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[BREWERY AUTOMATION] 

Small scale breweries, or microbreweries, tend to be labour intensive and requires more time than 
necessary – often due to the belief that automating will not be cost effective. Consequently, the ability 
to control the process is reduced; this impacts product quality and profit margins. As an engineering 
design capstone project, the following details a technology and design which could improve all the 
aforementioned issues. 
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INTRODUCTION 

Microbreweries across Quebec, Canada, and the United States tend towards manual labour 
and lack of automation. Because the brewer is necessarily present adjusting heat inputs, 
turning on and off valves, and generally spending more time than necessary for a single 
production he must sacrifice other valuable aspects of his/her business. Generally, they 
work far more than full time in compensation. As well, they tend to run the business 
aspects such as employees, finances, and so on (Personal Observation, 2012). Time and 
quality gained by brewery automation and control could reduce the cost per unit volume of 
beer, reduce the pressure on the brewer, improve the reputation of the brewery (hence 
attracting new clients) and free up time to work on other aspects of the business. Lastly, 
the microbreweries tend to find the sizing of pumps, piping and heating requirements 
difficult. Because this is closely tied in to the brewery automation, it will be included in the 
design process. 

Briefly, the major constraints and criteria that of the design are: 

 Safety of the system; protection of people and property from any risks that may 
evolve from the implementation and operation of the technology. 

 The technology must cost roughly the net return (not profits) of two to four days of 
production. This allows for a desirable internal rate of return. 

 Reduce time and effort required to produce a batch. 
 Require limited technical training and understanding to operate. 

Several potential solutions are available ranging from highly advanced technology such as 
those seen in large industrial processes to almost technology-free, labour intensive, 
brewing. Overly automated brewing systems would not meet the requirement of being cost 
effective and would also require training/education. Manual labour is also something to be 
avoided as it is both dangerous to the brewer and employees – manipulating boiling 
liquids, piping, etc. – but also a much longer process. The ideal solution was somewhere in 
between. PID controllers were considered since once they are setup (likely by an engineer 
or trained individual) the brewer only needs to enter the desired temperature or intensity 
or the heating. PID’s are also quite versatile and inexpensive; they can be added to solenoid 
valves, interact with a timer, and can work to cool or heat. This means the same technology 
can be used across the production of the batch: from water heating, to changing streams, to 
cooling the fermenters.  
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OBJECTIVES 

 Develop an optimized process flow diagram 

 Find equipment specifications based on this process 

 Design automation to meet these criteria, taking into account risk assessments, 
technical components, etc. 

 Build functional prototype 

 Collect data and analyze value of the design 

 Propose improvements and optimize the design 
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PROCESS OVERVIEW 

 The ideal process would fill all dead time with another task and reduce time spent 
brewing and thus cost. Which specific tasks can be performed simultaneously will 
ultimately dictate some of the component specifications. The process flow diagram below 
requires 6 hours to complete, a full 2 hours faster than the breweries that were 
collaborating on this project. For this to be possible, good timing and control is invaluable. 

Note: the brewing process will be covered briefly but the focus is placed on equipment and 
general steps not how each step should be controlled to improve product quality (unless it 
directly correlates to the equipment). For example during the boiling phase, isomerization 
of alpha acids, elimination of DMS, and Maillard reactions are of great concern to the 
brewer yet not for the purpose of engineering design; it will only be described as boiling 
and shall ignore the other aspects. 

As the hot liquor tank heats up to the ideal strike temperature, the brewer can weigh the 
grain and begin milling. Milling can begin as soon as the first type of grain is weighed, and 
the other grains can be weighed while the first one is milling. By the time this step of the 
process is complete the strike water is ready and the next step can begin. 

Mashing is the process of maintaining a specific temperature for a specific duration of time. 
It could involve more than one temperature step as well. Therefore the design should be 
able to maintain any given temperature for any period of time and be able to change 
temperatures efficiently without direct heating of the grain. Heating the grain directly 
could cause unwanted results.  

Lautering, the next step in the timeline, has three goals: 

 Recirculation of the wort through the grain bed 

 Pump wort from the mash tun to the boil kettle 

 Add fresh water at the desired temperature 

Boiling involves bringing the wort up to the boiling point and maintaining it. Also, it is 
desirable to control the intensity of the boil. This is will influence the design and setup of 
the electrical components. 

Once the boiling is complete, a whirlpool is often performed to remove any solids in 
suspension. By adding a coagulant and stirring – or tangential pumping - a vortex is made 
in the center of the vessel so that the solids will accumulate and begin to settle on the 
bottom in the shape of a circular cone. The clear wort can then be pumped out and cooled. 
The wort needs to hit a specific fermentation temperature if fermentation is to begin 
quickly and vigorously. Exposed, warm, sweet wort would be at risk of contamination. 
Essentially, the cooling needs to be both precise and quick. 

Figure 1 below displays the typical brew day timeline. 
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Lautering, simply put, is the process of rinsing the grain bed to extract the sugars generated  

Figure 1:  
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SPECIFICATIONS 

The following section provides the calculations, considerations, and specifications with 
regards to pumping, heating, operating requirements, safety considerations, and 
technical/electrical components. 

PUMP SPECIFICATIONS 

It can be determined by analysis of the process flow diagram that the longest time 
allowable for transfer of the batch without adding dead time is 20 minutes during the 
cooling phase where the boiling wort passes through a heat exchanger and then over to the 
fermenter. As an added guarantee, designing for a 15 minute transfer of the whole batch 
will set the upper limit of the volumetric flow rate. Two pumps are required for the 
process, and they will be identical because if one fails the other can compensate even 
though one of the two pumps will operate much lower than its maximum capacity. Ruining 
a batch because of pump failure is not an acceptable risk. Volumetric flow rate can 
therefore be considered to be batch size in liters divided by 15 minutes: 

  
      
      

 
 

      
 

  

As an example, the prototype is 50L per batch and therefore a flow rate of 3.4 L/min or 
0.204m3/hr is desired. 

For pump power requirements, design for the maximum flow rate at the maximum head. 
For a counter flow water cooled heat exchanger a maximum loss of 7 meters of head 
(roughly 10psi) is a fair estimate (Tariq 2013). There is an additional meter of head for the 
fermenter since it is roughly a meter higher than the exchanger. Finally, the loss from the 
piping depends on several factors such as type of pipe, diameter of pipe and length of pipe. 
As an assumption, the type of pipe used to go from boil kettle to the fermenter needs to be 
flexible because it will not always go to the same fermenter, and does not tend to be 
permanent piping because the fermentation vessels will not necessarily be close by or even 
in the same room. As an example, design for the prototype is ½” food grade silicone which 
travels 6m. The head for such a tube is of 0.2 meters. An additional 1 meter is added for the 
potential height difference between kettle and fermentation vessel for a total of 8.2 meters 
of head. The power requirement for a pump in kW obeys the following formula according 
to engineeringtoolbox.com: 

   
    

       
 

Where: 

Q = volumetric flow rate in m3/hr 
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ρ = density in kg/m3 assumed to be 1000 kg/m3 
g = gravity = 9.81 m/s2 
h = differential head in meters 
 
Therefore, in the case of the prototype, a 4.5 W or 0.006hp pump is required. This is 
impressively small, but this is a small system and reasonable given the 50L batch size. 
Bigger systems used in microbreweries will need bigger pumps, but can use the same 
formula and technique. 
 
