WASHINGTON STATE

@UNIVERSITY

Mint Oil Distillation as a Function of Mint
Hay Moisture Content

R. Troy Peters, P.E., Ph.D

Licensed Professional Agricultural Engineer
Professor at Washington State University
Prosser, WA



Objectives

Discover how various mint hay condition and
distillation process variables affect oil yield.

https://www.mintfarm.ca/



Thacker Data Set - 2014 - 2024

*> 1500 loads distilled
*Hay % moisture,

* Field of origin,

* Acreage in the load,

* Tub number,

* Total Load weight,

* Lbs oil from each load,
- Breakthrough time,

* Steam flow rate.



Short Statistics Primer

Example Correlation. Moisture vs Steam Use
Efficiency (Lbs oil / 1000 Ibs Steam)

50 — Pearson’s r (-1.05- 1.0).
Closer to 0 = not correlated
O -0.627 for this example
40 ©0 ©
N6 6
Fitted Line —
30 -
20 -
10 = 95% Confidence Interval ©
(How sure we are that the fitted line is right) ©
If a zero slope line fits in there then p > .05. (p < 0.001 for this example)
O — i.e. Probability that the correlation is due to just random variability is > 5%.
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) Short Statistics Primer

Linear Mixed Models. Marginal Effects.

Accounts (controls) for known variable differences to isolate
the effect of a particular variable from the other variations.

600 - Best Guess Marginal Effect Line.
Watch the slope. If it’s flat, no effect.

If a horizontal line (no effect)
can fit inside of the confidence
interval lines, then the effect
— T\ T 4 jsnot statistically significant.
Otherwise, it is significant, as
in this example.
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300 — We are 95% confident that the marginal
effect line lies within these boundaries.
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Grower Has No Control

Year Significantly Affected Oil Yields Per Acre.
i.e. Farming is a Risky Business
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Grower Has No Control

Oil Yield per Load Also Varied Significantly Over the
Years
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Limited Control
Some Fields Do Better Than Others!
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) Limited Control

Loads of Baby Mint Yielded Similar Amounts of Oil
Per Load
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) Limited Control

No Significant Difference Between Baby and Mature

Mint on Steam Use Efficiency
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Mixed Model Analysis

Grower Controllable

* Mint Hay Yields (Limited Control)

* Harvest Timing
-Hay Yields (Ibs/acre),
-Double vs. Single Cut

- Mint Hay Moisture at Chopping
How Full to Load the Tub

- Steam Flow Rates (Cook Times)
- Breakthrough
- Cooking
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©

Mint Hay Yields

It makes no difference how many acres went into
each load

Oil
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©

Mint Hay Yields

All Else Being Equal, Higher Hay Yields in the Field
Resulted in More Oil per Acre
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U Mint Hay Yields

Acreage with High Hay Yields had Significantly Less
Oil Per Load (Lower oil concentration in the hay)
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Qil (Ibs/load)

Harvest Timing

Harvests Processed Later in the Year Had
Significantly Less Oil Per Load
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Harvest Timing

Harvests Processed Later Used Steam Less
Efficiently
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Distill Full Tubs!

Fully Loaded Tubs Had More Oil per Load
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) Distill Full Tubs!

Fully Loaded Tubs Result in Significantly Greater
Steam Use Efficiency
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Dry Hay Is Better!

The Dryer the Hay, the More Oil Per Load
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Dry Hay Is Better!

Dryer Hay Uses Steam Much More Efficiently

Lbs oil / 1000 Ibs steam
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©

Dry Hay Is Better!

Dryer Hay had More Oil Per Ton of Dry Hay
(Not just per Ton of Wet Hay)
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U Dry Hay Is Better!

Dryer Hay in the tub was associated with greater oil
yields/acre
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B Breakthrough Steam Flow Rates

Breakthrough Steam Flow Rate Did Not Significantly
Affect the Oil per Load
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@ Breakthrough Steam Flow Rates

Breakthrough Steam Flow Rate Did Not Significantly
Affect Steam Use Efficiency.

