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When grain is aerated, two conditions are constantly
workingtogether and adjusting to each other: temperature and
moisture in the air and grain. Equilibrium is constantly being
sought between air introduced into the bin and the kernels.
This gives elevator managers a powerful tool. The efficient
management of an aeration system allows grain to be kept
in the best condition possible. But managers must know how
this equilibrium science interacts with the kind of grain being
stored. The term “EMC” (equilibrium moisture content) should
become quite familiar when making decisions about when to
run aeration fans. The temperature-moisture relationship also
allows fully automated fan control systems to operate fans.

What is “EMC”?

Equilibrium moisture content (EMC) is the moisture con-
tent at which grain will stabilize, given a certain temperature
and relative humidity of the air surrounding kernels. This sta-
bilization takes time to occur. However, if a certain moisture
contentis desired for grain being stored, it is important to know

Figure 1a. Sorghum Equilibrium Moisture Content.
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whether air being supplied will either deposit moisture in grain
or remove moisture from the grain. If the desired condition of
the grain cannot be met given the temperature and relative
humidity, or RH, of the air, then it is not cost efficient to run
the fans. Money can be saved by not running fans if the air is
not helping to keep grain in the desired condition.

Why is this information so important to grain storage
managers? Regardless of how much air fans supply to a bin,
temperature and relative humidity of that air will dictate whether
the grain will decrease or increase in moisture content. The
stabilization time isimpacted by the amount of air supplied. But
the final grain moisture content is determined by temperature
and relative humidity of the air.

Eachkind of grain has its own EMC characteristics. Charts
are available on the Internet for many different types of grain.
Charts for the common grains grown and stored in Oklahoma
follow (Figure 1a-e).

Relative Humidity (%)

25 30 3 40 45 50 55 60 65 70 75 80 85 90

35 115 121 127 133 138 144 150 156 163 170 178 188 199 214

40 1.3 119 125 131 136 142 148 154 161 168 176 186  19.7 212

45 1.1 117 123 129 134 140 146 153 159 166 175 184 196 211

50 | 109 115 121 127 133 138 144 151 157 165 173 182 194 20.9

o~ 5 | 107 113 19 125 131 137 143 149 156 163 171 181 192  20.8

& 60 | 105 112 17 123 129 135 141 147 154 161 170 179 191 206

> 65 [104 110 116 122 127 133 139 146 152 160 168 178 189 205

% 70 | 102 108 114 120 126 132 138 144 151 158 167 176 188 203

€ 75 | 100 106 112 118 124 130 136 143 149 157 165 175 187 202

" 80 99 105 M1 117 123 129 135 141 148 156 164 174 185 20.1

85 9.7 103 109 115 121 127 133 140 147 154 163 172 184 200

90 96 102 108 114 120 126 132 138 145 153 16.1 17.1 18.3 19.8

95 94 100 106 112 118 124 131 137 144 152 160 170 182 197

100 93 99 105 111 117 123 129 136 143 150 159 169 18.0 196
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Figure 1b. Soybean Equilibrium Moisture Content.

Relative Humidity (%)

