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The goal of this report is to implement a continuous control strategy for a new product line in a microbrewery. Requirements set out include the production line to be self-regulating for the duration of a production run and all that data be collected and stored with ease of access.  This report will look at the background of brewing to see how it has developed over the years to help gain some understanding of key processes. Trends will also be looked at to determine where the industry is moving, the purpose of this will be to see if there are any missed opportunities in typical microbrewing setups.

Careful consideration will be given to standards that need to be met within the industry, by carefully looking at systems that are currently in place an approach to automatic control will looked for. This automatic control will take advantage of a pneumatic power supply that is located at the plant. By understanding the needs of what each piece of equipment requires suggestions will be brought forwards to help implement these moves. Designs will be drawn for a suggested plan of action to utilise these discoveries. 

Finally, the finding will be discussed with explanation as to why certain decisions were made. There will also be some consideration given on using a hydraulics power supply along with any other finding that should be considered in the implementation of this new product line.
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[bookmark: _Toc59366290]History
The art of brewing has been taking place for centuries, with some estimates of its emergence in southern Babylonia more than 5,000 years ago (Oliver, 2015). Brewing has remained in the heart of civilisation since then. From the Egyptians building some of the first large scale breweries to craft beer ‘to last until the afterlife’, to the monks of St. Gallen in Switzerland building the first full scale brewing operation in Europe (Oliver, 2015). These were labour intensive jobs that required a lot of manpower (Figure 1).
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[bookmark: _Toc59316959]Figure 1 - Depiction of a 17th- century brewery (Oliver, 2015)

But from the larger scale breweries that were created in the past, advancement in technologies has given a rise to the modern-day microbrewery. 

[bookmark: _Toc59366291]Trends
A clear example of this devotion could be seen from the Half-Moon brewery in Bruges. Since 2016 they have been sending their beer through unique pipelines beneath the city streets (halvemaan, 2017). After 5 centuries of operating in the city centre, they found that demand proved it difficult to upscale their operation at their current location along with the logistical factors of shipping the beer in and out of the small narrow streets (Scott, 2017). To tackle this, they implemented an ambitious control system and built a pipeline that pumped up to 6 litters p/h to a bottling plant outside of the city centre (Scott, 2017).

This trend was not only evident in existing breweries but in new start up also. Global brewers that dominated the British beer industry started to see competition from the rise in microbreweries (Wilson, 2006). The Campaign for Real Ale (CAMRA) found that around 50 small new brewers open every year. One brewer from Copper Dragon Brewery in Yorkshire had stated "More people want taste and craftsmanship, they want to know where their beer has come from, and they want something that has been produced locally” (Wilson, 2006).

[bookmark: _Toc59366292]Standards
These new microbreweries were not exempt from the standards of their larger competitors. With no sign of these trends slowing down the British Beer and Pub Association decided to put micro brewers under the microscope (Humphreys, 2015). It meant that the production of beer needed to be closely monitored so that it remained safe and kept its quality. Cask Marque experts created the SALSA beer audit that focused on craft brewers, allowing them to only receive the certification if the standard of SALSA were met. These standards were broken down into controls the business must have in place i.e., Personal hygiene, staff training, environmental control, and contaminations alongside implementing Hazard Analysis and Critical Control Point (HACCP) which is a legal requirement (Humphreys, 2015).

To help meet these standards, the brewing and conditioning process typically take place in large stainless-steel tanks (Figure 2) (Pettigrew, Blomenhofer, Hubert, Groß, & Delgado, 2015). Stainless steel is a go to for most of the food and beverage industry. By not only having properties such as resistance to corrosion and temperature fluctuations it also allows for easy cleaning (Cvetkovski, 2012). Although These still need to be frequently cleaned to prevent the build-up of residue (Pettigrew, Blomenhofer, Hubert, Groß, & Delgado, 2015).
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[bookmark: _Toc59316960]Figure 2 - CIP Systems and Tanks (Systems, 2014)

Even though brewing has become less labour intensive over the years it still provides its challenges with increased scheduling and overall efficiency of the process. More often or not lower staffing numbers means that efficiency and standards can be time consuming.
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To help meet the standards outlined in (1.3) brewers have begun to look to automation to assist in their craft. With numerous equipment such as valves and pumps to regulate it can be difficult observe and modify all the instrumentation (Ogawa & Henmi, 2006). 

