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REPORT ON THE -FAO TECHNIC.ALTRAINING PROG:RA.MME ON
THEKONGSKILDEGRAINDRYINGANDSTORAGESYSTEM,

_=KlJ=~SI (~EPT~ ?JRD - OCTOBER.2.P.i 12,82}

1.1 !La9!,ground_J@'sJustification:-

This was a two-weekresidential course organised by U.N.

Food and Agriculture Organisation especially for the Pest Control
Staff of the GhanaFood Distribution Corporation (GFDC),on the

use of the Kongskilde grain drying and storage system.

The GFDCis the Governmentagency under the Ministry of

Agriculture responsible for purchasing, storage and distribution

of locally produced foodstuffs and cereal food 8Tains in particular,
in order to ascertain stability of food supply and producer/consuroor
prices in the courrtz-y, For this purpose, GFDCpurchases about 1~

of production. At present, it is alSO inVOlvedin the handl.ing and

distribution of imported food. In Ghanaavailable storage capacity
at national and regional levels can cater for 2t)-25% of the total

grain produced and the remaining 75-8Of~is either sold cheaply at
harvest or poorly stored by rural farmers at heavy losses. In the
past, proper handling and storage of grain was ignored with the

erroneus idea that grain once produced would automatically find
reasonable market, no matter howit waSpresented. .The result has

been disastrous for our agricultural programmeand food preservation
generally. The importance and relevance of the course to the
country f s agricul tural pursuit in grain handling and 5 torage for

food security cannot therefore be over=enphasLsed,

The existing GFDCfacilities are of various types, including
unf'Ln.Lshedconcrete luo~ system (19605) different types of rootaJ.

and Butler silos (1979).

However, the aoquisition of these have been on ad-hoc basis

rather than on systematio planning. The Kongskilde units were there-

fore sold to the GFDCwith favourable terms. But due 'co the

shortage of foreign exchange, installation and traininr; of personnel

to man the systems was delayed. The suppliers~ Kongskilde
Ma.kinfabrikA/s of Denmark,have been given a. recent extra quota-

tion for training which formed part of the FAOassistance.

Thirw-four (34) participants attended~ madeup of 18 pest

ContrOl staff of the GFDC,and 2 staff membersof e~_chof the

national. instiill tj"ons concerned with agricultural el>e;;ineeringand
other aspects of grain drying and storage~ ie. the agricultural



engineering departments of the Universities at Legon, Cape Coast and

Kumasi., the Food Research Institute, Grains Warehous:in, Companyand

the Lram Consultants. The purpose of involving these institutions

was to substantiate the joint institutional approach in GhanaIs grain

drying and storage systems and to establish a rational trainmg

group. Seven foreign experts also attended. These were Mr. Jose

Arboleda, the FAOProject Officer at the International Rice Research

Institute in the Philipines; Mr. Yoshiki Konuma, the FAOPr-ogreraae

Officer for Ghana and the FAa Resident Representative in Ghana; Mr.

Kukulay. The rest were Mr. Bennet Anker Olsen, Mr. Alan White and

Mr. Neils Anderson, all from Kongskilde Makinfabrilc A/s Denmark.

1.3 Co,g£s~__OJ?.tes.tiv.~.~
Generally the objects of the course was to assist the GFDCin

initiating ie. dcsign, organise and conduct in collaboration with the

supplying company a prograrrme of operational and maintenance training

for Kongskilde dry:ing!storage units. Specifically, the course was to

enable participants to learn:-

a. tb,e biological and physical aspects of grain storage

b. -the cn(;ineering principles of grain drying and storage
with special ref'erence to the climates of Gha'.1

c. the operation and maintenance of the KongskUde drying and
storage system with special reference to the local

engjneering capacity.

2. ~QJ).QMl~:f
The teaching, training method, and teclmic..lles used were as follows:-

a. Lectures and talks by the FAa and Kongskilde experts

b. 'Iutorials and special assistance by the experts to indiyidual

participants

c. Twofield trips to Abofour, (35 miles from Kumasi which is a GFDC

maize purchas ing and dry ing centre) and a farmers I rally was held to

expose participants to the practioal aspeots, rational and import&!ce

of' the course.

d. Films and slides were Shown to make points in lectures more

understandable.

e.·' Group discussions both f'ormal and inf'ormaJ. under the guidance of

the experts to mount, assess, and evaluate engineer:ing sys bems in

particular.