Temperature (°F)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

20 12 22 31 40 49 58 67 77 86 96 107 118 131 144 159 176 196 223 262

25 12 22 31 40 48 57 66 75 85 95 105 1.6 129 142 156 173 193 220 259

30 12 21 30 39 48 56 65 74 84 93 104 115 12.7 14.0 154 171 191 217 255

35 12 21 30 38 47 55 64 73 82 92 102 113 125 13.8 152 16.8 188 214 252

40 12 21 29 38 46 55 63 72 8.1 9.1 10.1 111 123 13,6 150 16.6 186 211 249

45 11 20 29 37 45 54 62 71 80 89 99 11.0 121 134 148 16.4 18.3 20.8 24.6

E 50 11 20 28 37 45 53 61 70 79 88 98 108 1.9 132 146 162 181 206 24.3

Q@ 55 11 20 28 36 44 52 60 69 78 87 96 107 118 13.0 144 16.0 178 20.3 24.0

‘E 60 11 19 28 36 43 51 59 6.8 76 86 95 105 1.6 128 142 157 176 20.1 23.7

8 65 11 19 27 35 48 51 59 6.7 75 84 94 104 115 127 140 155 174 19.8 235

E 70 11 19 27 35 42 50 58 6.6 74 83 93 102 1.3 125 138 154 172 19.6 23.2

75 10 19 26 34 42 49 57 65 73 82 9.1 10.1 112 123 13.7 152 170 19.3 23.0

80 10 18 26 34 41 49 56 64 72 81 90 100 1.0 122 135 150 168 191 227

85 10 18 26 33 40 48 56 63 71 80 89 99 109 12.0 133 148 16.6 189 225

90 10 18 25 3383 40 47 55 63 71 79 87 9.6 10.6 11.7 13.0 145 16.2 185 22.0

95 10 18 25 32 39 47 54 62 70 7.8 8.7 9.6 10.6 117 13.0 145 16.2 185 22.0

100 10 17 25 32 39 46 53 6.1 69 77 86 9.5 105 116 129 143 16.0 18.3 217

Figure 1c. Canola/Rapeseed Equilibrium Moisture Content.
Relative Humidity (%)

35 40 45 50 55 60 65 70 75 80 85
30 6.7 75 8.2 8.9 9.7 10.5 1.3 12.2 13.2 14.3 15.7
35 6.4 7.0 77 8.4 9.1 9.9 10.7 11.6 12.5 13.6 14.9
40 6.1 6.8 74 8.1 8.8 9.5 10.3 11.1 12.0 13.1 14.3
45 5.9 6.5 71 7.8 8.5 9.2 99 10.7 11.6 12.6 13.8
50 5.7 6.3 70 76 8.3 8.9 9.7 10.5 11.3 12.3 13.5
55 5.5 6.1 6.7 7.3 8.0 8.6 9.4 10.1 11.0 11.9 13.1
60 5.4 6.0 6.6 72 78 8.5 9.2 9.9 10.7 1.7 12.8
65 5.2 5.8 6.4 7.0 76 8.2 8.9 9.6 10.4 11.3 12.4
70 5.0 5.6 6.1 6.7 7.3 79 8.5 9.3 10.0 10.9 12.0
75 4.8 54 5.9 6.5 7.0 7.6 8.2 8.9 9.7 10.5 11.6
80 4.8 5.3 5.8 6.3 6.9 75 8.1 8.8 9.5 10.4 1.4
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Figure 1d. Hard Wheat Equilibrium Moisture Content.

Relative Humidity (%)

Temperature (°F)

Temperature (°F)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
20 50 68 81 92 101 110 119 127 134 142 150 158 166 174 183 19.3 205 219 23.9
25 49 66 79 90 99 108 116 124 132 139 147 155 163 171 18.0 19.0 20.1 215 235
30 48 65 77 88 97 106 114 122 129 137 144 152 159 1658 176 18.6 19.7 211 23.1
35 47 64 76 86 95 104 112 119 127 134 141 149 157 16,5 173 183 194 20.7 22.7
40 46 62 74 85 94 102 110 1.7 124 132 139 146 154 162 170 18.0 191 204 223
45 45 6.1 73 83 92 100 108 115 122 129 137 144 151 159 16.8 177 18.8 20.1 22.0
50 45 60 72 82 90 98 106 113 120 127 134 142 149 157 165 174 185 19.8 217
55 44 59 71 80 89 97 104 111 118 125 132 139 147 154 16.3 172 182 19.5 214
60 43 58 69 79 87 95 103 110 117 123 130 137 144 152 16.0 16.9 179 19.2 211
65 42 57 68 78 86 94 10.1 108 115 122 128 135 142 150 158 16.7 177 19.0 20.8
70 42 56 6.7 77 85 92 100 107 M3 120 127 133 140 148 156 16,5 175 18.7 205
79 41 56 6.6 76 84 91 98 105 12 118 125 132 139 146 154 162 172 185 20.3
80 41 55 65 75 83 90 97 104 MO M7 123 13.0 137 144 152 16.0 170 18.3 20.0
85 40 54 65 74 81 89 96 102 109 115 122 128 135 142 150 158 168 181 19.8
90 39 53 64 73 80 88 94 101 107 114 120 127 133 141 148 157 166 178 196
95 39 53 63 72 79 87 98 100 106 1.2 119 125 132 139 146 155 164 176 194
100 38 52 62 71 78 86 92 99 105 M1 1.7 124 13.0 137 145 1583 163 175 19.2

