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ABSTRACT

In this work, the energy costs of drying corn, rice and wheat seeds between 3 drying options
were compared. They consisted of 1) two-stage drying by using fluidised bed dryer (FBD) in the
1% stage and in-store dryer (ISD) in the 2™ stage, 2) single-stage drying by fixed bed dryer (FXD)
and 3) two-stage drying by using FXD in the 1% stage and ISD in the 2™ stage. The drying
conditions selected for comparison were proved to be safe for seed viability by the previous
studies. The results showed that the drying options 2 and 3 consumed less energy than option 1.
However, the benefits from lower energy cost must be weighed against some advantages of using
FBD. Furthermore, it appeared that running the burners of FXD and ISD for warming up the
ambient air during humid weather condition could shorten drying time significantly with a little
higher energy cost.
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1.INTRODUCTION

Generally, after harvesting the seeds must be dried in order to extend their storage life. When
the seed is dried, normal metabolic changes, subcellular repair and turnover mechanisms become
inactive.™ However when seeds are hydrated these mechanisms would be reactivated, but their
efficiency depends on the damage accumulated.

Until now, there have been various drying methods to dry seeds. Leaving seeds to be dried in
the field is a traditional and economical method for farmers; nevertheless, mechanical drying
provides some significant advantages over in-field drying. For example, it enables the option of
an earlier harvest, with probable benefits in yield and quality and reduces threat of weather
damage. Due to their advantages, a number of artificial drying methods have been studied for
drying seeds by the researchers.?*!

Generally, different drying techniques could result in the difference in the quality of dried
seeds. Inappropriate drying condition can cause seed injury and vast economic loss. Moreover,
different kinds of seeds seem to have dissimilar optimum drying conditions.>* The main factors,
affecting the response of seed grain to hot air drying were previous history, species or variety,
moisture content, exposure time and drier design.'”! It was indicated that improper artificial drying
could lower the seed germination, give rise to abnormal seedlings, affect on the permeability of
the seedcoat, demolish enzymes, or harden the outer layers of seeds; so after the embryo imbibes
water and swells, fractures and cracks develop.®!

So far, the drying methods used in the seed drying researches could be divided into two main
schemes consisting of single-stage and multi-stage drying. Due to the increasing concern about
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the energy conservation and the jumping energy cost, in this study the energy costs of drying
were estimated and compared for corn, rice and wheat seeds between three drying options (one
for single-stage drying and two for two-stage drying). The objective is to provide the information
that the seed producers can apply for their economic decisions.

[2] MATERIALS AND METHODS
In this study, the energy costs of 3 seed drying options were estimated and compared. These
options comprise with

Option1) Two-stage drying with the 1% stage drying in FBD to dry seed from 25%wb to 18%wb
and then the 2™ stage drying in ISD to dry seed from 18%wb to <14%wb.

Option2) Single-stage drying in FXD to dry seed from 25%wb to <14%wb.

Option3) Two-stage drying with the 1% stage drying in FXD to dry seed from 25%wb to 18%wb
and then the 2™ stage drying in ISD to dry seed from 18%wb to <14%wb.

The drying air conditions that were used for energy cost estimation for the FBD are presented
in Table 1. They were proved to be safe for seed viability.!

TABLE1 The diving conditions of the FBI} used for energy cost estimation

Dryving conditions
hvi alr . . . .
Product Drying air Air velocity . Drving time

temperature o Bed depth (cm) . .

©C) (15} {1nin)
Corn 40 140
Rice 40 28-30 10 G0
Wheat 60 15

u]

Unlike FBD, the FXD and ISD used the ambient air (temperature < 43°C) with the low to
medium air velocity for drying seeds because these drying methods were recommended by a
number of researchers.”® The drying times and the sizes of ISD and fixed bed dryer were
estimated by using the existing drying simulation program (named “ISDryer”) that had been
developed by Driscoll and Srzednicki at the Department of Food Science and Technology,
UNSW. The latest edition of this simulation program is version 6.01 edited in June 2006. In the
program, there is a number of weather data that are used as an input for the simulation process. In
this study, the drying simulation program was run using two weather files representing the wettest
and the driest months of the existing weather records as detailed in Table 2.
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TABLE 2 The weather data used in the drving simulation for seeds of each crop

Harvesting . Existing Wettest Driest

Product Season Applied weather data weather data month month
Carn Aug-Oct Bangkok, Thailand Vear 1965-1974 Sep 1960 Aug 1968
Rice May-Zep Banghkok, Thailand Vear 1965-1974 Sep 1960 June 1967
Wheat Dec-Jan Albany, WA, Australia Vear 19841004 Jan 1980 Jan 1986

A number of assumptions were made for this cost analysis as following details.

