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Summary 

Developing countries could benefit from an increased level of 
production of capital goods. This report deals with capital 
goods for the food processing industry and particularly with those 
required for the grain millin~ sub sector and the oil seeds pro­
cessing sub sector. The report analyses these two sub sectors 
according to their unit operations and the medular and peripheral 
capital goods which they utilize. 

The two ir.dustrial sectors which are studied here cover processing 
needs of many and sometimes widely different raw materials. The 
report analyses the wide range of capital goods required for the 
processing of these ingredients at different levels of size or 
sophistication of operation and seeks to establish similarities in 
eqniµnent requirements that could help in providin~ a big~er 
local industrial demand base required for ar establishment of a 
local capital goods manufacturing industry. 
The report discusses the capability of different developing count­
ries to manufacture capital goods vis-a-vis the complexity of the 
capital goods which the milling industry and the veF>etable oils 
and fats industrJ require and arrives at a list of such capital 
goods which could evenually be manufactured in the developing 
countries. 

The demand for capital goods in the ~rain milling and veretable 
oil sub sector is discussed in this report vis-a-vis the ccnstraints 
which dominate the field of demand in developing countries. 
Questions of know-how availability, manufacturin6 capability and 
availability of tGchnical personnel are discussed as well. 

Several recommendations are made. These are directed towards the 
following active areas: 

1. Determination of real ~emand in identif~ed markets for 
specific capital goods. 

2. Determination of local manufacturin~ of capital goods 
requir~d per 1 above. 

3. Formulate policies and initiate actions directed towards 
the requirements of 1 and 2 mentioned above. 

4. Plan and initiate tr2:_nin2 and educational programs for 
the preparation of te:chniciorns at all levels which are 
required by the actions reGvJ"Tlli~nded above. 
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1. Introduction 

The purpose of this report is to assist in the definition of in­
dutrial strategies. which will lead to the formulation of poli­
cies and of plans of action concerning capital goods in the food 
industry in developing countries. As part of the ~eneral objec­
tive of identifying the capital goods requireMents in the food 
processing industry in developin~ countries and those that have 
a potential for l~cal production. an immediate objective of this 
study is to identify the peripheral capital foods that the ~rain 
millin~ and the oilseed processing lines have in common. Of 
these capital goods those that have a potential for local pro­
duction in developing countries should be identified. 

In the preparation of this study advanta~e was taken of already 
available analyses of agro-food capital ~oods prepared by con­
sultants to Unido as well as other Unido publications. Further­
more. use was made of technical publications and technical lite­
rature as well as publications. brochures and bulletins of manu­
facturers of capital goods for the food industry in general and 
for the grain milling and oil seed processing in particularly. 
Additionally, the consultant drew on his personal experience 
related to the food industry in developing countries and to the 
capital goods manufacturing industry as well as on personal con­
tacts with experts in these industries. A list of selected 
references is given in Chaper 6. 

Chapter 2 gives a review of tho ~ain technologies available 
world wide for processin~ vegetable oils and fats and for grain 
milling. The review deals with the milling industries of the 
leading Gereals world wide - wheat, maize and rice, and w:ith 
the technolofies that ar~ utilized in these industries. It also 
reviews the technology in the field of oil extraction and rro­
cessing. Different cereals are different in morphology composi­
tion, structure and grain characteristics. This rusults in the 
need for different milling technologies, different milling tech­
niques and equiJlllent. Vany different oil seeds are utilized 
world wide for vegetable oil oxtraction. These include, amcng 
others, soyb3ans, cottonseeds, peanuts. rapesee'.3, safflower, 
~unflower and seasamo. 

Falm fruit, copra and other sources of vegetable oil are of a 
major imµortance in various dcve:lopj nr: countri~s as well. These 
sources of vef;ctable oil rcrrc.sert a very wide range of raw 
material properties whj ch nr;cess:i late th<, uc;e of different 
approaches and different equi~1e:nt dcsi~n. Such considerations 
are af!'octed by seed size:, i::hapr,, co::ipodtion, structure as well 
as by sezci characteristics. Sel€!Ction of technologjes and the 
?"esul ting capital r:oods rcquirc:r:ent s are SOJ'l1t.!t:irnos influenced 
by plant size. Local factors Gotcrr:inCJ optimal plant size. 
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Availability of raw material{s), infrastructure, funds for 
investment and marketing opportunities will deterMine plant size. 
Technology is available for small or large, batch or continuous, 
automated or manual plants. Trends in energy conservation in the 
vegetable oil industry and in the wheat milling industry are 
discussed as well. 

Chapter 2 gives also a breakdown of the most important capital 
goods utilized in the grain milling industry and in the vegetable 
oil industry in terms of medular and peripheral capital goods 
and gives the classification into l..i1ese two groups for both sub 
sectors based on the o~plexity Index Criteria. 

Based on the relative degree of industrialization (table 1), 
four different levels of degree of industrialization are assi~ned 
in decreasing order to Brasil and India, Colombia, t!igeria, 
Central African Republic and a preliminary identification of 
capital goods that can be produced in these, and in si ilarly 
developed developing countries is di cussed. 

Chapter 3 reviews the basic problems and issues affecting the 
deveiopnent of the manufacturing industry of capital ~oods for 
food processing in general and for oilseeds proca~sin~ and g~ain 
milling in particular. 

national economy 
>'"'.Oods manufacturinf: 
The first issue 

Following a short revi~w of the benefits to the 
obtainable through the develo:pnent of a capital 
industry, a number of key issues are discussed. 
is that of demand and of competition. 
Demand depends on different ~actors. It is related to the availa­
bility of the product and to the level in which it is required, 
but also to the purchasing power of the target custo~er, The 
demand for vegetable oil and the demand for ground grain will 
influence the size of these industries on a national and regional 
level aud could hel-p in establishing the demand for processing 
equi~ent. Study and knowledge of these dynamics could help in 
estimating the demE.nd for modular or peripheral capital ~oods that 
will be generated through the demand for more ver,etable oil or 
more milled grains. Availability of ~apital for inve~tment, both 
in vegetable oi: producing and grain millin~ plants, as well as 
in the capital goods manufacturin~ indust1-y, will dete~mine the 
level of the develorrnent of the capital goods manufacturinp.: industry. 
Capital e;oods producing industry requires construction of new 
factories or enlargement of existing ones. It is noted that both 
grain miilin~ and oil seed pro~essin~ installations Jocated in 
different developing countries are utilized to date at sub capacity. 
This mit:ht to an extent dampen the deman::l for additional capital 
goods. 

The way in which leadin~ ma~ufacturcrs of capital 11oods fer the 
food industry in ceneral, and that of the re la ti vely few companies 
which do!1linate the seer.a with equipment for t~rain r".ill:i nr,: or oil 
soeds processin~ is djscussed. 

fhe way in which leadin?, manufacturfJrs o.i capitel voods for the 
food industry in reneral, and that of tr.e 4 elatively few companies 
~ith egui~~ont for grain millin~ or ojl seed procussinp dc~inatc 
the scene is drscussed. 
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Chapter J also di cusses the issues of know-how, engineering and 
services. These are issues of ?B-ramount importance for the -
success of a capital goods roanufacturin~ industry. It emphasizes 
the importance of engir1eering skills on a national and local 
level, and the role that they can play in helpin~ to minimize 
importation of capital goods to the level required, and assisting 
in the develo:pnent of a local capital goods manufacturin~ industry. 
The importance of trainin~ of technicians at all levels is dis­
cussed as well. 

In almost al of the developing countries there is at least some 
capital goods manufacturing capabilities. These facilities 
could be utilized and others could be developed if the demand is 
significant enough. 

Chapter ) discusses the different ways in which a foreign, knew-how 
owning ~anufacturer of capital goods might approach the need or 
sometiITles the desire to set up local produc·:ion. It lists such 
possible linkin~ arrangements to the level of industrial develo­
ment discussed earlier. 

Fromotional activities are discussed in Chapter J as well. These 
activities could be considered as both indirect and direct. 
FormulaU on of policies and stra+.egies for promotion of a~riculture, 
food, nutrition and both general and t&chnical trainin~ and 
education are among these activities. These thouP:h are not enou!Zh. 
Financial schemes for assistance to the national capital goods 
manufacturing industry as well as establishmont of importation 
policy that will help or favor local manufacturing of capital goods 
are considered as well. 

ChaptJr 3 proposes a list of .)eripheral capital goods which could 
represent a goel and production target for developin~ countries 
at levels J and 4. 

Chapter 4 is devoted to main findings and recommendations. 
Several recommendations are made. Basically, these rocommendations 
are related to the determination of possibl future or actual 
de::1and for capital goods for the food industry sub sectors stud:i ed 
here, and possibly others, to study and determine what should be 
done in order to brin~ about improvement in local capabilities in 
developing cou:1tries to manufacture capital p:oods, and finally to 
initiate a program that will guide the local t.overnment. This 
guidance may be required in formulating policies that will result 
in increased involvement and activities in the local capit~l 
f,Oods manufacturing soctor by foreign and Jocal co~panies. 
Final recommendation deals with the need to slue:,: and ana'J..yso 
training requirements and assist national "ove:rnr.ents in planning 
and execution of training pro~rams. 
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2. Capital Goods In The Vegtable Oils And Fats and In 1he Grain 

Y.illing Industries 

2.1 General 

This chapter reviews the basic technological eleMents employed in the 

production of vegetable oils and fats and in grain milling at different 

levels of sophistication. It covers the production of oils and fats 

from copra, pa:m, soy, cottonsees, rapesc:ud, sunflm.:or, saff}o·cr, 

J.e;anuts and the milling of wheat, maize and rico. 

2.2 Processinf Technologies for Veeetablc Oils and FEts 

2.2.1 General 

The Vegeta.blo fats and oils industry is very cld. ;,iifft:'"1mt lt:chnolor:icf. 

are employed by this industry to accomodate a large variety of TflW 

materials, processed under different sets of local conditions. This 

industry has moved from old techniques to modern technologies. Mechanical 

screw pressing and solvent extraction domh1ate the scene world "'1.de. 

A number of equipnent manufacturers with vi.st experiences and precious 

know-how offer both turn key projects and supply of individual Pieces of 

equipnent to potential and existing oil producres. 

2.2.2 Preliminary Preparatory Steps: Unloading, Cleaning, Drying and 

Storage of Vegetab~e oil Bearing Materials 

Vegetable oi). bearing raw materials (oil seeds) can be delivered to the 

.1-1:..·::-cess-l..n~ plants in bulk ships, bulk railroad cars, bulk trucks, boxes, 

field boxes, sacks or bags. Unloading installations are designed to 

accornodate methods of oil seeds delivery. Plant size and sele~tion of 

technology depends on local.economic conditions and on raw materials 

availability, This will be emphasized in a different part of this study (la). 
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2.2.2.1 Unloading 

.Bilk trucks are usually emptied by elev~ting the front end of the 

truck on a platform and letting the raw :matertal slide out and 

into the receiving pit. Conventional conveying systems such as 

chain, drag, screw or belt conveyors. b.lcket elevators can be used 

for most oil seeds. Some like copra and palm fruit require special 

considerations, in design or in care of handlin~. Pneumatic un­

loading s;rstems and marine legs are efficient unloadin{!: systems. They 

can reach a throughput of up to 2000 tons of oilseeds per hour. 

Pnuematic unloading systems of a much smaller capacity can be 

utilized as well. Requirements depend on the size of the oilseed 

processing facility and the ~rganization of the raw material flow. 

Un~oading can be done sometimes with the help of forklift trucks 

{olives) or by human labor, when oil seeds are delivered in sacks 

or in bags (la). 

2.2.2.2 Cleaning 

Cleaning of oilseeds removes sand, dirt, stems, leaves, weed seeds, 

stones, metals, f1ald wastes etc. This operation involves a series 

of shaking or vibrating screens. Removal of dust as well as light 

weight materials can be done by aspirators. This step in the 

process yields sepa~ately clean oil seeds, stones, metal pieces, 

sand, dirt etc •• and dust free air(la, lb). 
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2.2.2.J Drying 

In order to ensure oil seeds quality and safe storage, moisture in incoming 

oilseeds needs to be monitored and in most cases reduced to a level (which is 

characteristic to each oilssed variety) which will promote safe storage. This 

is achieve~ in the receiver driyer. Free flowing type oil seeds are dried in 

conventional grain dr~ers. Drying is done by subjecting the oil seeds to 

heated air and the subsequent loss of oilseed moisture to the dry)ng air. 

