Methods of Heating:

Direct Heating:
Heat is applied to the mash tun or brew kettle directly. This can take the form of a gas burner, electric stovetop element or electric immersion element. 
This method is cheap and reliable as it minimises required parts. However, this method can struggle to bring the entire contents of the vessel to a uniform temperature. This results in sub-optimal mashing and difficulty in automating the system effectively. For these reasons, many homebrewers opt for one of the following hybrid recirculation / heating systems. 
RIMS: RECIRCULATING INFUSION MASH SYSTEM
[image: ]
With RIMS, wort is continuously pumped through the recirculation line. This ensures that heat is distributed evenly throughout the wort. Heat can be applied at any point in this system but an ability to control the heat is required (either through rudimentary on/off control or by varying the heater power output)
Wort must be continuously recirculated in this system, otherwise “scorching” of your wort can occur. For this reason, it is imperative to include a flow rate sensor and automatic heater cut-off should the pump fail.
This system can have a smaller footprint whilst being cheaper than HERMS. 

HERMS: HEAT EXCHANGED RECIRCULATING MASH SYSTEM
[image: ]

HERMS works much like RIMS however the wort is never directly heated by the heat source. This has the benefit of removing the possibility of “scorching” your wort should a pump fail. The heat of the wort can be controlled by either varying the heat source or turning the pump on/off. The leftover water from the HLT can then be used for sparging as it should already be preheated. 
The drawback from this system is that it is far bulkier than RIMS (Having to include another brew vessel and a heat exchanger)
https://winning-homebrew.com/RIMS-HERMS.html

Sources of Heating:
For homebrewers there are two sources of heating available to them, Electric and Gas.
Electric offers ease of control and automation is readily available and more environmentally friendly than gas (This will differ country to country, NZ’s electricity grid is >80% renewables). However electric heating methods are restricted by the amperage limits on NZ residential wall sockets. This means that no more than 2.4KWh of energy can be supplied to the brew vessel (see document titled “Power Considerations” under “Heater Research”) This can cause problems when attempting to boil a large volume of liquid.
Gas offers superior heating as it can deliver greater than 2.4KWh of energy to the brew vessel. However, gas is less environmentally friendly and far more complex / dangerous to automate.
For these reasons we will be focusing on electric heaters for our system.
Types of Electric Heaters:
[image: ]
https://www.steinecker.com/en/products/wort-boiling.php
Another method that professional breweries use to heat their wort is a device known as a calandria. Calandrias utilise superheated steam to heat and boil wort, and can be either internal or external to the brew kettle. However, on a homebrew scale this device is far too large and expensive whilst offering little benefit.
Direct Steam injection:
DSI pumps steam directly into the wort to heat it. This results in minimal loss to evaporation as steam is continuously added and condensed into the wort, replacing evaporation losses. DSI can boil wort rapidly as 100% of steam energy is transferred to wort as it condenses (this includes state change energy, which allows for such rapid heating) and steam can be added at temperatures greater than 100°C. However, there will be energy lost to heat and transfer the steam to the brew kettle. This system has some benefits but will likely add cost, complexity, size and inefficiency to our system.
Practicality for Our System:
Whilst these alternative heating methods offer unique advantages over standard electric elements (Rapid boiling from a calandria and minimised evaporation losses from direct steam injection etc) an electric heater element converts 100% of its electric energy to heat. If this element is then immersed in wort, this will result in the most efficient transfer of heat to the wort (assuming adequate thermal insulation has been applied to the outside) This method is also the cheapest and easiest to automate. Therefore, an electric immersion heater is recommended.
For the ease of system design and compatibility with existing systems it is recommended that the electric immersion heater be placed in the recirculation line in a RIMS style system.
“Hot side aeration” has been described as a possible issue from recirculating wort during the boil stage. As with everything homebrewing, there are a lot of myths out there and minimal study to reinforce this. Many major breweries utilise external calandrias to boil their wort with no ill effects, so we shouldn’t have any issues utilising an all-in-one mashing / boiling heating and recirculation system if all our components can tolerate 100°C and the selected element can reach and maintain a boil.
https://www.homebrewtalk.com/threads/using-rims-to-boil.558771/
Discussion around boiling wort in a RIMS style system. The main takeaways are:
· Ensure the pump is placed before the element. This will hopefully prevent the pump from cavitating (spinning freely in gas, as this can damage equipment and reduce the efficiency of our system) due to steam in the recirculation line. The wort entering the recirculation line will be at a lower temperature than the wort leaving it, this results in a lower likelihood of cavitation due to steam if the pump is placed before the element.
· Ensure recirculation outlet is immersed in wort. This will prevent dangerous jets of steam shooting out of the nozzle and increase our efficiency.
· Ensure wort does not produce a whirlpool whilst boiling. This can cause a jet of steam to shoot out of the centre of the whirlpool (read this on a forum somewhere, can’t seem to find a source)
For distillation, it should suffice to control the electric heating element included in existing distillation setups.
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