 

accordance with all 

applicable federal, state, 

local and provincial 

environmental and 

hazardous waste 

regulations. 

None Burned 

Accidental 

Release 

Contains a small amount 

of sodium azide which 

can react with copper, 

lead, brass or solder in 

plumbing systems and 

form potentially 

explosive metal azides. 

Small Spill: Dilute with 

water and mop up, or 

absorb with an inert dry 

material and place in an 

appropriate waste 

disposal container 

Large Spill: Absorb 

with an inert material 

and put the spilled 

material in an 

appropriate waste 

disposal. Finish cleaning 

by spreading water on 

the contaminated 

surface and allow to 

evacuate through the 

sanitary system. 

Immediately stop all 

hot-work (defined in 

Section 16). 

Immediately evacuate 

all personnel from all 

suspected leak areas 

and areas that may be 

impacted by the 

ignition of natural gas. 

Activate the evacuation 

procedures of the 

facility’s Emergency 

Action Plan, but do not 

activate any electric 

alarm or 

communication 

systems. Secure all 

such areas to prevent 

entry or reentry. 

Reference “MSDS α-Amylase” 
“MSDS Propylene 

Glycol” 
“MSDS Natural Gas” 
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Name Ethanol (C2H60) Diatomaceous Earth Activated Charcoal 

Description Volatile, clear liquid 
Odorless white powder 

(solid) 

Odorless black powder 

(solid) 

Health 

Hazards 

May cause eye and skin 

irritation and can be 

absorbed through skin. 

May be fatal if ingested or 

inhaled. 

Hazardous in case of 

inhalation (lung irritant). 

Slightly hazardous in 

case of skin contact 

(irritant), of ingestion. 

 

 

Slightly hazardous in 

case of skin contact 

(irritant), of eye contact 

(irritant), of ingestion, 

of 

inhalation. 

Exposure OSHA Limit: 1,900 mg/m
3
 OSHA Limit: 0.05 mg/m

3 

 

ACGIH Limit: 3.5 

mg/m
3
 

First Aid 

Eyes: Remove contact 

lenses. Rinse immediately 

with plenty of water, also 

under the eyelids, for at 

least 15 minutes. If eye 

irritation persists, seek 

medical attention. 

Skin: In case of contact, 

immediately flush skin 

with plenty of water. Take 

off 

contaminated clothing and 

shoes immediately. 

Inhalation: If inhaled, 

remove to fresh air. If not 

breathing, give artificial 

respiration. If breathing is 

difficult, give oxygen. 

Seek medical attention 

immediately. 

Ingestion: If swallowed 

Do NOT induce vomiting. 

Aspiration of material into 

lungs can cause pulmonary 

edema. Never give 

anything by mouth to an 

unconscious person. Seek 

medical attention 

immediately. 

Eyes: 

Check for and remove 

any contact lenses. In 

case of contact, 

immediately flush eyes 

with plenty of water for 

at least 15 

minutes. Get medical 

attention. 

Skin: Wash with soap 

and water. Cover the 

irritated skin with an 

emollient. Get medical 

attention if irritation 

develops. 

Inhalation: 

If inhaled, remove to 

fresh air. If not 

breathing, give artificial 

respiration. If breathing 

is difficult, give oxygen. 

Get medical 

attention. 

Ingestion: 

Do NOT induce 

vomiting unless directed 

to do so by medical 

personnel. Never give 

anything by mouth to an 

unconscious 

person. If large 

Eyes: 

Check for and remove 

any contact lenses. In 

case of contact, 

immediately flush eyes 

with plenty of water for 

at least 15 

minutes. Get medical 

attention if irritation 

occurs. 

p. 2 

Skin: Wash with soap 

and water. Cover the 

irritated skin with an 

emollient. Get medical 

attention if irritation 

develops. 

Inhalation: 

If inhaled, remove to 

fresh air. If not 

breathing, give artificial 

respiration. If breathing 

is difficult, give 

oxygen. Get medical 

attention. 

Ingestion: 

Do NOT induce 

vomiting unless 

directed to do so by 

medical personnel. 

Never give anything by 
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quantities of this 

material are swallowed, 

call a physician 

immediately. Loosen 

tight clothing such as a 

collar, tie, belt or 

waistband. 

mouth to an 

unconscious 

person. If large 

quantities of this 

material are swallowed, 

call a physician 

immediately. Loosen 

tight clothing such as a 

collar, 

tie, belt or waistband. 

 

Toxicology 
Oral, LD50: 6,200 mg/kg 

(Rat) 
None provided None provided 

Flammability 

Highly flammable 

NFPA rating flammability: 

3 

Non flammable 

NFPA rating 

flammability: 0 

Highly flammable 

NFPA rating 

flammability: 3 

Explosiveness 

Explosive vapors 

1.3%V - 19% in air by 

volume 

Slightly explosive in 

presence of oxidizing 

materials 

Material in powder 

form, capable of 

creating a dust 

explosion (forming 

explosive mixtures in 

air) when exposed to 

heat, flame, 

or ammonium nitrate + 

heat. 

 

Reactivity 

Avoid high temperatures, 

open flames, sparks, 

welding, smoking and 

other ignition sources. 

Keep away from strong 

oxidizers. 

Reactive with oxidizing 

agents 

NFPA rating reactivity: 

0 

Incompatible with air, 

unsaturated oils, 2-

Nitrobenzaldehyde, 

strong oxidizers such as 

fluorine, chlorine 

trifluoride, and 

potassium peroxide. 

Personal 

Protective 

Equipment 

(PPE) 

In an adequately vented 

area, safety glasses and 

gloves should be worn. 

Gloves. Lab coat. Dust 

respirator. Be sure to use 

an approved/certified 

respirator or equivalent. 

Wear appropriate 

respirator when 

ventilation is 

inadequate. Safety 

glasses. 

 

Gloves. Lab coat. Dust 

respirator. Be sure to 

use an 

approved/certified 

respirator or equivalent. 

Safety glasses. 



44 
 

Storage & 

Handling 

Keep away from flame, 

sparks, excessive 

temperatures and open 

flame. Use approved 

containers. Keep 

containers closed and 

clearly labeled. Empty or 

partially full product 

containers or vessels may 

contain explosive vapors. 

Do not pressurize, cut, 

heat, weld or expose 

containers to sources of 

ignition. Store in a well-

ventilated area. 

Keep container tightly 

closed. Keep container 

in a cool, well-ventilated 

area. Do not store above 

24°C (75.2°F). 

 

Store in a segregated 

and approved area. 

Keep in a cool and 

ventilated area away 

from combustible 

materials. Keep 

container in a cool, 

well-ventilated area. 

Keep container tightly 

closed and sealed until 

ready for use. Avoid all 

possible 

sources of ignition 

(spark or flame). 

Disposal 

Dispose of container and 

unused contents in 

accordance with federal, 

state and local 

requirements. 

Waste must be disposed 

of in accordance with 

federal, state and local 

environmental control 

regulations 

 

 

Waste must be disposed 

of in accordance with 

federal, state and local 

environmental control 

regulations 

Accidental 

Release 

Evacuate personnel to safe 

areas. Ventilate the area. 

Remove all sources of 

ignition. Response and 

clean-up crews must be 

properly trained and must 

utilize proper protective 

equipment 

 

Use appropriate tools to 

put the spilled solid in a 

convenient waste 

disposal container. 

Finish cleaning by 

spreading water on 

the contaminated 

surface and dispose of 

according to local and 

regional authority 

requirements. 

 

Stop leak if without 

risk. Absorb with an 

inert material and put 

the spilled material in 

an 

appropriate waste 

disposal. Obtain advice 

on use of water as 

spilled material may 

react with it. Do not 

touch spilled material. 

Prevent entry into 

sewers, basements or 

confined areas; dike if 

needed. Eliminate all 

ignition sources. Cover 

with wet earth, 

sand or other non-

combustible material. 