There are many types of pumps to choose from so a few more criteria need to be defined. 
To begin with, the pump must be food safe. A seal-less pump is therefore recommended to 
prevent leaking and accumulation of sweet wort in the bearing and surrounding areas 
which could translate into rotting and contamination. A centrifugal pump with a magnetic 
drive is an example of this. The tubing and fittings should be thread-less for similar 
reasons. Obviously all materials need to be safe for food processing and capable of handling 
temperatures of 105 C (boiling water plus the additional pressure which could build up in 
the pump). Fortunately, these materials are readily available. 

Finally, a positive displacement pump is not desirable because it can build up pressure to 
unsafe levels putting the brewers at risk. A relief valve could solve this issue, but it would 
become a source of contamination and it would still release boiling water onto the brewer 
(although it won’t explode or break pipes). Since the fluid is not particularly viscous and is 
heterogeneous a centrifugal pump would perform satisfactorily and be much less costly. 
Also parts are easier to find, maintain, and replace. 

HEATING REQUIREMENTS 

BOI L K ET T LE  

As the wort goes from the mash tun to the boil kettle, the boil kettle can begin heating. The 
wort during lautering is between 70 – 80 C (158-176 F) (Fix 2000). Chances are the wort 
will be much warmer than that when the lautering is finished thus reducing the time 
required for a boil. But as insurance, heating capacity will be calculated from 70 C (158 F) 
to boiling point. The equation defining this on a per kilogram basis is (class notes): 

        

Modeling wort as water is a fair assumption. At that temperature range: 

 Cp value is 4.194 kJ/KgK and assumed to remain constant.  

 The temperature difference is 30 C.  

 The kind of loss one might expect from external heating can be assumed at roughly 
20% so the loss L=1.2 (experimentally derived).  
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 Heating elements and setup are considered 95% efficient. Often they are submerged 
or in a closed insulated which covers the first few inches of the vessel with minimal 
losses. 

 Therefore: 

            

In the case of the prototype, a 50L batch would have a mass of 48.6 kg and require 7 725 kJ 
to heat. Referring back to the process diagram, it needs to reach a boil in 15 minutes to be 
optimal. By dividing the energy requirements by the time in seconds, this translates to 8.6 
kW. 

Two assumptions need to be made with regards to the electricity to be able to find the 
necessary current: 

 240V is likely the current to be used in Canada in a microbrewery – not in an 
industrial brewery however, but this design is for small breweries 

 The power factor can be assumed to be 1 

The following power equation can be used to find current, again using the prototype as an 
example calculation: 

       
 

 
 
     

    
           

Outlets in regular households are of 15A, 30A, and 50A. Microbreweries which are small 
enough will most likely be using similar outlets, only more of them. A household may 
receive 200A total, so the microbrewery may need to have another power line added to 
their building. Of course, in a larger more industrial setting, the required current would be 
easier to get. In the case of the prototype, 50A will be required since the current demand is 
above 30A. Had it been above 50A, it would have required two outlets. 

HO T L IQU OR  TA NK  

The hot liquor tank would need to contain about 3 times the volume of the batch. Some 
brewers use their boil kettle for the initial strike which could significantly reduce the size 
of the hot liquor tank and reduce the cost of capital when building the equipment. In either 
case, the same calculations apply with the only major difference being how long the water 
takes to heat. Because the hot water is the first thing used in the process, it can be heated 
overnight if the proper safety features were added. Many microbreweries do this. A safe 
practice is to bring the water to 60 C (140F) and when the brewers begin their day they can 
dial in the desired temperature. The heating in this case would only be from 60C to strike 
temperature which is often around 75 C depending on the size and type of batch. This 
significantly reduces the energy demand. Milling occurs before striking leaving the water 
30minutes to increase by 15C. 
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As an example, the prototype had a hot liquor tank three times the volume of the batch, so 
150L. By performing the same calculations as earlier, with 30minutes instead of 15minutes 
and 3 times the mass of water, it yields a power requirement of 12.9 kW and a current 
demand of 53.5A. Since this is higher than 50A, two 30A outlets each equipped with 6.45 
kW elements would be more appropriate. 

As a disclaimer, heating elements are rarely available at 12.9kW or other such precise 
numbers. The calculations allow the brewer to get close to the requirements and either 
under or over shoot based on what is available. Usually the brewer will choose to use a 
stronger element since the current is available i.e. because there is 50A available for the 
boil kettle, why not use 45A instead of 35A. Given the cost of electricity in Quebec is low, it 
makes sense. In places where electricity may cost a lot more, it would be an unnecessary 
and costly improvement. The same is true for the pumps. 

EL EC TR I CA L CO MP ON EN T S  

The pump requires only 4.5 W and can easily run on a standard outlet. The exhaust fan, 
which won’t be covered in detail here, can equally be run on a standard outlet. The control 
panel PID controllers, and other control panel components – see technical components 
section – only deal with the input and output of signals. This is not necessarily the case, 
with smaller electrical loads where controllers may power them, but this is not going to be 
the case in microbreweries. 

TECHNICAL CIRCUIT COMPENENTS AND SPECIFICATIONS 

The following section covers the technical components used for building a circuit of this 
type as well as their specifications and settings for proper functioning. 

P ID CO NTR OL LER  

PID controller stands for proportional integral derivative 
controller. It is commonly used for industrial control 
settings. It adjusts the power supplied to a control element 
such as a valve, heating element, cooling system, etc. In 
doing so, the controller can heat and cool systems as well 
as circulate fluids and control flow rates. The algorithm 
which allows the controller to function so well is the 
weighted sum of each of the three parts (the proportional, 
integral, and derivative functions) which represent the 
present error, the accumulation of past errors, and a 
prediction of future errors respectively. A good controller 
will minimize oscillations of the system and attempt to 

http://cfnewsads.thomasnet.com/imag
es/large/012/12769.jpg 

Figure 2: PID Controller 
Interface 
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Figure 3: Example of Simplified Relay and Circuit 

attain the setpoint without overshooting. The PID system is considered one of the most 
effective in this regard (Peacock n.d.). 

PID controllers need to be programed for heating or cooling. Most controllers have an easy 
setting which can do this. Then a setpoint is entered and the PID is ready to be used in 
many applications such as with heating elements. Mechanical components can wear out 
quickly, usually as a function of how often the component is activated. As an example, a 
solenoid valve wears out depending on how often it is opened and closed. A PID controller 
has a setting called a hysteresis band to adjust for this exact issue. The PID controller will 
maintain its electrical output until it has hit either the upper or lower limit of the deadband 
depending on whether it is heating or cooling. This is also valuable with a refrigerator. If 
the fridge is turned on and off every couple seconds, the cooling will occur inefficiently and 
place a significantly large demand on the motor. Both the valves and the fermenters should 
have their PID’s hysteresis band adjusted to a larger range. Plus or minus 2 C for all of them 
is reasonable since they tend to heat and cool relatively slowly. A second option which is 
usually set in addition to the hysteresis band is the cycle time. The PID sends a signal and 
holds for one cycle. The factory setting is often at 0.2 seconds. Increasing the cycle time to 2 
minutes will mean the component will not open or close more than once every two 
minutes. This can be done in combination with a larger hysteresis band. Heating elements 
however can handle varying electrical outputs without wearing out. Therefore short cycle 
times and tight hysteresis bands can be used and the temperature will be maintained with 
impressively little fluctuation. PID controllers have a manual setting too. This lets the user 
input a power setting as a percentage. This will turn the element on for a percentage of 
time given the cycle time. For example, 80% power and a 100 second cycle means the PID 
will turn on the element for 80 seconds every 100 seconds (Peacock n.d.) (Wallner 2013). 
This is particularly useful when boiling a liquid as one would in a brewery and where 
running at 100% would cause boil over, and where running on automatic would not be 
possible since a PID cannot bring the temperature higher than the boiling point (this was 
discovered by experimenting with automatic settings and boiling). 