Assumptions

Estimated operating time was 2 months a year (1,440 hours a year).

One Australian Dollar ~ 30 Baht (Thai currency).

Bed depths of seeds were 10 cm, 75 cm and 3 metres for FBD, FXD and ISD respectively.
The airflow rate used in the ISD and the FXD were 1 and 13 m3/min*m3.eeq respectively.
Heat energy source of all dryers was rice husk.

Approximate net heating value of rice husk = 11,704 KJ/kg.!”!

Cost of rice husk = 0.25 Baht per kg.

Electricity cost = 3 Baht per unit.

Drying capacity and energy consumption of the ISD and the FXD were estimated by the
ISD simulation program (“ISDryer” version 6.01).

. Drying strategies in FXD and ISD were as follows:

10.1) In case of using burner, fan would be stopped if RHampient>95%, burner would be
turned on if RH>75% and temperature rise across burner = 5°C.

10.2) 1In case of not using burner, fan would be stopped if RHampient>70%.

The size and model of FBD was the same as in Soponronnarit’s work.®!

Ambient conditions used in the calculation for FBD were the average ambient conditions of

the months used for drying simulation.

No recycled air in FBD.

Heat energy consumption of FBD was estimated by applying the experimental data in the

Jittanit’s study.

Electrical energy consumption of FBD was estimated by applying the technical data of 5

tonnes/hour FBD in the brochure of Rice Engineering Supply Company Limited in Bangkok,

Thailand. The 5 tonnes/hour FBD in this brochure should be the same or similar to the FBD

in Soponronnarit’s work.®

[2] RESULTS AND DISCUSSION

of

From the estimation, the sizes of FXD and ISD that were compatible with the drying capacity
FBD are summarised in Table 3. The calculation procedures can be seen in IJittanit’s

research.



TABLE 3 Summary of the calculated sizes of FXD and ISD

Used : Dryer S.i.:e (n) -
Option 1 Option 2 Option 3
Dryer type | Product | weather < ) With TNo With TNo

data hurner hurner hurner hurner hurner hurner
FXD o - ; 432 6 24 37 4
15D T34 1225 ; ; 34 122 3
FED Bice | Wettest R ; 62 03 5 41 536
15D month W7 732 ; ; 07 738
FED - ; 43 428 355 355
5D Wheat 177.3 255 ; ; 177.3 253
FZD o - ; 32 15 18 70
5D 21 50 3 ; ; 21 50 5
FZD Pi Driest - ; B 193 33 125
15D month 2 2l ; ; 23 21
FED - ; 540 23 7 21 49 9
1300 Wheat 144 1955 ; } 144 195 5

The results of cost analysis are shown in Table 4 to 9 (2 tables for seeds of each crop). In the
tables, due to the fact that Thailand is one of the major producers of food grains in the world, the
costs were presented in the Thai currency Baht. However, the costs shown in the tables for wheat
were also calculated in Australian Dollar (AUD) and placed in the brackets because Australia is

an important wheat exporter.