Reference "MSDS Ethanol" 
“MSDS Diatomaceous 

Earth” 

“MSDS Activated 

Charcoal” 
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V. Environmental Impact Statement 

 The environmental impacts pertaining to producing gluten-free beer are minimal. The 

entire process is designed to recycle or dispose of the majority of the waste through sustainable 

practices.  This statement will address waste streams and their respective impacts on the 

environment.  The biochemical and chemical oxygen demands, BOD and COD, of waste streams 

are assessed to help characterize the potential for water pollution (Mebratu).  Refer to Section II 

of the PFD and stream tables for this process.  Appendix D contains the relevant permits required 

for construction, waste disposal, and wastewater discharge in order to comply with EPA, ADEQ, 

and Pima County standards. 

 Spent grain exiting the lauter tun is mostly comprised of grained sorghum, corn kernels, 

amylase, and a little water.  This spent grain is blended with both the grain and hop residues 

exiting the whirlpool separator and also the spent yeast that is not recycled.  This organic matter, 

with a high BOD, is not discharged to the environment; instead, it is donated to Bandalero Ranch 

in Tucson, Arizona as animal feed. The rancher is expected to pick-up the spent grain twice a 

week from a closed storage vessel outside the brewery. A back-up ranch, Sunkist Stables, will be 

contacted if a pick-up is missed.  

 During the wort boiling process, water vapor is vented to the atmosphere and will not 

pose any environmental risks. Carbon dioxide (CO2) is a product of the fermentation process and 

is classified as a greenhouse gas that contributes to climate change. Global warming potential 

(GWP) is a measure of how much heat a greenhouse gas can trap and hold in the atmosphere 

relative to CO2 (“Glossary” – Energy Information Administration), so by definition the GWP of 

CO2 is one. Solely from fermentation, the brewery emits 13.8 metric tons of CO2 per year.  

Future work entails implementing a CO2 recovery system on the fermenter that will allow this 

brewery to recycle CO2 for carbonating. 

 The refrigerant in this process is R-134a. This chemical is in a closed loop within the 

refrigeration system and is not expected to be released into the atmosphere. If an accident did 

occur and this gas was released into the environment, it would contribute to global warming but 

have minimal effects on human safety (refer to Table 4.1 for safety information). R-134a has a 

GWP of 1,600 and an atmospheric lifetime of 14.6 years (Blowers and Lownsbury, 
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“Contribution of Greenhouse Gases”). Currently, the EPA does not directly regulate R-134a but 

under the Clean Air Act it is illegal to knowingly vent into the atmosphere ("Regulatory 

Programs").  Regular maintenance will be conducted on this system to ensure that this refrigerant 

does not leak into the environment. 

 The two cleaning agents in this facility pose the highest environmental risks. Potassium 

hydroxide and peracetic acid are used to clean and sterilize the process equipment, respectively. 

Potassium hydroxide, also referred to as caustic potash, is designed to be concentrated and 

recycled for a period of four weeks and then replaced. The sterilant, peracetic acid, is recycled 

for one week and then replaced. Under current state and federal hazardous waste regulations, the 

brewery is a large quantity generator (Arizona Department of Environmental Quality).  In order 

to comply with state and federal regulations the caustic and sterilant wastes are stored, labeled, 

and marked on-site in separate barrels.  Safety-Kleen is contracted to transport and dispose of 

this hazardous waste once a month.  Safety-Kleen is a Treatment, Storage, and Disposal Facility 

(TSDF) recognized and certified with the EPA.  See Appendix D for a summary of regulated 

waste disposal procedures in order to meet EPA standards. 

In the event that a batch turns into an unsalable product, whether due to contamination or 

undesirable byproducts in the beer, it will also need to be disposed of in a responsible manner.  If 

the contamination is minimal, the spoiled batch could be dumped into standard sewage within 

the guidelines set by Pima County.  If the contamination is extreme, such as the introduction of 

hazardous chemicals, the batch would possibly have to be disposed of by Safety-Kleen. 

 Both the caustic and the sterilant pose an environmental risk if a spill were to occur.  This 

spill could occur from either the holding tanks where both are stored, or can occur during the 

cleaning cycle as each are being pumped through the process.  In the event of a spill, it is 

imperative to neutralize the spill; the sterilant is a weak acid while the caustic is a strong base 

(MDEP).  Once exposed to the environment, it can be expected that both the caustic and the 

sterilant will remain a liquid, with both boiling points well above 25°C ("MSDS Peracetic Acid" 

and "MSDS Potassium Hydroxide").  If the coolant, propylene glycol were to be spilled, no 

major issues would be present beyond a necessary rinse down of the spill with water ("MSDS 

Propylene Glycol"). 
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Water is an important resource to arid climates and this brewery is designed to conserve 

as much water as possible to minimize environmental impacts. With the brewery's current 

design, to produce one liter of beer it takes about 3.6 liters of water. After consulting with James 

Counts, CEO of Nimbus Brewing Company, 3.6 liters of water per liter of beer is outstanding for 

the beer industry; from his experience typical microbreweries uses 6-8 liters of water per liter of 

beer. 

The current process design requires an annual usage of 134,000 therms of energy from 

natural gas for process heating demands. This correlates to nearly 1,600 metric tons of CO2 

released into the atmosphere annually (Silverman). Tucson Electric Power supplies electricity for 

this process and their power generation is mostly comprised of burning coal. Annual electricity 

demands for this brewery, primarily for refrigeration purposes, totals 128,000 kW-h, relating to 

about 45 metric tons of CO2 (Silverman). 

The life-cycle assessment (LCA) of this facility focuses mainly on gate-to-gate 

principles. The brewery does not handle the cradle-to-gate cycle because all feedstocks are 

purchased and shipped to the facility from the suppliers. Gate-to-grave handling of the process 

waste streams is contracted out to other companies. The brewery will follow-up with these 

companies quarterly to ensure wastes are disposed of properly because Arizona and federal laws 

states that hazardous waste remains the responsibility of the producer even after it has left the 

facility (Arizona Department of Environmental Quality). 
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VI. Economic Analysis 

 

6.1 Capitalization 

 The total capital investment of starting a brewery of this scale (3,000 bbl annual capacity) 

is around $1.9 million (see Table 6.1.2).  This capital cost includes a number of expenses, from 

the costs of purchasing and installing equipment to the cash held in reserve for capital operations. 

Equipment Costs 

 Appendix B details the total purchase costs for each piece of equipment as well as the 

calculation of the total bare-module cost for installing the equipment into the brewery.  In order 

to accurately represent the process, each price for each piece of equipment comes directly from a 

vendor.  These are real market prices for real, tangible equipment that can actually be utilized.  

The alternative to this method of pricing would be to model the equipment as simplified versions 

of stainless steel tanks connected via pumps and piping and calculate a price based upon 

industrial algorithms.  The problem with this method for a real-world application is the over-

simplification of the equipment and the potential to misrepresent the actual dimensions and 

specifications required.  The brewhouse, for example, is a highly complicated system of vessels 

that combines multiple functions in a brewery.  For an outsider not intimately familiar with the 

brewing process, designing a brewhouse would pose a daunting challenge fraught with 

assumptions based on poor empirical foundations. 

 The bare-module costs of installing the equipment are also given in Appendix B.  Bare-

module factors taken from Seider, et al. 2008, generate estimations for the cost of installation.  

Full calculations are detailed in the appendix. 

Total Capital Investment 

 The total capital investment takes the total bare-module cost of the equipment and also 

accounts for factors such as the cost of land, the cost of site preparation, and the allocated costs 

of bringing in utility lines. 
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 Table 6.1.1: Allocated cost for Utilities  

 

Table 6.1.2: Total Capital Investment 

 

6.2 Operating Costs 

 The total cost per year to produce 3,000 bbls comes out to be around $2.20 million (see 

Table 6.2.3).  These operating costs are based upon usages of raw materials and utilities, 

explained below, as well as labor costs and special taxes upon the production and sale of 

alcoholic beverages. 

Raw Material Costs 

 The total annual expenditure on raw materials comes out to $440,000.  Raw material 

prices are directly from vendors and represent commercial, wholesale prices (see Appendix B).  

