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IntroductionIntroduction

• Soybean is the main crop of Argentina with• Soybean is the main crop of Argentina, with 
a production of more than 52 million tonnes 
in 2010in 2010. 

• Commercialization standard of Argentina g
establishes the market (MC) limit in 13,5%. 

W i ht d d ti

13,5%
Wet soybean Weight deduction

Drying cost

Overdried soybean Less benefits than 
selling the crop at the 
market MC 
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IntroductionIntroduction

• Any moisture added back to the overdried• Any moisture added back to the overdried 
soybean increases the weight of the grain 
soldsold. 

• Increasing the grain MC from 11 to 13.5% g g
would imply to gain 0,0283 tonnes per 
tonne of grain. g

• The potential benefit of increasing the MC 
from 11% to 13,5% is of 7,07 $/t. Soybean 
at U$S 250/tonne
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IntroductionIntroduction

• Reconditioning of overly dried soybean with• Reconditioning of overly dried soybean with 
aeration (selecting wet air conditions) is possible. 

• Economic convenience of using aeration for• Economic convenience of using aeration for 
conditioning soybean is determined by the price of 
soybean, the price of energy and the climatic 

dconditions. 
• NA/LT in-bin drying 

systems are being adoptedsystems are being adopted 
by farmers for drying 
specialty grains

• Could it be used for 
reconditioning overly dried 
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IntroductionIntroduction

• Would it be convenient to recondition• Would it be convenient to recondition 
soybean in the different producing regions 
of Argentina?of Argentina?

• How to study this process? Regions (climatic y p g (
conditions), year to year variability, price of 
energy, etcgy,

• The use of simulation model is a valid 
approach to study this process (Montross 
and Maier, 2000) 
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ObjectivesObjectives

1 To use the PHAST-FDM to determine if it is1. To use the PHAST FDM to determine if it is 
feasible reconditioning overly dried 
soybean (from 11 to 13.5%) by selecting y ( 3 5%) y g
wet natural air conditions in a NA/LT in-
bin drying system for three different 
locations of Argentina

2 To determine the energy consumption2. To determine the energy consumption 
derived from the fan operation for 
conditioning overdried soybeanconditioning overdried soybean

3. To quantify de economic incentives for 
di i i d i d b
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MethodologyMethodology

• Typical bin• Typical bin 
size

• Specific 
i fl fairflow for 

in-bin drying 7 m
640 tonnes

of 1 m3 min-1

t-1

12 m
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MethodologyMethodology

• Fan sizing with the• Fan sizing with the 
AireAr Software

• 2 Fans in parallel of 
12,5 HP each

• 18,6 kW total power 
requirementrequirement

• Temperature 
i d hincrease due to the 
fan friction of 1.3°C
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MethodologyMethodology
• The Post-Harvest Aeration and Storage Simulation Tool - Finite 

ff h d ( S ) h l d l h

Manfredi

Difference Method (PHAST - FDM) is a mathematical model that 
solves the heat and mass transfer during in-bin drying and 
conditioning of the grain in two dimensions (x, y). (Purdue 
University) Pergaminoy)

• Historical weather data from 3 locations (Balcarce, Pergamino and 
Manfredi)

H l t t– Hourly temperature

– Hourly HR

• Simulation started on April 1°

Balcarce

• Simulation started on April 1

• Kilowatt cost: 0,0765 U$S/kWh

• Soybean price: 250 U$S/ty p $ /

• Annual depreciation expense of 0.625 U$S/ton 
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Controller settingsController settings

• EMC windows strategy• EMC windows strategy

• Lower limit: 14%• Lower limit: 14%

• Upper limit: 17%• Upper limit: 17%

• EMC equation: Modified Chung-Pfost• EMC equation: Modified Chung Pfost 
(drying and rewetting parameters)
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MethodologyMethodology
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Results & DiscussionResults & Discussion

Location Reconditioning 
time (days)

Fan run 
time 
(hs)

Fan run time 
(%)

Fan electrical consumption 
(kWh)

Specific 
consumpt
ion (hs) (kWh/t)

Pergamino 153 542 14.8 10081 15.75

Manfredi 153 443 12 8240 12.87

B l 127 498 16 3 9263 14 47Balcarce 127 498 16.3 9263 14.47

Average 144 494 14 9195 14.37
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Results & DiscussionResults & Discussion
• Revenue: 7,07 ,

US$/t 

• Average energy 
consumption:

5,60

5,70

$)consumption: 
14.37 kWh/t 

• Average total cost 
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Results & DiscussionResults & Discussion

Overdried soybean Overdried soybeanOverdried soybean Overdried soybean

Reconditioned soybean Reconditioned soybean

Fan run time (hours)
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Results and discussionResults and discussion

• When to finish the reconditioning• When to finish the reconditioning 
process?

• When the upper layer is already 
drewetted:

Too risky– Too risky

• When the average MC is 13 5%:• When the average MC is 13.5%:

– Moisture unbalance
INTA-PRECOP Argentina
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Results & DiscussionResults & Discussion
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Results & DiscussionResults & Discussion

Ambient Air Condition Plenum Air ConditionAmbient Air Condition
Fan pre 

warm
ing 
(°C)

Plenum Air Condition

Temperature RH (%) EMC (%) Temperature RH (%) EMC (%)

EMC 
Differe

(°C)(°C) RH (%) EMC (%) (°C) RH (%) EMC (%) nce 
(%)

20 70 12.8 1.3 21.3 64.6 11.6 1.220 70 12.8 1.3 21.3 64.6 11.6 1.2

20 80 15.2 1.3 21.3 73.8 13.6 1.6

20 85 16 8 1 3 21 3 78 5 14 8 2 020 85 16.8 1.3 21.3 78.5 14.8 2.0

15 80 15.5 1.3 16.3 73.6 13.7 1.8

25 80 15.0 1.3 26.3 74.1 13.4 1.6

30 80 14.8 1.3 31.3 74.3 13.3 1.5
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ConclusionsConclusions

• Reconditioning of overly dried soybean• Reconditioning of overly dried soybean 
resulted in a range of energy consumption 
from 10081 to 8240 kWh (14 37 kWh/t )from 10081 to 8240 kWh (14.37 kWh/t )

• The total time demanded for reconditioning g
the soybean to an average final MC of 13.5 
was 3464 hours (144 days total, 14% fan ( y ,
“on”)

• A different set of low and high EMC limits 
could be explored for increasing the fan run 
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ConclusionsConclusions

• Base on an electricity cost of 0 0765 US$/kWh and• Base on an electricity cost of 0.0765 US$/kWh and 
a selling soybean price of 250 US$/t, the net 
benefit of reconditioning overly dried soybean from 
11 t 13 5% f 5 35 US$/t (2 14 US$/t f h11 to 13.5% was of 5.35 US$/t (2.14 US$/t for each 
% point of moisture added)

bl h d l d d• It is possible the reconditioning overly dried 
soybean from 11 to 13.5%, however better 
strategies should be explored to:strategies should be explored to:
– To speed up the process

h b l h d f h– Minimize the moisture unbalance at the end of the process

– Reduce risk in grain quality
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Thank You!

rbartosik@balcarce.inta.gov.arrbartosik@balcarce.inta.gov.ar
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