One way to effectively carry out an automated process is using a personal computer (PC) and a Programmable Logic Controller (PLC) or a combination of the two known as PC+PLC based control system. These systems allow for flexibility withing the brewing process. Due to improvements in performance of both these systems continuous control processes are now available through introducing PLC instrumentation (Ogawa & Henmi, 2006). See (Figure 3).
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[bookmark: _Toc59316961]Figure 3- PLC control valve (InstrumentationTools, 2018)



These also allow the possibility of mobile operation through Lan (Figure 4). 
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[bookmark: _Toc59316962]Figure 4 - Mobile operation through wireless LAN (Ogawa & Henmi, 2006)

The flexibility a system such as this could bring would not only help in meeting the standards set out by SALSA but also allow for tailoring the product towards customers desires and satisfaction (Ogawa & Henmi, 2006). During a year where a pandemic has affected the way so many companies operate having such a system could have been crucial.





One other area that automation can be beneficial is in the Clean in Place. The CIP process consists of cleaning and sanitising the system surfaces along with a rinse. This can be seen in more detail in (Figure 5).
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[bookmark: _Toc59316963]Figure 5 - CIP Process (Pettigrew, Blomenhofer, Hubert, Groß, & Delgado, 2015)


It is commonplace for CIP to be automated in industrial sized breweries (Pettigrew, Blomenhofer, Hubert, Groß, & Delgado, 2015), however Kevin Weaver suggested at Vbrewcon that microbreweries could also seek automation in their CIP systems (Vbrewcon, 2020).

Automation towards the CIP does not only lower the needs for physical labour, but also helps when water consumption. Water consumption is a high resource within brewing, the average water consumption of a brewery is between 4 and 11L per litre of beer produced. 2/3 of this water is used for brewing while 1/3 is on cleaning (Pettigrew, Blomenhofer, Hubert, Groß, & Delgado, 2015). 

With the industry becoming increasingly aware of its water consumption and energy regulation CIP presents some opportunities. Computer modelling allows for the potential to lower the amount of water required using Petri nets to analyse the continuous processes involved in brewing. Through careful monitoring and optimising (Pettigrew, Blomenhofer, Hubert, Groß, & Delgado, 2015), these nets translate the relevant information back to a user in a way that is easy to interpret via the PLC. 
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To successfully implement a control strategy for the brewery, an understanding the process is needed. Although there are many ways in which a process can be adjusted the fundamentals remain the same (Figure 7) This is shown in a more tangible layout in (Figure 6).
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[bookmark: _Toc59316965]Figure 7 - How Beer is Made (riddler, 2018)


To help navigate the brewing terminology a table has been created below to identify key abbreviations and processes.

Table 1 - Brewing Terminology
	Name
	Abbreviation
	Description

	Hot Liquid Tank
	HLT
	Used to heat water

	Mash Lauter Tun
	MLT
	Where the hot water is added

	Brew Kettle
	BK
	Where the wort is boiled

	Clean in Place
	CIP
	System used to clean equipment

	Strike Water
	N/A
	The water that comes from the HLT to MLT

	Sparging
	N/A
	Where water removes residual grain

	Lautering
	N/A
	Process of mashing and Sparging 

	Whirlpooling
	N/A
	Where Hops and wort are separated

	Wort
	N/A
	Malt extract and Water



The control process will take advantage of a pneumatic power supply that is present. This means that many of the components that are present will have pneumatic actuators.  A pneumatic actuator will translate the source of compressed air that is acting on a piston inside a cylinder to move along a linear path (Eitel, 2012). Below each of the systems have been broken down into 5 sections to better understand the demand on each and to see where the pneumatic power supply can come into play.
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There is typically only one job to the HLT and that is to heat the water to the desired mashing temperature (BrewersFriend.com, 2011). This is required to be heated to around 65-70 ℃  (BrewDog, 2014). Brewers Friend suggests a complete HLT would have the following:
· Ball Valve for draining the brewing water to mash tun
· Thermometer to meet desired heat for mashing
· Sight Gauge to show levels of water
· Dip Tube to drain from the bottom