The calculations to estimate annual usages are also in Appendix B.  For most of the materials, 

annual usages are simply a straightforward scaling calculation from the batch usage to the entire 

Electricity Power, MW 0.024 $119,000

Process water flow rate, gpm 41 $53,000

CALLOC $172,000

Allocated Cost (CALLOC)

CTBM $848,000

Csite $127,000

Cserv $170,000

Calloc $172,000

CDPI $1,320,000

Ccont $197,000

CTDC $1,510,000

Cland $30

Cstartup $151

CTPI $1,700,000

CTPI-Corrected $1,610,000

CWC $282,000

CTCI $1,890,000

Gluten-Free Beer
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year.  For materials such as filter media (diatomaceous earth and carbon) and cleaning agents 

(peracetic acid and potash), the schedule of usage is a bit more complex since these materials 

often experience a lifetime of several batches or weeks.  The yeast cultures also experience 

longer lifetime of around 8-10 generations.  Again, these allowances are accounted for in the 

calculations section of the appendix. 

Table 6.2.1: Annual Raw Material Costs 

 

Utilities 

 The total annual expenditure on utilities is $76,800 (see Table 6.2.2).  Calculations for the 

heating requirements to run the boiler, the energy to run the glycol chiller for cooling operations, 

and the amount of water used are found in Appendix A. 

  

Raw Material Unit Price (per unit) Usages (annual) Unit Cost (annual)

sorghum (grain) cwt (100 lbs.) $9.80 1012 cwt $9,900

hops pound $3.19 2464 lbs. $7,900

honey pound $1.72 20284 lbs. $35,000

CO2 50 lbs. $37.00 141.68 50 lbs. $5,000

O2 50 lbs. $37.00 29.04 50 lbs. $1,000

yeast 6.4 L $661.00 160 L $106,000

corn pound $0.32 14080 lbs. $4,500

alpha-amylase 30 kg $346.50 0.42 kg $173

diatomaceous earth 50 lbs. $619.00 15.4 50 lbs. $9,500

carbon 1 cu. ft. $125.00 1.4 cu. ft. $175

peracetic acid pound $4.60 44 lbs. $405

potash 500 lbs. $899.00 50 500 lbs. $8,090

glass bottles bottle $0.14 992000 bottles $139,000

bottle caps cap $0.01 992000 caps $10,000

labels label $0.06 992000 labels $60,000

6-pack carrier each $0.30 12400 6-pack $37,200

case box (24) each $0.60 10330 case $6,200

Total $439,000
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Table 6.2.2: Annual Utilities Costs 

 
 

Total Production Costs 

Table 6.2.3: Total Production Costs 

 

Utilities Unit Price (per unit) Usages (annual) Unit Cost (annual)

water 1 ccf (748 gal.) $2.41 710 ccf $1,700

sewer 1 ccf (748 gal.) $2.91 260 ccf $760

septage hauling gal. $6.69 7500 gal. $50,200

natural gas therm $0.95 5220 therms $5,000

electricity kWh s, $0.116695 63900 kWh $9,700

w, $0.104367 63900 kWh $8,600

Total $76,800

Cost Factor

Feed Stocks $439,300

Utilities $76,752

Operations (O)

     Direct Wages and Benefits (DW &B) $ 35/ operator $420,000

     Direct Salaries and Benefits 15 % DW & B $63,000

     Operating Suppliers and Services 6 % DW & B $25,200

     Technical assistance to Manufact. $ 60,000 / (op-shift-yr) $180,000

     Control Laboratory $ 65,000 / (op-shift-yr) $195,000

Maintenance (M)

     Wages and Benefits (MW & B)

          Solids- Fluids handling process 4.5 % CTDC $68,129

     Salaries and benefits 25 % MW & B $17,032

     Materials and services 100 % MW & B $68,129

     Maintenance overhead 5 % MW & B $3,406

Operating Overhead

     General plant overhead 7.1 % M&O-SW&B $35,502

     Mechanical Department Services 2.4 % M&O-SW&B $12,001

     Employee relations Dept. 5.9 % M&O-SW&B $29,502

     Business Services 7.4 % M&O-SW&B $37,002

Property Taxes and Insurance 2 % CTDC $30,280

Depreciation

     Direct Plant 8 % ( CTDC- 1.18CALLOC) $104,895

     Allocated Plant 6 % (1.18CALLOC) $12,168

COST OF MANUFACTURE (COM) $1,817,299

General Expenses

     Selling (or transfer) expense 3 % Sales $89,280

     Direct Research 4.8 % Sales $142,848

     Allocated Research 0.5 % Sales $14,880

     Admin. Expense 2.0 % Sales $59,520

     Management Incentive Comp. 1.25 % Sales $37,200

TOTAL GENERAL EXPENSES (GE) $343,728

TOTAL PRODUCTION COST (C) COM + GE $2,161,027
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6.3 Profitability Analysis 

Breakeven 

 The net present value after ten years of operation with a nominal interest rate of 15% 

projected to be $0 when the sale price is set to $2.54 per 12 oz. of product.  In order to make this 

venture profitable, we must set the sale price higher than this point.   

Sales 

 The market for gluten-free beer will likely be confined to retail stores, or in smaller 

quantities to the bars.  That is to say, it is unlikely this gluten-free beer will ever be sold in kegs 

for establishments to place on tap.  There simply is not enough demand to warrant both buying 

that large quantity of gluten-free beer, and also occupying space for other draught beers.  With 

that said, the gluten-free beer will likely be sold in the standard 12 oz. glass bottles.  The 

wholesale price of the beer was based on this assumption and comes out to $3.00 per 12 oz. 

Table 6.3.1: Annual Sales 

 

annual brewery output 

93000 gal. 

       992000 bottles 

$3.00 per bottle 

$2,976,000 total sales 

 

Net Present Value 

 Based on the assumption of the ability to move product, the brewery will have a return of 

investment time of about five years.  At the end of ten years of operation, the brewery will have a 

net present value of $1,080,000 assuming a nominal interest rate of 15%. 
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Table 6.3.2: Net Present Value

 

6.4 Economic Hazards 

Prices of Raw Materials 

 The feed stocks which are most susceptible to drastic fluctuations in prices are the direct 

ingredients for the gluten-free beer (grain sorghum, hops, honey, and corn) since these are all 

agricultural products.  From Table 6.4.1, it can be seen that honey by far is the largest expense of 

these four ingredients, with an annual expenditure of around $35,000.  Among the other raw 

materials, glass bottles and yeast cultures are the biggest expenses at $139,000 and $106,000, 

respectively.  The largest expense for utilities is septage hauling at $50,200 annually.  In order to 

evaluate the potential economic hazards of these materials, individual sensitivity studies were 

conducted of these four factors to determine the effect upon overall profitability.  Changing each 

variable by a set percentage allows the effects upon the costs and profitability to be readily 

apparent.  For these particular studies, each variable was increased by 50%.  The results of the 

sensitivity studies are below. 

Table 6.4.1: Sensitivity Study – Honey Price 

 

Year fCTDC CWC D C excl. D S Net Earn. Disc. Cash Flow Cash Flow (PV) Cumulative PV

1 (1,510)$ (282)$ 151$       1,080$    $1,490 154$        (1,490)$               (1,300)$              (1,330)$              

2 273$       1,620$    $2,230 203$        476$                    360$                    (936)$                  

3 218$       2,160$    $2,980 358$        576$                    379$                    (557)$                  

4 174$       2,160$    $2,980 384$        559$                    319$                    (238)$                  

5 140$       2,160$    $2,980 405$        545$                    271$                    33$                      

6 112$       2,160$    $2,980 422$        534$                    231$                    264$                   

7 99$         2,160$    $2,980 429$        529$                    199$                    463$                   

8 99$         2,160$    $2,980 429$        529$                    173$                    636$                   

9 99$         2,160$    $2,980 429$        529$                    150$                    786$                   

10 99$         2,160$    $2,980 429$        529$                    131$                    916$                   

11 282$   50$         2,160$    $2,980 459$        790$                    170$                    1,080$                

Net Present Value (in thousands of dollars), nominal interest rate = 15%

Value % change

Price of Honey $2.58 50%

Raw Material Cost $456,744 4.0%

Production Cost $2,178,472 0.81%

Net Present Value $1,038,900 -4.4%
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 Honey prices are perhaps the most fickle of the agricultural products due to recent trends 

and problems in the bee-keeping industry.  A 50% increase in the price of honey leads to about a 

4.4% decrease in overall profitability.  While there may not be a strong relationship between the 

price of honey and the profitability of the brewery, honey does have a meaningful impact.  The 

shear amount of honey used is a large reason for the impact the price of honey has upon 

profitability.  A possible measure to lessen the economic burden could be to diversify into 

recipes that do not use honey.  This will reduce the amount spent on honey annually and reduce 

the risk to profit margins. 