Once drying is completed, and prior to the storage of the oil seeds, a~bient 

air is used for cooling. Grain drying and cooloing requires heating of drying 

air by steam, gas or oil, and flow of heated air trough the moving bed of the 

oil seeds. Recirculation or partial recirculation of the hot and nwnid air 

prior to release to the atmosphere will save drying energy. Use of air for 

heating and drying of ambient air after its use as air for coolirg, will also 

save energy as ambient air temperature following its use as air for cooling 

will by higher than ambient air(la). 

Sun drying as well as belt dryers over open fire of non free flow oil seeds 

like copra, is practice~as well. 

2.2.2.4 Storag! 

Re:noval of excess moisture through drying and removal of mineral and vegetable 

waste through cleaning mentioned earlier, are required if safe storage is 

scught after. Soybeans, flax seed, safflower, shelled peanuts, sunflower, 

castor beans, rapeseeds, seasome seed, delinted cottonseed can be stored in 

brain typo storage facilities. These storage faciljties could be steel tanks 

or concrete structures. Storage conditions differ and depend on the type of 

raw material, moisture content, degree of m~turity, raw Material tEr.nperature 

at the time of entry to the store as well as other factors (la). 
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2.2.3 Preparatory Steps: Tempering, Cooking, Cracking, Dehulling, 
Shelling, Conditioning and Flaking 

Tho conventional system for soybean preparation following storage consists 
of tempE•ring bins, once more a cleaning with aspiration, scales, cracking 
mills and a dehulling system. The cracked beans !!re aspirated in multi­
aspirators to remove the hulls. This is done more than once in order to 
remove ma:xiJllum hulls from meats and maximum meats from hulls. Peanuts 
have to be shelled and separatio1 of shells and kernels is achieved by 
aspiration. Palm fruit in cluster~ is cooked in sterilizers after delivery 
to the plant and follo~~ng weighing (lb). 

2.2.).1 TE!!'lpering and Conditionjng 

~empering and conditioning methodology- varies according to the oil seed 
and depends dlso on the method of oil extraction. A conditioner is ~sed 
mn the oil mills before crushing or flaking, so that moisture can be added 
and proper flaking can be achieved. Conditions can be vertical or 
horizontal rotary type. Thses are usually circular structures, jac·(eted, 
heated with steam and fi~ted with steam injection and ~ater injection ports. 
Soybeans are usually tempered before dehulling and conditioned again after 
d~hulling and prior to flaking. 
Another method of cunditioning is the one e?11ploying a fluidized bod system. 
While the conventional process involves oil seeds drying, cooling and 
sto~age in tvmpering tanks prior to cracking, this new process is a 
continuous ene and ths oil seeds a~e only heated once. They are cracked 
warm and the hulls are separated. The product is simultaneously conditioned 
and the cooling anci tempering step are eliminated (1b). 
Palm kernels are cooked in sterilizers at 14ooc for 60-90 minutes. This 
stops the development cf oil acidity and allows separation of the fruit 
from the stem. It also eases the separ~tion of the kernels from the fruits. 
The sterilizers are cylindrical and horizontal and are equipped ~~th 
quick closing doors. Palm fruit is loaded to the sterilizers in carts 
moving on rail tracke. Once all the air is purged, steam fills the sterilizers 
until desired temperature is reached. Sterilizers ~ith capacity of 6-20 
tons/hr are available (2a). 

2.2.).2 Cracking, Dehulling, Shelling. 

Conventionally, soybeans are cracked with corrugated roller mills of 25cm 
diameter ~nd 107 cm length. Higher capacities have beon achievod with 
longer rolls and rolls with bigger diameters as well as ~~th cracking 
rolls of higher rotational speeds. Equipment for soparation of hulls 
from ~eeds includes in addition to crar.king corrugated mills, also impact 
hullers, bar hullers, disc hullers, hammer mills and other machines 
specificllly suited to the raw material. The requirement is to cut the 
hull so that best sparation of meat and hull ldll tal-:e p:!ac~. 
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Soybeans are usually cut unto quarters or eights. Cottonseeq,saffloW!lr 
or sunflower are cut coarse and usually into halves only, lengthwise 
or criss wise, depending on the oil seed. 
tumbling and shaking separate palm fruits from their stems, mashing 
of palm fruit in vertical, jacketed cylindrical vats equipped with mixing 
arms, produces a mash which allows for separation of the pulp from the 
kernel. Use of hammer mills for size reduction prohibits the separation 
later on of the hulls or husks and will iesult in a high fiber cortaininp 
meal. High fiber meal or low protein meals have their market. This 
market determines what level of protein or fiber content is required 
a~d as a ~esult of this, how much effort and how many repetitive separa­
tory stops there will be e:nployed in order to achieve the correct final 
~ulls/meats ratio. As an example, cottonseed can yield a J6,41 or 441 
protein meal. Sunflower meal can be produced with JJ-46{ protein. 
Hull removal after oil extraction can compliment dehulling prior to oil 
extraction, and hull removal operations are desigr.ed to meet changing 
market demands for meals with protein and fiber contents as required 
from time to time. 
Both leadin~ oil seeds, soybea!'ls and ~ottonseeds can be easily decorti­
cated (lb). 

2.2.3.3. Flaking (size reduction) 

Flaking of oil seeds ie accomplished by flaking rolls. These are smooth 
rolls, one fixed and one rotating. The distance between the two rolls 
is adjusted. Flake thickness depend on the distance between the rolls, 
by the r.p.m. of the rolls and by their weight. 
Recent develoµnent in flaking rolls technology concerns both larger and 
longer rolls, moving faster than before. This provides for a larger 
flaking capacity but cannot be achieved without increase in maintenance 
and wear costs. Improved distrib..ition of oil seeds along the full length 
of the rolls and removal of the overflow, together ~~th construction of 
heavier rolls helps in wear reduction. Still final flake thickness 
depends on what further processing the oil seed flake will be subject to. 

2.2.4 Oil Extraction 

Both solvent extraction and mochanical presses are used by the vegetable 
oils and fats industries for the separation of oil from oil seeds. Both 
small and large, continuous and batch systems are available. 

2.2.4.1 Xechanical Oil Extraction 

Screw presses are used world wide for recovery of oil from oilseeds 
through the application of pressure. Two approachos and tr,chniques are 
used. The first is the application of high pressure~ and r,ubsequent 
production of low fat content residual meals, and the second is a pre­
press operation prior to solvent extraction. Seed pr£:para t:i on, seod 
cooking, screw ~ressing and recirculation of separated lolids from 
oil/solids mixture, all influe,nce pressing efficiency. High pressure 
pressing ai.Jils to obtain the highest oil extraction fro:r. the oil feed 
asd production of a meal with minimum fat content. In pre press operations -
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. 
the comblination of oil pressing and solvent &xtraction aims at total 
efficiency. Mechanical oil extraction through pressing needs to take 
into account the r,ffect of pressure on meal porme11.bility. both in 
pre pressing and in high pressure pressing. The screv press bas a main 
wormshaft equipped with worn or screw assembly composed of screw and 
spacer elements. The barrel is equipped with o~l drainage and produces 
a meal (or cake) and crude oil (with some solid=). 

Oil presses with main drive motors from 20 H.P. and ~apacjty (cottonseed) 
of 5 tons por 24 hours to 600 H.P. ~~th capacity of 460 tons/day. 
Several large European and .American companies dominate this field of 
mechanical oil extraction. An Argentinian and a Brasilian company also 
manufacture screw presses. l-'.echanical oil extraction is followed by 
settling tanks and filter presses for separation of crude oil from solids 

2. 2.42 Solvent Extraction 

Solvent extraction can be performed in a batch or a continuous way. 

2.2.4.?.1. Batch Solvent Extraction 

Batch extraction is usually used fro oil rocovery from pre-pressed oil 
seeds and is usually done in sor .es. The extractor is loaded ·with raw 
material and is thon closed. The extractor is filled with solvent. 
This is dono in cycle with other batch EJxtractors already extractiu~. 
so th&t the meal with lowest oil content will recoive fresh solvent and 
tho unextractod meal will receive the rich miscella. 

equipment includes mi~scellaneons filters, distilation ( steB.Jll) 
facilities for solvent removal and solvent recovery 

.2.2.4.2.2. Continuous Solvent Extraction 

The extractor is th& heart of modern oil extraction operations. Jt 

(2b) 

needs to provide for the follc~~ng: conveyance of solids, solids totention 
time as required, solvent flow at required volun1es, solid-solvent contact, 
separation of solid from liquid. In thv percolation extractor, liquid 
solvent or miscellaReggis pumped through a bed of oil soed, flakes or meal. 
The solvent percolatos through the bad and loaves at the bottom throucli 
a filter, mesh screen etc. Oil seed or meal BBd solvent are moved counter­
currently with fresh solvent applied to spent flakes and miscella to 
fresh feed. Continuous percolation extractors are of the rotary typo, 
chain and basket type, perforated belt type, chain conveyor type or 
the filter typo. Irnnorsion typo extractors are used for lower capacity a 
applications, with raw materials that tond to disintegrate and form fines 
or for pigments extraction (1c,1d). 

2.2.5 Distilation and Solvent Recovery 

Solvent is primarily rocove:i•ed ££;! fro:i tho miscella and from the oil 
soed meal. The recovery of the solvent fro~ the miscella is achieved 
through distilation in steam heat£Jd distilrit:i on. towers. This operat1on 
yields crude oil and recovered solvent. Solvent containing flakes comin~ 
out of the extractor are desolventizcd by ] ow pressure steal'!. Sterur. 
conde:nsation requires further drying snd cooling of the meal (2c). 

, 
' 
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Rotary meal dryers and coolers are used for this purpose and the final 
product is sold as animal feed. FlRsh desolventizing systems produce 
meals with higher protein solubility and nutritional quality. 

2.2.6 Crude Oil TreatThent 

This section refers to crude oil handling and storage, bleachin~. 
degumming, refining, deodorization and dewaxing. 
Storage tanks for cruBe oil are required if crude oil deliveries are 
made to a separate refing plant. They could ht: required at both ends 
and could also be required for operational reasons if oil is both extracted 
aad refined on the same premi~os. Tanks should bo equipped with ir. and 
out flowing arrangements which allow for oil deliv£rics. 
Storage should be tight and prohibit penetration of foreign mat~rial 
including water or water vapors through contact with air or ~~th metals 
like copper, brass etc. 
Degumming is achieved by adding water to crudo oil. The hydrated phos­
phatides aro :nsoluble in oil and can be separated by ctntrifuges. 
Refining is achieved by use of acid, caustic and heat. 1-'ixer, tanks 
and centrifuges separate oil from sc.apstock. Refining can be done in 
a batch or continuous processes. Bleaching van be achieved by absorption 
of pif1?1!ents by clay, carbon stack or by heating the oil in presses or 
absence of ox.igon. Deodorization establishes the final flavor and 
odor of tho oil and is achieved through a series of steps in which oil 
i5 subject to hoat troatment. and stripping at low atmospheric pressure(2~) 

2.2.7 Recent Develop:nents 

Oil seed handling and processing technology including extraction, 
solvent recovery, distilation, deodorization - keep devolopinr-. New 
e~orgy savinR techniques are developed and employed. Somo of these are 
mentioned in this section. 
Extrusion ; _ as pre treatment of oil seed prior to oil extraction can 
bring to higher efficiency of use of the solvent extractor and can 
effect the solvent/oil ratio too. This in tu ·n influoncos the ener~ 
balance of the operation. ~1th less solvent to unit oil produced, 
energy is saved. Equipment can be smaller, or highor capacitieti can 
be achieved with same equipment. Extrusion cookinP. producin~ 
densified soy or othE:r mil seeds R.nd bripgs about these i111provt'mt.ints. 

A proci.,ss .~-.ich ach:i uvus that through increase of bulk density of 
s~ybean flakes achieved not throur,h the enhancer, but through a long 
tenn low temperature and moisturo process, was recently developed. 
This process which starts with soybean flakes which pass through a 
process of steam injection and ar,iaiI:'lmeration, influonce:s not only 
efficiency of extraction, but can also effect stronrly the phosphatide 
situation in the raw Material. j t rer.ders the soybean oil r~osphatidcs 
water soluble enough to permit t"iechan:ical rofininr, and makes chemical 
refining tinnocessary. This represents considerable savings. Leci tine 
recovery can go up by as much as 100 percents(3). 

