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[bookmark: _Toc84265074]Executive Summary
I was given the task of designing and implementing a continuous process control strategy for a new Brewery. This proposal will outline a control strategy for a self-regulating automated brewing process. Process alarms and all relevant production data collection and storage will be included in the control system's architecture.
Because the beer plant is in the food and beverage industry, the proposal will outline how the system will account for environmental cleanliness as well as any potential health and safety risks.
Because the brewing process necessitates the manipulation of variables, a basic control system has been devised to achieve the primary goal of automatic control. This proposal includes utilities, equipment, instrumentation, and controller recommendations. It will also detail any applicable legal considerations that must be followed.



[image: ]













[bookmark: _Toc84265075]Introduction
Many microbreweries are transitioning from small-scale manual processes to larger-scale automated processes while maintaining the authenticity, quality, and ‘hand-crafted' status of their product. According to (SIBA, 2020) “A growing number of consumers believe genuine craft beer should come from a small independent brewery”.
Microbrewers are compelled to perform a great deal of manual work, for example opening and closing valves and manually adjusting temperatures, at the expense of other important components of the business. Manual labour should also be avoided because manipulating boiling liquids and piping is dangerous. 
Automation and control can save time and improve quality and safety. Costs can be cut, quality can be improved, and time can be freed up to focus on other aspects of the business. These improvements will open doors to new potential customers and retailers.
Brewing Process
The brewing process consists of mashing, boiling, and fermentation (Figure 1). Milled barley is placed in a mash tun and mixed with warm water. Some enzymes in malted barley break down starches into fermentable sugars during this time, while others break down proteins to generate amino acids. To make a nutritionally complete wort, sugars, proteins, amino acids, and vitamins are removed from barley. The solid barley is then removed from the liquid solution, which is subsequently cooked with hops in a kettle. They are then filtered out of the liquid, which is cooled before being delivered to the fermenter. Beer is the end result of several days of fermentation (Farrell, et al., ND).
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[bookmark: _Ref85390392]Figure 1 - Brewery Process
[bookmark: _Toc84265081]Legal Considerations
Running a brewery requires several legal considerations, including health and safety, quality, taxes, packaging, and advertising requirements. If the new plant necessitates the construction of new facilities, planning permission will be required. Water consumption and effluent discharge must also be considered. A licence will be required if alcohol is to be sold at opening or tasting events. Beer duty must be paid on beer produced with an alcohol content greater than 1.2%, and you must be registered with HM Revenue and Customs (HMRC). The packaging and labelling must also comply with standard food labelling rules; the alcoholic strength, as well as the ingredients list, must be declared on the label. There are also strict rules regarding advertising, such as the fact that it must not appeal to people under the age of 18 (nibusinessinfo.co.uk, n.d).

Health and Safety
Manual handling, slips, trips, and falls, as well as chemicals, are all concerns in the beer making process. It is the responsibility of the company to guarantee that its employees are safe by conducting risk assessments. In addition, you must follow food safety regulations and register with the 'Food Standards Agency’.

The Supply of Machinery (Safety) Regulations 2008, which includes safety by design, conformity marking, and a Declaration of Conformity, applies to any equipment purchased and installed for the new brewery plant. All machinery must be "designed and constructed in such a way as to avoid any risk of infection, infection, or contagion," according to (Executive, 2019). Some key aspects of this procedure have been highlighted below, together with information sheet 'Hygienic design of machinery in the food and drink industries' (Health & Safety Executive, ND).
· All plant materials, including surfaces, vessels, and equipment such as pumps, must satisfy food grade standards. Corrosion resistant, non-toxic, non-absorbent, unpainted, and easy-to-clean materials must be resistant to breaking, cracking, or fracture.
· All equipment and vessels must be easily dismantled for cleaning, and disinfectant chemicals must be able to be emptied fully.
· Ensure no lubricants come into contact with the product for example use shafts /seals that are self or product lubricated or of food grade standard.
· Ensure that dismountable joints have a true and hygienic fit, with minimal projections, edges, and recesses.
· Limit dead legs and bends in pipework where product can accumulate.
· A layer of insulation to be added to vessel as surfaces will become hot to touch.
(Health & Safety Executive, ND)


Proposed Automated Process
Milling
Malt will be milled through a grist mill manually or can be purchased from an outside vendor. 
[image: ]Hot Water Tank [bookmark: _Ref85389945]Figure 2 - Level Sensor

