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[bookmark: _Toc59424039]Introduction 
Microbreweries must function efficiently and effectively in order to be profitable, and as such, all equipment must serve to reduce wastage due to quality problems. An effective pneumatic system can aid with this by minimising the potential for error, as once it is set up it should return repeatable products due to it’s ability to react predictably to external disturbances such as temperature changes.
This report will outline how the brewing process works, noting the variables that can affect the final product. It will then explain one pneumatic control system for a brewery system, with diagrams of the brewery system and pneumatic system in Appendices 1 and 2 respectively.
Finally, it will look at how hydraulic power could be used alongside or instead of pneumatics in this application, as well as a few problems it could cause.
In the interest of clarity, all parts and their functions are given in a reference guide in Appendix 3. This includes all sensors, actuators and valves.

[bookmark: _Toc59424040]Literature Review 
[bookmark: _Toc59424041]The Brewing Process
[bookmark: _Toc59424042]Sanitisation
Thorough sanitisation of all parts prior to production is critical to ensuring the final product tastes as it should and is safe to drink. As the brewing process depends on chemical and biological interactions, any unwanted microbes or substances could heavily influence the taste. In addition to this, these unwanted flavours can be hard to trace due to the large number of variables and processes, so ruling out improper sanitisation saves on the likelihood of wastage if a batch is not of acceptable quality.
Most of the parts will be made from stainless steel due to its resistance to corrosion and staining. This also allows the use of strong bleaches which will eliminate all microbes, however this will need thorough rinsing. There are other rinse-free alternatives, but these cost more. As sanitising is such a complex and crucial task, it will need to be done manually prior to a production run.
[bookmark: _Toc59424043]Malting
The process of part-germinating the grains to break down the ‘endo-sperm wall’, enabling access to starch reserves which will convert to sugars later in the brewing process, as well as activating some enzymes which will be needed (Mahesh Gupta, 2010). As this process is time-consuming and demands the uses of germination rooms, this is often done by the grain producers, and breweries therefore buy in malt barley, as opposed to fresh barley. The brewers may mill the grains themselves to meet their specifications, through the use of opposing grinding wheels.
[bookmark: _Toc59424044]Mashing, Lautering and Boiling
Mashing is the process in which the malt is heated for predetermined time periods at several temperatures in water, with the primary aim of converting the starches to sugars, producing wort – the sugary liquid which is later fermented. There are many variations of how to do this, but the option considered here is through a HERMS – Heat Exchanger Recirculated Mash System. A graphical explanation is given in Figure 1. It is in the boiling phase that hops and spices are added to give the beer it’s desired flavours and aromas. After boiling, the wort must be pumped tangentially into a Whirlpooler tank to remove contaminants known as Hot Break. After a resting period it is then pumped through a cross-flow heat exchanger to cool.

[image: ]Fermentation[bookmark: _Toc59424028]Figure 1 - Diagram of HERMS

Prior to fermentation, yeast must be rehydrated in the Yeast Preparation Vessel, to reduce the chance of osmotic shock and enabling better yeast dispersion and activity (Microbrewery.com, 2020). The wort is added to the Fermentation Vessel, then the yeast mixture in such a way that it splashes, exposing it to the oxygen it needs, before being left for around 2 weeks again (Microbrewery.com, 2020). Primarily, yeast converts the sugars to alcohol, with carbon dioxide as the by-product, though various other reactions are taking place to give the brew it’s characteristics.
After this initial fermentation, it is strained to remove most of the yeast, then the ‘green beer’ goes on to secondary fermentation in a Maturation Vessel for around 2 weeks more. At this point, it is recognisable as beer.
[bookmark: _Toc59424045]Carbonation, Bottling and Storage
To produce a fizzy beer, sugars must be introduced to the bottle so that the small amount of yeast remaining at this point can produce carbon dioxide while the bottles is sealed. For this, a priming solution of cane sugar and water is boiled, with a small amount being added to each bottle before it is filled with beer and capped. This must be stored for at least 2 weeks to ensure each bottle is sufficiently carbonated.

