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Abstract
The purpose of the project is to build a Microbrewery which can be used on-site to provide the ability to brew a variation of beers at varying ABV% for personal use in the Brewery. The Beer made will not be for sale to the public and will provide an educational tool used frequently.

 Introduction
The project is to build a Microbrewery entirely from scratch. The project required high-quality components to be selected to build the microbrewery to ensure it is a long-lasting bit of kit that can be easily maintained and used to educate individuals or people on the brewing process of Beer on a smaller scale.
For the Overview section, a few ideas were thought of, and these were then researched and looked at for feasibility. The project was then decided on that, and a PDS was designed from it.
The Research section involved researching previous examples to get an idea of what was required. Materials and components were researched which would be used to build the microbrewery. The key components, such as vessels, were then looked at more thoroughly, and a character selection matrix was made to determine what the best material would be for the brewing process. The health and safety aspect of what was to be carried out was investigated for the project to determine how it could proceed with the project safely and follow the regulations for a safe working environment.
The Planning section consists of several sections. A Materials list for the microbrewery was acquired, and pert charts for each section were made as a guide to ensure the project met the schedule. The overall cost was determined by gathering all the key components, and extras were noted but not essential. The use of resources was used as a plan for how the microbrewery would be installed, and a plan of action followed this up. A responsibility tracker was also made to ensure the appropriate people knew what they had to do as and when it was required. 
For the Implementation section, there has been no progress made as of 24/05/2021 due to shipping delays and stock issues. Alternative components have been considered, but it is crucial staying with the primary objective, which is high quality. Components have been ordered and are awaiting the complete list of components. Implementation has been carried out to what will proceed when the components all arrive. Shipping Delays and Stock Issues is an adverse effect of the Covid-19 Pandemic and is the reason this project came to somewhat of a standstill.





Background
A Gantt chart was used as a calendar for when stuff had to be completed and acted as a deadline for the work that had to be done. The Gantt Chart can be seen in Appendix 1.
The initial solutions consisted of three variations of the microbrewery. The first idea consisted of a DIY Microbrewery. The second idea involved a 50/50 DIY and Pre-made Mix. The third idea was a fully assembled kit where the project would orientate on the installation and the brewing of Beer. This can be seen in Appendix 1.5.
A Product Design Specification was created, which outlined what the microbrewery had to do and the specifications that it would meet. This can be seen in Appendix 1.6.
The plan of action was overall very brief, but not much was required at the time, and the microbrewery at the time was not fully decided. This can be seen in Appendix 1.7.
The research section involved researching three different ideas, which ultimately would be selected to use in the project. This can be seen in Appendix 1.8.

Solution
The problem itself was that the Brewery did not have one. However, Lloyd Manship and Matthew Hayes requested a Microbrewery for use on-site to make Beer of varying flavours and ABV%’s. This Project of a Microbrewery had to be done correctly and to the highest standard. There was no time they wanted it to be done, but it was convenient to carry out as part of the college timeline for the project. The design is of a three-vessel Heat Exchange Recirculating Mash System of HERMS for short. The microbrewery was to produce batch sizes of 50L capable of filling two Cornelius kegs (25L). The design has been made by selecting only the best quality available on the market and will allow us to produce high-quality Beer. The downside to the design and the project is that it was done during the Covid-19 Pandemic, and that has had an adverse effect not only on the project but on projects across the site as well. There was the alternative solution of sacrificing quality for available components. This, however, was decided against due to the project not being critical to the Brewery production.






Implementation
The implementation section, unfortunately, came to a stop. This was due to the inability to obtain stock from suppliers because they have been affected by covid. The bill of materials has been provided, and components are being ordered as and when they become available. This has caused setbacks in the project and caused a delay until we are able to order the components, or a feasible alternative comes onto the market. This has no impact on the production of the company and is not crucial to the Brewery’s agenda. This section will be updated when all the components are available and can build the microbrewery.