Table 6.4.2: Sensitivity Study – Bottle Price 

 

 An increase in bottle prices has the largest impact upon the overall profitability of the 

brewery, mainly since such a large quantity is utilized.  A 50% increase in prices leads to a little 

more than a 17% decrease in profit.  As mentioned in the discussion of projected sales above, the 

market for gluten-free beer typically dictates retail sizes to be a 12 oz. bottle rather than a full 

keg.  However, this risk could be partially mitigated by packaging the beer in kegs and selling 

the product as a draught beer.  The risk will not be completely minimized since the expense of 

packaging is merely shifting from one dimension to another, but minimizing the quantity of 

bottles ordered will reduce the potential to drastically affect profit margins. 

Table 6.4.3: Sensitivity Study – Yeast Usage 

 

 The variations in yeast usage represent a worst-case scenario where the yeast cultures 

from the vendor cannot be cultivated for a full 8-10 generations.  With yeast being a living 

organism, it is sometimes susceptible to unpredictable behavior.  Having a 50% increase in the 

Value % change

Price of Bottles $0.21 50%

Raw Material Cost $508,740 15.8%

Production Cost $2,230,467 3.21%

Net Present Value $897,682 -17.4%

Value % change

Yeast Usage 240 L 50%

Raw Material Cost $492,180 12.0%

Production Cost $2,213,907 2.45%

Net Present Value $942,658 -13.2%
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usage of yeast reduces the profitability of the brewery by about 13%.  The best method to 

mitigate this hazard is to maintain sanitary conditions and have a quality control laboratory to 

constantly monitor the status of the yeast cultures.  These measures will help avoid the need to 

use more yeast than necessary. 

Table 6.4.4: Sensitivity Study – Septage Hauling 

 

 The use of a septage hauler to dispose of hazardous waste is also one of the largest 

detractors to the profit margins.  By reducing the amount of hazardous waste that cannot go 

directly into the sewers by as much as half, the profitability will increase by around 6.4%.  Any 

amount of reduction in the amount of hazardous waste produced will cut down on these 

expenditures as well as reduce the environmental impact of the brewery. 

Suppliers and Vendors 

 In the event that a primary supplier abruptly cannot meet demand for whatever reason, 

the brewery will be unable to produce a product.  Supplies will be held in inventory, at least as 

long as the shelf lives dictate, for this reason.  It is also a wise option to have a list of secondary 

suppliers that will be ready to fulfill or supplement any deficiencies in supplies. 

Product Line 

 From a business standpoint, the brewery hinges upon the success or failure of a single 

product: the gluten-free beer from sorghum.  Thus, if for some reason, a batch of gluten-free beer 

becomes an unsalable product, the brewery loses a large portion of revenue.  With the 

designation of a microbrewery with an annual output of 3000 bbls, this is a lesser risk since the 

amount of product to be moved is comparatively low.  The threat of collapse, however, is still 

present and has an even greater resonance with a smaller output brewery such as this where 

profit margins are fairly thin already as it stands.  One way to mitigate this hazard is to introduce 

a variety of products into the line.  The comparative cost of producing multiple beers will be low 

Value % change

Septage Hauling 3750 gal 50%

Utilities Cost $51,664 -32.7%

Production Cost $2,135,940 -1.16%

Net Present Value $1,155,782 6.4%
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while the marketing and profit repercussions will be relatively high.  In other words, the brewery 

does not stand much to lose by introducing an entire line of beers, while the potential for greater 

profits is a very real possibility. 

6.5 Future Work in Terms of Cost 

 The future operations of the brewery will look to obviously increase the profit margin and 

possibly expand into a larger output brewery at the end of ten years.  One of the largest avenues 

of accomplishing this will be to expand the product line to offer a variety of beers.  As 

mentioned in the discussion of economic hazards, producing a variety of product will help 

mitigate the potential for low market demand.  The costs of raw materials might increase slightly 

as more ingredients are needed, but at the same time, the amount of ingredients necessary for the 

current gluten-free style will decrease.  This means specifically that expenditures on honey will 

decrease.  From Table 6.2.1, it can be seen that honey is almost three times the cost of the other 

base ingredients (grain sorghum, corn, hops) not including yeast. 

 The amount spent on contracting a septage hauler is by far the largest utility expenditure 

but necessitated by the nature of the chemicals used in the cleaning process.  These chemicals, 

peracetic acid and potassium hydroxide cannot go directly into sewers.  As the brewery grows 

and expands, future work will focus on reducing the amount of hazardous chemicals used.  This 

could be done by using more environmentally friendly compounds. 

 Future work will also look to minimize the usage of electricity and natural gas.  The total 

amount spent on these utilities annually is $23,300 (see Table 6.2.2).  Reducing these usages will 

also minimize the environmental impact of the brewery.  Possible avenues to accomplish this 

goal include the installation of solar panels for both water heating applications and for electricity 

generation. 
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VII.  Conclusions and Recommendations 

The brewery design outlined in this report yields a net present value of $1,080,000 with a 

nominal interest rate of 15% after ten years of operation, encouraging the construction of this 

facility. The success of this venture is dependent on market demand for a gluten-free beer; with 

the current parameters and assumptions, building this facility is economical.  Establishing and 

succeeding in a relatively small gluten-free market has inherent risks. These risks include a few 

pertinent questions.  Can we quantify the future segment of celiacs whom consume beer?  Will 

future health trends for non-celiacs discourage excessive gluten intake?  Can the current market 

positioning of gluten-free beers be broken up to meet this project’s expected sales?  There are 

many options for mitigating these risks through expandability, diverse product lines, and more 

cost effective raw materials. 

 The current design has a small product output on the microbrewery scale. This is done to 

minimize the upfront capital investment requirements to build this facility, however it limits 

potential sales. Once the gluten-free beer is established in the marketplace, the brewery is 

designed for easy expansion. Expansion is done through increasing tank space, brewing 

schedules, and worker shifts. The facility design has adequate expansive capabilities to further 

improve the net present value in ten years once market dominance is achieved. 

 The current brewery produces one product: gluten-free beer. It is recommended that if 

this facility is constructed, the brewery establish a diverse product line. An assortment of gluten-

free and tradition beer styles will reduce risk by opening the brewery to a wider range of 

markets. More markets are expected to increase sale volumes and increase the ten year net 

present value. 

 In the future, it would be beneficial to look into methods of producing a gluten-free beer 

through the use of enzymes with the ability to strip the gluten from wheat and barley.  This 

would lead to a gluten-free beer that still contains a body similar to that of traditional beers, and 

sorghum may still be used to compliment the beer.  The current market offerings do not include 

gluten-free products using this method, so it could be the competitive advantage needed to win 

over the market.  Another topic that would be useful for research in the future would be to find 

cleaning agents that are less expensive, as well as less harmful to the environment.  These 
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cleaning agents are used in large supply, and would be in the best interest of the brewery to 

implement cleaning agents that have less potential risks than those currently in use. 
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IX. Appendices 

 

A: Detailed Process Calculations 

All calculations in this section are on a per batch basis. One batch for this process is defined as 

15 barrels or 1,893 liters of beer. The ingredients and their respective amounts were based on a 

home-brewing recipe from Briess Malt & Ingredients Co. ("Honey of a Gluten-free Lager"). 