R ELAY S  

Electro-mechanical relays have been used for a very 
long time in control circuits. Even with newer, more 
advanced control systems such as the programmable 
logic controller (PLC) and distributed control system 
(DCS), relays are still very common in industrial 
control (Wallner 2013). 

An electro mechanical relay is basically an 
electromagnetic coil which is energized by a control 
signal. For a simple relay, the change of the coil state 
from de-energized to energized acts as a switch and 
changes the open/close status of a secondary circuit. 

http://binatani.com/wp-content/uploads/2009/08/relay-

12v-wiring-schematics.gif 
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Common relays have 2 or more independent contacts for the de-energized state and the opposite 
contacts for the energized state, allowing control of several independent secondary circuits 
(Peacock n.d.). 

Secondary circuit contacts are either normally open (NO) or normally close (NC) to describe the 
status of the contact when the coil is de-energized. A normally open contact does not allow current 
to flow in the secondary circuit when the coil is not energized. When the coil is energized, the NO 
contacts close and the current may flow in the secondary circuits wired to the NO contacts. The 
reverse occurs for the normally close (NC) contacts (Wallner 2013). 

Some common uses of a relays in the brewery project include:  

 to transfer a command from a low voltage control circuit to a higher voltage power circuit; 
for instance, when an operator presses a push button, the coil of a relay is energized at 120V 
and it closes a power circuit at 220V 

 to hold a contact keeping its own coil energized; this feature would then lose the holding 
contact if, for instance, the main control panel is disconnected or if there is a power failure. 
Upon power return, the contact would not be automatically turn on. 

 as a logical IF in a logical control circuit 
Before the development of solid state control system, process control logic was mostly achieved 
with the use of electromechanical relays with assistance from various types of electro-mechanical 
timers (Wallner 2013) (Peacock n.d.). 

At that time, without using relays as intermediate switches, the control panels would require very 
large enclosures containing several source of power generating high electrocution risks for the 
operators and requiring continuous heat dissipation around the panels. 

CON TA CT OR S  

Contactor is the name associated with a specialized type of relay. Contactors generally have only 
one NO contact. However, the most important difference with relays in general is that contactors 
are used to close a secondary circuit through which a relatively high current flows for extended 
periods. Contactors are sturdier and larger in size to accommodate bigger wires for the high current 
secondary circuit and is often placed in a sealed enclosure that dissipates heat while still protecting 
personnel against accidental contact with the high current power circuit (Wallner 2013) (Peacock 
n.d.). 

In the brewery project contactors are use as the first switch between the power supply and the 
220V heaters. They are also used to start and keep running electric motors for pumps and fans. 

SOL ID S TA T E R EL AYS ( SS R )  

Solid state relays are relatively new devices used as intermediates for process control. SSRs are real 
switches that can change status at a high rate without delays between the change in the status of 
the control signal and the actual change of the opening or closing of the secondary circuit (Peacock 
n.d.). 
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The most important difference between a standard relay and the SSR is that the latter doesn’t have 
any moving parts whereas the former has a plunger moving in the relay enclosure. A standard relay 

needs more current than an SSR to change from the de-energized 
position to the energized position. Although very short, there is a 
delay in the change of state of the contact when the plunger travels 

into the relay’s enclosure which affects the control when a fast response 
is required. Every movement of an electro-mechanical relay plunger 
creates mechanical frictions and impact when the plunger hits its fixed 
stop. For these reasons, the useful life of an electro-mechanical relay is 
in the order of a million cycles (Wallner 2013). 

Without moving parts, the solid state relays are not subjected to wear 
and tear due to internal friction and impacts. The control voltage is also 
much lower for the SSR allowing a smaller foot print for the SSR itself 
and the signal source device. However, SSRs generate a lot of heat 
because the power current flows through them. SSRs are often glued to 

air cooled heat exchangers. These devices, known as heat sinks, are made 
of highly thermally conductive material such as copper or aluminum, 

shaped as fins to provide several times the heat transfer surface of the SSRs themselves. Heat is 
transferred to the environment by natural convection (Wallner 2013). 

For the brewery project, SSRs are used to modulate the power to all electric heaters according to a 
time proportional control signal from the PID controllers. 

DC P OW ER  SU P P LY  

The control panel signals require direct current rather than alternating current. It could potentially 
run on a battery but the simpler method is to transform the incoming electricity from a regular 
outlet from alternating to direct current. Equipment is small and easy to install, operate, and 
maintain. It also tends to perform well with varying voltage outputs. For the case of the prototype, 
the control panel will run on a 4-30V AC input and produce a 1.5-27V DC output. 

FIG H T ING FAT IGU E  

Mechanical movement causes fatigue in materials and 
components. Things like electro-mechanical switches tend to 
wear out based on how many times they are opened and closed 
as mentioned above. The same is true for solenoid valves. There 
are several ways in which fatigue can be reduced and lifespans 
extended. 

The first being the use of heat sinks. In the case of the SSR it is 
used, and a thermo-conductive gel is placed between the sink and 
the SSR to make sure there is no build-up of heat – i.e. a steady 
state heat transfer to the environment remains possible (Wallner 
2013). 

http://www.futurlec.com/Pict
ures/Solid_State_Relay_300.jpg 

Figure 4: Example of an SSR 

Figure 5: Heat Sink for SSR 

http://www.wolfautomation.com/assets/15
/DSC00773.JPG 
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Next, one can adjust how often something is activated. The choice of hysteresis band, time of cycles, 
etc, can be changed in the PID settings to compensate for this. This is key when using something 
like a solenoid valve. 

Lastly, using switches that do not involve electro-mechanical movement’s help reduce mechanical 
fatigue. The SSR is an example of a “switch” that does not have any moving parts similar in function 
to a transistor. 

OP ER A TI NG SP EC IF IC AT I ONS  

During the first step, the heating of the HLT would require a PID controller to heat and then 
maintain the temperature. A buzzer could be a good addition because it would allow the brewer to 
know when the HLT is ready for striking. 

During the mashing, the wort cannot be directly heated. The wort would therefore have to be 
removed and passed through a heat exchanger – often a coil in the HLT – to be heated. However, the 
heating is not always necessary. A PID controller in combination with a solenoid valve could be 
used to pass the wort through two different streams. If the solenoid valve closes, the wort travels 
back into the mash tun, and if it opens it goes through the heat exchanger for heating. The constant 
recirculation is desirable, it provides a constant temperature throughout the grain bed (a common 
problem is inconsistent temperature), and so it has an added advantage. A timer should be added so 
that the temperature is not only attained but maintained for the desired amount of time. A buzzer 
could be added to the timer – rather than the controller – so that when the next step can begin, the 
brewer is alerted. 

Boiling has a slightly different requirement. Wort is notorious for rapid boil overs which can 
potentially be dangerous especially if unsupervised. Instead, the brewer can set the PID at a lower 
but near temperature – like 98C – and have the buzzer ring. Then the brewer can switch modes into 
manual on the PID controller so that the heating elements run at a reduced power setting (as a 
percentage as explained above) while watching out for the initial boil over. Then the PID can be 
readjusted to maintain the boil with a more or less vigorous roll. Much like the mashing, a timer and 
buzzer could be added to control the duration the boil lasts and alert the brewer when it is 
complete. 