- ../

f. A.Kongskilde file on the course work, questions and materials

for further reading was given to each participant f r future

reference;) and further reading.

3. FIELDSCJWER!J.1l?.

The course was de sagned into TENraa.in head.irigs but :inte~::.tca as

follows:-

3.1 £::!LIntro§p.2Jion. to_the Kongsklld~_:.rEU1:i-E~.1io~n,

Kongskilde is a ~Ltinational organisation established in

1950 witn its headquaters in Denmark. Subsidiaries of the company

are in W. GermanyI Holland, Canada" U.K." France, U.S.li." Austria,

Italy, Finland" Brazil and j;.ustralia.

The special structure of Icongak ILde IS Internatioanl 6rganisa-

tion permits the company to study the agricultural and Elarket

conditions in each country and to adapt produce to accommodate the

widely differing demands made upon plant and maclrinery, The company

has wide international exper-Lenee in desLgnLng and bud.Ld.In g drying

and storage plants and complete turnkey seed-processing systems

for many different crops.

Kongskilde has two primary lines of produotio,n;-

(a) implerents for Soil pz-epar-a't i.on., and

(b) equipment for handling and conveying Grain.

3.1. 2 .~_~_KQ.~gskildeC!.rJi~Dr.Lin,,5a:~rag~~k~~~_~~, '

The objectives in grain storage are to main'bain :all the quality

and quantity produced at harvest so as to maintain constant

Supply dur-ing the lean season, to service a tracUng system and

to retain seed for plB.L'1tingin the next season. Kongskilde

recognises, the ~'1ipulation of two very ili~ort~'1t physical

parameters of grain at harvest III order to achieve these

objectives. These are Qoisture content and temperature.

A freshly harvested grain breathes and is full of life ••

Dr,y, cold conditiol~ are necessary to oake it hibernate.

These are necessary because the living seed will generate its

own heat and moisture, thus destr'CJ~the eloments essential

for good quality bread and feeding cOfDpounds. Failure to control

heat and moioture could aeriouBly affoct the germination quality.
Heat will accumulate in heaped, damp grain in which air is

stagnant. The heat accelerates the breathing of ;he brain. In

the resultant warm damp conditions, germs and fungi nourish,



making the grain IilOuldyand mis ty so that it cannot be used as

seed grain, food or flour and becomes poisonous as feeding grain.

Grain can be stored in perfect condi ticm when raoi.rture content

and tewperature are kept low. 'Ihis is exactly what the Kongs-

kilde system achieves by using ventilation to dry the grain and

control its temperature.

To understand the idea behind hand.ling and processing of grain it is
necessary to le~rn the nature of the kernel and its envLr-onmerrti,

3. 2. 2 Gra~1_j;a*x9E.2~BL-and Grain Parts

All cereal grains, naize rice, sorghum, wheat, millet etc.
belong to the same grain faoily called Graminae. Even though they

do not look alike, they share three basic parts: tlle seed coat,

the endosperm and embryo (gem).

The seed coat surrounds the embryo and the endosperm. It

protects the grain from attack by cer-ta in insects if it is dry

and uncr-acked, It cannot keep out moulds and some insects.

Those insects which attack the embryo are ElOSt dangerous because

the seed coat of the embryo is weak.

The endosperm talces up the largest part of tho seed. It is

8oy~of the kernel vo'Lurae in most grains. It is the seed Is food

storage place. It is DOStly staroh and protell1. Also, it

provides food for the devaLop Ing seed when planted, and food for

the seed in storage.

Tne embryo, on the other hand, is the part which can develop

into a new plant. It contains L10stof the protein, fat, and

vitamins of the gram. It is easily attacked by some insects and

by moulds. Seed grain which is attacked will not :grow into strong

plants or will not grow at all. Food grams without enbryos do

not provide as zuch nutrition as grain with enbryo s,

The relative proportions of e:,ra:inconstituents Le, carbohy-

drates, pr-ote.ins , v i.tiarrina , rainer-al.s , fats, fibre and water vary

with t.l"1etype of produce and als 0 the treatLlen t to which the

produce has been subjected during handling and processing.