Mash & Lauter Tun 

A roller mill will crush 230 kg and 32 kg of sorghum grain and corn, respectively. This will be 

mixed with 2,344 kg of water and 5 kg of amylase in the mash tun, and then pumped to the lauter 

tun for the starch conversion. Mash efficiency is defined as the amount of fermentable sugars 

extracted from the grains. 

Table A.1: Mash Ingredient's Points per Pound per Gallon 

Mash Ingredient Max Point per Pound per Gallon (PPG) 

Sorghum Grain 40* 

Corn 46
1 

*Assumed PPG for sorghum 
1
Palmer 

 

Table A.1 represents the amount of fermentable sugars that can be extracted from the respectable 

ingredients. These sugars are represented by potential points per pound per gallon. An average 

mash conversion of 85% is assumed (Palmer). Equation A.1 shows the calculation used for the 

design. The total potential points is 40, which can also be represented by the fluid's specific 

gravity (SG) shown in Equation A.2. 

 

 

 

(A.1) 

 

 (A.2) 

 

There is an assumed water loss of 1% in the effluent spent grains after the lauter tun. The water 

loss calculation is shown in Equation A.3. 
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  (A.3) 

Wort Boiling 

The wort in this process will be boiled for 60 minutes and vented to the atmosphere. When the 

wort begins to boil, 46.1 kg of honey will be added. This will bring the specific gravity of the 

wort to 1042, which is aligned to the recipe. A standard evaporation loss of 20% is assumed 

throughout the boil (Counts). The calculation for this is shown in Equation A.4. 

 (A.4) 

Hop Utilization 

During the boiling process, hops are added three different times. Hops give beer its bitterness 

and the longer the hop is exposed to the boiling process, the more alpha acids (AA), or bitterness, 

is utilized. Table A.2 details the type, amount, and boiling times for the three specific hop 

additions. Example calculations and necessary explanations are detailed below Table A.2 using 

superscripts (Palmer). 

Table A.2: Hop Boiling Schedule 

1
Hops 

2
Amount (oz) 

3
Alpha Acid 

Units (AAU) 

4
Boiling Time 

(minutes) 

Hallertau (4.6% AA) 50 230 60 

Cascade (4.0% AA) 75 300 10 

Saaz (4.9% AA) 75 368 0 
1
AA% is provided by the manufacturer on the packaging 

2  

3
 

4
Recipe – Appendix F 

 

Hop utilization is a function of the specific gravity of the wort and the boiling time. 

Mathematical correlations for hop utilization are shown in Equations A.5 – A.9 (Palmer). Table 

A.3 shows the hop utilization and the calculations for each addition of hops. The calculations for 

only the Hallertau hops are shown below but are identical for Cascade and Saaz. The bitterness 

of beer is characterized in International Bittering Units (IBU), individual IBU values are shown 

in Table A.3 and the total IBUs for the beer is shown in Equation A.9. 
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(A.5) 

 

                                                 
(A.6) 

 

 
 

(A.7) 

 

 

 

(A.8) 

Table A.3: Hop Utilization 

Hops 
1
f(gravity) 

2
f(time) 

3
Utilization 

4
International Bittering Units 

(IBU) 

Hallertau 1.13 0.219 0.248 8.59 

Cascade 1.13 0.079 0.090 4.04 

Saaz 1.13 0 0 0 
1

  
2

 
3

 
4

 

 

 
 

(A.9) 

There is an assumed water loss of 1% in the whirlpool separator. 

 

Fermentation 

Pure oxygen is bubbled through the wort directly after it is cooled to 13°C. To ensure adequate 

absorbance of oxygen, a gauge pressure of 35 kPa will be set on the oxygen tank. This will help 

allow the yeast to multiply more quickly before anaerobic fermentation. Equations A.10 and 

A.11 show the calculations for the amount of oxygen needed for each batch. 

 

 
(A.10) 
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 (A.11) 

 

Realistically the yeast will first turn to aerobic fermentation; the chemical reaction is shown in 

Equation A.12. For the purpose of this design it is assumed that aerobic fermentation is a small 

part of the total fermentation process and is relatively insignificant. 

 (A.12) 

 

For this process design, the majority of the fermentation is anaerobic and the chemical reaction is 

depicted in Equation A.13. 

 (A.13) 

 

The amount of fermentable sugar is known from the mash and lauter tun calculations conducted 

above. For these calculations it is assumed that all fermentable sugar is glucose and from lab 

trials the fermentation efficiency (conversion) is 80%. Equations A.14 and A.15 show the 

respective amounts of effluents from fermentation. With the assumed fermentation conversion, 

35.3 kg of sugars will remain in the final beer. 

 

(A.14) 

 

 

(A.15) 

 

Yeast accumulation in the fermenter is extrapolated from experimental results and calculated in 

Equation A.16.  

Experimental results:  

 (A.16) 
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The final specific gravity (FG) after fermentation is 1.008 and the alcohol by volume (ABV) is 

estimated using Equation A.17. 

 

ABV = 0.1313(SG - FG)* 

*Where 0.1313 is a constant known from experience 

 

 

 

(A.17) 

 

There is an assumed yeast separation of 85% directly out of the fermenter, shown in Equation 

A.18. 

 (A.18) 

 

It is assumed that the filtration of the fermented wort will separate out 100% of the remaining 

yeast. 

 (A.19) 

 

There is an assumed water loss of 1% from the fermenter and in the filter, shown in Equations 

A.20 and A.21, respectively. 

 (A.20) 

 (A.21) 

 

Carbonation 

The desired carbonation for this process is 2.5 volumes of CO2 per volume of beer. A force 

carbonating chart is used to determine the pressure of carbon dioxide needed ("The Handy-

Dandy Slow Force Carbonation Chart..."). The values obtained from the chart are shown below. 

 

The amount of carbon dioxide required for carbonating one batch of beer is calculated in 

Equation A.22. The vapor density of CO2 is 3.4 kg/m
3
 ("Carbon Dioxide"). 

 (A.22) 
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Packaging 

Diluted peracetic acid is used to clean and sanitize beer bottles before packaging the product. It 

is assumed that the volume of diluted peracetic acid required is 10% of the bottle volume. For 

effective sterilization peracetic acid is diluted to 1.1 g/L ("Perasan A"). 

Table A.4: Bottle Sanitizing 

 

Packaging 
Tank Volumes 

(L) 

1
Cleaning Volume 

Required (L) 
Peracetic Acid (g) 

Per Bottle 0.35 0.035 0.04 

Per Batch 1,893 189.3 208.2 
1
1 kg = 1 L of water 

 

 

 

Cleaning Calculations 

Cleaning cycle liquid volume is assumed to be about 20% and 10% by volume of the total tank 

volume needed to be cleaned for stage one and two, respectively. Potassium hydroxide is diluted 

five to one by mass with water (Counts). For effective sterilization peracetic acid is diluted to 1.1 

g/L ("Perasan A"). Table A.5 and Table A.6 show the total mass of water and cleaning agents 

required for cleaning stages 1 and 2 for this process. 