Checking Solution against PDS
The components selected have met and exceeded the original plan set out in the Design Specification. The design specification was seen as a minimum as to what we required the microbrewery to be. The only downside to the PDS was that there was no ability to meet the finish deadline. This has been out of control and unable to continue due uncontrollable events. The expected finishing date is as and when all components are present and on-site and will be decided from there as the project remains ongoing. All testing and checks required will be done during the build and after the build to ensure it maintains the high quality initially set out to be achieved. 









Project Evaluation
[bookmark: _Hlk104040357]The current state of the project is delayed due to shipping and product availability issues. All the details have been passed forward and will be ordered as and when available. Unfortunately, due to the Covid-19 Pandemic, there have been numerous issues with Microbrewery manufacturers not having components available, and many alternatives are not up to the high standard required for the project. Alternative products have been chosen from the original plan to compensate for availability. Unfortunately, many components are waiting to come back into stock.
The project plan overall is good. Despite delays with stock, deadlines were maintained to the Gantt Chart, and there was no solution to the stock issues within anyone’s control. Looking back retrospectively, it was not feasible to have done research sooner and ordered components without thoroughly evaluating the products required, as the microbrewery is a complex bit of kit and requires careful thought and consideration as to what components will fit and be compatible with each other. There is no doubt that components could have been ordered from the USA. This, however, would have come at a premium to the cost and greatly affected the budget. The likelihood is that the shipping cost would outweigh the product cost. For improvements regarding the project, timing is the subject of the problems. If the project were to be carried out pre/post Pandemic, it would have most likely met deadlines ultimately. Under better circumstances, the project overall would have gone much more smoothly, and the project overall would have been finished, and a cold beer brewed and ready in hand.
The project cannot be directly compared with the final design to the brief and specification at this moment in time. However, all components selected are correct to meet and exceed the specifications to make for a product which conforms to the specification and standards initially set out. The design would follow the appearance as seen below:
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There are three vessels interconnected via two riptide pumps. The vessel’s heating elements and pumps are controlled by the PID and regulate temperature and flow within the vessels.
As for the functionality of the microbrewery, there is no way of providing an accurate answer until the project is built, tried, and tested. The project has selected high-quality equipment and components with a high degree of research into the integration of the units.

Looking into the maintainability of the product, due to its stainless-steel material and PVC pipe, it will have long-lasting stainless-steel material and easily changed low-cost PVC. The vessels are washed with a cleaning solution, and the cleaning solution can be recirculated through the system to ensure all dirt is removed prior to starting the next brew. Once assembled, the system really is a plug and play functionality, making it easily maintained.
If the project were to be repeated, the planning for this project would be more than sufficient to replicate. The downside to this project is purely from the Covid-19 Pandemic timing. Should it have been done at a different time, it would have followed the deadlines and met targets. The only issue which has caused a delay to the project is shipping delays and lack of stock which has dramatically affected the ability to progress with the project. The Project overall is still ongoing and will be finished in course with all the components coming arriving over time. This cannot be accurately depicted as to when but there may come a time where components will need to be reviewed again to ensure the high-quality standard and if a better alternative becomes available as time progresses. Often companies will release new versions of a product, and it is often that these products will perform better than their predecessor.
For project improvement, there are undoubtedly alternative and enhancing products. There is room for improvement in terms of the beer-making process that could have been implemented as part of the project or a Phase 2 of the Project. The beer-making process will require ingredient and recipe research as well as how it would be stored, for example, in Kegs or Bottles. There would be a methodology as to how to attain the gravity of the Beer and work out the ABV% to ensure we know the strength going into the final product. Fermentation times are also an important factor due to the ageing process having a different effect on the beer quality. Some products can ferment for up to three weeks. Finally, as a continuation of Phase 2, it would be advantageous to have a section dedicated to product branding. Having bottles with a beer inside is nice, but a label on the product would really put it in its glory. Having a brewed beer in a labelled bottle would show how far the product has come and gives insight into the ideas behind the brewed beverage.
Overall, it is disappointing that the Microbrewery Project came to a standstill as the concept of creating a branded beverage after months of Project work would have been a monumental feat. It would almost be like a trophy or something to feel proud of within the Brewery while there is some disappointment. It cannot be said that the project is a failure. There have been factors during the project which have significantly affected the ability to progress. All the data is there ready, but unfortunately, it is just a game of patience as to when components come back into stock. The project is delayed for the foreseeable future and will have to be progressed later. With the evolving nature of the Brewery, it is likely the project will remain delayed until the new infrastructure build has been done to ensure an area can be fully dedicated for it.