,, 
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Changes take place in the oil industry in several fields: 

Automation: The degree of automation in the oil/fats industry is 
increasing, both in new and in old plants. J.:icrochips based instru­
mentation systems and micro processors already control and run fully 
automated soybean oil extraction and refining plants. \..1here process 
control is employed, the operator uses process conditions signalled 
to him in order to optimize unit operations. By usin~ modern micro 
electronic based control systems it is possible to move to production 
control. The data originating from process control ~~11 be used by 
computerized systems in order to make operational decisions. This 
will lead to i:rnproved safety, energy conservation, consistent product 
quality and less labor costs (1f,2d). 

Physical Refining: Mentioned earlier in this section. Increased 
efficiency of equipment use, higher yield of phosphatides, eneri:zy 
saving have boen developed • Simplicity in operation and elilllination 
of the recycling of ~austic soda are important benefits (3). 

Fluidbed Technolop,y: This technology has now been introduced to oil 
extraction, and is now employed in the conditioning of cracked beans, 
dehullin~, drying and in cooling. This technology provides for an 
improved heat and ffia~s transfer and results in energy saving of up 
to 5ui. 

2. 3 Cereal Grain i:illim: f'rocessing Technolof"ies 

2.).1.Gonoral 

·1,beat, rice and maize are the most important cereals. Althourh usually 
thero is moro rico and maize prodi.;cod in the devulopin~ countries and 
th~se ceroals havo been a traditional sourc~ of nutrition, consumption 
of ~heat and prossurLS to increase wheat and wheat products availability 
is constantly rro'lring. wnuat millinv today involves usually lar~e. 
automated and eophisticated plants. Sa.me applies to maizfl processin2 
when well identified sub streams of maize kernel products are produced. 
Fedular capital roods for these j ndu striies are !"'.anufactured by a 
limited number of international Co!Tipanios which own tho patl!nt ri chts 
or the tcchnolorical know-how. Feripheral capital foods for these 
industries can be manufactured by others but in the developinr countries 
such bir now ~rain millinr projects are few. Rice procctsina is 
different and requires technolocry which can lend itself to dcvu] op.,c:nt 
of local medular and peripheral capital roods industry in the develo­
pfr.,, co:.intries (4, 5). 
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2.).2 ~beat Milling 

~beat qs delivered from the field contains different types of ill'lpurities 
which need to ~e removed prior to storage. 

2.J.2.1 Wheat dry cleanin~ 

Impurities delivered with the wheat are of differAnt sizes, shapes an~ 
bulk density. Machines which have been developed for the r~moval of 
these im~urities basically employ sieves and air currents or discs, 
cylibders ~~th special indentations. Scourers ~ith perforated or 
£brasive cylindrical casings, with beaters installed inside. Soil 
funri are removed by the action of th~~e beaters. Air currents are 
used in aspirators and pneumatic conveyine' is 'J scd to rc;r;ove impurities 
from grain. To~ether with ill'lpuritjes, badly ~hriveled or weather 
dama~ed ·wheat :is removed. 

2.3.2.2 Wheat dryine' 

Prior to storage and upon delivery, wheat and/or oth:r ;-rains have to 
be dried so that an appropriate level of moisture content be established. 
This level of moisture content needs to bo conclusive to safe storae"e. 
Such removal of moisture is achieved usually by cmployinc frain dryers. 
~rain dryers are manufactured in many different sizes. Lar~e grain 
dryers are dcsi r:ned as multi stage dryers of several sections with a 
cooling section. Tho moist grain enters from the top of the drying 
column and advances towards the botto~ in a zig-za~ fashion. The 
hcatinp is usually direct with a liquid fuel burner. Temperature and 
flame controlled. Air circulated throuE:h cooler stae'e can be recovered 
and used as inlet air to the dryer as an enerf:V saving feature. Small 
grain dryers are fairly sirnle installations to construct, maintain 
or operate. 

2.3.2.3. Transport and Storage 

The silo consists of several cells, constructed ~~th panels of corru­
gated ~alvanizcd steel sheet, a feature which imparts ~reat rigidity 
to the walls, the thickness of which varies with the diameter and hei~ht. 
In order to give the necessary vertical rigidity tho cell has internal 
stanchions of steel sheot. which have been galvanized in th~ir last 
stafe of manufacture. The joins botween the panels, liY.c th~se with 
the stanchions, are made by means of galvanized steel or chro~ed bolts. 
The roofs are made up of sheet sections, also ralvanizod, the shape of 
which has been designed with the double purpose of ensurinc ri~idity 
and watertightness. The silo in itself presonls no Sf'(•CJa] rroblerns 
of technolozy. Its desi pn is mainly a proh] mi of drc,r.;·t hf; of matc-
ria1 s and structural calculations. Transport clcr.-.u,t~ )-,;.ve r(;cn re­
vjcwed in section 2.2.2. 



-14-

2.3.2.4 Wheat conditioning (cold, warm, bot) 

wbeat conditioning is the step durin~ which water is added to wheat prior 
to milling. wbile addition of moisture helps the separation of bran 
from endospenn, excess moisture does not facilitate the siftin~ of 
milled wheat. A compromise is sought after for the optimum level cf 
moisture addition. The equiJl"IOnt for wheat conditioning is usually 
rather simple and involves screw conveyors with water addition. 

2.).2.~. ~illing 

1-'.illing systems include mills, sieves, conveyors, c.11 clones, filters, 
feed locks and pneumatic systems. 

-Cylinder mills - he supporting frame is of cast iron, usnally in one 
piece. This can be produced by well equipped shops of hirh quality 
standards. The cycindC1rs, which are of contrifu i:ally cast iron. need 
to be of very hi~h quality. They are supported by oscillatin~ ball­
bearin~s. Little maintenance is required. 

-bnpact and disintegrating machines - This type of equipnent may bo of 
simpler construction, still it calls for great precision. Tho purpose 
of these machines is to increase the percentage of fine flour and to 
disintegrate any flakes which may forn in the mill, specially ~~th 
products which contain bran. 

The other key pieces of equipment in the production of high quality 
flour arc the sieves, under this headinr. are ~rouped a series of 
machin~s capable of scrooninr to different size ran~es and of scparatinq 
the by-products of millin~. Flat sieves carry out classification 
accordir.~ to size of products cominf'. from tho crushing rolls and mills. 
They are capable of carryine< out eight sepai·ation per compartment, and 
are therefore very versatile. The sieves, faced ~~th anti-sbrasivo 
laMinated plastic, facilitate rapid chanse of output. 

Construction of such equiµnent is limited to companies which o~'Tl this 
knowhow and expertise or can obtain it through cooperation. 

-Screens are basically two rows of sieves which complete the operations 
of the horizontal sieves. Flour with much reduced fines can ho produc~d. 
The technolo~ical and construction considerations are the same as those 
mentioned for horizontal sieves(6). 

2.3.3 Rice ~-:illinP: 

Threshod and dry paddy is delivered from the field. Jt is not su:t:;b1f~ 
for human consumption which can only take place afLer de husk)n~. Cnce 
de huskinP. is accomplished, and also, bran removed, the rest is th~ 
rice: kernel, high in carbohydrates, low in proteins. Threshed a.:-id 
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dried paddy can be converted to dehusked, debranned rice or through 
a parboiling step to a parboiled, dehusked and debranned rice. At 
the same time that the rel'lloved husks can be used as fuel, the bran, 
which also can be stored. is u&ually used as an animal feed or as a 
source of rice bran oil. 

2.3.1.1 Hice Cleaning 

H.ice cleaning installations, large or small, are siJ!lple. They 
include cylindrical or horizontal rotating or vibratin~ screens 
with aspirators, magnets and Means for separating stones, sand; 
metals, field refuse etc. Cleaned rice can further be processed 
into parboiled rice, or can be dehusked and debranned without par-
boiling. 

2.).).2. Farboilin!! 

A considerable portion of the rice produced annually throu~hout the 
world is parboiled. Estimates are between 20 and 251. The process 
involves subnerging the threshed paddy in water and heating. 
During parboiline, rice starch gelatinizes, active en~ymes deactivated 
completely or partially, and other important chemical changes occur, 
which contribute to a higher milling yield and quality of milled par­
boiled rice, parboiled paddy and parboiled milled rice keep lon~er. 
The grain remains firmer during cooking and absorbs more moisture and 
less fat.• 
First the paddy is submerged in water, in metal or concrete tanks. 
Steeping takes up to 60 hours. After drainage, the rice is heated ~y 
steam injection whon placed in steaming vats or open pan temp~rinr. 
Heating can take place in pressurized vessels and some ~nerations 
utilize automated, pressure valves equiup&d continuous equipment. 
Parboiled rice can be sun dryad or drj'.ed by rotary dryers, ~rain 
dryers or"'others. Pans for parboiling are made of hemispherically­
shaped steel sheets, welded with a supporting frame of steel profiles. 
farboiling can be done also on double-bottom steam heated oans; in 
this case husks can be used for firin~ steam p,enerators. A more 
complex technology onploys autoclaves, steam heated and pressurized 
rotating on an horizontal a.xis. Small grain dryers are a column, 
where ~rain falls in countercureent with hot air, follo~~nr a zir-za~ 
path. Air is heated by an exchan~er and propelled by a fan. A r.orc 
complex technoloey employs vacuum dryers. ~:anufacturing of pans and 
small dryers calls for metal sheet forminP. and weldinr and for some 
machining; their prade of complexity is low. 
Lar~or rico mills use integrat~d parboilin~ equip:nent, ~ith sa~c 
rotatinC1 autoclaves for soaking ( stEiam heated) and dryinr ( v;: cuul"': 
effected); this machinery is very complex and fully auto:-.at:i7dU). 
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2.1.-,.3 

~~illing of rice. parboiled or non-parboiled includes both husk and bran 
reM~val. Tho rubbo~ roller de-huller consists of two closel,, spaced 
rubber rollers. rotatin~ in opposite directions and at different speeds. 
They are driven by a gear box and s•1pportcd by ball bearings. A steel 
profile or cast iron frame su~ports movinr parts. ~ubbcr rollers are 
subjoctod to considerable wear and h3ve to be frequently changed. 
Listance between rollers may be adjusted. 

Fran removal is obtained by abrasivt: cones. This machine is basically 
a cast iron cone, ft~th an abrasive material external coatinr. The cone 
revolves into an aluminium or steel casing where metal reesh or perforated 
sheet sections remc~a bran, while rubber bars retain whitened rice. 
Abrasive action of the cone can be adjusted by vertivally displacinr the 
cone. A steel or cast iron frarne is tho machine body, where the cone is 
supported by ball bearings and driven by pi1lleys and shafts. 
Cone whiteners can be considered as intermediate technoloszy machines 
and their manufacturinf- requires a higher degree of mechanical machining 
and cast iron forming (8). 

2.).4. Eaize (corn) Villing 

~;et milling of corn which results in S9paration of the corn into hull, 
perm, starch and gluten will not bo a subject for discussion here. The 
dry millinrr of corn involves the followinP approaches: 

a. reduction in size through dry £rinding 
b. the tempering degerming system 
c. the dry degerming system 

Prior to milling, the corn is cleaned and stored. Cleaning of grains 
have been discussed already in this report. 

2.J. 4.1 Dry Grinding 

'fhis includes hammer mills and stone mills. Hamner mills have a rotating 
shaft supported by ball bearings. The shaft supports several arms and 
hal'T'J'ler heads. Alarge variety of shapes and sizes exist. Rotatin!! 
harn~crs force-brake the material to be ground a~ainst rotors which permit 
only particles of a certain size or smaller to ~scape. Stone mills w~th 
on£; stone or both stones rota tin? driven by an electric motor, die sol 
e:nCl'ine aro also usod to grind dry corn. };anuf acturin~ of hammermills 
calls for casting of tho body of the mill and that of the rota tin!! arms, 
~eldinr of sheets and profiles and machinin~s of oporatinr and rotatin~ 
partE. ]Rnufacture of stone rrinders requires similar capability (9,10). 