3. 2. 2 9-J:'_airLRel?.:Q.irgj;iOl'~

TJ.lis is a process that measur-es the life activity of +he
kernel. Each kernel gets oxye:;enfroo the air and rurns f'co d f'r-om



3.2.3

.;I. 2.4

its endosperm. The pz-oeeas gives off heat, water and carbon

dioxide ~Ghus:-

.Glucose .•.. Oxy gen .•.-,;.-:~Carbon dioxide .... Water + I:cL'..t ..

C6H1005 + 60 •." .. .-....J- .6C02 + 5H20 + Heat

By calculation, 1.00 gm of blucose requires 1.20 GW of oxygen

to produce 1.60 {;,o carbon dioxide, 0.60 gm of water and 3.76

kacal of heat. Or if ~e have 1 ton of grain; respiration rewoves

1% dry natcer- and 6kg of water will be produced increasing the

moisture content by 0.06%. Also 37900 kcal, of heat will be

produced increasing temperature by 650C.

Grain tewperature r.J::lasurenents are therefore necessary for

grain storage because it gives an indication of spoilage dUBto

fungi, bacteria and insect activity. VentilatinG the uaas by a

fan, a process called aeration can be used to reduce grain teope-
rature •.

Respiration is a self-acceleratine process. ~rte noisture

produced can increase the noas tur-s content of the grain which in

turn can cause an increase in respiration rate, also the heat

produced can raise the brain ter;:perature in turnmcreasmg res-

piration rate.

This is in 2 forms: water- of composLtri.on and absorbed
water. Tne amount of 'free water' present is critical to the rate

of deterioration of produce.

There is an exchange of iao i.stur-e with the surrounding
atmosphere, to raadrrbaana balance which al.waye exf.s ts , between

the noi.sture in the produce and that .in the atnosphe re,

Temperature and variable vapour pressure cause r:::oisture

moveraerrb, Moisture may be transported by warn air which rise a

and, aided by convection current, oarries raoi.stur-e to areas of

lower teaperature. Surfaces. Movemenb of uoLsture out of indi-

vidual grains occurs due to hiGh~r vapour pressures in the grain

than exists in the surr-oundin g air •

Food grams have relatively low therrJ.al cond-ict iv Lty, as a

resul t of this, there is accunulation of the heac produced. It

was also discussed that, outside teDperature fluctuations do not

readily penetrate large quantities of stored Grain or gram raasa,
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Pa.r-b.i.oi.panbs were famlliarised with the characteristic now

property which is unlike that of liquids. Each type of produce

has a natural angle of repose of about 30l~but this v ar-i.es

according -Co the size, shape, moisture content and cleanliness

of the train.

Grains stored in a container exert both vertical and lateral

pressure on the sides of the container unequally unlike liquids.

This pressure varies with the moisture content of the grain

because of ahanges in the coefficient of friction, which is

greater at lower moisture contents.

3. 2. 6 Chap..8es. d'£:riP~J~91'a.8.El..

'These include the biochemical, functional and nutritive

chanses. Someof the chanbes are mdices of deterioration.

Ca.rbohydra.te and px-otre i,n chanf:,eG are not very Bitpii'icant; in

stored brain but with lipids-, deteriorative changes may either

be oxidative, resul tin€, in typical ranoid flavour>? and odours, or

hydrolytic, resulting the production of free fatty acid. For this

reason, free fatty acid content of grain is a sensitive index of

incipi8.<'1.tgrain deterioration. Fats are broken downby lipases

into free fatty and glycerol dur ing storage, particularly when

the teJJ4lerature and moisture content are hi.gh and favourable to

General deterioration. This type of change is greatly accele-

rated by mould growth because of high lipolytic activity of th3

moulds.
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3.3 GRAIN J2RY1~lIE
This aspect of the ccu r se was treated in order to explain to partici-

pants how removal of moisture by dr ing can make grain ef't ectLveLy stored

up to 10 years, or more.

The moisture cont8nt (mc) of grain is the key to safe storage.

Typical harvesting me and me considered for safe storage are shown in the

Table below:

J..a:..£l~=,l
!2J..Etl;l!'_<?~ ~oEt.~llt.j..llrt.lliL..l];~r:'!.El~st._~l1_d~f£r~~~.toE_~e_'p~£'~_q,.C:;!l,1

wet basis
~.:- ..,.,.•--.•.....•.. '.•. --.•.~.,.

