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Grain Storage Steps

* Prepare the structure.
* Prepare the grain.

 Manage the stored grain:
— Monitoring
— Aeration

NDSU

Extension Service



Clean the Structure NDSU

Extension Service

e Clean around the bin

Fumigate underfloor area if  Apply approved bin Insecticide
an infestation occurred.



Clean Grain before Storing

NDSU
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Prepare the Grain

e Graln moisture

* Grain temperature
» Grain condition-kernel damage
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Mold growth above about 70% Relative Humidity

HRS Wheat Alr
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EMC = 13.3%
Equilibrium Moisture Content
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Barley Equilibrium Moisture Content

NDSU

Extension Service

BARLEY EQUILIBRIUM MOISTURE CONTENT
TEMPERATURE (©F)
200 250 ] 300 I 350 ] 409 , 450 | 500 I 550 [ 600 [ 659 | 700 , 759 I 80° | 850 | 900 I 950 l 1000
R.H MOISTURE CONTENT (% W.B.)

5% 3.3 3.3 3.3 3.2 342 32 3.2 342 3.1 3.1 3sl 3.1 3.1 3.0 3.0 3.0 3.0
10% 4.7 4.6 4.6 4.6 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.3 4.3 4.3 4.3 4.2 4.2
15% 5.7 5.7 5.6 5.6 5.6 5.5 5.5 5.5 5.4 5.4 5.4 5.3 5.3 5.3 5.2 5.2 5.2
20% 6.6 6.6 6.5 6.5 6.5 6.4 6.4 6.3 6.3 6.3 6.2 6.2 6.1 6.1 6.1 6.0 6.0
25% 7.5 7.4 7.4 73 743 742 72 | il 7.0 7.0 7.0 6.9 6.9 6.8 6.8 6.8
30% 8.2 8.2 8.1 8.1 8.0 8.0 7.9 7.9 7.8 7.8 747 T 746 7.6 7.5 7.5 7.5
35% 9.0 8.9 8.8 8.8 8.7 8.7 8.6 8.6 8.5 8.5 8.4 8.4 8.3 8.3 8.2 8.2 8.1
40% 9.7 9.6 9.6 9.5 9.4 9.4 9.3 9.3 9.2 9.1 9.1 9.0 9.0 8.9 8.9 8.8 8.8
45% 10.4 | 10.3 | 10.2 | 10.2 | 10.1 | 10.1 | 10.0 9.9 9.9 9.8 9.8 9.7 9.7 9.6 9.5 9.5 9.4
50% 11.1 | 11.0 | 10.9 | 10.9 | 10.8 | 10.7 | 10.7 | 10.6 | 10.6 | 10.5 | 10.4 | 10.4 | 10.3 | 10.3 | 10.2 | 10.1 | 10.1
55% 11.8 | 11.7 | 11.6 | 11.6 | 11.5 | 11.4 | 11.4 | 11.3 | 11.2 | 11.2 | 11.1 | 11.0 | 11.0 | 10.9 | 10.9 | 10.8 | 10.7
60% 12.5 | 12.4 | 12.4 | 12.3 | 12.2 | 12.1 | 12.1 | 12.0 | 11.9 | 11.9 | 11.8 | 11.7 | 11.7 | 11.6 | 11.5 | 11.5 | 11.4
65% 13.3 | 13.2 | 13.1 | 13.0 | 13.0 | 12.9 | 12.8 | 12.7 | 12.7 | 12.6 | 12.5 | 12.5 | 12.4 | 12.3 | 12.3 | 12.2 | 12.1
70% 14.1 | 14.0 | 13.9 | 13.8 | 13.8 | 13.7 | 13.6 | 13.5 | 13.4 | 13.4 | 13.3 | 13.2 | 13.1 | 13.1 | 13.0 | 12.9 | 12.9
75% 15.0 | 14.9 | 14.8 | 14.7 | 14.6 | 14.5 | 14.4 | 14.4 | 14.3 | 14.2 | 14.1 | 14.0 | 14.0 | 13.9 | 13.8 | 13.7 | 13.7
80% 15.9 | 15.8 | 15.7 | 15.6 | 15.6 | 15.5 | 15.4 | 15.3 | 15.2 | 15.1 | 15.0 | 15.0 | 14.9 | 14.8 | 14.7 | 14.6 | 14.6
85% 17.1 | 17.0 | 16.9 | 16.8 | 16.7 | 16.6 | 16.5 | 16.4 | 16.3 | 16.2 | 16.1 | 16.0 | 15.9 | 15.9 | 15.8 | 15.7 | 15.6
90% 18.5 | 18.4 | 18.2 | 18.1 | 18.0 | 17.9 | 17.8 | 17.7 | 17.6 | 17.5 | 17.5 | 17.4 | 17.3 | 17.2 | 17.1 | 17.0 | 16.9
95% 20.5 | 20.4 | 20.3 | 20.2 | 20.1 | 19.9 | 19.8 | 19.7 | 19.6 | 19.5 | 19.4 | 19.3 | 19.2 | 19.1 | 19.0 | 18.9 | 18.9