• 



-17-

t:,oisture is added ti> the corn as cold water, hot water or steam in 
r~quired quantities depending on the properties of the corn. Pre 
soaking is done in vats, tanks or reservoirs, or in screw conveyors. 
Soaking time determines size of presoaking installations. 
Dogonning is usually achieved in 2 steps. Jn the first step, a 
deRertner stock is produced. This is a mixture of endosperm, ~rits, 
hulls, ge!'I'ls. The degermer and corn huller is an attrition device built 
as a cons mill. Tho cone shaped rotor is mounted on a rotating, 
horizontal shaft ir. a conical cage. The cone has protrusions over most 
of its surface. Th~ Beall degenner is the most utilized degermer in 
the U.S.A. Dogo:nr.ination of this kind are tuilt in different sizes, 
with the most popular driven by a 50 H.P. motor and processing up to 
2.5-3.0 tons of corn per hour. Dcpendinp on moisture content, drying 
and cooling may be required (down to 15-181- moisture level). This 
is followed by rolling and gradin~. 

The recovery of various primary products is accomplished on corrugated 
roller mills. Each pair of rolls is fed a selected mill steam. Siftinr­
is an important operation. Aspirators are used extensively to 
separate and recover hull fra~ents. Corrugated rolls are used in 
the roller mills. Each separation step consists of an aspirator, a 
roller mill and a sifter. Soparation is made mn a long, rapidly 
oscilating sieve clothed by a series of fabrics having pro~ressively 
larger openings towards the tail end. This (gravity table) separator 
classifies particles according to differences in density and aero­
dynamic properties. The different products produced by this separator 
is later on milled further. 

Screw conveyors and bucket elevators are used extensively for material 
transport in the mill. Pneumatic conveying systems are raininf!: pop'.l­
larity now. They occupy less space, easier to maintain and are more 
sanitary ( 11 ) • 

2. J. ~-3· Dry Dee:erming 

Degerming and dehullin~~ of untempered corn can be achieved through 
processes and equipment developed for this purpose by the t'iag or 
Ocrim companies. Jn both processes, corn with 12-161 moisture is 
processed in an impact type machine, vertical or horizontal and separa­
tion based on size and density takes place with sfters, aspirators and 
table separators. This specialized technolop:y s supplied throu~h its 
owners or their subsidiaries (12). 
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2.4 Consideration of Plant Size 

A comparison of the activities in the vegetable oil crushing industry 
in the U.S.A. in 1982 to that in 1977 shows that the number of 
factor~es have decreased from 260 to 233, or a decr~ase of slightly 
over iO percent. At the same time, total oil seeds processed rose from 
ca. 23 million tons to approximately 42 million tons, an increase of 
approximattly 85 percent. Those figures point to a trend in the 
United Stat3s and one that exists in other developed counries, of fewer 
larger plants (13). 

Large plants both require and justify higher levels of automation and 
process control. Often, large factories are highly specialized and 
can handle different raw materfals with less flexibility than small ones. 
Simple equipment for oil crushing and for small scale processing of 
vegetalbe oil is available (lg). Considerations of availability of raw 
materials, market demand, availability of funds for invesbnent, infra­
structure as well as other considerations will deternine t.he size of 
the oil extraction plant. An oil seed crushing and refining plant with 
capacity of 50-250 tons of oil seeds per 24 hours or less is considered 
a small plant. 

Leading manufacturers and suppliers of vegetable oil extraction and 
processing £quiµnent are capable o~ supplying complete plants or pro­
cessing systems for small and large plants, on delivery of equipment 
or on a turn-key basis. I"his they can do with or without local suppliers 
for peripheral or non critical equipment. 

In modern grain milli1~. suppliers may base a large size operation on 
repetition of smaller lines. This in a sense will make a large plant 
basically a combination of several samller ones, without changing very 
much the nature of the problematic of local production of medular or 
peripheral capital goods. 

2. 5 Technology for Energy Saving 

A continuous effort is being made, usually by equipment manufacturers, 
to develop systems a.nd rrocesses that will result in saving of energy 
in the process of otra~tion and processing of vegetahle oils. This is 
due to the fact that energy has become much more expensive than before, 
and that following this increase in energy costs, c.J.most all other 
inputs have gone up in price as well. This situation makes it all the 
more necessary to C'Jt d01·n on processinf? costs and there again, the 
cost of ener~y boc0.•.£:is a ta.r;-et for rednction. 

Steam consumption pe;r rr,etric ton of processed soybeans from beans to 
desolventized, drit:d r~.eal <-..nd degummed oil was until 1950 approximately 
405 kg. In the early 19SG' s it was approximately 330kg and it is 
considered that a l~vel of !77 kr. is reachab~o (14). 1his can po£sibly 
be achieved by rededr:ninr: of some equipment systems al though better 
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management of equiJl!lent and utilities and improved maintenance can 
still play an important role. Considerable energy savings can be 
realized by introducing of more heat recovery systens and by deve­
loping and utilization of multi fuel systems (2e). 

Considerable savings of energy can be achieved if the process 
includes a cold prepressing step (1c). ~ben compared with the 
classical process, which require~ crushing, milling and cooking 
prior to prepressing, or with the direct extraction process which 
requires crushing, flaking and granulation, the cold prepressing 
requires significantly less energ,y. This process is optimally 
suitable for factories with capacity of 300 tons/day of raw 
P1aterials. 
Additional technological innovations, like extraction under pressure 
(1.h ) , precooking and agglomeration ( 3 ) and others result in a 
continuous reduction in energy consunption. 

The wheat milling industry req~ires very small amounts of energy 
when compared to other sub sectors of the food industry. Still 
large mills with extcnsi~e pneumatic conveyance systems require ca. 
75 t:wH per ton of ground wheat while mills with short conveying 
tracks may require as little as 55 r~wH/ton. In small mills energy 
requirements are high and may reach 80 KwH/ton. ~1hile energy re­
quirements for milling did not change much over the last 3-4 decades, 
phases other than Erinding, and primarily cleaning operations show 
a large decrease in cnerf!S consumption. Although the contribution 
of the wheat milling industry to national eneri,;s saving is very 
small, still to the indiviaual miller it c1n be significant. It is 
believed that in wheat milling this can be achieved through better 
management (14 ) • 

};odern, automated or controlled systems for rice parboiling: ( 6 ) 
represent considerable energy savings when compared with traditional 
parboiling techniques. 

2.6 J.:edular or Peripheral Capital GClods • 

2.6.1. Medular and Peripheral Capital Goods in the Vegetable Oil and 
___ ..;;.F....:.0....:.0.:..d_.~,du stry 

2.6.1.1 ferjpheral Capital Goods 

Pumps 
Electrical motors 
Electrical motors (explosion 
control panels 
steam boilers 
steaJT1 genera tors 
heat exchangers 
water coolers 
conveyors: belt, screw, chain, drag, bucket 
negative and positive air transport system~: 
Hoppers 
Sifters 
Aspirators 
'r-;ei;;hing Systems 

tanks 
tubes 
sottlinr tanks 
seed conditioners 
rr.avnet cleaners 

cyclones, air compresses, tubinr'. 
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Storage Installati~ns (oil seeds) 
Fork lift trucks 
Storage tanks (liquids) 

2.6.1.2 ~edular Capital Goods 

Shakers 
Sifters, sieves 
Cleaners 
Autoclaves 
nxers 
Beaters 
Patch extractors 
Continuous Extractors 
filler presses 
Filters 
Grinders 

Cracking rolls 
Flaking rolls 
Oil seed (grain) dryers 
Screl.' Presses 
Centrifug:es 
Distilation Colu~ns 
Evaporators 
Stea.rr: ejectors 
?·~eal Dryers 
r-:eal Coolers 

2.6.2 :t-.edular and peripheral Capital Good~ in the Grain t'.illing Industry 

~.6.2.1. Peripheral Capital Goods 

fUJ'TlpS tubes 
baggin~ equipment 
bins 
stalk strippers 
hoists 

Eloctrical motors 
c.:introl panels 
~team Boilers 
Steam generators 
tanks 
Conveyors: belts, screw, chain, dra2, bucket 
Negative and Positive Air transport system: cyclones 
air comprossers, tubings magnet cleaners 
hoppers 
aspirators 
weighing systems 
storage installations (grain) 
fork lift trucks 

2.6.2.2. };edular Capital Goods 

grinding equiµnent: stone grinders, hamMor mills 
grain dryers 
coolers 
grinding rolls 
sifters 
bleachers 
~~para tors 
co~~rrljers 

Fans 
2..ubbor rollers 
Siov~s 

Ste•'ll rollers 
Abrasive Cones 

2. 7 J.:udular and Pt:ripheral Capital ~cods accurdi nr to the Complexity 
Index Criteria 

.. 
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2.7.1 ?-lodular and Peripheral Capital Goods in the Vegetable Oil Industry 
according to the Complexity Index Criteria 

level of ComplAxity N4: 
Peripheral 

Control pannels 
k'orklift trucks 
Weighing systc.'Tlls 
Storage installations 
Pumps 

level of complexity NJ: 

Peripheral 

Pumps 
}iotors 
Steam Boilers 
Steam Generators 
Heat Exchanges 
Water coolers 
Conveyots 
Air transport s1stems, cy~lones 
Air compressors, tubings 
Aspiratvrs 
Sto~age installations 
storage tanks 
tanks 
tubes 
settling tanks 
seed conditioners 
magnet cleanors 

levols of complex]ty N2: 

peripheral 

Tanks 
Hoppers 
Containers 

1".edular 

Centrifu £'es Autoclavos 
Mixers 
GrindrJrs 

Distilation columns 

Continuous extractors 
Crackinr rolls 
Flaking rolls 
s~row Presses 

~;edular 

Shakers 
Sifters, sieves 
Cleaners 
Beaters 
Batch extractors 
Filter presses 
Filters 
Grinders 

Evaporators 
!ical Dryeirs 
real Coolers 
Oil Seed (+Crain 

dryers 

oil seed (Grain) dryers 

mf.ldular 

2.7.2 1".edular· and peripheral capital Goods in the r,rain J:illing 
Industry according to the Complexity Jnclex Criteria (15) -

level of complexity N4: 



Peripheral 

Pumps 
Electrical motors 
Control pannels 
Stearn boilers 
Stearn Generaltors 
Forklift trucks 
Wei~ing systems 
Stcrage installations 
aspirators 
bagging equipnent 

Level of Complexity NJ 

Peripheral 

conveyors 
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Ne~ative & possitive air transport 
syst ·ms, cyclones 

Storage installations 
bins 
hoists 
hoppers 

Level of Complexity N2: 

Peripheral 

Tanks 
Bins 
Hoppers 

:Medular 

Grinders 
hammer mills 
grain dryers 
Coolers 
Grinding rolls 
Dee:ermors 
rubber rollers 
Steel rollers 

t·:edular 

Sieves 
Pans 

Bleachers 
Separators 

Xedular 

2.8 Preliminary Identification of Equiµnent or Production lines that 
could be produced in cevelopin~ countries 

The level of development of the local metal-working industry will 
determine its capability to produce machines o~ production lines of 
the types reviewed earlier. for the purpose of a ~reliminary 
jdentification, 4 levels of develoµnent of the metalworking industry 
have been taken arbitrarily and are represented here by the followin~ 
selected countrie~; alli1ough other selections could have boen ma.de 
equally successfully: 
level 1: Brasil, India 
leve 2 : Colombia, ~. 

level 3: Niperia 
level 4: Central African Republic 
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). Sa.sic f'roblems and Issues Affecting the Development of the capital Goods 
in the Oil Seed Proces~in~ and the Grain Milling Industries in Developin~ 
Countries 

J.1 Ceneral 

Medular and peripheral capital goods are required in the developing countri~s 
for extension and renovation of existing oil seed processing and ~rain millin~ 
installations. Such capital goods are required as well for setting up of new 
proce sing facilities. Local production of all or some of these capital goods 
could contrib.ite to the economy of the developing countries in several important 
ways: 

J.1.1 It could reduce the overall size of the investment in machinery 
involved in the project. 

J.1.2 It could reduce the foreign exchan~e component of the investment in 
the project. 

J.1.J It could generate employment and income in the local machine buildinr 
industry 

).1.4 It could start or add force to an on going process of economical 
development which could bring about an overall improvement in 
employment, education, income etc. 

