Outline & Speakers

* Introduction to Drying
« Chris Callahan (UVM Extension) and
e  Gretchen Schimelpfenig (RI)

« Energy Efficiency
« Lauren Morlino (Efficiency VT)

¢ Safety
« Landon Wheeler (VT Division of Fire Safety)
«  Q&A
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Outline
* Drying and Curing - What are We Doing?

« Air, Water, Humidity
* Drying Approaches

Ambient Drying
Heated, Forced Air
Dehumidification Systems

* Drying Systems & Pros and Cons

¢ Q&A
@@ http://go.uvm.edu/hempdrying EXTENSION




D ryi n g Ventilation

» Passing relatively dry air

over freshly harvested Dry W
crops drives moisture inlet

Circulati%>

Humid
outlet
air

from the crop into the air
air.

Water vapor
leaving product
reduces the

.
weight of the
S5 product over
Aolgé’))),‘ S _ tlme

* The dry inlet air
becomes more humid |
as it passes through the ~ Prying: Water
crop and exits with more Vapor moving 4

moisture than it started  from crop to
with. ventilation air

Evaporation /

D2 >
& @,
) P .

5 93»52137

* Overtime, this reduces
the weight of the crop NOTE. The amount of water removed from crops can be

(by removing water) and  significant, e.g. 70% of the initial crop weight (80% MC at

leads to lower moisture  harvest dried to 10% MC for storage). For one ton (2,000

content (MC). lbs of harvested crop, you will need to remove 1,400 lbs of
water or 168 gallons.



Drying and Curing Conditions — What's Your Market?

Drying Curing
« Higher Temp (>90 °F) « Lower Temp (<=90 °F)
« Lower Humidity (<50%) « Higher Humidity (>50%)
* Products/Markets: * Products/Markets:
« Extracts « Smokable
« Biomass « Visual / Aroma Quality
« To minimize drying time, higher « To maximize terpenes and other desirable
temperature (up to 180 °F) is preferred. oils, lower temperature is generally
«  8-10% moisture content target, but preferred.
varies « 10-11% moisture content target,
but varies

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

ﬁ THE UNIVERSITY OF VERMONT
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How to Measure Moisture Content?

vl Hop Harvest Moisture Calcula: X =+ - v| Hop Harvest Moisture Calculat X =+ -

¢ There are mOiSture <« C ® O /% wwwuvmedu/extension/er B | =+ © v n 0O @ 8

APPLY SEARCH ~ | MYUVM PN

: : STEP 3: Weigh Another Sample
m ete rs ' D I ffl C u l't to ﬂ The University Of Vermont Weigh a second sample (B) from your harvested hops,

SENPCIEIRECIanE making sure to 'tare' the scale before adding the hops, or

grams subtract the weight of the container from the total weight.
g e a g OO i UVM Extension

11 Agriculture
Select an empty sample bag that air can easily pass

re p reS e n tat I Ve :* Hop Harvest Moisture Calculator
through (mesh or other p.ermea.b\e maFen?\) and weigh it.
Measu rement. @ Hop Harvest Moisture Calculator e g:jrt:::;Iz\zTf:::(:)::tv:\izgﬁlg‘rlellrfc‘ltfhtr?:r:::e(:)

STEP 1: Weigh a Sample STEP 5: Choose a Target Moisture Content

« A more accurate
Weigh a sample (A) of your harvested hops, making sure Decide on your target final moisture content. In general,

SaEp e lone to 'tare’ the scale before adding the hops, or subtract the Target Moisture Content: hops should be dried to 8-12% moisture, with 8-8.5%

th 1 u h grams weight of the container from the total weight. % moisture being optimum.
method is a welg ed, foy weight

STEP 2: Dry the Sample to 0% Moisture & Re-weigh

dried, and weighed

SEITAR ) U B TR0 oven. If using a microwave or oven, stir the sample every

C @ © % wwwuvmedu/extensionfe: [F oo w mooaie

STEP 4: Weigh an Empty Sample Bag & Fill it with Sample (B)

Empty Bag Weight:

Sample (B) will weigh 19.6 grams when it reaches 8.0% moisture (by weight)

moisture: minute to prevent scorching! Weigh frequently: the Including the weight of the bag, your Target Weight is 19.6 grams

Sa I I l p ( E . grams sample is at 0% moisture when it no longer loses
weight.
n n .
* Video guide and 9 Drying Lookup Table
Harvest Moisture is 80.0% moisture (by weight)
. Harvest Dry Matter is 20.0% dry matter (by weight) Sample Weight (Undried):
calculator online.
STEP 3: Weigh Another Sample v v

THE UNIVERSITY OF VERMONT
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How to Measure Moisture Content?

