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1 - INTRODUCTION AND SUMMARY

This study deals with technologies and machinery for the food
processing in the developing countriese.

It includes a catalogue of "adapted" technologies and machinery,
selected among the vaste range of internationally available op-
tions, in the following _.subsectors: meat, fruit and veg-~table,
dairy, cereals.

It defines also the basic terms of reference for the establish-
ment of a food processing machinery manufacturing industry, in
the less developed countries.

It is a technical guide, not designed for food processing spe -
cialists, but as a consulting support for operators and decision
makers, concerned with planning, design and management of the
industrial sectors of food processing and machinery manufactu -
ring in the developing countries.

This study can be of great help in establishing basic terms of
reference for techno-economical analyses and in trying to "open
the technological package", but it cannot be considered as a
feasibility study for a food processing industry,since no cost
or economical analysis has been performed.

It also provides recommandations and technical elements tor per
forming a machinery complexity analysis and for evaluating needs
in terms of production and infrastructure resources, for establi
shing and developing a food processing machinery manufacturing
capability in a less developed socio-economic enviromment.

This study has its roots on the idea that technologies and ma-
chinery, toc be employed and managed in the less developed coun
tries, should be "adapted", at the maximum 2xtent possible, to
the socio-economic conditions of these countries; it tries to
give an amswer to the demand for technical information auout
practical examples of "adapted" technologies and related ma-
chinery.

In the past years, many theoretical discussions have bee:. held

on what "technological adaptation' is, or should be, and many
cases reported on how a wrong technological choice could actual
ly have a disturbing impact on the socio-economic equilibrium

of the less developed countries.

So far, practical results have been scarce, and, very often,
confined in the field of village-level artisanal techniques.

This study starts from the principle that, if, on one hand, te-
chnologies and machinery should be adapted, on the other hand ,
in a primary sector, as the food processing is, and in a context
of very rapidly growing nutritional needs, as the one developing
countries show,this sort of "adapted"” (sometimes also called, "ap
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cally feasible answer, except in the case of village self-subsi -
stance economy, which is very important and seeking for convenient
solutions, but certainly not the only aspetc of the less developed
countries technological needs.

Exzmples are evident; when thinking abcut unarresting inurbation
in huge and rapidly growing tbwns, or about food-processing needs
at district or area level.

These cases heve been, up to the moment, almost ignored in elaborg
ting adapted solutions for the food processing technclogies and rg
lated machinery.
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Without giving any new countribution to the theorctical discussion,
this study has the aim to demontrate that a compromise, from prati
cal and operaticnai points or view, between the need for adapta-
tion and the corresponding mandatory demand, for industrially a
vailable and economically feasible techno.ogies and machinery ,

is possible.

It is a tentative approach towards a practical application of

the concept of "intermedlate'" technclogy: "something in between

the sophisticated technclogy employed in the industrialized coun
tries and the village-level artisanzl technique".

This study tries therefore to discuss and establish the selection
criteria, which can help operators and decision makers to make
their technnlogical cheice, and to demonstrate that, once the "te
chnological package has been opened", among the well-tested and
easily available food processin¢ machinery of the internationzl
technclogical market, it is possible, with some technological "do-
wngrading™, to select "adapted" machinery, which still retains all
the technical and economical advantages of an industrially opera -
ting technologye.

The technological "downgrznding" is a critical revision of the dif
ferent functions, within a processing technology or line, to iden-
tify those technically and/or economically essential in a given so.
cio-economic contest and to delete all the otheis, induced by a dif
ferent environment and/or culture (such as, for example, automated
and electronic features of a machinery). A critical analysis of the
different functions is mnssible only when a processing technology
and/or machinery, too often supposed or offered as a scaled package
or a "black box", has been "dismantled".

With the technological "downgrading", the food processing line can
preserve all the advantages of a well-tested, easily available and
industrially operated machinery, being, at the same time, more "a-
dapted"” to a less developed environmente.

It is therefore poscsible to imagine "’ntermeciate technology" plants
starting operations in the developing countries, equipped with "mo
dern" food-processing machinery, attentively ard critically selected,
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out of the "international catalogue".

The size of these plants should certainly be small, but they would
retain all the economical and technical features of an "industrial-
ly-operated factory.

Of course, the same result can be (and actually has been) obtained

by "upgranding" the lcocal techniques: cther studles report about the
encouraging results attained with this "symmetrical" system.

The catalogue of this study is a first approach in supplying basic and
operational technical information about available examples of this ty
pe of "adapted " machinerye.

Machinery have beer selected taking into account the best compromise
between "adaptation"™ and availability on the market; they are there-
fore to be considered only as typical examples, being any equivalent
machinery suitable for the same use.

Th=re is another aspect that this study takes into consideration: the
possibility of a local manufacturing of the machinery. The potential
capability, for a given machinery, to be manufactured (at least parti
ally) by local manufacturers, is considered as an important criterium
for including it in the range of "adapted"” items.

In other words, the idea is that, if a given machinery has not an
intrinsic potentiality of being produced in the destination country,
it cannot be considered as "adapted”.

This intrinsic potentiality is primarily connected with the technolg
gical complexity of the machinery..

It is obvious that many other non-technological factcrs have a deter
mining action in starting machinery manufacturing industry (size of
the market, general policies, cultural and educational habits, and

so on.), but, once started, this iadustry will never develop, if this
is not technologically possible.

Potential manufacturing capability and operational adaptation are so
strictly interconnected, that some questions inimediately rise .

How can a machinery, which has an instrinsic technological complexi=-
ty far beyond the manufacturing capability of a certain environment,
be supposed to work properly and tc produce profit, on the long run,
in the same environment? '
Is that the case of the so many huge plants, producing at low rates,
or not even, because of lack of maintenance?

And what may maintenance be considered, but the first step in acqui
ring a manufacturing capability?

Starting from these points, thisstudy discusses about a possible path;
in three stages, for developing a machinery manufacturing capability,
starting “rom small maintenance workshpse.

Tt also supplies the basic terms of reference for evaluating the in-
cex of complexity (IC) of a food processing machinery and, consequen
tly, for measuring its intrinsic "adaptability" to a local manufa -
cturing industrye.

The IC is a number, which measures the degree of technological skill,
requested to manufacture a capital good, by stating neerded production
and infrastructural resources. (see ref. n.4)




The calculation of the IC has been made for a typical "adapted" food
processing machinery and the list of requestied infrastructural and
production resources has been automatically pointed out.

The IC calculation has not been used to back up the selection of all
the machines for the catalogue, because this was beyond the limits

of this study, but the typical "adapted" machine is largely indicati
ve of the whole categorye. )

The catalogue of "adapted" machines has not therefore , as already
pointed out, the value of an absolute reference, tut, since selection
has been made on a practical experience basis, it has only tne meaning
of a list of "typical examples" of how "adaptation" concepts could be
put into practice.

It is also to be pointed out that the selection has been made (becau
se of the limited time available) on a limited sample of options:thgo
se produced by the italian manufacturers of food processing maching
I'Ye

Any other similar or equivalent machine, produced in other countries
and/or by other firmas, is obviously apt for the same use.

Since, as it has already been outlined several times, these machines
have "intermediate" technology functional levels, they would more pro
bably be included in the production range of those countries where,
for various reasons, technological level of some food processing plant
has been kept at a lower stage and where intermediate technologies
are still in operation (such as some southern European and southern A
merican ccuntries, and, in general, the most developed among the de-
veloping ones).

The level cf detail of the technical information given in the catalo-
que for each machinery, 1is very general; the catalogue reports only
what has been considered the minimum for "getting acquainted" with
the machine and its main featurese.

It has been assumed that the readers will be interested in obtaining
further information, from the potential manufacturers, only when the
implementation programme for a certain project, in a given country,
attains the feasibility siudy level.

Of course, since it 1s very general and, for some aspect, inevitably:
generic, the catalogue does not contains all machinery and equipment
needed to operate each technology selected.

The cataloque reports information on only the most relevant items of
each technological chain, and cannot be used, as already stated, as
a food processing manual.

Processing technology has been "dismantled", and its practical appli
cations described, but minor line components and auxiliary equipment
are sistematically ignored.

As introductory notes, a last few words have to be spent in explai-
ning what is behind the choice of the four food processing subsectors
(meat, fruit and vegetable, dairy, cereals) and of the products wi-
thin each Subsector.

The meat subsector has becen selected (even if in many less developed
countries meat is considered as a luxury fcod) because of its impor-
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tance as a protein supplying food and, consequently, of the general
demand for its expansion. Slaughtering is the very primary processing
and is done, in almost every country, following local practices, of-
tea influenced by cultural and even religious habits.

Nevertheless, it is in the slaughtering phase that the quality of meat
to the consumer {(fresh or canned) is determined in terms of hygenical
conditions. .

Many local slaughtering habits should be abandoned, bkecuuse they can-—
no* guarantee sufficient meat quality standards, but, at the same tinme,
centralized and refrigerated slaughterhouses cannot be proposed in mg
ny non-industrialized environnentse.

An "intermediate" technology proposal could be vz2ry helpful, because
meat processing is, in itself, a simple technology.

The same considerations can be made for the secondary meat preccessing
(canned meat, sausages etc.), which can count on a rapidly expanding
markete.

The fruit ard vegetable subsector covers one of the most important
group of food products in the less developed countries, for the inter-
nal market as well as for exporte.

If the export market needs are very unlikely to be satisfied by "in-
termediate™ technology plants (the reasons are discussed in the gene-
ral part of the study), these can give a determining contribution in
establishing cooperative or district-level food processing capabilities
to reduce the rapid spoiling out of many crops, due to long transport
distances and in creatingother employment opportunities in the rural
arease.

The dairy subsector has been taken into consideration because milk and
milk products could have a great potential importance in contributing
to less developed countries nutritional balance.

It is, nevertheless, to be poirnted out how the milk processing techng
logy is one the most complex of the whole food sector.

Pasteurized milk can be obtained with a relatively simple technology,
but has a very short life (2 ¢ 3 days), if kept at low temperature.
Technological problem .is then shifted to consumer's and distribution
chain's equipment, (refrigerated storing) which, in the majority of
less developed countries, cannot be afforded.

UHT (ultra high temperature) sterilized milk has a very long sheif 131
fe (up to 6 months at ambient temperature), but it is obtained by ve
ry complex and sophisticated processing lines, which are, moreover,
very difficult, or even impossible, to be dismantled into machines and
normally offered as "packages"™ by the few superspecialized big manufga
cturers.

The dairy subsector seems then very dubiously to have its "intermedia
te technology™ solution; it has been included because a critical re-
vision and a general survey of the existing technoloyies has been sup
posed to be very helpful before taking decisionse.

The dairy subsector includes also some dairy products, such as cheese,
yoghurt, butter which can, on the contrary, be easily obtained by cen

tury-long and well-established simple technologies.
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The cereals subsector shows very ditterent aspects, depending on crop
cons idered and on consumption area. '
The most important worid cereals are obviously wheat, rice and maize.
The importance of wheat ftypically a temperate crop) in the nutrition
of many LDCs is increasing, but the wheat supply normally depends lar
gely on imports from developed countries.

it is therefore very unlikely to be assumed that the primary processing
of wheat (storing and milling) would take place at district level and
in intermediate-technology small plants; because also of the strategil
cal importance of the wheat reserves, its primary processing would
more probably teke place into centralized plants, at country or region
level.

This excludes simple technological solutions; huge wheat mills are sgo
phisticated and automatized plants and the relevant very complex machi
nery is supplied on the international market by few big firms, which
normally work on a "turn-key" plant basis.

Only the secondary processing of wheat (bread and pasta making) could
find its space in the country, in terms of small intermediatte techng
logy plantse.

Rice and maize are, on the contrary, mostly grown and threshed in the
LDCs.

In this case, the district~level intermediate processing technology,to
develop or to integrate village-level local techniques, can be (and
actually is) an economical and feasible solution.

Secondary processing is a family business, strictly interconnected with
local habitse.

It is worth beina said that the output products of the small mills ha-
ve normally different "quality standards", with respect to the outputs
of huge rice mills or "wet"™ maize processing systems. Rice is whitened
and polished and maize flour has no bran a2nd germ; the aspect is more
appealing to the developed countries' consumers and the product has a
longer shelflife, but the treated cereals loose a certain portion of
its nutritional value. Which one has then a "better quality"?

The interdependance between quality standards and technological com -
plexity must be deeply discussed (this has been done in the general
part of the study), in order to avoid any erroneous liason between sim
ple technology and poor quality.

The four considered subsectors cover the large majority of food proces
sing needs in the developing countries; only oil and fats processing
(the fifth subsector of great importance in the LDCs) has not been in
cluded in this report, because of its technological complexity, with
more evident interconnections with the chemical industry, while all
other processings mostly rely on electro-mechanical and heat technolg
gye

Other specific subsector exist (such as coffe, cocoa, wine and spirits,
beer, etc.) but they arec of interest in only few developing countries,
and are therefore beyond the limits of & general study.
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This study is divided into three sections: a general part, a catalo-
que and three appendixes.

The general part has two main purposes:

1 - To revise basic concepts and assumptions of the technological "a
daptation" to developing countries' conditions, and to establish

- and discuss criteria, which back up the selection of technologies

and machinery for the catalogue.

2 - To analyze basic requiremerts for starting a food processing ma-
chinery manufacturing industry and to suggest possible paths to be
followed and industrial equipment to be provided.

Chapter 2 and 3 aim, respectively, to achieve these purposes.

Chapter 2 starts the discussion by pointing out that technologies
and related machinery should be selected on the basis of the same
criteria and that the "selection for adaptation™, perfomed in this
study, is only a general qualitative analysis (machinery should be
considered as "probably adapted™ to the "average" developirg coun-
try's conditions).

The basic concepts of "adaptation" are put in the form of practical
assumptions: an adapted technology "should": I) be capagle of being
induvstrially operated, 1I) be apt for processing foods intended for
domestic market distribution (and not for export), III) have a srall
or medium-scale capacity, IV) havz an intrinsic potentiality of being
manufactured (at least partially) in the same country where it is

in operation.

The selection criteria are established starting from the critical
analysis of the different unctions of a food proressing technoln-

gy (intended to induce physical transformations on food, to packa-

ge processed food, to handle food during process, to manage energies
and processing fluids). Since each of these functions has a different
weight in different socio-economic environments, the selection crite-
ria come out from a critical revision of their presence and possible
elimination (the "downgrading"), among available options.

Chapter 3 taczkles the problems of machinery manufacturing in the

less developed countries.

Machinery is here seen as an electro-mechanical capital good and

not as a Hod processing equipment.

This requires the introduction of a more precise mean of comple::i

ty analysis, such as the index of complexity (IC), which is a num

ber defining infrastructural and production capabilities, needed

to manufacture a given capital good.

This number has been calculated for a "typical-adapted" food processing
machinery, as a references standard and as a source of information a-
bout infrastructural and production capabilities for potential manufa-
cturers. The correspondance between level .’ complexity and local manuy
facturing capability needs is also outlined showing how it hus diffe-
rent aspects when considering infrastructure production resources and
components to be assembled on the basic machinery.
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Finally, chapter 3 deals with the practical application of these con-—
cepts: what is actually needed to manufacture an "adapted" food proceg
sing machine, in terms of eguipment, perscnnel and management? Angd whict
paths should be followed, in starting and first development phases?
Some practical recommandations and suggestions are given: in particular,
the primary role of maintenanc= (in the operating food processing, but
also in establishing manufacturing capalility) is remembered and enfor
ced. :

As a general indication, a possible development pattern, in three sta-

ges, is outlined.

The cataloque (chapter 4) is a selection of "adapted" technologies and
related machinery.

It is conceived as a technical gquide and as a consulting support for de
cisions and actiorns in the food processing, but not as a food processing
manual: the level of detall is kept very general and only the most re-
levant machinery, for each technolegy selected, is described. It can
contribute to "open the technological package", but it cannot be used
to completely "dismantle" the food processing line, because auxiliary
and minor equipment are normally not mentioned.

The selection of technologies has been performed in the four subsectors
of neat, fruit and vegetable, milk and cereals processing.

For each subsector, introductory notes (general remarks) outline main
aspects of interrnationally available and tested processing technologies
and select the food products, which are supposed to be of interest in
the less developed countriese.

All technologies, selected for the catalogue, should be considered as
“probably adapted" to the "average"™ developing country's conditions; in
some special case, "unadapted" technologlies are described for informa-
tion and operational or complexity problems are warned.

The catalogue can be used as a source of general technical information
for the food processing industry and/or for the capital goods manufactu
ring industry: in both cases, the initial introductory notes give sug-
gesticns and 1limitations.

For each of the products, selected in each subsector, a technology de-
scription section outlines the process and its possible alternatives,
poirnting out the steps where "adaptation" is possible.

Often, a diagramme helps understanding how technolcgy flows - and which ma
chinery (or manual) operation is normally employed.

In correspondance to the technology description, a machinery descriptim
section supplies tke general terms of reference (such as working princi
ple, major components, recommandations for marufacturing, typical exam
ples etc.) of the most relevant machinery and equipment. In many cases,
a photograph shows a typical example of the described machinerye.

The examples shown have been taken out of the normal production catalo-
gue of some italian manufacturers and should be considered as indiceti-
ve samples; any other equivalent or similar machinery is obvionsly syi-
table for the same use.

The three appendixes have been designed as sources of practical informa
tion.

Appendix I deals with operational suggestions for energy conservation




and saving in the food processing industry. After having made some
general considerations on the characteristics of energies (mainly
thermal and electrical) used in the food processing, with some re-
ference data of the USA food industry, the first chapter lists and
comments practical energy conservation measures and techniques.

The second chapter deals more specifically with energy conservation
and saving for processing the products considered in the four subsg
ctors of the catalogue.

Appendix Il tackles the problem of production scale in the food pro

cessing industry; without making any economical analysis (possible
an¢ significant only at feasibility study level), it nevertheless
supplies some practical example of existing or designed small-sca-

le food processing plants with general considerations about

capacity and production scale in the "adapted" food processing sector.
The considered cases refer to a tomato paste processing plant, to a
small integrated cannery and to a cooperative rice milling plant.
These plants employ adapted" technologies and, for each of them,

the following information are given: type and quan -

tity of raw and finished products, type and quantity of packaging, de
scriprion of the technology employed, rated throughput and man-po-
wer requirements.

Appendix III is a non-exhaustive indicative list of italian manufatu
rers of food processing machinery in the four considered subsectors.
From the production catalogues of some of them, the typical samples
of machinery have been selected for the catalogue of this study.
Except the case of the major firms of technologies and prucessing
lines supply, all others are medium or small firms, supplying food
machinery out of the catalogue or special machinery on ordere.
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2 - SELECTION Of ADAPTED FOOD PROCESSING TECHNOLOGIES

AND RELATED MACHINERY

2.1 Review of basic concepts for adaptation of food

processing technologies to less-developed coun-
tries' conditions

It has been stated that this study has not the
aim of resuming a discussion about phylosophical
definitions of what is, or should. be, an adapted
(or appropriate) technologye.

Nevertheless, it may be useful to resume very brie-
fly some basic concepts of what is intended for
adaptation, in the food processing sector,from a
practical, or operational, point of view.

A theoretical definition (such as "the adaptation
of technology is a dynamic concept depending on
the relation between the techniques and equipment
employed and the changing environment within
vhich they must be operated" , see ref.6, pag.93)
is of scarse help in selecting technologies for a

not-better-defined less -=developed country. Before di-
scussing this point,some general remarks have to“pointed out.

First of all, food processing technologies have
not been changed very much during last years;
only machinery has been continuously improved and
becomes more and more complex.

These improvements have been rarely dictated by
technological changes; in the majority of cases,
other functions have been added to machinery fea-
tures, mainly intended to save labour costs and/
or increase capacity. Selecting adapted technolo-
gies means therefore selecting those that can be
operated with simple # machinery, or, in other
terms, that technology and machinery have to be
selected on the basis of the same criteria.

Secondly,it would be possible to define exactly
if a given machinery has a certain degree of com-
plexity, since very accurate studies (see ref.
4,) allow to calculate its "index of complexity"
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(even if this would require a very laborious analysis on
each single machine), but this would not solve the pro-
blem of exactly calculating the second term of the "a-
daptation equation": the socio-economic conditions: the
aim of this study is more limited and is intended to
give general practical references of how technologies
and machinery could be considered as” probably” adapted,
by performing only a qualitative analysis on the basis
of some fundamental assumptionse.

hese concepts will be furtherly discussed at the end
of thi, paragraph; before, it is worthwhile defining
these assumptions and their role in the establishment
of basic needs , in terms of food processing , in the
less developed countries.

Or, in other words, let us define firstly some basic
requirements (the assumptions) of a given socio-economic
environment (the second term of the " adaptation equa-
tion") and then let us check, with a rough, but practi-
cal, qualitative analysis, if a given lechnology and ma
chinery could fit the requirements, that is, if they a-
re Tadapted™.

First assumption is that an adapted technology should

be suitable for fully industrial operations.

In fact, many developing countries are nowadays faced
with high rates of increase in population and with

strong inurbation processes, that give origin to rapi-
dly expanding basic needs in terms of food quality and
quantitye.

Some mappropriate™ village-~level artisanal techniques

can probably be the solution for people faced with self-
subsistance problems, but cannot certainly solve the pro
blem of providing foods for urban population, or at pro-
vince or district level.