Sorghum

Wheat

10-11

11-12

Source :- C. 'IT. HaP. (1957), Martz

D.C. Hall (1970), Sinba

To give a safe stor"C1L.,e,it is understood from above 'that the grain

must dry enough to keep the life acti vi ty of the grain, inse ct s , and

fungi on a very 10Yi' level. Kongskilde achieves this by using artificial

dryers because natural d ry i.ng is not possible in are as or: high rainfall

and high reLet i.ve huni.d.i'ty especially in the mui.ze groviil'ig regions of

Ghana.

3.3.1 Mois~r~_~s?}~t~Il-!L'B2}a~i vJ~~Ji':l~~_..?e1:~~j~~~~

The drying mechanism Labase d on the fact that all granular materials

exposed to air Hill after sometime reach moisture content in balance with

the moisture content in tho air known as the equilibrium moisture content •

To understand the capabi.Li.ty of air taking up moisture, it is necessary

to under-st and the term "re La+Lve humidy' normally written as R.B. often

expressed in poroentage.



Tne R.H. of air is expressing the actual content of water in one cubic
metre (obm) of air at a specific temperature as a fraction of the maxamim

content of water :lJ.1 one cbm of air at the snturation point at t~le same

tempera ture.

Example - d£ 1 cbm of air at 200C contains 5.5 grams H20 and the
same 1 cbm of air at 20°C at the saturation points, contains

17.5 grams H20

The R.H. is:-

~.N'§'ms x 1003~ = 3q;o
17.5 grams

This means that one cubic metre air with a Rll of 3q;~ at 20°C has a

capacity to take up (17.5-5.5) = 12 grams of H20, before the saturation point

is reached..

A fact which influence 8- the ill. c./R.H. relation is teITY?eraillre, an
increase in teLlperature lowering the R.E. and vice 'Versa. Therefore in the

f'arrning huntid tropics of Ghana" tYl?ical day R.H. is 55-85.9~and night R.H. is

75r~957;;' At above 7CJfSR.H. fungi, moulds, mites and insects develop rapidly

since they utilize, water in the brain for metaboj ac activities. This leads

to spoilage of the t;r'ain. For saf'e storageLproduce, it ahouLd be iried so L of

that its raoLs tur-e content, is in equilibrium with not more than that of 7rJj'o R.B.

~~."'--~~~""""-"'""-~~ -- _ _"'~_.;~ ..••.....,.r-:L'_~.,.~_.....".....,...,.~~......,.....~--.,,··~1· ~ ~~.....,.~..-:-.:.."-·'-"--T"'''"·''~·~··.r~~. ~"I"".-~-

Cereal ~ Moisture Content ! Wet Basis~Authority

_~~~~ _-~~~r.__l~1}~:R:-H.I3~rR:.H.~45~h__R~!1~~?l~~~i?i~~~i.I~jr.g'~:!1_.~ "__~~_
!, "
l l ,t,' ! ;i L , ' I

White shelled'" ,f t
Maize , 6.6 I 8.5 r 10.4 1 12. 9 ~ 14. 7 : b 18.9; C and F (a)

-,'~-~'-~-~~--t-~,- -~,-~.-~.-,-~,--~-~.-~","..._-..,J~_-r._.,'.~'- 1 r._"" ,-"-~",~,, ' "' -~--~-""-'--"~~~--"--'

Yellow shelled i ! ~ I ' t t
maize [ 6.4 ! 8.4 i 10.5 : 12.9 I 14.8 ~ 19.11 C and F (a)

~ 'I"-~~~,~~---~---t-, -- - -~-r"<'-."."--~-,----+--~---~~--,- ,-',"~"- -<~--!~=-~ ,-.~. ~-
Shelled pop corn 1 6.8 t 8.5 : 9.8! 12.1: 13.6 ! 18.4, C and F (a)
~ -<"-~,-.-~ ~'-.,,-~--~.~- •.--~••• ~--,-.~-~-.~,~ f., ~'" --,~.j-..,--.'''.---'''.)~-'''-~ ,,,~,~--~ "~~- _,L_- .---'.' '''''-, '_r.,,_ -~-.

