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1. PROJECT DESCRIPTION

1.1. Background
Oregon farmers are currently growing barley but none of their barley is being used in large brewing companies to create malted barley. This is due to a lack of information on the suitability of the Oregon barley. This is the main motivation for our project. OSU Fermentation Department will use the pilot malter we design to experiment with different types of barley to find more information about Oregon barley. Our malter will make small batches but will use a similar malting process that is used in large companies. OSU will hopefully find sufficient information that leads to Oregon barley being used in large brewing companies.
1.2. Requirements
Our malter should be able to successfully carryout a number of processes in able to produce acceptable malted barley. Steeping, germinating, and kilning are the main processes and our malter is required to successfully complete these as well as many other secondary requirements.
1.2.1. Project Description
Oregon beer and spirits are made from malts produced from barley not grown in Oregon. The reason Oregon barley is not in Oregon products is a lack of data on the suitability of Oregon barley for Oregon- produced malts. Currently, research samples are malted at 350 grams each and the minimum commercial run is 350,000 lbs.  There is no opportunity for producing malts suitable for pilot brewing. The OSU Pilot brewery, located in the Department of Food Science and Technology, is the perfect facility for testing, developing, and demonstrating the suitability of Oregon barley for Oregon malts. The brewery requires ~ 200 lbs of barley to produce malt for a 100 gallon brew.  Mechanical Engineering students will design, build, and develop a pilot malting unit - a “flex box” for steeping, germinating, and kilning in a single unit.  The flex box will remove the malting bottleneck and get Oregon grain flowing to Oregon glasses.  A project budget of $10,000 will be provided.
1.2.2. Customer Requirements (CRs)
Malter shall wash barley (Weight 5 pts.)

Washing the barley is essential to eliminate any excess dust and dirt on the barley. It is something the customer would like but is not on the top of their priority list. The weighting reflects this.

Malter shall steep barley (Weight 10 pts.)

Steeping is the first main process in malting barley. Steeping is important to increase the moisture content of the barley so that it can begin to germinate.

Malter shall aerate steeping water (Weight 20 pts.)

Aerating the steeping water is important to remove excess carbon dioxide produced by respiration of the barley. The barley grains can also suffocate if the water is not aerated. 

Malter shall allow control of inflow steeping water temperature (Weight 20 pts.)

By changing the temperature of the inflow steeping water the time spent in the steeping phase can be shortened or lengthened. This is something that large malters can't do, and so the sponsor is interested in seeing the effects of longer and shorter steeping times.

Malter shall keep steeping water temperature below 70F (Weight 20 pts.)

Keeping the steeping water below 70F is essential. If the water is above 70F it gets too hot and can kill the barley. If the barley is killed by high temperatures the grain would have to be thrown away and the process restarted. The weighting reflects the importance of this requirement.

Malter shall couch barley (sit without water) (Weight 20 pts.)

Couching barley is important because it absorbs the moisture in it’s surroundings. This is where the barley absorbs the most moisture and so this is weighted more heavily.

Malter shall keep germination temperature below 70F (Weight 25 pts.)

The germination temperature should also not rise above 70F. Just like during steeping if the barley gets to hot and it will die. Germination is when barley tends to heat up and so this is an important requirement.

Malter shall keep germination temperature above 60F (Weight 5 pts.)

Keeping the germination temperature above 60F is needed so the barley can effectively germinate. If the air is too cold then the barley will not begin germinating. The malter will operate in room temperature surroundings and so low temperatures aren't likely. 

Malter shall turn/mix barley during germination (Weight 25 pts.)

Mixing/turning the barley during germination allows for even moisture and temperature distribution. Turning also prevents the germinating barley from forming a thick mat of roots. This is a critical requirement for producing a consistent malted barley and is weighted accordingly.

Malter shall allow ample adjustment of air flow rate through the grain bed (Weight 20 pts.)

Being able to vary the air flow rate allows important as the germination phase and kilning phase require different air flow rates. During kilning it's also important to adjust air flow rate so that different malted barley types can be produced.

Malter shall allow ample temperature adjustment of air (Weight 20 pts.)

