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Abstract 

The University of Ottawa is lacking in resources for Chemical Engineering and Biotechnology students. 
To solve this problem, a microbrewery and craft distillery can be implemented into the STEM building at 
the university. This would act as an experimental learning resource to conduct large-scale research and 
give students hand on experience to increase their job-readiness. This project builds on the previously 
designed microbrewery and craft distillery. One goal of the project is to develop a net zero-waste 
facility. The fermentation process releases CO2, which is harmful to the environment. To reduce CO2 
waste, it can be captured using a CiCi device and be sold. It can also be captured and used to grow algae 
in a bioreactor. Spent grain, spent yeast, and brewers' water are outcomes of the process. To reduce 
waste, these products can be broken down through anaerobic digestion to become feedstock or biogas 
used for energy. The brewery and distillery process control & quality assurance must be monitored 
throughout the process. An automation package can be purchased from the unit suppliers and be 
adapted to develop a control system for all units. Monitoring the process is necessary to improve the 
learning aspect for students. A 3D model was designed to lay out how each unit first into the room in 
the STEM building. Optimization of the units is also an important aspect of the project. A model for 
starch hydrolysis that consisted of eight equations was developed based on enzyme kinetics of α and β 
amylase. The resulting concentration of sugars in the mash was 105.63 g/kg. A kinetic model of 
fermentation was developed to give the concentration of glucose, biomass and ethanol over time. The 
time to ferment in the brewery was concluded to be approximately 100 hours. Additionally, a 
continuous fermentation process was researched showing that it would further optimize fermentation if 
implemented. Further research on this project should include bio-plastics, how to make non-alcoholic 
beer, developing a process performance analysis model, optimizing mash conversion with a different 
type of mash and analyzing the differences between lab-scale and pilot-scale fermentation.  
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Introduction 

The design and construction of a microbrewery and distillery at the university would be a great resource 
for the future chemical engineering students of uOttawa, as it will provide them with a unique hands on 
experience and prepare them for life after graduation. Currently, chemical engineering students at 
uOttawa are restricted with their ability to apply their knowledge in the real world due to the physical 
limitations presented to them at the university. With the exception of the pilot plant, students do not 
have the opportunity to obtain a hands-on experience on what a true chemical engineer would do.  

 

Figure 1 - Displaying an overview of the brewing process 

Before discussing the details of the project, it is important to first go over the fundamentals of brewing 
and distilling. In a brewery, the four main ingredients are water, malt (cereal grain), hops (an additive 
that provides flavors to the beer), and yeast (An Overview of Brewing, 2018). The process starts when 
the malt is broken to allow the extraction of the nutrients in the grain, in the process known as milling 
(An Overview of Brewing, 2018). The milled malt is then mixed with water (mixture known as mash) and 
sent to the mash conversion vessel, where the starch in the grain is converted into fermentable sugars 
(starch hydrolysis) (An Overview of Brewing, 2018). The remaining solids (known as spent grain) are then 
sent to the lauter tun where they are separated form the water containing the sugars, known as the 
wort (An Overview of Brewing, 2018). The wort is then sent to a boiler where hops are the liquid is 
sterilized, and hops are added to create a flavor profile (An Overview of Brewing, 2018). Finally, the wort 
is aerated and mixed with yeast in a fermenter to allow the production of the alcohol in the beer and 
finalize the flavor profile (An Overview of Brewing, 2018). Beer is then typically cooled (different 
temperatures for different beers) and carbonated before being packaged in bottles, cans, or kegs (An 
Overview of Brewing, 2018). Figure 1 displays a simple flow chart of the whole brewing process. 

The distilling process is relatively similar to the brewing in the first half of the process. As with producing 
beer, in order to produce a spirit, the main grain (corn in this case) is milled and then mixed with water 
and heated up in order to convert the starch into fermentable sugars. With distilling, however, the 
starch conversion occurs at a higher temperature (roughly 85°C compared to about 65°C for brewing) 
(Roy, Laird, Wong, & Ilacqua, 2020). The wort is then sent to the fermenter to convert the sugars into 
alcohol. The main difference between brewing and distilling is post fermentation when the spirit is sent 
to be distilled, a process in which the concentration of alcohol by volume is increased (Roy, Laird, Wong, 



& Ilacqua, 2020). After fermentation the spirit (vodka in this case) can be made through carbon filtration 
and dilution with distilled water to lower the alcohol concentration (Roy, Laird, Wong, & Ilacqua, 2020). 

With the addition of a microbrewery and distillery on campus, students will be able to participate in 
making their own beer and vodka, introducing them to the post graduate life in the work field. Not only 
would the addition of a brewery and distillery aid students on campus, it would also serve a purpose for 
local breweries and distilleries in Ottawa. At the University, we are constantly looking for ways to 
become innovative. With the brewery and distillery on its course to construction, work can be done 
towards its improvement and innovation, such as creating a zero-waste facility. As a result, local 
breweries and distilleries can work with the university to learn and improve their own facilities. 

Objectives 

The University of Ottawa provides many resources and facilities such as the MakerSpace to offer 
engineering students hands-on learning experiences. However, such resources are lacking for the 
Department of Chemical and Biological Engineering; thus, the aim of this project is to create a detailed 
theoretical plan regarding various areas of the design of a profitable on-campus microbrewery and craft 
distillery to provide an experimental learning facility for these students. 

By the end of the project, we expect to have a better developed theoretical plan of the facility, 
especially in terms of: 

• Carbon capture 

A method for capturing this CO2 will be investigated and considered for use in the microbrewery and 
craft distillery. The plan for this CO2 would be to use what we can for packaging and carbonation of the 
product, and the rest can be stored and sold. The amount of money that can be saved by using our own 
CO2 rather than purchasing it, as well as how much money can be made from selling excess CO2, will be 
determined to decide whether or not this CO2 capture technology is worth the purchase. Furthermore, 
the use of a photobioreactor to capture CO2 using algae will be investigated. 

• Biomass (spent grain and yeast) re-use 

Two excel spreadsheets will be made; one with the intention of calculating the amount of energy 
required for drying spent grain and the amount of energy retrievable from burning spent grain 
depending on its dried moisture content, and one with the intention of calculating the amount of energy 
retrievable from using spent grain, yeast, and wastewater as feedstocks in an anaerobic digestion 
process, the amount of digestate that will remain, and the nutritional content of this digestate. 

• Quality assurance and process control 

Developing a theoretical plan for the facility’s control system and discussion of quality assurance 
(QA) and quality control (QC) considerations. Additionally, how these concepts can support learning with 
be discussed. 

• 3D model 

Create an initial basic 3D model of the main process units in the facility. 



• Optimization of the mash conversion 

Creation of a kinetic model that estimates the conversion of starch to fermentable sugars. The model 
will be described in detail along with lab experiments that can be conducted to alter the model to fit the 
specific ingredients used in this brewery. 

• Optimization of the fermentation and malt processes 

Developing an excel simulator that describes the rate of fermentation of glucose, biomass growth and 
ethanol production over time. Characteristics of an optimal fermentation process will be discussed 
based on research and simulation results. Additionally, the use of a continuous fermentation process is 
discussed.   

Carbon Capture 

CiCi Device Technology 
It is typical for breweries to release the carbon dioxide produced in the fermentation stage of the 
process to the atmosphere. However, carbon dioxide is a well-known greenhouse gas, making the 
emission bad for the environment. Additionally, carbon dioxide is required for carbonation and 
packaging of the product, so the possibility of capturing and using the produced carbon dioxide has been 
considered. Research shows that such technology exists; known as the CiCi device by Earthly Labs 
(Sustainia, 2018), this machine uses automated sensor technology to dry, scrub, and liquify the mixed 
gas to remove oxygen, moisture, volatile organic compounds (VOCs), aromas, and acid gases (CiCi 
Technology Recovers Your CO2 to Make Better Beer, n.d.). 

 

Figure 2 - Carbon Capture CiCi Device (Meehan, 2020) 

The carbon dioxide filtered using the CiCi device is much purer than the carbon dioxide typically 
purchased for carbonation, which is a byproduct of oil and gas processes, making for a higher-quality 
product. Although using such technology would benefit the environment, it must also be economically 
feasible to consider implementation. Since 5g of carbon dioxide are required per liter of product, 



assuming excess carbon dioxide can be sold for the intended buy price of $3.84/kg, a possible return of 
$12,422/year can be made using the technology, as seen in Table 1 below. Considering the estimated 
price of the CiCi device is $100,000, it would take 8 years for the machine to pay for itself. 