Vl Hop Harvest Moisture Calculat X =+

* There are mOiSture &« C @ © 4 wwwuvmedujextension/e: B | =+ & 1Y n o a @ = C® 0ay mba e S e
meters. Difficult to & Drying Lookup Table = @i oo a "

Sample Weight (Undried):

get a good

L]
representative
G5 7l rs -- 9.0 95 100 105 11.0 11.5 120
I l I( Easure ;I I I( Ent. ﬁawest Harvest Dry Weight of Your Sample in Grams (Not Including the Bag)
Moisture (%) Matter (%)

83 17 18.2 18.3 184 [186[186] 187 18.8 18.9 19.0 19.1 192 193

[ ) A more aCCu rate :? 12 ;2: ;3:: 19.9 200 20.1 202 20.3 205
m_ethod IS a wglghed, E——
dried, and weighed
Sa m p l.e. 74 26 27is zsio

V‘ Hop Harvest Moisture Calcul X » Determining Hop Harvest M

)
%

210 211 212 21.3 215 21.6
221 222 223 225 226 227

232 233 235 236 237 239
24.3 244 246 247 249 250
254 256 257 258 26.0 26.1 > »l ) 223/743

26.5 26.7 26.8 27.0 27.1 27.3
576 278 279 981 282 28.4 Determining Hop Harvest Moisture and Ideal Storage Dry Matter

257 25.8

287 289 291 292 294 295 7,660 views * Nov 7,2012 iy 46 @0 ,H SHARE =4 SAVE

76 24
73 27 28.9 29.0

29.8 30.0 30.2 30.3 30.5 30.7

. - 72 28 29.9 30.1 .8/30.9/31.1 31.3 31.5 316 31.8 KZJ\SI”(E::E?(\:I:EQI?SP&SOHS SUBSCRIBED D
 Video guiae an : - . e e e e '
70 30 32.1 323 324 -- 33.0 33.1 333 335 33.7 33.9 341 Watch University of Vermont Extension's Northwest Crops and Soils team member, Rosalie Madden

determine hop harvest dry matter and learn how to calculate hop moisture in the oast. You can find

u
Ca lc u lato r o n ll n e Key: _ Your Hops are Over-Dried! _ the oast design on the UVM Extension Northwest Crops and Soils Instructional Wiki Page:
n

v SHOW MORE v

THE UNIVERSITY OF VERMONT

http://go.uvm.edu/moisture MEXTENSION




What is Humidity? \Water Vapor in Alir

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

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

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

* Drying vs. Curing

@@ http://resourceinnovation.org/Resources/ ﬁ EXTENSION




HVAC Guide

RESOURCE
INNOVATION

INSTITUTE

HVAC FOR CANNABIS

CULTIVATION

& CONTROLLED ENVIRONMENT AGRICULTURE

BY GRETCHEN SCHIMELPFENIG, PE

Part of RIl’s Resource Efficiency Best Practices Series

10N INSTITUTE

PLANNING YOUR PROJECT

Designing the HVAC equipment in your faciity to both SuCCsssfully S&rve the needs of your plants and run
sfficiantly requires thoughtiul pianning befors you Start CONStrUCHON o & MaJor rEnovVaton.