In this primary sector, only industrially operated plants
can provide the necessary quantities, within fixed and
tolerable quality standardse.

Furthermore, technologies, and related machinery, should
be such as to be economically managed .in order to assure
certain profit to the factory or to the agroindustry chain.
It could be said that, if a technology is really adapted
to social and economical conditions, then it must give,




- 11 -

when adequately managed on the long run, positive eco-
nomic results.

It goes without saying that economical feasibility has
to be carefully studied case by case, taking into ac-
count actual factors; but, in principle, an adapted tec-
hnology plant should have potentiality to solve problems
cf management, personnel qualification, maintenance,
production quality etc., without spoiling out resources,
as it happens where unadapted technologies are employed.

3econd assumpticn is that an adapted technology should
process foods mainly for domestic market distribution.
It is worth being remembered how destination market re-
quirements may influence technological eomplexity; one
of the most complex steps in food processing system is
packaging, which in turn is largely influenced by mar-
ket habits and requirements.

In a high competition environment, where product marke-
ting plays a very important role, it is obvious that

the packaging system has to be very sophisticated and,
in some case (as for milk), rigidly determines the over-
all processing technology complexity.

Furthermore , international quality standards (such as
taste, color, etc.), sometimes improperly considered as
the best and largely due to western countrie-" nutritio-
nal habits, are obtainable, in practice, c r the use
of sophisticated technologies and speci. iinery.
This does not imply, of course,that adapt. cechnologies
would not permit to achieve good quality standards;but,
provided that hygienical conditions have to be kept at
the best, a certain flexibility exists, in the domestic
market , in adapting quality standards, tolerance, pac-
kaging etc. to "adapted®™ market regquirements.

In some case, this adaptation may result in increasing
nutritional value, and thus "quality" of some items,
such as rice, maize or other cereals, requested in the
international market with such a refining standard as

to have a poorer nutritional value (by removing bran
and germ), than the vholemeal obtained with simpler tec-
hniques.
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Third assumption is that the large majority of adapted
technology processing plants would have a small-or me —
dium-scale production capacity.

This characteristic is common to very ma~y plants also
in the developed countries, where, except some multina-
tional food giant, a very high percentage of food pro-
duction is scattered around the country into small or
medium-scale plants.

In the less developed countries, the lack of transport
facilities, the reduced capacity of refrigerated ware-
houses and, normally, more severe climate conditions,
all suggests to scatter food processing facilities as
ciose as possible to the harvesting areas. This does
not mean that each village should have its own small
plant but that adapted technology plants might prove
to be a better solution at district or province level.
The overall capacity of a food processing plant 1is one
of the most important factors in determining technology
and machinery complexity , as well as management and
maintenance difficulties.

On the other hand, village-~level plants will never ju-
stify industrial operations, since processing quanti-
ties are largely below inuustrial minimal valuej;proba-
bly the district or province level is the most equili-
brate scale for a fully industrially operated, but a-
dapted, technology.

Fourth assumption is that, if a technology 1is well adap-
ted to local conditions,in the food processing as well
as in other sectors, it could give a great contribution
in stimulating local follow-up process of technological
improvement, further adaptation etc.

In other words, only a right technclogical choice can
start an "assimilation® process, which can give impulse
to an induced local industrialization process, capable
of starting maintenance workshops and small manufactu-
ring units, as it will be discussed in para. 3.3

In defining what an adapted technology should be, by
investigating ,through the four assumptions outlined
above, which would probably be the basic needs, for food
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processing, of the less developed countries, it is not
meant that an adapted technology should have only these
characteristics. It is only meant that these aspects are
the most relevant for the general purpose of this stu-
dy; other minor aspects, ppssibily of great influence
in some context and in some country, cannot be taken into
consideration, since the selection made has to have on-
ly the value of a very deneral average.

Let us get back now to the problem of a clear definition
of what an adapted technology shou) be. In previous stu-
dies (see references 1 and z) and in many other reports
on this subject, efforts have been done in defining
adapted technologies and in trying to back up definitions
with general conslderation; the interested reader is

sent to these sources ,for further details.

For the purposes of this study, already defined in the
introduction as essentially a practical consulting sup-
port, only one fundamental aspect of the ®adaptation"”
deserves further discussion: adaptation has its Zfull
meaning only when expressed in comparative and quanti-
tative terms.

In other words, adaptation is not a quality: this techno-
logy is adapted, the other one does not.

Each technology can only be more or less (in quantitative
terms) adapted to a quantified and expressed environment
(its comparison term in the "adaptation equation®).

Now, could the same technology be qualified as "™adapted”
for India or for Mali (both classified as less developed
countries, on the basis of GNP)

And, moreover, could a given product processing techno-
logy (i.e. rice processing) be equally adapted to Paki-
stan or to Tchad, where rice has such a basically diffe-
rent impact on nutritional habits?

It goes without saying that, in a general study, only

a general indicative average can be given ."Adapted" tec--

hnology (and what is more important related machinery, which

has to be selected on the basis of equivalent crite-
ria) Is here meant as the simplest possible method, ob-
tained by selecting and/or modifying well-tested al-
ternatives, of processing food with currently available
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machinery, suitable to be operated in such a way as

to r£it with the requirements, stated by the assumptionse.
This is not a theoretical definition but can be used

to establish practical experlience-based selection cri-
teria for a general (and for same aspect inevitably ge-
neric) study. :

A last point has still to "be raised: not all the se-
lected technologies have the same level of complexity,
in absolute quantitative terms (for example, as defi-
ned by the index of complexity outlined on para.3.1).
The "simplest available method” of industrial processing
of pasteurized milk is more complex than the ®"simplest
available method™ of industrial processing of rice.

Is then the pasteurized milk processing an n3dapted”
technology? May be it is adapted (but some doubt is
axpressed in the corresponding paragraph oi the cata-
logue , see 4.3 ) to same less developed country’'s
urban area; it is certainly unadapted to whichever ru-
ral area where no feasible milk procassing svstem can
probably be operated.

Is then the selected rice processing an adapted techno-
logy? It is very probably adapted to disctrict-level
small processing plants on rice-growing rural areas; it
is very probably unadapted,but in the opposite sense,
large urban communities in the same countrye.

When selecting technology and machirery, possible loca-
tions have been in fact taken into account: it is more
likely that milk processing is located in an urban area
and that rice processing is located in rice-growing ru-
ral areas.

Does this mean that all technologies, selected and de-
fined as "adapted", can be satisfactorily operated
(from technical as well as economical point of view)

in whichever area of whichever less developed country?
Obviously, only a carefull feasibility study can give
an answer; but this is beyond the purposes of this stu-
dy.

Once defined what a food processing adapted technology
should be, let us enter into the discussion on how to
select it among existing alternatives.




- 15 -

2.2 Selection criteria for food processing technologies

in four subsectorse.

During centuries, a so wide range of food processing
systems has been developed in so many different coun-
tries , that it would be practically impossible to
take into consideration all existing alternatives.

Those considered in this study are the food proces-
sing systems commonly used in western countries cdu-
ring the last half of this century.

Even if it is so widely differentiated, it can be
found that food processing has some common aspecte.
One common aspect is that, since raw materials are
rapidly perishable, food processing consists normal-
ly of a sequence of operations, rapidly following
each other. Food processing has the form of a pro-
cessing line, where multiple functions are carried
out simul taneously.

These functions have a very different "weight" in
processing food , as it will be pointed out below;
nevertheless, usual international transfer of tec-
hnology procedures, such as "turn key", aim to con-
sider food processing system as a "package",where
no adjustment is possible. If, on the contrary, a
technology has to be adapted, a careful analysis of
the different processing functions must be carried
out: some function is to be kept fuily operating,
some other to be "down-graded™ or deleted. The
"down-grading” of existing technologies is in fact
one of the possible ways to obtain an adapted techno
logy; results may also be achieved by "up-grading"
local artisgznal techniques to industrial op=zraztions.
Much research is being done on the latter and re-
sults are promising and interesting, but, in the
present study, adaptation has been carried out by
down=-grading technologies, currently employed in

the developed countries, and by selecting machine-
ry among options already tested and currently avai-




|

— eumms MmN I GEEN AN GEER @ 2essse mEEe DGR AEREE 0 GEER O GEEN I SWER e

- 16 =

lable in the 1nternationai market. i

The extent of the technological down-grading (and hence
the criteria to be applied to machinery selection) has
been established on the basis of a general functional
analysis., described below, bearing in mind the assum-
ptions, cutlined in the previous paragraph.

A food processing line is designed to accomplish the

following main functions:

a) operating a physical transformation on food , inten-
ded for bhette-, or longer, preservation, for changing
its taste, color. state, size , etc.

b) packaging processed food into a container , designed
for preservation, marketing, storing etc.

c)

d)

handling food, being processed, in order to transport,
displace, select, feed, sort, increase capacity etc.

supplying, conveying and controlling processing fluids
and energies, generated by local utilities or connec-
ted with main supplies.

All these functions are often simultaneously accomplished
by a processing machine or are strictly interconnected

or interrelated.

Nevertheless, when dealing with a technological complexi-
ty analysis, these functions should be considered as if
they were separately carried out.

In some case, once operational or product quality stan-
dards have been fixed, some technological process has

no valid and simpler alternative.

This does not mean that adaptation goes together with
poor quality , because quality standards very often
depends more on operational know-~how and management
skills than on the processing technologye.

But it is evident that, in same case, "higher" quality
standards can ke attained only by the use of more com-
plex and sophisticated equipment, specially developed

to attain'h'gher' quality.
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This point would require a deeper discussion on what
food quality is and how should be measured.

Should quality rely on fulfilment of nutritional ha-
bits?

It is clear that a trend to standardize "quality" to
western standards has induced to improperly consider
internaticnally accepted foods as the best.

Should quality rely on conservation of original nutri-
tional valve?

What then about "modern™ cereals processing, where
*higher® quality standards of rice, maize, wheat,greatly
reduce its original nutritional wvalue? Should quality
rely on a more appealing aspect and colour, or on a
longer shelf-life , or on any other peculiar characteri-
stic of a special food?

What then about the use of various additives, which
certainly improves certain food characteristics, but
can hardly be defined as "quality™ improvements?

It is evident that the quality of a processed food has
so many aspects, depending mostly on nutritional and
social habits, that, exception macde for measurable hygie-
rical conditions, any definition of"rich or poor"quali-
ty has a very relative weight. Hence, in same case, once
a "quality standard™ (i.e. taste and colour of citrus
juice) or a preserving method (i.e. liophilization of
fruit or UHT processing of milk) have been fixed , no
simpler techmnological alternatives exist.

In some other case, the same function can be accomplish-
ed in a simpler way and comnlexity depends only on the
use of more complex machinery, whose complexity is often
caused by other related functions, such as automatization
or type of energy supply.

Th.erefore, making an effort to analyze the four main
functions separately, any technological selection must

. be carried out simultaneously with the corresponding a-

vailable machinery selection, bearing in mind the pre-
viously defined assumptions.

Por example if meat processing technology is being di-
scussed, heat treatment for meat preservation and can-
ning can be performed by wood-fired open copper pans,
or by double-bottom stainless steel steam-heated pans,
or by rotating direct-steam cooking retorts.
Techrological step is the same (at least in its general
sense of single operation within a process), and can

be quoted as very simple (nothing else than meat coo-
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king), but grade of complexity of related machinery va-
ries from village~level to complex.

It is clear that, if industrially operated plants are
requested (as the first assumption for an "up-to~date"
adapted technology), selection will be cirected towards
the stainless steel double-bottom steam-heated pPan,being
wood-firing probably unsuitable for industrial operations
and steam retort a too complex machinery.

If the four different main functions of a processing
line are considered as separate, and related available
machinery is taken into account, there is no doubt that,
in general, the first function (a) gives few adaptation
chances, at technology level: quality standards of the
final product must be high, hygienical conditions must
be kept at th= best.

A slightly wider choice exists among machinery but it
should not be forgotten that machinecy must be well te-
sted, easily available, suitable to be industrially ope-
rated, and hence the choice range narrowse.

Even if few adaptations are possible, function ®a" can
be normally accomplished in a simple way, because of the
intrinsic simplicity of the food processing, which has
often only improved, without profound changes, systems
developed in the past, if we exclude recently developed
processes, such as freezing, liofilization,sterilization
etc. (but these processes are certainly out of adapta-
tion limits).

A greater extent of adaptation work can be done on tec-
hnologies and machinery for fun&ction "b".

Also in this case, hygienical conditions and good
packaging standards are out of discussion: shelf life and
quality of the product strictly depends, in most cases,
on container quality. No valid, but simpler, alternati-
ves to the tin can have been vyet developed, in spite of
the great amount of research made on this field.

Plastic and carton bags are steps higher in the comple~
xity scale, because of forming and filling machines' cci
plexity, while glass containers are costly, and difficult

UHT,
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to handle,; items. The highest grade or complexity is
then determined, in canning , by the seaming machilnee
Some adaptation is nevertheless possible, on can size,
labelling and raw materials, which should be optimized
to actual basic needs of developing countries' markets.
Another direction to be followed might be to increase
the use of preserving technologies, in which simpler
or no packaging, is needed,such as drying, salting or
spice curing. which have been recently improved to
give better results with respect to traditicnal low-
quality foods.

It is on function"c™ that the majority of adaptation
work can be performed.

If food processes have not been changed very much in
the last years, the grade of complexity of processing
mack inery has increased very rapidly, because of the
economically pressing need for automatization of pro-
duct handling and line operatinge.

This was intended mainly to save labour costs and/or

to increase to overall capacity of the line.

This process has only an economical justification in a
very~high-wage environment and in a very competitive
market; it made many technically=-efficient machinery
economically and commercially obsolete in a very short
period.

It goes without saying that the socio-economic environ-
ment in the less—-developed countries is different; low
wages and/or basic social needs justi¥y the assumption
that an adapted technology should be more labour-inten-
sive and operated in smaller scale plants, scattered in
the country at a district or province level.

Huge and automatized plants have already proved to be
the wrong solution in many developing countries; the
trend towards small-scale plants might be suggested al-
so by the need to start a maintenance and manufacturing
capability and to stimulate local tehcnological assimi-
lation and development, as it will be pointed out in
the next capter.

The suggested down-grading of existing technologies
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may permit the re-employment of a wide range of machi-
nery, considered as economically (but not technically)
obsolete in the developed countries. The selected ma-
chinery has a low degree of automation: all.sorting
and grading operations are done manually and many

" machines are batch-operated.
When the process foresees continuous operations, then
product hangling is done with the aid of mechanically
driven trasportzrs (overhead cor.veyors, bucke: or flap
elevators, roller transporters, etc.); no electronic
device is included.
All machinery selected is then adapted to small and me-
dium scale plants, equipped with low and medium capacie
ty lines, manually or semi-automatically operated.

Fipally, let us take into account function "dv, which
became, in the last years, a determining factor in the
economic balance of many food processing technologies,
where a high energy ccnsumption (particularly thermal
energy) is requested.

In selecting adapted technologies, this problem must

be approached by firstly comparing grade of complexity
of machinery and auxiliary equipment (utilities) versus
energy conservation and saving , in terms of specific
energy consumption per unit of finished products.
Generally speaking, an increase in energy utilization
efficiency corresponds to an increase in machinery com-
Plexity ; an example is thermal energy, the most widely
employed for food processing.

It is well known that the major portion of e-
nergy requirements for food processing is in terms of
thermal energy.

The efficiency of thermal energy conversion in any tra-
ditional technique,is very low:any attempt to save ther-
mal energy implies the use of multiple-stage techniques,
of heat recuperation exchangers, of better insulating
meterials, of precise temperature controlling devices,
etc. jall these systems increase technological complexi
ty and are often out of the reach of whichever adapted
technology and/or machinery.
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Steam is the most widely employed heat supplying fluid
anu its production and distribution have the same e-
nergy conservation and saving aspects: more efficiency

in producing steam means use of more complex, well e~
ngineered and, normally, larger capacity plants, that

are often ir contrast with adapted technology choice.

The use of poorer fuels or process wastes, such as

husks, stonas, pellets etc. is possible and econcmical-
ly convenient, but it certainly Increases heat genera-
tion plant complexity and requires a more efficient

and continuous maintenance; otherwise, the higber effi-
ciency in conversion is rapidly spoiled out.

Same aspects are shown by water saving techniques, which
are often a determining factor in cllowing a processing
plant to be established in countries, where water sup-
plies are scarce. Water saving is possible mainly by re-
cycling waste and cooling waters; but this implies the
use of more complex equipment ,such as water depuration
plants, evaporating towers, flow and temperature control-
ling devices etc.

Therefore, when dealing with adapted technologies, a ca-
reful investigation is to be done, case by case, on techno-
economical convenience of complicating machinery and/or
equipment for energy saving and conservation. Some highli-
ghts of possible alternatives in equipment selection and
some introductory notes on energy saving proceduies will
be civen 1in Appendix 1.
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3. - ANALYSIS OF ADAPTED FOOD PROCESSING MACHINERY

AND RECOMMANDATIONS FOR MANUFACTURING

3.1 Complexity grade of adapted food prccessing
machinery

In the previous chapter, complexity and adaptation

of technologies and machinery have been analyzed

and discussed from the point of view of food pro-
cessing industry operations, in the less developed

countries.

If the same machinery is analyzed from the point of
view of manufacturing , in the same countries where
adapted food processing industry is being operated
(and where there is therefore apossible market demand
for adapted machinery), do complexity and adaptation
criteria show the same aspects, or have to be revi-
sed?

In other words, a machinery, "adapted" to food pro-
cessing industry operational conditions, can be con-
siderec as "adapted" also to capital goods manufactu-
ring industry conditions of the same country?

In principle, no direct correspondance exists (the two
industries have very different operating and market
conditions) but an interrelation comes out from one

of the basic assumptions for technological adaptation:
if a machinery is adapted, then its technology can be
"assimilated" by the environment.

Technological assimilation is the basis for the esta-
blishment of a local manufacturing capability, follo-
wing certain development paths, which will be discus-
sed on para.3.3

Technolngical assimilation from the point of view of
manufacturing, implies that a given socio-economic
environment is capable of acquiring infrastructure and
production capabilities, needed tc produce capital goods
up to a certain level of complexity.

A precise definition of infrastructural and production
capabilities (and then of level of complexity) is gi-
ven by the "index of complexity" of a capital goods.

The IC calculation is based on a detailed user's manual
(ref.4) available at UNIDO, to which the reader is sent
for further detaills on theoretical bases and detailed
procedures.
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It is here remembered that the IC is a number which re-
present the quantity of complexity involved in a given
capital good, whose value ncrmally varies from two prac-
tically calcuiated extreme values, ranging from a minimum
of 17 up to an absolute maximum of about 600.
The minimum level corresponds to an almost primitive
machine, whilst upper levels are found only in the aero-
space industry productse.
A kind of complexity scale, having six steps,can also
be established.
These steps, called N steps, are numbered from N1 to
N6 and correspond to complexity grades (IC values),as
follows:

N1 - 17 to 30

N2 - 30 to 50

N3 = 50 to 100

N4 =100 to 180

N5 =180 to 320

N6 =320 to 580
To each step, an equivalent range of capital goods com-
plexity can be defined.
Step N1 corresponds to initial development level, at
small artisanal or village level operational stage;
Step N2 represents the first technological stage in
industrial development ; step N3 covers the majority of
capital goods specialities and can be defined as the me-
dium=-state development.
Only at step N4 a full industrial development at the
heavy industry level, has been attained.
Steps N5 and N6 are linked to very special industrial
activities, such as aircraft or aerospace industry, ty-
pical of large industrial countries.
There is no doubt that developing countries, at mid term,
can accept maximum complexity levels within N3 step,as
it has been recommended at the First UNIDO Consultation
on the Capital Goods Industry (see ref.5) . In the same
document, the agro-food industry capital goods are de-
fined as to have an average complexity level without
components of about 65 and a total complexity (with com-
ponents) of about 95.

The index of complexity procedures have been applied to
a typical adapted food processing machine.

It is to be noted that the calculation of the IC for the
selected machinery was beyond the purposes of this study,
because it could not be used to back up an adapted machi-
nery selection for the processing industry of the less
developed countries.
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In fact, the IC supplies no information about operatio-
nal conditions of the machinery , but defines only manu-
facturing requirementse.

Nevertheless, it has been considered that the calcula-
tion of IC for a typical machine could be of great help
in defining the type of infrastructural and production
requirements, with which a food processing machinery ma~
nufacturing industry should be equipped.

It has also been encluded , after having.analyzed sam-
ples adapted machinery, that few differences existed
between them, in terms of infrastructural and manufactu-
ring needs; the typical average machine is then really
indicative of manufacturing needs for the entire group
of adapted machinery, differences being limited to few
points,except the cases of milk processing and of mul-
tiple~effect concentrators, as it will be mentioned on
the catalogue.

The average level of complexity (IC) for a typical ada-
pted machinery results in the range of 40 to 50 without
components, and goes up to about 60 to 80 if main compo-
nents are taken into account. On the average, i% can be
said that selected adapted machinery remains within the
limits of step of complexity N2 (max of 50), suitable

to be operated in many less developed countriese.

The possibility to be manufactured depens on so mary
other factors f{such as market size and requirements,ge-
neral policies, financing etc.) that it can only be sta-
ted , at the moment, that an adapted machinery could be
manufactured from the technical point of view, in many less
developed .countries(except components to be imported and
assembled) .