Table 1 - Carbon Capture Possibilities 

 Microbrewery Craft Distillery 

 Mass of CO2 produced per batch 49 kg 40.87 kg 

Volume of beer produced per batch 1200 L 125 L 

Number of batches per year 36 batches 36 batches Total 

Mass of CO2 required per year 216 kg 22.5 kg 238.5 kg 

Money saved on CO2 per year $828 $86.40 $914.40 

Possible profit/year if excess CO2 is sold $5,944.32 $5,563.47 $11,507.79 

 

Algae Bioreactor for Carbon Capture  
Another method of CO2 recycling is through an algae bioreactor. Because algae undergoes 
photosynthesis, it requires CO2 to grow, the algae can then be harvested and sold, there are many uses 
for algae such as biofuels. Algae is one of the most efficient plants for carbon capture and has a higher 
yield of biomass growth (Sayre, 2010). The algae bioreactor will be a closed condition reactor that can 
be implemented into the STEM building. It is able to use artificial lighting to grow, however, could be 
placed near a window to save energy. This system could directly use CO2 from the fermenter or from the 
CiCi device, depending on the size of the reactor and the volume of CO2 required. 

Spent Grain and Yeast 

A lot of grain and yeast will be used in the brewing process, which will result in spent grain and yeast as 
by-products that must be dealt with. Spent grain constitutes as much as 85% of a brewery’s total by-
product (Kitikiewicz, 2012). Although yeast can be used up to 10 times in the brewing process before 
becoming waste, the spent grain cannot, so other uses for it should be considered. Sending the wastes 
to a landfill is not good for the environment as they will contribute to air pollution. Considering spent 
grain and yeast are both organic and biodegradable materials, they can be used for both natural and 
agricultural purposes. Preliminary research shows that spent grain is mainly sent to farms and used as 
animal feed, but can also be used in baking, fertilizer, power generation, and biodegradable plastics. 
Thus, treating and using the spent grain and yeast for other processes has potential to increase the 
revenue of the brewery and distillery or decrease operating costs. With the high amount of power 
required throughout the brewing process, such as for heat exchangers, power generation was the main 
point of interest, which is possible with anaerobic digestion or the use of a biomass boiler. 



Anaerobic Digestion 
Anaerobic digestion is a process in which bacteria breaks down organic matter in an oxygen-free 
environment (How does anaerobic digestion work?, n.d.). There are two co-products to the process, 
being biogas and digestate. Biogas is a mixed gas composed of around 50-70% methane, 25-45% carbon 
dioxide, and trace gases such as hydrogen, hydrogen sulphide, water vapor, nitrogen, oxygen, and 
ammonia. Consisting of mainly methane, biogas can be burned for use as energy. Additionally, biogas 
can be cleaned (i.e. stripped of its carbon dioxide and hydrogen sulphide to increase its methane 
content) and added to the natural gas grid or used as vehicle fuel. Digestate is a nutrient-rich co-product 
consisting of the remaining liquids and solids of the organic feedstocks. The two phases are typically 
separated using a screw press. Both phases have great uses in the agricultural industry; the solid 
digestate typically being used for fertilizer or bedding, and the liquid digestate being used for water 
crops. 

 
Figure 3 - Anaerobic Digestion Model (Anaerobic Digestion - a proven solution to our waste problem, n.d.) 

Research shows that both spent grain and spent yeast have potential for use as feedstocks for anaerobic 
digestion. Organic materials are characterized by their total solid (TS), volatile solid (VS), and chemical 
oxygen demand (COD) contents. Given the ideal total solid content of the mixed feedstocks is 10-15%, 
brewery wastewater will also be added. Additionally, each material’s biogas yield is typically defined as 
liters of biogas per kg of VS or COD. Table 2 below highlights the organic feedstocks used and their 
respective characteristics. 

Table 2 - Brewery Waste Anaerobic Digestion Potential (Gregor Drago Zupancic, 2017) (Mija Sezun, 2011) 

Material TS (%) VS (% of TS) COD (%) 
Biogas Yield 

(L/kgVS) 
Biogas Yield 
(L/kgCOD) 

CH4 Content 
(%) 

Spent Grain 22.93 91.87 33 550 - 71 

Spent Yeast 18.5 94.59 26.5 - 430 71.5 

Brewery 

Wastewater 
0.1 0.3 0.045 - 430 71.5 

 
Mentioned in the plant design reports, a combined 353.93 kg of spent grain and an average of 3.62 kg of 
spent yeast are available after each batch. Additionally, 200 kg of wastewater is required for a total solid 



content of 14.7%. Knowing that 2 kWh of energy is retrievable for each cubic meter of biogas, the total 
amount of energy retrievable for each batch can be calculated, as well as the amount of digestate, by 
subtracting the mass of the biogas produced from the feedstock mass. An excel spreadsheet was 
created to perform these calculations, and it was determined that 83 kWh (or 298.5 MJ) of energy is 
retrievable each batch, along with 490 kg of digestate, which can be sold or given to farms, depending 
on its nutritional value. Equations used and images of the excel spreadsheet and its results can be found 
in Appendix A. It should be noted that feedstock pre-treatment is required. Typical pre-treatments 
include mechanical, chemical, or thermo-chemical techniques. Further research should be done on the 
affects of different pre-treatment techniques, and experiential learning can be used to test different 
methods and devise an ideal solution. Any research that has already been recorded will be made 
available in a separate document and can be looked into further. 

 

Biomass Boiler 
As with coal and all fuels, spent grain retains a calorific value, meaning energy is released when the 
material is burned, as seen in use by a company called Alaska Brewing Co. The company uses a biomass 
steam boiler to burn the spent grain collected after the brewing process. Said boiler is said to completely 
eliminate the use of fuel oil for their grain drying process, and displace the majority of the fuel needed 
for steam creation for the brewing process (Alaskan Brewing Company Employs Innovation to Turn Beer 
into More Beer, 2013). The biggest contributor to spent grain’s calorific value is its moisture content. 
Typically having a moisture content of 75-85%, spent grain should be dried to increase the fixed carbon 
content and decrease the ash and volatile matter contents, resulting in a higher calorific value. With the 
use of a bomb calorimeter to accurately determine the calorific value of the spent grain, research shows 
that a moisture content of 4.6% results in calorific values of up to 15.1 MJ/kg (Musaida Mercy Manyuchi, 
2017). 

 
Figure 4 - Spent Grain (Spent Grain, 2014) 

Spent grain can be dried in an air dryer to achieve the desired final moisture content of 4.6%. Knowing 
that 353.5 kg of spent grain are obtainable for drying per batch, an excel spreadsheet has been made to 
calculate the total energy retrievable, total energy required for heating the air, and total drying time 
required in a tray dryer. Since the critical moisture content of spent grain can vary depending on the 
material, case studies were done varying the critical moisture content between 0.1 and 0.3, air 
temperature between 30oC and 80oC, and air velocity between 0.5 m/s and 3.5 m/s. It should be noted 
that the drying process has been assumed to use 10 trays, with the total amount of air required for 



drying all 10 trays being the same as if only drying one tray. Equations used and results of the case 
studies performed can be found in Appendix B. Although the results are unrealistic, many parameter 
assumptions were made, such as tray size and material, spent grain thickness, air inlet pipe size, etc., so 
the results should mainly be used to look for data trends to determine the most ideal drying parameters. 
Results show that higher critical moisture contents provide less energy profits and higher drying times, 
and increasing the air temperature and velocity both decrease the energy profit and drying times. 

Quote updates 

Quotes were briefly discussed again with unit providers DME Process Systems Ltd (DME) and Specific 
Mechanicals Systems Ltd (SM). The focus turned to SM as a provider as they can provide both the 
distillery and brewery units which is advantageous. The quotes along with their further discussion can be 
found at Appendix C – Quotes and Discussion. 

Quality Assurance & Process Control 

The facility’s process control & quality assurance (QA) system should be consistent throughout and 
support its overall objectives (student safety, learning, research, industry innovation and producing 
quality products). 

Initially, the goal was to build a control system with NI LabVIEW and their CompactRIO. (Roy, Laird, 
Wong, & Ilacqua, 2020) However, after discussing with DME and SM, this option was deemed not a 
suitable due to lack of knowledge, time, cost and risk. 

Instead, purchasing an appropriate automation package from the unit providers to build upon and adapt 
to the facility aims is safer and more effective. The SM semi-automation packages are chosen for both 
the brewhouse and the distillery. The brewhouse package is PLC controlled. Refer to Appendix C – 
Quotes and Discussion for further details.  