Figure 1e. Corn Equilibrium Moisture Content.
Relative Humidity (%)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
20 39 57 70 82 93 104 113 123 132 142 151 161 171 182 193 20.6 22.1 239 26.6
25 38 55 68 80 91 100 110 119 128 13.8 147 156 166 177 188 20.0 215 23.3 259
30 37 53 66 78 88 98 107 116 125 134 143 152 162 172 183 195 210 227 253
35 36 52 64 76 86 95 104 11.3 122 13.0 139 148 158 16.8 179 19.1 20.5 222 24.8
40 35 50 63 74 83 93 102 11.0 M9 127 136 145 154 164 175 18.7 20.0 217 242
45 34 49 6.4 72 81 90 99 108 116 124 133 142 151 16.0 171 18.3 19.6 21.3 23.8
50 33 48 6.0 70 80 88 97 105 13 122 13.0 139 148 157 16.7 179 19.2 209 23.3
53 32 47 58 69 78 86 95 103 111 119 127 136 144 154 164 175 188 20.5 229
60 32 46 57 67 76 85 93 101 109 117 125 133 142 151 16.1 172 185 20.1 225
65 31 45 56 66 75 83 91 99 107 14 122 13.0 139 148 158 169 18.1 19.7 221
70 30 44 55 64 73 81 89 97 105 M2 120 128 136 145 155 16.6 178 194 217
V5, 30 43 54 63 72 80 88 95 103 110 118 126 134 143 152 16.3 175 19.1 214
80 29 42 53 62 70 78 86 93 101 108 116 124 132 14.0 150 16.0 172 18.8 21.0
85 29 42 52 61 69 77 84 92 99 106 114 121 13.0 138 14.7 158 170 185 20.7
90 28 41 51 60 68 76 83 90 97 105 112 120 127 136 145 155 167 182 204
95 28 40 50 59 6.7 74 82 89 96 103 11.0 118 125 134 143 153 16.5 179 20.1
100 27 39 49 58 66 73 80 87 94 101 109 116 124 132 141 151 16.2 177 19.8
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Example:

Outside air conditions: 55F and 65% RH
Grain type: Corn

The resulting moisture content of corn aerated over a

period of time with air at 55F and 65% RH will be 14.4%.

Figure 1e. Corn Equilibrium Moisture Content.

Relative Humidity (%)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95

20 39 57 70 82 93 104 113 123 132 142 151 161 171 182 19.3 206 221 239 26.6

25 38 55 68 80 91 100 110 1.9 128 138 147 156 166 177 188 20.0 215 233 259

30 37 53 66 78 88 98 107 1.6 125 134 143 152 162 172 183 195 210 227 253

35 36 52 64 76 86 95 104 113 122 130 139 148 158 16.8 179 19.1 205 222 24.8

40 35 50 63 74 83 93 102 11.0 119 127 136 145 154 164 175 187 20.0 217 242

45 34 49 61 72 81 90 99 108 116 124 133 142 151 160 171 183 19.6 213 238

E 50 33 48 60 70 80 88 97 105 11.3 122 130 139 148 157 167 179 192 209 233
o 55 32 47 58 69 78 86 95 103 111 119 127 136 14.4154 164 175 188 205 229
*g 60 32 46 57 67 76 85 93 101 109 117 125 133 142 151 161 172 185 201 225
8 65 31 45 56 66 75 83 91 99 107 114 122 130 139 148 158 169 181 19.7 22.1
E 70 30 44 55 64 73 81 89 97 105 112 120 128 136 145 155 16.6 178 194 217
75 30 43 54 63 72 80 88 95 103 110 11.8 126 134 143 152 163 175 19.1 214