The mashing, lautering, and cleaning processes all require hot water. A hot water vessel will be installed with two heating elements and fed filtered water via a pneumatic valve. The valve will open and close depending on the tank level. A level sensor (Figure 2) will be installed to monitor the tank level; when the water reaches a specific ‘low level,' the incoming water valve will automatically open and fill, and when the water reaches a specific ‘high level,' the valve will close. If the heating elements fail and cause elevated temperatures, a pressure relief valve and a possible burst disc will be required to relieve overpressure. A PID controller will control the heating elements by measuring temperature from two temperature probes located at the top and bottom of the vessel. Alarms within the PLC programme can be programmed to alert when process parameters, such as low/high water level or low/high temperature readings, are out of specification, and it can also have a failsafe that it will shut down. 
When the water is ready to be transferred to the mash lauter vessel once it has reached the required temperature. The pneumatic valve at the tank's bottom will be opened, and water will be pumped into the mash lauter vessel. To prevent the pump from running dry and causing damage to the pump, flow sensors can be installed to produce low and high flow readings and trip the pump if necessary. 
Mash Lauter Vessel 
[image: ]To improve efficiencies, the mash and lautering processes will be carried out in the same vessel using a specialised agitator/stirrer. The heated water and malted barley will be added when the process is complete. The heated water will be distributed through a pneumatic valve located above the vessel, and a flow meter will be used to ensure that the correct amount of water is added. The grain will be added through a hopper attached to the vessel's top, which can be batch metered using weight. The mixture will be heated using two heating elements using a PID controller (Figure 3), temperature and level will be monitored using the same instrumentation used in the hot water tank. [bookmark: _Ref85390467]Figure 3 - PID Controller

To prevent the vessel from imploding due to pump suction, a vent will be installed and opened during transfer and filling. Because the mixture must be mixed for a specific amount of time and at a specific temperature, the PLC can be programmed with a timer to ensure that this is done correctly. The timer will pause until the required levels and temperatures are within specification before completing the required mixture time. The vessel will have a motion sensor to ensure the agitator is in motion and pH meter to monitor conversion of the starches to sugar.
Once the wort is ready, the filter bed will open and wort will be pumped to the boil kettle using the same procedure as before, in which the relevant valves will be opened, and the pump will be started. Again, a flow sensor will be used, but due to the filtration and separation of the solids, this procedure will require slower pumping.
Whirlpool Kettle
When the wort is ready, it will be pumped into the boil kettle in the same manner as before. The boil kettle will feature a vent, heating components, level sensors, pH metre, and temperature sensors, just like the mash lauter vessel. Hops will be added to the mix utilising a dosing mechanism. During this process, temperature and time are crucial. Again, a timer function will be programmed into the PLC to confirm that the process has been boiled for the appropriate period of time. The whirlpool agitator will be controlled by a variable speed drive or pulse width modulation controller to facilitate the quenching process since the wort must reach boiling point and be held.

[image: ]Heat ExchangerFigure 4 - Heat Exchanger

The wort will then be pumped to the fermenter tank, where a heat exchanger will be utilised to rapidly lower the temperature. On the outlet of the heat exchanger, a temperature sensor will be installed and controlled by a PID, which will be connected to a pneumatic control valve on the return side of the chilled water to control the flow, which will increase or decrease depending on the temperature. The setpoint of the required temperature of the wort will be programmed into the PLC.

Fermentation Tank
[image: ]The fermentation will take place in a cylindrical conical tank, which will allow the yeast to settle in the cone section. A dosing mechanism will be used to introduce yeast. The tank will have a cooling jacket with cooling pipes equally spaced to dissipate the heat created during fermentation. Due to the importance of temperature throughout this procedure, three temperature sensors will be installed at the top, middle, and bottom of the tank to ensure that the temperature remains stable. The chilling process works similarly to the heat exchanger in that if the temperature in the tank rises, the control valves open, allowing chilled water to flow into the jacket. Because cO2 is created during this process, a pressure sensor will be required, which will provide a signal to open a pressure control valve when the pressure rises. Throughout the procedure, the density will be measured by taking a sample that will be pulled through an in-line density meter (Figure 5) and then back into the tank using a small pump. An O2 meter will also be fitted to monitor oxygen content.  The beer will be ready to be pumped into the bright tank once it has attained the required density or into barrels/kegs.[bookmark: _Ref85391471]Figure 5 - Density Meter

