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1	Executive summary

The assignment is about designing a microbrewery for a company. A clear knowledge and understanding must be shown about methodology and engineering principles, as well as being able to analyse scientific and engineering processes.
The report will cover how to create and set up a microbrewery, the cost, and requirements, as well as safety and hygiene factors that come into play. It will also have a brief discussion of hydraulics and pneumatics at the end of the report.
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2	Introduction

2.1	About microbrewing

Designing a microbrewery can be difficult, time consuming and costly as well. Time and money are essentials for starting up the brewery, as well as planning ahead. This is because all of the systems require a lot of space to be kept in and need to be constantly monitored. There are many processes that can greatly affect the outcome of the beer, if not properly controlled. 
Many British people enjoy going to the pub with their friends after a day of hard work, and most of them prefer to drink a nice pint of beer, as it was Britain’s preferred alcoholic drink in 2019, (Leader, 2019). But which processes are included in the brewing of beer?

2.2	A brief history

Beer has been around for a long time and has been a part of many societies’ lives. According to Joshua J. Mark, beer was even made in early civilisations too, such as ancient China, roughly around the 7000 BCs, (Mark, 2011). Only in recent years have there been companies that have their own brews and recipes for making beer, using modern technology for making a semi-automated brewing system. The oldest recorded brewery, as claimed by Justin on The Chopping Block, (as well as the brewery itself in its slogan,) Weihenstephaner Hefe Weissnier is the “World’s Oldest Brewery”, with official dates recoding back to 1040, (Justin, 2020).



3	How It Works

There are many ways to make different kinds of beer, with varied flavours and aromas, but there are some steps that are essential to meet the basic needs. This section will include how to steps on how to create the popular drink, and then will dive further to find how to make specific scents and tastes.
3.1	The ingredients

First off, you cannot make something from nothing. Certain ingredients are used to start the process and require some processes to get closer to the final product. These ingredients are a type of grain, (most popularly malted barley, but others can be used, such as rice, corn, and wheat,) water, yeast, and hops, (Hak, 2020). 
· Water must come from a clean, reliable source, to make sure it is fit for drinking. It should be the correct pH and should not have anything that affects the smells of the water, such as chlorine, (Palmer, 2016). Palmer also stated that mountain spring water is one of the best water sources for brewing, as it is usually relatively free from minerals and organic matter.
· Yeast can come in many different forms, and each of them work best at different temperatures. Ale and Lager yeasts are some examples, and they tend to work best at around 20°C and 10-13°C, respectively, (White, 2019). Some yeasts such as Spontaneous or Wild yeasts were not used as they were thought of as a contaminant, but as technology evolved, it was later able to be used as an ingredient, (Hak, 2020).
· Hops are flowers from the Humulus Lupulus plant and are usually the most expensive ingredient used in brewing. Any amount can be added to the batch, but the more added, the greater the strength of the effects. They provide different flavours and fragrances, whilst adding a preservative effect as well, (Beer Fundamentals-What Are Hops?, 2020). Different hops can have different effects, typically giving a bitter taste or a fruity fragrance, (Hak, 2020). 