The fundamental use of quality assurance (QA) and quality control (QC) in a facility is to produce a 
contaminant free product consistent in look and taste. Specifications for quality should be set in the 
product development stage by establishing what qualifies as a perceived defect in the product and what 
degree of variation in the product can be tolerated. (Bamforth, 2002)  

The main QA & QC considerations include a sensory panel, a brewing lab, a quality manual and a food 
safety program. A sensory panel and brewing lab are needed in the facility to carry out the quality tests 
and would also be of use for additional research conducted in the facility. (Chase, 2012) 

There exist many tests that can be conducted on raw material, during the process and on the final 
product but which are necessary can be determined by the facility size. Additional tests could be 
considered as needed for learning and research purposes. Bamforth presents an overview of analysis 
methods to consider in his book “Standards of Brewing” which are based on The American Society of 
Brewing Chemists (ASBC) guidelines. (Bamforth, 2002) ASBC provides an extensive list of possible 
methods which can be accessed through subscription. (ASBC, n.d.) They also provide a free guide for 
brewing labs which details instruments and methods to used based on brewery size (Appendix D – ASBC 
Guideline for Growing Your Quality Laboratory).  Equipment to consider for the facility’s brewery 
producing less than 1000BBL/year is the (ASBC, 2017): 



• Package testing equipment 
• Microscope 
• Hydrometer and/or refractometer 
• Spectrophotometer 
• CO2 and O2 meters 
• pH meter 
• ATP bioluminescence assay kit 

A quality manual would detail a quality program, including all standard operating procedures and 
schedules with regards to production, sanitation & cleaning, audits and QC checks. This represents the 
basis of how the facility is run. Checklists and logs should be utilized in order to ensure consistency with 
the procedures. (Brewers Association, 2019; Chase, 2012) See Appendix K – Sample QC check regimefor 
a basic qc check program.  

Food safety and product quality are connected. It could be beneficial to consider a Hazard Analysis and 
Critical Control Points (HACCP) system. It is extensive however it covers fundamental food safety and 
quality concepts that should be considered. (Chase, 2012) 

As part of the new Safe Food for Canadians Regulations (SFCR), a traceability system is required when 
producing food. Beer Canada has put together a template that can be used as a guide to implement this. 
(NCF International, 2019) 

Learning Features 
It is planned to have a monitoring screens in the facility that would display a visualization of the process 
from the data being collected in real-time as a learning feature. This could possibly be accomplished by 
using NI LabVIEW to process the data. (NI, 2020) Theoretical QA & QC parameters of interest learning 
are listed in Appendix E - Parameters of interest. 

SM utilizes Allen-Bradley (AB) PLCs which can be connected to LabVIEW multiple ways (Ethernet/IP, 
OPC, etc.) (NI, 2020; NI, 2009). SM suggested OPC which requires the Rockwell RSLinx Classic OEM 
program to set up (Appendix F - Email regarding connecting LabVIEW to PLC with OPC).  

A possible alternative would be to import the data recorded in Microsoft Access database to LabVIEW 
since an actual real-time visualization of the data is not needed. (NI, 2015) Refer to Appendix G - 
Monitoring models for discussion of possible visualization models to be presented on these screens. 
Only the brewhouse is monitored by PLC so further research is necessary to determine an educational 
monitoring method for the distillation process. (Appendix C – Quotes and Discussion) 

A process performance analysis model needs to be established for quality and research & development 
purposes but is also useful for students to learn and analyze their results. Refer to for additional 
information on parameters to consider & model examples. 

Facility Model 
An initial 3D model of the brewery units and layout for the facility was developed in the online program 
OnShape to visualize the layout. Only the main units were built and no piping was added. This 3D model 
could also serve as a start for a digital twin of the facility which could be very useful in research in 
development, student training and marketing of the facility.  



 

Recommendations 
Future recommendations would be to further develop the details of the control and QA aspects covered 
to be applicable in the facility. Additionally, a remote application does not come as part of the SM 
automation package, however one could be developed through LabVIEW for remote monitoring. Future 
possibilities could also include a digital twin simulating the process and AI. See for Appendix J – QA & 
Control System & Learning Feature Extended Recommendations for further details on 
recommendations. 

Optimization of the Mashing Process 

Kinetic Model 
Another task worked on during the last few months was the optimization of the mashing process in the 
brewery. This consists of the conversion of starch into fermentable sugars (glucose, maltose, and 
maltotriose), known as starch hydrolysis (An Overview of Brewing, 2018). The aim of this project is to be 
able to optimize this process in order to minimize the time for conversion and reduce the use of utilities 
(such as steam in this case).  

In order to achieve the optimization of the mashing process, a model (found in literature) was used to 
estimate the concentration of fermentable sugars, and research was conducted on how we can perform 
our own experiments to estimate the parameters of the model to adjust it to the specific malt used in 
the brewery. 

In order to use a model for sugar estimation, a literature search was conducted to first get a good 
understanding of the mashing process as a whole, followed by searching for all possible models that can 
be used to estimate carbohydrate concentrations. In addition, some work was done on how the 
university can perform its own experiments to adjust the model to the specific ingredients it will use. 



 

Figure 5 - Displaying an overview of starch hydrolysis 

Before beginning with the model, Figure 5 displays a summary of starch hydrolysis, in which the starch is 
first gelatinised, followed by conversion to the sugar chains (glucose, maltose, maltotriose, and dextrins. 
The dextrins are then further broken down into the other three fermentable sugars (Brandam, Meyer, 
Proth, Strehaiano, & Pingaud, 2003). This breakdown is catalyzed by the alpha- and beta- amylase 
(Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003).  

The purpose of the model is to give the students a good estimation of how long the starch hydrolysis 
takes, rather than going by rules of thumb. This model consisted of 8 differential equations simulating 
the changes in concentration of starch (gelatinised and ungelatinized), dextrins (large sugar chains) and 
fermentable sugars (Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003). Starch gelatinisation, which 
essentially transforms the solid starch granules into a starch gel, can be explained with the following 
equations (Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003): 
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Where Ss is the solid starch, and Sg is the gelatinised starch, both in g/kg of Mash. The next two 
equations describe the activity of the enzymes (alpha and beta) in the mash which are catalysts to the 
hydrolytic breakdown of the starch and conversion to sugars (Brandam, Meyer, Proth, Strehaiano, & 
Pingaud, 2003): 
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Where aα and aβ respective activities for the enzymes in U/kg Mash. Finally, the last four equations 
describe the concentration of the sugars in the mash: 
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Where D, gl, mal, and mlt are the concentrations of dextrins, glucose, maltose, and maltotriose in g/kg 
of Mash, respectively. A more detailed list of the equations to solve, along with an overview of the 
model will be displayed in Appendix M – Outline of Kinetic Model used for Mash Conversion.  

 

 

Figure 6 - Displaying the interface of the coded model 



 

Figure 7 - Displaying the results of the coded model 

To solve the system of equations, 4th order Runge Kutta was coded using VBA in excel. The code allows 
the user to select different temperature and time steps, and temperature ramps in order to ensure all 
possible case studies can be considered in the future. Screenshots of the interface can be seen in Figure 
6 and Figure 7. A detailed summary of the code can be found in Appendix N – Kinetic Model of Mashing 
Vessel, where it goes over the functions used and how it calculates and displays the results in excel. 

  



Figure 8 - Displaying the concentration of ungelatinised starch over time 

 

Figure 9 - Displaying the sugar concentrations over time 

A case study was done in order to compare the results of the coded model to the data found in the 
article. This experiment used malt S1 (a malt selected in the research article), with four temperature 
steps of 310, 323, 333, and 349 K. The results of the starch conversion along with the concentrations of 
the sugars are displayed in Figure 8 and Figure 9. The results obtained from the coded model gave sugar 
concentrations (glucose, maltose, and maltotriose) of 7.22, 84.37, and 13.73 g/kg mash, totaling to 
105.63 g/kg of mash, while the article had a total sugar concentration of 103 g/kg of mash, resulting in 
an error of 2.55%. This discrepancy in results could be explained by time step selection for the coded 
model on excel, which could be adjusted in the future to improve results. 

Next Steps 
This issue with the current state of the model is that it is based on the specific type of malt used in the 
article. Although the malt used in the report is one that can be assumed to be similar to many malts 
used in the industry [], it would be more realistic to obtain data of the specific malt that would be used 
at the brewery. This data would include the initial starch and sugar concentrations, as well as an 
estimate of all the equation parameters, which can be estimated once the data is obtained from 
experiments using a least-square method (Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003). 