Milled Rice ! 6.8 • 9. ° t 10. 7 t 12.6 i: -14.4 r 18.1; C and F (a)
ij t ~ • ~ i ii ; , t L ~ l~~~-,--,=,~-~,-, ---r---~·=·-·r.f~~- '----=r~-.'-'--~~_1_~,-" ••-,.'- 0-- .• --. ~" . i-'~"--r"-~~<-'" .~,~--

Sorghum ! 6.5 ~ 8.6 ; 10.5 i 12.0 ~ 15.3 I 18.8' C and F (a)
~ f ~ t : t~~-~"' ..,,,..~--~--- 'S.t'.~ --------.::-----..r~".~ -~ -.:~~~--~_;- ,,".,...,.,- .. -.,.....,.-~ ......--,.,-.•. - ---.."---- ..-..--..--~~

Soybeans t - f 6.2 1 7.4 f 9.71 13.2 I -: C,R and F(b)~ite:h~a~--L6.8· -t-8.6--b.-~11:8t ;5::-0--b~7j~~~G (~)=

Source: (a) Coleman and Fe.lLows (1925) Moisture, contert; determined by
water-ov en DB th d.

(b) Coleman, ~oth.&;~b, and
Fellows l1928)

(c) Ramstad and Geddes (1942)

Moi.stur-e deber-rrined by official
air-oven Gethod.

Moisture deterrained by vacuum-
oven method.
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To have a drying effect lof the air it is neceaaary to have R.H.

value s oraewha t lower tll.an the fi§.l.fes in Table 2•

.--=-~., Air R.B./Seed m. c. equi-
librium curve.

Seed gives away moisJmre
to air

Seed moisture content

maize
leerne1
hol ding ~j?.§ {
moi.stur e "
t11an air

moisture=: maize
kernel
holding more
moisture
than air

The lower the R.B. value of the drying air c oJ;ilparedto the

equUibriun R.I-I. wanted, the Bore water can be taken up by the

air and the faster the drying will go.

Whenair is heated up, the R.H. will do down r: it means the

capacity to take up water is increased. This is the basis on

which all air drying is based.

high air tewperature~----~--.-----
air +empe.ra ture

high R.E.

--------------------------~~.



Whenheated dry air passes around a kernel, S011eheat will be absorbed by

the kernel 6iving, energy to evaporate water from the surface. The drying air

after the passage will have a slightly lower teoperature and. higher o.c.

The kernel would have lost wa te.r and is heated up a bit. It is only very close

to the end of the drying sequence that the kernel obtains a ter..perature very

close to the dry:ing air teoperature because the evaporation of water consuues
moat of the heat. The .int ern al, transportation of water Ins i.de a kernel should

go al.raos b as fast as the evaporation f'ron the surface of the kernel, ot~:erwise

there will be a dry sl1ell around the inner part. Such a shell can slow down

"tl'1e drying and the outer layers can shrink so ru ch that cracks will develop

over the surface. Such cracks LiaYbe microscopic but can be starters of

complete breaks at a later stage, ego conveying or l.ld.lling.

3.3 .3 Th.§ K-'2P~J~JJ.j.yl?~.iqhJ?!'..Y:inE.

The Konskilde Drying sys ten consists of a Heater, a Blower and the

Drier or Grain Drying Unit. In the Drier, hi&1 volulile airflow is raised to

give a wuxiouB teoperature of 400C (1Q5oF) for lilaize 65°C (1500F). At this

t.emper-atur-e grain quickly Gives off raoLstur-e wh.i.ch the airflow carries away.

The speed of dry ing (2 to 20 hours) prevents any de corapoai,tion due to high

t.eraperatair-e, Gra:L'1is then cooled for 2-4 hours in the aane Unit Drier. The

Unit Drier is r-ecoznended for instaJ.lations which consist of silos over the 67

tonnes size and in parts of the country where incoming grain is often above

20;;;'mo i.stur-e content.

'I'he heated ai.re t reara passes up a perforated vent pipe and flows out

evenly through the Grain. An Additional featur-e is the double-blow effe.t of

two parts of dryin£; air - orie LlOVingout radially, the other 'frow the base -

flowing through to the sUo wal.Ls , This is of additional benefit for every

high Ill. c. grain and when the Unit Drier is only partly fulL Total use is

made of air-flOW and heat. Air passes out of the silo saturated with moisture

froLl the grain un t i, the grain reaches a low enough no i.s tur-e content to be

storable.