The calculation of the IC of a typical adapted food pro-
cessing machinery has been performed, taking into account
the following production factors (see ref.3 for details):

code description techriological level
overall factors
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P - light and standard industry 1

Hs - from 1.1 to 4.0 hours of know-how
per US$1000 of product (estimate) 1 to 2

L - simple static and dynamic test on 1 to 2
components and parts, some fluid-
dynamics and thermo-dynamics tests

l - 25 -

Hd - between 50 to 400 direct hours per 1 to 2
tonne of product (estimate)

Vt - from 4 to 50 basic types of machi- 2 to 3
nery produced (high integration of
production)

Vm -~ from 4 to 15 models for each type of 2 to 3

machinery (estimate)

S — up to 1-3 items produced per month 4
(small factory)

M -~ machine requires re-assembly of parts
in the user's site by the manufactu- 3
rer and likage to the processing li-
ne

T - maximum of 100 persons employed at
the manufacturer's plant (small plants)

1 - metal cutting of bars, sheets and pro- 2
files, with machines of the advanced u-
niversal tupe, high precision working,
prevalent manual operation

#2 - bending, folding, rolling, drawing 2
flanging of metal sheets with the use
of advanced universal type machine

l Production resources
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tools,high precision working to ISO stan-
dards (manual operat ion)

cold shaping of wire and tubes, by exist-= 1
ing conventional technology, manual o-
peration

riveting and threading by conventional 1

mackines, manually operated

cold pressing of metal sheets, stamping

of special sheets, by machine of ad- 2
vanced universal type, high precision

working to ISO standard (manual opera-

tion)

welding of all types, by machines of 2 to 3
advanced universal type, very high

accuracy to ISO standards (with some

semi-automatic operation)

horizontal single-chuck lathes with 2 to 3
high accuracy working, manually ope-

rated to ISO standards (with some

semi-automatic operation)

surface planing and planing - milling 2
machines by existing conventional tec-
hnology, high precision working to ISO
standards _

milling machines of advanced universal 2
type, high precision working to ISO
standards, manual operation

table drills of advanced universal 2
type, high precision working to ISO
standards, manual operation
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918 - grinding and surface finishing and po
lighing machines, high precision wor-
king, manually operated, advanced u-
niversal type machines

#30 - static and operating geometrical
' tests, in accordance with internatio-

nal standards

Semi~finished products

Be1l - Basic primary iron casting ,with some
piece of standard quality, some use
of electric furnace (heavy and high-
resistance parts to be imported)

B.2 - Steel casting of basic carbon steel,
in accordance with standards, up to
medium-size parts (other raw or semi-
finished parts to be imported)

B.7 - Open die forging of light parts, by
conventional equipment with high per-~
formance and accuracy (heavy parts
to be imported)

Third-party services

B.9 - Stress relief and annealing of fer-
rous and non-ferrous materials
up to medium-heavy parts, in accor-
dance with specification

B.10- Heat treatments, such as tempering
and normalizing in accordance with
standards

B.11- Metallic surface deposits, such as
zinc, tin lead coating in hot bath,
or electro-chemical processes, in

1 to 2

1 to 2

1 to 2
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accordance with standards

B.12-Manufacture and maintenance of sim- 2
ple tools and medium—-complexity me-
tal-cutting and plastic-deformation
tools

B.13-Manufacturing of dies for cold stam- 2
ping in fairly well equipped workshops,
little own know-~hovw, on third-party
specifications

B.14-Manufacturing of dies for hot metal 1 to 2
working, medium—sized workshops,semi-
complex shapes

B.15-Manufacturing of jigs and masks for 2
welding and parts assembling

B.17-Médium_and medium~heavy boilermaking 2
with complicate spherical shapes;
medium-sized workshops handling up
to 15 tons

With the production factors listed before ,an average
adapted machinery can be manufactured, without compo-
nents; converting the technological levels shown into
corresponding values for each factor, the indew of com
plexity sums up to a minimum of 41.33 and a maximum of
47.81; the rounded average can be assumed at 45.

It can be seen that the typical IC falls into the range
N2; this means that, if components are imported and as-
sembled, the basic machine (frame, body, operating par-
ts etc.) can be manufactured (at least from technologi-
cal point of view) in countries at the second stage in
development (see para 3.3).

Considering main components, the following factors should
be taken in account:
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Basic components
C.1 - mechanical machine parts and basic 2

Ce5 -

C.6 -

Ce? =

C014-

ferrous and non-ferrous materials,such

as bolts, washers, nuts, pins, springs,
pulleys, levers, control knobs etc.

medium-sized machine parts, such as con- ,
nections, clutches, cams, joints, brakes,
supports, in many different varieties

and variable speed units up to 25 HP,
gear boxes, safety devices, ball bearings,

etc.

hydraulic components up to 70 kg/cmz,such

as pumps, valves, vessels, tanks, auto-
matic actuators, etc., in various types 2 to
and sizes, some with test certificates,
standard types

simple pneumatic components, such as 2
pistons, valves and manifolds, in ac-
cordance with standards

simple vacuum pumps and vacuum circuit 3
accessories up to ‘lO"3 mmHh, quality te-
sted and guaranteed

electrical control and monotoring de- 2 to
vices, such as knobs, switches, cir-

cuit breakers, alarms, light signals,
microswitches, meters, control panels

etc. :

electrical power supply and drive,such 2
as motors up to 30 HP, wiring ,connee-

"tors etc.

low pressure and temperature (up to 2 to
150°C) steam systems, non-corrosive,

such as valves ,manifolds, requlating

devices etc., some standard,semi-automa

tic applications

3
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C.15 - simple instruments for measuring 1i- 3
quids, gases, electricity; limited
accuracy, but in accordance with
standards

C.18 - special non-metallic components,such 3
as rubber rolls, plastic nuts, plexi-
glass and glass, insulting materials
etc.

Converting these factors into the corresponding
values, the IC for components sums up to about 24,
on the average.

The mean total IC (including components) for an
average typical food processing adapted machine

is about 68.

It can be seen that, if components are taken into
account, the total complexity falls within the range
N3: a range of development unachievable,at medium
term by many of the less-developed countries.

All components are therefore to be imported and as-
sempled; this should be carefully taken into account
when establishing maintenance procedures and stocks.
On Tab.1l.1, a summary tabié of IC calculations for

a typical machine is shown.

It can be noted that the ratio (about 35%) of compo-
nents IC (about 24) on the total: IC is very high.
This is due to the reason that, in adapted machine-
ry for food processing, major sources of complexity
are effectively the components, because basic machi-
ne is, in principle, a "container", with a "suppor-
ting frame”, where food processes take place, con-
nected to different kinds of "actuating and feeding”
devices.

A sound change, in this "machine structure”, inter-
venes only when the processing line is automatically
and continuously operated; but this is out of the 11~
mits of adapted technologies and machinery ,which a-
re almost manually - and batch - operated.
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Food processing machinery has , in any case, a limi-
ted grade of complexity: as an example the most com-
plex food technologies (with milk processing and
food lyophilization) have ICs (without components)
of about 82 and a total complexity of about 115 (see
ref.5, pag.301,table 7).
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TAB. 1.1 - Indexof camplexity (IC) or a typical
adapted food processing machine

PRODUCTION FACTORS

Basic machine

Overall factors (A1) Semi-finished products(BI)
| 4 1 1.00 B.1 1 2 1.00¢ 1.41
Hs 142 1.0042.00 B.2 1le 2 1.00¢+ 1.68
L 1¢2 1.00+1.68 B.7 e 2 1.00¢ 1.41
Hd 102 1.00+2.00
vt 243 1.4142.00 Thirdy-party services(BII)
vm 243 1.412.00 B.9 5 1.41
S 4 2.83 B.10 2 1.41
M 3 2.83 B.11 2 1.41
1 1.00 B.12 2 1.68
B.13 2 1.41
Production resources(A2) B.14 102 1.00+1.68
21 2 1.19 B.15 2 1.41
@2 2 1.19 B.17 2 1.41
93 1 1.00 IC for basic min max
@4 1 1.00 machine 41.33 47,81
95 2 1.19 mean value 44,57
@7 243 1.1941.41
@8 243 1.19+41.41 Components
g1z 2 1.19 C.1 2 1.41
g4 2 1.19 C.2 2 1.68
@15 2 1.19 Ced 24 3 2.0044.00
¢18 2 1.19 C.5 > 1.68
@30 2 1.00 C.6 3 2.00
C.7 2 ¢+ 3 2.0044.00
C.8 2 2.00
C.14 243 1.68+42.83
C.15 3 4.00
Cc.18 3. 2.83
total IC min. max

62.61 74.24
mean value 68.425

Note: -first code makes reference to the description of

production factors in ref. 4

-second nuflber shows technological level of the factor
(i to 6) (two figures means minimal and maximal levels)

~-third number gives the IC value for each factor, to be
summed up

-see ref.4,(The index of complexity of capital goods:
user's manual - F.Vidossich) for details |
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3.2 Complexity and manufacturing capability needs

Several factors concur in creating favourable
conditions for starting a fcod processing machi-
nery manufacturing industry in a less developed
countrye.

Market demand,general industrial policies,fi-
nancing sources, social conditions etc. have a
great influence in determining how feasible and
profitable a capital goods industry could be,but,
for the purpose of this study,only technological
manufacturing capability factors are taken in
account.

Once these factors have been set up, it means
that food processing machinery manifacturing is
technologically possible.

It will be aim of detailed, case - by - case,
feasibility studies to analyze if factors, other
than technological, make the food processing in-
dustry feasible and profitable and to indicate
solving actions.

For example, if, as often occurs, market size
and demand are unadequate, a possible response
could be the establishment of multi-product
plants, where production facilities are integra-
ted with other product of equivalent complexity,
such as agricultural machinery and/or agro-indu-
strial products ,which, in general, have many
common aspects with food processing machinery.
Other sectors might be : basic chemical machine-~
ry, basic pharmaceutical machinery, heat-genera-
tion plants, water pollution treatment, refrige-
ration plants, which include also machinery of e-
quivalent complexity and similar production e-
quipment.

Many considerations have then to be made before
starting a food processing machinery, as any other,
industry, but, once the decision is taken, the
technological factors of production should have
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afforded the level which corresponds to the com-
plexity of products to be manufactured.

If this has not occurred, any effort in starting
manufacturing activities give rise only to assem-
bly shops or to few highly integrated plants,i-
solated from the socio-economic contest.

These activities has very few technological in-
teractions with the environment: a very poor, or
no, assimilation of manufacturing know-how takes
place and, therefore, no further development is
stimulated.

Let us then define which is the minimai:manufactu-
ring capability level that fits with the starting
of an adapted food machinery industry.

Following the guidelines of the index of complexi-
ty calculations, manufacturing capability level
will be expressed in terms of three type of fa-
ctors: components (C factors), infrastructure

(B factors) and production (A factors).

It has been calculated, in the previous paragraph,that
the complexity index (IC) of a typical adapted

food processing machine falls within N2 complexity
level (up to an IC of 50), if components are not
taken into account. With components, the totale IC
raises to about 80, then falling into the level

N3. Therefore, to start manufacturing the basic ma-
chine, it is to be set up an infrastructural (B fac-
ctors) and production (A factors) capability, com-
patible with level N2.

To start manufacturing of the total machine, (with
components) the N3 level should be attained.

In many less developed countries, it is a fact of
life that the overall developmnent is still at N1
level; this is an important embryo, capable of fu-
ture development, but it does not yet allow star-
ting of a manufacturing activity.
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Other less developed countries have yet, on the
contrary, reached a full N2 level.

Level N3 represents a typical medium state of de-
velopment, attained by many of the more advanced
developing countries. (a)

The less developed countries, which have attained
the N2 complexity level of infrastructure and pro-
duction capabilities, can then afford manufactu-
ring of adapted food processing basic machines
(without componentsj.

Before discussing (in para.3.3) how tc s-.tain an
industrial development, equivalent to the N2 level,
for the case of food machinery industry, and be-
fore defining in details (in para 3.4. and 3.5)
what to provide , in terms of infrastructure,pro-
duction equipment and personnel, let us make some
final considerations on manufacturing capability
factors (C,BP and A).

Components bring complexity beyond the N2 level,
and have to be imported from more developed coun-
tries and assembled, except some very special ca-
se of simple "ready-made" items, produced by lo-
cal third-parties.,

Tentatives to integrate components production with
machine production have proved to be uneconomical,
because this "forces local production before its
time"and does not take advantace of international
technological market.

On the contrary, the components dependance from

(a) considerations about the levels attained by de-
veloping countries have been taken from Table I-
Reference standards for the complexity levels-
sre ref.4- op.cit. - pag.26-27 and pag.147.




e 4 el 4 N

- 36 -

more developed countries may be useful in keeping
quality level of capital goods bounded to interna-
tional standards.

The establishment of an industrial infrastructure
is one of the primary goals of any industrial de-
velopment programme, as it will be seen in the
next paragraph.

As for components, a high degree of integration

of intrastructural capabilities with the machine-
ry production equipment, in the same firm, has
proved to be a temporary and inadequate approach
to the problem. Integration results, in general,
into a slower know-how assimilation, because of
the lack of technological relationships between
the various techniques, operated in the same plant,
and the environment , that, in turn, can result
into longer times to pass from one level to the
next.

Moreover, integrating infrastructure with manu-~
facturing equipment causes the relevaat cost bur-
den to fall on the shoulders of a single sector;
it is evident, bon the tontrary, how infrastructu-
ral capability should be established ,to be eco-
nomically operated, on the basis of the total vo-
lume of industries starting operations in the sa-
me period. Since it has been calculated that, to
attain the full N2 level, about 80 per cent (b) of
the total complexity factors should be provided,
it is clear how infrastructural capabilities could
rely on a very wide range of capital goods indu-
Stry sectors.

(b) see.ref.4,0p.cit.,pags113.
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Production factors are much easier to be establi-

shed ,since they have a direct relationship only
with the sectoral needs in terms of equipment and
personnel; a detailed analysis will be done on

the next two paragraphs .

Only one point is to be outlined: the manufactu-
ring technology levei.

So far, adaptation of technology and machinery has
been referred to food processing operational condi
tions, in the less developed countries.

wWhat about adaptation of manufacturing technology
to the same conditions? Should manufacturing tec-
hnology (and related machinery) be adapted with

the same criteria used for food processing techno-
logy and machinery adaptation?

Even if the twc sectors (food processing and capi-
tal goods manufacture) have very few common aspects,
nevertheless basic assumptions (see para.2.1) can
be considered as still applicable, since they de-
pend more on environmental conditions needs than

on sectorial characteristics.

If a functional analysis (see para 2.2) is perfor-
med, it yieldsdefinitions very similar to those u-
sed for food processinj operations: the first fun-
ction of a manufacturing technology is to induce
physical transformation (mainly mechanical, in this
case), the second one to handle the products during
the process.

As in food processing, it is on the second function
that the majority of technological adaptation can
be performed; this has been done by seiecting, in
para 3.4, only manual or semi-automatic machinery
of traditional type, easily available and well-te
sted.

This manufacturing machinery is "technologically
adapted”, to the less developed country conditions}
its profitability has to be checked with detailed
case - by- case, feasibility studies.
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3.3-Establishment of capital goods manufacturing capa-
bility in the food processing machinery industry

' Many alternative ways may be followed to establish
2 capital goods production capability. It is obvio-

l usly a different matter to establish capital goods
industrial capabilities in a centrally planned coun
try or in a market economy country.

l Nevertheless , if technological self-reliance is
the common goal, there are common aspects of the
patterns to be followed and there is no doubt, at

' the moment , that "technological self-reliance
is absolutely essential for ensuring successful

I industrialization "(a).

All attempts to shorten an equilibrate and adequa-
te, but unfortunately long-lasting, process of in-

I dustrialization have proved to have great shorteo-
mings.

For example,turn-key large projects and advanced

I technology contracts have proved to have a little
technological assimilation potential and industria-
lization stimulation power.

' In other words, no country can jump from level of
complexity N1 (which has been practically reached
in almost every country) to upper N2 (or lower N3)

' level, needed to manufacture very simple food-
processing machinery, without a continuous step-
by- step shifting; and it is worthwhile remembering

I that any increment requires an exponentially-growing
effort (this coming out from the basic hypotheses

l of complexity index).

Therefore, attempts should be more effectively put
in rapidly routing the development stages,than in

I forcing the environment to jump necessary steps.

(3) see ref.5 - op.cit. pag.239
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Although having merely the meaning of a very general
indication, a typical pattern in three stages for de-
veloping food-processing machinery manufacturing ca-
pability may be as follows:
- first stage:-maintenance and repair capability
-manufacturing of spare parts and simple
components (small workshops)
-assembling of machinery
-no technological adaptation of imrpve~
ment
-basic training on direct skills
-second stage:manufacturing of machinery and parts
under license or other contract agree-
ment (multi-product plants)
-technological adaptation and/or impro-
vement
-setting-up of infrastructure
-training on sales and management
-third stage: -manufacturing of its own machinery
-technological self-reliance and maste-
ry
~devolpment of know-how and engineering
~higher level training on indirect skills

The establishment of a maintenance and repait capabi -
lity is the main goal of the first stage.

The role of maintenance and repair capability has not
yet been considered in all its importance for the food
processing, as for any other ,sector.

It is well known that one of the most important factors
(in many cases the determining one), causing operatio-
ral unprofitability of food processing plants, is the lack
of maintenance and that, therefore, many resources
are to be put in establishing local maintenance and
repair capability in the less developed countries.
But, it is normally underestimated that maintenance
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and repair can be a way of entering basic industrial
development froutes and a very effective opportunity
for training skilled labour.

Maintenance a2nd repair is an important "key to open
the door" to technological assimilation.

Maintenance procedures should cover not only the
urgent needs for trouble-shooting and repairs, when

a break-down has occurred, but also general preventi-
ve maintenance, which can and should be in operation
at the very initial development phase. These mainte-
nance procedures, and particularly trouble-shooting
and disassembling , play a very important role in hel-
ping to understand working principles and primary
structure of the machinery, and hence give contribu-
tion to technology assimilation.

A simple, but effecti.c, p-ogramme of preventive main-
tenance, has the value of a complete labour training
course, indicating weaker machine parts and how they
could be improved.

Furthermore, it creates much more jobs than any other
food-processing machinery manufacturing industry, and
widely distributed around the country, as food-proces
sing plants are.

If the complexity level of the machinery is within the
limits of the previously defined adaptetion, it is possi-
ble to reach a fully indipendent maintenance and reapair
capability, at the first stage in industrial develop-
ment.

Immediately after, a process of "copying" of simple
mechanical components could give start to the develo-
pment of a manufacturing capability, limited in varie-
ty and at artisanal level.

When this copying capability has been developed, a
spare-parts manufacturing programme should be establi-
shed, in accordance with the machinery manufacturer.
(The pussibility of spare-parts indipendent manufactu-
ring should be included in the contract agreements,
when buying machinery in the international market).
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It would be preferable that (at least in the market
economy countries) maintenance and manufacturing fa-
cilities should be located in small workshops, indi-
pendent from the food processing factery.

This structure , if adequately sustained, may be the
embryo of the industrial infrastructure, which is the
main goal of the second stage in development and the
basic condition for a viable manufacturing capability.
Froma a macro-economical (and macro-technological)
point of view, it is very unlikely to expect food-pro
cessing machinery alone would justify the establish-
ment of infrastructrual (and then manufacturing) capa-
bility. Therefore, only a multiple-product manufactu’-
ring can be envisaged, at least at this development
stage.Furthermore, only the reach of an overall multi-
product critical size will allow the firm (not necessa-
rily the plant) to start its own process of know-how
and technology improvement,

The manufacturing plants (not necessarily firms), should
be as scattered as possible in the territory (compati-
bly with a profitable management) to diffuse technolo-
gical skills and know-how.

Since the setting-up of an industrial infrastructure
is the main goal of the second stage, it is obviously
with—in products with similar infrastructure require-
ments, that a multiple-product marufacturing is to be
searched.

Various contract agreements (license, joint-venture,
buy-back etc.) with the machinery supplier may allow
manufacturing of parts, sub-assemblies, components

or complete machines.

It is important to point out that infrastructure and
production capabilities have to proceed and to impro-
ve at the same time, as simultaneously as possible;
otherwise, there is an excess of technological capa-
city in the manufacturing plants, which are obliged

to import more semi~finished products or,on the con-
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trary (but this rarely occurs in the developing coun-
tries), the infrastructural investments can hardly be
profitable,

The interdependence between infrastructural and specia-
lized programmes is in fact very high at complexity
levels N1 and N2, where the main framewark of capital
goods manufacturing is set up.

Once the overall critical size has been achieved, it
is possible that a full technological mastery in food
processing machinery (at the adapted technology level,
of course) calls for sectoral specialized development
programmes.

Starting of a food processing machinery in-
dipendent manufacturing capability is the goal of the
third stage. A newly established food-processing ma-
chinery industry should start producing machines ve -
ry similar to those produced by international firms,
although at downgraded complexity levels, chosing those
which do not require high investmenf:s and have the
larger possible domestic market, as resulting from
demand estimates and initial sales volume calcula-
tions.

Machines to get started with might be, for example,
those used in canneries and slaughter houses,such as
boiler-making, heat exchangers, conveying belts and
chains, pasteurizing and cooling pans and retorts,coo-
king pans, kneading-machines, slaughtering apparatuses
etc.