Megazyme, a company that develops, manufactures and supplies analytical instruments and reagents, 
was found to sell products that can determine the starch concentration, as well as the activities of the 
alpha- and beta- amylase in the mash (Total Starch Assay Kit, 2020). This company, however, did not 
have any products that could separate the sugars in the mash and determine their concentrations. Due 
to the time constraints of this project, not a lot of information was found with respect to determining 
sugar concentrations. One article had used a high-performance liquid chromatographer to determine 
sugar concentrations but due to time constraints, more information was not found (Hodzic, Banjanin, & 
Sadadinovic, 2008).  



Although the work on this task was not completed, the initial model that was created, and research 
done can be used as a good foundation to carry on the work of optimizing the mashing process. Firstly, 
further research must be conducted on the experiments that can be carried out in order to obtain the 
data for specific malts including the specific instruments that can be used and how the parameters can 
be estimated. Second, some more work can be done on the simulator in order to achieve more accurate 
results with respect to the time step of the method. 

Fermentation 

Another goal of this project was to optimize fermentation. Fermentation is a metabolic process that 
occurs in yeast cells which breaks down carbohydrates into products to provide energy to the cell. A by-
product of fermentation is ethanol, alcohol that can be consumed. The yeast used is Saccharomyces 
cerevisiae, the brewery and distillery use different strains to develop different flavours. Optimization 
reduces the amount of time to ferment while increasing yield of ethanol without wasting excess 
material. In fermentation there are a lot of variables to consider including temperature, pH, volume of 
oxygen, concentration of sugar and biomass.  

Increasing temperature is known to increase reaction rate of ethanol production in yeast cells. In the 
brewery, the yeast ferments best between 18-22 degrees Celsius. In the distillery, the yeast ferments 
best between 30-36 degrees Celsius (Ciani, 2016). Pitching rate refers to the concentration of yeast in 
the fermenter. A higher pitching rate means there are more cells to undergo fermentation, therefore it 
will ferment the sugars faster (Cakiroz, Tanguler, & Erten, 2007). Previous experimentation shows that 
increasing the pitching rate decreases fermentation time. Increasing pitch rate does not negatively 
affect the yeasts viability (Verbelen, 2009). A high sugar concentration (gravity) is said to increase 
fermentation rate, as there is more glucose readily available for fermenting (Cakiroz, Tanguler, & Erten, 
2007). The gravity is dependent on how much starch is added initially, in the form of corn or barley. It is 
also dependent on the yield of sugars being removed from the mash cooker. The pH decreases 
throughout fermentation. If the pH drops too rapidly, however, it could trigger a stress response and 
fermentation would not proceed. This can be combatted by ensuring the cells have enough nutrients 
that act as a buffer to keep the pH steady.  

There are three equations representing the rate of fermentation. The biomass growth rate is 
represented by µ, the ethanol production rate is n and glucose concentration G. These equations are 
solved through Excel VBA in Appendix O – Kinetic Model of Fermentation to determine the time to 
complete fermentation in the brewery.  
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Figure 10 -  The Concentration of Biomass Over Time. The initial concentration of biomass was 0.25g/L. 

 

Figure 11 - The Concentration of Ethanol Over Time. The initial concentration of ethanol was 0.00001g/L. 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 50 100 150 200 250

Co
nc

en
tr

at
io

n 
(g

/L
)

Time (h)

0

20

40

60

80

100

120

140

160

0 50 100 150 200 250

Co
nc

en
tr

at
io

n 
(g

/L
)

Time (h) 



 

Figure 12 - The Concentration of Glucose Over Time. The initial concentration of glucose was 100g/L. 

The results show that the ethanol production curve plateaus around 100 hours meaning this is when 
fermentation is completed. The biomass concentration has begun to decrease meaning the cells are 
dying faster than they are growing. The biomass cannot get too low or the cells will not be viable to be 
re-used. These equations do not account for the lag phase of cell growth, as there is no method to 
accurately predict the cell growth period (Schultz & Kishony, 2013). This period typically lasts from 3-15 
hours, but could be as long as 24 hours in a large-scale fermenter. This means this time would be added 
to the time assumed from the equations. The initial concentrations of biomass and glucose can be 
changed to find the optimal amount.  

Continuous Fermentation  
A batch fermenter is used in this project. Another process is continuous fermentation, a method that is 
less common in the industry but has great potential to optimize fermentation. This method of 
fermentation uses a three-phase reactor that contains solid (yeast cells), liquid (wort and ethanol) and 
gas (Ku, Najafpour, Younesi, & Ku, 2004). The wort enters the reactor through a tube at the bottom of 
the column and liquid and gas exit the top through two separate output streams, the fluidized bed is 
made up of particles containing yeast cells. This reactor increases the rate of fermentation which means 
it will generate more product per unit time (Andrews, 1988). The yeast is constantly in the log growth 
phase. This means there is no lag time. The continuous reactor removes the product ethanol. Ethanol is 
an inhibitor of fermentation so by removing it, there is no inhibition which increases productivity of the 
cells. Additionally, previous experiments show that this method increases ethanol production by 10 fold 
compared to batch fermenters (Genisheva, Oliveira, & Teixeira, 2014).  

Next Steps  
There are aspects of the fermentation process that can be further researched before and after the 
brewery and distillery are built. The biggest difficulty is determining the rate of fermentation. The 
equations and constants used are taken from previous experiments that were completed in a lab-scale 
setting. When scaling up, the environment changes: pH, stirring/mixing, oxygenation ect. The 
differences between lab-scale and large-scale fermentation should be further investigated. Additionally, 
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the cell lag phase of growth is not accurately predicted, future research could be conducted to more 
accurately determine the length of the lag phase. 

The brewery and distillery both have different aeration methods. The brewery uses a sparger within the 
fermenter to add air with oxygen to the wort. The distillery uses splash filling. Further research on the 
best method of oxygenation in both the brewery and distillery could be researched. Additionally, the 
rate of aeration and the volume of oxygen to add in the brewery could be researched in addition to the 
case study in the previous report. 

Conclusion & Recommendations 

In conclusion, the overall objective to further develop the facility design plan has been accomplished 
having begun the development of solutions to attain the goal of a zero-waste facility, optimizing the 
mashing and fermentation process as well as establishing the control system and the elements of QA. In 
addition to completing these aspects of the design, the project encompasses many other aspects that 
need to be considered for the establishment of the facility, to ensure it fulfills its overall objectives but 
also for future innovation. 

Two more areas in which research began include the use of spent grain as an ingredient in bio-
composite plastic production, which sees spent grain being treated and mixed with polypropylene, and 
the production of non-alcoholic beer with methods including heating, distillation, and reverse osmosis. 
Being able to produce biodegradable plastics would be very beneficial to the project as it is an 
environmentally friendly way to produce plastic products that are required regardless, such as plastic 
cups and six-pack plastic rings for packaging. Moreover, adding non-alcoholic beers to the menu would 
undoubtedly increase the brewery’s number of consumers, as many people do not drink alcohol for 
various reasons, such as religion or values. Any research that has already been done will be included in a 
separate document, which can be expanded on. 
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Appendix A – Anaerobic Digestion Equations/Results 

As seen in the “Anaerobic Digestion” chapter of the report, the properties and biogas potentials of the 
three main brewery wastes (spent grain, spent yeast, and wastewater) are known. Additionally, knowing 
the amount of each waste available after each batch, the total amount of biogas and digestate that may 
be extracted can be calculated. First, the mass of volatile solids, total solids, and COD present is 
calculated: 

.B#,D#4 = 0E#,D#40B#,D#4.D#4  

.B#,D#4 = (0.2293)(0.9187)(353.93	;<) 

.B#,D#4 = 74.558	;< 

 

.E#,D#4 = 0E#,D#4.D#4  

.B#,D#4 = (0.2293)(353.93	;<) 

.B#,D#4 = 81.156	;< 

  

.FG.,D#4 = 0FG.,D#4.D#4  

.B#,D#4 = (0.33)(353.93	;<) 

.B#,D#4 = 116.797	;< 

To estimate the mass of biogas produced, it is assumed that 90% of the volatile solids present is 
converted to biogas: 

.HIJ&*K,D#4 = 0.9 × .B#,D#4  

.HIJ&*K,D#4 = 0.9(74.558	;<) 

.HIJ&*K,D#4 = 67.102	;< 

The mass of solids in the digestate and total digestate can now be calculated as followed: 