Table A.5: Stage 1 - Brewhouse Cleaning 

Brewhouse 

Unit-Op 

Tank 

Volumes (L) 

1
Cleaning 

Volume 

Required (L) 

Potassium 

Hydroxide 

(kg) (5 to 1) 

Peracetic 

Acid (kg) 

Mash/Lauter 

Tun 
1,893 378.6 75.7 0.42 

Boiling 

Kettle/Whirlpool 
1,893 378.6 75.7 0.42 

Total 3,786 ≈750 ≈150 ≈0.8 
1
1 kg = 1 L of water 

Table A.6: Stage 2 - Fermentation, Filtration, Carbonating, & Packaging Cleaning 

Brewhouse Unit-Op 
Tank 

Volumes (L) 

1
Cleaning 

Volume 

Required (L) 

Potassium 

Hydroxide 

(kg) (5 to 1) 

Peracetic 

Acid (kg) 

Fermenter 3,785 379 76 0.4 

Carbonating Tank 3,785 379 76 0.4 

Total 7,570 ≈750 ≈150 0.8 
1
1 kg = 1 L of water  
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Energy Calculations 

In each heat exchanger, the same amount of energy must be applied to the stream being heated, 

and the stream being cooled.  The amount of heat is calculated using equation A.23 for streams 

that do not have a phase change. (Weast) 

 (A.23) 

 

When a phase change occurs, the heat is calculated using equation A.24. (Weast) 

 (A.24) 

 

To hold temperature constant, Newton’s Law of Cooling is applied.  This heat is calculated using 

equation A.25. (Weast) 

  (A.25) 

  

These equations are applied in as follows in this process: 

Heating 

 Heating water from E-101 to go to the hot water tank – A.23 

 Maintain temperature in the hot water tank (80 ºC) – A.25 

 Heating make-up water to go to the boiling kettle – A.23 

 Heating wort to 100 ºC – A.23 

 Heat to boil wort – A.24 

 

 

Refrigerating 

 Cooling wort in E-101 to go to the fermentation tank (13 ºC) – A.23 

 Cooling beer to maturation temperature (2 ºC) – A.23 

 Cool 20% Propylene Glycol solution (-3 ºC) – A.23 

 Hold beer at fermentation temperature (13 ºC for 7 days) – A.25 

 Hold beer at maturation temperature (2 ºC for 7 days) – A.25 
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Example Calculations: 

1. E-101 

Table A.7: Values used in Energy Calculation Example 1. 

Wort     Water   

Incoming T: 95 °C 2 °C 

Exiting T: 13 °C 85 °C 

Flow 94,994.3 mol/batch 93,849.8 mol/batch 

Using Equation A.23, the energy necessary to cool the hot wort is calculated. 

 

 

Then, the flowrate of chilled water is calculated by setting the energy exchange, Q, of the 

hot and cold streams equal to each other.  The temperatures of the cold water on either 

side are known, as 2 ºC is the temperature generated by the water refrigeration system, 

and 85 ºC is 10 ºC less than 95 ºC, fulfilling the minimum temperature approach for that 

side of the heat exchanger.   

 

 

2. Wort Boiling 

The heat necessary used in the wort boiling is determined using Equation A.24. 
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3. Hold at Constant Refrigerated Temperature 

To calculate the energy to hold the wort at a constant temperature for the fermentation 

and maturation process, Equation A.25 is used.  The fermentation tank requires two brew 

batches to fill. 

 

 

 

 

Assumptions: 

 Wort and beer have the same heat capacity as water. 

 Wort boils at the same temperature as water. 

 Wort has the same heat of vaporization of water. 

 20% of the wort is boiled. 

 A 5 ºC minimum temperature approach is applied to refrigeration processes. (Seider et al) 

 A 10 ºC minimum temperature approach is applied to heating processes. (Seider et al.) 

  is 25  (“Convective Heat Transfer”) 

 The effect of insulation is not taken into account for the cases using Newton’s Law of 

Cooling. 

 Natural Gas is assumed to transfer energy at 70% efficiency. 
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B: Detailed Economic Calculations 

 

System Sizing 

The size of the brewhouse serves as the basis for sizing the entire brewery.  The size of 

the brewhouse is essentially the size of each batch of beer produced.  For this particular brewery, 

the selected brewhouse has a 15 bbl capacity, equal to 500 gallons.  A few basic assumptions are 

made first in order to define the annual output of the brewery.  These assumptions are based 

upon industrial standards found through research and confirmed through interviews with the 

CEO of the Nimbus Brewing Company.  The first assumption is that there will be three to four 

batches of beer brewed each week.  These batches will collectively take around 48 hours of labor 

total (see Process Description).  The second assumption is that the brewery will operate for 

around 50 weeks a year.  Given these assumptions, the annual output of the brewery is 

determined from the following equation. 

  (B.1) 

For this particular brewery, the annual output then is calculated to be, 

  

 The next step in sizing the brewery is to determine the number and size of the 

fermentation vessels.  This is accomplished by first determining the number of cycles each 

fermenter is used per year.  For the gluten-free lager, primary fermentation occurs in about 5-7 

days, after which maturation occurs for an addition 8-10 days (see Process Description).  Each 

fermenter then can be estimated to be in use for 14 days (2 weeks) at a time.  With 50 weeks out 

of the year used for brewing, each fermenter will be used for about 25 cycles (50 weeks divided 

by 2 week fermentation times).  The equation to find the number of fermenters is below. 

  (B.2) 
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So for this system, eight fermenters are required, each sized for 15 bbls.  However, by sizing the 

fermenters to be double or even triple the size of the brewhouse, the number of fermenters 

required is less.  The brewery decided to order 30 bbl fermentation vessels, effectively cutting 

the number of fermenters needed in half.  Since one fermentation vessel is usually always offline 

for cleaning and maintenance, an extra fermenter is included, bringing the total number of 

vessels to five. 

 

Equipment Calculations 

Purchase costs for each piece of equipment are taken directly from vendors as discussed 

in the Equipment Description section of the report.  Thus, calculations of the purchase costs are 

not necessary.  From the purchase costs, the bare-module costs (cost to install and set up 

equipment in the facility) are calculated using the bare-module factors (FBM) found in Table 

22.11 of Seider et al., 2010.  While some pieces of equipment lack direct analogues to the 

equipment found in the table, the bare-module factor of the closest related equipment is used.  

The fermentation vessels, yeast tanks, and bright beer tanks are all taken as vertical pressure 

vessels with an FBM of 4.16.  The CIP system, meanwhile, is a series of horizontal pressure 

vessels.  The boiler is taken as a direct-fired heater since it burns natural gas to generate steam.  

The grain augur is essentially a horizontal conveyor to move the grains from storage to the grist 

mill.  The glycol chiller is taken to be an evaporator since it utilizes a refrigeration system.  The 

filters and mills are found directly in the table and are straightforward.  The bare-module costs 

are then found by simply multiplying purchase cost by the bare module factor. 
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Table B.1: Purchase Costs and Bare-Module Costs 

 

 

Raw Materials 

 Raw materials usages are mostly calculated on a batch (15 bbl) basis.  The recipe for the 

gluten-free lager on a five gallon scale is in Appendix F.  For the brewery process, the 

ingredients are the same, except for the fact that grain sorghum is used instead of sorghum malt 

syrup.  On a commercial scale, the brewery cannot simply scale the ingredient amounts from the 

five gallon recipe.  There are a number of different considerations for each ingredient that need 

to be taken into account when brewing on a large-scale.  Appendix A details these considerations 

and demonstrates the necessary calculations for the amount of each ingredient on a 15 bbl scale.  

The costs of each raw material are taken directly from vendors and are displayed in Table B.2. 

 

 

Equipment Purchase Cost (CP) Bare-Module Factor (FBM) Total Bare-Module (CTBM)

Boiler $15,0003 2.19 $32,850

Carbon Filter $2,9002 2.32 $6,728

Grist Mill & Hopper $6,6001 2.30 $15,180

Grain Augur $2,2001 1.61 $3,542

Brewhouse $70,7001 N/A $70,700

Hot Liquor Tank (30 bbl) $14,9001 4.16 $61,984

Cold Liquor Tank (30 bbl) $14,9001 4.16 $61,984

Yeast Tanks $14,9854 4.16 $62,338

Glycol Chiller $8,8001 2.45 $21,560

Fermentation Vessels $57,5001 4.16 $239,200

DE Filter $24,5001 2.32 $56,840

Bright Beer Tank (30 bbl) $11,9001 4.16 $49,504

Bottler $50,0001 N/A $50,000

Labeler $20,0001 N/A $20,000

CIP System $21,0001
3.05 $64,050

Total $335,885 816,459.60
1 North American Brewing Systems
2 Filter Water
3 Bid on Equipment
4 GW Kent
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Table B.2: Raw Material Prices 

 

 The usages per batch of sorghum, hops, honey, CO2, O2, corn, and alpha-amylase are 

found from calculations in Appendix A.  The annual usages are these materials are found by 

simply multiplying by the number of batches in a year (200 batches/year). 