All these actions are in fact very specialized sectoral
programmes, even if the industry will continue to ope-
rate on a multiple~-product basis. This will last until

" economic studies make advisable to undertake a full le-

vel of production in the specific sector, increasing
quantities, varieties and modeils.

Aprototype construction section is the core of future
development; the prototypes may be machines where im-
provements are based on previous experience in mainte
nance and repair, or intended to test new adapted so-
lutions on the basis of local demand, or to apply lo-
cal artisanal techniques, or to try to "re-produce"mo-
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re advanced internationally-available machinery.

A further technoliogical adaptation has to. take

place in the machine technology,as well as in the
manufacturing technology, to make production process-
es mat~h with new available skills.

This adaptation may be done in agreement with the for
mer machine manufacturer or independently, depending
on contract agreements and requlations.

Generally speaking, the more adapted (or down-graded)
the machinery, the easier the agreement: many food-
processing machinery, considered as obsolete for non-
technical reasons in the developed countries, can be
manufactured in the developing countries, with few re-
strictions and lower or no royalties.

Another possible way of adaptation , which is to be
considered as a complementary route and not as an al-
ternative, .s the "up-grading" of authoctone technolo-
gy and machinery to reach full industrial operation.
Although this way might simplify some assimilation pro
biem,it will encounter practically the same constrain-
ts in establishing a manufacturing capability, since
equivalent technological levels imply the same manufa-
cturing complexity, whether it comes from "down-grading”
or from "up-grading" patterns.
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J.4. Infrastructure and manufacturing equipment

The evalutation of the complexity index (IC) (see pa-
ra 3.1) has already given an indication about infra-
structure and manufacturing equipment, needed to pro-
duce a typical "adapted" machine (see para.2.1 for de-
finitions), on which all unrequested function have
been "down-graded" or eliminated (see para 2.2)

This infrastructure and manufacturing equipment corre-
sponds to the needs of the third stage in development
(see para 3.3); for lower stages,proportionally redu-
ced equipment is needed.

In this paragraph, the list of manufacturing facili-
ties makesreference to IC evaluation procedures and
definitions (see ref.4 for more details, pag.38 to
117), for infrastructural facilities (B factors, re-
ferred to as "semi-finished products" and "third-party
services" on para 3.1) and for manufacturing equipment
(A_factors, referred to as "production resources" on
para 3.1).

It is worthwhile remembering thct a general study,such
as the present one, can only give general reference da-
ta; infrastructure and equipment listed on this para-
graph have then the value of typical technical resour-
ces to manufacture typical "adapted" food processing
machinery.

It is also to be made clear that these resources are
intended to produce basic machines, which do not inclu-

de components (such as electric motors, hydraulic and

pneumatic components, etc.) referred to as "basic com-
ponents" on para.3.1.

All these components shculd be imported and assembled,
because no component manufacturing is possible with
this infrastructure and equipment, except special ca-
ses to be investigated at feasibility study level.




- 45 -

Before entering the description of technical resources,
a few general considerations on food processing machi-
nery manufacturing should be made.

Even if the complexity of a food processing machinery
is not very high, this would not mean that a good manu-
facturing practise is so easy to be attained.

There a factor, that no- index of complexity can take
into account, strictly connected with the nature of
goods to be processed.

It is the "accurate manufacturing", not only ir the
meaning of a precise execution, which of course is
important, but also in the sense of a very careful ma-
nufacturing practise, that takes intc account apparen-
tly negligible details.

For example, if a pipe bead-weld connection has been
correstly executed, from the point of view of mechani-
cal strength and pressure withstandind capacity, but
has some very small surface cavity or pinhole prorosi-
ty, this will result in a difficult washing and possi-~-
ble product spoilage by bacterial contamination.

As a further example, if the seal gasket of a rotating
shaft in a kneading machine is not properly mounted
and causes a very small leakage, this would not cause
any problem to the rotating shaft running , but can
contaminate the product and spoil out an entire pro-
duction cycle.

The proper know-how for food processing machinery ma-
nufacturing is based on thousands of these "circumspect"
operations, which do not increase the total level of
complexity, but imply the employment of very skilled
people for production and management.

It is more the case of "care-oriented" mentality, than
of pure operational skill..

How to attain such an "accurate manufacturing” skill
should primarily entrusted to an accurate training of
production and management personnel, as it will be di-
scussed in the next paragraph.

h -
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Infrastructure
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This infrastructure is to be considered as the minié
mal basis on which a food processing machinery produ-
ction could be started.
It is evident that only food processing machinery pro-
duction would never saturate these infrastructural re-
sources; an integrated development program must take
into account the total volume of similar industries,
starting operational activity in the same period (see
para. 3.2).
To start manufacturing, the basic infrastructure should
already be equipped to provide (see para.3.1 for descri-
ption and ref.4, op.cit. pag.77 to 99 for more details):

~ basic primary iron casting (B.1)

- steel casting of basic carbon steel (B.2)

- open-die forging (B.7)

- stress relief, annealing etc. (B.9)

- heat treatments (B.10)

- metallic surface treatments (B.11)

- manufacturing and maintenance of simple tools

(B.12)
- manufacturing of dies for cold stamping (B.13)
- manufacturing of dies for hot metal working
(B.14)

- manufacturing of jigs and masks (B.15)

- medium and medium-heavy boiler making (B.17)
Some of these infrastructural capabilities (B.12,B.13,
B.14, B.15, B.17) could temporarily assumed by manufa-
cturing plant departments, specially equipped for the
purpose, but this is to be considered as a temporary
remedy.
An integral programm, for establishing indipendent
infrastructural capabilities has to be simultaneously
initiated, relying mostly on natural trend towards
work specialization, and adequately sustained by fi-
nancing small workshops, operatedfor example by for-
merly employed workers and artisans.
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Other infrastructural resources (B.1,B.2,B.7,B.9,B.10,
B.11) requires investments and acquisition of opera-
tional know-how, that cnly food processing machinery
manufacturing would never justify, from technical and
economical points of view.

These resources should be- developed through an inte-
grated industrial infrastructural programe.

Once the basic infrastructure has been established
and the above listed facilities are fully operating,
some other infrastructure facility could be started,
in order to progressively reduce the total amount of
imported goods, particularly in the field of simple
mechanical components and spare parts.
Infrastructural resources to be established in a second
phase might be:
- non-ferrous casting (B.3), particularly allu-
minium or alluminium alloys casting
- die-casting (B.5) of ferrous and non-ferrous
materials
- gear and teeth manufacturing (B.19) for sim-
ple and conventional universal equipment
- specialized fine machining (B.20)
- cold stamping (B.23)
The latter two cases apply only when the degree of de-
velopment makes possible tc detach some manufacturing
capability from the producing plant (where these re-
sources have already been foreseen,see "A" factors).
Other possible infrastructural facilities (not inclu-
ded in the list for IC calculations) that could be use-
fully employed to reduce imported gocds, are:
- electrical switch board assembling
- electrical installations wiring
- electric motor rewinding
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Manufacturing equipment
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A plant for food processing machinery manufacturing
should be equipped with the main equipment described
below- (see para 3.1 for detailed description of type
of work and ref.4 pag.47 to 76 for more details).

It is to be noted that the following description sta-
tes the type of equipment to be operated and not the
number ,which can be fixed when total plant capacity
has been established, on the basis of potential mar-
ket and feasibility analysis.

Generally speaking, since production rates of food
processing machinery will never be very high, it is
to be supposed that a single equipment for each type
of operation will be sufficient, except in the case
of welding.

List of manufacturing equipment

Metal cutting (¢1):-recirpcating saw,
-circular saws
-portable shear disk saws
-3 mts guillotine shears for cutting
sheets, up to 8 mms
-bench shears for cutting profiles

bending, folding,etc.(@2):
-3mts.shez2t folding presses
-2mts. roller presses up to 5 mm.thick
-roll forming machines

riveting and threading(@3):
-semi-automatic tube threaders
-column threading drills
-semi-automatic riveters

cold pressing(@4): -hydraulic presses, up to 200 tons
-mechanical presses, up to 80 tons

welding(@7) : -oxyacetilene welding sets
-metal-arc welding sets for various
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types of steel,mainly stain-
less steel

- inert-~gas shielded arc wel-
ding sets,with continuous
wire feeding

- spot welders

- high frequency aluminium
welders

- various manual turntables
and benches

- motor-driven turn tables

- steel truss welding benches

horizontal lathes (@8): - single-chuck horizontal

spindle lathes of universal
type, manually operated

- copying devices

- setof tools for various steel
types

- high~precision small lathes,
manually operated

surface planing and planing-milling (¢12):
- universal rotary table surfa
ce grinders
~ universal slotting machines

milling machines (@14):

boring mills, max dia«120 mm.
- universal milling machinecs.

drilling machines(@15):

precision sensitive drills,max.

dia.20 mm

- radial drilling machines,max.dia.
60 mm,

- multiple~spindle drilling ma-
chines

- portable electric drills

grinding and surface finishinqg(g18):
- universal grinding machines
- portable polishing machines
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pedal-operated grind-stone
machines
cylinder-grinding machines

auxiliary equipment (no reference to 1C):

S tons. bridge cranes

10 tons gantry cranes
benches and turntables for
welding

miscellaneous hand tools
fork-1ift trucks
tool-sharpening sets
measuring and quality-control
instruments

benches and iustrumentation
for electrical testing
jigs, masks,

dies for forming,
hydraulics and pneumatics
testing benches
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3.5 Personnel and mangement for manufacturing

Personnel qualification profiles can be grouped
into three main functions:

- direct production

- supervision and management

- support and service

An increase in manufacturing complexity ,when pas-
sing from one development stage to the next (see
para.3.3), corresponds to an increase in qualified
personnel needs for each function, although in a
differentiated way.

At the beginning, more direct production personnel
qualification is requested, while ,at a certain
development stage, more supervision , management,
support and service personnel is needed.

These differentiated needs will be listed below;
before, it is weorthwhile making some general consi-
derations about personnel training problems,parti-
cularly as far as integration between functions is
concerned,

The first consideration refers to the difference
that exists between level of individual training
and level of collective training or know-how.

High individual training standards may quite easi-
ly be achieved by sending people, at various levels,
to follow specialized courses and "stages" in the
more developed countries. It can be achieved that
single workers can master techniques or skills to
accomplish manufacturing tasks; this is of great
importance in the first development stage, where
maintenance and repair, as well as "copying" of
parts and components, involve individual skills

in small workshops.

Only in the very first stage of development,there
is a predominance of individual production skills;
at the second stage collective skills (or organiza-
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tional know-how) begins to be a determining factor in
the small-scale plant management. There are obviously
increasing difficulties in training people for higher
level indirect functions, such as engineers,draughtsmen,
technicians, sales responsibles, accountants and mana-
gers, but still a good individual level of education
and skillness can be achieved.

What is much more difficult, and therefore time-consu-
ming, is to reach a satisfactory level of collective
training or, in other words, of organizational knowle-
doe, which allows a plant to be profitably operated.
This is the result of a high degree of integration bet-
ween different skills ,which cannot be obtained by sim-
ply summing up individual skills, but requires a long-
lasting process of assimilation, as any other "techno-
logy".

It could be assumed that the same principles of techno-
logical adaptation are applicable also to "sclc-ware"
techniques or knowhow, such as industrial organization,
training, engineering, etc. that have to be "redesigned"
for less developed environments.

The second consideration refers to an important conse-
quence of these assumptions: if a high degree of inte-
gration between different functions is requested,then
training programmes should be "tailored" to different
stage needs.

It is often observed how intensive and apparently
well-designed training courses, held in the developed
countries, has the only effect to stimulate emigration.
This is particularly evident for higher qualification
personnel, which encounter difficulties in finding a
job at his own qualification level.

It also happens that direct production personnel,trai-
ned at foreign manufacturer's headquarters,finds so
deeply different working conditions, when getting back
to the country of origin, that learned skills cannot
easily be turned into daily working practice.
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Integration of skills with the ambient and between
them is difficult,because training courses have been
held in a so different socio-economic environment ,that
only an "individual" assimilation, if any, has been
attained.

Training courses should be held, when possible, in a
socio-economic environment as similar as possible to
the original country's conditions and srould be "tai-
lored" in such a way as to stimulate integration
between skills and between functions.

This latter aspect should suggest to avoid any "ge-
neral"supervision and management training courses,and
to give preference to "specific" courses; for example
managing a small maintenance workshop requires a com-
pletely different professional practice and psicolo-
g.cal attitude, than managing a manufacturing plant,
even if small.

For each function, personnel should be trained at a
level which matches with the maximum cultural level
of the area where it is going to operate.

An Yadapted" training stimulates cultural assimila-

tion and social integration between different functio-
NSe

The third consideration refers to a particular aspect

of food processing machinery manufacturing. which has
already been pointed out: the need for "uccurate ma-
nufacturing".

It has been said that this is, more than a special
skill, a mentality with which daily working practi-
ce is performed.

Probably, the only way to attain this mentality is to

be progressively aware of the consequences in processing
food , of any inaccuracy: machines are still working

but proce~ssed food quality standards go down or are u-
nacceptable.

It is the continuous interaction between the user and the
manufacturer, that originates this "collective skill"
for "accurate manufacturing”.
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Even if, probably, no special training course in
"accurate manufacturing" would give good results
from a practical point of view, maintenance and re-
pair practice could be of great help.

Direct experience of failures and uncorrect operatio-
nal modes is a very good training.

Other useful periodical training courses could be or-
ganized at food processing machinery users'plants,
where correspondance between product quality and manu
facturing accuracy can practically be shown.

Taking into account these recommandations, a basic
training programme should match with the following

needs, at different stages:

first stage: - basic training of workers and arti-
sans on simple mechanical skills and
on assembling/disaseembling procedu-
res
-~ basic training on supervision and ma-
nagement of small workshops

second stage:- specialized training on mechanical

and electro-mechanical skills

- specialized training on assembling
skills

- specialized training in semi-fini-
shed products manufacturing

- basic training on work organization,
small plants management, administra-
tive work, sales management etc.

- basic training for technicians and
engineers

third stage: - specialized training on management
and supervision of small plants

- specialized training for engineers

and technicians on engineering ser-
vices, research and development
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- specialized training on sales
and marketing management

As it can be seen , direct production personnel is
fully trained to cover qualification reeds during the
second stage, when an indipendent manufacturing could
not yet be started.

This highly contributes to the creation of infrastructu-
ral capabilities during this stage, as a support for
starting manufacturing industry, as outlined in para.
3.2.

During the third stage, indirect functions predominate
and training of management and engineering skills are

a key factor for the establishment of an indipendent
manufacturing industry, if market demand is adequate.

The abovesaid training programme should be implemented
to cover the following specializations:

first stage: - welding of all types (steel and stain-

less steel)

- small-pieces artisanal casting

- simple machining

- metal sheet cutting

- metal sheét folding and forming

- pre-assembling and assembling of ele-
ctrical , mechanical, hydraulic and
pneumatic parts

- trouble-shooting and repairs in ele-
ctro-mechanical machinery

- maintenance procedures and scheduling

- raw materials and spare-parts stock ma-
nagement

second stage: - special welding techniques

- non-ferrous metal welding

- medium-pieces forging

- die castings

- mechanical machining (lathes,milling
machines, crilling machines,grinding
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third stage:
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machines, boring machines)
cold forming and pressing

of metal sheets

large-pieces sheet folding
dimensional measurements

and quality control proce-
dures

electrical and electronic
components and parts assem-
bling

hydraulic and pneumatic com-
ponents and parts assembling
heat and surface treatments
utilities and supply mainte-
nance and repairs

general stock management
workshop supervision
production shediling
production organization and
control

preventive maintenance shedu-
ling N

administrative works and pro-
cedures

sales and technical assistan-
ce

technical staff jobs with in-
termediate educational level
(high and technical schools)
small firms management

- quality control planning

university-level education for
science and management
engineering specialists in
various branches

system analysts

food processing technologists
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sales management and planning
marketing management and plan-
ning

sales agents

technical assistance scheduling
and management

basic research and development
operations
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I DUCTCRY NCTES TC Tl CATALCGUL

Catalo~ue structure

— The catnlo~-ue has four sub-sectors : ment processing,
fruit ond veretntle processing, milk processing and
cerenls processing

- In ench subsector, the indexing pagce provides the
list of products and/or processes, which are described

- For each product or process, on the general remarks
section, the general problems of product/process/sub-
sector are discussed, with a2 survey on the most widely
enployed technologies; on the technology description
section, adapted technologies are selected 2nd descri-
bed, cften with the a2id of a flow diagramme; on the
machiner:; description section, generzl 1nformat10n of
the relevant and most significant machinery, for
each technclogy, is given, often with reference to
some machinery menufacturing skills.

Thotorraphs, in some case, show iypical examples of

the described machines, (note that examples are
selected amons a limited sample of italian-made
products and should be considered only as a typological
2id to description, with out any other eng garement).

Technolosy and machinery selection

- All technologies and machinery fits, unless specifi-
ally indicated,the selection criteria for adaptation,

discussed cn chap. 2.

- Technology and machinery descriptions have been kept

as separate as possible, but in some case, technological
aspects are added to machinery description, and vice-
versn, when definition of process is strictly inter -
connecte¢ with its practical application, and viceversa.
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- Adaptec technolosies are uscliecteu among those widely
employed, today or in the rasi, in the western
countries; no specizal local technology has been
considered.

- Adaptaticn is often obtainec by "down—gradiqg" more
complex technologie. (see para. 2.2); no "ur—-crading"
of local techniques has been pzrformed, because of
lack of informatior and excvcrience (other very
interesting studie: on the latter aspect of adaptation
are currently beins prepared).

- Jo quantitative complexity analysis (index of complexi
ty) has been included in the catalogue; the index of
complexity; (IC) for a trricazl adapted machine has
b:en calculated, as an example,on chap. 3.1; all
machinery selected hns IC apprcximately 1in the same
rance.

hen using catalosue for food processing industry
purnoses note that

- This catalogue is not a food xrocessing operation
manual, nor a food processing engincering manunl,
but a conculting guide for selecting moct widely
employed adapted technologies =nd most sisnificant
related machinery.

- This catalogue is not desi;nzd for food processing
specizlists, but for enginccrs, technicians,economists,
decision makers etc. of the less developed countries
tc help in taking decisions and actions on adapted
technolo~ies and in "opening the technological package"
for food processing.

- The decrec of technical infermation is very general,




intended to sunrly overnll refercnce datn (working
principlec, precessing 2lternatives, know—how rcco—
mmandations etc.)

- No cost evaluation has been performed

- Tachinery, common to several processes, is indicated
in each process, naring reference to the others

- Energy conservation and saving aspects for food
processing operations are discussed on appendix 1

- Some examples of small-sized food processing plant
is given in appendix II; in the catalogue, capacity
of processing lines 1S discussed when this aspect
has connection with adaptation criteria

“When using catalogue for capital goods manufacturing
industry, note that :

to equipment and skilil, needed to manufacture each
machine; a much more detailed description of manufac
turing equipment, skills, infrastructure etc. 1is
civen on chap. 3 for a tvpical adapted machine

— All besic machinery, selected and described in the
catalogue, can be manufactured with the eavipment
listed on chap. 3, unless specifically indicated

_ All components (such ad electric motors, ball
bearings, hydraulics, pneumatics, electrical switéhes,
etc.) must be imported, except some very special case
of simple items to be produced locally

-~

- All machinery, unless indicated, could be manufactured
in the same factory, from 2 technical point of view
(for general policies, market considerations etc.

see chap. 3).

l - This catalogue supplies only a very rough reference
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4.1 — MEAT PROCESSING

Slaughtering and frech meat preparation
General remarks

Technolioqgy descripticn

1 Cattle slaughtering

2 Pig slaughtering

.3 Sheep slaughtering

4 Poultry slaughtering

5

6

—
N
[ ]
-

R
2
1
1
1
1
1.
1
3
1
1
1
1
1

Butchery

.6 Refrigeration and freezing
hinery description

1 Overhead conveyor

2 Trapo

3 "Death field" and transfer crane
4 Service platforms

S Hoppers

.6 Scales
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Ancillary equipments and tools
Pig scalding tank

Depilating machine

0 Utilities

.11 Poultry processing line

.12 Butchery tables

.1.1.3.13 Refrigerated storage
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4.1.2 - Meat Preserves
4.1.2.1 General remarks
4.1. Technology description
.2.1 Canned meats
.2.2 Sausage making
{achinery description
.1 Cooking pans
Liquid filling and seaming machine
Sterilization autoclave
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.4 Meat cutter and mincer
5 Meat kneading machine
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£.1.1.1

4.1 1 - SLAUGHTERING AND FRES!I MEAT PREPARATION

General remarks

Thic 1is a subsector in vhich a verv limited amoanat of de-
veloping in the nrocessing technoloqy has been carried nut,
also in many developed countries, vhere comnletely manaal
processes are still in operation.

However, since the process is, in principle, verv simbple
and consists in purely nhvsical (and mostlv mechanical)
operations, this does not affect very much tho final qua-
lity of the products, if very stringent hvagonical condi-
tions are kept during processing.

As a consequence, meat processinc technologv can be consi-
dered very simple and assimilation is possible in the
majority of developina countries, but hvaenical condition
standards strongly reguires the employment of skilled
perscnnel and adequate management.