[bookmark: _Toc59424046]Regulations
[bookmark: _Toc59424047]Hygiene Regulations
The key piece of legislation that beer must meet is the Food Standards Act 1999, alongside meeting standards laid set by the Food Standards Agency and the European Commission. Cleanliness of all equipment to use is of utmost importance, and the room that the brewing takes place in should be cleaned sufficiently so that minimal airborne contaminants can make their way into the brew. The bottles and caps must also be sterilised before filling, and after production all equipment must be cleaned manually.
[bookmark: _Toc59424048]Health and Safety
The equipment used must not breach any of the regulations set out in the Health and Safety at Work Act 1974, Pressure Equipment Regulations 1999 or the Work in Compressed Air Regulations 1999. Generally, this means all equipment must be in good working order, with pressure relief valves where needed and exhausts positioned so that they pose no risk to operatives. Fire suppression equipment must also be in place where mandatory.


[bookmark: _Toc59424049]Systems
[bookmark: _Toc59424050]Zone A – Pneumatic Supply
The pneumatic supply line must run through an FLR prior to distribution to protect components and minimise maintenance efforts. The contents of all hoppers and grain tanks must be filled manually, then the supply is switched on manually at a control valve actuated by a lever, before splitting to each zone.
[bookmark: _Toc59424051]Zone B – Milling
In Zone C, there are water level and temperatures in the HLT and MLT. A PLC is linked to these, and when set conditions are met, this PLC actuates the control valve for air entering Zone B. Air flows through the next normally open control valve, to open A1 and release the grain from the Malt Tank onto the conveyor belt. Grain then falls onto the conveyor belt driven by A2, up into the Miller. As the Miller has opposing crushing gears, it has a protective lid on it, this necessitates the need for the initial Malt Tank.
The grain then passes through the milling wheels driven by A3, onto the conveyor belt driven by A4. It will then fall into the MLT, passing through the optical gate sensor S3, as it falls. S3 will actuate a control valve allowing air to fill tank T1. This tank, coupled with the flow regulator, will act as a timer allowing the remainder of the grain to enter the MLT. Once the air tank is full, pressure will exceed limits and pass through the pressure relief valve, actuating the control valve to shut off supply to the actuators. In this state, the rotary actuators will stop, A1 will be held closed, but the air in the tank cannot exhaust anywhere so the system will remain in this safe state.
S1 and S2 are torsion sensors connected to the spindles of the milling wheels, linked to a PLC where if they exceed limits it will cut flow at the supply control valve for Zone B, simultaneously triggering alarms electronically.
[bookmark: _Toc59424052]Zone C – Mashing, Lautering, Boiling and Cooling
As mentioned earlier, both HLT and MLT are filled once the system is switched on through the 3/2 control valve controlling a 180° rotary actuator to allow mains water to flow through V1. Level sensors in both are connected to a PLC which then cut the supply here.
The HLT is heated electrically, and once it is up to temperature and the milled malt has entered the MLT, a timer starts. V2 is also actuated to allow flow through pump P1, to circulate flow through the heat exchanger inside the HLT and into the MLT. After the designated time, V2 is switched to divert flow through to the Boiling Kettle, and V3 opens to run through the pump and the heat exchanger to rinse the grains in a process known as sparging.