 Diatomaceous earth (DE) and activated carbon are filter media and are not everyday 

expenses.  Diatomaceous earth is consumed at a rate of approximately 100 g per hectoliter of 

beer (Probrewer).  This equates to about 3.79 g DE/gal of beer.  Using an annual basis of 3,000 

bbls of beer produced, the total amount of DE for the year can be estimated.  Each barrel of beer 

equals 31 gallons, so 3,000 bbls of beer is equivalent to 100,000 gallons.  The annual amount of 

DE needed is around 350 kg.  The replacement rate of activated carbon is given by the 

manufacturer as every 3.5 million gallons of water (Filter Water).  The annual water usage of the 

brewery is estimated to be approximately 709,000 gallons (Appendix A).  For the activated 

carbon filter, the carbon should theoretically last for a production run period of five years, after 

which the entire filter needs to be replaced.  The filter size is seven cubic feet, so every five 

years, seven cubic feet of activated carbon need to be purchased.  The usages of the carbon are 

adjusted to an annual scale (seven cubic feet/five years) for comparison. 

Raw Material Unit Price (per unit) Reference

sorghum (grain) cwt (100 lbs.) $9.80 USDA/NASS, Crop Values 2010 Summary

hops pound $3.19 USDA/NASS, Crop Values 2010 Summary

honey pound $1.72 USDA/ERS

CO2 50 lbs. $37.00 Praxair

O2 50 lbs. $37.00 Praxair

yeast 6.4 L $661.00 White Labs

corn pound $0.32 USDA/ERS

alpha-amylase 30 kg $346.50 Gusmer Enterprises

diatomaceous earth 50 lbs. $619.00 Cole-Parmer

carbon 1 cu. ft. $125.00 Filter Water

peracetic acid pound $4.60 Peracetic Acid Systems

potash 500 lbs. $899.00 Biodiesel Supply Store & Chemicals

glass bottles bottle $0.14 Meheen Manufacturing

bottle caps cap $0.01 Meheen Manufacturing

labels label $0.06 Meheen Manufacturing

6-pack carrier each $0.30 Meheen Manufacturing

case box (24) each $0.60 Meheen Manufacturing
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 The chemicals used in the CIP system, peracetic acid and potassium hydroxide, are 

recycled for use in multiple cleaning cycles.  The efficacies of each chemical need to be carefully 

monitored to ensure proper sanitation.  Peracetic acid is completely replaced every week since it 

begins to degrade in water and in the presence of foreign particulates.  Peracetic acid is 

commercially available in 5% and 15% solutions.  The concentration of peracetic acid for 

sterilizing brewery equipment is typically 150 ppm.  According to FDA regulations, the 

concentration must be a minimum of 85 ppm and never exceed 300 ppm.  To make a 150 ppm 

solution, approximately 1.76 pounds of 15% peracetic acid is needed (Envirotech).  With the 

peracetic acid being replaced every week, around 88 pounds of peracetic acid are needed 

annually.  Potassium hydroxide, commonly known as potash, can be recycled as long as the pH 

levels are appropriate.  Potash is commercially available as solid flakes of 90% purity.  Typically 

dosing ratios are a 5:1 ratio of water to potash (Counts).  For each cleaning cycle, 150 kilograms 

of potash are needed (see Stream Tables).  Assuming a replacement period of 4 weeks, 1,875 

kilograms of potash are needed annually.  Using the standard unit of 500 pounds, this equates to 

about 9 orders of potash (Duda Diesel). 

 The bottles, bottle caps, labels, six-pack carriers, and case boxes comprise the packaging 

components of the raw materials.  The calculations for the amount of each of these materials are 

simple division mathematics.  Each bottle holds twelve ounces of fluid and has a cap and label. 

Each six-pack carriers holds six bottles, and each case holds twenty-four bottles.  The total 

annual output of the brewery is 100,000 gallons.  With there being 128 fluid ounces in a gallon, 

992,000 bottles, caps, and labels are needed.  The amount of bottles that are packaged into six-

packs and packaged into cases are arbitrarily split 75% to 25%, respectively. This equates to 

124,000 six-pack carriers and 10,333 cases needed annually. 
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The annual usages of all raw materials are summarized in Table B.3. 

Table B.3: Annual Usages of Raw Materials 

 

Utilities 

 Utility usages are calculated in Appendix A and are summarized in Table B.4.  The rates 

for each utility are directly from local utility providers in Tucson.  In calculating the annual cost 

of utilities, the only complication comes from calculating the electric costs.  The commercial 

rates given by Tucson Electric Power (TEP) are summarized in Table B.5. 

Table B.4: Utility Usages 

 

Raw Material Usages (annual) Unit

sorghum (grain) 1012 cwt

hops 2464 lbs.

honey 20284 lbs.

CO2 141.68 50 lbs.

O2 29.04 50 lbs.

yeast 160 L

corn 14080 lbs.

alpha-amylase 0.42 kg

diatomaceous earth 15.4 50 lbs.

carbon 1.4 cu. ft.

peracetic acid 44 lbs.

potash 50 500 lbs.

glass bottles 992000 bottles

bottle caps 992000 caps

labels 992000 labels

6-pack carrier 12400 6-pack

case box (24) 10330 case

Utilities Usages (annual) Unit

water 710 ccf

sewer 260 ccf

septage hauling 7500 gal.

natural gas 5220 therms

electricity 63900 kWh

63900 kWh
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Table B.5: TEP Commercial Rates 

 

The summer electric cost is calculated using Equation  B.3, where C is the cost and S is the total 

summer usage in kWh.  

 (B.3) 

 

The winter electric cost is calculated using Equation B.4, where C is the cost and W is the total 

winter usage in kWh. 

 (B.4) 

 

 

Profitability 

In order to calculate the net present value, the cost of the working capital also needs to be 

calculated.  Table B.6 summarizes the working capital costs. 

Table B.6: Working Capital 

 

Summer Winter

First 500 kWh $0.06 $0.05

After 500 kWh $0.09 $0.08

Supply Charge $0.03 $0.02

Tucson Electric Power, Commercial Rates

Cash Reserves 8.33 % COM (1/12) $12,615

Inventory 1.92 % Annual sales (L, S) $57,139

Accounts Receivable 8.33 % Sale of All Produc. $247,901

Accounts Payable 8.33 % Annual Feedstock $36,594

CWC $281,061

Working Capital (CWC)
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C: HAZOP’s 
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D: Permits & Licensing 

 

Permits 

 

Arizona Department of Environmental Quality Permits (ADEQ) 

 

General Permit for a Boiler 

http://www.azdeq.gov/environ/air/permits/download/gnblrapp.pdf 

 

Notice of Intent for Construction Activity Discharges 

http://www.azdeq.gov/environ/water/permits/download/construction_noi.pdf 

 

Arizona Department of Agriculture (ADA) 

 

Notice of Intent to Clear Land 

http://www.azda.gov/ESD/clearland.pdf 

 

Protected Native Plants and Wood Removal 

 http://www.azda.gov/psd/remove.pdf 

 

Pima County 

 

Industrial Wastewater Discharge 

http://www.pima.gov/wwm/about/div/CRAO/IWC/pdf/Industrial_Permit_Application_fillable.pdf 

 

Environmental Protection Agency (EPA) 

 

Hazardous Waste Disposal Regulation Requirements Summary
1,2 

 

1. Hazardous Waste Determination 

a. 40 CFR 262.10 

 

2. Generator Category Determination 

a. 40 CFR 262.10 (b) 

b. 40 CFR 261.5 (b & c) 

 

3. EPA ID Numbers 

a. 40 CFR 262.12 

 

4. Prepare Hazardous Waste for Shipment Off-Site 

a. 40 CFR 262.30 - 262.33 
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5. The Manifest 

a. 40 CFR 262.20 - 262.23, 262.42 

 

6. Managing Hazardous Waste On-Site 

a. 40 CFR 262.34 

 

7. Recordkeeping, Registration, Fees, and Annual Report (Arizona requires an annual 

report) 

a. 40 CFR 262.40 - 262.41 

 