TABLE 4 The energy costs of drving corn seeds in the wettest month

Optionl OptionZ Option 3
Description Wiih B " Without With B " Without Wiih B r Without
Burner Burner Burner
1) Drying capacity 65 65 65 65 65 65
(tivear)
. . 1#'stage n 1#'stage mn
it et
Vstagein | 17stagein | o) ctase | Singlestsge | FXD fordlh | FXD for 640
. FED and FED and 2¢ ; : :
2) Drying scheme 29 stage in stage in 15D mFED in FED for and hoamd 2
for 70 b 960 b DTstagein | stage 15D
IS0 for 360k | for2,100h 15D for 560k | for 2100k
¥) Energy cost
estimation
3.1) 1** stage dryer
3.L1) Electrical 58,904 58,804 1,308 1,266 727 11
ENErgY cost
312 I::;‘ - 0642 502 . 260 )
3.5 15D
3:2.1) Electrical 557 513 : : 557 513
BTETZY cost
3.2.2) Heat energy 09 ) ) ) g )
cost
fi': annual energy 69,213 68,950 1,816 1,266 3,194 1,224
Energy costper L065 L0561 0.028 0.012 0.049 0.019
ke
TABLE S The energy costs of drving corn seeds m the driest month
Optionl Option2 Option 3
Description Wiih B R Without With B R Without Wiih B R Without
Burner Burner Burner
1) Drying eapacity 65 65 65 65 65 65
(tiyear)
. . 1¥'stage in 1" stage in
st it
['stage in Iistagein | o lestage | Singlestas | FXDfor3lh | FXD for 136
. FED and FBD and 2% ; : ;
2) Drying scheme Jul stage in stage in 15D mFXD m FXD far and hoand 2
for56h 255 h 241 stage in stage in 15D
ISDfor 360k | for 020k e
3) Energy cost
estimation
3.1) 1 siage dryer
%L1y Electrical 58,304 52,304 1,095 1273 613 677
BTETZY Cost
3.1.2)Heatenergy | g 555 9,395 208 : 179 :
cost
3.2)15D
§.2.1) Electrical sat s16 : : 541 516
ETETZY cost
3.2.2) Heat energy 134 _ _ _ 134 j
cost
Detamual enexzy | gg.74 68,715 1,403 1,223 2,907 1,102
Enerzy cosiper L0G0 LO057 0.022 0.019 0.045 0.018

| M




TABLE & The energy costs of diving rice seeds in the wettest month

Option] Option2 Option 3
Description With Burner Without With Burner Without With Burner Without
Burner Burner Burner
1) Drying capacity 120 120 120 120 120 120
(t'year) G . G -
it ] st 7 i St&g& n ! Stﬂgﬁ n
%ggﬁ:ﬂg‘ F}E-Dsigmel 31.1 Single stage Single stage FEDfor22h | FED for 520
2) Drying scheme Jul gtame | taze in 15D in FED for m FED for and b and 22t
ISD for 280k | for 1680k 4h 560 & Sicteet | SesnliD
i 5D for 280 h for 1,680 h
3) Energy cost
estimation
3.1) I** stage dryer
311) Electrical 58,304 58,304 4,526 4435 2,994 2,300
ETETTY cost
%12 Beatererzy | 799 7,792 714 . 425 -
3.3) 18D
3.2.1) Hlecirical 1216 1797 - - 1316 1,797
ENErZY cost
3.2.2) Heat enexgy 207 . - - 20 -
cost
Net annual enersy | gg,703 68,303 5,240 4,433 6,967 4397
kE:ﬂﬂ costper 0.573 0.570 0.044 0.037 0.058 0.038
- TABLE 7 The energy costs of diving rice seeds in the driest month
Optionl Option2 Option 3
Description With Burner Without With Burner Without With Burner Without
Burner Burner Burner
1) Drying capacity 120 120 120 120 120 120
(iyear)
. . 1# atage in 1#' stage in
T 1
II;BS*S%IE 1;;%%&31 Singlestage | Singlestsge | FXDfor23h | FXD for 88k
2) Drying scheme 4 stage in 4 stage in imFED in FXD for and and
for35h 136k 24l stage in 21l gtage in
[FDfor198h | ISDfor370h IS0 for 192k | ISD for STO b
3) Energy cost
estimation
3.1) 1" stage dryer
31.1) Electrical 58,804 58,804 3,263 4533 2,573 2,882
BNETZY cost
11.2) I[-:I:satt ETETTY 7.192 7152 538 - 303 -
3.2)1ISD
3.2.1) Electrical 1,741 1,667 - - 1,741 1,667
BNETZY cost
3.2.2) Heai energy 120 R - - 1209 -
cost
Net annual energy | 7,92 67,664 4,401 4,533 6,246 4549
E:‘JE? costper 0.566 0.564 0.037 0.038 0.052 0.038