.KJ'I!	!I&+K%*%+,D#4 = .E#,D#4 −.HIJ&*K,D#4  

.KJ'I!	!I&+K%*%+,D#4 = 81.156	;< − 67.102	;< 

.KJ'I!	!I&+K%*%+,D#4 = 14.054	;< 

 

.!I&+K%*%+,D#4 = .D#4 −.HIJ&*K,D#4  

.!I&+K%*%+,D#4 = 353.93	;< − 67.102	;< 

.!I&+K%*%+,D#4 = 286.828	;< 



The above steps are performed for each waste and then added together for total values. The amount of 
energy retrievable from biogas is dependent on the volume of biogas, which can be calculated using the 
biogas yields determined in literature: 

@%J%*'	HIJ&*K = .B#,D#40LI+'!,D#4 +.FG.,D#M0LI+'!,D#M +.FG.,NN0LI+'!,NN 

@%J%*'	HIJ&*K = (74.558;<)(
550A
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) + (0.959;<)(
430A
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) + (0.09;<)(
430A
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) 

@%J%*'	HIJ&*K = 41458.184A = 41.458	.O 

As mentioned in the report, 2 kWh of energy is retrievable from each cubic meter of biogas, so the total 
amount of energy retrievable per batch is: 

BP+%PI+9*H'+ = (
2	;Cℎ
.O ) × @%J%*'	HIJ&*K 

BP+%PI+9*H'+ = (
2;Cℎ
.O , (41.458	.O) 

BP+%PI+9*H'+ = 82.916	;Cℎ = 298.499	EF 

Additionally, it was mentioned that the ideal total solid percent is between 10-15%, and this is 
calculated as follows: 

GH%J%*' =
.E#,%J%*'

.%J%*'
× 100% 

GH%J%*' =
82.026	;<
557.55	;<

× 100% 

GH%J%*' = 14.712% 

To complete the process, a hydrolyzer and digester are required. The hydraulic retention time (HRT) in 
the hydrolyzer is ideally between 10-15 days, so 12 days was chosen. The HRT in the digester is ideally 
between 20-25 days, and research showed that the highest organic loading rate (OLR) was achieved at a 
HRT of 21 days, so 21 days was chosen. It should also be noted that the height of the room intended for 
the brewery is 3m, so a height of 2m was chosen for both the hydrolyzer and digester. The calculations 
for estimating the units’ required sizes are the same, except it should be noted that the working volume 
of the hydrolyzer should be 90% of its total volume, while the working volume of the digester should be 
80% of its total volume. The calculations for the hydrolyzer are shown below: 

@QJPRIS& = .%J%*'	%JSS+K × JKG 

@QJPRIS& = (0.55755	LMNNOP)(12	QRSP) 
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W = 2"V 

W = 2V(1.088	.) 

W = 6.834	. 

 

The final calculations performed were related to the quality of the digestate leftover. By finding in 
literature the typical nutrient concentrations (nitrogen, phosphorus, and potassium) found in each 
waste (Mingchu Zang, 2015), the nutrient composition of the total digestate can be determined. 

.SI%PJ&+S,D#4 = .D#40SI%PJ&+S,D#4  

.SI%PJ&+S,D#4 = (353.93	;<)(0.0091) 

.SI%PJ&+S,D#4 = 3.22	;< 

The same calculation is performed for every waste and nutrient, and then the total composition is 
calculated: 

0SI%PJ&+S,%J%*' =
.SI%PJ&+S,%J%*'

.%J%*'
× 100% 

0SI%PJ&+S,%J%*' =
3.49	;<
489.88	;<

× 100% 

0SI%PJ&+S,%J%*' = 0.71% 

Screenshots of the excel and its results can be seen below. 



 

Figure 13 - Anaerobic Digestion Retrievable Energy 

 

Figure 14 - Anaerobic Digestion Nutrient Flux 

Appendix B – Tray Air Drying Spent Grain and Biomass Boiler 

Equations/Results 

To begin, the parameter define by each variable is stated in the excel spreadsheet file. The first goal of 
the spreadsheet is to determine the surface temperature, Ts, of the spent grain at any given air 
properties. To do this, the following set of five equations must be solved: 
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Note that the air humidity, H, is to be obtained from a psychometric chart depending on the specific air 
properties given. The parameters needed to solve the set of equations can be calculated using the 
following: 
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The next step is to calculate the total drying time, which can be done using the following equations: 

K- =
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The calorific value is set as 15.1 MJ/kg at a final moisture content of 4.6%, as found in literature. The 
amount of energy retrievable can be calculated as: 

eP+% = .D#4,!PL × (WRfM"ghgi	@RfaO) 

The amount of energy required to perform the necessary drying can also be determined with: 

E*IP = _*IP@*IP  
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) 
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The amount of energy profited or lost from the process can be simply calculated by subtracting the 
energy required from the energy retrievable: 

∆e = eP+% − eP+^ 

It should be noted that case studies were performed assuming 10 trays are used, and that the amount of 
air required for drying all the trays is the same as if only one tray were to be dried. Many parameters 
were assumed, such as spent grain thickness, tray material, tray length/width/thickness, etc. so the 
results of the case studies are not realistic and should only be used to spot trends in the data. The 
results of the case studies, as well as images of the excel spreadsheet, can be seen below: 

 
Figure 15 - Energy Profit vs Air Temp & Velocity @ 0.10 CMC 

 
Figure 16 – Drying Time vs Air Temp & Velocity @ 0.10 CMC 
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Figure 17 - Energy Profit vs Air Temp & Velocity @ 0.15 CMC 

 
Figure 18 - Drying Time vs Air Temp & Velocity @ 0.15 CMC 
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Figure 19 – Energy Profit vs Air Temp & Velocity @ 0.20 CMC 

 
Figure 20 - Drying Time vs Air Temp & Velocity @ 0.20 CMC 
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Figure 21 - Energy Profit vs Air Temp & Velocity @ 0.25 CMC 

 
Figure 22 - Drying Time vs Air Temp & Velocity @ 0.25 CMC 
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Figure 23 - Energy Profit vs Air Temp & Velocity @ 0.30 CMC 

 
Figure 24 - Drying Time vs Air Temp & Velocity @ 0.30 CMC 
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Figure 25 - Drying BSG Excel Screenshot 1 

 
Figure 26 - Drying BSG Excel Screenshot 2 



Appendix C – Quotes and Discussion 

Appendix C.1 – Specific Mechanicals Systems Ltd Brewery Quote 

 









 



Appendix C.2 – Specific Mechanicals Systems Ltd Brewery Quote 

 









 

 



Appendix C.3 – Quote Discussion 
The following is a discussion of the most current brewery quotes provided by DME and SM as well as the 
distillery quote provided by SM. It covers comparison between quotes as well as information acquired 
through phone calls with the unit providers. 

A quote for the brewery units was acquired from SM, who had originally only quoted the distillery units. 
It may be of interest to purchase all the units from the same supplier for ease of unit maintenance, if it is 
required, creating a more harmonious set-up and standard operation throughout the facility. 

Overall Cost 

Although the DME quote was not updated during the term and some differences exist between it and 
the one provided by SM, the cost of the brewery quoted by SM is $79 175 more. SM units are 
manufactured in Canada which could be the source of the cost difference. If a more accurate 
comparison of the brewery cost is desired, an updated quote, preferably as similar to the SM in terms of 
features, should be acquired from DME. 

Equipment  

Brewery  
• DME recommended that a cold liquor tank be added to the facility as it would allow for the 

automation of the heat exchanger, could help with consistency of product and would allow to 
reduce the size of the glycol chiller which would reduce cost. According to SM, a cold liquor tank 
would not be necessary, suggesting that observing the effect of the variation in refrigerated 
water temperature may be of interest for learning. Additionally, adding a cold liquor tank would 
be additional weight on the floor of the facility which is not necessarily desirable since the 
intended room in STEM is not on the ground floor. 

• In the DME quote, the mash transfer piping is quoted separately from the brewhouse piping 
whereas in the SM brewing quote, it is all grouped under brewhouse piping.  

• In the SM brewery quote, despite the lautering rakes being quoted separately from the lautering 
tun and the boiler vent stack separate from the boiler, both are mandatory pieces 

• SM recommends having a hot wort grant (quoted). This unit goes between the lautering tun and 
the boiler kettle so it helps regulate the flow rate of the lautering run off instead of relying more 
heavily on the brewer, who may be inexperienced.  