Slaughtering and fresh meat prenaration can be considered
as a primary processing, intended for fresh meat market
distribution and c¢onsumption, or for other meat preserva-
tion processing, sucn as meat canniinag or sausacrs miliogT,
that are referred to as secondary processina.

This subsector has many interrelations with the animal
rearing methods and with the different asnects of meat and
meat products marketina.

Nimensioning and location of slaugaterine plants, and re-
lated economical feasibility analvsis are highlv affected
by animal rearing conditiomns.

On the other hand, market requirements are the kev factors
in defining tvpe of packaging and/or vraoning and the use
of refrigerated storage and transportation.

These are the only possible complexity sources of the
teciinological process; another source of complexity could
be the automatization of internal transports and opera-
tions, but this is only recuired for large plants in high-
wage environments.
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4.1 .1 02.2

TECHIOLOGY DESCRIPTION

Cattle slaughtering

The processing line starts with the animal slaughtering,
performed in a special stall (A) called cattle tran, by
means of a special pistol; the animal is then elevated

by means of a crane in the "death field" (B), to be sus-
pended to the overhead conveyor. This 1s in use in almost
all modern abattoirs, along all the processing line, and

is considered the unique basic automation, suggested also
in the less developed countries, to maintain good hygieni
cal conditions. On~ce the carcasse has been suspended,

Flocd is drained and ~ollected in a hopper (C).

The carcasse is then transferred, by means of a crane, to
a lower-level conveyor (D) and posterior legs are divari-
cated, toc be easily operated in the manual processing line.
Operations are, in sequence: front and back semi-skinning
(E), stomach and offal removal (F), other separable parts
remnval (G), complete de-skinning (H), splitting into two
parts along the spinal column (I).

The carcasses are then carefully washed (L) and final
weighing completes tne slaughtering process.

The normal production rate of a line, with manual obpera-
tions, is in the range of 10 to 15 cattle/hour, with ski™led
personnel and management,

With automatic de-skinning and divarication, line produc-
tion rate can be increased up to 20 to 30 cattle/hour.
Fully automatic operations can achieve a maximum production
rate of 60 animal /hour.

A typical cattle slaughtering line is shown on Fig. 4.1.1.

Pig slaughtering

The processing line starts witn the aiimal slaughtering,in
the swine trap (A), after having stunned the animal wvith
an electric device.

The piqg carcasse is then elevated (B), by means of a con-
veyor ramp, to the overhead conveyor, and blood draining
is then performed (C), (sections from A to C can be common
to other animal slaughtering).

The carcasse is thenlowered (D) to be scalded, depilated
and subsequently finished (E), in a special pool.,

The subsequent operations are manual, with the carcasse
elevated again (F) to the overhead conveyor. In sequence,
the following operations are performed: skin finishing (G),
evisceration (H), other removable parts extraction (1),
splitting into two parts (L), final washing (M). The line




cnds with the carcasse weighing (N).

The normal production rate of a manually operated line ic
and manaqgement. By the use of semi-automatic conveyor ramne
for elevation and dropping and of scmi-automatic scailder
transporter, production can be increaseda to 60 to 100
piq/hour. :

Fully automatic lines can achieve a maximum production rate
of 200 pig/hour.

A typical nig slaughtering line is shown on Fia. 4.1.2.

4.1+1.2.3 Sheep slaughtering
Sheep slaughtering process is very similar to cattle one.
After bleeding, sheep carcasses are transferred to an in-
flating section, which enables skinning and flaying to be
carried out with ease.
The subsequent operations are similar to those described
for cattle.
Normal production rates are in the range nf 20 to 30 sheep/
hour, with manual operations and skilled personnel and ma-
nagement.

4.1.1.2.4 Poultry slaughtering
Poultry is normally slaughtered and processed on the same
line; destination market requires a low temperature refri-
geration and automatic or semi-automatic wrapping systen,
to assure good storage and conservation of the product.
The processirg lines, available on the market, are automa-
tic or semi-:utomatic lines, with high degree of complexity,
capable of processing up to 400 chicken/hour-man.
If simpler technology is requested, this must be seeked in
the type of installations in use some years ago, where many
operations were performed manually, capable of processing
100 to 150 chicken/hour-man.
The processing technoloqy includes the following seguence:
high-voltage stunning, conveying belts, scalding tanks,
plucking machines, evisceration, washing. A final refrige-
ration at - 5°C is performed by countercurrent chilling in
water (or better in high-speed air freezing tunnels, to
prevent water contamination by bacteria).
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4.1.1.2.5 Butchery

4.1.1.2.6

All opera orformed in the hutchery halls are manuallvy
operated, alco in meny developed countries. Some tool can
be used, such as saws, but in any case this machinery is
manually operated.

Cutting and sectioning are.the basic processes for fresh
meat consumption, or for secondary treatment in meat pro-
cessing plants.

Butchery can be operated at the end of the slaudhtering
line, but it is comrmo1 nractice to base the fresh meat
market on small to medium-size butcheries, scattered
around, to serve villages or town areas.

This is done also because short-period refrigerated meat
preservation is easier in large pieces, such as halves

or quarts.
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Refrigeration and freezing

A certain amount of refrigeration is needed in the slaugh
tering process, to improve meat quality and hygienic con-
ditions, as well as slaughterhouse's management.

The slaughterhouse processing chain, after the weighing
operation, is physically extended to the cold storage
units, whose correct handling is a decisive factor in the
plant profitability.

Meat is refrigerated to a minimum temperature of - 5°C, to
be then distributed to the market in refrigerated or iso-
thermal trucks.

The use of freezing for long-term preservation is a very
good system, probably one of the best way to preserve,
keeping the most of nutritional value and product quality.
The equipment normally used is a continuous tunnel with
air circulating at a speed of about 4 m/sec at a tempera-
ture of - 30°C.

Other methods employ metal plate freezing.

Freezing implies the uce of relatively complex machines
and, moreover, it recuires that the complete market chain,
from trucks to retail shops ic equipped with very low
tenperature refrigerators,

This is unlikely tc be foresesn in the less develored
countries and therefore this, tcchnology is to be
considered as unadapted.
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l}4.1.1.3.1
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MACHINERY DESCRIPTION

Overhead conveyor

The overhead conveyor has normally a canacity from 500

Kas to 1200 Kas per meter. It is built ur of a main franme
of steel profiles, which is n.rmally suspended at thc plant
roof, which must be dimensioned for the exceedinn charae.
The sliding guide is built by curved or linear steel
plate, suspended to the main frame by means of steel arme.
The manufacturing is simple and all the assemblina is

done by welding.

Some complexity arises only in manufacturing two-way
switches, (manually operated), where dimensional accuracy
is an important factor in determining operational manoevra
bility and maintenance.Steel anti-corrcsion protection
must be very accurate: best way is kot-zinc coating, but
also adequate paint coating, with a frequent maintenance,
could give good results.

Fig. 4.1.3 - Overhead conveyor (courtesy of VAR)




|4.1 .1.3.2 Tran

Cattle slaughterina and swine stunning are performed in
a special stall, called swine or cattle tranp.

The trap 1s composed by an access door, a quillotine for
door control and a lateral door, manually or pncumati-
cally operated, for stunned animal sorting.

All components should be in stainless steel, for ease
of maintenance and corrosion resistance.

The trap is a very simple device, but manufacturing
requires skilled stainless steel welding and sheet
forming.

As a valid alternative, the trap can be manufactured by
steel sheet and, when completed, hot zinc coated. This
reduces manufacturing cost and gives good operational
results, provided a good zinc coating is performed.

Fig. 4.1.4 -~ Swine stunning trap (courtesy of VAR)




4.1.1.3.3 "Death field" and transfer crane

M Jnad At +T ~ ~+ " - y 1
The dcad cattle must be suspended to the overhcad con—

veyor, at the beginnina of slauchtering procesc.

This is done by a device, consisting of a bridae cranc
with a steel profile frame, four wheels for cranc de-
placement, a reduction gezr box in cast iron, directly
courled to an electric motor drive and to a rope roller.
Normal capacity is in the range of 1 ton.

This device has normally a remote control, by means of
a pushbutton panel, with all electrical connections.
Steel protection is done by hot-zinc coating or vpaint
coating.

Manufacturing of the steel frame requires skilled wel-
ders:; the crane can be assembled using imported compo-
nents.,

Fig. 4.1.5 - "Death field" crane (courtesy of WR)




i

4.1.1.3.4

4.1 01 03-5

4.1.1.3.6

4e1.1.3.7

Scervice nlatforms

Along the slaughtering line, certaln ovperations, Siuch
as de-skinning and nosterior leqs decvarication, are to
be performed with the operator standinc on a »latfornm.
The platform is built of a supportinag frame bv wvelded
steel profiles and stens and working area 1n zinc-
plated grating. '

Manufacturing requires only skilled welders.
Zinc-plated grating is a higher complexity item, since
its manufacturing requires precision steel platc cutting
and welding, that can be economically unfeasiblc.

Hoogers

Some processinag operation, such as blood drainace and
stomach removal, requires the use of collecting hoppers.
The hopper is normally made out of a supporting stain-
less frame with stainless steel sheets for the side
walls and collecting tank.

Manufacturing is simple and requires only skilled stain-
less steel welders.

Scales

Weighing can be performed by scaling devices, mechani-
cally linked with a short section of the overhead con-
veyor track.

Scaling devices exist in many different versions, from
very simple manual scales, to semi-automatic or electro
nic displaying and computing units.

At low processing rates, a mechanical scale is an adapted
tool.

Ancillary equipment and tools

Along the whole processing lines, each operation requires
the use of side platforms, chariots, gliding tables,
discharging hoppers, charging platforms, etc.

All these equioments are normally made by stainless steel
sheet, with a supporting zinc-coated steel frame.
Manufacturing is very simple; a very carefal attention

is to be put on steel protection, because of the verv
hard corrosion environment.

All tools are made by stainless steel.

Pistols, cartridges, electric stunners should be imported.




o e EEE B = e B O EE e e

e e TR N I

4.1.1.3.8

4.1 -1 0309

Pig scalding tank

o 4 1. S m o mAa hes o~ e s 5 1
The tank is madce by a main paint-coated steel nrofile

frame aw” 'y thick steel sheet side walls.

Assembiing is made by welding parts together.

Inside the tank, a tube nest heat exchanqcr provides
heating (normally by steam) to thre scalding water,vhere
pig is laid down by means of a manually Or pneamati-
cally operated lowering arn, connected with the aerial
convevor.

Normal dimensions of the scalding tank are 3.00 mts by
1.70 mts by 0.95 mts (height).

The extraction of the scalded pia is done by means of a
comb extractor, made of zinc-ccated steel, manually or
pneumatically operated.

The manufacturing of the scalding tank recuires skilled
wvelders and an accurate assembling of the heat ex-
changer.

Depilatinag machine

Pig deprilation, after scalding, can be done manually

(by special brushes) or usinc a depilating machine, that

can be classified as an intermediate complexity device.

The mai-. f» o 75 1.l hy tubular steel profiles,

assembled by welding, with steel sheet side valls.

All steel is hot-zinc coated.

The pig supporting cradle is made by welded tubular

cteel profiles, suspended to the side walls.

The depilation is done by grasping teeth and rubber

brushes, that deplace the pig body, while depilating it.

The brush supporting roller is made by cast iron, vith

steel driving shaft,

The machine is completed by control and driving mechanisms,

such as electric motors, pneumatic actuators, valves,
side plastic protections, water feeding pipes, etc.

Finishing is always done manually and is normally per-—
formed on a roller table at the output of the depila-

ting machine; this table has a main frame of zinc-coated
steel profiles and upper steel rollers with side ball
bearings.

Manufacturing of the depilating machine requires accurafe
steel plate cutting, skilled wclders, trained machine
tool operators, an accurate mechanical and electrical
asscmbling and cast iron forming.

All electrical and mechanical components, such as motors,
controlling devices, pumps, piping and connections,ball
bearings etc. are to be imported.
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4.1.1.5.10 Utilities

£.1.1

3.1

A slaushterin~ 1inc, no deccrived pelure, 15 UG o nun—
plied with wnter, stenm and ¢clectric ro-er.

“anufcturin;s of the CGUlI“Cﬂt for power ~nd {flulds

rereration and distribution ic not forezcenable in many
develoring countries and be imported. (see Appenciz 1
for more idetails on energy saving and surrlring 1in foold
procecsing orerations).

Poultry processing line

A poultry processing line can be clessified as interme-

diate to corplex machinery, whose manufnacturing is

forescenable in many developing countries.

Killing is done by mechanically-operated knives that are

inserted at the connection-cf spinal column.

Bleeiing is Jone in stainless steel horrers, wiile animzl

is veing transferred to next line stations.

" scaldiny tank is provided, with hot water, to ease

supsequent pluciing.

Tluckins is cone by revelving rubber roiis, with fingers

protrudi.:s ani is comploted, for higa cunlity standards,

by 2 sin~eing in zns fleme charider.
on

'_|

Tviceceration is done manually by special wnives, and
incpecticn must be performed on eviscer=zted part, te

cheelr bird for wealthy human consumption.

» finz] chitled w2ter bath z2llcws birds to oe ccoled tce
about 3°C for finzl wrapping and refrigeray c¢d warehouse
stering.
mpese linec prcceus about 3CC to 450 chiclen/hour and
have a ni~h ree of automzatization in oncrations.

H igh output rate: and automatic operaticn suggest thav
this line should not be employci as an a2darted machine;
Go.n-rrading of poultry lines is very difficult, because
of the hirh intersration tctween components.
Alternatively, eatirely manu=al butchery tables, excent

2 plucking raci.ine, can assure 2 Very simrle processing
At a maxi~um output rote of 3C to 5C chicien/ ‘hour.




4,1.1.2.12 Eutchery table:s

Pronarartion of meat for cocondar

\
Yol abata o3
fresh meat consumption is done by entirely manaea
rations on butchery tables.

Butchery tables have a zinc-coated steccl structurc ond
a stainless steel plane, to keep hygicaic conditions
to the best. '

An improvement is the mechanizazion of the central
strip of the table plane, to be used as a conveying
belt for meat pieces.

Fig. 4.1.6 - A typical butchery table (courtesy of Var)

4.1.1.3.13 Refrigerated storace
Profitability of a slaughterhouse mav be imnroved bv the
use of refrigerated storage rooms.
The use of a refrigerated storage gives better quality
meats in better hygienic conditions.
However, the design of refrigerated storages reguires
good engineering capability and hinh investments, which
may be economically justified only after a careful techno-
economic feasibility analysis.
A great part of the investment relates to tne building
costs; building technology for refrigerated stores 1is
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more complex than for usual industrial buildina of recd
design and emplovs insnlatine materials nnt ecacsily -
availablc in developing countries.

Moreover, machinery for coolina fluids generation and
cell heat exchanger are complex items and manufacturing
1s not foreseenable in many develobping countries.

An opnortunity for these c¢ountries might be the assembly
of imported machinery parts and the manufacturina, under
licence, of steel frames and distributio=n piping.

Just for reference, a refrigerated storaace it must be
equipped with the following main machinery (freon type):

- n° 2 freon refrigeratior compressors, having the
nominal refrigerating capacity of the unit

- n° 2 electric motors for compressors driving com-
plete controlling unit for refrigerating systen,
with pressure and vacuum cages, indicators, elec-
tric switches etc.

- n° 1 freon condenser with cylindrical tube nest,
water or air cooled

- n° 1 freon separator for liquid freon feeding to
pumps

- n°® 1 freon obumping station, with two e€lectrically
driven centrifugal pumps, eguipped with all tempera-
ture and pressure controlling devices and valves

- n® 1 evaporating battery in each refrigerated cell,
with electrically driven circulation fans, de-
freezing device, control and safetv devices

—~ complete piping, valves, controlling devices,
safety blocts c¢tc, £ T2 distribution systen.

All the abovesaid machinery can be classified as complex
or very complex and requires a nigh degree of engineering
and manufacturing capability,
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V'EAT PRESERVES

General remarks

Depending on country nutritional habits and climate, diffc
rent meat preserving systems have been devcloped.

The processes sultable to be industrialized arc:

- salting

- smoking

- thermal treatments

- sausage making (spice curing)

Salting and smoking have a very limited diffusion and havc
never reacked the full industrial operation, probably
because of the changes they induce on aspect, taste and
quality of food, thus giving a meat accepted only in
limited areas.

Technologies employed for meat salting and/or smoking

are normally artisanal and entirely manually operated;

it is a subsector where research should be made to im-
prove product quality and to develop fully industrial
techniques.

The main advantage of salting and smoking and smoxing
techniques are the long shelf 1life and the fact that meat
does not require special packaging to be kept in storage.
At the present time, thermal treatments and sausage
making are the most widely employed preservation methods.
These methods have a long historical background in maay
countries and the processes vary very much, following

the different nutritional habits, but, generally speaking,
the tecunologies employed are very similar and, except
the case of mechanized large factories, the machinerv
emnloycd can he classified as simple.

Technologv description

Canned meats

1“eat cutting, deboning and preparation are normally per-
formed manually, as final operations of the slaughtcring
process, or in the plant reception butehery departiment,
if meat processing is performed in a differeat plant.
These operations arc performed using special manual tools,
on specially built butchery tables, anl recuire very
skilled personnel.

Meat cooking can be done by laying meat pieces into me-
tallic cages, submersed in hot water.

Wwater is hecated into steel pans, with double walls and
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steam circulation.

As an alternative, meat can Le cooked bv dircct stean
heating into stainless stecl autoclaves.

Meat is laid down into circular metallic containere,
stacked In a caqe to easc handling.

After cooking, liquid part is discharged into rescrve
tanks; cooked meat is extraected from antocleves and con
tainers are sent to coolina chain.

Cooling is neceded to make meat more compact for later
processinge.

Cutting into pieces or portions is normally done manually,
because a mixing between different parts is normally re-
quested.

Meat is finally put into tin cans and liquid part, jelly
or gravy, is added.

A good technique is tc fill cans with licuid under vacuum
conditions, to obtain a rapid mixina of meat with filling
liquid; otherwise, a normal level filler can Lo used.
Cans are then sealed in the seaming machine, that can be
automatically or manually operated.

Sealed cans are sent to the sterilizinc tunnel or auto-
clave, where sterilization process takes place for about
40 minutes.

After sterilization, cans are cooled and labelled, if

requested.

Final packing may complete the process.

A typical meat processing technoloqgy flow-diaqgram is
shown on Fig. 4.1.7.
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FIG. 4.1.8 - TYPICAL SAUJSAGF
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4.1.2.2.2 Sausace making
During centuries, SO many types of sausaaec makinag tech-
niques have been developed, that a general descrintion
is impossible.
As a ageneral rule, sausaqes can be classified into cooked
meat sausages and cured uncooked products.
In both cases, conservation is duc to the chemical action
of curirg ingredients, such as salt, sugar, pepper and
aromatic spices in general; an important role is plaved
by innocuous microraanism, Specifically culturcd for each
specific product.
Additives arc somctine: employed, such as nitrites, ascor
bic acid, phosphates etc.
The most widely employed technology starts from the pork
meat as raw material, leading to a final product,packed
into natural or artificial skin, called "salami" or egqui-
valent.
This is an uncooked pork meat mix, cured with salt and
spices, with a medium shell 1life, if adeguately stored.
Semi-manual technologies, with the use of simple machine-
ry, are widelv in operation in many small-scale plants
in developed, as in developing, countries.
It is to be pointed out that know-how and ski?l of the
operators is much more important, in obtaining ¢ood qua-
lity and long-lasting products, than the technology or
the machinery used.
A typical technology starts from cutting tne pork meat
cuts into smaller pieces, using cutting or mincing ma-
chines, The fineness depends on the type of product.
Fat parts are also cut into small pieces, and then washed
and dried in cutting-drying machines.
Preserving and cutring agents are then added; meat and fat
varts are then mixed and homoaenized by means of kneading
machines,
Perfectly miXed mass 1s then pressed into skiwu tube bags;
this operation can be done at the sausaginc machine or
by hand, carefully checking that skin is completely and
uniformely filled up; skin is then sealed by a rope and
sent to the drying chamber.
In the traditional technology dessication and curinqg
should proceed raturally for months, but industrial tech-
niques have obviously shortened this period using con-
ditioned chambers, where temperature and humidity are
ciclically varied, to obtain sausage corc dessication and
' cring in about 20 to 30 days.
A typical sausage making technoloay is shown in the flow-
diaqram of Fiqg. 4.1.8.
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4.1.2.3 Machinery description

I 4.1.2.3.1 Cooking pans

For cooking meat, the simplest technology uses open bans
with double bottom walls for steam circulation. These
pans are “basically made by formed sheets of stainless
steel, supported by a main frame in tubular steel pro-
files, or, more often, in cast iron.

The machine, in itself, is very simple; the only possible
problem can arise from the fact that bottom walls are to
be steam-tight and pressure tested; therefore very skilled
welding is to be employed.

Assembling procedure of the machine is very simple and
few rotating parts can be manufactured at precision ma-
chine tocls or imported.

An exampie of cooking pan is shown on Fig. 4.1.9

Fig. 4.1.9 - Typical double-bottom steam-heated cooking
pans, with and without mixing arm (courtesy
of Luciani)

4.1.2.3.2 Liquid filling and seaming machine
Normally, meat canning is performed in a manual way,since
the automatic process would imply complex handling ma-
chinery. After this operation, filling liquid or gravy
is added by means cf a dcsingend filling machine, which
is usrally coupled with the ceaming head, that seals the
can.
A more complex technoiogy implies the use of vacuum auto-
matic filling machine, that gives better results and in-
creases the operating capacity, but is a more complex
device,

o
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The dosing-seaming machine is an intermediate complexity
device, with some complex driving mechanism, such as

the turning seaming head.