The fact that uost insocts, e6gs and larvae are killed at tei4?eraJO-lres,

above 400C eraphastaaa the iDportance of letting all grain pas s through a drier,

when entering an installation •

• Having faniliarised -(l1eLlSelveswith the Kongskilde grain drying sys beu,

participants were taught the Kongskilde grain storage. Better storage is

necessary as !-

appr-oxd.rratal.y .3C?~of gra:in in storage allover the world is lost bee auae

of insects, rodents and soulds.

Ioproving grain storase would ne an less hunger, irJprDved nutrition for
the individuaJ. and a hit,her standard of living, and a sounder economy for

"tl'l.e na tioD.



quality grain for international trade is of increasing importance.

improper sto rage of grain leads to weight loss, monetary loss, seed loss,

food loss.

3.4-.1 ThEL_Kol1-K~.ill-~~J3~ilo.

Kongskilde makes use of ventilated silos (for drying and

s t or-age) vlhich control grain te~erature and me to ensure that the

qualities of the grain are preserved. Because temperature is kept

low from the start, m.c. cannot increase grain's a4tivity. There-

fore dry.ing is aecornpj.Lshedir....a matter of one or t'QITOweeks by the

natural t~~erature rise of air supplied from a high pressure blower.

The blower compresses the indrawn air and raises its ambient tempe-

rature by 4-.5°C (SOF). The drying air stream is br.own into the

perforated ventilation pipe and passes out in an even pattern through

the grain. Grain is even dried in rainy weather.

To cope with incoming brain, a combination of the storage silo

and Unit Drier is ideal. The Silo takes newly harvested grain and

pre-dries it while the Unit Drier is filled, and dries, cools and

empties its contents. By giving the Unit Drier a complete, pre-

driod fill each time and maintaining it in a constant fill-dry-cool-

emptiy cycle, its hourly output is kept at maxiraim, The combination

makes grain handling simple even in critical harvest conditions.

3.4-. 2. ~:i~~~~.mi.Q:aj;_i911~g."-A~tagei2...J?L~he
£':.9]l~:iJ_<,l~_1?.:Sq"F~_s1l2.

Moisture movement is normal in any storage ,'ilbere vari.::tions in

temperature exist. During cold periods, grains Loc.ated near the

exposed walls and upper surfaces cools more rapidly than that an the

Surface of the bin. This terrperature difference causes slow convec

tion currents in the bin with the warm air, whi.ch rises through

the centre of the t,rain mass, ~arrying moisture from tlle warruer

grain to the colder surface again with cold grain, ter~erature and

warsa ambi.srrt temperatures, the air flow patterns are reversed.

Moisture accummulation may be serious enough to cause moulding and

orus t ing on the [;,rain surface and spoilage in other parts of the bin.

Day acid night temperature variations have a similar effect.

This day-niGht variation can cause condensation to form on bin rl'lJ'of

and walls causing 'rain' to fall on the grain surface or [,rall1 to

beeaome 'glued' to the wall, caking, crusting and mould is the usual

result. Often tlle spoilage is blamed on silo leakage around walls or
roofs. The realistic cure is to provide over-space v mtila tion in the

roof and to keep the grain on the cool side. In stored Grain having

uniform temperatures, moisture migration does not take place.

Aeration is a means of egualiziI1G temperatures in stored gz-a in,



Because the Kongeka.Ide system is put up inside a bu Ll d.i.nj, the change

in temper-atur-ee are far loss than in outside s lios and the change in

temp.c~turo is nuch slower. This gives far less moisture migration in the

grain D4SS b1side the Kongskilde storage silo. The wooden wall also acts

of a kind of .ineu.La'tor to the slow ehane,es in temperature. Because all

Kongskilde s.i.Lcs have a very powerful ventilation system, te:crperatures

inside the silo ean quickly be equalized and eventually released mo Lstur e

carried away by the ventilation air. The wooden/alur,lb1iuill construction

covered al.uicdri.lum strips allow free pas sage to the drying a.iz-stz-eam, The

strips are self-cleaning non-corrosive and unaffected by crop moisture.

Grain level can be checked through speciAl aluminium strips between each

silo wall section. The Kongskilde s to.rage silo also provide easy inspection

in many points, and no s trons fOJ..ln~:'.i;.i.-onrcqui..rep..

