Design of an industrial automatic control system
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1. [bookmark: _Toc59371247]Executive summery 
This report discusses various stages in the process of making beer and further investigates the benefits and drawbacks of hydraulic and pneumatic systems, as well as the regulations and legalities of the food industry.
The report investigates how the above can be applied to the production of a new product within a small-scale brewery.
The report finds that the organisation has already in place a pneumatic power supply that would not benefit from a transfer to a hydraulic alterative. But would be able to produce a new brand with the existing technology that they currently own.
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This report seeks to investigate a continuous process control strategy of a micro-brewery which is hoping to release a new product line 
The desired process should involve a certain level of automation and should be capable of raising alarms if necessary and should be able to collect and store associated data 
This case study is related to a product that is intended for human consumption as such must take into account the regulations associated with that industry 
There is also a need to investigate within the design the various technologies needed and how to best apply them along with the most efficient method of providing automation to the production process 
The investigation will look into a possible design for this process that will make use of the current manufactory which at present is running a pneumatic power supply but will also seek to explore any advantages that could be provided by a hydraulic alternative 










[bookmark: _Toc59371249]Investigation 

This section of the report will investigate the brewing industry’s needs and what regulations they need to comply with and will conclude with a comparison between the systems mentioned in the brief 

[bookmark: _Toc59371250]Background of brewing industry
A microbrewery is not a big market as such the product range is limited however the legal constraints are identical as a large-scale manufacturer, the legalities of the operation of a microbrewery will be examined in the next section.
Ingredients for brewing beer are:
•  Barley 
• Hops 
• Water 
• Yeast 

The key equipment for a microbrewery are:
• Lauter tun - Separates the wort (the liquid that is extracted during the mashing process)
• Steam generator – generates Heat to the liquid prior to the implementation of the hops (the plant necessary for making beer 
• Plate Heat Exchanger– Quickly cools the wort in preparation for
fermentation process
• Mash tank – Soaks barley into water to gain sugars, from the starch that can then enter the fermentation process 
• Malt mill – breaks down the grain in readiness for the brewing process
• Wort Pump – Reiterates the circulation for the processed mash, in order to increase the quality of the end-product 
(Scotsman Staff, 2019)

[bookmark: _Toc59371251]Legislation of Food and Drink industry
UK legislation states that the following regulations in conjunction with the production of food and drink (anything intended for human consumption)
· make sure food is safe to eat
· make sure you do not add, remove or treat food in a way that makes it harmful to eat

(UK Government, 2007)
Beer that has been incorrectly brewed or has expired falls under the spoilt beer regulation beer in this category can be described as beer no longer fit of human consumption 
A commissioner is required to register person who intended to brew beer commercially along with their premisses 
According to the beer regulations 1993 the production of beer is initiated at the point the mash is produced 
Duty payments need to be paid at the following points 
· when the beer is packaged 
· when beer leaves the brewery 
· at time of drinking 
· should the beer be lost
· when the beer matures to the point at, I can be considered suitable for drinking 
beer should be transported suitably and warehoused recommended premisses 
the beer in question should not exceed a certain percentage, unless agreed by the commissioner, as stated by the beer regulation 1993 
the brewery is not permitted to mix different types of beer unless they have been authorised to do so and it states clearly on the packaging of said beverage states clearly what the contents contain. Prior to sale this also applies to addition of another beer or any other acholic substance of a different strength to the original product whether this will be at the brewery itself or any point before the sale point  
after production of the beer it is illegal to reduce the alcohol percentage by means of adding additional liquid (E.G water) prior to it being sold to a customer  
(UK Government, 1993)



[bookmark: _Toc59371252]Comparison of pneumatic and hydraulic Power supplies
There are three different types of power used in todays manufacturing industry these are:
· Electrical 
· Hydraulic 
· Pneumatic 
The company in question is currently a Pneumatic system to product beverages. Electrical systems are rarely used for this desired purpose and as such this section of the report will investigate whether it would be advantages to switch to a Hydraulic alterative or potentially redesign the Pneumatic system 
Pneumatics and Hydraulics differs in one main regard
· Power is generated by use of pressurised liquid in a hydraulic system 
· Power is generated by use of pressurised gases in a Pneumatic system
There are benefits and drawbacks to each system, when choosing between these two systems you should consider following 
· Cost-effectiveness 
· Quantity of stock to be relocated 
· Required recourses 
· Available space in the premisses 