The machine body has a main cast iron structure with
some steel arm to support operating parts.

All mechanical parts are manufactured by precision ma-
chining, with some forged component.

Containers and liquid tanks are stainless steel sheets.
Electrical motor drive and electromechanical control me-
chanisms complete the machine.

The whole design manufacturing requires very skilled
workers and, moreover, a certain amount of engineering
and manufacturing know-how.

A machine of this type can handle cans up to one liter,
at a rate of 2000 cans/hour.

A simpler solution can be the use of semi-automatic single
can seaming machine, whose hourly capacity is determined
by the operator (in the range of 200 cans/hour).

These machines are simpler, as far as maintenance and
manufacturing are concerned, because the only complex
part is the seaming head, driven by a pedal.

Main body structure is a large iron casting.

Other operations needed are precision machining and
stainless steel sheet forming.

A typical semi-automatic seaming machine, with a pedal
operated can raising, is shown on Fig. 4.1.11.

A filling-seaming machine, with automatically operated
seaming heads, is shown on Fig. 4.1.10.

Fig. 4.1.10 - Typical dosing-seaming machine, automatically
operated seaming head (courtesy of Luciani)




4.1.2.3.3

Fig. 4.1.11 - Typical semi-automatic seaming machines,
with pedal-operated can raising
(courtesy of Luciani)

Sterilization autoclave

Can sterilization can be performed in continuous tunnels
of high capacity, but a simpler system employs batch-
operated sterilization autoclaves. Cans are put inside
into baskets or circular cages, depending on the type

of autoclave (horizorital or vertical).

The heating fluid is steam, so the body must sustain
high pressure.

The body is built by a thick metal sheet (normally stain
less steel), curved and welded by very skilled certified
veiders and must be pressure tested.

Piping, valves, outlets etc. must be pressure tested and
are welded to the main body; the front or upper door has
to have a steam tight sealing.

Temmrature control devices, as well as security gages,
are of great importance.

The machine, in itself, is not complex, but severe pressure
and temperature working conditions suggest the use of
very wareful welding and checking procedures.

A typical cxample of sterilization horizontal and verti-
cal retorts is shown on Fig. 4.1.12
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4.1 .2.3.4

Fig. 4.1.12 - Typical sterilization retorts, vertical
and horizontal type (courtesy of Luciani)

Meat cutter and mincer

Meat cutting for sausage preparation is done into a ro-
tating blade extruder, where meat pieces are forced to
pass through by a rotating worm-screw or a blade con-
veyor.

The machine has a very high power motor drive (about

50 Kw for a capacity of 400 Kgs/hour), because the pro-
cess has a high mechanical energy consumption.

Machine body is made by stainless or painted steel shests,
with a main steel profile frame, that support electric
motor drive, reduction gear box and mechanical transmis-
sion.

All internal parts are of stainless steel.

From the manufacturing point of view, all parts are to

be precision machined and must be well dimensioned be-
cauce of the relatively heavy duty.

The machine must be well engineered to allow simple
opening and cleaning of all parts which get in touch with
meat.

A typical mincing machine is shown on Fig. 4.1.13.

Fig. 4.1.13 - Mincing machine for sausage making
(courtesy of VAR)

- 83 -
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4.,1.2.3.5 Meat kneading machine
This machine has the function of homogeinizing the mass
of minced meat with fat part and additives.
The capacity varies from 50 1lts, to 300 1ts., depending
on type of sausage and production scale,
This machine works by rotating blades, that kneads and
press the meat mass. )
The kneaded meat is taken out at the bottom, by a special
door.
Technology is very simple; the machine i1s made out of a
cast iron or welded steel supporting body, with the
kneading chest and rotating blades in stainless steel.
Motor drive and reduction gear can be externally mounted,
as it is shown on Fig. 4.1.14.

Fig. 4.1.14 - Typical meat kneading machine for sausage
making (courtecy of VAR)
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4.2 FRUIT AND VEGETABLE PROCESSING

o1 Fruit and vegetable preserves

4.2
4.2.11 -
4.2
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General remarks
Technology description

.
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4.2.1.2 1 Fresh fruit cahning
4.2.1.2.2 Fresh vegetable canning
4.2.1.2.3 Fruit and vegetable dehydration
4.2.1.2.4 Dry vegetable rehydration and canning
4.2.1.2.5 Pulps and juices preparation

4.2-1 03

Machinery description
«2.1.3. Washing machines
2. Stoning machines
Peeling-scrubbing machines
Slicing-cutting machines

1
2
3
4
«5 Crushing-grinding or juice extraction machines
6
7
8
9

Cooking, blanching, scalding machines
Pulping-refining machines
Deaerating vacuum tanks
Pasteurizing heat exchangers

Can filling machines

Seaming machines

Can sterilization pans and retorts
Cooling tunnels

Labelling machines

Vegetable dehydration ovens

Steam generators

Pumps and piping

Tanks and containers

1.3
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2.1.3
2.1.3
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2.1.3
2.1.3
2.1.3.
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4.,2.2 Concentrates

| 4.2.2.1 General remarks
! 4.2.2.2 Technology description
4.2.2.2.1 Tomato concentrate
l 4.2.2.2.2 Citrus juice concentrate
4.2.2.3 Machinery description
I 4.2.2.3.1 Flume transport
4.2.2.3.2 Washing machines
4.2.2.3.3 Chopping machines
I 4.2.2.3.4 Pre-heaters
4.2.2.3.5 Refining machines
4.2.2.3.6 Vacuum kettle concentrators
' 4.2.2.3.7 Sterilizing heat exchangers
4.2.2.3.8 Dosing-filling machines
4.2.2.3.9 Seaming machines
' 4.2.2.3.10 Can sterilizing and cnoline funnels
4.2.2.3.11 Continuous multlple-effect vacuum concentration plants
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FRUIT AND VEGETABLE PRESERVES

General remarks

During centuries, in different countries, a very vast
range of processing system has been developed, to fulfill
local nutritional habits. .

Furthermore, this subsector is perhaps the most rich in
terms of varieties, both in tropical or temperate areas,
whichcan be processed.

Many of these processes have been developed only for a
given fruit or vegetable and therefore require the use

of very specialized machinery, if handling is done auto-
matically or semi-automatically.

Nevertheless, if adapted technologies are dealt with, and
handling and preparation are done mostly by hand or be
very simple machines, then the further processing,intended
to preserve fruits and vegetables for a long time, has
many common aspects and can be performed by the use of
some basic and common machinery.

The most widely used preserving system is canning of fresh
fruit and vegetable, in natural state or with some syrup
or sauce adding.

Another system, widely employed in the past, that could
give good results, if adequately industrialized, is fruit
and vegetable dehydration.

Since, in the majority of cases, fruit and vegetatle are
very perishable items, processing has to take place within
a very limited amount of time after harvesting; this im-
plies that the processing system can operate at full capa
city only for a limited period during the year.

For these reasons, since, as said before, the preserving
process has many common aspects, integrated canneries
have been developed, where many fruits and vegetables can
be processed, in different periods of the year.

These canneries are probably the best economical approach
for small production rates (up toa maximum of 1 ton per
hour); preparation of raw materials is done by specialized
machinery or by hand, and then the preserving process
uses the same line,

In describing (in the next paragraphs) the processing
technologies for some of the most widely available fruits
and vegetables, the possible integration between diffe-
rent processes will be taken into consideration.

An integrated cannery should have the capability of pro-
ducing also fruit (and vegetable) juices and pulps, in
natural state.
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Except in the very special case of tomato, which will be
considered separately, no concentration is normally
needed, for domestic market distribution.

In fact, concentration of fruit juices is a very delicate
preocess and, to achieve good quality results, complex
double-effect continuous concentration under vacuum
should be used.

Except this case, all other machinery is simple or very
simple; complexities are only caused by the need to auto-
matize preparation and handling operations, that begins
to be economically convenient only for very high produc-
tion rates, which are out of the production range of the
described and adapted technologies.

In appendix II, technical performance and cost figures

of an integrated cannery are evaluated.
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TECHNOLOGY DESCRIPTION

Fresh fruit canning

This technological process can be used to prepare for
canning any type of fruit, from tropical or temperate
climate areas.

In general, fruit has to be discharged from the harvesting
container by hand into the first selection line.

The selection is always done by hand; automatic selec-
tion can only be operated for certain type of fruit,such
as apples or oranges, but machinery is very sophisticated.
After selection, washing is performed, normally in cold
vater, by means of washing machines; except some special
case (such as pineapple and other tropical fruits),these
machines can be used for a wide range of fruits.

Many fruits have a stone to be removed; destoning is nor-
mally operated in semi-automatic machines, with manual
handling,

In some case, blanching is requested, and is done in a
blanching machine, which is used also for vegetable pro-
cessing.

Some fruit requires to be sliced or divided into halves,
before canning: this is normally done by semi-automatic
slicers, manually operated and filled.

Can filling of fruit is normally done by hand, because

of the necessary adjustment of the fruit slices or halves
into the canu.

Syrup or other preserving liquid is then added, using a
volumetric filling machine; overflow cr level filler could
also be used.

Some fruit requires a pre-heating, which can be performed
in a steam tunnel, with cans over a shifting net.

Seaming is done with a non-rotating can semi-automatic
seamer, manually filled and operated; sealed cans are
then sterilized; this operation can be performed in steam
retorts or in open hot-water boilers, depending on the
type of fruit to be processed and corresponding acidity
level.

For vH more than 4.6, products are to be sterilized in re-
torts at temperature of more than 100°C.

Pineapple slices, for example, can be sterilized in an
open hot-water boiler., Can cooling can be obtained by
simply exposing it to air or using mcore complex water re-
frigerating tunnels,

Water flow cooling is obviously more rapid, but can micro
pore contamination is possible and water shall be -
chlorinated.
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This operation is not simple and open air cooling is al-
wvays preferred, for an adapted technology.

Labelling can be obtained with manual or semi-automatic
operations.

Final packing of cans is normally manually-operated.
Syrup is prepared by soluting sugar in depurated water
and stirring it manually in a stainless steel container.
As it can be seen, adapted fruit canning technology is
very simple and can be easily operated with simple and
semi-automatic machinery; final product quality and hy-
gienical conditions depend obviously on management and
operational know.-how,

This technology can be employed up to a maximum capacity
of 800+1000 Kgs per hour.

At higher rates, a certain mechanization is to be intro-
duced, thus making machinery technology more complex.
With the exception of some completely automatic fruit
selecting and sorting equipment, fruit canning technology
is at simole to intermediate complexity level.

A typical fresh fruit canning process is outlined in the
fiow-diagram of Fig. 4.2.1.
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4.2.1.2.2 Fresh vegetable canning

4.2.1.2.3

Many vegetables can be canned in natural state, having
only been adequately rrepared and washed.

Normally, vegetables are washed in rotary or floatation
vater washers, after a first coarse manual selection.

A second fine manual selection is performed, and the ve-
getable 1s normally blanched, or scalded, into a hot-water
rotary blancher, or a tunnel steam scalder.

Some vegetable is to be hardly brushed before scalding;
this is done into a rotating brush peeler.

As for fruits, vegetzble processing line can be easily
used for different raw materialis in the case of manual or
semi-manual operations. When mechanization is requested,
very specialized machinery can only perform selection and
sorting for the single vegetable, or class, it has been
designed for.

Washing and blanching machines can be easily converted for
use with different type of vegetables.

A very general flow-diagram of typical fresh vegetable
canning process is outlined in Fig. 4.2.2.

As it can be seen, after can filling, which is normally
done manually or with a gravity dosing hopper, the process
is identical to that for canned fruits.

Fruit and vegetable dehydration

In the dehydration process, the moisture contents of fruits
and vegetables has to be reduced to less than about 15%

to allow the product to be easily preserved at normal
temperature conditions.

This is a verv simple and interesting process, because it
has the advantage of requesting no sealed packaging.

The process is similar to that for canning during the pre-
paration phase (washing and selection).

Products are then peeled or scrubbed, depending on item;
this is normally done into rotating brush peeler or, in
many cases, also manually.

Vagetables and fruits ar> then sliced or divided into
cubes, chips etc., depending on type of product and market
requirements,

This is performed in a slicing or cutting machine.

The sliced products are then blanched, to stop enzymatic
degradation, in hot water, into stainless steel open boiler.
Dehylration can be obtained by simply laying down slices
or cubes over perforated sheet shelves, in a chamber with
natural or controlled air ventilation.

This is a very simple, but efficient, technique to obtain
controlled dessiccation of the product, but has the main
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unconvenience of being a long-lasting procedure.

To increase system capacity, and of course machine com-
plexity, a multiple deck rotating belt or chain dryer
can be used.

Dessicated products can be packaged into plastic bags,
for market distribution.

A general flow-diagram of the dehydration process 1is
given on Fig. 4.2.3.

Dry vegetable rehydration and canning

In some case, it is convenient to dehydrate big quantities
of vegetables, such as beans, peas etc., after the har-
vesting period, and then, during the year, to process them
for carning.

After a manual selection, dry vegetables are submersed in
vater for the rehydration process; this is done in stain-
less steel o¥ fiberglass basins or pans.

Rehydrated vegetables are then cooked in open steam-heated
pans.

further processing is identical to that described for fresh
vegetables.

Sterilization has to be done in steam retorts, to guarantee
good quality products.

Pulps and juices preparation

Tropical and non-tropical fruits are suitable for this

type of processing.

In particular, citrus fruits are normally processed to ob
tain juice,

A typical technological process to obtain fruit juices (or
pulps, or nectares depending on concentration and/or addi-
tives) is outlined in Fig. 4.2.4/A.

It is to be noticed that no concentration is foreseen; in
fact, to obtain an acceptable quality of concentrated

fruit juices, a continuous double-effect concentrator should
be used, since a batch-cperated simple-effect pan concen-
tration wculd cause important changes in flavour and taste
of the final product, not acceptable in the domestic market
and surely out of the international market standards.

The continuous double-effect concentration is a sophisti-
cated technology, which requires costly and complex machi-
nery; for these reasons, no concentration is included in
the described technology, which is nevertheless apt to fully
match domestic market requirements, in terms of product
quality and economic feasibility.
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In case of future development, a concentration plant can
always be added to the processiug line.

The processing line starts with the manual feeding of
fresh fruits, from harvesting area, which should be as
close as possible; to prevent spoiled fruits from entering
the line, a first coarse selection is done.

All these operations can be done manually.

The fruit is then subject to a deep washing, in a floata-
tion water tank, and to a final washing with high-pressure
vater jets.

The second manual selection should assure that no damaged
fruit is entering further procession.

Stoning, peeling, preparation or other similar operations
are normally not made (depending on fruit type), but could
be operated manually or by simple stoning and peeling ma-
chines. Crushing or grinding machines provide pulp extrac-
tion; stone separation is then performed.

In the case of citrus fruit, a juice extractor should be
used, with two or four operating heads, with recovery of
essential o0il, (an important by-product of the citrus juice
industry).

Some tropical fruit, such as mango, papava, guyaba, etc.,
requires a pre-heating or cooking process, which can be
performed on open pans or on a continuous s*team cooker.

To obtain a complete Separation between juices and fibrous
components of the pulps, the juices are to be passed
through a pulping-refining machine.

A vacuum tank deaerator completes the juice process,which
is then pasteurized into a plate or tube nest heat-ex
changer, to prevent microorganismo contamination of the
product.

From this point on, the canning line is exactly the same
as described for all other canned products, making possible
to employ the same processing equipment for different pro-
ducts in different periods of the year.

As it has already been stated, fruit juices normally do
not require concentration, at least for domestic market
distribution.

Citrus juice can be concentrated, in order to be stored
and re-used for beverage making, or to be distributed in
the international market.

A typical citrus juice concentration process is outlined
on Fig. 4.2.4/B.

After a preparation phase, as described before for any
other fruit juice, citrus juice has to be refined in a
centrifugal-type refining machine, which provides a centri
fugal separation of solid parts.
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Essential oils are then separated by a high-speed centri-
fuge and juice is pumped to the continuous multiple-
effect concentration plant.

At the output of the concentration plant, juice is conoled
down, to be stored into refrigerated tanks, where, when
needed, sugar/acid ratio is corrected.

Juice is then filled manually into drums of 10 to 25 Kgs.
capacity, to be stored in refrigerated warehouses.
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MACHINERY DESCRIPTIOH

Washinag machines

Two basic tvpes of washing machines arc normallv emploved
for the majority of fruits and veqctables to be processed:
rotary washing machines and vater floatation machines.

Th> first type (see Fig. 4.2.5) is normally used for fruit
and tuber veaetables; the seccond (sce Fig. 4.2.3) for de-
licate fruits.

Leafv vegetables can be also washed in a special tank
washer.

Washing normally precedes product selection; in many cases,
selection table, where operations are done manually, can
be coupled with the washer, by means of an elevator, as
shown on Fig. 3.3.7.

With this type of machines, a maximum cavacity of 3 to 4
tons per hour can be achieved.

Washing machines are quite simple, being built up of an
iron sheet water tank, painted with special food-industry
ccating, connected with water piping and circulation pumps.
Water floatation is obtained by air, blowed into water by
a compressor.

Rotary washer are made of steel bars or profiles, shavoed
in order to nold fruit or vecetable, they are designed
for, without damages.

Rotary bar wheel is supported by self-lubricating ball
bearings; driving motor is coupled to the vheel by a dear
reduction hox.

washirc machiines are often provided vwith outout elevator
and discharge hopper.

Water spbrinkling nozzles are made bv plastic or stainless
steel,

These machines are simple and manufacturing can be afforded
by skilled welders for main frame and tank; some pnarts are
obtained by steel sheet folding and bendinc.

All mechenical components are to be machined.

Sjome componcnt, in constant contact with the product, 1is
often made by stainless steel.

Piping is normally zinc coated or nainted.




"1{e

4.

-
l

[

(@]




- 10T -

Fig. 4.2.6 — Air-floatation water washing machine with
elevator (courtesy of Vettori—lianghi)

Fig. 4.2.7 - VWashing machine coupled with selection bench
for fruit and vegetable (courtesy of /ettori
Manghi )
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4.,2.1.3.2 Stoning machines

4.2.1.3.3

A very wide variety of stoning machines has been developed,
depending on thke fruit shavpe, dimension, type of stone

etc,

On a fresh fruit canning line, destoning must be performed
without damaging the fruit; in many cases this can be done
only by hand or with special semi-manual tools.

On juice extraction lines, destoning is much simpler and

is normally obtained by rolling drums, with rubber and/or
+>othed surfaces, other destoning machine uses centrifu-
gal rotating sieves (see Fig. 4.2.8).

In some case, such as pineapple, special semi-manual ma-
chines have been developed, that performs well-defir.ed ope
rations on the fruit (pineapple coring and sizing), with

a capacity of up to 10 fruits per minute (see Fig. 4.2.9).
Stoning machines have a main frame of welded steel prcfiles.
Centrifugal type has rotating paddles in a cylindrical body,
with adjustable inclination, cylindrical calibrated holes
screen and pulp discharging hopper.

All parts, in contact with the product, are manufactured

of stainless steel with polished surface finishing.

Peeling-scrubbing machines

It could be said that each type of fruit needs its own
peeling system; nc general rule can therefore be given for
peeling machines, even if, with some variation, two main
types of peeling machines can be identified: lye machines
and mechanical peelers. Lye machines are very delicate in
operation and are not so widely used, at least when a me-
chanical peeling can be achieved.

Mechanical peelers exist in so many forms, depending on
type of fruit skin, fr.it sizes etc., but, generally
speaking, they are intermediate or complex technology
items, at least as far as operating heads are concerned.
For tuber vegetable processing, or for citrus juice extrac
tion, a previous scrubbing of the skin surface is needed
and brush machines are normally employed to perform this
operation.

Brushes are normally made of plastic or rubber materials,
rotating on supporting bars.

These machines can be simplified, if handling of the pro-
ducts is done manually.

An example of brush peeler for tuber vegetables is shown
on Fig. 4.2.,10.
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Fig. 4.2.8 - Centrifugal de-stoning machines for fruit
pulps and juices (courtesy of FBR and

Tavalazzi)

Fig.4.2.9 - Semi-automatic machine Fig.4.2.10 - Brush peeler for
for pineapple coring tuver vegetables
and sizing (courtesy (courtesy of
of Mater~plate) Vettori-Manghi)
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Slicing-cutting machines

Canned fruit is normally cutted into halves, slices or
cubes.

This operation is made by specially designed machines,
which, if manually fed, are very simple.

1f automatic feeding and output 1is requested, the machine
becomes very complex and unsuitable for adapted technology
use.

A manually feeded machine has an iron profile main frame,
with cutting section and discharge hopper in stainless

steel.

Crushing-grinding or juice extraction machines

Fruits are tc be squeezed or grounded to obtain pulps or

nectars; citrus or similar fruits are to be squeezed to

obtain the juice.

The fineness of the grinding operation depends on the type

of fruit, but normally a pulping and/or refining operation

is done.

The grinding operation is normally done by a rotating

toothed or comb roller, that breaks the fruit against a

counter-rotating roller, which can be toothed or smooth,

depending on fruit type, made by sanitary rubber or stain

less steel.

