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This Imper report the results o] a comparison between Solar crop or food drying has in fact been developed

tationary and portable solar crop dryers ]or developing and proven by several investigators around the world


nations. 'File overall utilit', that is, d'ying performance over a period of many years'. In spite o Such dcvelop­
combineI with the annual duty period under actual mcnt, there are rclalively few crop dryers in worldwide
 
practice, has been investigated using the two schemes, lSe, compared even with other sola devices such as
lhe dryers utilize about 41) i2 of flat plate solar collector water heaters. It is likely however to pain acceptance
 
, dry approximately I ton per day of harvested crop. once it is conviincingly demonstrated that improved

Fans ore us-_d in all but one design to move air throug/h drying cf th, product can be gai ned at equal or lower

'/ie collectors and the grain dryer. The drying of paddY it, 
 cost than witl the available alternative drying proces-

South India was :aken as the crop and location for the ses. The AL/CSU project set out to demonstrate that

tudy. The stationary unit was designed to serve approxi - with low-cost ;cal construction coupled with a high


mately 40 farners 'at one village location. The, solar ann ual duty f.ictor, these criteria could be met by solar
 
collectors were integrated bito the roof structure of aI rice dryers.

mill building at a 20' tiP In addition to harvested paddy

drying, the stationary so iar dryer is used to dry parboiled DESCRIPTION OF CSU STATIONARY SOLAR

rice during non -harvest periods, thus increasing Ite 	 1)RYER 
annual duty on tie solar equipnent. 1fie portabie system ()n the American side of the binational project a
incorpirates different nti~terials to allow for portability, stationar I ton/day dryer was constructed amd demon­
but it is designed to provide n.iparahhedrying yield. [he strated. More specifically, itwas designed to remove 
nc Ia le dryers have a potential for high annual duty b), 	 about It10 as rice,kg of water per day from grains such
moving in response to the dryin:,t1cos ina region. 	 barley, or corn. This unit was designed to meet the 

drying needs of small village mills in India or individual 
farmers in the I Initcd States.

INTRODUCTION The CSU dryer incorporates a low lilt angle collector
A dcmonstration solar crop-drying project, sup- into the roof structure of ;Ibuilding suiltable as shelter

ported bilaterally under the Governliment of India and for mill operatirs, crop storage, or for other functions
the United States Agency for International Develop- (see Figure 1). By obtain intg a d.tna I1i netion 1rm somrte 
ment funding., has been Under va\ since ApIil 1981. of the mnore co.,tly structural materials in this way,
The projxct isa collaborative cffort hctween two added vatie is rcaIlized. Also, in the case ot village llill
universities, Amnriamtai University (ALJ) in India and operation, prision has been iade for drying both
Colorado State University (CSL) in tlie United States. harvested as well as precooked rice. This feature allows
Solar cr.', dsycrs wert: dCveloped ,vauinly for applica- much higher annual duty, sintce the precooking is done
tion in ural india although many, features of these at other than harvest times. 
dryers relate to other devcloping countrics as well is 
developed countries such as the Unilcd States. HARDWARE I)ESCRIPTION

\ir is sola r-hcatLd by passing it twice through thir-
At fhor to ,tni :orrepondence be tcei solar Lollcctors in parallel. The thirteen individualh 	 should 

drsseu collectors measure t0.0 i inwidth by 4.5 il in length.
I'ape pr,:se tnte at the Internation al SympO tm oti Each collector is constructed to give two air flow 

tnergy Savings in Drving l'rocesse.s .--Applications ro passages as shown in Figure 2. Ambient otLdoor air
Industry and Agriculture, L.iege. Belgium, 4-6 October enters the upper air passage formed by tihe absorber
1983. plate bclow anid the single glass cover above. The air 
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Figure I. 
Exterir view of CSU solar crop dryer; .36.5 in of solar
collector area is integrated into tiie roof struwture of tie
drying building. 

returns in a lower passage formed by the back insula-
lion below and the absorber sheet above. Each passage
thus otters contact between the absorber plate and air 
to be heated. Both passages are 7.6 cm in depth by 0.60 
cm in width. Nominal air flow is 41 I/s in each collector,
resulting in a typical Reyno ds urmber of 70(10.