Determine Your Setpoints - Tempersture and relative
hurmidity sstpoints can greatly Influsnos the smaksncy of your
systems. Estabiish temperaturs, RH, and/or VPD targsts for
your grow oM When your Ights are on and whsn your ights
ars oft, a8 wel 85 for ths variety of strains that you grow, to
‘socurststy setimats your HVAC systsms capecity

Set Goals for Energy Performance - Disouss with
Your snginsers and Other tsamM MeMBErs ROW You Might uss
snsrgy eMcisncy to r50UCS your ensry Dils. You Wil nssd to
Gstemin Wizt sort of SoUIPMENt WoUT be Dest sultsd for
your faciity to mest both the opsrational )
tsmpsraturs and numidity targsts) and &ieD ensrgy SToENCy
goals 10 minimize cpsrational costs.

Decide What You Want - You ot the buliding owner

may havs soms igsa of the scops of work your projsct wil
sntall, but consiger dsveioping mors dstalled owners projsct
requirsments (OFF) to quantlfy what succsss ook ks for
your faciity. Defins your parametsrs for sucoses: dsscrbs

sMMronMental conditions YOU WoUIKd 1k to aohisve,
Inciuds your prafamsd tsmpsraturs, RH, and VPD rangss, and
5 ON ensrgy SMcisncy goals and how You woukl Iks
10 accomplish them.

The Owner's Project Requirements (OPR)
is the single most important document in
developing a gesign for an existing or new
B cutivation facility.
An OFR asfinse the Ownsrs gosls, objsctives and
pacformancs metrics, and 15 Csvelopsd Dy the ownsr
inct your aseign tearm). Cresting an OFR shouid
= 0ns of the first tems on your 10-00 st when
planning & project, big or small.

Choose Wisely - Seiect the members of your projsct tsam
585850 0N thek Sxpertiss r=lEVE 1o cUtVENon applcations.
Conaidsr uang qualfisd and expenencsd 0SSigNSs, CoNSUtants,
and contractors In your region to receive ool CUBtomSr SUpport.
Raquast cass studes and refsrsnces to quallfy the expsnancs of

14 Resourccianovation.org

Your G3SIgNErs, CONSULSMTS, End CONYECErs.

HVAC equipment for cuftivation smvironments nescs o bs
0s8Ignsa Snd SEISCIST WAt Cars. INterEctive STECs betwesn
your plants end ths 5ystems you Uss fo manags ths macro
and micro-isvsl evironmental conations for them, liks
fighting, and HVAC systsms as wel as CO2, fertigation, pest
managsmsnt, and condensats coliection ars somstring
an sxpent In enginsening grow faoiitiss Wil Undsrstand and
thoughtfusly consicsr.

Your project tsem mey be big or small, dspsnding on the
sizs and scops of project you ars pisnning for your faciity. For
NS CONBLrUCEIoN OF & MO rEnoVEHoN Projsct, You should
conaiosr naving ths folowing membsrs on your tsam, or &t
least consider Naving s0meons 1o plsy thess parts

You, or your Owner's Representative
Your Architect
Your Englnese(s)

. Ol

*  Srucwra
*  Mschanial (Includss Plumbing)
* Bectrical
*  Horticutural Procsss
‘Your Energy Modeler
“Your Construction Manager and/or General
Contractor
‘Your Subcontractor(s)
*  Mscranks
Blsctrical
Pumeing
Air & Watsr Salancing
C Controis
“Your Commissioning Agent(s)
Buiding Erveloy
*  Mechanical, Sisctrical, Pumbing & HVAC
Controis

Assemble Your Team Early - To mprove team
coordination and communicat critical dssign
Qusstions answersd as sarfy &5 possiDle, SNeurs cods
requirsments ars satishisa, madmizs opsrationa sMcis
and lowsr costs of your project, smpioy & collanoratve
integrated 0seign SPProsch 10 STECt the greatsst changse
to your faciiity's operationsl ncy &nd sssocistea
snvronmsntsl Impacts.

An Intgratea dssion tsam wonks togeinar esry and often

tion.org/Resources/

HVAG FOR CANNABIS OULTIVATION & CONTROL

throughout & project’s planning, oseign, construction, and
00CUPANCY Phasss 1o EXBCUIS & Project 1o fts maximum
potentisl. \Working collsctively from th start slows your tsem
10 have & bstter undsrstanding of ths projset and Intsractive
eisments of therr scopes of work. By engaging fraquant
Issuss can bs Ioentified and resolved In ths dssign phass
father than Iater In CONSERUCHION OF CCOUPENCY PHE3SS, WHEn
rEe0RAIoN I8 MUCH Mors SKDENENe.