Personal Project Management Evaluation 

The project was managed well, I achieved my deadlines, and everything was going smoothly. The microbrewery is only delayed due to uncontrollable circumstances and would have been completed to the schedule should the circumstances have been different. My Gantt chart has been followed well, and I have not missed any deadlines.
I have stuck to my plan through the Gantt chart and, unfortunately, been put into a state of limbo. Alternative components to replace the out-of-stock ones have been looked into, but the last thing I want to do is exchange quality for my deadlines. The project itself is not considered crucial as it does not add value to the company. It is simply an educational and experimentation area which can be built as and when everything is available.
The planning tools consisted of Gantt charts and PERT charts which specifically involved timekeeping. The Gantt chart was used to give me a specified amount of time in days to do the work, while my PERT charts were used to allocate a set amount of time to each task. This is, so my project maintained a tight schedule and followed a structured workload. I followed my project deadlines and did not exceed any of them. The only issue came with ordering components due to stock shortages and therefore postponing criteria later down the line. This does not necessarily mean the project has failed, as it is still ongoing. Some other methods of timekeeping could have come from strategic planning or operational planning. These, however, are overly complex for this project, and I feel that a Gantt chart and PERT chart have suited well for this project and have been good tools to use for my timekeeping. Pert Charts – Appendix 1.1
Critical Path Analysis is also a project planning method which focuses on identifying tasks which are dependent on other tasks. For example, a critical task is required to be finished before you can proceed with the next one. This means it is of utmost importance that this task meets schedule. CPA is commonly used on more complex projects and identifies critical paths as well as not so critical tasks, which would not cause delays in the project timeline. Critical Path Pert Charts – Appendix 1.2
A good alternative for breaking down the project into smaller tasks is a work breakdown structure. A WBD puts work into a hierarchy and breaks down the areas into assigned jobs. For example, having departments at the top of the ladder and further down the jobs and the individuals involved in each job. The idea is to make it easier to plan and allows a visual to others as to what they will be working on.
My timekeeping was overall good. I stayed on track for my individual tasks and was only really stopped by uncontrollable circumstances as to progressing some of the tasks. My schedule through my Gantt chart has enabled me to stay on track with my tasks, and I feel I have done well given the circumstances. There is nothing that could have been done regarding components being out of stock or not readily available.
My budget was originally set roughly at £10,000, but I aimed for £7,000 to allow for extras and tool additions if required. The cost, not including extras, came just under £4300, which is well within the budget while additionally maintaining a high-quality component selection. The components for the microbrewery have been carefully compared and reviewed to find which product would perform best. The additional budget would also be considered for man-hours and any extra expenditure for bottles, kegs, labels etc. Costings List – Appendix 1.3
Throughout the project, I maintained control of what I wanted and what system I wanted to go with choosing the HERMS system. The only area in which I have no authority over is the purchasing of the selected components. This must be approved, and a request put in for it to go through. The final say on the design is ultimately up to Matthew Hayes, who is the customer in this situation. He may suggest alternatives, and I need to give valid reasons as to why I have selected the components and go through my CSMs to show which product is best suited for the design. CSM – Appendix 1.3
An area where I felt I excelled would be the Research section of my project. There are many informational videos and instructions on how to build a microbrewery which can be freely accessed. Apart from that, there are many YouTubers who will participate in or run a “Brew Day”, which generally will be several hours long, and they go through the process and all the equipment answering any questions one may have regarding the set-up. I was able to build research on the brewing process for a large brewery and see how that is used for a microbrewery.
The point at which I began struggling with my project was in the Planning and Implementation section. This was because items which were in stock when I researched had gone out of stock or the lead time was excessive. The Implementation itself was a struggle due to not having anything to build. While this is not in my control, it goes to show how a minor setback can have an adverse effect on the progression of the project.
To improve my project management, I would have a few more people involved who could assist with the work. This is regarding research as it is one of the highest consumers of time on the project. Having a team dedicated to sections of the project would have increased the efficiency at which we could have worked and reduced the overall time consumption by splitting the tasks and dedicating them to individuals.
Overall, I would say my project management has been good. The delays which have affected my project have not been in my control, let alone anybody else’s. I think the main thing I have learnt from this project is how much of an impact the Covid-19 Pandemic has had on businesses and their ability to operate. My project is one of many which has either been postponed or delayed. Many projects in work have been delayed for the same reason, and unfortunately, there is no real control as to what we can do about it. Delays are an expected part of the process, and that is something we must learn to accept, given the circumstances.  