Once the Boiling Kettle is filled with wort, another timer starts, and the BK is electrically heated. Hoppers of hops and spices positioned above the BK release their contents at predetermined times in the boil. Through solenoids connected to a PLC, these are released by two actuators, A5.1 and A5.2, although more can be used in identical fashion depending on the brewers’ recipe. When the timer finishes it actuates a solenoid to open V4 and release the wort through a pump to the Whirlpooler. Another timer then actuates a control valve to open V5 after the set settling time, then from here the wort is pumped through a cooler.
[bookmark: _Toc59424053]Zone D – Yeast Preparation and Fermentation
The Yeast Preparation Vessel is filled with mains water through the 90° rotation valve V6, and the yeast in the hopper above it is released into the water by A6. Just above the gate of A6 is an optical sensor gate S6, which when the yeast has passed through and cleared will close the control valve, shutting A6.
The yeast and water then mix, stirred by the continuously rotating actuator A7, which exhausts back to a tank. After a PLC’s timer, A7 stops and valve V7 releases the contents, which will then run due to gravity to the Fermentation Vessel.
When the wort and yeast mixture is in the FV, the temperatures and times are controlled electrically by a PLC, which then actuates V8 to allow the contents to be pumped into the Maturation Vessel. Another PLC function actuates V9 to release the beer to Zone E after the desired time period.
[bookmark: _Toc59424054]Zone E – Carbonation and Bottling
The Priming Solution for carbonation is mixed in the Priming Solution Tank, which is filled with mains water controlled by V10 and level sensor S8. Above this tank is a hopper of cane sugar, which when actuated by a PLC will A8. This gate then shuts when optical gate sensor S9 is clear, and the mixture is heated electrically, agitated by the boiling action. After the designated time, V11 releases the mixture which then flows due to gravity to V12. This 3-position valve first distributes the priming solution to each of the bottle fillers. At the bottle filler opening, valve V13.X releases the priming solution into each bottle.
Valve V12 then diverts the beer into each bottle using the same pipes, with an electrode level sensor cutting off the supply at V13.X when filled to the appropriate level. The bottles will then need to be capped all equipment thoroughly cleaned manually to end the production run.
[bookmark: _Toc59424055]Hydraulic Power as an Alternative 
One of the key benefits that hydraulic power has over pneumatics is the forces hydraulic systems can exert. These larger forces would be particularly useful in driving the conveyor belts early in the production line, as they could be inherently heavy and must lift the grains against gravity into the next container. Hydraulics could also drive the powerful pumps used to propel the liquid through pipes throughout the system, specifically the one before the Whirlpooler as the wort must be travelling relatively fast here.
However, hydraulic fluid can leak through seals and any major leaks could contaminate the product, and the higher pressures mean leaks could be more likely and more significant. Pneumatic systems can leak, but the released air does not pose the same issues. These contamination concerns, coupled with the lower costs and maintenance demands of pneumatic components, mean that they would be more suitable for most of the valves and actuators in the system.
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[bookmark: _Toc59424059]Appendix 2 - Pneumatic System Schematics (drawn to ISO 1219)
[image: Diagram, schematic