(King, 2020)
Hygienic considerations 
When it comes to hygiene the Pneumatic system is superior to the hydraulic system because should something go wrong with the system the only by-product that would leave the system is gas/air as opposed to the hydraulic systems liquids which could include oil and toxic liquids (this especially important when looking into brewing where we don’t want toxic substances entering the beer making process) 
The reason hydraulics fail in this regard is that leaks can occur due to worn valves or hoses which can cause the hydraulic liquid to be contaminated which would then affect the beer being made
Health and safety 
As with hygiene Pneumatics seems to be the safer alternative in this case. Should the pneumatic system be using air a leak would cause no risk to staff/personnel (this might not be the case for more physically harmful gases or toxic gases); the biggest risk with pneumatics is debris launched under pressure should physical damage happen to the equipment or staff.
With hydraulics the liquids released should a leak occur could be either hot enough to cause skin damage or the liquids themselves could potentially be toxic towards humans or corrosive to the equipment. There is also the possibility that the liquids could be flammable or explosive in nature.
Durability
In terms of strength hydraulics is the stronger of the two as they can withstand higher pressure levels and then translate this pressure in power to fuel the process, Hydraulics can produce 1,000-5,000 PSI (pounds per square inch) and in some areas such as mining can generate greater than 10,000 PSI
In comparison gas compression as seen in pneumatics can only achieve 80-100 PSI and as such this makes it improper for some processes. In addition to these compressed gases can sometimes experience pressure decrement which reduces productivity and effectiveness.
Energy efficiency 
This is a complex area owing the fact that the purpose of the system and how constantly its running will have an impact on how efficient the system is. Either system will require an electrical input in order to run 
· Pneumatics. The compressed air cannot be recycled and needs replacing through use of a compressor air is a free commodity and can be replenished readily. Another consideration of use of a compressor is that the heat produced is a form of energy wastage.
· Hydraulics. The fluid using hydraulic systems if filtered correctly is reusable. The main source of wastage in a hydraulic system is the operation of the pump that moves the liquid. A further consideration would be that the thicker the liquid is the more power that is required to move the pump to circulate the liquid.
Intricacy 
Pneumatic systems tend to be less complex than hydraulic systems as previously mentioned the pressure generated in these systems is far lower than the pressure generated in hydraulics which means that the elements required to produce these systems can be produced from simpler materials at a far lower cost 
Hydraulic systems have less physically moving parts and are far easier to operate however hydraulic systems are comprised of far more complex engineering with a great deal of hoses and valves. Innovators are developing new ways of more efficient ways of managing speed and power.

Speed 
In this area pneumatic systems are at a huge advantage; the use of air compression allows for a high flow rate which facilitates efficient production of energy which allows the moving parts to operate at high motion this in turn leads to higher production rate.
Because of the nature of air and gas they can move through the passageways of the system with ease as opposed to the liquids in a hydraulic system which move with a much higher resistance. 
Disposal of material from a pneumatic system is also simpler as gases can be vented into the air as where any material needs moving from a hydraulic system many specialist disposal (this is not the case provided it has been filtered properly in which case it can be used) 


Pneumatic and hydraulic upkeep
 There are some key considerations that need to be taken into account when operating these systems in terms of ongoing maintenance of the machinery:
· Pneumatic. Simpler to maintain as the main propulsion to the system is air or gases. However, the equipment should be checked on a regular basis to ensure that there are no leaks or other discrepancies (check the seals Etc) 
· Hydraulics. Since this system operates using liquids the major concern is that the elements of the system can be corroded this can be mitigated by ensuring that the elements are made of a non-corrosive material but will also require scheduled checks to all components (which are more complex than the pneumatic system) such as hoses, valves and seals etc 
 (King, 2020)
(Korane, 2013)
(Gannon, 2011)
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[image: ]
Figure 1 Beer making process (Eight degrees brewing, 2020)
· Step 1 Milling
· The barley must be obtained and milled into malt prior to the brewing process 
· Each line of beer will have a different composition 
· Step 2 Mashing & Lautering 
· The brew must be moved constantly during the mashing process 
· Hot water is added to allow the enzymes to transfigure the starches in the mash into sugars 
· Temperature must be monitored carefully into order to ensure that the right sugars are fermented
· The liquid that is now used is wort and it is filtered into a kettle leaving the grain behind (this grain can be recycled into animal feed)
· Step 3 Boiling 
· The wort is now sterilised via boiling 
· The boiling process loses some water during evaporation which concentrates the wort 
· Circulation of the point causes settling in the mix these sediments settled in the bottom of the kettle called trub and these are removed 
· Step 4 Cooling
· The resulting liquid is then cooled and sent to the fermenter 
· Heat exchange can be used to recycle the energy via the reuse of the heat from the water  
· Step 5 Fermentation 
· Yeast is now added to transform the wort into beer this process takes a few days 
· After the fermentation process is complete a maturation process takes place which will take several weeks 
· Yeast from the bottom of the fermenter can then be reused for the next batch 


· Step 6 Filtering 
· Filtering will remove the yeast resulting in a clear beer (this is not the same for all beers because some are unfiltered)
· CO2 (carbon dioxide) is added at this point if needed depending on the product 
· Step 7 Packaging
· Beer can be packaged into kegs can or bottles 
· Which ever container is used it is labelled these containers ae then packaged into outers such as pallets ready to be sent to the retailer 
· Step 8 Transportation
· Beer is then transported to warehouses, Pubs or retailers ready for purchase by the general public   



[bookmark: _Toc59371254]Conclusion and recommendation 

This report finds that there are key elements to the brewing industry these being:
· Milling
· Mashing & Lautering 
· Boiling 
· Cooling
· Fermentation 
· Filtering 
· Packaging
· Transportation
When consider pneumatics and hydraulics this investigation has found that since the company in question has a pneumatic power supply already in place, they should continue to use this because hydraulic power supplies present additional problems (as described previously in this report). 
The company should have no problem introducing a new line of beer providing that they maintain the standards which they have to adhere to (as explained in the regulations section of the report) 
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