Dr. Kenneth J. Hellevang, PE

NDSU Extension Service

Fargo, ND 58105

NDSU

Extension Service

Source: ASAE D245.4 Modified Henderson Equation



Recommended Long-Term Storage

Moisture Content

EMC @ 70°F & 60% RH
Grain EMC Moisture
Barley 11.8% 12%
Canola 8.0% 8%
Corn 12.8% 13%
Flaxseed 8.3% 8%
Soybeans 10.2% 11%
Sunflower
Non-Oil 9.6% 10%
i Oil 7.4% 8%
- | Wheat 13.3% 13.5%

Extension Service



Mold Growth Curve
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"Approximate” Allowable Storage Time
for Cereal Grains (Days)

Moisture ---—-- Grain Temperature (°F) -----
Content 30° 40° 50° 60° 70° 80°
(%) Approximate Allowable Storage Time (Days)
14 5 5 5 5 200 140
15 5 3 5 240 125 70
16 . e 230 120 70 40
17 . 280 130 75 45 20
18 . 200 90 50 30 15
19 5 140 70 35 20 10
20 5 90 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 NDSU
> ® 2 > > 5 ! Extension Service

* Exceeds 300 days



“‘Estimated” Allowable Storage Time for Malting Barley (Weeks)

(Criterion: Germinability)

Barley Moisture Content (%w.b.)
Temperature 11% | 12% | 13% | 14% | 15% | 16% | 17% | 18% | 19%
(°C) (°F) Allowable Storage Time (weeks)
27 80 32 25 16 10 5 3 1.5 1 1
21 70 80 60 38 25 14 7 3.5 2.5 2
16 60 * * 94 61 37 18 9 6 3.5
10 50 * * * * 90 50 20 14 8

* Allowable storage time exceeds 100 weeks.
Source: Drying Cereal Grains by Brooker, Bakker-Arkema & Hall
Table developed by Kenneth Hellevang, Ph.D., P.E., 07/16/07

NDSU

Extension Service



Moisture Measurement

Representative Sample
Follow Instructions

« Calibrated for dry grain — error on high moistures
 Adjust for temperature
— May not be accurate <40°F
« Electronic meters more sensitive to outside of kernel
— Moisture variation after rapid drying
 Meters affected by condensation

« Measure moisture content

 Place sample in sealed container for several hours
e ~6-12hrs.

« Warm to ~70°F

« Recheck moisture m
Extension Service
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CONDENSATION
AND POSSIBLE
GRAIN SPOILAGE

Fall and Winter Moisture Migration



Grain Stays Warm without Aeration
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Spring and Summer Moisture Migration



Cool Grain to Prevent Storage Problems

80

Optimum for Insects and Spoilage

Grain
Temperature

(o2
o

19
o

Insects Dormant Grain Temperature 35-40°F

Temperature (F)
i =N

30
20-25°F

20
Insects

0

Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July

Temperatures for Upper Midwest

* Prevent crusting due to moisture migration by cooling grain to within 15°F of average outdoor temperatures. B Kot e
* Cooling grain by 10°F doubles its allowable storage time NDSU Extension Service



Aeration Used to Control Grain Temperature

Extension Service



Aeration Cycle Time

Cooling Time (Barley)

15 Test Weight b
cfm/bu 56 -

15/ 0.2 cfm/bu x 48 /56 = 65 hrs

Barley - 42 ft diameter, 24 ft depth
3.0 hp, 18-inch axial fan, 0.19 cfm/bu
Cooling time = 68 hrs.

Extension Service



Aeration Investment

42 ft diameter, 26 ft deep, 28,800 bu Barley level full
At 0.17 cfm/bu Cooling time = 76 hrs/cycle

3.0 hp 18-inch Axial Fan, 3 hp fan uses 3.45 kWh/hr
12 cycles x 76 hrs = 912 hrs total/yr

3.45 kWh/hr x 912 hrs = 3,164 kWh

3,164 x $0.10 kwh = $314.64

$314.64 / 28,800 bu = $0.011/bu

<1¢/bu — yr for insect and mold protection

NDSU

Extension Service




Cover Fans When Not Operating

*Prevents spring warm-up

*Keep snow & pests out

Keep damp air out

NDSU

Extension Service




WARNING

Condensation may freeze over vents when outside
air temperatures are near or below freezing

Leave fill and Iced over vents
access open will damage bin

NDSU

Extension Service



Management

Monitor:
*Temperature
*Moisture
*Insects

How often should |
check my grain?