80 29 42 53 62 70 78 86 93 101 108 116 124 132 140 150 16.0 172 18.8 210

85 29 42 52 61 69 77 84 92 99 106 114 121 13.0 138 147 158 170 185 20.7

90 28 41 51 60 68 76 83 90 97 105 112 120 127 136 145 155 167 182 204

95 28 40 50 59 67 74 82 89 96 103 110 1.8 125 134 143 153 165 179 20.1

100 27 39 49 58 66 73 80 87 94 101 109 116 124 132 141 151 162 177 19.8

What if the RH of the air at 55F rises to 90% RH? The
corn would equilibrate to 20.5%.

What if the air temperature was 80F at 90% RH? The
corn would equilibrate to 18.8%.

If the goal of running the aeration system is to maintain
MC or to reduce the MC, do not run the fans when the air
conditions would cause a higher MC as given in the EMC
chart. If the goal is to reduce moisture content, run fans when
the EMC in the chart indicates a MC lower than the existing
grain moisture content.

Controls for Aeration

There are many ways of controlling aeration systems.The
least expensive is a manual switch that is operated to turn
fans on and off. If this is the method of aeration control you
use, it is very important that you understand the EMC charts
and use those to help make the decision to run the fans or
not.

Onthe otherend of the expense range, automatic control-
lers have the information from the EMC charts programmed
into the controller. The manager inputs the type of grain and
desired moisture content. The controller will make all of the
adjustments automatically to run the fans by using the EMC

relationships in the charts above. These controllers also keep
records of when fans run and record the duration of fan run-
time. Usually these controllers take data from temperature
cables in a bin and compare it to the outside temperature.
When there is a 5- to 10-degree F temperature difference,
the controller will turn the fans on if the EMC data show
that it is a favorable time to run the fans. The advantages to
these controllers are dedicated service to around-the-clock
monitoring and operation of fans, optimum conditions for fan
operation and less energy wasted by not running fans when
air conditions are not productive. Some economic studies
say these controllers can pay for themselves in better grain
conditioning and energy savings within two years.

Temperature Cables

Knowing the temperature at several points in a bin can
let managers know when a trouble spot is forming. Any kind
of biological activity, such as insects and mold, will cause the
temperature to rise in areas around the trouble spot. Weekly
monitoring of these cables will alert managers to trouble areas
in time to make the decision to move the crop or remediate
the problem. Some temperature cables are read individually
with a handheld reader. Others are wired into the fan control
system and maps of the temperature profiles are shown on a
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monitor. Recent telecommunication technology allows these
controllers to send a message to a cell phone when a trouble
spot begins to form as indicated by the temperature cable.
An example of a temperature cable read-out map is shown
in Figure 2. Temperature cable systems can report wirelessly
to an office with router and antennae technology. Some cable
systems can also indicate grain levels. The temperature of
grain is usually different than the headspace temperature.
This difference is apparent in the temperature cable monitor
readings. The gold ovals at the top of the bin profile in Figure
2 show the headspace temperature compared to the green
ovals, which show grain temperature at various depths. Tem-
perature cables will quickly pay for themselves by alerting
managers to problem areas and assisting in knowing when a
temperature front has moved completely through a bin. This is
an added benefit when combined with automatic fan controls.
The screen shot in Figure 2 shows a significant trouble spot
in the area around cables 4 and 5 in the middle of the bin.
This would alert the manager that remediation through mov-
ing the grain would be advised. For more information about
automation in grain facilities, see fact sheet BAE-1290, “Grain
Handling Automation and Controls.

Prescription for Running Fans

in Oklahoma

Atharvest, begin running the aeration fans as soon as the
bottom of the bin is covered with grain. Continue running the
fans until the entire bulk in the bin is the same temperature.
This will take about 150 hours of fan run-time if the fans are
sized for 0.10 cfm/bu. If the fans are larger and provide 0.20
cfm/bu, it will take about 75 hours of fan run-time to bring
the entire bulk to the same temperature. It's very important
that the temperature front moves all the way through the bin
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so condensation does not form someplace in the grain bulk,
resulting in a layer of moldy grain or chunks of mold.