• A hop strainer was included in the DME quote to avoid fouling in the heat exchanger from 
residual hops. It is included as an option in the SM quote; however, Chad from SM does not 
think this is a necessary addition. 

• For the fermentation vessels, as unitank is preferred to bright tanks for cost, size and waste 
considerations. Through SM, there is the option to purchase their unitank or an imported one 
which is less costly. Options are quoted.  

Distillery 
• As the beginning of the distilling process can be carried out in the same equipment as the 

beginning of the brewing process (mash cooker), the SM distillery quote only includes the 
additional equipment necessary for distilling to avoid redundancy. 



• The last distillery quote had two distillation towers, however due height limitations, the 
distillation process will require three towers as indicated by Chad. 

Automation 
Only the SM automation packages will be discussed. A DME automation pamphlet can be found at 
appendix. 

Brewery 
The quoted, and most favorable option is the semi-automation package. This automates the control of 
all essential parameters (typically temperature) and is driven by set point. The relevant valves are air 
actuated. The transfer of wort throughout the system is done with manual butterfly valves. 

The SM control system is developed on the Rockwell Automation platform. Here are the specifications 
provided by SM: 

• HMI - 15" PanelView Plus 7 Performance Terminal 
• HMI development - FactoryTalk View Version 11 and Studio5000 Version 27 

PLC - Allen Bradley Compact Logix (1769-L18ER-BB1B). Depending on the size of system and 
particular modules selected there could be multiple PLC's or Point I/O modules (1734-AENT). 

• Data acquisition – Microsoft Access database 

Remote monitoring is possible with the connection of a USB dongle. If it is desired to monitor more than 
one device, additional licenses must be purchased. If this dongle is plugged into a computer in the 
facility, it may be possible to cast a view of application to the monitoring screens if this would be of 
value. 

The fermenters get their own separate HMI. This could be control (cellar temperature control) HMI is 
separate from the HMI for additional cost can be added to the central HMI. It may be of interest to keep 
them separate as the rest of the brewhouse would also be used for distilling.  

Distillery 
For the distillery, both automation packages are quoted as options. The semi-automation may be 
preferable as more manual operation is necessary from the distiller which offers interactive learning 
experience. However, it does not include a PLC, thus, data cannot be logged for the distillation process. 

Additional considerations 

In order to reuse yeast, proper yeast storage equipment is required. This is not currently quoted but 
should be discussed later on.  

  



Appendix D – ASBC Guideline for Growing Your Quality Laboratory 

Guideline provided by the American Society of Brewing Chemists for what to include in a brewing lab. 
(ASBC, 2017)

 

 

Appendix E - Parameters of interest 

The following table presents quality assurance parameters for each step in the brewing process that 
could be of interest in learning. (Barnes, 2018) 

Table 3 - Parameters of interest for learning in the brewing process 

Parameter Measuring Principle Use 

Mash Vessel 

pH Manual; pH meter 

Start and end 

pH changes thorughout 

Monitoring of optimal pH range for enzymatic activity, 
important for taste profile 



Temperature In-line Produce temperature profile of the mashing process 

Gravity Manual;  

Start and end 

Efficiency calculations 

Lauter Tun 

Turbidity Manual Indicates whether wort is sufficiently clear to be passed 
on to the boiler 

Boiling Kettle 

pH Manual; pH meter 

Start and end 

QC; pH should decrease as wort boils 

Temperature In-line  Produce temperature profile of the boiling process 

Gravity Manual; 

Start and end 

Efficiency calculations 

Volume In-line  Boil off percentage 

Heat Exchanger 

Temperature In-line Calculate heat transfer coefficient 

Fermentation Vessel 

Temperature In-line Produce temperature profile of the fermentation process 

Gravity In-line OR  

Manual; Start and 
end 

-Calculate estimate ABV with original and final gravity 

-Calculate yeast attenuation percentage with in-line 
measurement 

pH Manual; pH meter Yeast has an optimal pH range 

CO2 production 
(production flow 
rate, mass) 

In-line flow meter -Determine when the max flow rate of gas is produced  

Yeast attenuation percentage 

-Calculate yeast attenuation percentage with in-line 
measurement 

Dissolved O2 
concentration in 
beer 

In-line QC; oxygen levels should be minimized 



Dissolved CO2 
concentration in 
beer 

Manual; dissolved 
CO2 meter 

QC; a certain level of carbonation is needed in the beer 

O2 concentration in 
air 

In-line meter Determine air flow rate needed for oxygenation  

Turbidity Manual QC; beer should have a certain level of clarity 

Yeast cell count Manual Calculate yeast pitching rate 

Fermentation time  Indication of efficiency 

Appendix F - Email regarding connecting LabVIEW to PLC with OPC 

 

From: Chad MacIsaac chad.macisaac@specific.net 

Date: Fri, 7 Aug 2020 12:39:53  

To: "'Giselle Granchelli'" ggran071@uottawa.ca  

 

Hi Giselle, 

 
Here's the feedback: 
 
We can add tags to an OPC server in our program setup and it looks like LabVIEW can read from an OPC 
server (they would need to verify this). 
The tricky part I think is if they want to add new tags to the server they may need RSLinx (a rockwell 
program) to modify the OPC server, or we get a list of all data that they may want to look at.  We also 
don’t have a way to test this data collection prior to shipping. 
Here is a link that describes connecting LabView to an Allen Bradley PLC and 
RSLinx: http://www.ni.com/tutorial/4626/en/#toc4  
 
I'm just waiting for the price of the poly grist case/hopper. Once I have that price, I'll send you the 
revised quote to include it, the strainer and the cellar tank control via semi-automation. 
 
Enjoy your weekend :) 

 
Thanks, 
Chad 

Appendix G - Monitoring models 

Mashing 



There aren’t any in-line measurements that allow us to monitor the mashing process in depth. Viscosity 
of mash is an important parameter in the success of the brewing process. Simon Henke, through the 
Masters Brewers Association of the Americas, proposes that viscosity could be used to monitor the 
mashing process and that “A torque measurement of the agitator in the mash tun provides the data to 
calculate suspension viscosity.” (Henke, 2012) This could be able to be implemented on any system. It 
can also allow the detection of the gelatinization point, the saccharification of the mash and β-glucan. 
Not much information is currently available on the subject but could be of interest for future research. 

Fermentation 

There exist many programs that can be used for monitoring fermentation. These can be used as 
inspiration in developing the monitoring and performance analysis model for the facility. The ones 
presented are for the brewing process since, as of current knowledge, data is not being collected for the 
distilling side. One model that is of particular interest is presented by BeerDotz. It utilizes the concept 
presented in patent US6942962B1 that sugar conversion can be monitored through the production of 
CO2 gas; in other words, that specific gravity of the wort can be inferred from the CO2 production since 
CO2 is produced is directly correlated to the production of ethanol in the reaction equation for 
fermentation. (ProcessBotz, n.d.; United Sates of America Patent No. 2005, US6942962B1) 

SM can install a CO2 flow meter on the unitank fermentation vessels in order to implement this model.  

The following are examples of the graphs they utilize for fermentation monitoring as well as an 
indication of how the graph can be observed and analyzed.  

 

 

Figure 27 - Annotated BeerBotz fermentation diagram (ProcessBotz, n.d.) 



 

 

Figure 28 - BeerBotz fermentation diagram layout (B) (ProcessBotz, n.d.) 

BeerBotz also has a simple model for evaluating fermentation performance which is presented in 
appendix. 

 

  



Appendix H - Process performance 

An indicator of the performance is efficiency. There are many efficiency calculations that can be 
conducted however all of them boil down to how much sugar is gotten compared to how much there is 
available. Kai Troester has an in-depth review “Understanding Efficiency” published on braukaiser.com 
where equations are derived and parameters affecting efficiency are covered. (Troester, 2010) 

There exists a number of programs for monitoring and analyzing the brewing process that can be used 
as inspiration such as BeerBotz, Brewer’s Dashboard and BeerSmith.  

In terms of analyzing the performance of the fermentation process, which can vary due to it being a 
biological process, BrewBotz presents a simple model they called Batch Score based on the max 
production rate of CO2 and the fermentation temperature. Refer to Appendix G - Monitoring models for 
further explanation of BrewBotz. (Process Botz, n.d.) 

 

 

Figure 29 - BrewBotz batch score graph (ProcessBotz, n.d.) 

 

The fermentation days to max gas is the time between gas start time (when first noticeable gas comes 
out) and time to peak CO2 gas flow rate. Fermentation temperature is the X axis as fermentation 
performance is heavily dependent on this parameter.  (ProcessBotz, n.d.) 

