Survey and personal experience design takeaways:
Safety:
· Lifting and moving heavy and high temperature components has an inherent risk of causing burns or strain to the user.
· Even the “All-in-one" home brewing systems like the Robobrew and Grainfather still have this issue.
· Our earlier concepts included a grain basket within the brew kettle. This would require the user to lift the heavy basket (≈18kg and 75°C) out of the kettle. Whilst this would still be an option for the user, the use of an external grain bed and valve removes the need for user to lift heavy and hot grain basket out of the main vessel after sparging. This also allows for more of the process to be automated. 
· An appropriate cooling method is to be utilised (heat exchanger etc). Our current method involves moving 23L kettle of near boiling wort to a full bathtub and letting it cool for up to 4 hours. A cooling solution would remove this danger and improve speed of cooling. (Also is less likely to introduce contamination and reduces formation of DMS an unwanted flavour)
Time:
· Brew days take approximately 8hrs
· We will utilise the highest possible wattage heating element to speed up boil times (2.4kW).
· Automate as much as practicable. Even though this may not speed anything up, this will free up the user's time to be utilised elsewhere.
Desire for further automation:
· Our current design would enable complete autonomous brewing up to the point of the first hop addition, then semi-autonomous from there on.
Temperature control:
· Difficult to maintain exact mash and sparge temperatures. Resulting in lowered efficiencies and deviation from desired recipe.
· In-line temperature sensors will monitor the temperature before and after the heating element, with a third sensor on the return line to the kettle (used to accurately measure mash temperature) These 3 sensors combined with a PID controlled element would allow for the temperature of the entire brewing process to be accurately monitored and controlled.
Sparge Automation:
· The Robobrew and Grainfather do not have automated sparging and require the user to heat sparge water in an external vessel before pouring over the grain bed. This is not an automated technique, is a poor sparging method resulting in efficiency loss, and is dangerous for user to pour 20L of 75°C water over the grain bed manually.
· Our sparge implementation will utilise the Fly-Sparge technique (most efficient technique) Sparge water will be heated from ambient to ≈75°C in line as it is pumped into the mash tun. This innovative system is achieved through automated flow control ensuring the correct temperature water is available at the output.
· This system minimises user input, increases safety and efficiency, decreases the need for additional components and would enable complete automation from the start of a brew to the first hop edition stage of the boil (We could enable complete automation up to cooling stage if we manage to automate hop additions. Would be complex and likely costly though)
 Cleaning Automation:
· Another major complaint from our survey was the difficulty and time required to clean and sanitise equipment before and after the brew.
· We have been designing our system so that the hardware would be capable of heating and recirculating hot water or sanitiser fluid throughout the entire system. All this would require is a software option, no hardware changes are needed.
Fermentation Control:
· This was one of the more requested points of automation from our survey. However, the system required for this would be completely different from a system that would automate the other aspects of making beer or distilling. Therefore, we have deemed this out of scope for our project.
Adaptation to Existing Systems:
Our current design can interface with existing brew kettles, mash tuns, urns, stills, pumps, chillers and RIMS heater elements, bringing users a level of integrated automation that their systems never had.
It was important for us to be able to interface with the widest range of homebrewing equipment as possible. Many homebrewers have invested a lot of money and time into familiarising themselves with their equipment, therefore we don’t want to make these investments obsolete. 
· Flexible silicone tubing at inputs and outputs will allow our system to adapt to any size / shape vessel the user already owns.
· Utilising a needle vale allows the automation of flow rate control without the need for the user to own a specific PWM pump.
· A PWM controlled AC voltage regulator will allow the complete control of users existing RIMS heater elements or hot water urn.
· Different hose fittings will allow the user to adapt to any port their vessels or chillers already have.