For the cooling through a counter flow heat exchanger, the cooling fluid flowing in the opposite 
direction can be controlled by a PID controller connected to a solenoid valve. The solenoid valve 
would open or close a second stream of cooling fluid to double or half the flow rate. In many cases 
for small breweries, two standard water outlets can be used with one entirely open outlet and the 
other at a reduced rate. A larger hysteresis band setting would be required here because the 
temperature of the wort cools and warms slowly in response to different flow rates. Secondly, the 
solenoid would wear out too quickly. 

SAFETY CONSIDERATIONS 

Although this section will cover largely the planning behind the security measures undertaken with 
the prototype an attempt to explain how the measures might change for a larger operational system 
is also mentioned. 
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EL EC TR I CA L GR OU ND ING  

Most, if not all, buildings will have a electrical grounding circuit. In a regular residential building, 
the 15A wall outlet will have three holes. The most circular of the holes is the ground and it leads 
quite often to a rod underneath the building where the electricity can dissipate safely without 
causing damage to anyone or anything. The key to proper electrical safety is to ensure that all 
conducting and semi-conducting surfaces can flow into the grounding circuit rather than through 
the operator or equipment not meant for such current. For most cases this is a simple task: connect 
the ground wire to a surface, and all the surfaces together. Additionally, repeat the process for 
every ground wire available; i.e. if one has 4 outlets connected to the system (as the prototype 
does) then each of those can be connected to a surface and then together as a back-up – this way if 
one ground wire is insufficient (current is too high a the wire gauge) the remaining current can flow 
through a different channel safely. Connecting to a surface is as simple as wrapping the ground wire 
around a screw on the surface of interest (Electrical Safety Authority 1999-2013). 

BR EAK ER S  

All buildings should be equipped with a breaker box in Canada. This protects against short circuits 
and power surges. Breakers act as a switch that will cut the power when a fault condition is met. In 
the case of this design, it is important to verify that all circuits do lead to a breaker and are not 
feeding directly from the buildings main power source. This would prevent the building from being 
properly insured should an accident happen and this puts the users at serious financial risk. 
Sometimes, as was the case with the prototype, a single breaker box does not have enough breakers 
positions for this to become possible. The safe and simple solution is simply to have two or more 
breaker boxes. Contrary to what some believe, this does not mean increasing the amount of current 
available to the building. If one wanted to increase the total available current it would often mean 
digging and tying into a new power line – an expensive investment. In the case of residential 
buildings (although the concept applies for most buildings), only 200A are available of which it is 
rarely used in its entirety. For example, the washing machine, dryer, pool pump, hot water tank, air 
conditioning/heating, and stove are current intensive. Using all of them simultaneously might get 
close to using all 200A. Consequently, this would trip a breaker or give off other clear signs such as 
the dimming of lights, the loss of intensity in the stove elements, etc. Yet, the simultaneous use of all 
this equipment is rare. Moreover, many of these operate for only short periods of time. It is both 
economical and feasible to simply schedule activities in a manner as to render the current available 
in times of need. For example, the washing machine, stove, and dryer can be turned off when 
brewing and free up the necessary current. In the case of the prototype, the heating in the garage 
and if necessary the pool’s breakers will be closed to guarantee that current is available for 
brewing. Most operating facilities can perform similar schedules. Brewing rarely occurs during 
peak bar/kitchen hours leaving the current from the stoves and dishwashers readily available 
(Electrical Safety Authority 1999-2013) (Personal Observation).  

In any case, proper design and calculation of electrical currents is necessary. The table below 
displays the prototypes current demand in comparison with other aspects of the residences current 
demand. 
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Source 

Max 
Current 
Usage 

(A) 

House 
Source 

Usage (A) 

Max 
Current 
Usage 

(A) 
HLT 

Element 1 
30 Washer 30 

HLT 
Element 2 

30 Dryer 30 

Pump 15 Pool 30 

Fan 15 Garage 15 

Boil Kettle 50     

Misc 15     

Worst Case 155 Worst Case 30 

Best Case 45 Best Case 105 

 

It becomes somewhat difficult to predict how much energy will be necessary at any given point, but 
based on the table above and the process schematic seen on page 4 it can be understood that the 
boil kettle and the HLT will not work simultaneously unless a worst case scenario appears. This 
means the necessary current is often between 45 and 105A. Also, once the temperature of the HLT 
has been reached, it could run on only one of the two elements without any trouble freeing up 
another 30A. It can be assumed that 45 to 75A is the necessary amount; a majority of the time it is 
closer to the 45A range. So as a reasonable assumption for this design, the washer, dryer, pool and 
garage will not usually be in usage freeing up 75 to 105A; a sufficient amount for the regular 
operation of the brewery. Also note that things like the stove, lighting, and other appliances might 
not necessarily be in use either. In a case where the pool or garage needs to be turned on does not 
necessarily mean insufficient current. Importantly, the use of more current than available when 
going through a breaker does not imply a threat to the system or users security. It will simply turn 
off the current while the brewer finds a new alternative. The alternative can be as simple as 
postponing the laundry, or turning off the air conditioning for 30minutes the time required to 
recover the batch. 

GR OU ND FAU L T IN T ER U P TER S  

Because there is a lot of electricity and a lot of liquid in movement and in close quarters, additional 
precautions should be taken. A ground fault interrupter (GFI) is a device which measures the 
difference in current between the hot and the neutral wires. The currents should be the same at all 
times. If a difference were to occur, it would be indicative of a current leaking into another source 
such as the ground or the user. Note that breakers do not do this. GFI’s can be found in bathrooms, 
on outdoor circuits, and near pools. With the proper voltage, fatal accidents are a matter of milli-
amperes. Since some of the circuit will be working on 240V and 50A right beside a lot of circulating 
boiling liquid, this additional safety mechanism is considered necessary (Electrical Safety Authority 
1999-2013). 

 

 

Table #: Current Usage 
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SEP AR A TI ON O F L OW CU R R ENT S IGNA LS FR OM H I GH CU R R EN T OP ER A T IO N  

Letting high currents, such as 50A used in the prototype, flow through a switch would require a 
large switch and some serious protections to prevent hurting the user. Instead the switch can be 
opened and closed by a contactor placed in a different sealed location. The switch would operate on 
mV and mA allowing it to be smaller and safer –and maybe even easier to use since many high 
current switches use safe start interlocks (Wallner 2013).  

This idea can be applied to the whole control panel. All PID’s, switches, and buttons can run on 
small currents and send small signals to the contactors and SSRs. Hence the value of using a 
junction box separate from the control panel.  

HO T L IQU ID P R O TE C TI O N 

On another note, there is not only electricity which can harm the user in these systems. The focus is 
not placed on the vessels themselves, yet it does warrant some inspection. Large volumes of sweet 
liquid at boiling temperatures can do serious damage. Beginning with the basics, there should be 
guard rails and other strategic placements of openings to prevent users from falling or otherwise 
accidentally exposing themselves to the hot liquids. Often the openings are locked when is usage, 
and the viewing and stirring opening is at chest height and is only 2x2ft. 

