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ADVANTAGES OF MONITORING
AND AUTOMATION
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On-Farm Grain Storage

e Why store grain?
— Adds flexibility to grain marketing program
— Relief from harvest delivery pressure &
— Capture post-harvest market prices rf
* Large on-farm storage bins
— Cheaper on a $/bu basis U
— But risky; it’s your bank account
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Current State of Monitoring and Automation

* Implementation in 2009
— Commercial: 90%
— On-farm: 5%
¢ Key selling points
— Reduce drying costs
— Reduce risk of poor condition
— Reduce shrink
— Prevent spoilage
— Reduce management labor
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Advantages of remote monitoring capabilities

¢ Know what’s going
on inside the bin
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Advantages of remote monitoring capabilities

* Proactive management
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Advantages of remote monitoring capabilities

Why enter a bin?
e Visual inspection

* Probing for quality

¢ Address caking,
clumping, and
bridging

¢ Reduce entry/climbing

“If we address quality, we can eliminate the need to
enter a confined space where the grain is flowing...
the only time we're in a bin is when there’s a

problem.”

Bob Marlow, The Andersons Inc.
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Advantages of remote monitoring capabilities

Email/Text Alarms

* Remote grain checking
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Advantages of automated aeration control

* Moisture optimization
and shrink reduction

Advantages of automated aeration control

e Energy savings and
extended equipment life

20 to 60%
Reduction

2x to 5x
Extension in

20 to 60%

Reduction

Component
Life

in Energy
Costs

in Fan Run
Time
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Cost of shrinkage and handling Value of Re-Hydration
* 1,000 bu Corn @ 15 %wb, 4 S/bu * 967 bu Corn @ 13 %wb, 4 $/bu
— Total = 56 Ib/bu * 1,000 bu = 56,000 Ib sjf:;‘(fo —Total = 54,234 Ib s\;alsueeg
— Moisture = 0.15 * 56,000 |b = 8,400 Ib . — Moisture = 7,042 Ib !
— Dry matter = 0.85 * 56,000 Ib = 47,600 Ib — Dry matter =47,124 1b
e Dry down to 13 %wb * Re-hydrate to 15 %wb
— Handling loss = 47,600 Ib * 0.01 =476 Ib — Dry matter =47,124 1b
— Dry matter =47,600 |b — 476 Ib =47,124 |b — Moisture = (0.15 * 47,124 |1b) / 0.85=8,316 Ib
— i = * = — = =
Moisture = (0.13 * 47,124 1b) / 0.87 = 7,042 |b Value Total =47,124 1b + 8,316 Ib = 54,234 |b Value
—Total =47,124 |b + 7,042 |b = 54,166 |b $3,869 — Bushels sold =990 bu $3,960
— Bushels remaining =967 bu
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COMMERCIALLY AVAILABLE
SYSTEMS
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What are the commercial options?

* Logging

— Historical trends

* Monitoring
— Grain temperature
— Moisture content
— Insect activity

* Automation
— Aeration control

— Fan Pressure — Weather station

— Inventory . ; Advancing
¢ Communication .INJEIFLI'?”SM @ﬂﬂggmﬁ

— Alarms 7 :

— Email/text

— Web interface

BINyaASTER CheckviNow.
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8 INTELLIAR

inteligent solution to grain management

IntelliAir
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Product

BinCheck P

Handheld ¢ 17¢ @ @ @

BinCheck 75k 2 v A @ Y
Deluxe 575 SV IV RV | @

<K

BinManager $10k  33¢ (:) @' (@ ‘@

* Ballpark, based on 30,000 bu bin per Jan 2015
communication with Grain Specialist, Chance Hager
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Basic : P 000 @ @ @
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Integris Pro $11.6k 39¢ ‘\D $900 (\) @ @) (@
* Ballpark, based on 30,000 bu bin per Jan 2015
communication with Grain Specialist, Dan Bruck
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What is monitored