Understand Roles - Engags with 1sam membsrs to
uncsrstand trek rssponsbilitiss seny In ths planning procsss
Documsnt roiss end depsndsnciss bstwsen roiss for sisctys
‘communication cown ths road. For the smocthest procsss,
consiger sssigning & lead designsr (gensrelly sn Architsct, Dut
sometmss an Enginser or & Gsnsral Contractor &5 ths main
pornt of contact for all dssign teem members.

OPTIMIZING YOUR FACILITY DESIGN

E—=— Bsfors you bulid or ranovats, considsr the basis of your faciiy design So that you can opHmIze the mciency

and fmpact of your HVAC decisions.

A basss of gssign (BOD) /s the foundationa’ design document
8nd /s deveioped by your Jesigners o inform you now
they intand 1o schieve the criteria isid out in your OPR, by
specifing and descriting the hesting, ventistion, cooing, and
JenUMICITEaLion SYS(SMS St Can Meet yOur EXDECaTONS.
th's docurment Js & ving documer

the ossign progresses.

your facity, some Critena you May oS BLOUT INCCS
kay performance indicators (KPis) relevant to profanity,
sustainebity, and cpevstional smciency. In the BOD procsss,
heip your cesign team transiats the cultvaton KP)s 1o dssign
critens reiated to thalr Scope of work. As you may not be abie

0 0o that aions, working with @ Horticultursl Process Enginser
couwa help you connect the dats.

DESIGN E

Count Your Plants - Unosratand the numosr of plants n
280N cufty/ation sps0s, 85 the Istent I08d to be Managsa By
your HVAC squipmsnt Is dspendsnt on the moisturs gven
off by your piants, thsir grow media, &nd ITigation systsms.
Consider now ths numbsr of plants may fluctuate based on
tims of yser, growth cycls, market forcss, anc is

rEguistions or crop dsMage.

Tha rumber o plarts in your grow emvirenmiant v impact the ameurt
f mosture ganeratad - and HVAC anargy used.

Resourcoinnovation.org 16
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How to Measure Humidity?

« Most electronic RH

Dry Eylb
sensors are o |
iInaccurate at high . L
RH (>80% RH) and .
low temps. "

* Sllng 20
Psychrometer is 15
the gold standard 10

« Advanced °
electronic -
psychrometer
(DewRight)

@@ http://www.vecs.org/

] M ] e
T i =T Weksler Sling Psychrometer
ki >r = www.forestry-suppliers.com
30 b 30 30 f S70
25 25 pat------- 95 (e
‘ Wetbulb
Depression
20 20 20 |pu---t----
15 15 15
10 10 10
5 5 5
0°C Air 0°C el e
d Y Rul—"8
FIOW § & {i{ A .3
3 B s
t_\'cf:;'.;_
S

VECS DewRight, $250

L EXTENSION




Why Does Condensation Happen?

Relatively warm,
relatively humid air..

Relatively cold,
relatively dry surface..
™ at or below Dew Point

Time..

Condensation..

Dripping..

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

8000

7000

6000

Vapor Pressure (Pa)
w S u
o o o
o o o
o o o

2000

1000

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

15 20

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

25 30 35

Temperature (C)

EY EXTENSION
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Common Approaches to Drying

* Ambient Drying

 Hung in a barn or laid on greenhouse benches
* Forced, Heated Air

* Plenum or rotary drier

» Heated, ventilated room

« Qast
 Dehumidification

» Refrigeration cycle (heat pump) to cool air
(condense water vapor) with reheat

ﬁi EXTENSION
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Ambient Drying

Pros (+)

Simple, low tech

Generally available already
Inexpensive or free

High capacity, but low density

No additional heat energy input
(minimal GHG)

Cons (-)

« Subject to ambient conditions,
capacity and quality impact

* Drying will take longer, could
result in disease or pest issues

* Drying time also depends on

ambient conditions

important.