To continue, elements which are not submerged such as those heating the boil kettle must remain 
unattainable. They can be covered by the vessel themselves and their corresponding casing when in 
operation to solve this issue. If the user wants to attain the elements, he/she will have no choice but 
to turn off the system, empty the vessel, and remove it or take out power tools to remove the casing. 
In either case accidental burns are avoided. 

Successively, liquids can boil over onto users. Wort is notorious for the large amounts of foam it 
produces when attaining boiling temperatures. For this reason vessels should be 1.5-2 times larger 
than the batch volume. 

Lastly, the vessels surfaces can become hot enough to burn an individual who comes into contact 
with it. A layer of insulation is a minimum in these situations. A double jacketed vessel is quite 
common and solves this issue effectively. 

ELECTRICITY-WATER DAMAGE AND ELECTRICAL CODES 

It goes without saying that water and electrical circuits cannot come into contact with one another. 
A simple but often overlooked solution is simply separating the two: have the water related 
equipment on one side and the electrical equipment around a corner or behind some sort of barrier. 
Since this is not always possible, impermeable boxes need to be used. Furthermore, the box needs 
to be locked, not necessarily with a key, but such that it cannot be accidently opened.  

Importantly, more than just the control panel and junction box need protection. Every junction or 
area with exposed wires needs an enclosure which can resist water and foreign objects. For 
example, the areas where the heating element and the wires supplying it meet near the HLT or boil 
kettle are just as vulnerable. They too need adequate protection. 
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Areas where the wires enter and exit the junction box require a special piece which compresses 
around the wire and prevents water and debris from entering. Since these areas are the major 
power transmitting lines, they are even more vital and should be monitored regularly to make sure 
nothing has broken or come undone. 

Since not all enclosures are built the same, different ratings have been developed by the European 
Committee for Electro Technical Standardization – which made the Ingress Protection code -  and 
closely related the United States use the National Electrical Manufacturers Association (NEMA) 
code. 

P OWER  LOS S AND EQU IP MEN T P R O TE C TI ON  

In the case that a power outage was to occur the system would obviously turn off. The risk is that 
the system turns back on without an operator nearby. An element exposed to the air which turns on 
can hurt the element or even be a fire hazard. A centrifugal pump which has a closed inlet valve will 
cause cavitation. Several other equipment damages are possible. The goal is to have the system turn 
off without turning back on should power be lost successively returned. 

There are two potential technologies worth considering. The first being the safe start interlock. It 
requires a key to be turned on and if power is lost it will not be turned back on without the operator 
resetting it. It’s added advantage is that it will prevent anyone without a key or someone like a child 
form starting the system accidentally (Wallner 2013). 

The second technology is to install a relay. A simple relay has a pin which is pushed up by a solenoid 
to complete the circuit when a current is flowing through it. Should the current be lost the pin will 
fall and prevent the circuit from being completed. It is simpler and less expensive than a safe start 
interlock. The only downfall is that anyone can turn it on, and it can be turned on by accident 
(Wallner 2013). Often this is not a favorable option when children or visitors have access to the 
brewery. 

INGR ES S P R O TE CT IO N C O DE 

The Ingres Protection Code (IP) is the code which describes an enclosures resistance to dust and air 
infiltration as well as liquids.  The rating looks like IP##. The first number represents resistance to 
foreign objects as such (taken from the IP code IEC 60529): 

0 No special protection 

1 Protected against solid objects over 50 mm, e.g. accidental touch by persons hands. 

2 Protected against solid objects over 12 mm, e.g. persons fingers. 

3 Protected against solid objects over 2.5 mm (tools and wires). 

4 Protected against solid objects over 1 mm (tools, wires, and small wires). 
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5 Protected against dust limited ingress (no harmful deposit). 

6 Totally protected against dust. 

 

The second number represents the resistance to fluids as follows: 

0 No protection. 

1 Protection against vertically falling drops of water e.g. condensation. 

2 Protection against direct sprays of water up to 15
o
 from the vertical. 

3 Protected against direct sprays of water up to 60
o
 from the vertical. 

4 Protection against water sprayed from all directions - limited ingress permitted. 

5 Protected against low pressure jets of water from all directions - limited ingress. 

6 
Protected against temporary flooding of water, e.g. for use on ship decks - limited ingress 

permitted. 

7 Protected against the effect of immersion between 15 cm and 1 m. 

8 Protects against long periods of immersion under pressure. 

 

For this application, enclosures were rated IP65 or better. This means complete resistance to dust 
and other objects (to prevent electrocution as well as damage caused by dust build-up) and 
protection against water being sprayed at low pressures. The enclosure could resist a “washing” or 
spillage of liquid without negative effects but would not resist high pressure washing or sprays. 
Resisting such high pressure water is a difficult and expensive increase in equipment. Since the 
worst case scenario is the brewer spraying electrical components with a hose directly – something 
which is safe given IP65 – additional protection is deemed unnecessary. Note that washing down 
electrical equipment should be accidental only and is not recommended here as a common practice. 

NEMA COD E :  EN C LOSU R E  AND WIR E  GAU GE S  

A similar code is used in the US and is known as the NEMA code. It is similar to the IP code with 
only minor differences. The rating which is waterproof and dust-proof given at low pressures is 
NEMA12. Although not always true, in this case a rating of IP65 is similar to NEMA12.  
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This code was also used to decide the wire gauges. The wires which feed the pump, fan, lights, and 
control panel all lead from an 110V 15A outlet and therefore use the standard 14 gauge wire. All the 
signal wires which lead from the control panel to the junction box run on small voltages, mV in 
most cases, so they use 22 or 24 gauge wires. Lastly, the large current consuming objects receive 
power from 240V outlets at 30 or 50A. These wires are 10 and 8 gauge respectively. 

Note: the prototype uses type K thermocouples and thus type K thermocouple wires.  
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DR AWIN GS AND SC H EMA T I C S  

Beginning with the simplest aspect: designing the control panel door. The figure below displays 
how the door is designed and it is drawn to scale. The dimensions of the buttons, buzzer, and 
selectors are 22mm and the PIDs and timer are 47mm by 47mm. 

 

As can be seen in figure 6, everything is properly labeled. This too needed to be designed and drawn 
out not only for the design, but for the company which prints these particular labels. Figure 7 below 
displays this. The color scheme in the bottom left corner can be ignored since it is barely legible and 
simply the choice of preferred colors. 

 

Figure 6: Control Panel Door Layout 

Figure 7: 
Control 
Panel 
Labels 
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Next was designing how all the wires would lead from outlets to vessels, from control panel to 
junction boxes, and from vessels to the control panel. The schematic below displays the design.  

 

 

To continue, the wiring schematic was a long process to develop. Many of the decisions were made 
based off the manuals accompanying each component. For example, the explanation of wiring a 
relay, AC/DC converter, contactors, etc accompanied them upon their purchase. These instructions 
were followed closely. The design involved deciding which component needed to be connected with 
which component and in what oreder. This has already been explained above. The PID controllers 
had to be wired for each of their specific purposes according the instruction manual. The same is 
true for the SSRs. Each wire is labeled on the schematic with a number; each wire was also labeled 
on the prototype. Note that the length of each wire is ignored. For example, it looks like solenoid 4 
is right beside the neutral bus. Such is not the case; the solenoid is about 2 meters away from the 
panel. To finish, the vertical line on the left always leads to the hot bus, usually directly. For those 
not experienced with such a standard of drawings, it may appear as though there is a long wire 

Figure 8: Wiring Schematic 
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which all the other wires connect to and then go to the hot bus. In reality, each wire touching the 
left vertical line is going to the hot bus. This same standard applies to the neutral bus on the right 
side. 
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The previous two drawings do not properly display how the bus bars need to be connected, and 
without a good schematic, it would likely be a cause of many errors. The numbers of each wire 
above represent the same wires in the following bus bar schematic. 
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The last wiring schematic is that of the junction box. Once again the numbered wires allow the 
reader to follow the diagrams from one schematic to another. 