All moving parts are made of stainless steel; the juice or

pulp hopper can be manufactured by stainless stainless

steel or fiberglass sheets.

Main frame is of welded iron bars.

An example of juice extractor is given on Fig. 4.2.11.

Juice extraction can also be obtained by centrifugal ma-

chines, of more complex manufacturing, because of high-

speed rotating parts.

For citrus fruit, a mechanical squeezer, with 2 or 4 heads,

is also used. An example is given on Fig. 4,2.12 (manually

operated type).

For fruits without stone, a worm-—SCrew type crusher can

also be used, .

In all these machines, all parts in contact with the juice

must be of stainless steel, to prevent a very rapid corro-

sion.

All sealing gaskets for rotating shaft must be made of

sanitary plastics or rubber.

The refining operation, for citrus juice, can be done,

after extraction, in a manucl sieve, AS shown on Fig.
4.2.13
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4.2.1.3.6 Cooking, blanching, scalding machines

Most vegetables and fruits have to be subjected to thermal
treatment, before pulp or juice refining, or before canning,
+o prevent microoraganism or enzyme spoilaage, OT to main-
tain natural color.

The cooking and blanching operation consists on keeping
fruits and vegetables in a chamber, normally a tunnel,
under direct steam, OTr hot water, action.

Blanching and scalding can be continuously, by means of
belts, or rotating blades, or"batchmoperated, if Dans
are used.

A continuous steam scalding machine is shown on Fig.4.2.14.
These machines normally work at low steam pressure (1 Xa/
cn2), ana their manufacturing rust Fulfill operational re-
quirements for devices working under pressure conditions.
All parts should be made of stainless steel, except main
frame, in painted iron profiles.

The cookina tunnel nas to be easily opeaable, to allow
Spemectioa L T -aninge.

Sealing is normally made by teflon gaskets.

yith a continuous cooker. a cavacity of 3 tons/mour 1S
achieved, vaile, vith hatch-operated pans, the maximim
capacity is in the range of 1 ton/1our.

pulping-refining machines

The fibrous part of pulps and juices have v be sevparated:
this is normally done in a pulning—refining machine, which
performs also a sufficient nomogenization of the product.
In case of very fine nectars, a second pressure nomogeni-—
zation is needed, but the relevant machine is guite complex,
being a sifting nigh-pressure extruder.

Jithin the range of normal pulps and juices, pulping-refi
ning machine 1S composed of a rotating shaft, supoorting
brushing and pressing arms, witn radial adjustment, which
forces pulps against a cylindrical calibrated hele sieve.
Refined pulp or juice is then collected into 2 discharge
nopper, while unpassed fibrous material 1S discharged by
an end hole.

By adjusting distance between sieve and brushina arms and
their inclination, different degrees of refining can be
obtained, depending on product to be treated.

All the machine 1is obviously made of stainless steel; due
to high rotating speed, manufacturing requires a very
careful machining and finishing of all rotating varts.
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gieves should be easily interchangeable and simple to be
cleaned.

Normally, a pulping-refining machine has two cascade
stages, with horizontal or vertical rotating shafts.

An example of horizontal two-stage refiner is given on

Fig. 4.2.15.

Deaerating vacuum_tanks

Tho air, absorbed or released by the product during pre-
vious operations, must be removed, passing the juice
through a calibrated sprayer jnto a vacuum tank, where

air is separated by a vacuum pump, while the product

falls in the lower part of the tank, where is pumped out.
The tank must withstand vacuum conditions, and 1s made of
stainless steel sheet, welded and assembled, in order tO
be vacuum tight; an easy access should be provided, to
clean the tank easily.

The vacuum pump is normally liquid-ring centrifugal type€;
an often needed device is the aroma recuperation conden-
ser, to allow product to get back all aromatic components,
carried out by expelled air.

All piping is stainless steel; juice pumps are multi-stage
mono type, with sanitary sealingG.

Tank manufacturing requires ckilled certified welders of
stainless steel curved sheets.

An example Of medium—capacity vacuum deaerator is given

on Fig. 4.2.16.

Pasteurizing heat exchanger

Inhibition of spoiling microorganism requires a thermal
treatment, called pasteurization, where the julces or
pulps are continuousiy and rapidly heated at a given tem
perature, ruch below the boiling point.

Pasteurizers are of two basic types: plate-typeé or tube-
nest type.

In the plate pasteurizer the neat exchange between steam
or superheated water takes place through plate juice con-
tainer walls, of special turbulence-inducing design.

In the tube nest type, the product continuously flows 1in
countercurrent witn the heating media through a tube nest,
and is then circulated to a dwelling section.

In both cases, the machine is completely made of stainless
steel, including piping and feeding reservoir.
Manufacturing is not complex in the case of tube nests;
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Fig. 4.2.17.A - Tube-nest pasteurizing heat-exchanger
(courtesy of FBR)

Pire 4.2.17.3 - A plate-type pasteurizing
heat cxchanger
(courtesy of Roda)

Fig. 4.2.18 - Automatic seaming m~chi
nce of medium capncitr,_
with fecding belt (ste
ady-can tyne) (courtesy
of Lucinni)




wvelding and finishing of tube nests requiires very =-illed
wvelders and an accurate tube dimensioning.

Tube nest must be accessible, for maintenance arnd cleaning.
Circulating pumps are also stainless steel rotor centri-
fugal type.

The capacity of & small-size pasteurizer is in the range
of 1000 Kg/hour, with a steam consumption of about

150 kgs/hcur.

An example of small-size tube-nest pasteurizer is given
on Fig. 4.2.17.A.

In the case of plate heat exchanger, the manufacturing
technology 1is more complex, since the plates have to
be obtained by press forming with high-capacity hydraulic
presses, equipped with very complex dies.

Ar example ¢f plate-type pasteurizer is given on fig. 4.2.17.B

Can filling machines

Seaming machines

These machines are the same as described at para.4.1.2.3.2
for other canned products.

The simplest solution for can filling and seaming 1is to
use manual filling for fruit, level filling for syrup or
Juice and manually operated seaming machine, Same as
described on para. 4.1.2.3.2.

A step further could be to link a juice or syrup volumetric
filler-doser, with a transfer belt that carries cans to an
automatic seaming machine, an example of which is aiven

on Fig. 4.2.18.

There is obviously no limit in automatizing the line, be-
cause market availability of complete filling-seaming lines
is very wide, but this implies the use of complex and very
delicate (from maintenance point of view) machinery.

It goes without saying that a vacuum filler, directly
coupled with an automatic seamer, allows much better hy-
gienic conditions to be kept and production rates up to
10.000 cans/hour to be obtained.

In any case, these machines are quite complex to be manu-
factured and assembled, redquiring high-precision machining
and finishing of various parts with a good level of engi-
neering capability.

Can sterilization pans and retorts

Depending on the type of fruit to be canned, sterilization
1s to be made in open hot-water pans or in steam retorts.
The first system is very simple, requiring only stainless
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Fig. 4.2.12 - Vertical sterilization retorts (courtesy of
Rossi-Catelli)

i T

Flg.4.2.20\ ]
Sterilizing- \\\\\\g\\
cooling tunnel

(courtesy of Vettori-
Manghi)

Fic. 4.2.21 - Tynical
stainless steel
containers for food
products (courtesy
of Rossi-Catelli)
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steel or zinc-coated hot-water containers (normally steam
heated), whose operation and manufacturing is very simple.
Sterilization retorts have been described on para
4.,1.2.3.3 for meat preserves,

These machines are quite simple and can be of horizontal
or vertical type, as it is showm on Fig. 4.2.19.
Manufacturing requires the employment of very skilled
certified welders, because these devices operate under
high pressure conditions.

Cooling tunnels

Cooling of seamed cans can be done in open air; this is

a very simple method, but requires more space and more
time, than any other cooling system.

It has the advantage of clearly showing leaking cans.
Cooling can also be made under cold water flow, in two stages
(down to 60 °C and then to 20 °oCc); this system shortens
cooling time, but it has the unconvenience of possible
contamination of the products by can micropores; water
should be chloripated.

The majority of fruit juices have a natural PH level lower
than 4.6; this means that a retort sterilization is not
needed.

In this case a pasteurizing-cooling tunnel is used, vhere
cans are heated up to the pasteurizing temperature and then
cooled to ambient temperatuvre.

Pasteurizing-cooling tunnels (an example of which is given
on Fig. 4.2.20) are to be used oaly for high production
rates.

Labelling machines

Dry and cool cans can be labelled at the end of the pro-
cessing line, or before delivering to the market.

In both cases, simple machines can be employed, with manual
feeding and semi-automatic operational cvcle.

If automatic can feeding and handling is requested,labelling
machines become very complex and costly items.

Vegetable dehydration ovens

In a dry climate environment, fruits and vegetable dehydra
tion can be obtained in naturally ventilated drying cham-
ber; the product is stacked on perforated metal sheet or
wvooden bars shelves.




-

- 113 -

This technology has been employed in many countries for
centuries, but if climate conditions are le€ss Favourable,
an air heater, with forced ventilation, has to be em-
ployed.

Air is heated by a steam or a hot water battery, which
allows chamber temperature and final product quality to

pe controlled.

If higher capacities are needed, the dessication time can
be shortened, using dehydration ovens. These ovens are
small chambers, with painted iron profile frame and steel
sheet walls, where air temperature and humidity can be
controlled within narrow limits, in order to maintain
better dehydration conditions.

These ovens can be equipped with removable product suppor-
ting decks or with rotating chains or decks for continuous
operation.

Steam generators

Whenever food processing 1s performed, a steanm generation
plant is requested.

Regardless of how complex is technology, steam has to be
produced and distriouted, because the large majority of
food processing rechinologies are based on thermal treat-
ments, as it has been described in the technology section.
The capacity of the generation plant depends of course o7
processing line capacity, but a minimum of approximately
1000 to 1500 Kgs of steam per nour is normally requested
for a very small cannerye.

If concentration 1is performed, about 3000 Kgs/hour of steam
are to be provided for small processing capacity up to 1
ton of product/hour.

These figures are obviously merely indicative and should
be calculated for a given processing technology.

Steam generation plants for food processing industry range
from integrated compact packages, (about 1000 to 3000 Kas/
nour) to water-tube pressurized steam boilers for produc-
tion up to 30.000 Xgs/hour. In any case, steam generators
are complex machines, working at very high pressure, where
control devices must assure operatioral safety in any
condition.

If petrol derivates are not available, other poorer fuels
can be used, such as wood sharings, pulverized wood wastes,
rice husks, etc.

Thic practice can be economically coanvenient, but requires
a higher efficiency in majnicnance and a rore accurate and
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continuous tuning-up of burners, which are more complex
and delicate than gasoil burners.

Pumps and piping

Pumps are the most widely employed items in the fruits and
vegetables processing, since all processes require to cir
culate water or liquid rroducts.

In the case of water, no special pumps are required: many
models are available on the market, with different charac-
teristics, that cover all possible requirements.

In the case of product circulation, pumps shall have spe-
cial characteristics and performances.

All pumps shall be of the type specially built for food
products, normally with sanitary plastic or stainless
steel parts.

Pumps shall gquarantee perfect tightness and hygienical con
ditions: this means that a continuous maintenance prograrre
should be carried out, because a failure at some pumping
station normally stops the entire processing cycle.

Yater piping is normally made in steel tube, zinc-coated,
while piping, where a food product flows, nas to be stain
less steel tube.

Piping assembly requires very skilled stainless steel
welders and experienced piping assemblers.

Tanks and containers

Due to the high number of tanks and containers that are
normally employed in a food processing plant, the cost

of these items should be considered with attention.

Almost all containers and tanks shall be made of stain-
less steel, to prevent any contaminaticn, to assure good
hygienical condltlons and to ease a very frequent cleaning
and maintenance.

Storage tanks have a welded iron profile main frame, with
stainless steel sheet walls and covers.

Typical storage and transport containers have a welded
stainless steel sheet body, with a supporting painted iron
frame, normally equipped with- rubber wheels, as snown

on Fig. 4.2.21.

Other materials that cculd be employed are copper or alu-
miniun sheets.

Fixed containers can also be made of fiberglass.
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CONCENTRATES

General remarks

Concentration of fruit juices isawidely diffused method to
reduce cater contents of juices.

This can be done in order to reduce weight and volume of
juices,during the storage and transport phase, while water
contents is given back the juice before consumption.

This is a common procedure for citrus juices, for export
to ir.ternational market, which are concentrated and canned
into 5 Kgs. cans, to be employed for beverages or nectares
making.

Some other juice is concentrated to respond to market requi
rements; a typical case is that of tomato, which 1s common
1y concentrated to cbtain tomato paste, concentrated juice,
xetchup etc., so widely used in many countries.
Concentration under vacuum is not a simple operation and

a very wide variety of concentration apparatuses have been
developed, more and more sophisticated, to obtain hidgher
quality, better performance and energy cost reduction.

Of course, a continuous triple-or quadruple-ecffect vacuumn
concentrating plant is a very complex and huge eguipment,
but quality results are better and specific consumption
lower, than a simple single-effect vacuum kettle.

vacuum conditions are mandatory, t2cause nf the need to
concentrate at lowest possible temperature, to keep Dpro-
duct characteristics (particularlv taste and color) *to the
best and avoid "overcooking" of juices.

The characteristics of the tomato allows a single-effect
vacuum kettle concentration to give good quality results;
this means that tomato concentrates can be processed with
the employment of relatively simple technology and macni-
nery (batch-operated).

On the contrary, fruit juices (and particularly orange or
citrus juices) require, to be concentrated within accepta-
ble taste and color of the final product, thc use of a
continuous douBe-effect vacuum concentrator, with a much
more complex machinery.

But it is to be pointed out that, for domestic market,
there is no need to concentrate citrus juices, wnich can
be canned or bottled in natural state or used, diluted,for
making beverages.

On the contrary, even if tomato juice can be consumed 1in
natural state, it 15 commonly requested on the marxet in
the form of concentrated pastes or sauces.

Using a single-effect kettle concentration plant, require-
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Technology descrintion

Tomato concentrate

Tomato concentration technoiogy is very similar to that
described for other fruits, with some peculiarity, as

shown on flow-chart on Fig. 4.2.22.

The feeding of fresh tomatoes to the processing line 1is
made by the so-called "flume system": tomatoes are dis-
charged into basins, where a water-flow channel (the flume)
carries floating tomatoes to the first stage of the pro-
cessing line.

This system has the main advantage of transporting floating
tomatoes without damages and being a xind of pre-washing,
that causes bigger impurities to fall down.

water is recirculated after filtration.

Preparation of product for concentration starts with
washing and selecting; a first coarse washing is made 1in

a floatation water tank, from which tomatoes are transferred
to a bench, where selecting is made manually and spoiled
or damaged fruits are sent to a waste container.

During this phase, a continuous spinning of the fruit is
maintained, to ease selection.

A second final washing 1is performed.in a floatation tank,
from which tomatoes are transferred, by :ieans of an eleva-
tor, into a mincing machine, that provides fruit crushing
into pieces.

At this point, two pcssible ways can be followed; in the
so-called hot-break, crushed tomatoes are pumped into a
pre-heating tube-nest exchanaer, where pulps are heated to
about 90 °C for about 2 minutes; this provides an inhibi-~
tion of certain enzymes and a more viscous and consistent
final concentrate.

The cold break method, which is simpler, gives a less
viscous product, that eases concentration, and is used for
tomato concentrate for consumption as such.

A higher viscosity juices is normally employed for further
processing, such as ketchup, sauces etc., Heated pulps are
easier to be separated from fibrous parts in the refining
machine.

The minced pulp is then pumped to a refining machine,where
juice is dinamically sieved by rotating arms, pressing
juice against a calibrated-hole sieve, in two stages, to
the requested fineness.
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The concentration phase is the most delicate of the whole
process. To obtain a good quality concentrate, the con-
centration temperature should be in the range of about

60 to 70 °C, that implies the use of vacuum concentrators.
The traditional vacuum single-effect kettle (or pan) is
widely used on a batch-operation basis.

Heating i1s provided by steam.

The concentration phase lasts for a few hours for single-
effect concentrator and carn be reduced if double-or triple-
effect concentrators are used; this also reduces the spe-
cific steam consumption per Kg of concentrated product.

It goes without s -ing that multiple-effect continuous
concentration gives better quality products in much less
time and big quantities can be processed (up to 500 tons
of fresh fruit per day), but the relevant machinery is
very complex and sophisticated.

With each single-effect vacuum kettle, a good tomato paste
1s obtained at a rate of about 10 to 20 tons of fresh
fruit per dav (three shifts); depending on kettle dimen-
sions.

The concentrated paste is then pumped to a sterilizing
tube-nest heat exchanger, as in any other fruit processing,
to prevent sour spoilage by attackinc microorganisms.
Dosing and can filling is obteined by volume or gravity
filler-dosers,which can be coupled manually or mechanical
ly to an automatic or semi-automatic seaminag machine.
Several processes can be followed for canned tomato paste
after seaming, depending on can sizes and on the overall
hygienical conditions that can be kept on the filling-
dosing-seaming line,

For manual or semi-automatic filling-dosing-seaming, the
surest process 1s a boiling-water sterilization, followed
by an immediate water cooling of filled cans.

Cooling can be done also in open air; this has the unconve
nience of a very long (some hours) cooling time and there
is a danger of darkening of paste colour, due to higher
temperatures for longer time.

A can cooler with nebulized chlorinated water reduces
cceling time, but the teaonnology is more complex and there
is a danger of water contamination through can micropores,
i1f chlorination is not sufficient.

Citrus juice concentrate

As it has been already pointed out in para 4.2.2.1, citrus
Juice concentration is normally needed only in the case of
large domestic market or for export to international market.




- 119 -

Fruit juice preparation technology has been described

on para. 4.2.1.2.5.

70 be concentrated, the juice must be refined and all fi
brous ccntents, as well as essential oil, must be elimi-
nated.

To obtain a satisfactory result, juice clarification (very
fine refining operation) must be made by centrifugal fil-
ters.

Essential o0ils separation is also made by centrifugal se-~
parators, at very high speed.

Essential o0ils recovery is an important by-product contri
bution to economic profitability of the factory.

The clarified juice is the=n pumped into the conceatration
plant.

Concentration has to be performed at the lowest possible
temperature (normally around 60 #+ €5 °C) and therefore a
vacuum concentrator is requested. Yoreover, the concen-
tration period should be as short as possible.

This is easily obtained in the so-called "thin film flash
concentrators", which can be considered as the most so-
phisticated last-generation concentrators.

To save energy and to carry concentration action down to
65-70 Brix degrees, a multiple-effect appnaratus has to be
used.

This method is based on a continuous flow of juice from
the first concentration stage, tc the second cascade stage
(second-effect) to the third stage (third-effect), in con-
nection with steam flow that runs from one evapotator to
the other, up to the final condenser.

Juice heating takes place, in each stage, in a vertical
tube nest exchanger; juice then flows into the evaporation
kettle, (cyclone), where vapours separation is performed;
juice is, at the same time, concentrated and deaerated; a
"flash" cooling occurs in the final stage.

Juice is then cooled by refrigerate water into collecting
tanks, where acid contents can be corrected by adding sugar.
Juice is manually filled into drums, to be kept in refri-
gerated warehouses.

Aromas are recovered from vapours by a condenser. The
described process is reported only for the sake of comple-
teness, because it is out of the limits of an adapnted tech
nology; nevertheless, this is the process to be used to
fulfill international quality standards for concentrated
citrus juices.
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MACHINERY DESCRIPTION

Flume system transoort

This system has been developed to transport tomatoes from
storage basins, where tomatoes are discharged in bulk
from truck, to the processing line without damages, and
to make a fruit pre-washing.

The flume system is a channel, where water is keot moving
by recirculating pumps.

The channel has a main frame of iron profile and side
walls and bottom in painted iron sheets.

As an alternative, fixed installations can be fabricated
in masonry or reinforced concrete, till the processing
line feeding section, where tomatoes are taken from water
by a bucket elevator and sent to the first washing tank.
Arn example of flume system is given on Fig. 4.2.24.

Wasking machines

These machines are of the same type as described on para.
3.2.1.3.1.

Normally, a floatation machine is employed, with a bucket
elevator that connects the machine with the selection
bench.

During elevation, tomato are sprayed with clean high-pressu
re water, for an ultimate rinsing.

At the end of the selection bench, the fruits are automa-
tically sent to the chopping machine.

The washing machine and the selection hench rave a main
frame in zinc-coated or painted welded iron profiles;walis
are of painted iron sheets, while the transoorters have
buckets and rolls os stainless steel.,

An example is given on Fig. 4.2.25.

This machine has a capacity of about 4 tons/hour with a
wvater consumption of about 12 cubic meters/mour.

Chopping machines

Chopping or mincing of tomato fruit into small pieces 1is
done by rotary comb machines.

Tomatoes are sent by the selection bench elevator to in-
let hopper, where fruits are pressed by rotating teeth
against stationary comb.

Crushed fruits fall into an output hopper or tank.

The machine is completely built of stainless steel.
Rotating toothed shaft is composed of single machined
pieces and is supported by ball bearings.
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Stationary comb is a unique machined piece of stainless
steel.

“he machine can have an external covering of painted

steel sheets.

Supperting bench and gear boxes are made of cast or forged
iron.

Electric motor is connected by belt drive.