TABLES The energy costs of diving wheat seeds in the wettest month

Option] Option2 Option 3
Description With Burner Without With Burner Without With Burner Without
Burnexr Burner Burner
1) Drying capacity 600 600 600 600 600 600
(tiyear) o : o :
" : “ : Fatage m atage m
Tog | LSRR | Siglestsge | Singlestege | FEDfordgh | FXDfordé h
2)Dryingscheme | o ot | s j;ng}é[lnl ml:;;CDDhﬂ:ur y a:[mi . Ny a:[m:l .
or g m g m
ISD for 320 h | 15D for 460 b 15D e b | 15D for 460 &
3) Energy cost
egtimation
3.1) 1" stage dryer
3.1.1) Elecirical 58,204 SEE04 41,9078 37,957
energy cost 11,260) (1,960} 11,359) i11,265) 20,028 (6700 20 02 (6700
3.1.2) Heat energy 043 73,343
cost (1,108) (1,108) 2,022 (97) : : :
3.2)ISD
3.2.1) Elecirical
energy cost DEET (322 22471 07206y - - QAT (322 22471 0216y
3.2.2) Heat energy
cost 659 (22) : : : 650 (22) :
Met annual energy 102,373 100,318 44,900 37,957 31,854
cost (3,412) (3,344) (L497) (L,265) (2,454) 28,359 (945)
Energy costper 0.171 0.167 0.075 0.063 0.053 0.047
) (0.0057) (0.0056) (0.0025) (0.0021) (0.0041) 0.0015)
TABLE 9 The energy costs of diving wheat seeds in the diiest month
Option] Option2 Option 3
Description With Burner Without With Burner Without With Burner Without
Burner Burner Burner
1) Drying capacity 600 600 600 600 600 600
(ifyear)
o : a : 1¥" stage in 19" stage in
_ Dol | VSN singlestsgr | Singlests | FXDfor38h | FXDford0k
2) Drying scheme 24 gtage in 2 gtage in ?IF;E; ?IFSIEI}JI 5 1a.nd . 3 1&“’:1 .
ar ar M atage 1n M atage 1
IS0 for 260 h | 15D for 360 h 15D for o0 b | 15D for 360 b
3) Enexgy cost
estinuation
3.1) 1" stage dryer
1.1.1) Elecirical 58,804 58,804 37,380 32,341
ENergy cost 1,960 (1.960) (1,248% (107 16,655 (555 15576 (515
7.1.7) Heat energy 12450 T 450
cost (1,022 (1.022) 213 (27) ) 1,234 (41) )
1515D
3.2.1) Elecirical
emergycost | 5962(209) | 2642(23%) ] ) 2.062(200) | 2,643 (383)
3.2.2)Heat energy
cost 331 (11) ] ] ) 331 (11) )
Net annual energy | 100,549 10,303 35,104 32,341 78,623
cost G350 (3,330) (1273 (1,078) 2,346 24,218 (807)
Energy cost per 0.168 0.166 0.064 0.054 0.04% 0.040
) (0.0056) (0.0055) (0.0021) (0.0018) (0.0039) €0.0013)

According to the results, it appears that option 2 and 3 resulted in lower energy cost than
option 1. Moreover, it is worthwhile to use the burner when the weather is wet because the
running of burner can shorten the drying time significantly with a little higher energy cost. As a
consequence, the risk of infestation by microorganisms or insects in the seed lot caused by long
time exposure to the high moisture air is reduced.



Due to the information provided by some studies, the market price of seeds is much more
expensive than that of food grain for each crop.**" So, although option 1 resulted in higher
energy cost, it is worthwhile paying a higher energy cost if it can reduce the risk of downgrading
the grains from seed to food grade. Generally, the advantages of FBD are uniformity of product
caused by the good mixing and flexibility in terms of the minimum required amount of product.
Besides, the FBD could be designed to be mobile type and due to its high drying rate, the FBD
could be used directly in the field to dry seeds immediately after harvest and to maintain the
quality of seeds under severe weather conditions. Therefore, the lower energy cost of option 2
and 3 must be weighed with the higher quality of the seeds in term of uniformity and lower risks
of mould growth and chemical reactions due to fast drying in the 1* stage provided by option 1.

Another issue is that the large amount of dried product required the storage silo. Two-stage
drying system using an ISD as the 2™ stage dryer might be attractive because 1SD could be used
as a storage silo. In contrast, a single-stage drying system using a FXD would require an
additional investment for storage silo.

CONCLUSIONS

The energy cost analysis showed that single-stage drying in a FXD and two-stage drying by
FXD and ISD using ambient air together with burner consumed less energy than two-stage drying
using FBD and ISD. Nevertheless, the benefits from lower energy cost must be weighed against
faster drying rates, flexibility, possibility of a portable design, and product uniformity offered by
the FBD.

Eventually, the recommendation is that in the future, the research should be expanded to
other kinds of seeds especially higher value crops such as soybean and peanut because the two-
stage drying system might be more attractive for drying these kinds of seeds.
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