3.2	The process

The first process, after measuring out the correct amount needed for making a set amount of beer, entails milling the grain. This process removes the outer shell of the grain, so that the water will be able to be absorbed. The more of the kernels that are milled, the more mash that can be made, but it is important to make sure that they are not milled too much as it can cause the mash to stick together, (Zepf, 2020). There are various ways of milling, some of which are dry and wet milling. Dry milling is “the most common milling process employed in modern brewhouses” (Dornbusch, n.d.). Dornbusch also said that the millers are consisted of 2 to 6 rollers that break the kernels to smaller pieces, whilst removing the outer shell. Wet milling is another form, which eliminates the need to clear the dust up, as the moisture absorbs the particles. The moisture of the warm water keeps the husks in one piece most of the time, so there is an added benefit of quality. They are also faster than dry millers and more expensive, and as a result, less likely to be seen in smaller breweries, (Buttrick, n.d.)
The next part of the process takes place in a large tank called the mash tun, where all the crushed grains go, and then hot water will be added, which leaves an oatmeal like substance called mash. The mash is stirred in this tank to ensure as much of the nutrients as possible can be absorbed by the water. This process helps to remove any starches in the grain by converting them into sugars, (PACRIM Distributors, 2017).
The mash is then moved to the next tank, called the lauter tun, which is where the process of lautering takes place. The remains of the grains sink to the bottom, where they are stopped by a filter. The sweet and sticky liquid, called the wort, then strains through the husks and is then placed back on top of the shells. Again, this tank has rods to keep it all moving about, to get the maximum output possible. Once this process has finished, the mash is removed and taken to a local farm for the animals, and the wort goes on the next operation of the procedure, (Evolution Brewery, 2017).
The boiling tank (or brewing kettle) is where the hops are introduced to the batch once the wort has been brought to a boil, which contribute to most of the flavour and odour of the drink, (Evolution Brewery, 2017). The heat helps to bring out the all the gains of the hops, which also provide a preserving affect. When the mixture has finished boiling, the remains of the hops are removed by entering a whirlpool, and the wort then moves on another process, (PACRIM Distributors, 2017).
The wort passes through a heat exchanger to cool it to the correct temperature (depending on the type of yeast being used) before adding the yeast to the fluid in the fermenting chamber. Since the wort is being cooled, a plate heat exchanger or a finned tube coil heat exchanger would be best, as fluids are being dealt with. Almost as soon as the yeast is added, the fermentation reaction starts. Fermentation converts sugars (glucose) to alcohol (Ethanol) and carbon dioxide (CO2), and primarily takes roughly 7 days for most yeasts, (PACRIM Distributors, 2017), and another 10 days for secondary fermentation, (Evolution Brewery, 2017). But this can vary depending on the yeast, the grain and the type of beer that is being made, (Midwest Supplies, 2019). The carbon dioxide bubbles out of the liquid and is released out of the chambers, while the alcohol stays inside, officially making it beer, (Evolution Brewery, 2017).
When the approximate 7 days are up, the excess yeast is removed, and is taken away to the farm along with the extra mash, where it can be fed to livestock. The product needs to undergo fermentation for another few days for it to finish off. The flat beer is fed through a filter, to remove any lumps, and is then taken to a brite tank to carbonate it, which roughly takes 1 or 2 days. This is now the final product and is now ready to be bottled up and sold to customers.












3.3	The design

Below is an image of a flow diagram of a microbrewery, showing each step of the brewing process.
[image: ]
Figure 1 shows a flow diagram of a microbrewery (credit for taking the photo and drawing the diagram goes to Kielder Francis, the author)

[image: ]
Figure 2 shows the key for Figure 1 (credit for the key also goes the Kielder Francis, the author)

The whole system is connected to a Program Logic Controller (PLC) to ensure all the correct measurements are acquired. For example, a thermometer could be used to inform the PLC that the boiling tank is too hot or not hot enough, (Gates, 2017). A fieldbus is used to connect the devices and the PLC together, as well as the PLC to the valves and actuators, to allow the liquids to flow at the correct time, (Chemigraphic, 2019). This system should be fully automated, apart form the inputs of the malted grain and the outputs of bottle beer. 

4	Cost 
Below are some short points that will briefly and roughly show the cost of each machine and costs as well as the ingredients. 
4.1	Cost of containers

· The cost of a small, handheld miller can cost roughly between £50 and £150, and some larger, automated millers for 5000USD.
· A mash tun typically costs between £100 and £500 that ranges between 25L and 40L, whereas a bigger automatic mash tun with a false bottom can cost about £3600 that can hold up to 1000L.
· A 55L lauter tun costs about £250, so for 1000L, that would cost about £4500.
· A 1000L brewing kettle can cost somewhere around £3000.
· Heat exchangers are relatively cheaper, as they are cooling down in this case. The finned tube coil usually cost £15 to £50, whereas the plate heat exchanger cost between £75 and £250, and requires another fluid to flow through another pipe, such as cool water or a refrigerant.
· 1000L fermenters are generally about £2550 each, with an automatic heating system.
· A 45L brite tank costs about £550, so for 1000L it would cost about £12200.
All these tanks forcefully come to the price of £30000, and that is not accounting for the price of other components of the production line, [such as tubing, pumps (although a pneumatic system is already owned) and the cost of packaging,] the expenses (such as rent, wages and electricity) and the ingredients. Overall, it can be an awfully expensive business to set up.
The general ratio of grain to hops to yeast to water is 200g:2g:1g:5L respectively for 1L of beer, (Vanhonsebrouck, 2020).