«2-weeks until cooled

NDSU *2-4 weeks during winter

Extension Service «2-weeks spring & summer




Senses only grain near cable

RN

| —Cable

| —Temperature sensor

/—Temperature indicator

NDSU

Extension Service




Grain Temperature

Average Maximum Air Temp.
February 1 - 15°

March 1 - 27°

April 1 - 45°

May 1 - 65°

Solar Radiation (Btu/ft2-day)

Wall Roof
Feb. 21 1725 1800
— Jun. 21 800 2425

NDSU Periodically Cool

Extension Service Keep under 40°F



Ventilate Bin Headspace

NDSU

Extension Service



Spring & Summer Cooling

Cooling Time

15/0.2 cfm/bu = 75 hrs

3/20 = 0.15 = 11 hrs

Coolest at sunrise 40° 17°




Natural Air Drying

*ma— Roof Cap

Hatch
RoofVet+/\/k/l’ VoSt

Distribu tor

Extension Service



Climate Comparison, Ml v. ND
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Barley Equilibrium Moisture Content

NDSU

Extension Service

BARLEY EQUILIBRIUM MOISTURE CONTENT
TEMPERATURE (©F)
200 250 ] 300 I 350 ] 409 , 450 | 500 I 550 [ 600 [ 659 | 700 , 759 I 80° | 850 | 900 I 950 l 1000
R.H MOISTURE CONTENT (% W.B.)

5% 3.3 3.3 3.3 3.2 342 32 3.2 342 3.1 3.1 3sl 3.1 3.1 3.0 3.0 3.0 3.0
10% 4.7 4.6 4.6 4.6 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.3 4.3 4.3 4.3 4.2 4.2
15% 5.7 5.7 5.6 5.6 5.6 5.5 5.5 5.5 5.4 5.4 5.4 5.3 5.3 5.3 5.2 5.2 5.2
20% 6.6 6.6 6.5 6.5 6.5 6.4 6.4 6.3 6.3 6.3 6.2 6.2 6.1 6.1 6.1 6.0 6.0
25% 7.5 7.4 7.4 73 743 742 72 | il 7.0 7.0 7.0 6.9 6.9 6.8 6.8 6.8
30% 8.2 8.2 8.1 8.1 8.0 8.0 7.9 7.9 7.8 7.8 747 T 746 7.6 7.5 7.5 7.5
35% 9.0 8.9 8.8 8.8 8.7 8.7 8.6 8.6 8.5 8.5 8.4 8.4 8.3 8.3 8.2 8.2 8.1
40% 9.7 9.6 9.6 9.5 9.4 9.4 9.3 9.3 9.2 9.1 9.1 9.0 9.0 8.9 8.9 8.8 8.8
45% 10.4 | 10.3 | 10.2 | 10.2 | 10.1 | 10.1 | 10.0 9.9 9.9 9.8 9.8 9.7 9.7 9.6 9.5 9.5 9.4
50% 11.1 | 11.0 | 10.9 | 10.9 | 10.8 | 10.7 | 10.7 | 10.6 | 10.6 | 10.5 | 10.4 | 10.4 | 10.3 | 10.3 | 10.2 | 10.1 | 10.1
55% 11.8 | 11.7 | 11.6 | 11.6 | 11.5 | 11.4 | 11.4 | 11.3 | 11.2 | 11.2 | 11.1 | 11.0 | 11.0 | 10.9 | 10.9 | 10.8 | 10.7
60% 12.5 | 12.4 | 12.4 | 12.3 | 12.2 | 12.1 | 12.1 | 12.0 | 11.9 | 11.9 | 11.8 | 11.7 | 11.7 | 11.6 | 11.5 | 11.5 | 11.4
65% 13.3 | 13.2 | 13.1 | 13.0 | 13.0 | 12.9 | 12.8 | 12.7 | 12.7 | 12.6 | 12.5 | 12.5 | 12.4 | 12.3 | 12.3 | 12.2 | 12.1
70% 14.1 | 14.0 | 13.9 | 13.8 | 13.8 | 13.7 | 13.6 | 13.5 | 13.4 | 13.4 | 13.3 | 13.2 | 13.1 | 13.1 | 13.0 | 12.9 | 12.9
75% 15.0 | 14.9 | 14.8 | 14.7 | 14.6 | 14.5 | 14.4 | 14.4 | 14.3 | 14.2 | 14.1 | 14.0 | 14.0 | 13.9 | 13.8 | 13.7 | 13.7
80% 15.9 | 15.8 | 15.7 | 15.6 | 15.6 | 15.5 | 15.4 | 15.3 | 15.2 | 15.1 | 15.0 | 15.0 | 14.9 | 14.8 | 14.7 | 14.6 | 14.6
85% 17.1 | 17.0 | 16.9 | 16.8 | 16.7 | 16.6 | 16.5 | 16.4 | 16.3 | 16.2 | 16.1 | 16.0 | 15.9 | 15.9 | 15.8 | 15.7 | 15.6
90% 18.5 | 18.4 | 18.2 | 18.1 | 18.0 | 17.9 | 17.8 | 17.7 | 17.6 | 17.5 | 17.5 | 17.4 | 17.3 | 17.2 | 17.1 | 17.0 | 16.9
95% 20.5 | 20.4 | 20.3 | 20.2 | 20.1 | 19.9 | 19.8 | 19.7 | 19.6 | 19.5 | 19.4 | 19.3 | 19.2 | 19.1 | 19.0 | 18.9 | 18.9