[image: ]Bright Tank
The beer will be put through a filter to remove any remaining solids residue. The beer will be carbonated in the bright tank. The cO2 will be fed into the tank and regulated using control valves and a flow meter (Figure 6). Pressure will be controlled similarly to that of the fermentation tank. The beer is now ready to be canned or bottled. 
Utilities Required[bookmark: _Ref85391342]Figure 6 - Flow Meter

· Compressed air
· Chiller
· Electricity
· Water
· CO2 (Cylinders)
Hydraulic Power Supply
A hydraulic power supply may also need to be considered. Hydraulic power can be used for the mash and lauter turn process as it will able to manage heavy load due to the torque required to start the mixing. It is also beneficial for safety reasons due to the brewery process being wet and creating dust from grains etc. It can also be used for the bottling, canning, and packaging processes for example driving a conveyer line and lifting and heaving raw materials and product to different levels within the plant. 
Control System
A control system for the equipment, instruments and devices will be required to manage and automate the proposed brewery plant. The purpose of the control process is to continuously measure and feedback various process parameters. Controlling and managing the process necessitates the measurement and monitoring of critical process parameters. This will reduce manual intervention and time checking vessels.
Because feedback control is far more sophisticated than open loop, the majority of instruments used to control the process will use a closed loop application. The basic concept of feedback control is to make the control input dependent on what the plant output actually does, rather than what it would do if there were no unknown variables in the physical parameters, unknown initial conditions, or plant disturbances. The output from a temperature sensor, for example, is constantly measured and adjusted to maintain a constant output at the desired temperature. Closed loop control is constantly aware of the output signal and feeds it back into the control system. It will also have improved steady-state error reduction and easier control and adjustment of the system's transient response (Clark, 1996).
[image: ]
Figure 7 - Closed Loop Block Diagram

PLC 
Programmable Logic Controller (PLC) will be the major component of the control system. A PLC is a powerful industrial computer that continuously monitors the state of input devices and makes decisions on how to control them. The PLC computer will be able to replicate the beer production process and collect process data on a regular basis. It will include input contacts that can be closed or opened. When pressed, an open contact conducts current, whereas a closed contact stops current flow when the signal initiates it. The PLC will also be programmed to initiate an alarm if any of the critical parameters or process controls go out of specification.
[image: ]HMIFigure 8 - HMI Example

A Human Machine Interface (HMI) touchscreen will be installed, this user interface will connect the operator to the control system. The HMI will used for visualisation of data, monitoring the process, creating beer recipes/programmes, and controlling the process.

Cleaning & Sanitisation
During production, brewery plant rooms, equipment, and surfaces are constantly exposed to moisture and nutrients, making them vulnerable to microbial contamination and growth on surfaces. Bacteria that sits on surfaces are a source of concern in the process industry because they cause contamination. Not only can this contaminate product it can degrade and corrode materials and can reduce process efficiency like filters and heat exchangers. Surfaces and equipment must be cleaned regularly. (Priha, et al., 2015)
Clean in Place (Sanitisation)
Large stainless-steel vessels will be used in the brewing process, which will necessitate frequent cleaning to prevent residue accumulation. All vessels will have a hatch for easy cleaning and a spray ball at the top for the clean in place (CIP) process. Each vessel will also be self-draining. The CIP procedure will include a pre-rinse with water, cycling with a caustic solution, additional rinsing with water between wash cycles, cycling of a disinfection solution, a final rinse with fresh water, and drying (Chisti, 1999) as cited in (Pettigrew, et al., 2015).
[bookmark: _Toc84265082]Conclusion
[bookmark: _Toc84265083]This report successfully outlined the objectives required for this proposal. To decrease labour costs and time, the proposed design will complete each stage in the process with minimal operator participation. Process alarms will also be included in order to reduce batch failures and scrap/waste.
The analysis considers all legal requirements, as well as health and safety considerations, and proposes a solution to ensure that the plant's design complies with environmental cleanliness standards.
The control system will ensure that the equipment is operated safely and that the system is safe for both the operators and the facility. This design is widely available and effectively facilitates process control, essentially reacting to the in-house need/demand.
Recommendations
1. Due to the fermentation process taking 5-10 days for future expansion further fermentation and bright tank vessels can be installed to increase output.
2. Programmes can be created within the PLC for different beer types.
3. For future improvement the control system can be monitored remotely.
4. Following mashing, the leftover grains provide a nutritionally rich feed material that can be stored for collection by local farmers to feed to their animals.
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