 

This graph allows to see how batches perform as an average and thus how a particular bath compares. 
The following is an indication of how to read the graphs: 

 



 

Figure 30 - Batch score graph for fermentation days analysis (ProcessBotz, n.d.) 

 

Figure 31 - Batch score graph for max gas rate (ProcessBotz, n.d.) 

 

BeerBotz goes into further detail in their article “Batch Score - Quality Assurance.” (Process Botz, n.d.)



Appendix I – Specific Mechanicals Cut Sheets 

 









 



Appendix J – QA & Control System & Learning Feature Extended 
Recommendations 
In terms of the control system, it is necessary to establish how value can be extracted from the 
distillation process for students similarly to how it has been started for the brewery. This includes 
determining what concepts in distillation are of interest for learning and what monitoring or analysis 
models can be applied. Furthermore, how the data can actually be collected since the distillery semi-
automation system does not include any PLC. 

There is still much that needs to be established for the quality assurance aspect on both the brewery 
and distillery side as this report only presents a start to what should be considered and where to begin 
with applying it, particularly on the brewery side. As mentioned, this includes, but is not limited to, the 
QA manual, process analysis methods, establishing specifications of quality and standard operating & 
sanitation procedures. 

Further, it would be of great interest to determine and developing ways of applying LabVIEW to extract 
learning and innovation value from the facility. A remotely accessible application can be developed using 
LabVIEW NXG. It is intended to use LabVIEW to build the interface for the in-facility monitoring screens, 
which, for example, should have customization features so facility operators can adapt them to be 
useful to the process they are carrying out. LabVIEW could also be applicable in supporting the QA & QC 
and/or the traceability program. Once the facility is built and running, features such as predictive 
analytics and AI can be looked into. 

Additional considerations, to further complete the facility, are recipe management, the implementation 
of a cloud database that would have features such as allow certain students or facility users to access 
specific data from batches they’ve carried out and developing a comprehensive 3D digital twin of the 
facility. 

Appendix K – Sample QC check regime 
In Charles Bamforth’s book “Standards of Brewing”, he discusses various possible methods of analysis 
that can be used. He also suggests having a QC regime appropriate to your facility. The following is an 
example of a basic QC.  

Table 4 - Sample QC checks regime from Standards of Brewing. (Bamforth, 2002) 

Parameter Frequency 

Clarity  Every batch 

CO2  Every batch 

Foam Pour – every batch; instrumental (NIBEM recommended) 
monthly 

Haze breakdown  Small pack – total polyphenol and Tannometer monthly 

Color  Every batch 



Ethanol Every batch 

Apparent Extract (ergo Original 
Extract) 

Monthly 

Fermentable Extract Monthly 

Bitterness  Every batch by spectrophotometry; monthly by HPLC 

Free amino nitrogen Monthly 

pH Every batch 

Volatile compounds  Monthly 

Inorganics (notably iron, copper, 
sulphate, chloride, nitrate) 

Monthly 

Sulphur dioxide  Every batch if there are legal requirements to label if above a 
certain level (i.e., 10 ppm in U.S.); otherwise monthly 

Polyphenols Monthly 

O2  Every batch 

N2 (if used)  Every batch 

Microbial status  Monthly 

Taste clearance  Every batch 

Flavor profile (or trueness to type)  Monthly 



Appendix L – DME Process Systems Automation Packages 

 



 



Appendix M – Outline of Kinetic Model used for Mash Conversion 
Before selecting the specific model, all options had to be explored to ensure no models were missed. 
Two models were found during the literature search. The first model (Koljonen, Hamalainen, Sjoholm, & 
Pietila, 1994), which was slightly older, was not selected due to poor representation of the starch 
gelatinisation and bad sensitivity to change of temperature. The second model improved on the older 
model and was therefore selected (Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003). To model the 
conversion of starch into fermentable sugars, the model was broken into three sections; the starch 
gelatinisation, the alpha- and beta- amylase activities, and the carbohydrate concentrations. Figure 5 
above shows an overview of the starch hydrolysis, showing how the starch is converted into the 
fermentable sugars. 

As explained earlier, starch gelatinisation the bursting of the starch solids and forming a starch gel 
(Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003). Gelatinisation is a factor of temperature, time, 
and grain size. However, for the case of this model, grain size was neglected as it was assumed to pose a 
negligible impact on gelatinisation (Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003). The rate of 
gelatinisation (rg) is dependent on the temperature, whether it is below or above the temperature of 
gelatinisation, and is explained by the following equations: 

!! = #!" exp '
−)!"
*+ , [.#], 12	+ < +! 

!! = #!$ exp '
−)!$
*+ , [.#], 12	+ > +! 

Where kg1 and kg2 are the pre exponential factors (min-1), Eg1 and Eg2 are the activation energies (J/mol), 
R is the gas constant (J/mol K), T is the temperature (K), and Ss is the concentration of ungelatinised 
starch (g/kg mash). 

Next, the amylase activities could be modeled by a temperature and time effect. The activation (rac) and 
denaturing (rde) were modelled by the following equations (Brandam, Meyer, Proth, Strehaiano, & 
Pingaud, 2003): 
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Figure 32: Displaying the polynomial equations representing the relative specific activity of the enzymes 

Where kde is the pre-exponential factor (min-1), Ede is the activation energy for the denaturing (J/mol), 
as(T) is the enzymatic site specific activity, and [E] which is the active site concentration (U/kg mash) 
(Brandam, Meyer, Proth, Strehaiano, & Pingaud, 2003). The enzymatic site specific activity is a 
polynomial function that describes the temperature effect on the activity of the enzymes. Figure 32 
displays the polynomial functions used depending on what enzyme and what the temperature of the 
mash is. It must be noted that the exact equations for the alpha- amylase above were not used due to 
rounding errors on the coefficients on the equations. To solve this issue, the graph was replotted on 
excel, and the coefficients were estimated to the 15th decimal place, giving the following equations: 

6#(+); = 	−0.00110807376459737++ + 1.07903587109770+$ − 349.8346809518780+
+ 37765.49186704180	if	313	 < 	T	 < 	336 

6#(+); = 	0.005465367965368280++ − 5.626948051948380+$ + 1930.226028138640+
− 220606.8272727400	12	336 < + < 347 

Finally, the concentrations of the sugars (dextrins, glucose, maltose, and maltotriose) are represented by 
the following rate equations and differential equations (Brandam, Meyer, Proth, Strehaiano, & Pingaud, 
2003): 
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Table 5: Displaying the model parameters 

Parameter (units) Value Parameter (units) Value 

Kg1 (min1) 3.42x1033 kgl (kg/U min) 0.00138 

Eg1
 (kJ/mol) 220.6 kmlt (kg/U min) 0.00702 

Kg2 (min1) 1.86x1016 kdex (kg/U min) 0.01902 

Eg2 (kJ/mol) 108.3 kα,mal (kg/U min) 0.02334 

Tg
 (K) 60 kβ,mal (kg/U min) 0.00822 

kdeα (min1) 4.14x1032 k’gl (kg/U min) 0.00000174 

Edeα (kJ/mol) 410.7 k’mlt (kg/U min) 0.0000009 

kdeβ (min1) 4.56x1062 k’α,mal (kg/U min) 0.0000072 

Edeβ (kJ/mol) 410.7 k’β,mal (kg/U min) 0.000000504 

 

Where rgl, rmal, rmlt, rdex, rgl’, rmal’, and rmlt’ are the respective reaction kinetics (g/kg s), kgl, kmlt, kα,mal, kα,mal, 
kdex, kgl’, kmlt’, kα,mal’, and kβ, mal’ are the respective kinetic factors (kg/U s), [D] is the concentration of 
dextrins, aα is the concentration of active alpha- amylase, and aβ is the concentration of active beta 
amylase. Table 5 displays all the model parameters with their adjusted units. 

The model was solved using 4th order Runge Kutta method which is displayed below: 
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ℎ
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1
6 

In this case, the function would be any of the differential equations, with x representing the time, and y 
representing the concentration being solved for (ie, Sg, D, gl, etc). An initial time step of 0.01 minutes 
was used to solve the system, produce relatively accurate results. As mentioned earlier, a case study 
was run in order to compare to the model. The temperature steps for the process were 310 K (for 20 
minutes), 323 K (for 30 minutes), 333 K (for 15 minutes), and 349 K (for 20 minutes). The final sugar 
concentrations for the glucose, maltose, and maltotriose were 7.22, 84.37, and 13.73 g/kg mash, 
totalling to 105.63 g/kg of mash. The model simulated in the literature had a total sugar value (glucose, 
maltose, and maltotriose) of 103.0 g/kg mash, a 2.55% error. The slight difference in values could be a 
result of the time step selection. However, going any further could result in the excel file being used to 
crash and therefore a smaller time step was not used. 