Description automatically generated]
[image: Diagram, schematic

Description automatically generated]
[image: A piece of paper with writing on it

Description automatically generated]
[image: A piece of paper with writing on it

Description automatically generated]


[bookmark: _Toc59424060]Appendix 3 - Reference Guide for all Major Components
Malt Tank – Container for malted barley, loaded manually, with a pneumatically-actuated gate at the bottom, and an optical level sensor at the bottom to sense when it’s empty.
Conveyor Belts – Pneumatically-driven belts, to lift malt into miller, and milled malt into MLT. Started when the system is powered on, and switched off when an optical gate sensor is next clear after is first broken by the milled malt.
Miller – Tapered tank with two opposing crushing wheels, which are pneumatically-actuated and switched the same way as the conveyor belts. The two milling wheels are connected to torsional sensors, which will cut power if torsional forces exceed limits, in case of jams.
Mash Lauter Tun (MLT) – The container in which sugars from the milled malt are released by hot water, a process called Mashing. Filled initially by a Mains Water supply, which is switched off by a water level sensor. Inside the MLT is a colander with a false bottom, allowing liquids to flow through but not the grains.
Hot Liquor Tank (HLT) and Heat Exchanger (HE) – Filled initially like the MLT, the water in the HLT is heated directly, which then heats liquid coming from the MLT through a Heat Exchanger. After the predetermined time, liquid from the HLT is diverted through the HE into the MLT to rinse the grains as it empties, a process called sparging.
Boiling Kettle (BK) – Container in which the wort is heated directly, during which times hops and spices are added.
Hops and Spices Hoppers – Containers for hops and spices, manually loaded prior to production. They have a pneumatically actuated gate at the bottom, which let the hops fall into the BK below at predetermined times in the boil.
Whirlpooler (WP) – A conical vessel, filled tangentially by high velocity boiled wort, causing liquids to whirlpool with no mechanical action other than the pump in the inlet pipe. Hot Break amalgamates in the centre, then the liquid is drained through a valve near the bottom.
Yeast Preparation Vessel (YPV) – A vessel filled with Mains Water, in which Yeast is mechanically mixed with water to rehydrate it prior to fermentation.
Yeast Hopper – A hopper above the YPV, with a pneumatically actuated gate at the bottom of it allowing yeast to drop into the YPV below.
Cooler – A Heat Exchanger in which the wort is cooled. Flow rate and Temperature Sensors before and after the Cooler inform the pump of how fast to pump through the Heat Exchanger.
Fermentation Tank – Vessel in which the yeast mixture is added to the cooled wort, and ferments for around 2 weeks in an airtight and temperature regulated environment. Emptied through a strained valve which removes most of the yeast.
Maturation Tank – Airtight and temperature-controlled vessel in which secondary fermentation of the green beer takes place. From here the beer is pumped to Bottle Fillers
Priming Solution Preparation Tank and Corn Sugar Hopper – Tank filled with Mains Water, with a hopper of corn sugar above, released by a pneumatically actuated gate. The corn sugar mixture is boiled, then gravity fed Bottle Fillers.
Bottle Fillers – Through a 3-way valve, a small amount of priming solution is first fed through distributors to each bottle, then beer is added to fill the remainder of the bottle, switched off by electrode level sensors when filled to the desired level.
Sensors:
S1 and S2 – Torsion sensors on spindle of Miller, with limits set to cut off power in case of jams
S3 – Optical gate sensing for milled malt as it falls into MLT, connected to a pneumatic timer
S4 – Level Sensor for HLT, connected to mains water feed
S5 – Level Sensor for MLT, connected to mains water feed
S6 – Optical gate for yeast hopper, connected to linear actuator
S7 – Level Sensor for Yeast Preparation Vessel, connected to mains water feed
S8 – Level Sensor for Priming Solution, connected to mains water feed
S9 – Optical gate for cane sugar, connected to linear actuator
S10.1, S10.X – Beer bottle filler level sensor, with electrodes sensing in the neck of the bottle to cut off beer supply at valve V10.X. Repeated for X number of beer fillers.
Valves:
V1 – Mains water supply to HLT and MLT
V2 – MLT outlet
V3 – HLT outlet
V4 – BK outlet
V5 – WP outlet
V6 – Yeast Prep. Vessel mains water supply
V7 – YPV outlet
V8 – Fermentation Vessel outlet
V9 – Maturation Vessel outlet
V10 – Priming Solution Tank mains water supply
V11 – Priming Solution Tank outlet
V12 – Bottle filler distribution valve, controlling main supply of priming solution or beer
V13.X – Bottle filler valve, at neck of the bottle
Actuators:
A1 – Malt Tank Gate
A2 – Conveyor Belt drive into Miller
A3 – Miller Drive
A4 – Conveyor Belt into MLT
A5.1, A5.2 – Gates for hoppers of hops and spices. 2 shown in this case, but more can be added
A6 – Yeast Hopper Gate
A7 – YPV mixer
A8 – Cane sugar hopper gate

Note – All flow meters, temperature sensors and pumps not directly linked to the pneumatic system have been omitted as they would be controlled electrically
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