Recommendations/Future Projects
Page | 19

One of the main recommendations for improving the project would be labelling and creating a method process on how to make Beer, as this was one of the learning curbs of the project. To upgrade the project, add a second fermentation vessel and have additional kegs so beers can be made consecutively. To make different types of beers, the purchase of the optional extras will help in bringing additional features and abilities for brewing.
Appendices
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Kumar, P.P., 2005. Effective use of Gantt chart for managing large scale projects. Cost engineering, 47(7), p.14.

Pert Charts – Appendix 1.1
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Critical Path Pert Charts – Appendix 1.2 

Case, C.M., 1969. The application of PERT to large-scale educational research and evaluation studies. Educational technology, 9(10), pp.79-83.
	Item Name
	Quantity
	Cost per item (£)
	Total Cost (£)

	Reverse Osmosis System
	1
	£459.96
	£459.96

	E-Brewing Vessel 70L + 6KW Element
	2
	£339.99
	£679.98

	Herms Coil
	1
	£119.99
	£119.99

	Mash Tun
	1
	£416.50
	£416.50

	Sparge Arm
	1
	£45
	£45

	Riptide Brewing Pump
	2
	£189.99
	£379.98

	PID - Temperature Controller
	1
	£1,320
	£1,320

	Fermenter
	1
	£599
	£599

	Plate Chiller
	1
	£199
	£199

	Platinum Cured Silicon Tubing 
	10
	£5.64
	£56.40

	Stainless Steel Table TBD
	 
	 
	 

	Valves and Fittings TBD
	 
	 
	 

	
	
	
	

	Total Cost in (£)
	£4,275.81
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Costings List – Appendix 1.3








Character Selection Matrix (CSM) – Appendix 1.4
Vessels and Pipes 
	Material
	Durability 
	Weight
	Elemental Corrosion
	Heat Resistance
	Cost
	Aesthetics
	Score
	Key:

	Stainless Steel
	3
	2
	3
	3
	2
	3
	16
	 
	Requirement

	Copper
	2
	2
	3
	3
	1
	3
	14
	 
	Optional

	Aluminium
	2
	3
	3
	3
	2
	3
	16
	 
	Yes

	Cast Iron
	3
	2
	2
	3
	3
	1
	14
	 
	Cause for concern

	Brass
	2
	2
	2
	3
	1
	1
	11
	 
	Bad

	Wood
	1
	3
	1
	1
	3
	3
	12
	
	

	ABS Plastic
	1
	3
	3
	1
	3
	1
	12
	
	