Lbs Oil / 1000 Ibs Steam
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@ Breakthrough Steam Flow Rates

Loads With Lots of Oil Take Longer to Break
Through. Or: Longer Breakthrough Times Result in
More Oil/Load
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@ Breakthrough Steam Flow Rates

Faster (shorter) Breakthrough Times Didn’t
Significantly Affect Steam Use Efficiency

Lbs Qil / 1000 Ibs Steam
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) Cook Steam Flow Rates

All Else Being Equal, Higher Cook Steam Flow Rates
Resulted in Significantly More Oil/Load
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©

Cook Steam Flow Rates

Faster Cook Steam Flow Rates Seem to Use Steam

Lbs Qil / 1000 Ibs Steam
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) Cook Steam Flow Rates

Loads with More Oil Take Significantly Longer to
Cook Out
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Lbs Qil / 1000 Ibs Steam

Cook Steam Flow Rates
Longer Cook Used Steam Slightly Less Efficiently
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Cook Steam Flow Rates

2024 Controlled Experiment

-Same Field

«Same Date

-Same Steam Flow Rate Until
Breakthrough (12500 Ibs/hr)

* 3 Different Steam Flow Rate in the

Cook

-6800
-8000
-9200

nr: - 10%
nr: Control

nr: +10%
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Cook Steam Flow Rates

Steam Flow Rate Doesn’t Appear to Affect How
Much Oil you can Extract from a Load.
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Cook Steam Flow Rates

High Variability (or Low Reps) at Low Steam Flow
Rate, but Higher Cook Steam Flow Rates Appear to
Use Steam More Efficiently
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Conclusions

The number of acres that were harvested and included
in the load had almost no overall effect on the oil per
load.

Baby mint seems to distill about as well as mature mint.

Try to fill your tubs full to be more efficient with your
steam use.

Distilling hay as dry as possible is more efficient and
effective.

- Field volatilization losses while drying, and

« Additional chopping losses from drier hay have not been
well defined.
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Conclusions

e Breakthrough and cooking steam flow rates should be
as high as possible as balanced by:

« Boiler ability to create that much steam

« Limit creation of blowouts, plugging, and preferential steam
pathways within the tubs
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i Notes

e Boiler pressure is only significant in that it affects steam
flow rate.

« If you don’t have a steam flow meter, you can use boiler
pressure as a surrogate for flow. But your numbers are not
applicable to a different boiler/still.

« Similar to water pump pressure/flow relationship.

e Don't restrict flow to deliberately increase boiler
pressure. This makes the boiler less efficient, may
‘burn’ the oil. Use wet, low temperature steam.
Steam is >= 100 deg C.
Oil volatilization occurs at much lower temperatures.
No need to have super-heated steam
|deally boiler pressure is low (more steam / BTU).

39



	Mint Oil Distillation as a Function of Mint Hay Moisture Content
	Objectives
	Thacker Data Set - 2014 – 2024
	Slide Number 5
	Slide Number 6
	Slide Number 9
	Oil Yield per Load Also Varied Significantly Over the Years
	Slide Number 11
	Loads of Baby Mint Yielded Similar Amounts of Oil Per Load
	No Significant Difference Between Baby and Mature Mint on Steam Use Efficiency
	Grower Controllable
	It makes no difference how many acres went into each load
	Slide Number 16
	Acreage with High Hay Yields had Significantly Less Oil Per Load (Lower oil concentration in the hay)
	Harvests Processed Later in the Year Had Significantly Less Oil Per Load
	Harvests Processed Later Used Steam Less Efficiently
	Fully Loaded Tubs Had More Oil per Load
	Fully Loaded Tubs Result in Significantly Greater Steam Use Efficiency
	The Dryer the Hay, the More Oil Per Load
	Dryer Hay Uses Steam Much More Efficiently
	Dryer Hay had More Oil Per Ton of Dry Hay�(Not just per Ton of Wet Hay)
	Dryer Hay in the tub was associated with greater oil yields/acre
	Breakthrough Steam Flow Rate Did Not Significantly Affect the Oil per Load
	Breakthrough Steam Flow Rate Did Not Significantly Affect Steam Use Efficiency.
	Loads With Lots of Oil Take Longer to Break Through. Or: Longer Breakthrough Times Result in More Oil/Load
	Faster (shorter) Breakthrough Times Didn’t Significantly Affect Steam Use Efficiency
	Slide Number 30
	Faster Cook Steam Flow Rates Seem to Use Steam Less Efficiently
	Loads with More Oil Take Significantly Longer to Cook Out
	Longer Cook Used Steam Slightly Less Efficiently�Not statistically significant.
	2024 Controlled Experiment
	Steam Flow Rate Doesn’t Appear to Affect How Much Oil you can Extract from a Load.
	High Variability (or Low Reps) at Low Steam Flow Rate, but Higher Cook Steam Flow Rates Appear to Use Steam More Efficiently
	Slide Number 37
	Slide Number 38
	Slide Number 39