Circulation and ventilation

ﬁ THE UNIVERSITY OF VERMONT
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Average / Historical Ambient Conditions

Humidity Comfort Levels

100% muaggy
90%
80%
70%
60%
50% dry comfortable
40% humiéli
30% Jul 20
20% 16% |

Jun 10 Sep 13
10% Feb 7 L |
0% na Mz‘b‘ R
0% .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

dry ‘ comfortable | humid ‘ muggy ‘-‘-

55°F BeacF B65°F Fa°F 75°F

The percentage of time spent at various humidity comfort levels, categorized by dew point. THE UNIVERSITY OF VERMONT
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Average / Historical Ambient Conditions

Humidity Comfort Levels in October

100%
90%
80%
70%
60% -
30% -
comfortable
20% - -
10%  humid . Oct1  Oct11 Oct21  Oct31
ove UG T e 0
Sep 1 8 15 22 29 Nov
dry ‘ comfortable ‘ humid | muggy ‘-‘-
55°F 60°F  65°F 70°F 75°F
The percentage of time spent at various humidity comfort levels, categorized by dew point. THE UNIVERSITY OF VERMONT
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Average / Historical Ambient Conditions

9/28 Temp and RH 10/20 Temp and RH
70 100
90
60 >
80
50 70
60
40
50
30
40
20 30
20
10
10
0 0
8 8888888 8888888888888 8 8 8 o°0°0°0°0°0°0°0°o°0°0°0°0°0°0°0°0°0°0°0°0°0°0°0°
S A4 A M ¥ Ih © KN 60 & 6 d A& M < In © N 0B & 6 o N 0 0'\’1/”)0“0‘0’\%%\,\,QQN,@,&(}@@@,&@,@
T = " " H e " -+ NN NN
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Forced, Heated Air, Plenum

Cureco Tabacco Driers

Self-built propane n\t heater plenumdp’lers

Dry bulb se
-pRint

g THE UNIVERSITY OF VERMONT
Photos: 3 Left by C. Callahan, 1 right D. Robinson EXTENSION




Forced, Heated Air / Plenum
Cons (-)

Pros (+)

Enables rapid drying, though at
higher temp

Can be modulated for low temp
drying

Fuel is flexible

Can be sized to need

Moderate operating costs

Initial cost Is moderate

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

Generally needs ventilation and
circulation of air

Possibly increased GHG
impact (fossil fuels)

Possible quality loss due
to high temperatures

ﬁ THE UNIVERSITY OF VERMONT
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Dehumidification / HeatPump

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

COMPRESSOR CONDENSER

SUCTIONLINE — i
e T T T KA ﬁ 80 ¢ 4« (T S N B ) # . -

DT
U L)

'f AMBIENT (OUTSIDE) AIR IN
The noisy
part

T LIQUIDLINE =>

+ e )
R €

i (e O | g EVAPORATOR
SUPFLY AIR & BLOWER

ouT

€ REFRIGERANT FLOW

EVAPORATOR T 1
METERING DEVICE DRIER :

In dehumidifiers "Quest 195 pint/day (24 gal/day, 200 | <& v
water is dropped out here. lbs/day) 5.9 pints/kWh. $3,500 =

THE UNIVERSITY OF VERMONT

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




Dehumidification / Heat Pumps

Pros (+) Cons (-)

« Allows low temp drying  |nitial cost is relatively high

« Can be used in a closed space (no « Capacity may be limiting
ventilation) « Generally needs circulation of air

* Fuelis electricity  Higher operating costs

« Can be sized to need

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

« Possible efficiency incentives

« Possible quality improvement for
aroma and appearance sensitive
markets.