Scores: 1= Bad      2= Cause for Concern      3= Good

From the results above, we can see there are four main Materials which Score high. These include:
1. Stainless Steel
2. Aluminium
3. Copper
4. Cast Iron
The two Top Materials being Stainless Steel and Aluminium. Stainless steel is the main material used at AB-inBev for our lines due to its high durability and corrosion resistance. Aluminium in terms of durability is not as durable as Stainless and thus will wear much worse over time with use.
Copper is very malleable and may also suffer to wear in the same way aluminium would. Copper however is awfully expensive, and a copper vessel will set you back more than a Stainless-Steel vessel.
Brass which received the worst score would not be suitable for our project. The durability and corrosion through use is not suitable for vessels. Brass when initially machines is very shiny and has a nice appeal to it. Unfortunately, it goes very dull and stained with time due to corrosion and does not maintain well.
Cast iron could make a good choice as it is durable and relatively cheap. The appearance of cast iron however is not exactly appealing and is susceptible to elemental corrosion.
For the likes of wood and plastic they simply would not be suitable for our design needs. The Wood is so susceptible to heat and corrosion/rot that it would soon begin to fall apart through the use required. Plastic on the other hand would most likely melt and be destroyed through first use. The durability of both these is not great either as wood can crack and split and plastic is generally not thick enough and large enough to be able to make a 70L open lid container.
















Initial Solutions – Appendix 1.5

Solution 1 - Fully Customised DIY Microbrewery
This solution involves putting different brands and components together to form a single microbrewery. The solution would work by having a consistent use of the same interconnecting pipes between the vessels to ensure ease of use. The negatives with this are that it only takes one faulty component to delay the project, thus meaning the components list must be perfect and looked through thoroughly. It would require three vessels also to include a glycol chiller and fermentation tank along with the correct pipes and connectors. In terms of cost, it really depends on the number of extras added. This could range from anywhere from £2,000 to £10,000, but it would aim to be no more than £7,000 and have that as a target. It is expected that building this would take two people, one whole week. This is keeping in mind the modifications that would need to be made before it is fully operational. Once built, maintainability must also be thought of and should be built with that in mind.

Solution 2 - Semi-Built + DIY Micro-Brewery
This solution involves buying a set-up which already comes with the essential kit and then adding extras to it, which would give the original simplistic design more versatility. It would work by keeping the same basic semi-built set-up with the extras there to improve the overall ease of use and the variation in which beers could be produced. The downside to this is the potential limitations of a semi-built system as they are designed to be a basic model of a microbrewery. It would require three vessels also to include a glycol chiller and fermentation tank along with the correct pipes and connectors. The cost is expected to be anywhere from £2,000 to £5,000 and would depend on how many optional extras are added. Expected work is one person, one week as there is considerably less to do.

Solution 3 - Pre-Built Micro-Brewery
This solution only involves the installation of the microbrewery; although it seems less in terms of a project, there is still much to do with brewing the Beer, preparing the room, filling bottles and printing on them. The microbrewery would already be near enough prepared for use out of the box, some assembling may be required, but it is not expected to be any different to a plug and play system. The negatives with this are its limitations; obviously, the higher the price, the more versatility provided, and an advantage is the electrical PID system pre-installed. However, there are many other extras which could improve upon this initial design. Minimal components will be required as it comes pre-built. The cost for this can range from £3,000 to £7,000. Expected work is one person, two days due to essentially being “plug and play”.

Product Design Specification – Appendix 1.6
1. Performance
1.1. The microbrewery must be fully operational and be able to produce a high-quality beer.
1.2. The microbrewery’s time brewing is dependent on recipes, but the ease of use should make it as efficient as possible.
1.3. The vessels will have to withstand high temperatures due to the boiling process. 

2. Environment
2.1. The microbrewery will need to be ventilated to reduce humidity within the room.
2.2. It needs to be able to withstand heat.

3. Life in Service
3.1. The microbrewery must be able to run for the entirety of the brewing process without problems.

4. Target Costs
4.1. The microbrewery should cost no more than £7,000, and that is the target set within the £10,000 budget.

5. Maintenance
5.1. The microbrewery must be cleaned to food-grade standards. It would be cleaned before and after use to ensure cleanliness. 
5.2. In terms of maintainability, it should be easy to maintain and require only cleaning and occasional pipe fixings.
5.3. A quick visual check can be done should be done to ensure no leaks are present.