In oroar to reap such benefits as mentioned above, it is necessary that certain 
conditions will be met, eo that there will be, or there will be created a sound 
basis for the establishment or promotion of local machine building industry in 
the developing countries. As per terms of references for this report, this 
machine building industry should concorn itself with the production of peripheral 
capital goods for the grain milling industry and the oil seed processing industry. 
Still, some of the comments made in this report relate to the food processin~ 
machinery manufacturing industry as a whole. 
Among the factors that could influence directly the develoµnent of the manufac­
turing industry of capital goods for the food indutry the following could be 
mentioned: 

a. Demand and co1npetition. 
b. ~:now-how, engineering services, technical services 
c. Manufacturing capa.bili ties 
d. Promotional policies 

Further on in this chapter, these subjects will be 'ted separately, within 
the context of the oil seed and grain milling indus and also in a more 
?eneral way. It should be emphasized that these fac mentioned above are not 
l:i sted in the order of their absolute importance. 'l'..e:..e factors may have 
d:ifferent relative importance a.t different times or in different places. They 
ore usually interrelated and will affect one another. 

3.2 Demand and Competition 

The search for sources of supply when there is need for suchsupp~v is the basic 
process. There were at some points in time, and there will be ar,ain in the future 
demands for both medular and peripheral capital ~oods for food processinr, in £:tach 
and every country around the globe. This includes capital fOOds for the r:rain 

. .. 

.. 
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Level 1: Brasil, India 

Both these countries have a large ~etal-working industrial base. All 
machinery, or almost all machinery required for vegetable oil crushing 
and refining and cereal grain milling, can be produced nationally. 
Exceptions would be few. Possibly, ~ooved mill rolls for wheat milling, 
advanced and semi-advanced automation equipnent. 

Level 2: Colombia 

In countries of this level (2) there might be difficulties in securing 
electrical motors of local construction, if motors of more than 20 !1\ 
are required. Intricat~ electrQcal control pannels may not be socured 
locally, complete grain dryers will require importation. 

Level J: Nigeria 

ln countries of this level sheet metal work, woldinr and· simple peri­
pheral equipment can be manufactured locally b.ut not very much more 
than that. Manufacturing drawings must be supplied and an appreciable 
level of complexity in production of simple machinery requires imported 
exportise. 

Level 4: Central African Republic 

Very minimal technical capability is available locally. 

The following table gives the relative degree of industrialization 
(based on all countrios) of the above mentioned countries. This data 
helped in establishing the four levels of developm~nts and countries 
bolon~ing to each level. As a matter of fact, other countries cculd 
have been selected and there was no special reason but for the level 
of doveloµnent behind this selection. 

Table 1: Relative Degree of Industrialization by Industrial Branch· ( 16) 
(1975-1981) 

Food Production Iron &Seel Non-electrical Electrical 
machinery machinery 

E:rasil 1.o4 1.15 1. )2 0.86 

India 0.53 2.26 3.20 1.66 

Colombia 1.12 1.04 1.22 0.88 

Ni goria 0.62 0.11 l). 29 0.63 

Central 
African Rep. 0.14 0.14 
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milling and the oil seed proces~ing industries in the developing countries 
as woll as other branches of the food and agro industries. This in itself 
does not determine that all countries could provide an equally encoura­
ging envirorunent to a capital goods manufacturing industry. Although 
such goods will always be required at different til!les in every countTY. 
As a matter of fact, this industry when pennitted to develop and grow 
over the years, in the developed countries it tended to concentrate and 
or spread as a result of market pressures, marketing opportunities 
and the drive of motivated individuals. 

Lakinf investments, monetary or otherwise, in setting up a capital 
~oods manufacturing industry (both modular or peripheral) requires the 
study of marketing potantial. This market study could be a t~o dirnen­
tional one, and could relate to the national, sub-re~ional, rerional or 
international markets. Two dimentional market study for production of 
capital goods is meant here as involving capital ~cods required especifi­
cally by one type of industry and capital f,Oods required by more than 
one tupe of industry. As an example, a capital goods manufacturing 
operation could become spocialized in the manufacture of conveyors of 
differont types and for different industries. By comparison, a manu­
facturer may decide to produce just one type of a dryer which may be 
usod to dry one or more types of product. 

In so~e parts of the world the grain milling industry is milling at a 
level of production which is determined by the size of local erain crops 
to~ether with that of imported grain. To~ether this quantity represents 
tho grain consumption level of the local population, with or without 
governnont intervention. Althou~h frequently in developing countries 
grain consumption per capita is low, primarily because of lack of pur­
chasinr power of the weaker parts of the population, the grain millin~ 
industry has an over capacity, meaninr!, part of its capacity is not .. 
utilized. Projectin? possible future rrowth in milled prain products 
in oach country, based on population growth, increase of demand for 
rrain products per capita in the future, possible planned government 
assistance to the purchasing power of the population, thus increasin~ 
the level of per capita consumption of grain could assist in the 
determination of tho potential growth of the national grain milling 
industry and through this, the determination of that country's future 
needs in capital roods for grain milli.ng industry. 

A siniJar arrroach could be most valid in the case of the oil processin~ 
indu~try. ·any dove:lopinf countries encounter shortap~ of VBgetable oils, 
An evr~ 1uaU0~1 of the size of the markot for additional supplies of 
ve:gctc,l le: oj J s could be the basis for projecting possible p-01'.'1.h of 
this industry. Planning of this sub-sector includes forecast of 
suppl:ies of oil b8aring :rs.w materials from national oriJ:Yin or throu£'h 
imporlr.l:ion. 

Froj(;~· h1r· l~ic rrowlh of the oil seed processing industry bc;sed on 
natiori~l dt~:r.:".nd for the oil and for the oil seed by products and projec­
tion of inv0~tmcnt in this sector could help iB establishin~ the quanti­
tative: r,c~d fo:r- capital e;oods for the establishment of this industry. 
1hi s : riforrr.0 U on, torether with similar information concerning tho rra:i n 
rdlLi r. it:C::: ~' r.v could outline the demand for capital Foods in both 
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Table 2: Projected Growth production in 1985 
by subsectors (millions of tonnes) 

~ 

2/ Heat Industry - 172.3 

Dairy products 29.8 

Fruita and vegetables 37.4 

Fisheries 31.0 

Cereals 220.4 

Sugar industry 162.2 
Chocolate industry 9.8 

Confectionery 11.0 

Animal feed industry 267.3 

Beverages industry 214. 8 

Coffee industry 6.0 

Oila and fate 42.6 

SOURCE& International Centre for Industrial Studies (UNIDO) 

1/ Average for the activities included in the industry. 

!/ Includes slaughtering and processins. 

• 
,Annual growth rate 

World Developing 
countries 

2.9 .!/ 
I 

2.5 !/ 
1.5 0.6 

1.4 5.5 

3.4 S.6 

1.6 It .1 
2.0 !/ 2.1 !/ 
6.0 21.1 

2.7 8.8 I 
N 

5.2 9.4 o-, 
I 

3.6 4.7 

2.9 6.4 

3.2 4.2 
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these sub sectors on a national, sub refional, regional and international 
level. Such studies should be undertaken by reputable manufacturers of 
machinery and installation ,.or grain milling, oil seed processinp and 
other types of food or feed processing systems, as well as by governmental 
or international planninf agencies (17). 
The opportunities in manufacturing of peripheral capital goods for the 
grain milling or the oil seed processin~ industries should be considered 
regardless of the opportunities for the setting up of manufacturing 
facilities for medular capital goods for tho ~rain millin£ and for the 
oil seed processing industries. Feripheral capital goods requirements 
for additional sub sectors of the food and feed industry could stren~then 
the position of tha food industry peripheral capital ~oods manufacturing 
industry throu~h a w~der ran>,e of required products which will provide 
for a ~~der manufacturing base. 

Investment in medular or peripheral equiµnent in the P""ain milling and 
in the oil seed processing industries, as well as in other sub sectors 
of the food processin~ industry involves takine diff~rent types of risks. 
Selection of equiµnent suppliers is soMetimes a subject for a lengthy 
and delicate process in which many factors are teing evaluated. A local 
national manufacturer of modular or peripheral capital f-Oods will have to 
establish a name for himself first, so that when the opportunity arises 
it will be contacted and/or considered. Foreign constructors of capital 
goods with or without a manufaturin~ base in the developed country, 
with an active representative or even without an active representation 
are usually quite woll known by planners and. promoters of industrial 
development. They are usually contacted and brou~ht into the picture, 
primarily because of th~ reliability of their products and of their 
services. 

Both medular and peripheral capital roods are required to provide a 
reliable service. Production problems can occur with both types. Sol­
ving production problems of modular capital goods may be more involved 
and may require higher level of skills than that involved in putting b 
back to ~ood functionin~ order of peripheral capital goods. Still, 
lack of reliability of peripheral capital goods is usually seen by 
potential customers as a serious danger and a pitfall wlich should be 
avoided. For this reason, and unless a reputable local manufacturer 
or manufacturers of peripheral capital goods exist, and are well 
thought of, and the expr: rtiso of selecting such peripheral capital 
goods and intefjrating it into a well functioninf! system which includes 
other capital goods both J:iedular and peripheral, a foreign manufacturer 
can still be preferred. 

J.2.1 Future Incnease in Volume of Production of Different Subsectors 
of the Food Processinr 

The UNI DO International Cent(:)r for J ndu strial StudiE:s ( 1 ihas estimated 
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the production up to 1985 in several food-processing subsectors, both for 
the developed and the developing countries. 

Although growth rates are generally much higher in the developing than in 
the developed countries, the importance of the former in total world 
production in absolute terms is still low and may continue to be so. The 
table shows the foreseeable developnent of production in the food-pro­
cessin~ sub-sectors, and the sharp increase in the confectionery and the 
animal feed sub-sectors. 

AlthouRh the development of the food-processinr- industry _an be greatly 
stimulated in the developinf- countries, closin~ the wide gap in production 
when compared to the developed countries, still depends on the various 
techno-economic limitations and on some other limitinc factors like the 
size of tho domestic market and availability of raw materials. 

3.2.2. The Froduction of Equipment for the food .F'rocessim: lndustrv 

The Food Processin~ industries constitute a group of very diverse acti­
vities. Some of these have in common some characteristics that make it 
possible to distin~ish them from other industries. These main characteris­
tics have to do with the soasonal nature of the agricultural production 
and food processinP, tha need to obs~rve hygienic conditions, the handling 
of perishable products, the great diversity of products and of required 

machines. 

lra case of the p:rain millim: and the oil seed processinr.: industry is 
different. Both ~rains like wheat, maize, rice and others, and oil seeds 
like soy, peanuts, rape, sunflower, safflower etc. are not classified a~ 
perishables. At tho same time that adverse temperature and humidity 
conditions can damage eating quality, baking quality of grains, and oil 
seeds quality both as sources of oil and of meal could be affected. 
Grains and oil seeds are not quite as susceptible to spoilage as arc 
fruits, ve~etables, meat, dairy products, e~r-s etc. Duo to their stora~e­
ability, their processing is not carried out as a seasonal operation. 
Since procassin~ of J_;I'ains and oil seeds does not involve so much wet 
(water) stages, maintenance of hy~nic conditions is simpler. 

The total estimated sales of capital ~oods for the food processing 
industries by tho OSCD member countries, excludinp, Dell!'lark, Norway, 
Switzerland, Portugal, Spain, Tur~ey and New Zealand are estimated to have 
been of the order of $U.S.2,800.- million in 1975. Tho United Sts.tes 
accounted in 1975 for about 50 per cent of OECD total ($US1,402 million) -
and the: Federal i{epublic of Germany, with about 20 percent. The two 
countries torether sold equipment at a value of some $US2,000riillion, 
or ntarly 70 per cent of the OECD sales of capital roods for the food 
processin~ industry (in 1975). 
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Tho above is based on OECD publication "The Eniz:ineerinp and Electrical 
Industries in tho OECD ?-~ember Countries", Faris 1977, group 14) (SITC code 
718. 3 "Food Processine :r-:achines" ). Cther groups such as 719.1(5), which 
covers cooling equipnent, much used in the foodprocessin~ industry, or 
719.6(2)A, which includes deliveries and sales of packaging machinery and 
machines for cleaning bottles and other containers, widely used in the 
food sector exist as well (18). 

In the EEC, the Federal Republic of Germany is the leading producer of 
capital goods for the food processing ~ndustry. Out of 50 engineerin£ 
sectors in six major CECD countries,* machineray for the food processin~ 
industry represented only 0.5 per cent of total output. It is more 
important in France, the Federal Republic of Gcramy and tho rnited States 
(table J) As a whole, the manufacture of capital roods for the food pro­
cessing industry is rather small in comparison ~~th other sectors (19). 