EY EXTENSION




Wrap-up
* Drying vs. Curing — impact on conditions
« Seasonal/short term use
« Reach out (EARLY!)
« Resources
* Technical assistance
« Continuous improvement
« Web resources such as RIl guide
« RIl and Efficiency VT Event coming up
* resourceinnovation.org/events/

B xrension



https://resourceinnovation.org/events/

Drying Basics: Hemp
August 6, 2020

Chris Callahan Gretchen Schimelp

go.uvm.edu/ageng WWW.resourceinnovation.or

EXTENSION | /£ RESOURCE
INNOVATION

Agricultural JIsStURl W \\stitute
ENGINEERING



August 6, 2020

Agricultural Drying

Lauren Morlino
Emerging Technologies & Services Manager
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How We Can Help

Technical assistance
* Design review
* Energy modeling assistance
* Cost benefit analysis

Trade Ally Network
e Contractors
* Designers/Engineers
* Efficiency Excellence Network

Efficiency
Excellence
Network

Efficienc

Thermal shell assistance

Building envelope recommendations

Potential incentives

Possible electrical incentives

Efficient Fans
Energy Star dehumidifiers
Heat Pump technologies

25



Technologies

Fans

* VFDs or variable speed ECM motors
fans

Portable dehumidifiers

« $25-40 cash back on qualifying
ENERGY STAR® models, plus a $50
bonus for income-eligible Vermonters

Heat pumps for drying

* Must be designed carefully and
applied appropriately

Controls




Building Envelope

Air sealing is key
» Durable sheet goods, spray foam, caulk
or liquid flashing
» Blower door testing

* Incentives available for mechanical
heating/drying spaces

Call Efficiency Vermont to talk more about your

project!

Efficienc
Vi ’Fr_ﬁohyt

Keep conditioned air in!

Seal top and hottom to mitigate
chimney effect!

27



Electric Utilities

Incentives available
« Carbon reduction program
Incentives - Tier llI
Tier 11l opportunities
» Opting for electric resistance heat
» Heat pump technologies

Electric services
 Access to three phase power
* Limited to 5 tons of cooling with
single phase
* New service locations

28
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Questions?

Emerging Technologies & Services Manager

Imorlino @e fficiencyvermont.com

(888) 921-5990
(802) 540-7701

20 Winooski Falls Way, 5 Floor
Winooski, VT 05404

Efficienc
Vermor%/t






What 1s a public building: Defined in 20 VSA 173
What makes a building a public building?

Are some buildings exempt from Division of fire

safety?
What role does the DFES safety play?

How do I find out if my building or process 1s
required to comply with 20 VSA or the 2015
Vermont Fire and Building Safety Code?




Major Hazards associated with Drying operation

Electrical
Use of materials/ Vapor barriers
Stored combustible materials

High Pile storage

Blocked exits/ Lack of exits

Homemade equipment/ listed (UL) tested/
designed equipment

Heat/moisture removal




/'F:‘\
e Extension cords
* Drawing more power than available
* Homemade appliances, cords, equipment
e Undersized electrical service
* Heat generation from electrical resistance

MY o e e e s e e et
-



0

Use of materials

Remember to remove the moisture/heat
from the building that you remove from the
harvest!

Stored combustible materials

High pile storage




A\

Means of egress

.
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Time and Planning

Each project 1s different
Scale of project

Scale of equipment
Hazards of equipment

Design of equipment

Making contact as early in your
process and planning as possible

will help expedite the DES process.




How to get in touch with us

VERMONT OFFICIAL STATE WEBSITE

R DEPARTMENT OF PUBLIC SAFETY

Division of Fire Safety

Landon Wheeler
Robert Howe Fire Safet 7 , v
Calondar » Y07 ¢ e 802-885-8942
bbb e M ‘ R . Landon.Wheeler(@Vermont.gov

can help

\

https://fitesafety.vermont.gov/



https://firesafety.vermont.gov/
mailto:Landon.Wheeler@Vermont.gov

Contact Us (EARLY and often..)

. Chris Callahan

. UVM Extension, chris.callahan@uvm.edu, 802-447-7582 x256
go.uvm.edu/ageng

. Gretchen Schimelpfenig

. Resource Innovation Institute, gretchen@resourceinnovation.org, 307-399-5837
WWW.resourceinnovation.org

. auren Morlino

. Efficiency VT, Imorlino@efficiencyvermont.com, 888-921-5990
www.efficiencyvermont.com

. Landon Wheeler

. VT Division of Fire Safety, landon.wheeler@vermont.gov, 802-369-0949
firesafety.vermont.gov

ﬁ THE UNIVERSITY OF VERMONT
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