Figure 12: Junction Box Wiring Schematic 
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PROTOTYPING 

The following details the process and analysis of a small scale version of the proposed technology. 
The design is made for a microbrewery operating at up to 3000L, ideally in the 750-1500L range. 
The prototype was constructed for a 50L batch size inside a regular residential house. The available 
current is 200A as detailed above. Importantly, this system is designed to be added to the existing 
brewery and is therefore not a design with regards to the complete construction of the entire 
brewery. Much like its intended use with professional microbreweries, the prototyped technology 
is implemented on top of the present system. 

DEV ELOP IN G T H E CO NTR OL P AN EL  A ND JU N CT IO N  BOX  

The control panel box was thrown out by a plant nearby. It was then sanded down and painted. The 
seal was changed, and the front of the panel was removed. A piece of stainless steel was bought to 
replace the front of the panel so that the desired layout and structure of the panel could be 
obtained. Holes were cut or pierced depending on the size. All buttons and PIDs had a gasket which 
was compressed around it to prevent water from attaining the sensitive electrical components 
beneath. Then it was finished with transparent silicone caulking/sealant. 

The choice of technology in case of power loss was a relay. The power to and from the relay can be 
cut whenever the user decides. It will also cut power to all other elements of the brewery; i.e. pump, 
fans, elements, etc. Lastly, it will do so in case of power loss. 

As explained in the section Operating Specifications, the wiring was completed as such using a large 
neutral bus, a signal bus, and a hot bus. The only change made to the schematics during the build 
was to the layout: one big enclosure was used for the junction box rather than three. This makes no 
difference to the wiring or other aspects of the schematics; it only lengthens a few wires. The 
decision was made based on availability of the enclosures. A larger, higher quality enclosure was 
being thrown out by a plant and became a more affordable and equally reliable option. Once again, 
both the panel and the junction box met the IP65 standards and the NEMA12 ratings. 

Here is a picture of the control panel’s face/door. Notice how closely it resembles the diagram. 
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Here the inside wiring can be seen. There are nearly 100 wires making it hard to follow. 

Figures 14 & 15: Inside the Control Panel 

Figure 13: Control Panel Face 
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To continue with the junction box below, the heat sinks are what appear to be black rectangles on 
top of the SSRs. Also note the mechanisms that seal the enclosure around the wires. 

 

T HE P R O CE SS  

The first step in the process is to turn on all the breakers. Then the relay can be activated thus 
powering on the whole control panel. From here, the desired elements, pumps, solenoid valves, etc 
can be powered on by pressing the button which activates the contactor. Next, the desired 
temperature and time is set in the PID and timer respectively. When the temperature has been 
maintained for the correct duration of time, a buzzer and light turn on alerting the brewer. The next 
steps will essentially be the same except it will involve different temperatures and times. The 
temperature and time is once again entered and the power turned on. When the pump or exhaust 
fan are needed, their respective power buttons can turn them on. When a process is complete, the 
power button (leading to the contactor) can be pressed thus cutting the power. That breaker can 
also be turned off for added safety. 

BIL L O F MA TER IA LS  

The construction involved developing a list of required materials. It is difficult to say if more or less 
equipment and material would be needed for different situations. In the case of the prototype all 
the tools and equipment was readily available. For example, there was no need to buy drill bits, 
cutting oil, silicon sealants, regular small gauge wires, etc. Some parts required being bought but 

Figure 16 & 17: Junction Box 
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were not generally necessary. For example, a large expense was the additional breaker panel and 
the electrician’s salary; yet most building would not require such an investment. The bill of 
materials below covers the necessary inevitable expenses only. 

Table #: Bill of Materials 
  Component Quantity Cost 

IP65 Junction Box Enclosure 1 75 

IP65 Control Panel Enclosure 1 75 

Normally Open Contactor 3 48 

Relay 1 18 

3-way Selector Switch 2 12 

PID Controller 4 45 

Timer 1 34 

Buzzer 1 5 

20 slot bus bar 2 15 

SSRs 3 15 

Heat Sinks 3 5 

Tube of thermo-conductive gel 1 included 

240V GFI 3 40 

AC/DC power supply 1 8 

30A/240V Plug and Wire 2 14 

50A/240V Plug and Wire 1 14 

Green momentary normally open push button 1 5.5 

Red momentary normally open push button 2 5.5 

Yellow maintained normally open push button 5 4 

Blue maintained normally open push button 6 4 

Thermocouple or RTD 4 35 

Male twist lock receptacle 2 9 

Female twist lock receptacle 2 11 

Total Cost 1055.5 
 

TESTING AND ANALYSIS 

This section analyzes the cost, performance, efficiency, functionality, and safety of the prototype 
with the goal of improving and optimizing the design. 

COS T A NALY SI S  

The interesting aspect to the cost analysis is that the first 1055.50$ is necessary for all sizes of 
breweries. However for the analysis, the growth from a 50L batch to something larger can be 
estimated that for every additional 30A element and 50A element (essentially doubling the 
production) it would cost an additional 245$. This number was obtained using the following table. 
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Table #: Bill of Additional Growth Materials 
  

Component 
Additional 

Cost 
Note 

IP65 Junction Box Enclosure 10 Slight increase in size only 

IP65 Control Panel Enclosure 10 Slight increase in size only 

Normally Open Contactor 48 1 additional per element 

PID Controller 45 1 additional per element 

SSRs 15 1 additional per element 

Heat Sinks 5 1 additional per element 

240V GFI 40 1 additional per element 

30A/240V Plug and Wire 14 1 additional per element 

50A/240V Plug and Wire 14 1 additional per element 

Yellow maintained normally open push button 4 1 additional per element 

Blue maintained normally open push button 4 1 additional per element 

Thermocouple or RTD 35 1 additional per element 

Cost per Additional Element 245 
  

As a valuable comparison, it is interesting to calculate the cost per liter given a batch size. The 
following table calculates this. This is definitely an approximation as many aspects could change in 
a non-linear fashion. Consequently, it does give the potential client a good idea of what to expect. 

Table#: Cost vs Size Comparison 
Batch 
Size 

Total Cost Cost/Liter 

50 $1,055.50 $21.11 

750 $4,485.50 $5.98 

1000 $5,710.50 $5.71 

1200 $6,690.50 $5.58 

1500 $8,160.50 $5.44 

1700 $9,140.50 $5.38 

2000 $10,610.50 $5.31 

2500 $13,060.50 $5.22 

2800 $14,530.50 $5.19 

3000 $15,510.50 $5.17 

 

Note how significant the difference is between the prototype and the smallest microbrewery.. 
Assuming that a majority of the beers, from experience alone and the Macdonald Campus M1 Beer 
Project with the Macdonald Campus Student Society, will sell at 11$ a liter as a minimum – often 
going much much higher. Removing taxes, that means 9.74$ per liter. The net income provided by 3 
batches of beer – not the profit of 3 batches, simply the net return – will be capable of reimbursing 
the capital investment. One way of seeing this is that losing roughly 3 days of production is enough 
to pay for the project. 