3.5 KONGSl9.1'p'!J~.Jgl"79L~~..1\U.lIiG- AND CONVEYINQ:

Participants were shown how a lot of trash, sand and dust is nixed with

the grain conring to a dry ing and storage installation are r-emoved., This is

called pr-e--c LeenIn g and Kongskilde uses trwc types:- the aspirators and the

air screen .leaners.

lJornlCy;i.ngays t.ems used by Kongskilde .inc.Lude the Pressure blowers,

Suction conveyo~~ , Suction blowers, Sinble augars, coupled ausers around

~~rs, Belt ccnv eyoea and tho Elevator. Al~ these systeillS use particular

f'Low dire •...tions, advantages and fields of use, nax.imnn throughput, minamim

and maxirmmc.onvcyill(.; lCl"lgtbs and motive power electric motors that rust be

used.

3. 6 'rES TING .MID SAM.PLING•.--,..,..,....~..---,... .' - ,..

'rhese are the 1011Moisture ne tier , 'I'her-mo-ene te r- with Bro.in so.r;~lor and

the 'I'herrno=c ontir-o'L,

The KM-Tester assists in determining the rir,ht time to: harvest. With
a K1vI tester on the combine, grain damage is of urinimira since it ne asur-es

moisture content. Also dryine; time can be pre-determined easily and

harvest efforts plalliJ.ed accordingly. One can control the progress of

drying and know exactly when to stop - not too soon and not too Late ,

thcreby attab1ing tihe best possible drying economy.

It is especially during the first period in1Ul6diately after the grain

has been stored that the Korigak.i.LdethermoIJ.eter is an essential haLp to

guide drying and safe storagc of the grain. The grain samples is fitted

to the sarao hanfil.e as is the thermometer and is used for extractin8 samples

f'r-ora the silos for determination of the qualiJc;y of moisturo content of the

grain. Sampling and teDperature control readings can be Lken from any

part of the silo by using extension rods.
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Since the Abofour dry ing plant is not large eriough, the Thermo-

control was not :L:lstaJ.led. But its operation is simply for temperature

measurements of grain and seed crops from a central point.

3. 7 ~lQQJ~:g'JG4!:TD~_~]C'~'I0l:L.Q!~j\:ONGSKI.LDESY9XFd~1
Participants compared Kongskilde silos in particular to other in

moun t i.ng and erection. It was observed that fully illustrated assembly

and operating instructions accompany every delivery iillich is in easily

handled parcels. On the basis of 2 standard components (the wall

section and the ventilated pipe). 14 different drying silos and 78
differant storaGe silos can be made. Assembly can be carried out

without previous experience. Two men can erect a silo in one day.

Was st-udied extensively. The description of an insect, its life

cycle and t.he s bages were ment.i.oned, Participants V18rea.l so exposed

to ways in wllich insects get into grain and also primary, secondary

and tertiary insects. It v;as observedthat insects require air,

moisture and some amount of heat for survival. Insect moisture re-

quirements was seriously stressed; and ways to reduce thiS, by drying

the grain to particular moisture content which will reduce insect

growth and reproduction to the barest minimum.

Individual inseots studied included the

Granary weevil

Lesser Grain Borer

Saw-Toothed Grain Beetle

Si t9.E.hil.):l~.JS.:r.?n.aJ')~,l1!,.

r~2N~zo,l?GF:~~l..§l-__~o.n}:G.l~c~B;,

.Qa~.E~e~"lilu.~.s~.:r::i:Dca.~~,~~E.

.Si.io:tI''()b.~.g'§F_e~.l:~lJ.~

.~At.9.J2.tjJ._t.!£ .99.?!9~s~ln
S i.:t9.pJ~ilu_c;~!l.§..r~i.s

l']'J.9..o),j:.!:l~ Q.c?-D£Y.._s}l]il

T:rJp.21~~ .<?.a.s.t.ap8.u]il

l£~§'.e.x~. ii£..~}?:?:l':i.u.m

.Q.all.o.?0bry_qJ!\:~.i?_»L'l?

Angoumo.i.s Grain Moth

Rice weevil

Maize weevil

Confused Flour Beetle

Red Flour Beetle

Khapr-a Beetle

Pulse beetle

Insect control wi thou t insecticides v;as fir1.Uly stressed. Most

important is Storage Hygiene. Insecticide forl1ulations including c ont-

act po i s Loris, dusts wettable powder-s, emulsion concentrates, smokes

and fumigants were also mentioned. SpeciullY mentioned insecticides

were Phostoxin and actellic both of which are highly recommended for

us e on or around grain with the Kongskilde sys tem.
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Rodent damage to stored food is of a threefold nature.