After the temperature front has moved through the entire
bin, turn off fans and wait for cooler temperatures and favorable
RH using the EMC chart. When the conditions are favorable,
run the fans again to bring grain temperature down as low as
possible.

Repeat step 2 until the grain is 40 degrees F or as low
as the weather allows. Once this temperature is reached in
the entire grain bulk, shut off fans and cover the intakes. Allow
the grain to remain as cold as possible for as long as possible.
Grain is an excellent insulator and will remain cool well into
late spring and early summer.

Monitor grain monthly by checking for off odors, musty
smell, heatinthe headspace and hotspots in the grain. Weekly
(if not daily) monitoring temperature cable information will
provide early warning signs of microbial or insect activity.

Ifthe grainis held through the next summer, runfans when
the temperature is cooler outside and the RH is low enough to
maintain the correct moisture content (per EMC charts). Check
the top surface and headspace weekly for heating, odors and
signs of insects. Taking grain samples can also indicate the
general quality and moisture content.
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Figure 2. Computer report for an automatic temperature monitoring system with fan control.
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The Oklahoma Cooperative Extension Service

WE ARE OKLAHOMA

The Cooperative Extension Service is the largest,
most successful informal educational organization in
the world. Itis a nationwide system funded and guided
by a partnership of federal, state, and local govern-
ments that delivers information to help people help
themselves through the land-grant university system.

Extension carries out programsinthe broad categories
of agriculture, natural resources and environment;
family and consumer sciences; 4-H and other youth;
and community resource development. Extension
staff members live and work among the people they
serve to help stimulate and educate Americans to
plan ahead and cope with their problems.

Some characteristics of the Cooperative Extension
system are:

e The federal, state, and local governments  co-
operatively share in its financial support and
program direction.

e Itis administered by the land-grant university as
designated by the state legislature through an
Extension director.

* Extension programs are nonpolitical, objective,
and research-based information.

* Itprovides practical, problem-oriented education

for people of all ages. It is designated to take
the knowledge of the university to those persons
who do not or cannot participate in the formal
classroom instruction of the university.

It utilizes research from university, government,
and other sources to help people make their own
decisions.

More than a million volunteers help multiply the
impact of the Extension professional staff.

It dispenses no funds to the public.

It is not a regulatory agency, but it does inform
people of regulations and of their options in meet-
ing them.

Local programs are developed and carried out in
full recognition of national problems and goals.

The Extension staff educates people through
personal contacts, meetings, demonstrations,
and the mass media.

Extension has the built-in flexibility to adjust its
programs and subject matter to meet new needs.
Activities shift from year to year as citizen groups
and Extension workers close to the problems
advise changes.

Oklahoma State University, in compliance with Title VI and VII of the Civil Rights Act of 1964, Executive Order 11246 as amended, and Title IX of the Education Amendments of 1972 (Higher
Education Act), the Americans with Disabilities Act of 1990, and other federal and state laws and regulations, does not discriminate on the basis of race, color, national origin, genetic information,
sex, age, sexual orientation, gender identity, religion, disability, or status as a veteran, in any of its policies, practices or procedures. This provision includes, but is not limited to admissions,
employment, financial aid, and educational services. The Director of Equal Opportunity, 408 Whitehurst, OSU, Stillwater, OK 74078-1035; Phone 405-744-5371; email: eeo @ okstate.edu has been
designated to handle inquiries regarding non-discrimination policies: Director of Equal Opportunity. Any person (student, faculty, or staff) who believes that discriminatory practices have been
engaged in based on gender may discuss his or her concerns and file informal or formal complaints of possible violations of Title IX with OSU’s Title IX Coordinator 405-744-9154.

Issued in furtherance of Cooperative Extension work, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Director of Oklahoma Cooperative Extension

Service, Oklahoma State University, Stillwater, Oklahoma. This publication is printed and issued by Oklahoma State University as authorized by the Vice President for Agricultural Programs and
has been prepared and distributed at a cost of 20 cents per copy. 0518 GH.

BAE-1116-8