8. Comply with Land Disposal Restrictions 

a. 40 CFR 268 

 

9. Export/Import Requirements 

a. 40 CFR 262 (E & F) 

1 Arizona Department of Environmental Quality 
Handbook 

2
CFR regulation details can be found on www.epa.gov 

 

 

Licensing 

 

Federal 

 

Apply for an Alcohol and Tobacco Tax and Trade Bureau (TTB) Permit through their online 

system. (https://ttbonline.gov/permitsonline/) 

 

State 

 

Apply for an Arizona liquor license at www.azliquor.gov. Figure D.1 is the first page of this 

application and provide an annual production report to the state of Arizona detailed in Figure 

D.2. 
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Figure D.1: Arizona Liquor License Application 
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Figure D.2: Arizona Brewery Annual Manufacturing Report  
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E: Weekly Schedule & Cleaning Cycle 
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F: Lab Data  

 

City of Tucson’s 2010 Annual Water Quality Report: Detected Contaminants Table 
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G: Butanol Investigation 

Section G.1: Overall Goal 

The primary motivation for this project is to provide a reliable source of profitability 

from the cultivation of sweet sorghum, a crop plant containing a high sugar yield.  One option 

investigated in order to achieve this goal is to determine whether the production of butanol by 

fermentation of the sugars present in sorghum would be a successful route for economic 

profitability and reliability.  In order to investigate this, preliminary investigations were 

performed into the economic feasibility of a plant producing 1,000 gallons of butanol per day 

using a specific fermentation process referred to as ABE (acetone, butanol, ethanol) fermentation 

(Green).  In this fermentation process, the sugars are first converted to acids, before the second 

stage of the process finally converts the acetic and butyric acid into the ABE products.  It has 

been found through lab testing, that ABE fermentation only produces butanol at a yield of about 

20 g/L, which is roughly a 2% yield from the sorghum juice at a ratio of 2:7:1 acetone to butanol 

to ethanol (Green).   

 The second option investigated is to ferment the sugars into ethanol for use in beer 

production.  Beer produced from sorghum is part of a growing gluten-free market.  This market 

caters to those with celiac disease, and those seeking to have a gluten-free diet due to recent 

health and dietary trends. 

Section G.2: Current Market Information and Process Information 

Sweet sorghum has been identified as a crop that can potentially be useful to future 

markets because of its ability to grow in arid climates due to its drought tolerant nature and low 

nutrient demands.  Currently, it is common for the sugar in the stalks to be converted by a 

fermentation process to ethanol, which is more commonly obtained from corn at about 2.7-2.8 

gallons of ethanol per bushel ("Ethanol Reshapes the Corn Market”). Ethanol has recently 

become a staple fuel additive source.  Considering a potential use as a fuel additive, butanol has 

an advantage over ethanol because of its high energy content, which is comparable to gasoline.  

It is also less volatile than ethanol.  This is better for blending purposes, as there are restrictions 

on the allowable vapor pressure of gasoline.  The energy content of gasoline, butanol, and E-85 
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(85% blend ethanol) are approximately 125,000 BTU/gal, 110,000 BTU/gal, and 90,700 

BTU/gal, respectfully (Sklar, "Transportation Energy Data Book”). 

This means that for a given volume of butanol, the consumer will get more fuel than with 

E85, and therefore more miles from each fill up.  Another source of optimism for the use of 

butanol in the biodiesel industry is the projected growing market demand of fuel needed in the 

next coming years.  With ethanol already a major player in the market and butanol having a 

relative advantage over ethanol in fuel content, butanol could be ready to fill the increasing 

demand, provided there is a source to of butanol to be drawn from.  

One major area of concern regarding the feasibility of producing butanol using ABE 

fermentation is the difficulty in separation of the products from the process.  Quaternary systems 

with components of similar characteristics prove especially hard to separate using traditional 

distillation separation when azeotropes are formed, and in the case of these components, both 

water and butanol as well as water and ethanol form azeotropes.  It has been determined, that the 

separation of less than 5% butanol present in the quaternary system will result in an energy 

requirement greater to separate than the energy recovered by separation (Liu).  This coupled with 

the knowledge of traditional butanol recovery amounts from ABE fermentation (on the order of 

2%) indicate that traditional separation methods do not look achievable profitably. 

Other separation methods that may make this process profitable are available, but most 

are niche separation methods not currently able to handle industrial scale processing.  

Pervaporation, in particular, involves a membrane partial to separation of two components in the 

mixture, enabling a high downstream concentration of a water and butanol binary system for in 

this particular case (Liu).  As this technology advances, feasible options may development, but 

an economic process does not seem to be currently available. 

Gluten-free products are a timely niche-product, not just for the growing number of 

health-conscious consumers, but more importantly for the sufferers of a disease creating of 

gluten intolerance known as celiac disease.  Celiac sufferers must eliminate all sources of gluten 

from their diet.  It is also thought that while up to 1 in 30 people in the United States may be 

affected, that celiac is largely an undiagnosed condition, providing an emerging market of 

potential consumers as the disease becomes better understood (Anderson).   
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Section G.3:  Project Premises and Assumptions 

 In order to quantify and define the process, baseline values were developed for mass 

balances that match the market demand of the butanol produced.  This value was decided to be 

1,000 gal/day as a representation of butanol production on an industrial scale.  The same analysis 

was performed for a process producing 1000 gal/day of ethanol.  The goal of this analysis was to 

determine if the harvesting and fermentation steps would show that the production of butanol has 

an economic advantage over the production of ethanol.  It is assumed in this analysis that the cost 

of separating is more expensive in the ABE process than the ethanol process, as more 

components are involved, ethanol and butanol both form azeotropes with water, and ethanol and 

butanol have boiling points that lie on either side of the boiling point of water.  Therefore, more 

separation steps would be necessary in order to separate all the components of the ABE 

fermentation than that of ethanol fermentation.  In economic analyses, the cost of electricity was 

assumed to be $0.06 per kW, and butanol was assumed to sell for $4.00 per gallon.      

Experiments were run using sorghum juice in order to determine if the butanol yields 

presented in papers could be matched.  One major experimental assumption made was that the 

sorghum juice harvested on November 19
th

, 2011, still consisted of the sugars that composed of 

the juice prior to storage.  Over time, and at unfavorable temperatures (deviating from 4°C), the 

sugars break down decreasing butanol yields through fermentation. 

Section G.4: Recommendations 

As ethanol is currently the primary alcohol utilized in the fuel industry, the production of 

butanol should have a clear economic advantage if we are to take this route.  However, due to the 

low yields, and the additional processing necessary, producing butanol from sweet sorghum 

appears to be economically inferior to ethanol production. Due to this, it appears that it would be 

more economically advisable to utilize the juice and grains in sweet sorghum to produce a 

gluten-free beer. 
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H: Label Designs 
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I: Process Mass Balance 

Brewing Process

(per batch)

Inputs Outputs

Stage 1

5.0 kg amylase

308.1 kg glucose*

2,344.4 kg water

3.3 kg O2

5.6 kg hops

Stage 2

1.4 kg yeast

16.1 kg CO2

0.2 kg peracetic acid

189.3 kg water

Total Mass: 2,873.4 kg

Stage 1

5.0 kg amylase

131.3 kg glucose**

506.0 kg water

5.6 kg hops

Stage 2

1.4 kg yeast (recycled)

66.8 kg yeast

2,027.9 kg water

35.3 kg glucose*

72.4 kg ethanol

69.1 kg CO2

0.2 kg peracetic acid

Total Mass: 2,854.2 kg

Process Mass Balance

Yeast Growth***

1.4 kg → 68.2 kg

*Glucose sources: sorghum, corn, and honey

**Glucose sources: sorghum and corn

***66.8 kg of yeast was not added to the total mass output

∆Mass = -19.2 kg

Negative net mass is likely due to the assumption 

that aerobic fermentation is negligible and any by-

products of the fermentation process were not 

modeled. The percent error caused by these 

assumptions is 0.7%.

 