First, rodonts consune a certain quality of the product, secondly

they foul a mrch larger quantity with th.eir excretion, and thirdly

they gnaw holes in the containers. Notes on the biology and control

of these pests espeeially the rats and mice like ~J;j;;'-ts. r§-~tw_;'?,
JtaJ~~_~.rl-.<?},::ao8:h,cJll3.,and Ml;l'§ E!!-E.2£"~~~were e tudae d,

3. 10 SER.Y:r:.QEl~JP IViAJJrJ1@~rA.N9E:
Par-t.Lcapants Here shown sample checking z-ecor-ds, 'I'hese emphasised

the need for proper maintenance records and the constancy of chedk.ing

faults on the system, be; they minor, before they develop .irrbomajor

ones, which could lead to the total br-eakdown of the system. Also

neglect of minor- faults, COuld caus e fatal accidents. Electrical

servicing and maintenance was mainly on the photocells in the heater,

the transformers, spar-k generators, electric motors on the conveyors

etc.

The importance of usLng specifiecl fuel was well di.acus sed;

Participants were shown the ignition system in the heater, espec i.af.Ly

tL'l.edifferent types of' Danf'oss nozzles, their intricacies and

efficiences ill fuel spray. Participants were also taul~~lt how to test

for carbon dioxide concentration in the exhaust gass in the heater as

a check on fuel burning efficiency and so pollution of the gram

vis-a-vis heat output.

It will be quite difficult to sinGle out any particular area for
special r.cention conai.der-Lng the well p.lanned and nkilfully integrated

nature of the course. All the fields covered Here ver:( relevant to

the objectives of the Institute.

5. IMI?BESflli2NS/DB,~:CEV .••J;'~~Ol!§
The course was veI'iJ beneficial to me. My impress ions/observations

were on evaluation ana! of assessment cons idering:-

whether the course objectives wer-e attained,

opinion of lecutre and General group interaction,

demonstration, practical work and field trips,

subjects to be deleted or added in such future courses and

whether tho course objectives were attained, and

Overall assessment of the training programme.

I was of the view tbat the Objectives where attaiJ od to a very

lar€;,e extent cons.i.de.r.lng the duration of the course and relatively

short notice given participants to attend.
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Even though the group was very heterogenous a.e, made up participants

with varied academic background problems faced were senerally on group basis.

Ther-e wore Le S5 conflicts of ideas, interests and personalit:, -. During break

~ periods, it was comaon to see very close interaction between experts and

participants.

I also observed that as learning process is varied there should have been

more practical demonstrations than we had since almost all the participants

have passed their t'ormatdv e years in knowledge acquisition with regard to

theoretical learning.

On the deletion or addition of other courses I was of the view that

since the course content was extensive with regard to tho time available it

would have been mo r-e proper to invite local companies llice leI or Danafco

whose cheud.c al.s are used as protectants on or around grain to e,ive practi~al

demonstrations on insects an~or rodent control to coroplewent the efforts of

the experts.

Also, I waS of the view that the course even though waS based on the

Kongskilde sys t.era, it should have offered participants opportuni tics to .» 1

design and construct silos using local mator-Lal.s or be gear-d -conards deve:

Lopnerrt : and application of intermediate technology.

6. RE9...Ql~~1lJ:T'IJ?_,.lliLFOIL li'OLL_OVl~yP.AC,-£!.0I'i

The author has had the opportunity to advis e on s OD3 technical

matters and to put to effective use and practice so ne of the concepts and

techniques he acquired at the course since completing.

The chemi.sbry of Crop Protection especially their dotection and

determinatrion by analytical methods, the basis of selective toxicity 8.J.'1d

the problem of undesirable side effects, especially in relation to environ-

mental pere.ts bance would have been ar-eas the auther would Li.ke to be nore

exposed to in future courses. Emphasis should also be laid: on the develop-

ment of insecticides.

The author strongly r-ec onunends the course to the 'I'echni cal. staff
who have been invloved in research woz-k on grain handling and storage, ner-o

skills, efficiency and understanding, towards effective planning and org,ani-

sa tion of storage programmes would be gaine d.
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