Dr. Kenneth J. Hellevang, PE

NDSU Extension Service

Fargo, ND 58105

NDSU

Extension Service

Source: ASAE D245.4 Modified Henderson Equation



Equilibrium Moisture Content

Alr

Barley

/0°F
/5% RH

EMC =14.1%

NDSU
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Heat reduces relative humidity &
grain moisture content

70°F Jeop
75% RH 63% RH
EMC= 14.1% EMC =12.1%

NDSU

Extension Service



Equilibrium Moisture Content

Alr

Barley

/5°F
60% RH

EMC =11.7%

NDSU

Extension Service



Airflow Rates and Drying Times

natural air drying wheat

air at 69°and 60% relative humidity, average North Dakota condition for August.

Moisture Airflow Fan Time
Content (cfm/bu) Hours Days
18% 1.25 480 20
1.00 600 25
17% 1.00 552 23
0.75 744 31
16% 1.00 504 21
0.75 672 28
0.50 1,008 42
15% 1.00 480 20
0.75 648 27
0.50 960 40
14% 1.00 408 17
0.75 544 23
0.50 816 34

Erbmsbas b 33 P

NATURAL AIR / LOW TEMPERATURE

NDSU

Extension Service



Horsepower Required Increases

Depth (ft.)

15
17
19
21
23
25

with Grain Depth

HP/1,000 bu.

HP

3.5

5.3

7.5
10.4
14.0
18.5

0.5
0.7
0.9
1.1
1.3
1.6

Static Pressure
(inch H,0)

2.6
3.4
4.4
5.5
6.8
8.2

27 ft. diameter bin of barley with 0.75 cfm/bu. airflow rate

NDSU

Extension Service
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| EXTENSION By

http://webapps.bbe.umn.edu/fans/

Sustainable Use of Renewable Resources — Enhancement of the Environment

University of Minnesota Fan Selection for Grain Bins

Bac nd Show Background

Settings

Bin and Crop Inputs

Select a crop: Barley v Bin Diameter, feet: 21

Floor Type: 9 Full ' Duct Grain Depth, feet: 20

Desired airflow (cfm/bu): 1

Show Table

(to get desired airflow when bin is full)

Bin capacity (bushels): 5,542
Total airflow (cfm): 5,542
Estimated static pressure (inches of water): 712
Estimated fan power needed (hp): 10.34

Fan Selection Show Fan Data
Select a fan: 0.33 hp AEROVENT 1240-DW | 12" (Axial) v | Add a New Fan
Fan arrangement: 9 Parallel ) Series Number of fans on bin:

Results

Airflow vs Depth Table




High Temperature Dryer

Initial Moisture Content: 28%

Maximum

- i temperature
e e T2 to maintain

%i% Plenum | = germlnathn

g"%é Chamber | = , o

=2 «S>{Tptcon, ~110°F

||
i

NDSU

Extension Service

Y Y v
Final Average Moisture Content: 14%



For More Information

Internet Search: NDSU Grain Drying & Storage

NDS[ ] Y Helping You

. . , = Put Knowledge
Extension Service
North Dakota State University To Work

Department of Agricultural and Biosystems Engineering




Mix Dry Grain with Wet Grain

16%

10%

NDSU Kernel deterioration?
librati 1]
Extension Service EQUI|Ibr§lt|0n Important!!!
Mechanical damage?