4.2	Cost of ingredients

· The above ratio says that 1000L of beer needs 5000L of water, that can cost £15.40, (United Utilities, n.d.).
· The cost of 1000kg of malt barley costs £130, and 200kg are needed for 1000L of beer, which adds up to £26, (Nicolson, 2020).
· Yeast habitually costs somewhere around £2 to £10 for 1kg, which is the correct amount needed for 1kL of beer according to the above ratio.
· According to some online shops, such as The Homebrew Company, hops can cost from £25 to £60 per kilogram, so about £50 to £120 will need to be spent for 1kL of beer, (The Homebrew Company, n.d.) 
So, on average, the total cost of the ingredients for 1000L of beer is around £115. 
Moreover, the brewery must have enough room for all the tanks and machines to fit in, as well as enough space for the workforce to clean, conduct inspections, and move around freely.


5	Hygiene, health and safety, and requirements

Safe and Local Supplier Approval (SALSA) introduced new standards for the brewing industry in the UK in 2015, making it safer for workers and more importantly, the beer drinkers. Hygiene, safety, and other subjects will be briefly discussed in the following points, (SALSA, 2015). They set certain standards to be set, to make the brewing industry a safer workplace, and to minimise the risk of contamination or an accident. All the points below are just some of the mentioned or implied requirements from the 2015 SALSA audit.
5.1	Personal hygiene and safety

Workers in the food industry should have sufficient training and supervision if not fully trained. PPE should be used to protect the workers from any potential hazards (in this case, a lot of water will be boiled, so if there is a leak in a pipe, goggles and a lab coat would help prevent further harm), and certain clothing should be removed, such as a coat or jewellery. All hair should be fully contained, perfume and aftershave must not be worn, all cuts and grazes must be covered by a coloured plaster, and hands must be washed thoroughly before handling food, (SALSA, 2015).
5.2	Cleanliness

The entire workplace must be kept clean and tidy, making sure the correct chemicals are used, and that no residual detergents are left as a contaminant, (SALSA, 2015). All tanks should be made from stainless steel, to prevent any rusting or any other form of contamination. 
5.3	Testing

Tests must be carried out for pressure where beer and water are contained. Areas where testing the product or tasting it must be clearly shown. Other tests that should also be regularly conducted are inspections for pests and to check that any fragile packaging or processes are not broken or damaged, (SALSA, 2015).


6	Pneumatics and Hydraulics

Pneumatics and hydraulics are similar in many ways, but different in a few too. Pneumatics deals with compressed air or steam, whilst hydraulics handles liquids such as water or oil.
6.1	Pneumatics

As they deal with compressed air, they tend to be a lot safer, although as it is compressed, it is likely to heat up. If there is a breakage in the system, then the air will simply float away, likely resulting in no harm being done. They can be used for pumps and actuators, so they are useful in the food industry too, such as pumping wort or beer around, (Woodford, Pneumatics, 2020). They could also help with the bottling and packaging process by placing the bottle cap in place, (Evolution Brewery, 2017).

6.2	Hydraulics

Hydraulics are filled with a liquid, usually oil or water, which cannot be compressed. This can be manipulated, so that a small force can act as a larger force at the end of an oil filled pipe, assuming the diameter is smaller at the other end. Hydraulics tend to be more dangerous, as it is containing a hot liquid, and liquids cannot be compressed. This means if there is a leak, then hot oil will spray everywhere, likely causing an accident. Like pneumatics, they can both pump liquids and act as actuators, (Woodford, 2020).
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