
Outline & Speakers
Å Introduction to Drying

Å Chris Callahan (UVM Extension) and 

Å Gretchen Schimelpfenig (RII)

Å Energy Efficiency

Å Lauren Morlino (Efficiency VT)

Å Safety

Å Landon Wheeler (VT Division of Fire Safety)

Å Q&A

http:// go.uvm.edu/hempdrying



Drying Basics: Hemp
August 6, 2020

Gretchen  Schimelpfenig
www.resourceinnovation.org

Chris Callahan
go.uvm.edu/ageng



Outline
Å Drying and Curing - What are We Doing?

Å Air, Water, Humidity

Å Drying Approaches
Å Ambient Drying
Å Heated, Forced Air
Å Dehumidification Systems

Å Drying Systems & Pros and Cons

Å Q&A

http:// go.uvm.edu/hempdrying



Drying
Å Passing relatively dry air 

over freshly harvested 
crops drives moisture
from the crop into the 
air .  

Å The dry inlet air 
becomes more humid
as it passes through the 
crop and exits with more 
moisture than it started 
with. 

Å Over time, this reduces 
the weight of the crop 
(by removing water) and 
leads to lower moisture 
content (MC). 

Dry 
inlet 
air

Humid 
outlet 
air

Circulation

Evaporation / 
Drying: Water 
vapor moving 
from crop to 
ventilation air

Water vapor 
leaving product 

reduces the 
weight of the 
product over 

time.

Ventilation

NOTE: The amount of water removed from crops can be 
significant, e.g. 70% of the initial crop weight (80% MC at 
harvest dried to 10% MC for storage ). For one ton (2,000 
lbs of harvested crop, you will need to remove 1,400 lbs of 
water or 168 gallons .



Drying and Curing Conditions ǱXibuǴt Zpvs ObslfuA
Drying

Å Higher Temp (>90 °F)

Å Lower Humidity (<50%)

Å Products/Markets:

Å Extracts

Å Biomass

Å To minimize drying time, higher 
temperature (up to 180 °F) is preferred .

Å 8-10% moisture content target, but 
varies

Curing

Å Lower Temp (<=90 °F)

Å Higher Humidity (>50%)

Å Products/Markets:

Å Smokable

Å Visual / Aroma Quality

Å To maximize terpenes and other desirable 
oils, lower temperature is generally 
preferred .

Å 10-11% moisture content target, 
but varies

Also important to remember that air temperature is not product temperature 
due to evaporation of water.



How to Measure Moisture Content? 
ÅThere are moisture 

meters .  Difficult to 
get a good 
representative 
measurement.

ÅA more accurate 
method is a weighed, 
dried, and weighed 
sample.

ÅVideo guide and 
calculator online .

http://go.uvm.edu/moisture



How to Measure Moisture Content? 

http://go.uvm.edu/moisture

ÅThere are moisture 
meters .  Difficult to 
get a good 
representative 
measurement.

ÅA more accurate 
method is a weighed, 
dried, and weighed 
sample.

ÅVideo guide and 
calculator online .



What is Humidity? Water Vapor in Air
Å The maximum amount of 

water vapor that can be 
carried by air (i.e. at 100 % 
RH) depends on the 
temperature of the air. 

Å Air at 68 °F can carry 
almost 3 times the 
amount of water vapor as 
air at 41 °F. 

Å Warmer, drier air will 
absorb more water vapor 
more quickly than 
cooler, more humid air.

Å Drying vs. Curing

http://resourceinnovation.org/Resources/



HVAC Guide

http://resourceinnovation.org/Resources/



How to Measure Humidity? 
ÅMost electronic RH 

sensors are 
inaccurate at high 
RH (>80% RH) and 
low temps.

Å Sling 
Psychrometer is 
the gold standard

Å Advanced 
electronic 
psychrometer
(DewRight )

http://www.vecs.org/

WekslerSling Psychrometer
www.forestry-suppliers.com

$70

VECS DewRight, $250



Why Does Condensation Happen?
Relatively warm , 
relatively humid bjsǼ

Relatively cold , 
relatively dry tvsgbdfǼ
at or below Dew Point

UjnfǼ

EpoefotbujpoǼ

FsjqqjohǼ

https://www.flickr.com/photos/crazyangelblue/4270749617

32 C (90 F) at 100% RH
Dry Bulb = Wet Bulb = Dew Point

32 C (90 F) at 60% RH
Dry Bulb = 32 C (90 F)
Wet Bulb = 25 C (78 F)
Dew Point = 23 C (73 F)



Common Approaches to Drying
ÅAmbient Drying
ÅHung in a barn or laid on greenhouse benches

ÅForced, Heated Air
ÅPlenum or rotary drier
ÅHeated, ventilated room
ÅOast

ÅDehumidification
ÅRefrigeration cycle (heat pump) to cool air 

(condense water vapor) with reheat



Ambient Drying

Photos: 2 left by H. Prussack, 2 right by A. Chamberlin.



Ambient Drying
Cons (-)

ÅSubject to ambient conditions, 
capacity and quality impact

ÅDrying will take longer, could 
result in disease or pest issues

ÅDrying time also depends on 
ambient conditions

ÅCirculation and ventilation 
important.

Pros (+)

ÅSimple, low tech

ÅGenerally available already

Å Inexpensive or free

ÅHigh capacity, but low density

ÅNo additional heat energy input 
(minimal GHG)



Average / Historical Ambient Conditions



Average / Historical Ambient Conditions



Average / Historical Ambient Conditions
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Forced, Heated Air, Plenum

Photos: 3 Left by C. Callahan, 1 right D. Robinson

Dry bulb set 
point

Wet bulb 
set point

CurecoTabaccoDriers Self-built propane unit heater plenum driers



Forced, Heated Air / Plenum
Cons (-)

Å Initial cost is moderate

ÅSome system complexity / 
controls but can be self -built.

ÅGenerally needs ventilation and 
circulation of air

ÅPossibly increased GHG 
impact (fossil fuels )

ÅPossible quality loss due 
to high temperatures

Pros (+)

ÅEnables rapid drying, though at 
higher temp

ÅCan be modulated for low temp 
drying

ÅFuel is flexible

ÅCan be sized to need

ÅModerate operating costs



The noisy 
part

In dehumidifiers
water is dropped out here.

Dehumidification / Heat Pump

Photos/Figures: Left by C. Callahan, 1 right D. Robinson, inset right from Quest via 
Growinglabs.com

Quest 195 pint/day (24 gal/day, 200 
lbs/day) 5.9 pints/kWh. $3,500

Some systems can be reversed to both heat and 
cool (and dehumidify)



Dehumidification / Heat Pumps
Cons (-)

Å Initial cost is relatively high

Å Capacity may be limiting

ÅGenerally needs circulation of air

Å Higher operating costs

Pros (+)

Å Allows low temp drying

Å Can be used in a closed space (no 
ventilation)

Å Fuel is electricity

Å Can be sized to need

Å Possibly decreased GHG impact 
(depends on grid mix and use)

Å Possible efficiency incentives 

Å Possible quality improvement for 
aroma and appearance sensitive 
markets.



Wrap -up
ÅDrying vs. Curing Ǳimpact on conditions
ÅSeasonal/short term use
ÅReach out (EARLY!)
ÅResources
ÅTechnical assistance
ÅContinuous improvement
ÅWeb resources such as RII guide
ÅRII and Efficiency VT Event coming up
Åresourceinnovation.org/events/

https://resourceinnovation.org/events/
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