When kilning the malted barley it's important to slowly ramp up the air temperature. This stops the enzymes within the barley from activating. Also higher temperatures can be used to produce different malted barley types.

Malter shall allow for air flow recirculation (Weight 15 pts.)

Air flow circulation will make the kilning phase more efficient in producing highly kilned (darker) malts. 

Malter shall be easy to load and unload barley (Weight 10 pts.)

The customer does not want loading and unloading to be hard and take a long time. They do not want to put any unnecessary stress on their body.

Malter shall be portable (Weight 10 pts.)

The customer would like the malter to be somewhat portable so it can be used in classroom demonstrations, as well as taking it to other places on campus. The malter should be easily transported by one or two people.

Malter shall handle 200-300lbs of barley per run (Weight 15 pts.)

The customer would like the malter to have a minimum capacity of 200-300 pounds. This is to allow enough malted barley to be produced to run a batch in the pilot brewery.

Construction and testing of the malter shall not cost more than $10,000 (Weight 10 pts.)

We are given a $10,000 budget and it is important that we work within this limit.

1.2.6. House of Quality (HoQ)
	Customer Requirements
	Weight

	Malter shall wash barley
	5

	Malter shall steep barley
	10

	Malter shall aerate steeping water
	20

	Malter shall allow control of inflow steeping water temperature
	20

	Malter shall keep steeping water temperature below 70F
	20

	Malter shall couch barley (sit without water)
	20

	Malter shall keep germination temperature below 70F
	25

	Malter shall keep germination temperature above 60F
	5

	Malter shall turn/mix barley during germination
	25

	Malter shall allow ample adjustment of air flow rate through the grain bed
	20

	Malter shall allow ample temperature adjustment of air
	20

	Malter shall allow for air flow recirculation
	15

	Malter shall be easy to load and unload barley
	10

	Malter shall be portable
	10

	Malter shall handle 200-300lbs of barley per run
	15

	Construction and testing of the malter shall not cost more than $10,000
	10

	Total (250 possible)
	250


2. EXISTING DESIGNS, DEVICES, AND METHODS

2.1. System Level
The process of malting barley was invented thousands of years ago and has not changed much throughout the years. The barley must be steeped, germinated, and then kilned. This can be done in small batches at home or in large factories that produce hundreds of thousands of pounds of malted barley per batch. 
2.1.1. Design, Device or Method #1
At companies like Great Western Malting, they malt barley hundreds of thousands of pounds at a time. Our malter will only make batches of 200-300 pounds, but will use the same processes used in companies like Great Western Malting. At Great Western Malting they use different chambers to steep, germinate, and kiln. Now due to our size constraints, we are looking to perform the three processes all in one chamber. 
2.1.2. Design, Device or Method #2
At HDP, they have designed and developed a pilot malter system for research. They have developed a vessel that can perform all 3 processes (steeping, germinating, and kilning), and also have separate vessels for each process. The pilot malter is fully automatic but can be used in manual mode as well. The downside to their system is that loading and unloading is manual. Although their swinging front door makes the barley easy to load and unload, an automatic feeder and unloader would be optimal.
2.1.3. Design, Device, or Method #3
At OSU, they have their own devices and methods to malt barley. They use food processing equipment to steep the barley. This equipment works well because they can hook up compressed air to the vessel to aerate the water. They also have drain holes to allow the water to drain out. They then transport the barley to the germination and kilning vessel. They perform these two processes in the same vessel. This system works well but takes a lot of labor time to complete all the necessary processes. This was the motivation for our project. We want to make our system completely automated so the manual labor time is very limited. 
2.2. Component Level
In the malting system, there are a lot of components necessary to complete the malting process successfully. Each company has their own unique methods and devices to carryout the three main processes (steeping, germinating, and kilning). Turning the barley during germination, steeping the barley, and washing the barley are some of the components I will investigate to find what types of designs and methods are being used around the world.
2.2.1. Turning the Barley during Germination
Turning the barley during germination is one of the most important processes in malting barley. If the barley is not turned during germination the barley will not get the appropriate oxygen. Turning also releases the heat produced by the barley during respiration. If the barley is not turned during germination, it could overheat and kill the enzymes. Turning the barley frequently also keeps the roots of the barley from growing together. There are many different devices in industry today that are used in the turning process.
2.2.1.1. Design, Device or Method #1
[image: image1.jpg]