* Grain temperature ¢ Fan Pressure

* Moisture content * Fan Amperage

¢ Grain inventory ¢ Fan Voltage

¢ Fan pressure ¢ Ambient temperature

* Headspace temp. ¢ Ambient humidity

¢ Headspace humidity ¢ Inspection hatch

* Headspace CO, * Loading hatch

THE CLEMSON BIN AUTOMATION
RESEARCH SYSTEM
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§' Clemson Grain Monitor v1.04 - (c) 2014 Kendall R. Kirk, Richard Hallman, Dan Ulmer

- Anbiert Harcare Check
‘ q Condions IFK 344011 IFK 276042 Setup Password: | |
IVIC Temp'F: 654  IFK326858  IFK 277 : —
B e RH% 506 FK326333 IFK 313959 -
PRECISION AGRICULTURE AHgU 363 Temp 341636 Contiol Box Temp °F: 67,4
- Grsin rwertory < Grai Inventory
Bin #1 ‘osnomasn oot Bin #2 voranasn iy

Inspection

Inspection
e $ow 330

$/bu 10.85

it i)
[ Clsed] Vol, bu; 3014 L J Vol bur 2473
F a0z FEg Yalue $: 3345 = = Value §: 26230
“RH 587 wpH Era—] | AvghCZub: 134 “AH AvgME Znb: 13
A 188 AH 251 High MC Zub: 138 i H Max ME SZwb: 143
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fg AH gulé; 1.9 AugiH i 2.1
High AHgulé: 251 High#H grifé: 2.29
F 413 F 413 L e F 394 F 402 i
ZRH 560 %FH 558 D ¢ ZAH B7.4 %RH 635 S
RH % 400 RH % 348
AH 158 AH 168 e AH 1.9 AH 200 it
Zwb 133 %wb 133 REI: Anb 133 Zwb 143 £RI:
Fan Contral Fan Cartrol
Vokage V: 001 YolageV: 0.3
Cunent A 000 Cunert 4 0.00
Fress, psi. D016 Fress, psi. 0.075
°F 448 °F 453 . °F 425 F 487 4
%AH 573 %RH 573 ZAH B4 %RH 58.4
AH 156 AH 198 : AH 203 AH2.29 "
b 134 b 134 Hb 133 b 121
Status: Stopped Status: Stopped
Auta Fan Contral Settings e it Auta Fan Control Seftings Hoctimel i
MC Basis: | H TempBasis 1 Kl 502.71 MC Basis: Hig Temp Basis Kul-hr: 147.99
Cost $: 6033 Cost §: 17.78
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Curentlogic: | Moistuie Temp Dewpoint Rl o Curentlogic:  Moisture Temp Devipoint

Grain Temperature and Moisture Sensing
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Equilibrium Moisture Content

¢ Grain moisture content when exposed to:
— Particular temperature
— Particular relative humidity
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Equilibrium Moisture Content

|Corn EMC Curve (ASABE) |
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ibrium Moisture Content
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Temperature & Relative Humidity
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Automated Fan Control Logic

* Cooling

— If Grain Temperature > Setpoint

— If Ambient Temperature < Grain Temperature
* Drying

— If Grain Moisture > Setpoint

— If Ambient Humidity < Grain Porespace Humidity
* Condensation Prevention

— If Headspace Temp < Headspace Dewpoint Temp
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Temperature - One Week
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Temperature - Center Cable
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Absolute Humidity - One Week
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Absolute Humidity - Two Days

Absolute Humidity (gr/ft3)
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Grain Moisture Content - One Week
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Relative Humidity - One Week
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Fan Pressure — One Week
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Plans for the Clemson Bin Automation Research System Questions? kirk2@clemson.edu

¢ Develop storage recommendations for milo

¢ Evaluate and demonstrate return on
investment for bin automation

* Determine alarm points for CO,
¢ Evaluate fan control logic

¢ Demonstrate advantages of
monitoring and automation
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GRAIN STORAGE:
USEFUL REFERENCES
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Allowable Storage Time - Cereal Grains