6. Size Restrictions
6.1. Subject to Location

7. Aesthetics
7.1. The microbrewery needs to look aesthetically pleasing and should attain a shiny metallic look while also having a modern design and bright aesthetic.

8. Design
8.1. The vessels need to be interconnected with stainless steel pipes and pumps to allow the flow of liquid to move between vessels.
8.2. The microbrewery must be operatable by one person with a control panel.
8.3. The overall microbrewery needs to be easy to clean and possibly even include an initial self-cleaning system.

9. Health & Safety + Specifications and Standards
9.1. HASAWA 1974 (Health & Safety at Work Act)
9.2. BS7671 (Electrical Wiring Standard)
9.3. COSHH (Control of Substances Hazardous to Health Regulations)
9.4. Ventilation (The Workplace (Health, Safety and Welfare Regulations)

Krishnapillai, R. and Zeid, A., 2006. Mapping product design specification for mass customization. Journal of Intelligent Manufacturing, 17(1), pp.29-43.
Plan of Action – Appendix 1.7
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Summary of Research – Appendix 1.8

The project is to build a Microbrewery for sponsors: Lloyd Manship, our site manager and Matthew Hayes, our Brewing Department Manager. The project is expected to be finished before the end of July 2021 and must meet a budget below £10,000. The microbrewery would work by turning water and ingredients into Beer. From the feasibility studies, it was decided to proceed with a Fully Customised DIY Microbrewery. Feasibility Studies – Appendix 1.9. Snyder, D.W., 2012. Feasibility Analysis of a Microbrewery.
 The Three Solutions included the following: 
1. Fully Customised DIY Microbrewery.
2. Semi-Built + DIY Micro-Brewery
3. Pre-Built Microbrewery
From the research and feasibility studies, there are a few key points which set these remarkably similar solutions apart, the main factor being customisation. If choosing a pre-Built kit, it would not have any custom components which could potentially benefit and better optimise the microbrewery. Having pre-built kits will limit any modifications, and any spare parts/components will need to come from that supplier. It is preferential to have more flexibility on this, and thus that is why our pre-built kit received a score of 85.71%. While this score may be high, it is not considered the best option and puts limitations on the project. These limitations include the type of Beer that can be made and the effects of hazing on the Beer.
The lowest scoring solution is the Semi-Built + DIY Microbrewery. On paper, this sounds like a great idea, and it can be part of a design and modified to suit the need. Unfortunately, this is not the case. Having a mix of already made and custom parts will cause trouble when it comes to maintenance and compatibility. Often, manufacturers which have pre-built systems will have specifications which need to be met for their products, and this may cause further issues later in the project. Cleaning a mix of pre-built and DIY may not be easy as the parts need to be compatible in brewing and cleaning, and this causes problems.
The solution was chosen which has the highest optimisation, customisation and beer diversity is a fully DIY microbrewery. There are endless videos which prove how others have adapted and changed things through their customisation, which allows for ease of cleaning, brewing and making it easy for compatibility. There are plenty of people with far more experience who have come up with ideas for their microbrewery. It would make perfect sense to combine these ideas to create a versatile system. The components required to make this will include Vessels, pipes, Pipe fittings, Filters, Heating and cooling elements, a fermentation tank, bottles, kegs, ingredients, and some other parts to create the microbrewery entirely.
Importantly, progressing forward with the project and getting the room set up before starting. This is key as it will require facilities for this to work and have a dedicated area in which this can go. Further research into exactly how combining these components for the best design will be an important factor going forward, and the end goal is to have the microbrewery built and create the first Beer.


Feasibility Studies – Appendix 1.9
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Assembly – Appendix 2.0
Due to Covid-19 and issues with industries worldwide, there has been an inability to obtain the components to assemble the microbrewery. The products I have wanted to buy have either been sold out or on a long waiting list which has had an adverse effect on the project and the ability to progress at this moment in time. The following is guidance on how to assemble the microbrewery when the components arrive:

Ensure all the work carried out is done in accordance with HASAWA 1974 (Health & Safety at Work Act)

Mechanical
1. The Mechanical side will involve the main fittings of components to connect as well as ensuring all fittings are clamped tight to prevent leaking.