The collectors were site-buill from 
basic materials,
This was to obtain conditions more like those in
developing cou ntries, w'hCre such collectors are at 
present 110 COnllmonly ma ii tifact ired, and also beca use 
of the dual function of making structural and weather-
resistant roofs that also serve as salar collectors. 

The structural elements which span the roof and
which also provide the structural mainframe of the 
collectors consist of 1.6 min thick galvanized steel
U-shaped channels, 4.8 in in leli h. The channels are 
7.6 cm in depth with 3.8 cm legs. llie channels were put
in place first and sectired to thc side walls of tlie lower 
sIructurc as is done in normal piece-type roof consltruc­
lion. These were followed 1y installation of the ab­
sorber plates, the glas,, covers and, finally, the back 
insulation boards. The absorber plates are (.' ).6 mim
thick alilnlirumL, Coaled Ol the tlipplr surface with an
optically selective silicone paint. The glass pieces are 3 
mm thick, (0.6 x 1.5 ii, with three units per collIctor 
panel. The glass was prestressed (tcmpercd) to i0iniii­
ize hreakage dile to se,.crc Winds and snow loads at thlie 
site. The glass has a low iror conteni, giving a high solar
transmission. Thermal and optical specitications on the
collectors as taken froI the lantifacturcr's literatlre 
are given in Tanle 1.The back insulation consists of a 

Table I 

Solar collector optical and thermal specifications
 

Glass transmission 0.92 
Absorber alviorptivity 1.95 
Absorber emissivity 0.-4 
Thermal transmission of back 

insulation (0l.lrC') (.0025 

Figure 2.
 
Cut -a way section to illustrate the air flow path.
 

high-density fiberglass core, 2.5 cm thick, with a very
thin (alproxinately ). 1 i1ai1) alu in outer surface. 
The product is sold inl the United States under the
general term "fiberglass dtlCI board" and is used in a 
limited markel as an allernativc to galvanized steel
dunets. The air ducts as well as the collector back
material are Made of ti cr.glass duCt board (Figure 3).
The greatest alvaltagcs Of duct board are high insurla­
tion vale at low cost and also case of installation and 
changing conipa red with galvanized steel. The disad­
vanta i , susceptilili:y to damage. 

Figure 3.
 
Interior view showing air ducts, dryer and computer data
 
unit; a falli is behind computer.
 

T he dryer itself is a rectagular compartment 1.14 il
wide by 2.92 in long by 12 m high. It is constructed of 
3.8 cm thick walls, consisting of 1.8 min thick galva­
liizcl steel On bothIi sides of a styrene board core. Air 
entrance and distribuliOn is proVided below the grain
by a wire mesh having 3 min spacing and stipported on 
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concrete blocks. Air is forced upward through the grain accomplish this anotnt of drying, and on very clear 
which varies in depth between 40 and 60 cm depending days the drying was completed by mid-afternoon. 
on moisture content and, of course. (Itlantity of loading. The drying process begins within one hour after 
The air is exhausted out on the opposite side of the sunrise and proceeds to within one hour of sunset or 
building (Figure 2). when the product moisture reaches 12% (WB). On a 

few occasions air flow was extended beyond ;unset to 
cool the grain and provide more uniform drying. The 
air flow is aiustcd to between 300 to 500 I/s. This air 
V'olunmc maintains a proper bala nce of energy rc moval 
in the solar collectors, ranging in a temperawre rise of 
the air of between 10 and 3t) 'C. 