Three countries, The Federal Republic of Germany, The Cnited States and 
Japan, account for between 70 and 80 per cont of the total output in OSCC 
countries y value of capital goods for the food industry. This indicatos 
a hi~h level of concentration of capital goods manufacturin~ industries 
in a few countries. These could be most hi~hly developed countries with 
possibly a strong domestic market of its o~'Tl. Despite this there is an 
ever growinf interest and an ever ~rowin~ dependency on the large world 
markets, much of which in grains and oil seeds is located in small or 
large dovelop5.n~ countries (19). 

A relatively small number of manufacturers of capital ~cods for the 
grain milling and oil seeds processin~ dominate the international scone. 
Those companies operate usually in one of tho way described below: 

(a) Enterpriso oporates predominantly in the country of origin, 
carrying ~~th exports to forei~n customers. 

(b) Enterprise is involved in some manufacturing in recipien~ountry/ies 
in order to serve a country or a sub f.eorraphic region. 

(c) Enterprise seeks and finds local groups with whom to 
cooperate, usually contract out, with supply of techr1..>lo['Y. 

As a result of this, many suppliers of capital goods for tho ~rain 
milling and the oil seed processing industry have established a manufac­
turin!! base in several developing countries and could widen tho production 
of their r.iachincry_ thore, provided thoy are enc cu raged to do so and find 
that conditions are condusive to such activity. 

• FedE:ral Republic of Germaey,r,rance, St.'eden, Cane.da, lSA, Japan 
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SDDCTtJIE OF !MGIHPDIMG PIODUcrtON IR THREE OECD commu:ES 

(PEJU:!SUGE FOB. liCH SECTOI. D TOUL nooocnON OF ALL SECTORS COVDED) 

Six-country nG France 1JSA 

ave.rage 

Electronic components 3.2 1.4 3.7 4.8 

Electric motors and tranafonaera 2.9 3.0 2.8 3.0 

Materials handling equipment 2.9 2.3 3.S 1.7 

Passenger cars lS.3 16.5 16.3 14.6 

Metal structures 5.4 2..2 3.6 s.s 
Industrial vehicles 5.8 4.4 s.1 5.8 

Telecmmrmicati.ons equipnent 2.8 2.6 2.4 t.9 

- Shipbuilding 4.0 2.3 2.S 1.9 . 
Aircraft consttuction 4.6 1.2 8.1 10.8. 

Food-processing machinery o.s 0.8 0.8 0.6 

Metal coat•inera 2.9 2.S 2.3 2.9 

Remainder to SO sectors 

100 

SOCJR.C!: The Engineering Indust:riea in OECD Member Countries. New Basic 

Statistics, 1963 - 1970 (OECD) (19). 



-31-

J.J l'.now-llow, En!!inecrinl!, Services 

Reputable and established manufacturers of capital roods for the food 
industry usually consider their accwnulatod knowhow as their most valuable 
assot and will protoct it by all leral means wherever it can apply. 
This know-how will cover the desiFn, selection of construction materials, 
rnanufacture, quality control procedures, pricinl! and marketing. ln 
sone cases, the application of the equipment to processin~ or simply, 
what can this equipnent do or produce, represents a considerable 
amount of accumulated know-how which is much deeper than just straieht-
f or~'Erd operational instructions. Such accumulation of know-how 
represents in most cases years of continued prcfessional activities in 
constant efforts of upgradinf the quality of the finished products 
through improved manufacturinr: processes. A continuous study of tho 
co~petition, what it produces and how,is an important element in the 
activities of a manufacturer of capital foods. Although it sec~s 
that the complexity of these issues is lower for manufacturers of 
p~riphoral capital ~oods than to ffianufacturers of medular capital 
goods, this is not always tho case. Althou~h in ~any cases peripheral 
capital goods are of a lower complexity index and are thus simpler 
and less expensive to build, the need for them to function well with 
different types of systems and different types of raw materials, makes 
their detailed design and nrtrise construction a demandinf! task. 
Pecause of their rolatb·ely lower price when compared to that of 
medular capital goods, a peripheral capital ~oods manufacturim:: industry 
requires a wide range of devoloprnt..Jnt activities and investment prog.-w.s 
in order to ~enerate a wide enou~h economic base for its existance. 
This could mean that tho poriphoral capital roods producinr incustry 
could develop as a wide based industry involved in many different 
types of peripheral capital goods ~ith tho typical wcakncss~s inhcront 
in such si:uatnon, or as a small and specialized industry, dedicated 
to the manufacturing of a very small nwnbor of items of ono or few 
types, with the economic risks which are involved in such predicB.!Tlont. 

Existence of engineering capabilities within a country may influence 
the develoµnent of both the medular and peripheral capital goods 
manufacturing industry. obviously there is a need for engineerin~ 
skills to be available to the capital goods manufacturinp.: industry. ~ 
Availability of such engineers is critical for the design, design of, 
production, control of ma~u1acturinp and assembly operation, sales and 
service. Without such enr-inoers, setting up of capital goods manufac­
turinr industry will be slow, risky, probably nnsatisfactory and 
probably could not compete with foreiFn manufacturers. F~istence of 
local engineering capabilities are required, if a process is to be 
ini tiatod which will eventually lead to competi U on between local 
enrinecrin~ services and such that can be imported from abroad. 
J~portation of enfineerin~ services fro~ abroad results rr.any ti.Jr.es in 
irr,por·tation from abroad of more c< pHal roods than necessary. By this, 
it is meant here that ovon thourh some peripheral capital f'O"ris could 
be available to the project from a nat:i onal or subr£id onal source or 
sources, only active local enginecrin~ activitjcs could identify those 
peripheral capital goods which rni~ht be availab]e from local supp1icrs 
and fit them into the required process. Such activities may not 
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necessarily change the overall package of purch&sed package of capital 
~oods and could still remain within the definition of the project. the 
process or the product(s). but can definitely change the nature of the 
project, from an all out imported turn key project without local 
engineering or capital goods components into a project which may require 
some importation of some meeular capital ~oods which will be incorpo­
rated in a plant, designed and laid out th~~ugh local engineerin~ and 
with maximum of locally produced and properly incorporated capital roods, 
medular or peripheral as the case may be. 

Availability of engineers is critical to co~tinued industrial activities. 
In this respect several types of activities are to be considered, 
beyond local manufacture of medular or peripheral capital go· .... ds: 
Professional assistance in installation of and in supervision of 
installlation of nationally produced capital coeds is required and 
needs to be available. With such services bein~ available fron repu­
table non national equipment manufacturers, diffi~ulties in obtaininR 
such services for nationally produced capital goods ..,-ill bavt a 
n£:gativo effect on purchases of locally produced capital [Oocis, both 
Jr:EJdular and pE:rirheral. With local represc:ntatives of forcirn ir,anufac­
turers usually well staffed arid organized, such trained person' _ may 
make a difference between the success of a local capital goods manufac­
turing industry and its failure. 

Equally important are qu~stions of warranty, guarantees, availability 
of service porsoribl, ware and spare parts and the cost of these goods 
and services. 

It was referred Earlier to the importance of availability of engineerinp. 
services and the trainin~ of engineers. Throughout the capital goods 
manufacturing industry there is a need for staff training at all levels. 
Activities that fonnerly may have represented a low level of knowledge 
{for example. maintenance operations) now require training at inter­
mediate level in order to give reliable technical assistance to 
customers. This widespread advance in technology increases the impor­
tance of training of workers such as technical supervisors and technicians. 
At the samo time, the use of processing machinery of high value and 
complexity (metering devices, weighers, closing machines, etc.), and 
the complexity of know-how in fitting together of subassemblies and 
final assembly, specifications, tolerances durability make i~ necessary 
to raise the level of knowledge and experience of direct production 
workers at all levels. 

Staff training needs can be subdivided as follm.•s: 
Direct production personnel, production supervisors and technicians, 
personnel indirectly involved in manufacturing. 
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Sales personnel. customer technical assistance and repair and maintenance 
servicemen will play a key role in m'rketing and their training is of 
vital importance. 

It is necessary to have in the country and in the industry adequate and 
diversifi~d educational activities directed especially towards helping 
to provide specialized operators, bot.~ for the processing industry and 
for the capital goods manufacturing industry. Local training in all 
aspects mentioned earlier are essential for the establishment of an 
industry producing capital goods, both medular and peripheral. 

Fo~ the production of machinery incorporating simple techn~loP;;,V. the 
tr Lining requirements may be comparable 1'1. th those requirec·, for operators 
and technicians working in direct production. In countries cf a low 
or intermediate level of develop:nent, denand may not justify production 
in series. Therefore the required level of training is higher. 

For the production of machinery involving complex technology diversifi­
cation of engineering services are required. The qualifications of the 
technical staff should include production planning and control, standa~d 
of maintenance of process machinery, quality control. It may be nece­
ssary to have personnel with intermediate and higher education or 
equivalent in the fields of computer technolo~. planning methods. 
statistics and statistical quality control. 

).4 Manufacturing Capabilities 

In almost all of the developing countries there is at least some capital 
goods manufacturing capabilities. This capability can be utilized for 
the production of capital goods for the food industry in general and 
that of the grain milling and the oil seeds processing industries. If 
the local metal ind~stry is limited in capacity, such demand from the 
different sub sectors of the food industry could help in promoting an 
increase in the size of the capital good~ industry. Different measures 
may still be required in order for the capital goods manufacturing 
industry to capitalize on existing and on growing demands for its 
services, still a gradual increase in size of this industry could be 
forseen, if there is growth in the size of the food industry and other 
conditions are met. 

For a number of reasons, one of which is the ~trife for an achievement 
of a competitive edfe over competitors, man.v first world manufacturers 
of capital goods seek to locate, participate in or establish a rr:anu­
facturing b.ase in the developedcountries. In some case this takes the 
form of an est;i.bli~hment of a wholly or a partially o;.,'!led subsidid.ry. 
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Such subsidiaries have already been established in many developed 
countries by many of the leading first world manufacturers of c~~ital 
goods for the grain milling an~ for the oil seed processing sub sectors. 
Being profit motivated. these subsidiaries will establish as wide or 
narrow a manufacturing base in the developing country as is required 
in order to meet their estimated potential sales goals. 

Although such foreign owned subsidiaries are sometimes controlled 
from abroad and their main profit motivation could be that of attaining 
maxi.mum profit levels for the parent company and not necessarily a 
maximum level of profit for the national subsidiary, these subsidiaries 
could make a most sifnificant contribution to tte establishment of a 
national capital goods man~facturing industry ir. a developing country. 
such contribution can be envisaged in several ways. It could create a 
domand for goods and services, requiring employment of local people 
and purchasing of locally produced supplies, services and utilities. 
it could provide for training of personnel at all levels locally or 
outside the country as may be required, including such in house 
trai~ing of local ~ationals that might not be available otherwise. It 
could make available to the national subsidiary of know how including 
manufacturing drawings required for fabrication which are not available 
otherwise. It could also open doors for visits of industries in the 
developed countries where such modular or peripheral capital goods are 
used and through such visits and other activities it can help promote 
the establishment of the processinr and applications industry in the 
developing country. 

Foreign suppliers of capital goods could also arrange for local supply 
of some capital goods by contracting out to existin~ national suppliers 
rather than arrange for local construction of capital goods throu~h 
the establishment of a subsidiary in tho country where demand exists. 
Such an approach, although beneficial to tho local industry is not 
quite the same as that of an establishment of a subsidiary. Jt will 
involve a lower degree of exchange of information between local supp­
liers and the foreign manufacturer who W!ill remain aware of the need to 
guard its technological secrets and will pass on only as much informa­
tion as is absolutely required for the manufacturing of a limited 
number of some basic capital goods, and might view the process ofknow­
lcdge transfer with reluctance, fearinr. of the creation throu~h its 
own doing of yet one more competitor. 
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P.:anufacturing operations in countries of different groupings 
can be envisaged accordingly: 

level 1 

Brasil. India 

level 2 

Colombia 

l_evel 3 

Nigeria 

lf:lvel 4 

Central African Republic 

Joint ventures. ac~uisition of licenses. 

Joint ventures. licensin~. transfer 
of know-how. trainin~ 

transfer of know-how. training 
supervision 

only or mostly only import from 
abroad. together with some local 
technical limited skills. 

A gradual approach can be aopted in th~ case of levels 3 and 4 
countries. for develoµnt:int of a capital f!Oods manr facturine industry. 

The objective of the first stage could be that of tho dovelopnent 
of a local capability for maintenance and repair and for construction 
of simple components. The technology involved should be simple 
and should be adaptable to small-to medium-scale installations and 
companies. There is a need to stimulate local entrepreneurial or 
artisanal capabilities in sectors such as mechanical and electrical 
repairs and maintenance, foundry, sheet and plate forming and­
wolding. 