1.1. Drilling Hole cut-outs.
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Firstly, mark the vessel at 2 locations in relation to the herms coil, drill a hole in the vessel and then proceed to increase the hole size to the correct diameter of the connector. A tight fit is required to ensure a good seal and the prevention of any possible leaks. Electric Battery drill with drills and slot drills will be used.

1.2. We are connecting components together via valves, bushes, barbs and the components supplied.
[image: See the source image]
PTFE would be used on the pipe connections to ensure no liquid is able to escape the vessel. PTFE is a sealant and will stop liquids from seeping through the threads. The plastic Pipe will be interconnected between the vessels for the system to function correctly.

1.3. [image: See the source image]Mount Pumps to table framework preventing vibration to the pump.
Riptide Pumps will be mounted to the stainless-steel table. Mark the hole positions and drill holes to an appropriate size base on the riptide slots. Bolts, washers, and nuts will be used to secure this in place. Nuts and bolts are tightened with spanners.

1.4. Mount chiller plate in a good location which is the last component before the Beer is transported to the fermenter.


[image: See the source image]
Depending on if the plate chiller comes with a bracket, it may be clipped to the table frame or attached with nuts, bolts, and washers. This would again require the battery drill and drills of varying sizes.


1.5. Test work is done mechanically to ensure everything is ready to go.






Electrical
Ensure all wiring follows BS7671 (Electrical Wiring Standard)
2. The Electrical side will involve the main fittings of heating elements and pumps to the PID Controller; additionally, they will be connected to power.

2.1. Connect Pumps to PID.
Using the Riptide Pump manual, an Electrician would connect the pump through to the PID controller using a screwdriver set. The PID system is capable of being the primary power source for the Pumps.
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2.2. [image: Graphical user interface
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The heating element needs to be connected through a 3-Core cable to the PID. Wire strippers and a screwdriver set will be used to do this. The PID is capable of being the primary power source for the Heating Elements.

2.3. Test work is done electrically to ensure everything is ready to go. 






	










Health and Safety
Most new work equipment that is machinery will fall within the scope of the Machinery Directive, as implemented by the Supply of Machinery (Safety) Regulations. Machinery, and certain other work equipment within scope of the Directive, must undergo conformity assessment and be appropriately CE marked before being placed on the market or brought into use. This includes:
· machinery which needs to be installed on / with other equipment or in a structure before it can be used
· safety components placed independently on the market
· lifting equipment / accessories
· partly completed machinery (machinery which cannot itself perform a function) also comes within scope of the Machinery Directive

Manufacturers of new machinery (and other products in scope) to be placed onto the European-wide market of the European Economic Area (EEA) must design, construct and supply safe products that comply with the Machinery Directive 2006/42/EC . In particular, they must be designed and built to meet the relevant essential health and safety requirements. This requirement applies to the manufacturers of machinery, even where it is for their own use. It also applies to those who modify existing machinery to such an extent it must be considered a new machine, and to those who bring existing non-CE marked machinery onto the EEA market, or into service, for the first time.
Machinery Standards
	Standard
	Year
	Description

	BS EN ISO 13850
	2008
	Safety of machinery. Emergency stop. Principles for design.

	
	
	

	BS EN 13849
	2008
	Safety of machinery. Safety related parts of control systems. General principles for design

	
	
	

	BS EN 1037
	1996  -2008
	Safety of machinery. Prevention of unexpected start-up

	BS EN  ISO 12100
	2010
	Safety of machinery. General principles for design. Risk assessment and risk reduction.

	PD 5304
	2005
	Safe use of machinery

	BS EN 60204 
	 
	Safety of machinery. Electrical equipment of machines.

	BS 4504
	1992
	Circular flanges for pipes, valves, and fittings.

	BS 8680
	2020
	Water Quality, Water safety.