EVALUATION OF PERFORNIANCE 
The energy perlormance of this device can be viewed 

in diffrent ways. and thus the results are presented 
Iroim difhircent perspectives. The simple evalloration 
cnergy to Separate waler from the grains is normally
complicated by factors of lost heat and also by sensible 
heating or cooling ot the grain mass. Inaddition, one 

14, ' 	 n0St consider the ambient conlition of the air and tile 
rate of water renioval. For example, farmers typically 
dry harvcsted grains in Colorado by natural air drying 
at slow rales due to low ainbient hi idity using only 
fan energy of less than I MIJ per kg 1-l,).Figure 4. In a sense. tile clivironmment olers an energy Con-

Three stirring augers are driven by gear motors travelling tributioii to drying whelevcr the relative humidity is 
on a bridge over the grain, below the Cqluilibriulii rclhtivc humidity Of the material 

to be dried. TIhus tlie energy associated with reduced 
ambient relative humnidity Ias hecn reportcd, as well as 
the applied cnergy consisting of solar, fail, and stirring

Mechanical stirring was introduccd during the second energy. 
year of operation in order to mix the grains. Figure A is Since the energy input also alccts the rate (f mois­
a photograph illustrating the use of this device. Throe ture removal., this rate is also given. Finally, it is of
 
stirring augers are driven indlcendclently by three gear interest to state the specilic performance of the collec­
motors with variable speed range of I to 60 rpm. The tors, such as m' of collectors per kg of water per day.
 
augers are supportcl by a travelling hridgc whichi This factor clearly is to be associatc with tile solar
 
traverses (ie length of the dryer. The speed of travel is radialion at the Iesting location so thait it may be
 
determined by a fourtli g ar motor driving a cable cxtended to applications inother climatic locations.
 
winch at be. tweeni 0 and I meter per minute. The total
 
electrical, energy for stirring is about I).1 Kwlhr/ton (I EXPERIMENTAL RESULT",
 
watt hour por kg water removcd). The testing of holi AU and CSU dryers is conducted
 

The fan is a forward-curved cciitrifugal uiiit with I using a conl putcr-citriIClled datla ICqtuisitio) syste III 
fan wheel diameter of 38 cm.'T'he fan characteristic for (Figure 3). MCasUrenicnts are ta ken every 36 seconds,
the specific application yields approxiMiately 510 liters and includc sotla.r rladiatiol, air flow rate, four dry-bulb 
per second at a pressure of 1(1 kPa and a nominal power and two Wet-I)lb temperatures. 'he small, 32 K coin­
requirement of I kw. During the first year (i1'Oplration puter calculates the energies and water amounts also 
the fan was driven by a 11.75 kw electric motor. Iithe every 36 seconds and Lddstogether these iunbers 
second year tile fa i was tilted with a nominal 2.25 kw ihroughotit fle testing period of til) to sixteen hours. 
natural gas engine. The engiic is derated to approxi- The Computed datla is displayed every six minutes on a 
mately 1.5 kw duc 1o lighlelCvatiOll, Mid is thus paper tape formal as shown inFigure 5. This feature 
operated at a hou one halItlol i) pro'ide liCeqti\'- provides inlformtion feedback to lie lest operator such 
alent of 0.75 kw for faii power. The engine iseqnipped that UCStionahl daIaL an he investigated promptly 
to take alvaiitagC of wasted hcat froni both the exhaust during the lest. Apart from the simple conversion of 
and the engine air-cooled surfaces. A housing has been units and sumIiatiOn Of tLa as just described, the 
built arounnd lie engine aid also at heal exchanger on coin putCr is progralnlllled to ctiiii)itC tile Constant 
the exhaust gas pipe. Air is dhrawni through Iis hotusing moisture anid pressure rate ofl' energy (power) stpplied
and into the main air duct from the collectors. 'i'lis the to the air as: 
waste heat from the engine is coincined wi tha flil 
the solar collectors for delivery to the dryelr Power= Specihic heat x Mass how 

X Difference of temperature
DESCRIPTION OF TIlE DESIGN 

It was predicted from the analyses of others' ' that a In addition, the moistre ctant and rlativ htm idity
solar system with 36 m 2ilt' arca if te air, given wet-collector is capable of the aquaiidry-htb temperatures,
drying one dry tii per day of grain f'oll an inlitial ar co attedusing 0le folt lwiigqatiion s lited to Ile 
moisture ct)itent of 2)% It)a Iinal moisture content of Mollicr chart for 51)1)1) ft. elevation: 
13% during tle JUIly to September season at Fort X,= 0.)0485 + 0).0)1)219 x Twi + (.0000216 x 7 wit 
Collins, Colorado. That is, froii 250 kg of water toi 150) - ( ­
kg. '[Ihis was generally tle case (irin i lie first year. Onl I 
days of cloudy weat hCr a scCond day Was rTquired to x (0.24 + 0.441 x .X, )/(597 + ).44 I(T - 7T,)) 
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Figure 5. 