At Great Western Malting, the germination chamber is a big room kept at a controlled temperature. They turn there barley every few hours to loosen the barley. They have machines that travel up and down the room or around if the room is circular that turns the barley. A picture of a circular augur is shown on the right.  The machine has corkscrew parts that rotate which bring the barley from the bottom of the bed to the top. This releases the heat produced at the bottom of the pile of barley and also agitates the barley so the rootlets don’t grow together. This is a popular technique of turning barley when doing large batches.
2.2.1.2. Design, Device or Method #2
At Bowmore Distillery in Scotland, they turn their barley manually. There germination is done in a very large room and the barley is germinating on the floor. They use wooden shovels to scoop and spread out the germinating barley. They use wooden shovels so they do not damage the barley and tear off the rootlets. When designing our turning device we need to make sure we do not damage the barley when we turn it.  
2.2.1.3. Design, Device or Method #3

A rake type device has also been used to turn the barley. The rake is dragged across the bed of barley therefore agitating the barley enough so the roots do not get tangled. This can be done automatically and manually. This is a good method to agitate the barley but is not as effective as the machine with the corkscrew.
2.2.2. Steeping the Barley

Steeping barley is also another important process in malting barley. Steeping is where the barley significantly increases its water content from around 7% to around 45%. Increasing the water content allows the activation of certain enzymes and the barley begins to germinate. There are a number of methods used in steeping barley. 
2.2.2.1. [image: image2.emf]Design, Device or Method #1
At OSU, they would steep their barley in old food processing equipment. The steeping vessel is pictured on the right. They fill the vessel with water and then add the clean barley. They can hook up compressed air that can oxygenate the water. This adds oxygen to the water and extracts carbon dioxide. They also had holes that would allow the vessel to drain the water during couching. Basically any vessel that can hold water, drain the water, and be able to aerate the water can work as a steeping vessel. The downside to their method of steeping is that it is all manual. They have to physically fill the vessel with water and then physically drain it later. 
2.2.2.2. Design, Device or Method #2
At Great Western Malting, they steep their barley in large silo looking vessels. They use an immersion technique to steep the barley. They flood the vessel with water until all of the barley is fully submerged. They oxygenate the water to provide oxygen to the barley and also extract carbon dioxide out of the vessel. Compared to OSU, they use a similar technique to steep the barley just on a very large scale. It usually takes about 45 minutes to fill one of the steeping vessels with water.
2.2.2.3. Design, Device or Method #3

Another technique to steep the barley is a water sprinkling system. A sprinkler spreads water throughout the vessel to keep the barley moist and the humidity of the air elevated. There are holes in the bottom of the vessel so no water is in the bottom of the vessel which would cause inconsistencies. There is no couching stage when this method is used because the barley cannot drown since it is not immersed in water. This method is pretty uncommon when making large batches due to the inability to get the sprinkled water to the bottom of the vessel.
2.2.3. Washing the Barley
Washing the barley is the first process in malting. It is crucial to eliminate the dirt and leftover husk. There are a number of methods to washing the barley.
2.2.3.1. Design, Device or Method #1
Schmidt-Seeger uses an overflow method on the steeping vessels. Water is constantly fed into the vessel and then the water will overflow into another pipe. All of the dirt and unwanted husk floats to the top of the water and therefore will get washed out when the water overflows. This is a very effective method to continually wash a large batch of barley.
2.2.3.2. Design, Device or Method #2
Another method to wash the barley is a skimming method. Instead of having a continuous water flow into the steeping vessel, they fill the tank up with water and then skim off the top few inches of water that include all of the dirt and unwanted husk. This is a more cost efficient method but can be a little tricky to get all of the unwanted debris.
2.2.3.3. Design, Device or Method #3

A vacuum method can also remove dirt and husk from the water. When all of the unwanted remains float to the top of the vessel, a vacuum is turned on which sucks up the top few inches of water. This seems like a good method to clean the barley but requires labor to clean out the vacuum.
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