These standards are relevant to the Microbrewery.
Electrical Standards
	Standard
	Year
	Description

	BS EN 50110 Parts 1 and 2
	2004 - 2010
	Operation of electrical installations

	BS 7671
	2008 - 2011
	Requirements for electrical installations. IEE Wiring Regulations. Seventeenth edition


These standards are relevant to the Electrical wiring carried out prior to the installation of the Microbrewery and focus on the 240v Power Supply as well as the wiring done for the heating elements and pumps.
All wiring cannot be carried out by myself and will require an electrician to carry out the wiring. 

Varshney, K.R., 2016, January. Engineering safety in machine learning. In 2016 Information Theory and Applications Workshop (ITA) (pp. 1-5). IEEE.

https://www.hse.gov.uk/
Research and References
Academic Based References
Snyder, D.W., 2012. Feasibility Analysis of a Microbrewery.
Varshney, K.R., 2016, January. Engineering safety in machine learning. In 2016 Information Theory and Applications Workshop (ITA) (pp. 1-5). IEEE.
Kumar, P.P., 2005. Effective use of Gantt chart for managing large scale projects. Cost engineering, 47(7), p.14.
Case, C.M., 1969. The application of PERT to large-scale educational research and evaluation studies. Educational technology, 9(10), pp.79-83.
Krishnapillai, R. and Zeid, A., 2006. Mapping product design specification for mass customization. Journal of Intelligent Manufacturing, 17(1), pp.29-43.
Research Based References
https://www.hse.gov.uk/
Parts List for Building Your Brewery (theelectricbrewery.com)
eBrewing | 2V System - Ss Brewtech
https://www.themaltmiller.co.uk/product/ss-brewtech-tc-brew-kettle-20-gallon/
https://www.themaltmiller.co.uk/product/ss-brewtech-infussion-mash-tun-20-gal/
https://www.brewuk.co.uk/chronical-bm-14gal.html
https://www.angelhomebrew.co.uk/chugger-pumps-240v/160-230v-chugger-inline-brew-pump-cpss-in-2.html
https://www.brewuk.co.uk/riptide.html
https://www.themaltmiller.co.uk/product/1-12-inch-tri-clover-blanking-plate/
https://www.themaltmiller.co.uk/product/tri-clamp-gasket-1-5/
https://www.themaltmiller.co.uk/product/tri-clamp-1-5-inch/
https://www.brewuk.co.uk/butterfly-valve-tc.html
https://uk.rs-online.com/web/p/hose-connectors/5067294/
https://uk.rs-online.com/web/p/hose-connectors/1463182/
https://uk.rs-online.com/web/p/products/7335139/
https://www.angelhomebrew.co.uk/hose/19-12-platinum-cured-silicone-tubing-1275mm-id-x-190mm-od-per-meter.html
https://www.themaltmiller.co.uk/product/ss-brewtech-whirlpool-1-5-tc/
https://www.themaltmiller.co.uk/product/therminator/
https://www.amazon.co.uk/FEPITO-20pcs-10-16mm-Adjustable-Stainless/dp/B07CTLRC91/ref=sr_1_2_sspa?dchild=1&keywords=9-16mm+hose+clamps&qid=1595929122&s=diy&sr=1-2-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUEyMkJCNk1SSVZZRE5ZJmVuY3J5cHRlZElkPUEwODUxMTI3SkZDN0ROUDdZNlMmZW5jcnlwdGVkQWRJZD1BMDU3MzUzNjMyMU5XSEwzVUcyN1kmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.themaltmiller.co.uk/product/thermometer-1-5-tc-for-kettle-bme/
https://www.themaltmiller.co.uk/product/reverse-osmosis-5-stage-filter/
https://www.themaltmiller.co.uk/product/bouncer-in-line-beer-filter-large/
https://www.brewuk.co.uk/ssfalsebottom20.html
https://www.brewuk.co.uk/tc-trub-2898.html
Garage Home Brewing Set Up (Part 1) #timetorelax #lawncarenation - Bing video
My home brew all grain setup for home brewing - Bing video
THE BEST HOMEBREWING SETUP - Bing video
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