Sequence of water removal and applied energy during a 

typical solar dryer test at CSU (17 - uo\gust 19S3). 


where T = dry-bulb temperature (°C); T wet-bulb 
temperature (°C); N', = saturation moisttnrc ratio at 
T"'1 ; X = moisture ratio at state point (T, T", ).

Finally, tile accuMrlate.1 energy inlptt to the fan 
engine was taken by volumetric measurement of fuel. 

Table 2 is a sumnniary of energy inputs, water rcnoval 
and specific performance factors obtained for ten dry-

Table 

ing tests at CSU. The average for all tests is given below 
the listing of the ten tests. 

Energy inputs include solar heat, mechanical energy
for stirring and the fan, and al1o a assumed contribu­
lion of heat from the ambient air. This ambient energy 
is taken as tile sensible heat required to bring the air at 
constant moisttire and pressure from the saturated state 
(dew point) up to the ambient temperature. Hence, 
"'applied" energy is reported to be the actual sum of
solar plus mechanical energy, and "total" energy refersto tile applied plus the amhient contribution. Onel''iv 
view the total as a "worst condition' reqtuirement for 
energy with the ambient relative humidity always at 

From Table 2 it is possible to evaluate both tile dryer
the sol:1 CneIry sN'stCr iliCI)Celd-nlly. For exam­

ple, one can see froim the averages that the dryer
requires 2.6 Mi/kg to remove water at the rate of 63 kg 
per day, and that the overall ellicieicy of the solar 
system to deliver energy to this dryer is 49.7%. FinaLy, 
one can see that it req uires (.45 'i12 of solar collector area to remove I kg of water per day for the total 
syslen with average solar radiation of 9.9 MJ per n1 

per day.
It is to be noted that these quantities reported 'per 

day' refer to operating hours only. Total daily solar 
radiation at tile test site in JnIN' averages nearly twice 
this imount, or 18 MJ per in-'pcr day. 

It should be further noted that such a solar system 
without energy storage delivers tile energy to the'dryer 
at a variable rate. "l'hns tie rates are presented per day
rather thiran per hour, since tihe hourly rate is not steady.
Figures 5 and 6 are an attenipt to illustrate the develop­
merit of tile dr. ing process during a typical solar day. In 
Figure 5 the removal of water is shown in sequence with' 
delivery of energy. In Figure 6 the air heating and dryer 

2 
Results of ten solar drying tests 

Collector Sola.r Specific energy Specific solar
Date Energy, Input Solar area radiation Collector kg H 20/day applied total performance

(1983) ambient mech' (MIJ/day) (n12) (MlJ) efficiency removed (MJ/kg) (MIJ/kg)4 (ni/kg/day)' 

26/7 66 8 129 36.5 280 46 46.7 2.9 4. 3 0.77
 
27/7 74 8 154 36.5 275 56 57.8 2.8 4.1 0.63
 
29/7 133 18 258 36.5 398 64 89.9 3.0 4.5 0.40
 

3/8 49 20 13) 36.5 317 41 47 3.2 4.3 0.77
 
4/8 55 19 171 30.5 404 42 60.6 3.1 4.0 (.63

5/8 75 14 92 19.6 224 41 47.1 2.3 3.8 0.42
 

11/8 38 13 114 19.6 223 51 43.3 2.9 3.8 0.45
 
15/8 120 12 221 36.5 402 55 90.4 2.6 3.9 0.45
 
16/8 154 18 125 19.6 2)1 44 80.1 1.8 3.7 0.25
 
17/8 118 31 107 19.6 187 57 67.2 2.0 3.8 0.31
 
Av. 88 16 150 9.9 49.7 63 2.6 4.0 0.45 
% 35 6 59 (MJ/n:/day) 