Moisture - Grain Temperature (°F) —

Content 300 | 400 [ 500 [ e0° [ 70° |  80°
(%) Approximate Allowable Storage Time (Days)
14 * * * * 200 140
15 * * * 240 125 70
16 * * 230 120 70 40
17 * 280 130 75 45 20
18 * 200 90 50 30 15
19 * 140 70 35 20 10
20 * 920 50 25 14 7
22 190 60 30 15 8 3
24 130 40 15 10 6 2
26 90 35 12 8 5 2
28 70 30 10 7 4 2
30 60 25 5 5 3 1
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*>300 days
Source: NDSU Extension

Allowable Storage Time - Soybeans

Moisture — Grain Temperature (°F) —

Content 30° [ 40° [ s [ 60° 700 [ 80°
(%) Approximate Allowable Storage Time (Days)
11 * * * * 200 140
12 = * ® 240 125 70
13 = * 230 120 70 40
14 * 280 130 75 45 20
15 * 200 920 50 30 15
16 * 140 70 35 20 10
17 * 90 50 25 14 7
19 190 60 30 15 8 3
21 130 40 15 10 6 2
23 90 35 12 8 5 2
25 70 30 10 7 4 2
27 60 25 5 5 3 1

CLEMSON * 300 days CLEMSON
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Effects of Temperature and Moisture on Stored Grain
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Ngisture content {3%)
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Safe Moisture Storage for Grain and Seed

Grain and Seed

Long-term Storage Temperature
Seed 2 months 6 months Storage Should be Below °F
Maximum Grain Moisture (%)

Barley — 134 19 77
Buckwheat — 139 124 77
Com, grain 148 14.0 124 7
Com, grain 15.2 142 126 60
Com, grain 7.7 155 139 40
Com, ear? — 200 — 50
Oats — 128 14 77
Millet — 100 9.0 70
Peanuts, unshelled 12 96 84 70
Peanuts, unshelled 12.0 103 89 50
Peants, shelled 88 77 67 70
Peanuts, shelled 9.1 8.1 7.2 50
Rye = 139 123 7
Soybeans 15.8 120 97 77
Soybeans 16.1 124 101 60
Soybeans 16.5 129 104 40
Sunflowers, oil — 96 86 77
Sunflowers, non-oil — 100 9.0 7
Sorghum 147 135 124 %
Sorghum 15.2 140 130 60
Wheat, soft red winter 156 136 121 7
Wheat, soft red winter 158 14.0 124 70
Wheat, soft red winter 160 144 131 40
Alfalfa — — 78 73
KY bluegrass — — 13 73
Clover, red — — 9.1 73
Clover, white — — 87 73
Crown vetch — — 94 73
Tall fescue — — 121 73
Orchardgrass — — 11.0 73
Ryegrass = = 128 73
Timothy — — 125 73

! Safe storage depends on many factors such as temperature, humidity. kind and variety of seed. quality, damage, microor-
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‘moisture as well as pest infestations
2 Ventilated eribs 6-8” wide.

ganisms, length and kind of storage. Stored grains and seed should be inspected frequently for changes in temperafure and

Source: Va. Extension Agronomy Handbook

Insect Activity as a Function of Temperature ™ Growth Range
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Lesser grain borer  Red flour beetle Rice weevil Rusty grain beetle Saw-toothed grain
Insect Species beetle

CLEMSON

PRECISION AGRICULTURE

CLEMSON

Source: OPI Integris COOPERATIVE EXTENSION




Insects of Stored Grain - Resistance to Low Temperatures

Days Exposure Required to Kill All Stages at!

Insect 0°-5°F 5°-10°F 10°-15°F  15°-20°F 20°-25°F  25°-30°F  30°-35°F
Rice weevil 1 1 1 3 6 8 16
Granary weevil 1 3 — 14 33 46 73
Saw-toothed grain beetle 1 1 3 3 7 23 26
Confused flour beetle 1 1 1 1 5 12 17
Red flour beetle 1 1 1 1 5 8 17
Indian-meal moth 1 3 5 8 28 90 —
Mediterranean flour moth 1 3 4 7 24 116 —

CLEM SON Source: Anderson and Alcock. 1954. C LEM S ()N
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