As the system is being designed for pneumatic automation Kevin Weaver of Vbrewcon suggests that steam valves should be utilised to control the temperature for strike water and mashing consistency (Vbrewcon, 2020). Hot water from the HLT can also be utilised for CIP. By integrating the same steam valves, it is possible to reach a fully automated CIP process (Vbrewcon, 2020).
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Although mash and Lauter tuns can be two separate pieces of equipment in smaller breweries, both processes can happen in the same Tun. Firstly there is mashing, mashing should be considered to be where the brewing really begins, here the ABV % of the beer will be decided along with its sweetness and colour (BrewDog, 2014). The term ‘mashing’ refers to the HLT’s water being added to selected milled malted barley. This is then mixed and left to ‘mash’ for a desired period.
Temperature control would be through the steam jacket on the tank as mentioned in (3.1). The mixing and blending process can also be automated but a timer would be crucial monitor the mashing time (Vbrewcon, 2020). Once the desired time has been met, two measurements should be taken one of Original Gravity and the other of Final Gravity. This is where the ABV % is taken (BrewDog, 2014). 

The sparging process would follow, this is where water is sprinkled over the wort to remove any residual grain ready for the boil (BrewDog, 2014).
[image: ][bookmark: _Toc59316966]Figure 8 - Peristaltic Pump (Vbrewcon, 2020)

Timing should also be implemented here to begin the sparging process and a peristaltic pump used to initiate the sparging process into the tank and then out to the Brew Kettle (Vbrewcon, 2020).



Once the residual grain has been removed the freshly sparged wort will filter through as a clear liquid to the Brew Kettle (BrewDog, 2014).


[bookmark: _Toc59366297]Brew Kettles (BK) and Whirlpooling
Brew kettles are where the wort is boiled, this must happen on a timer of approximately 60 to 90 minutes as the water is being boiled hops will be added to the process (portlandkettleworks, 2018). There are means of automating the hop dosing with dispensers, but as in previous steps precise power through a steam valve is key here to maintain repeatability (Vbrewcon, 2020). Once the boil is complete with newly added hops whirlpooling will commence, this can be achieved by an automated pump coming from the CIP (Vbrewcon, 2020) to separate and solids from the liquid (portlandkettleworks, 2018).
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Before fermentation can take place, the wort must be cooled to a temperature below 25 ℃ the exact temperature will vary depending on the brew that is being made with larger needing more cooling than that of ale (Warren, 2014). Flow of wort should be controlled here before being led to a heat exchanger for rapid cooling (Vbrewcon, 2020).
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Throughout the whole process it is desirable to keep any oxygen away from the process. However, before fermenting this becomes essential. Here oxygen needs to dissolve into the wart for the growth of yeast that will synthesize into fatty acids (Stika, 2009). Between 8 and 10 ppn of dissolved oxygen is shot into the wort prior to fermentation, with 5 ppn considered the minimum (Stika, 2009). Though there were suggestions on Vbrecon to achieve automation here, to keep simplicity in the design it shall be considered a manual process, as it is commonplace in most microbreweries.
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Within the control strategy design careful consideration was given to the CIP, it was the goal to utilise this in two different ways, firstly was its intended use, to clean for tanks after brewing but there was an opportunity to utilise it to be a part after brewing itself. By running the CIP line through a heat exchanger and controlled by a pneumatic butterfly valve it allows for the water to be directed to the pumps situated above the two brewing tanks. When it comes to the MLT   the CIP flow can be used for the sparging process, levels of water in the MLT can then be controlled by the pumps at an inlet and outlet. Looking at the brew kettle the same line can be used for whirlpooling. For general timings and temperature monitoring, data from each pneumatic valve will be sent back to the PLC terminal. This not only allows the possibility of modification but for the repeatability that is essential in brewing.

If a plant were to have hydraulic power supply then it could see some advantages, a hydraulic system would allow for more simple system layout which can help when it comes to control accuracy. Due to the lack of numerous components on a typical hydraulic system it allows for it to cope with a higher white weight range and can keep a constant force to remain in place (Gillespie, 2018). It would also benefit using hydraulic actuators, these are suited for high force applications and offer up to 25 times greater force than a pneumatic cylinder of the equal size the PSI can go up to 4000 (Anon, 2015). The actuators themselves also allow for a force to be held a constant torque without the need of more fluid to be supplied. Due to these characteristics, they are also capable of being placed at a greater distance with only a minimal loss of power (Anon, 2015).

 It is worth noting the research done by CORDIS concerning a water hydraulic power unit that was sent to the Carlsberg brewery in 2010. They found that the power unit was compact and could be positioned without causing obstruction to existing foundations, however when trialling the actuators of the hydraulic valves they found the closing speed to be too fast. What this suggested was that in future installations when using hydraulic power more flow control would be needed (CORDIS, 2015).
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