Anibient energy refers to the hypothetical contribution of energy to heat the air from saturation (dew point) tip to 
tile ambieit condition.Mechanical energy included fan and stirring energy required. 
Applied energy is the total of solar and mechanical. 
Tutal energy includes ambient, mechanical, and solar energy.
Specific solar performance is given as the square meters of gross collector area employed per kg of water removed 
during the day-long test. 
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Hldity Ratio (x) Table 3 
.010 Cost breakdown (U.S. $) 

.020 030 Collectors 

C glass 400\ steel 105
0 aluminum 195 

back insulation 122 
2o.*; absorber paint 50

other materials 4(0
 
a'. _A 
 912 

,. -... labor (5 man days) 483 

40.'HS 	 Total 1392 ($38.50 per m2)
D ' Dryer including ducts and i pieqollnenl 

'\ tT "". 'steel 20 

screen8 
fail 	 280 
ducts 80 
otlier material 20 

0 608 
> /.>,'. 	 labor (4 man days) 320 

Total 928 

0 	 Total for solar dryer 2320 

Figure (. 	 Main structure (34 n,2 )concrete 730The path of airstates at time points (A through E) on a wood frame materials 780Mollier diagram. 1510 

labor (10 man days) 801evaporation processes are shown oii the Mollier dia- Total 	 2310 
gram for water in air. Five paths are shown in Figure 6
which refer to the time points A through E in Figure 5. Grand total $4630
File paths taken by the air states show in Figure 6 how

the solar drying process is cver changing. One can Specific investment cost =$232/63 kg per day
observe fron this SCtlUe rcC the effect of variable solar = $32kg per ayenergy'and also the factor of sensible heating and then $37/kg per day
cooling of tie grain mass. Norially it is important to 
continue cooling the grain even after sunset in order to
capture the sensible heat of the grain and Ci0ploy it to The collectors ai'e of inflated plastic, 2 meters widefurther evaporate watcr. and 20 meters long. The earth under this area is 

prepared to be even, with trenches dug two metersCOST OF THE CSU SOLAR DRYER 	 apart to secure the plastic edges. A transparent
Table 3 presents a cost breakdown for tie major

elements of the CSU solar dryer. The cost of the 
building structure is Cxcludtcd froim tIhe final figure of 
investment cost per kg water removed per hour since it 
is not essential to drying. The cost of a development
pilot scale plant should, of course, not be takon as a 
firm projection of wide-scale commercial cost. ()n the 
one hand the cost of overlicad and profit are cxclulcd,
while on the other hand there is inelliciency in con­
structing the first of a kind. 

DESCRIPTION OF ANNAMALAI PORTABLE 
SOLAR DRYERS A 

On the Indian side ain investigation was undertaken 
to denonstrate the operation of one toil per day
portable solar dryers. Three types of drvers were 
constructed using polyethylene plastic collectors: a
static deep bed dryer with an engine-driven fan (Figure -. . b' .
7), two intermittent flow-column type dryers with 
engine-driven fan, (Figures 8 and 9) and another static Figure 7.bed dryer utilizing natural convection (a plotograph is Static beddryer sl'howilg 2 x 20 in inflated plasticcollec­not available). for; grain is stirred by walking. 

lq 	 ) 
L 



... .. ... . 

rp. ­

r ii ''r A 

AO 
4 d 

Figure S. 
Low eletation cohmri dryer shrowiqg engit,lai, colle ­
for and unloading. 