Astock taking program n~E>Cs to be initiated where all coprbilities 
of all local resources should be included and analysed. This 
should include all existin~ operations related to local machine or 
parts building activities and to all food procossing operations 
requiring or projected to requiro these services, present and future. 
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The objective of a second stage could be that of a creation of 
industrial infrastructures which is required for the establishment 
of a capital goods manufacturing industry. Once local technolo~ 
has been upgraded and a basis exists for supply of goods and 
services required for maintenance includine simpl~ parts, both 
wear and spare, a second sta~e can be considered. that of peripheral 
non complex capital goods. Traininp, and investment in mechanical 
and electromechanical equipnent will be require. ~~en this is 
achieved, level 4 and level 3 countries could be elevated to a 
position similar to that of level 2. 

Usiri~ the license or the "joint-venture" "*"ay "''ill lead to improved 
construction capacity for specific machines or specialized peripheral 
capital goods. This stage will result in a potential capability 
of manufa~turing peripheral non complex machines and spares, and 
having the infrastructure and personnel required for an even more 
advanced stage. 

The objective of the third stage could be the creation of an R & D 
capability in the field of manufacture of medular and peripheral 
capital goods at different levels ov complexity as required. 

3.5 Promotional Activities 

National governments and international or~anizations can influencs 
the ewtablislunent and the development of a capital Roods manufactu­
ring industry. This can be done in v2rious ways. 

Promotion of agricultural production and policies resultin~ in 
increase in food consumption in general and that of milled grained 
products or vegetable oils in particular, will require additional 
production capacity of these products. This will ~reate a need to 
enlarge this processing industry vl-.ich will create a demand for the 
supply of capital goods involved directly or indirectly in thEJ pro­
cessing of cereal grains and seeds. 

Plannin~ of educational programs at different levels for the forma­
tion of professionals, support of schools of enginoerin~. will result 
in formation of qualified local engineers. Similarly, establishment 
of vocational schools where training of technicians, machine opera­
tors, etc will take place, will result in the availability of 
trained workers at all levels without which the capital g;oods manu­
facturing industry cannot aper.ate or prow. 

l·:anufacturimp. of capital roods, both rwdular and podrheral, 
require long term planninr and endurance. Assist&nce throu~h invest­
ment support policies initiated by the national rovern~ent will be 
required if this industry is to be established and to be given the 
opportunity of becoming a success. 
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IN various ways. a national government can actively encourage foreign 
manufacturers of capital @oods to become active in the local capital 
goods market in a way that could lead to development of a local 
capital goods manufacturinr industry. Incentives can be offe1~d. 
These incentives could be of different kinds and may include: 
government assistance for traininfo pror-rams, lonp term loans for 
investment and working capital •• LeFislation and administrative 
measures can be also used in order to create an incentive to a 
foreign capital goods manufacturer to enter into some' type of venture, 
joint or otherwise, based on benefits which the forei~n supplier may 
lose or gain if he succeeds or fais in obtaininr an exclusive or 
preferred status. Sometimes, the award of a status of a'hational 
oquivalon~'to capital goods manufactured locally, make the importation 
to the country of similar equipment produced abroad restricted ot 
impossible, thus creating a favorabl~ climate for tho developn:ent and 
manufacturinf, of same capital goods locally, wi~h benefits reaped by 
the local industry and the local economy and with profits to the 
foreign investor as well, profits which otherwise may not have been 
possible. 



-38-

Im order to make a preliroinary identification of equipnent or prcduction 
lines that could be rroduced in the developing countries there is a need 
to take in account many factors. some of these will be discussed in cha­
-pter ) • the developing countries are sometimes very different one from 
another. In Level 1 countries like Brasil , India , all equiµient ~equired 
for the vegetable oil and fats and for the grain milling industry can be 
produced and much of it is already being produced. Whether one looks at 
the capital goods required for the oild and fats and grain milling 
industries together, or separately, or whether one looks at any of the 
vertically, that is - companies specializing in producing all that is 
required for a complete or nearly complete production lines, or 
horizontally, that is, companies spccializin~ in limited tY.pos of 
equipment like pump. or conveyors, or extractors etc. does not really 
make much difference. In order to contribute to the econo~y of the 
country there should be a comJ'l'lercial demand for these products. 

Level 2 countries ~~th doveloFT.TJent level similar to that of Colombia, 
could manufacture much of the capital goods required for the vepetable 
oil and for the grain millin~ industry. Thero are several exceptions 
and son.e medular capital goods may require importation. Jt ~ay not be 
the problem of lack of local production or production capability of 
many peripheral and medular goods in the country but lack of enginecrinr 
capabilities in the country. Such engineering capabilities that could 
replace an imported turn-key type expertise, by putting to~ethor peri­
pheral and possibly also some medular capital goods of national pro­
duction. These goods could be produced by a number of local suppliers. 
Local en~ineering services would be required, first in order to bo 
familiar with availability of capital soods of national origin and then 
to be capable of incorporating all the capital ~oods required. includinr. 
those requirung importation into an economical and reliable production 
line. An interestinp case worth mentioning is that of the settinr up 
in Colombia of a plant for production of precooked maize flour (20). 
Rather than proceed on a turn key basis, a local onr.ineorine rroup 
have studied the availability of medular and peripheral capital roods 
locally and of national origin. With the exception of a cookinr, column, 
centrifugal separator and gravity separation tablo which were ordered 
from abroad, (Buhler Brothers) almost all the rest of the capital p.oods 
were secured from 3 major and several minor local suppliers. Tne value 
of the imported capital goods came to about 301, of tho total cost of the 
equipment and capital goods manufactured locally amounted to close to 
700. In countries of level 2, considerable encouragement to develop­
ment of capital goods manufacturing industry could come froffi knowlod~e 
of what is and what could be manufactur~~ locally, are there needs for 
modification or adaptation and incorporation in a production line. 
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Level J countries require importation of all medular and poripheral 
capital goods. Availability of local personnel may be limited in 
capability to that of a supporting role only. In level 4 countries, 
capabilities are even lower and are almost non existent as far as 
construction of medular or peripheral capital goods are concerned. 
The concept of having a national construction of capital uoods for 
the vegetable oil and the grain milling industries may not be an 
achieveable goal and may in the case of many sin~le countries not 
even be an optimal one. 

A basic list of equiµ;iont which could represent a ~oal and a pro­
duction target for the developing countries of levels 3 and 4, and 
which countries of level 1 and level 2 are already producin~ or ar~ 
capable of producing is the following: 

Peripheral Capital Goods 

l-umps (some) 
electrical motcrs (some) 
electrical motors explosion proof (some) 
control panels (some) 
tanks, sottlin~ tanks 
mairnot cleaners 
air compressors 
aspirators 
convoyors (some) 
cyclones 
hoppers 
liquid storago tanks 
bagging equipment 
bins 

Medular Capital Goods 

~rain dry~rs 
batch extractors 
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4. ~'ain Findings and Recommendations 

4.1.General 

Capital goods are required at present and are supplied to the v,ro~~ng 
veretable oils and fats and to tho grain ~illing industries of the 
developing countries. This study h~s an objective \olhich is to identify 
the peripheral capital goods that tho grain millin~ and oil seeds 

processin~ lines have in common and those that have potential for 
local production ir. developing countries. This chapter will relate to 
the findings reviewed in chapters 2 and J. lt ~~11 also interpret and 
discuss the characteristics of the capital ~oods in tho two food 
injuslries which are the subject of this study and ~~11 relate to tho 
main obstacles to entry into the capital goods manufacturinr industry 
by country, and actions to be undertaken. 

4.2 1ype of ~arket 

The capital goods Manufacturing industry, in the field of both r.edular 
and peripheral goods required by the food processing in general and the 
vegetable oil and grain milling industries in particular, is dominated 
by a relativoly small number of oquiµrient manufacturers. These coll!­
panies are by and largo from tho U.S.A., Vnited ~ingciom, Germany, 
Switzerland, Italy, France, The Netherlands and from some other deve­
loped countries. Some of these companies operate in some of the deve­
loping countries together with local groups through different partner­
ship or ownership arrnafements. Other arrnaf-emonts, whether temporary 
and aci hoc or of a lon~er duration, and not on a project hasis, 
involve transfer of knowhow in various ways. Some of these co~panies 
restrict their activities in the developing countries to that of a 
foreign supplier with no local manufacturing relatt1<l activities. 
In most cases this situation is detennined by the size of the potential 
market in the country. level of technical capabilities, policies, both 
of the national government and the Company itself and the activities 
of the competition. It is important to realize that oquiµnent manufac­
turers, whther in the developed countries or throup.h their activities 
in the dcvclopinr, world, or local companies in the developin~ countries, 
need to make profit and profits are what motivate all oquiprTJwnt manufac­
turers. Eguiprnent manufacturers cherish their know-how, manufacturin~ 
dra•.·inrs, patent rii;hts, expertise, knowldr,e of the market etc. vory 
much and "'nl only share it with others if throug-h this they stand to 
make rr.ore rrofit, and if they can protect themselves adequately. 
Thuy neeci to kn:JW that there is a market potential sizeable enou!!h. 

The ~ost i~portant sinrle factor affenting the develop~ent of the 
cap:ltc"il r·oo:.is industry in tho developing countries, both rrc:::ular and 
pcripherc:.l, is that of market size. tnowlvJge of markut C.:cvE-lop'.',ent 
anLl projt:ct:ions can provide a base for planning of th£: ne8:!s in both 
rneJular am peripheral p:oods in the future. If the national r,arkct size 
is tir, e~pecialization in production of vegetable oil production or 
rrc.fr1 rnillinr: lines are pcssible. If rr,arket size is not sufficiont for 
r-uc\; ~} ec:i ~] i zation, then possibly specialization in r.;anufacturinr of 
cu- c,r r~8!'(; then one type of equipnent, required for r,ore th« n one 
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type of process is needed. In this report, Chaper 2 gives a list of 
capital goods required by the oil seed processin~ and tho ~rain milling 
industries. It could be that projections for developnont of these two 
industries in a particular developing country could provie a base for 
the establishment of a medular or a peripheral capital goods manufac­
turing there. 

Still. demand may not be big enough to provide such a base. Incorpo­
ration in such market eval~ation of developments in other sectors of 
the food industry and their requirements may change the picture. 
Addin~ demands by other branches of the food industr; for conveyors, 
aspi~ators. bins, wastes or other peripheral capital goods to the 
demands of the oil seeds processin~ and r,rain millin~ industries. 
could provide a base for future activities in manufacturing of capital 
goods. 

If such basis docs not seem to exist. then future needs for capital 
goods. required locally in order to meet demands of p.·owint: processim: 
industries will have to be met from abroad. This doos not necessarily 
mean tho developed countries. Such damand may be met by deliveries 
fron other developing nations where existing larger demand does 
provide a base for setting up of a local capital goods industry. 
Deliveries from capital goods manufacturing industries established 
in developing countries to customers in other developing countries may 
require prior consent of the owner of the know-ho, usually marketing 
rights and privileges are worked out between the foreign partner who 
owns the know-how and the local subsidiary. 

Delivery of capital p;oods from a anufacturor in a developim: country 
to an end user in another developinp, country may broaden th<J base for 
the manufacturer and increase its profitability. This could certain1y 
be considered as a desirable doveloµrient. For the customer or end user 
the imported capital goods are still capital goods required locally 
and manufactured on the other side of the border. 

Recommendation 1: To study the projected dynamics of the develoµnent 
of the vegetable oils and fat manufacturing industry and the grain 
millin~ industry on a national basis in each of the developing country 
in order to estimate future volume of b.lsiness in manufacturing of 
peripheral or modular capital goods based on present equipmont purchase 
prices. Such a report will provide a basis for action in tho field of 
the develop nt of the capital goods manufacturing industry in the 
developinf- countries. This study should include demand for capital poods 
in the oil su8ds and grains processi.ng sectors, cost of equipment, 
analysis of cost of manufacturin~ and marketing of capital roods pro­
duccable in the country and should provide information required in ord6r 
to Mak(j a dec:l sion vihather volume of business which coulcl potentially 

II I 
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be produced will indeed provide an economical basis for operation. If 
such basis does not seem to exist. could inclusion of capital goods 
requiroments for other industrial sectors in the country. and particu­
larly the food industry could potentially provide this extra demand 
required and thus provide tho yet to be established capital goods manu­
facturing industry with a proper econoMic base of operation. 