A few notes, the analysis is interesting but it does ignore the salaries of those building the system. If 
the brewer does so himself (which is possible) then the cost might be ignored. If a team of 
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engineers were to do so, it may double the total cost of the project. Since it is so variable it has been 
ignored. Brewers should spend the necessary time to consider how salaries and time influence cost 
for them. 

 

P ER FOR MAN CE ANA LY SI S  

To measure the performance and proper functioning of the system, a checklist of the desired 
functions was made and can be seen below. Note that several errors did end up occurring on the 
first run of the prototype. Only the first attempt at using the system is displayed below. 

Table#: Performance Checklist 
  Action Yes/Error Note 

Thermocouple reads temperature of HLT Yes 
 Buttons turn on contactors for HLT Error Light on button turns off rather than on 

Elements turn on and off Yes 
 HLT heats in 30mins or less Yes 
 Temperature is maintained Yes 
 Timer started when temperature was 

attained 
Yes 

 Buzzer went off when timer ended Yes 
 Button turns on pump Yes 
 Selector switch allows PID to connect to 

solenoid 
Error 

Off is actually on 
Selector switch can bypass the heat 

exchanger 
Error 

Bypass leads into heat exchanger  

Thermocouple reads temperature of mash Yes 
 PID uses large hysteresis band for solenoid Yes 
 Thermocouple reads temperature of boil 

kettle 
Yes 

 Boils in 15mins after transfer Yes 
 Using a % power maintains the boil Yes Took a lot of testing to find the right % 

Timer started when temperature was 
attained 

Yes 

 Buzzer went off when timer ended Yes 
 Selector switch allows PID to connect to 

solenoid 
Yes 

 Thermocouple reads the temperature of 
heat exchanger 

Yes 

 Water flow doubles and halves by the valve Yes 
 Final temperature is controlled Yes   

 

The major recurring issue was often the wiring of the buttons. It became confusing whether the hot 
or the neutral should be connected where. As can be seen above, the button lights would turn on 
when the element was off and the light would turn off when the element was turned on. The same 
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occurrence happened with the selector switch where bypassing wouldn’t bypass and the heating 
selection would bypass. Lastly, the setting on the PID required to maintain a rolling boil without 
being overly vigorous took some time to find but did eventually happen. 

An issue that occurred on the first attempt was the heat distribution in the vessels. The space 
beneath the element would remain quite cold, and temperatures would be highest around the 
element. As the probe moved, or as currents would change, the temperature would also drastically 
change. For this reason maintenance of the proper target temperature could not be done. Worse, 
the inconsistent heating of the grain bed caused poor conversion and control of the levels of 
fermentable to non-fermentable sugars. This reduces product quality and can hurt the brewery. 

In terms of safety and preventing failures, the control panel was on wheels. It could be pulled away 
from the junction box or bumped into and roll away pulling out a signal wire. Note that signal wires 
are not inherently dangerous as they carry very little current. Fortunately, the larger wires were 
fixed in place along with the junction and remain stationary. 

Heating times were surprisingly consistent from one attempt to another. The HLT would always be 
at the correct temperature before milling finished, usually 25 minutes was enough to go from 60C  
to target temperature. Since the target temperature often changes, this spare 5 minutes can 
compensate for the moments when the target temperature is higher than usual.  

The boil kettle would get to boiling temperatures before the filling was complete. It was designed 
for 15 minutes, but as soon the transfer into the boil kettle begins it 
is turned on.  

The testing not only verified the rate heat transfer, but also the 
quality and level of control of the PIDs. A graph of the temperature 
profile can be seen below. The target temperature was set at 68 C 
and the starting temperature was 21.8 C. The volume of water in the 
vessel was 50L. To maintain even temperature distribution and 
accuracy, three thermocouples were placed in the body of the liquid 
and a pump was continuously recirculating the water. This 
recirculation would clearly cause a great cooling effect, so this must 
be kept in mind when considering the rate of heating. In regular 
operation with a cover on and no recirculation, the rate would 
increase although the measurements would tend to be sporadic 

 

It can be seen that the temperature increases steadily at one degree a 
minute nearly consistently. Once attaining the target temperature 
there is little to no oscillation. To display this fact, here is the raw 
data when the temperature begins to get close to the target 
temperature and then maintains it. 

Table#: Temperature vs 
time raw data 

Time 
(Mins) 

Temperature 
(⁰C) 

35 66.6 

36 67.4 

37 68.2 

38 68.4 

39 68.4 

40 68.7 

41 68.8 

42 68.9 

43 68.8 

44 68.7 

45 68.6 

46 68.5 

47 68.4 

48 68.6 

49 68.3 

50 68.4 

51 68.5 

52 67.8 

53 68.0 

54 67.9 
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The final issue that was noticed is that although the junction box is IP65, it is placed directly 
underneath the HLT allowing it to come into contact with water far too regularly. The area where 
the large 240V plugs meet the wall outlet is not properly protected from water infiltration. 

In terms of consistency and efficiency of the process, the extraction of sugars was highly consistent 
at 84% ± 1%. The consistent heating times and ability to maintain temperature was able to 
guarantee product quality, sugar extraction, and generally facilitate the process. 

FAI LU R E MODE A NALY S I S  

Failure mode and effects analysis (FEMA) was developed by reliability engineers to improve, 
maintain, and verify different points of potential failure or breach of safety. A FEMA table takes the 
bill of materials and then qualitatively analyzes how each part might fail. It does not consider how 
the system might fail from user errors, unexpected occurrences or other non-material related 
issues. These are however addressed in the safety considerations section. The table below details 
each component, how it could fail, what would cause the fail, and the impact it would have on the 
system as a whole. Then the probability of it occurring is placed on a scale of A to E where A is 
nearly impossible, and E is inevitable. Severity is then ranked on a scale of I to VI, I being likely 
harmless and VI being catastrophic with severe injuries. Detection is the measure of how quickly 
the failure can be discovered and prevented as or before it is occurring. It uses a scale of 1 to 6, 
where 1 means it will certainly be found and 6 means the fault will assuredly not be discovered 
until failure. Lastly, the far right column suggests methods for mitigation and requirements for 
preventing the failure. 
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Item 
Failure 
Mode 

Cause 
Effect on 
System 

Probabili
ty 

Severity 
Detectio

n 
Mitigation and 
Requirements 

IP65 Junction Box 
Enclosure 

Loses the 
seal 
allowing 
debris and 
water to 
infiltrate 

Door 
improperly 
shut, gasket 
not 
compressed 

Batch will not 
be able to be 
completed. 
Loss of power. 
Threat to 
safety 

A V 2 
Verify proper seal of 
junction box before every 
operation 

IP65 Control Panel 
Enclosure 

Loses the 
seal 
allowing 
debris and 
water to 
infiltrate 

Door 
improperly 
shut, gasket 
not 
compressed 

Batch will not 
be able to be 
completed. 
Loss of signals 
and power. No 
threat to 
safety 

A III 1 
Verify proper seal of 
control panel before 
every operation 

Normally Open Contactor 

Breaks 
from 
fatigue due 
to electro-
mechanical 
movement 
and stress 

Over use, too 
long a 
lifespan 

Elements will 
no longer 
receive power 

E 
(wearing 
out is 
inevitabl
e) 