polvethylene sheet is then laid over a Mlck shcet and veloping country where labtor is relalively cheaper thanrolled oito wooden pols in tile tcnches I,, irateriAls. handling are doneahown in Alo grain stirrinll andthe illustration of Figure 10. Finill. the trenches are ma Indian Ihn 1filled back oler the poles to 1ie an iirligiht edgC scal. calll'in U.S., 
ilulfl lh prOjCct, rather mchani­

as tile for tile samlc reason.
FunclionlllV, the p)ortablC drVCr ticiC,s tire sale

objective as tihe stt il rv d\CI" 11('S. Of inCrCasing Al I)RYER OPIERATI()Nthe annual duly factor. 'lire portable iters arc taken Static bed. This unit is of (d)I kg per day capacity,down at one site aid erected it inother iii responsC to utilIzingii blower of 1320) I/s capacity. The blower isthe neCCd for drirg ill bnt r itrltillcin eil hCiltiotlls.ea ConnectL t a solar collcCtor Of size I) inlx 1.5 in,
Irr' s.llre\\ htt ICs,he diying pe'liZ ll;.llCis lilillalk. which itrn rs connected to ;Ishallow-bed dryer. Thedrying 1/2 1ton paIdI. per tla\lo I of of Il, aidwith 111re drvr's ,i/c is 2.7 x 2.4 iradC Of woo(Iden platkscollector area comripared \%iltiI ton pe(,r d;1\ lin less aidl iild steel perforatld shects,. The erlire setup is area at CSLJ. [his is understlanbtlilhi toC ile h'ilgher inl Figureh) shown 7.ambicnt hlnritil SOtlh India aid lls tile rrse ofill i i lo i'xlpCeirnlCnls were: cirliCd 01rt in tie stilC-beL solarlower grade collecior llllCrils1. lie use of chepeillr drycr durirg .Inlariav-iFr-a:c'rur 1I),83. P iddy,wis driedmatcrials aind priabilityleiand srrre\, hai riroc labor in Iwo batches, each balch was, loaded into tire bin andinput. This is a practical balance. llve\l, illi de- hilf aillthicd folr hour. 
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Figure 9.
 
High elevation column dryer consircted o"screen wit,

a,d1 native wood poles; dr,'yer is loaded nranallh wihi
 
ite aid of bh'ket and rope. 
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Figure 10. 

Cross-section illustration of Annamalai Ulniversity air-

inflated pol)y'ethylene coliectors. 


Vertical column. In order to overcome the dillicliltv

oItlirning the grain during drving in ;Istatic-bed dryer,

i \er Iical-colnmn recirculated rvcr is used. On' in 

,ave rage. 1(lit waskg of paddy*\ driCd 'dri.g tIle month of

,l' 183 in abolut 4 hoill's. During lit.s timeialldy was

recilrCula ed IalliallilV OieC every' half hour. niiother
5(00)kg of ipadl \ 'dl'ied for fire rest of tile hledav.
collector is 3(),5 in long ani 2.1 11 wide. A 02o I/S 

e il IIt IlheIlowe lorees tih olugh 11. iiieIIC Ol I­
[or. niothler blower ame Capaciof lthe draws air 
fronm the Collector anid fores into a vCrtical cohlllil­i1 

divrcl brolig aIdlfil. Tihe spacing between
tile XereerrS is kept at I5 cmi. T[he height is kept ait 1510 
-cmso that malnual recireCnlaioll is possible. The ciltire 

setuLip is sluo ilil l igul't 8. 

I]XPERIMIENTAI. RIIIS
Static bed. The ct-rg., denid to evaporatc waterfrom tIle grain was 2.38 \I.I/kg water. The power 
relluired to drive tile fall iliolirltCito 0.26 M.I/kg, and 
Ihus Ile hll, regy uLLsd \ilas 2.(1-1N .I/kg. The specific 
so lar IXrfor lrliCC was 01.12 kg of water reimoved per 
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MJ 	of incident solar energy. TFhe collctor efficiency
ranged from between 30 to 40/0.

Vertical column. The efticiency of tihe collector was 
again in the range of 30 to 40%. The energv demand to 
evaporate water from the grain was 2.4 1 NfJ/kg of 
water. Electric power required to drive the fan 
amounted to 0.27 NlJ/kg, andl thus the total e iergy was 
2.78 MJ/kg. The specific solar performance was 0.136 
kg of water remnovcd er NIJ of incident sohlr cnrgy. 