 

Appendix N – Kinetic Model of Mashing Vessel 
The model found in literature was coded to allow users to vary different parameters such as the 
temperature and time steps, as well as the rate of heating. This allows the user to cover many different 
possibilities when performing case studies. The following section will go over the code in sections to 
allow the reader to understand how the code was made, and in order to help pave the way for 
improvements. 

The code created is essentially a set of Do Loops that each represent a temperature step, or a ramp up 
to a new temperature. In each loop to calculate the new value of a function (such as concentration of 
glucose), the code calls a sub that performs those actions. A sub to perform the Runge Kutta method for 
each variable was created such that it can be called in each loop and to shorten the length of the code. 

 
Do 

        'Time step and increasing counter i 

        Time = Time + ts 

        i = i + 1 

         

        'Calling Runge Kutta functions to determine the new values 

        SsRK 

        aAlphaRK 

        aBetaRK 

        SgRK 

        DRK 

        GlRK 

        MalRK 

        MltRK 

         

        'Displaying the new values on excel 

        Sheets("Sheet1").Range("L3").Offset(i).Value = Time 



        Sheets("Sheet1").Range("M3").Offset(i).Value = T 

        Sheets("Sheet1").Range("N3").Offset(i).Value = Ss 

        Sheets("Sheet1").Range("O3").Offset(i).Value = aAlpha 

        Sheets("Sheet1").Range("P3").Offset(i).Value = aBeta 

        Sheets("Sheet1").Range("Q3").Offset(i).Value = Sg 

        Sheets("Sheet1").Range("R3").Offset(i).Value = D 

        Sheets("Sheet1").Range("S3").Offset(i).Value = Gl 

        Sheets("Sheet1").Range("T3").Offset(i).Value = Mal 

        Sheets("Sheet1").Range("U3").Offset(i).Value = Mlt 

         

    'Loop until the time is greater than or equal to the time limit set in 

the excel file 

    Loop Until Time >= TotalTime 

  
 
Figure 33: Displaying the first loop of the model at a constant temperature 

Figure 33 displays the first Do loop of the code which simulates the first temperature step of the 
mashing process, along with comments to help the user understand what is being done. On the user 
interface, the user selects the four temperature ramps and chooses how long each step should last, 
which is defined as “Time1” in the code. Before the loop begins, the total time (defined as TotalTime) of 
the process is updated to add on time of the temperature step, and therefore the loop is carried out 
until the current time of the process (defined as Time) is greater than or equal to TotalTime. In the loop, 
the current time is updated after each iteration, by adding on the time step (ts) of the process. Next, to 
carry out the Runge Kutta method, a function for each variable is called to determine the value of the 
variable at the next iteration. These new values are then displayed on the excel document. 

 
Do 

        'Temperature step along with time and counter increase 

        T = T + TRamp1 

        Time = Time + ts 

        i = i + 1 

         

        SsRK 

        aAlphaRK 

        aBetaRK 

        SgRK 

        DRK 

        GlRK 

        MalRK 

        MltRK 

         

        Sheets("Sheet1").Range("L3").Offset(i).Value = Time 

        Sheets("Sheet1").Range("M3").Offset(i).Value = T 

        Sheets("Sheet1").Range("N3").Offset(i).Value = Ss 

        Sheets("Sheet1").Range("O3").Offset(i).Value = aAlpha 



        Sheets("Sheet1").Range("P3").Offset(i).Value = aBeta 

        Sheets("Sheet1").Range("Q3").Offset(i).Value = Sg 

        Sheets("Sheet1").Range("R3").Offset(i).Value = D 

        Sheets("Sheet1").Range("S3").Offset(i).Value = Gl 

        Sheets("Sheet1").Range("T3").Offset(i).Value = Mal 

        Sheets("Sheet1").Range("U3").Offset(i).Value = Mlt 

    Loop Until T >= T2 
Figure 34: Displaying the the second loop of the mode, where temperature is increased to the next step 

Figure 34 displays the second loop of the code, which is the same as the one previously shown, with the 
exception of the constraint of the loop. In this case, the loop is continuous until the temperature (T) of 
the system reaches the second temperature step (T2), which is continuously updated at the start of each 
iteration with time. The same functions are called to perform the Runge Kutta method and the values 
are displayed on the excel. These two loops are alternated until the current time of the process is 
greater than or equal to the last time step. 

 
Sub SsRK() 

         

        'Depending on the temperature of the system, different parameters 

are used to calculate the value of ungelatinised starch 

        If T < Tg Then 

            Ssk1 = -(kg1 * Exp(-Eg1 / (R * T)) * Ss) 

            Ssk2 = -(kg1 * Exp(-Eg1 / (R * T)) * (Ss + tsh * Ssk1)) 

            Ssk3 = -(kg1 * Exp(-Eg1 / (R * T)) * (Ss + tsh * Ssk2)) 

            Ssk4 = -(kg1 * Exp(-Eg1 / (R * T)) * (Ss + ts * Ssk3)) 

        Else 

            Ssk1 = -(kg2 * Exp(-Eg2 / (R * T)) * Ss) 

            Ssk2 = -(kg2 * Exp(-Eg2 / (R * T)) * (Ss + tsh * Ssk1)) 

            Ssk3 = -(kg2 * Exp(-Eg2 / (R * T)) * (Ss + tsh * Ssk2)) 

            Ssk4 = -(kg2 * Exp(-Eg2 / (R * T)) * (Ss + ts * Ssk3)) 

        End If 

        Ss = Ss + (Ssk1 + 2 * Ssk2 + 2 * Ssk3 + Ssk4) * (1 / 6) * (ts) 

 

End Sub 
Figure 35: Dispaying the Runge Kutta method used to calculate the concentration of ungelatinised starch 

Figure 35 displays one of the functions that performs the Runge Kutta method to solve for the new 
value of the variable; in this case, the ungelatinised starch. In this function, k1, k2, k3, and k4 values for 
the functions are calculated followed by the new value of the function as a whole. In this case, the 
values of the parameters in the function are dependent on the temperature, and therefore an If 
Statement is used to differ the values of the function based on the temperature of the function. The 
other functions are very similar to the one presented above, with slight changes based on any changes 
to the function based on temperature. 



Appendix O – Kinetic Model of Fermentation 
A simulator has been developed using excel VBA to estimate the time to complete fermentation in the 
brewery. The simulator uses Euler’s method to analyze a system of three ordinary differential equations, 
Fermentation. The initial concentration of biomass was 0.25g/L, the concentration of glucose was 
100g/L and the initial concentration of ethanol was 0.00001g/L. The symbols used in the equations are 
defined in Table 3. Euler’s method with a step size (h) of 0.1 was used to solve the three functions. The 
functions were solved using a Do While loop when t is less than 200, seen in Figure 36 - Do While 
Loop for Calculating Equations 9-11 Using Eulers Method with Step Size 0.1. t is time in hours, this 
number could be adjusted if the initial concentrations are changed such that fermentation will last 
longer than 200 hours. If glucose reaches less than 0, the simulator will stop as there is no available 
sugar to ferment. The simulator displays the values of P, X, G and t in a table which can then be graphed.  

Table 6 - Definition of symbols used to calculate the time to ferment in the brewery 

Symbol Value Description 

P - Ethanol concentration 

X - Biomass concentration 

G - Glucose concentration 

μm 0.3 Maximum biomass growth rate 

nm  2.005 Maximum specific rate of product formation 

Ks  0.565 Monod constant for growth from glucose 

K's  1.342 Monod constant for product formation from glucose 

Ki  283.7 Inhibition constant for growth from glucose 

K'i  4890 Inhibition constant for product formation from glucose 

Pm  129.9 Maximum ethanol concentration for cell growth 

P'm  136.4 Maximum ethanol concentration for ethanol production  

β 1.29 Relationship between µ and P 

U  1.42	 Relationship	between	n and P	

m 0.097 Maintenance coefficient 

Y(X/G) 0.115 Yield of biomass on glucose 

 



 
Figure 36 - Do While Loop for Calculating Equations 9-11 Using Eulers Method with Step Size 0.1. 

 

 