II 1 None required 

Relay 

Breaks 
from 
fatigue due 
to electro-
mechanical 
movement 
and stress 

Over use, too 
long a 
lifespan 

Elements will 
no longer 
receive power 

E 
(wearing 
out is 
inevitabl
e) 

II 1 None required 

PID Controller 

Poor 
programing 
causes it to 
act in 
unintended 
ways 

User/human 
error 

Overheating, 
loss of time, 
potential fire 
hazard 

B 
II if 
supervise
d. V if not 

1 
Have user verify proper 
functioning before leaving 
the room 

Timer 

Poor 
programing 
causes it to 
act in 
unintended 
ways 

User/human 
error 

Loss of time B I 1 
Have user verify proper 
functioning before leaving 
the room 

SSRs 
Fatigue. 
Overheatin
g 

Over use, too 
long a 
lifespan 

Power to 
elements is 
lost 

E 
(wearing 
out is 
inevitabl
e) 

II 1 None required 

Heat Sinks 

Poor 
contact 
with the 
SSRs 
causing 
them to 
overheat 

Bad 
installation, 
being 
bumped 

SSRs could 
break 

B II 5 
Verify proper contact at 
start of day 

240V GFI 

Does not 
turn cut 
power in 
case of 
current 
leak 

Manufacture
r's error 

Could allow 
for 
electrocution 

A VI 6 
Press the test button on 
the GFI before each 
operation 

Wall plugs, outlets, and 
wires 

Short 
circuit, 
sparking, 
fire 

Contact with 
water, 
improper 
connections 

Electrocution, 
loss of power, 
fire hazard 

B VI 1 
Verify connections and 
proper sealing of each 
connection 
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Push Buttons 

Does not 
allow 
power to 
run 
through 

Mechanical 
failure 

Loss of power, 
delay of 
production 

B II 1 None required 

Thermocouple or RTD 

Does not 
convey 
proper 
temperatur
e 

Kink/break in 
wire or 
probe 

Improper 
temperature 
readings and 
loss of product 
quality and 
proper 
operation 

C II 4 

Tuning and verification of 
PID and thermocouple 
every month 
recommended. 

 

As the FEMA table shows, the largest threats are from wires, outlets, or enclosures coming into 
contact with water and failing from water damage and short circuiting. These would have serious 
impacts on the system, yet they are both detectable and can be prevented by proper verification of 
the system when starting a day of operation. The other serious issue would be failure of the GFI in a 
time of crisis. Consequently, the user should be pressing the test button on the GFI at the start of 
everyday to prevent such an issue from occurring. In conclusion, all the failure modes have been 
mitigated and it is safe to say that the systems failure will be due to regular operational fatigue and 
will cause no serious risks to people, property, or production as long as the mitigation and 
requirements listed above are followed properly. 

OPTIMIZATION 

This section seeks to correct and improve upon any and all issues discovered in the prototyping and 
testing phases as well as potential improvements for the future models based on experience with 
the prototype and the analysis of performance and cost. 

The easiest and most obvious corrections were the wires leading to and from the buttons and 
selectors. This was quickly adjusted so that the buttons lit up when they were supposed to. As well, 
the 3-way selector was easily corrected simply by moving the labels around so that the user can 
select the correct option as it worked perfectly other than not matching the labels. Wiring could 
have been changed as well, yet this was deemed unnecessary. 

The uneven heating of the water was corrected by adding tubing and a pump to the HLT to have a 
constant recirculation of the water. The water was removed from the bottom layer and pumped 
onto the top of the vessel tangentially so as to cause a current. The result was successful. With 4 
thermocouples placed in different areas of the liquid there was never more than 0.2 C of a 
difference between any 2 thermocouples.  

For the uneven heating of the grain bed, a tube of stainless steel was bent into a circle of about 
33cm (13in) – the vessel itself is 44.5cm (17.5in) – and small holes were drilled into the tube in 
many different areas and directions. This way when the wort returns from the heat exchanger it can 
be evenly distributed across the surface of the grain bed. In the same way the HLT was tested for 
even heating, the grain bed was deemed evenly heated. 

The control panel’s movement was deemed useful, and removing the wheels was not an option. 
Since the issue is pulling the control panel too far away from the areas to which it is connected a 
cable slightly shorter than the shortest wire was attached from the control panel to metal structure 
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holding the junction box in place. If the control panel is bumped, pushed, or pulled too far the cable 
restrains it and the stress is placed on the metal structure and the control panel’s metal footing. A 
cable in tension a little below chest level was not deemed dangerous, and quickly solved the issue of 
pulling out wires. 

The next major correction was moving the junction to an area where it would not be exposed to 
water as regularly. This was only a matter of screwing it into a strong enough structure that would 
be higher than the HLT. This will reduce the occurrence of contact with water. Keep in mind that 
the enclosure is still entirely water proof and that accidental contact will not cause a safety concern. 

Finally, covers were placed on top of all wall outlets. Since water would only be able to infiltrate 
perpendicularly to the outlet, having a square perpendicular to the wall or parallel to the outlet 
would prevent such errors from happening. Water should not be coming into contact with these 
outlets regardless since they are not in a position near enough to be spilt or sprayed. 

Unfortunately, there does not seem to be any clear solution for reducing the cost of this design. 
Obtaining used material and restoring them was how the cost was cut when building the prototype, 
yet this cannot be done on a large scale. 

FU TU R E DE VE LOP M EN T S  

Documenting the brewing process is a common practice. Temperature profiles, times, etc are vital 
when making a repeatable product. It would be beneficial to have the PIDs relay to a computer all 
their data and time so it can be graphed or recorded automatically. A programmable logic computer 
(PLC) would be ideal for this. Additionally, it could perform more complicated tasks without 
demanding that a brewer be present. For example, the PLC can be programmed to start a transfer 
or add strike water according to a specific algorithm, the same ones the brewer would most likely 
calculate himself when doing so. Simultaneously it would record and graph all important data for 
the user and for future uses. Ultimately, the whole process could potentially be automated. No 
brewer would be needed at all. However, the programming, tuning, and adjustments of such a 
system could not be done by an untrained individual. The current system can be operated by a 
regular untrained user. 

MAR K ET ING A ND P AC KA G ING  

For this design to be widely accepted it should be packaged as a complete control panel and 
junction box. The brewer would simply have to state how many elements – or alternatively the size 
and power available so those larger elements can be used if possible – and whole setup can be sent 
to the brewer. Remembering that they brewery already has an operational system, the elements 
and heating are already in place, they simply need to be wired into the contactor and SSRs. This 
would require an engineer given the current design. It would not require much time for a trained 
engineer to install, but this means an engineer needs to travel to the brewery and could 
prevent/slow wide scale distribution. Potentially, special connectors could be added so that the 
brewer only needs to splice his wire and wrap into the connectors. This would require a proper 
instruction manual, and it would need to be personalized each time. However, if the technology 
gains in popularity, pre-made options for each brewery size could become a solution.  
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CONCLUSION 

The objectives stated at the beginning were all successfully completed. The design successfully 
operates each step of the process without brewer supervision. It reduces labour, and successfully 
completes the entire process in less time. Cost was minimized, and is worth roughly 3 days of 
production in net income. The technology was safety oriented and deemed safe for both people and 
property. There is large potential for marketing this product and using it in several microbreweries 
across the province, country, and even continent. The small brewery industry is growing rapidly 
and affordable control technology does not seem to follow. This design can be readily available and 
successfully facilitate process control – essentially responding the need/demand of the industry. 
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