COST OF TIE AU SOLAR I)RYER 
'he cost of tle AU solar dryer is approximately U.S. 

$500, eXcluding the cos, of two blowers. The operation 
cost for drying one toil per day is $(0.30 for fta pow\'er. 
This might be rdcehCd to half wit a properly sizCd fan. 
Two workers are required to set u1p and oplrtelIC the 
dryers. In fact, two \workcrs could just as well manage 
two or more such dryers to rCtdCC tiliit Costs. 

H-Jence, under the above conditioni, the revised tpcr-
ational cost will work out to $1.35 per ton. This is 
comparable to the cost of present-day npeln\ard drying
in Indlia. 'ough the advatlage v d, of cost of 
operation is the same as thai of opuVarl drying, the 
iliiplrOvcd oulluril of rice dueto ulliflrll drying ill this 
solar droer will dcinilcly frich si/iahl: relt'trns Io tie 
farmers and tile rice niilcr.. 

CONCLUSIONS 
Experiencc over a two-year period has shown that 

bth stationary ;iil I)Orale scheties are workable iii 
atlUll d'ying practice. The ovcrall peIrfolrm:naice of the 
stationarv dlryr is higher wilh respect to solar eilerigy 
receiving area. '[his is to be eCxpCcttle to ,Ilehigher
grade meICrials used in the statlitular" collcctors. In a 
.eveloping cinlit' v ecoomytllnv. slch Ii s rlral lildii, 
where cost of mat,.r-ialS is riclaivel\ high comiii piredt with 
oilier rCsoulrcCs (prllcipalk labor). [te portable dryer 
L'lfoIuc.' lss woutldl be olit by, thea.~igS" ine10rI'll ongeted [Ileillc At~eaOS 0Ci hwve.teiInalertial onls. it 'h'.S ClI 111 l,,\1 COT_ i , IOht\\VCVCr. 
reduced area as well as,I h' 10oof ilte1_gr;ili, 1lii csign it i\. 
be necessarv. 

Annual tylI', ;aJrilaily LtoC r in o.crall vIdue Of (lie 
devices, could o1lyv he detlerminI ,'edtile t imui 

possible for each scheme. Whether or not this max­
imum duty is to he realized would depend heavily upon 
managemct anld siting of the plants. The portable
schc IalsIlla estimated potenItia l of 80% annual duty,
allowing a "N(J% loss of time for handling and transport­
ing the equipment. Clearly this potential utilization 
would rclu ir ccxcCllc iit judtgniciit on the part of the 
operator to see that his unit was on hand at the right 
location for operation throughout the year. 

The stalionary scheme holds the potential for higher
anualtll duty, est inating Only I10'., loss of tilniCneeded 
for possible repairs. The statiolary plait duty could, 
ho evr, e ntlchio\lr 111an thie potrable plant if the 
stationary site were not serviniig a iore Or less year­
'ounl1d Ic.'ed. Therefore, stationary planl siting becomecs 

clitical ill the assesslnlti. 
BIse!d upon titlizalion o 2111 days per year, it is 

estimiatcd Ih'ai ciiher of these dryers could pay back the 
original in'estment in three to live years. More precise 
c;tiumattcs would rcquire a first-hand knowlcdge of 
condilioln; 11ud Costs to be ilcturrdCl a.t a spCciflic location 
and for alspecific ser\vic,.. Pcl haps niore important than 
to gather up such precise figures is it) project the future 
cost trendts of lhbor and mlate:rial illptS Is op)l)osCd to 
the energy aid grain losses being spared. I)cspite 
unlprecedelntcd fiuel Cost inceases, these trends have 
riot been favorable for solar energy drying in the 
Uniled States. With I Miew towa.Irdl i digcnous sources 
of laohr aii ni tcriahk, hO\veV.r, it is likely that the 
reverse l'Cln is 'thcomlning in dCl)iIIg coutriCs. 
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