4. 3 ManufacturinP- Capabilities 

The manufacturing capabilities in a given developin!"'. country need to be 
evaluated vis a vis the results of the study recomrr.ended in section 4.2 
for the same country. 

~eco!lll'l1endation 2: To study on a national level and to establish both 
quanititively and qualitatively the factors which topether detrmine the 
local capabilities in manufacturing of capital goods for the oil seeds 
processing, the grain milling and possibly other industries or sub­
sectors of the food industry. basod on marketing opportunities estab­
lished earlier as per section 4.2. AmonG the factors to be studied are 
the f ollowinf": 

4. 3.1 Physical Plant 

This is related to a detailed analysis of the kind and type of machinery 
and tools required for the manufacture of the required capital l!Oods. 
as identified in the national study as per section 4.2. Examples of 
capital goods for production in the developin~ countries aro also given 
for the oil seed processing and grain milling industries in section 2.8. 

The purpose of this analysis is to determine if there is a need, to add 
to the existing manufacturing systems and or tools, systems or tools 
that are not yot available in the country and which through their absen~e 
or shortage create a bottle neck in tho local manufacturi~g quantitative 
or qualitative capabilities. 

4.3.2 Labor Force 

Part and parcel of national manufacturing capabilities is the availability 
of workers at all levels to the capital goods manufacturing industry. 
In this respoct the capital goods manufacturing industry for the oil 
seeds and grains subsectors and even that of the whole food sector can 
be viewed as part of tho overall national capital goods manufacturing 
program. 
As part of the study in reco~.T'lendatjon 2, tho labor force needs to be 
evaluated. This can bo broY.en dm.:n to different r:roups level accordinr! 
to professional leVfd_~ anJ types. ! no hi~1hest CJcholon consists of 
engineers (mechanical, electrical, chemical), economists, rnanagcrs­
administrators. 
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The capability of the national higher educational system to produce 
such professionals needs to be detennined, in view of present and 
future needs of the capital goods manufacturing industry. 
The second echelon consists of senior technicians, capable of filling 
up positions of production managers, shift mana~ers, supervisors, 
quality control inspectors, draftSJ11on etc. 

The third echelon consists of graduates of vocational schools. 
People ~"i.th sufficient training to operate advanced technoloF.)' machine 
tools and highly qualified welders. Those need to be trained by a 
national network of vocational schools preparin~ technicians for the 
capital goods manufacturine industry, tho food processing industry and 
other industries as well. 

4.J.J. :Know-how 

Existing or future manufacturers of capital ~oods could only extend 
their production program as far as the reach of the know-how which 
they possess. It is necessary to determine as part of the manufacturing 
capabilities what is the know-howr that will be required at the different 
stages of development of the capital goods manufacturing industry 
and to identify possible sources for such know how. 

4.4 Policies 

~bather setting up of peripheral capital goods manufacturing industry 
for the oil seed processing industry, or the grain millinf industry, 
or both, or settin~ up of both modular and peripheral capital goods 
industry for a wider industrial sector, the major benefits to tho 
national economy through such activities have bocn summarized earlier: 

1. It could reduce the overall size of tho investment in machinery 
involved in the project. 

2. lt could reduce the foroign exchange component of the investment 
in the project. 

). It could generate employment and income in the local machine 
b.Iilding industry. 

4. It could start or add force to an on going process of cc nomical 
dovelop!!ent which could bring about an overall improvement in 
employment, education, incomo clc. 

The possibility of reaping such b8nofits could be demonstrated if Re­
commendation 1 is acted upon. Onco this is done, and ~ecommendation 2 
is acted upon, the missing links on tho way to a successful sottin~ up 
of a capital goods manufacturinr :in-:lustry w:ill have bc:en determined. 



They can also be given towards expons~s in trainine, organization 
and workinE capital which should htlp in ord~r to see th~ capital 
r,oocis rr.anufactur(lr through the first few lean years. 

4.4.2.J. Help and Protection 

Having sufficient financial help from the banking system can be of 
extreme iiiiportance to the recently established capital goods industry. 
Helping this industry secare its share of tho business which growth 
in the oil seed processing and grain milling industries generate, 
is an important task. This can be achieved by encoura~ing the local 
industry to purchase products produced locally. Such encouragement 
could be in the form of duties and levies on importation, dis­
couraginp, rate of exchange, grants and easy loans to~ards purchase 
of locally manufactured capital goods and in extreme situations, 
protection of a national equivalent a~ainst i.Piportation. 

Government can make funds available if necessary to purchase of patent 
rights and know-how and could encourage foreign companies who own 
such know-how to go into partnerships with local groups. 6ne form 
of encouragement is lower taxation. Another is a guarantee to take 
profits out of the country. 

4.5 Lain Obstacles to Entry into Capital Goods }~anufacturing for 

the Oil Seeds fTocessini:; and Grain l;'illinf! Industries 

The developing countries could be divided into four cato~ories, as 
proposed in chapter 3 section J.4. In countries like P.rasil or 
India all capital goods required for the two sub sectors (oil seeds 
processing and grain milling) can be produced nationally, much of 
it in cooperation with foreign companies, who o~'n impoltint know-
how and sometimes part of the local company too. At the bottom of 
the line are companies where hardly any technical capability exists. 
and the chances for a bug and stimulating demand for capital goods 
are rather slim, either because of a small local market for the 
final products which determines the size of the local processing 
industry, or because existing conditions prevent these sub sectors 
of tho food industry from developing and thus, only little demand_ 
for new capital goods is generated. fotw:ien these two C1Xlremes, one 
could find countries like Colombia in which t.he capital p;oods manufactu­
ring industry is not quite as established and all encompassing as that 
of Brasil er India. but is certainly in exist~nce and very active, 
or countries like Nigeria, which is not very active and doLs not 
manufacture nor require more thjnr:s, b;t ;.::;c·:-o der.c.nd sU11 l'.Xists 



Recol'71J'llendation 3: Based on recommendations 1 and 2, local gov~rnments 
should be assisted in formulating policies which should be worked out 
and enacted upon, and which should create the possibility and the 
incentive for private and public enterprises to become active in capital 
goods manufacturing in general and in the manufacture of medular or 
peripheral capital goods for the oil seeds processing and the grain 
milling sub sectors. 

working out the required policies for tho promvtion of a local capital ~oods 
industry, these policies should relate to a number of different fields: 

4.4.1 FTo~otion of Nutrition, Agriculture, Food FTocessing 

A policy of promotion of adequate nutrition, increased agricultural 
production and increased food processing is the key to creation of a 
dumand for capital goods in the food processing industry. Discussion 
of this point is felt to be outside tho scope of this study. 

4.4.2 Assistance to Local Industry 

Pased on the knowledge of what is required by way of a capital goods 
manufacturing industry for the developnent of the loc . oil seed and 
grain milling industries, and by knowing what is available, (studies 
as per recol'llJ':endations land 2) the go~errunent could fonnulate policies 
for assistance to the local capital goods manufacturing industries. 

4.4.2.1 Folicies in Education and Training 

Plans for educational activities should be made and should be followed 
by actions which should result in formation of professionals at all 
levels required (see section 4.J.2). These activities may include 
promotion and support of training of individuals in selected fields 
abroad, training of teachers and instructors, providing financial 
means for setting up of workshops for instruction, financial assistance 
to students and learners of vocations. 

4.4.2.2 Guidance and Direction 

Although it is envisaged that free market forces should guide the 
duvelopment of the capital goods manufacturing industry, i;;overrunent 
role in offering guidance and direction could bo of vital importance 
and in several ways: 
Government could detennine economical preference for small and espe­
cialized manufacturing plants or larger, P1ore versatile ones. Jt can 
also favor setting them up in selected areas of the country. rovorn­
ment can achieve that by offering :invostrr:ont support sche!'iC8 that ;.:ill 
cmcourar,e tho industry to follow ~overnr1ent plannin~ objocti ves. 
These support schemes could be in· the fern of r,rants or loans r:adc 
towards purchase of land, buildings, manufacturing tools and rr:achines. 
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on a level which is significantly higher tha the lowest. Such countries 
require an appraach that will take in account all that is already :n 
existence in the local capital goodo manufacturing industry. 
This is required in Colombia, and it ~".ill take years of continued develop­
ment of the food industry in a country like Nigeria to provide enough 
demand from a growing local market as a viable custoMer of local capital 
goods ~anufacturing industry. Each and every step and level outlined 
here is tiad in ~'ith the others, sometimes providing for a vicious 
circle. 

A systematic approach to removing the obstacles requires dedication 
but requires also a suitable budget. 

4.6. Reco!11IT1endations 

~he purpose of this study is to identify the peripheral capital goods 
that the grain milling and the oilseed procossin~ lines have in 
common, and thoso that have a potential for local production in deve­
loping countries. Such list was givon in section 2.8 : 

Feripheral Capital Goods: 

*Pumps (some) 
*Electrical Eotors ( somo) 
*Control Pannels (some) 
*'.i'anks, Settling Tanks 
•I·iagnet Cleaner~ 
*air compressors 
*Aspirators 
*Conveyors 
*Cyclones 
*Eoppors 
Liquid Storago Tanks 
*Bagging equipment 
*Bins 
*Stoam boilers 

J·:edular Capital Goods 

*Grain dryers (some) 
batch extractors 

Developing countries are not equal in level of develoµnent. In some, 
capital r,oods equal or higher in complexity to those listed above can 
be already manufactured. Jn others, capabilitjos in production of 
capital r~oods like those listed above may exist but in order to take . 

*cquip~unt type co~~on to both sub sectors 

.. 
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advantage of \.Jhat the capital goods manufacturing industry has to 
offer, a certain level of engineering competence has to be achieved 
first. ln other developingcountries only some of the above mentioned 
capital goods can be secured locally and in other developing countries 
none can be produced locally. 

In this respect, the term "developing country" does not say very 
~uch. This is why in addition to the list ~ivon above, I want 
to make the following reco!Tl!llendations: 

neconmenGation 1: To study the projected dynamics of the deviloprr.ont 
of the ver-etable oils and fat manufacturing industry, and the ~rain 
r.illin~ industry on a national basis in each of the dcvclopin~ country 
in order to estimate future volume of business in nanufacturing of 
peripheral or modular capital goods based on present equiµnent 
purchase prices. Such a report will provide a basis for action in 
the field of the development of the capital goods manufacturing 
industry.in tho developing countries. This study should include 
demand for capital goods in the oil seeds and grains processing sectors, 
cost of equipment, analysis of cost of manufacturing and marketing 
of capital goods produceable in tho country and should provide infor­
Mation required in ardor to make a decision whether volume of busi­
nvss which could potentially be produced ~~11 indeed pr~vide an 
economical basis for operation. If such basis does not seem to 
exist, could inclusion of capital goods requirements for other 
industrial sectors in the country, and particularly the food industry, 
could potentially provide this extra demand required and thus provide 
tho yet to be established capital goods manufacturing industry ~~th 
a proper economic base of operation. 

Recommendation 2: To study on a national level and to establish both 
quantitatively and qualitatively the factors which together determine 
the local capabilities in manufacturin~ of capital goods for the oil 
seeds processing, tho grain milling and possibly other industries or 
sub sectors of the food industry, based on marketing oppotunities 
ostablishod earlier as per section 4.2. 

j{ocommendation J: Basod on Recommendations 1 and 2, local govern­
ment should be assisted in formulating policies which should be 
•:orh:d out and enacted upon, and which should create the pos!;ibility 
nnd the incentive for private and public enterprises to become active 
in car1i tal roods manufacturing in fCnoral, and in the Manufacture 
of medular or peripheral capital goods for the oil soeds processing 
and tho rrain milling sub sectors. 
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The purpose of these recommendations is to provide a basis for 
a national plan which could result in an establishment in a 
developing country of a peripheral capital goods manufacturin~ 
industry, producing peripheral capital goods for the oil seeds 
processing industry and the grain milling industry. 

necommendation 4: In order to meot future dCTT1and and in order to 
facilitate the developnent of capital goods manufacturing industry 
there is a need for establishment of national policies and plans 
of execution in the field of technical education and trainin~. 
The possible developnent of local capital goods manufacturinl" 
industry and its ~rowth dynamics · should determine what types of 
educational and training pro~rams will be required, when and at 
what scale. 
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