This machine has a capacity from about 6 to 16 tons/hour,
depending on rotor size.

An example is shown on Fig. 4.2.26.

Pre-heaters

In the "hot-break" process, crushed fruits have to be
pumped into a tube-nest pre-heater; the heating causes the
inhibition of certain enzyme<.

In the cold-vrek process, pre-heating is not done, and
crushed fruits are sent directly to the refiners.

The pre-heaters are stainless-steel linear tube nests,with
internal surface mirror-polished, where crushed fruits

are pressed through by a volumetric pumb.

The two headers arc machined from stainless steel pieces
and shculd be easily openable for inspection and cleaning.
The shell is a stainless steel pressure tube, supported

by a profile frame.

Manufacturing of this machine recuires the employment of
very high precision machining, surface finishing and stain
less steel welding.

Tnese machines can have a capacity from 3 to 30 tons/hour
of tomatoes, heated from 25 °C up to 80 - 90 °C, with a

steam consumption in the range of 130 Kcs per ton of tomato.

An example is given on Fig. 4.2.27.

Refining machines

Crushed tomatoes are passed through a refining sieve,
wvhere seeds, skins and fibrous parts are seperated from
juice.

The refining operation is made in two or three staces by
centrifugal refiners, with calibrated cylindrical filters,
against which unrefined tomato juice is pressed by hich-
speed rotating arms.

Filter holes and their distance from arm-end plate
scrapers are adjustable, in order to obtain, in each
stage, the requested degree of fineness in the jnrice.




Fir. 4.2.25 — %ashing machine, elevator and tom=zto
selection bench (courtesv of Vettori-anghi)

Wir, 4a.2.06 = Tomato rotatins comb cropper
(conrres of ';.c:':;i—’lrlt,c'.li)
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These machines can have a vertical or horizontal rotation
axe, as it is shown in two examples on Fig. 4.2.28 a«c

G 2.0

In the case of vertical axe, wastes fall down directly
from rotor core-tube; in horizontal axe case, wastes are
pressed by rotating arms to the end of central space
through a waste output hopper. In both cases, machines are
completely made by stainless steel.

Cylindrical body is machined out of a single piece of
stainless steel with supporting head rings, alsoc of stain
less steel, where openable front caps are flanged and
hinged.

Front caps and rotating arms must be easily dismantled for
inspection and cleaning.

Cylindrical filter is a calibrated hole stainless steel
thin sheet.

All internal surfaces are to be finished with very high
precision anc mirror polished.

Manufacturinc requires very high precision machining of
stainless steel and a very accurate assembling.
Supporting frame is made of painted welded iron profiles,

Vacuum kettle concentrators

As it has been pointed out in the technoloqgy description
section, tomato Jjuice characteristics are such that a
single-effect vacuum kettle concentrator gives a satisfac
tory output product.

It is therefore possible to oroduce tomato paste using a
relatively simple machinery, which has been traditionally
used, on a batch-operated basis, for many years in the past
and 1s still in operation in some tomato processing facto-
ries.

An example is shown on Fig. 4.2.30., The vacuum kettle is
compose:l by a perfectly spherical double bottom, made of

an inner part of drawed copper (or welded and machined stain
less steel) and an outer skin of stainless steel sheet;: -
kettle heating is made by steam, circulating in the double
bottom.

The upper parte is a pressure container flange-mounted on
the bottom sphere, made of welded stainless steel thick
sheets.

All control and feeding equipment are connected to the upper
part; vapours discharge head is connected, by a large
stainless steel pipe, to the semi-barometric column conden
ser, with liquid-ring vacuum pump and centrifugal condensate
pump.
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Fig. 4.2.28 - Vertical twoctage
tomato pulping-Tre
fining machine
(courtesy of Vetto
ri-anghi)
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Fic. 4.2.29
Horizontal three-
stage tomato pul-
ping-refining
(courtesy of Rossi
Catelli)




l Fig. «...30 - Single-effect vacuum kettle concentrator
with semi-barometric stenm condenser
(courtesy of kossi-Catelli)
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All piping is made of stainless steel tubes.

Inside the kettle, rotating arms are driven by an external
motor, to assure product mixing, toO avoid overheatinn and
to scrape the spherical bottom for cleaninca.

This keeps the copper (or stainless steel) surface perfect
1y clean and assures maximum heat- trransmission eff1CJeqcy.
The copper bottom can have the unconvenience of contamina-
ting tomato ju.ce that changes in colour and taste; a
stainless steel hottom should be preferred.

This machine can be considered simole, if compared with
videly employed continuous multiple-effect concentrators,
but ist manufacturing requires huge drawing presses, very
skilled and certified stainless steel welders and a high
precision machining of euxiliary and control components.
In this type of concentrators, juice is pumped into the
kettle, then concentrated and cooled; tomato paste 1is
pumped out at the end of the cycle; this batch-operated
cycle has a capacity from 1.5 to 4.5 tons of concentrate
at 36% D.R. per day (three shifts), with a steam consumbtion
of 400 to 1000 Kgs/hour and a water flow (for cooling) of
10 to 25 mts/nour (water at 18 °C).

Sterilizing reat exchangers

Trhe sterilizing heat exchaxders are of the same type of
those described on para. 4.2.1.3.9, for other fruit juices.
The only difference is that, to preveat a sour spnilaage,
tomato concentrate is to be sterilized immediately ‘after
concentration at hniginer temperatures (over 125 °C).

Dosing-£illing machines

The machines, employed for canned fruits, described on
para. 4.2.1.3.10, can be used also for tomato concentrate
(juice or paste) dosinc and filling of cans.

Seaming machines

The machines, employed for fruit canning, described o2
para. 4.2.1.3.11, can be used also for tomato concentrate
can seaming.

Can sterilization and coolinc tunnels
Immediately after filling and seaming, the cav has to be
sterilized in boiling water (about 100 °C) to prevent sour
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spoilage of paste, contaminated during filling, 1f this

is done, as usually, in a non-sterile environment.

The can contents has then to be cooled down to a tempera-
ture of about 35 °C; this is obtained by sprayed water
cooling tunnels, where cans are kept spinning, while
transferi1ed to the outnut.

The pasteurizing-cooling tunnel is the same as described
on para. 4.2.1.3.13, where a boiling water first section
is added.

These operations could also be performed in a simpler way
by using boilina-water open pans (same as described on
para. 4.2.1.3.12), where, after completion of the pasteuri
zing time, cold water is being circulated, to rapidly

cool cans.

This procedure, being batch-operated, has a small cavacity,
depending on can and pan sizes, but it is very simple.

In any case, cooling water should be chlorinated.

Continuous multiple—-effect vacuum concentration plant

The plant described herein is out of the limits of adanted
technology and is reported only for the sake of complete-
ness, being a process very widely used also in meny develo-
ping countries. These hige plants are used when a produc-
tion capacity from 10 tons/hour to 40 tons/hour of fresh
fruit is reguested.

The conceatr~i:io» may be made on double, triple-or cguadruple-
effect concentrators.

A functional scheme of a triple-effect continuous coacentra
tion plant i1s given on Fig. 4.2.31, which clearly explains
the working principles.

0f course, total heat consumption balance is lower, if a
rmaltiple-effect system 1s used; one Kg of steam evapotrates
about 1.5 Xgs of water from thne juice for a sincle-effect
machine, aktout 2 Kgs for a double-effect, about 2.6 X¢s or
more for a triple-effect, and so on.

Up to six-effect concentration pdlants are now in oderationm,
fer special processes.

An example of multiple-effect continuous concentration
plant is given on Fig. 4.2.32,

fultiple-effect concentration can also be obtained by
setting up a series of kettles with steam duct connections,
as it is shown on Fig. 4.2.33 for a triple-effect tomato
concentration plant.
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— Multiple-effect continuous concentrator

for citrus juice, with thin film evato-
ration finishing (courtesy of anzini)
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4.3 - MILK PROCESSING
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General remarks

Fresh milk processinn nas become, in the last decades, a
more and more sophisticated technology, because milk is a
rapidly perishable and verv delicate product.
To save its characteristics and ist nutritional value,heat
treatment must be controlled within very narrow limits,
in terms of temveratures, flows, times etc.
This has led tc the development of complex and intecrated
plants, where continuous processes are fully automatized
and controlled by sophisticated electronic and mechanical
devices.
In the case of milk processing, it is of scarce significan
ce speaking of separate machines, since the vhole processing
line is highly integrated, from milk reception to packaging
section.
In this field, where deeper changes have occurred, c¢lass
and plastic bottles have become rapidly obsolete, because
of the development of carton forming and filling machines
(Tetrapak systcm or similar products), which are now widelv
employed in almost every central dairv.
High investmeants, reguired to update processing lines, have
caused an increase in the average scale of dairy plants;
fresh milk market is now dominated by larce central dairies.
On the manufacturer's side, research and development had
been afforded only by few big firms, wiaich supply complete
lines,
Neither "down-grading", non adaptation seems to be possidle
in the fmsh milk oprocessing tecanolocies. Let us get a
quick look to technologies currently available.
1’11k can reach the consumer in one of the following forms:

- as raw milk, directly from the producing ranch

("from cow to consumer")

- as pasteurized milk from central dairies
as long-term storage sterilized milk (UHT oprocess)

- as dried and regenerated milk
Tne first case occurs only in very few developed countries,
wvhere specific know-how and environmental conditions make
possibie to obtain pure and aseptic milk, directly from the
producing ranches,
The second case is the most widely ditffused; milk is con-
sumed in pasteurized form in all developed countries.
Tne original technoloay for milk pasteurizing was simple;
milk plants became more and more complex because of the
need to have larger capacities, to use more sophisticated
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packaging systems, to automatize processes, etc.
Competitive market opressure has forced to consider eco-
nomically obsolete machinery and equipment, whcse outout
quality wvas, technically speaking, perfectly acceptablc.
Re—employment of these equipments miaght then solve the
milk processing adapted technoloay problem?

Unfortunately, pasteurized milk has a limited life (4
days) if stored at low temperature (0O to 4°C), in refri-
gerated stores; this calls for quick and effective market
distribution facilities and for widely diffused refrigera-
ted storage capacities.

This 1s obviously out of the reach of the majority of less
developed countries.

Pasteurized milk adapted technology can hence be found,
but requires a ruch more develoned market structure, than
less developed countries can afford.

Long-term storage UHT milk can certainly solve market di-
stribution problems: its life is of more than 4 months at
ambient temperature. Unfortunatel -, U7 H:)cessinc techno-
logy is, by itself, very complex and, furthermore, it has
been developed in the last years aad machinery has incor-
porated sophisticated innovations.

No adaptation or "down-grading" is v»ossible, uwhere tempe-
rature and time are to be controlled with a tolerance of,
respectively, one or two degrees and one second; this
excludes any human intervention: line must vork in a com-
pletely automatic way.

UHT milk can then solve marketinc problems, but tecnnolo-
gy 1s fully unadaoted.

The last case has tne same shortcomincs of vasteurized milk
case; it can solve the problen, frequently occurring in
the less developed countries, of a lack in milk producing
capacity, but regenerated (or "filled", or “"toned") milk
shall be pasteurized, cellinag adgain for cuick distribution
and refrigeration facilities.

It 1s evident that fresh milk processing has some comple-
xity aspect (in the plant technology or in the market in-
frastructure) and that, therefore, a fully adapnted fresh
milk processing and distribution chain cannot be conceivad,
Nevertheless , in the next paragraphs, for information pur
poses, available fresh milk processinc technologies wiil
be described.

It has been noticed that pasteurization process, followed
by glass bottle filling, is, from a purely technological
point of view, an adapted and simple technology, 1f operated
at reduced scale.
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A glass-bottle daily distribution system, with empty
bottle returrn, has been in operation until a few years
ago in the developed countries.

This system has been started long before the wide diffu-
sicn of family refrigeratorcs had been completed.

It should be carefully investiqgated, at single country
study lcvel, if, for some urban area, this system micht
be feasible; this would be a possible solution to fresa
milkx adanted technology problem.

Cormipletely different aspects are snovn by the technolo-
gies for processing other dairy products, such as cheese,
butter, yoghurt etc.

Those technologies, and related machinery, have been
conceived centuries ago and are therefore available in
different development phases.

Adanted machinery, for industrial operation of small scale
dziry plants, is then easily available and still operating
in many developned countries.

It should be carefullv investigated, at feasibility study
level, if a secondary milk processing deiry (without any
fresh milk distribution) could be economically manaced.




4.3.1.2

4.3.1.2.1

TECHNOLOGY DESCRIPTION

Milk reception

Milk reception at the dairy is only the last oneration of
a chain, beginning at the ranch site with milkina and

then involving short-term storage and transport facilites.
From this chain, apart from any other consideration about
the farm management, heavily depends the guality of milk
to be procesced.

Milk reception is operated in two main ways, depending on
type of transport: in aluminium cans of 10 to 50 litres,
or in bulk tankers.

Obviously, the second system 1s much easier and effective
and is largely employed in the developed countries; but,
since adapted technology environment is unliikely to be
equipped with road tankers infrastructure, only ta=zk recep
tion technolocy will be taken into consideration.

At the receiving olatform, filled cans are unloaded and
transported to weighing scale, which can be manually
operated.

After weigning, cans are tipoed int~ the collecting tanks.
Tipping can be operated manually or semi-automatically

by a lever-operated can tioper.

In anocther possible receotion process, cans are tinped into
one or two tanks, where weighing is accomplished and then
pumped, through filters, to receiving tanks.

Cans are then sent to the washing macnine, whicn 1s manually
operated through a pedal, which opens a nozzle from vhich
hot water anc¢ steam are sprayed into the upside-dovm can.
Cans are then sent back to the loading onlatform.

Milk 1s manually or automatically analyzed to determine
fat contents and other qualitative data; this is done in
order to separate and/or mix different gquality milks Ffor
standardization.

Aim of the analysis might also be the establishmeat of
milk price, which can vary as a function of fat contents.
Depending on storing time, which in turn depeads from dairy
size, capacity and management, milk can be refrigerated to
4 to 6 °C in the collecting tanks or, more often, in ver-
tical isothermal tanks. ’

From storage tanks, milk is then sent, through stainless
steel pniping and valves, to the processing ecuipments for
pasteurization, UHT sterilization or secondary processing
(cheese, butter, yoghurt etc.).
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«3.7.2.2 Pasteurized milk
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Aim of the pasteurization is to reduce spoiling micro-
organisms action and to kill all possible infecting micro-
organisms, in order to guarantee a limited refriqgerated-
store (O to 4 °C) life to the product (about 4-5 days)
and ite completely safe wealth characteristics.
Pasteurization is a heat treatment, accomplished bv keeping
milk at 63 °C for 30 minutes ("low" pasteurizina procedure,
now not widely employed) or at 72°C for 15 secouds.
Different technologies and machineries have been develoned,
to obtain the requeste tempverature and times.
The heating medium 1s normally steam, operating directly
or indirectly through hot water, in order to maintain the
minimum possible temperature step (few degrees) between
heating medium and milk, to avoid possible heat transfer
inconveniences and overheating of the product.
Widely employed in thevpast, the parabolic and the drum
pasteurizers had the advantage of being very simple machines,
easy to be cleaned.
Nowadays, the most widely employed are the tube nest pasteu
rizers (similar or equal to those employed for other food
nrocesses;, where 1ot water is circulating in countercurrent
1nto a jacketed tube of stainless steel.
Another type has tube nest exchanger submersed in the milk
inside a pasteurizing tank in stainless steel (to save
space) .
The most advanced solution relies on plate pasteurizers of
very complex technology.
For adapted techno.ogy, probably tube-nest pasteurizers
could be the best solution, because the same machinerv has
been employed for other food products and manufacturing tech
nology has been assimilated (with some important notes,as
explained in the machineryv description section).
Pasteurized milk is then cooled down to about 20 °C,then
chilled to about 5 °C and passed to the filling section.
As already pointed out, the widely employed carton forming-
illing procedure (Tetrapak or similar) is a very complex
technology.
Similar, but a little bit simpler, is the plastic bottle
forming-filling procedure (still in use in manv large
dairies, but becoming obsolescent in many industrialized
countries).
Only system, within the limits of adapted technology com-
plexity grade, 1s the glass-bottle filling, through a level
gravity filler (the simplest) or a vacuum filler (more
complex, at intermediate technology level).
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If filiing technology is simpler, glass bottles handling
and management is more complex, because requires efficient
consumer distribution and empty-return network (on a re-
frigerated daily delivery base) and accurate bottle con-
trol and washing, before fillina.

Normally, a good quality product requires homogenization,
before pasteurization is effected.

Homogenization is obtained passing milk through a pressure
homogenizer; milk is pumped, at very high pressure (150

to 350 Kgs/sq.cm.), into a calibrated valve, where high-
speed impact of fat particles, against the valve walls,
breaks and homogenizes them, thus making difficalt floatina
of fat particles from milk susoension.

Homogenizers are intermediate complexity machines.

Skimming is requested to standardize milk fat contents to
national regulations (normally between 3,6% and 1,87 for
"full" milk); skimming can be done by removing the floating
cream, before homogenization, to be sent to butter making
section.

If a deeper skimming is requested, this can be accomplished
by a skimming machine, using calibrated centrifugal action
to separate cream from milk, un to the requested concentra
tion. -
This machine can also be considered as intermediate in
technology.

As it can be seen, it is to be stressed once again tnat
fresh milk processing is very hardly kept within the limits
of an adapted technology; this is possible only if non-
standardized produc*t (and thus possibly of low-quality, de
pending on producing ranch management and rearing condi-
tions) can be accepted bty the consumer and if the relevant
low-range (within city) distribution system is set uo.
Whetner this is economically and technically feasible or
not, it is a question that only accurate case-by-case
studies can answer.

A typical milk pasteurizing flow-diagram is shown on Fiq.
4.3.1.

Sterilized milk (UYT)

A recently developed system (UHT= ultra high temoerature
process) gives a milk which is practically sterile and
whose 1life at ambient temperature, if adequately packaged,
1s of about 4 months.

This would solve any distribution and consumer's storing
problem; unfortunately processing technology is at a very
high deqree of sophistication, far out the limits of an
adapted one.
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The UHT process consists in a wfjach" sterilization (i.e.
reduction of thermoresistant spoiling microorganisms to

cne spore over a billion, or 9 decimal reductions); per-—
formed by heating milk to high temperatures for few seconds
and then cooling it very rapidly.

UHT process can be performed-by two basic methods: indirect
or direct heating.

The First method employs tubular Cr plate exchandaers to
firstly heat milk to about 60 to 65 °C and then to about

90 °C to 95 °C, where it remains for 20 to 40 secs.; milk
is then heated to 138 °C to 145 °C, where it remains for
few seconds (2 tO 5) and cooled by countercurrent heat re-
cuperators and wvater chillers down to about 20 °C, in two
or more stages.

The direct method employs steam injection; the Ffirst ohase
heats milk to about 80 to 85 °C by neat exchangers; then
steam injection causes milk temperature to raise immediate
1y to 140 to 145 °C, waere it remains for about 5 seconds;
milk is then nf) ash cooled" by expansion, in a vacuum

kettle, down to about 80 °C and a final water coolind brings

temperature to 20 °C.
In both cases, f£i1ling rust be performed by sterile carton

formina-£illing machines (type Tetrapak Or equivalent).
yomogenization should be performed before entering the ste
rilization 1line, because it improves neat exchanging be-
naviour of niik as wvell as 1its quality. .
Homogenization is done by pressure nomogenizers.

UyyT processing the whole line, including packaging, 1s an
highly integqrated system, which reguires an advanced level
~f controlling and automation, where no adaptation is
possible, and whose complexity can be defined as very SO-—
phisticated.

A flow-diagram of a direct steam injection metnod is shown
in Fig. 4.3.2

A flow-diagram of a=n indirect plate-exchanger method 1S
cnown in Fig. 4.3.3
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MACHINERY DESCRIPTION

¥ilk recention section

Milk is transported to dairy in cans, made of aluminium,

of standard sizes from 10 to 50 litres.

Caps are fixed to the can by'a water tiqht sealinc and a
pressure device,

Cans are unloaded from ranch trucks manually.

Milk discharge into the weighing tank is done by semi-auto
matic can tipper, which is made of a steel frame, supoorting
the filled can, which, operated by a chain or by an hydrau-
lic ram, driven by a motor, turns over filled cans into the
wveighing tank hopper.

Hopper and weighing tank are made of welded stainless steel
sheets, as it is shown on Fig. 4.34

The weighing device can be a manual scale, with direct
reading on a panel. Weighing scales are normally in the
range from 200 to 1000 Kgs full scale, because several

cans are weighed at the same time into the tank.

Milk is then pumped up, through a mechanical filtering de-
vice (stainless steel net), to the storina tanks.

These tanks are cylindrical stainless steel sheet contai-
ners; surface is accurately nolishec and finished, to allow
easier cleaning.

Legs are also in stainless steel,

Thermometers and level indicators complete tank instrumen-
tation, as it is shown on Fig. 4.3%

A1l viping must be of special stainless steel tube with
polished surface; all weldina rust be very accurate, to
avoid any possible roughness and/or oorosity, which would
not allow rigorous and deep cleaning p.-ocedures.

Cleaning is normally done by pumpi»g into the system de-
tergent and disinfecting solutions; this can be done manual
lv, provided a very precise nrocedure is followed, to reduce
possible errors.

Any uncorrect cleaning procedure can spoil out the entire
recepted quantit: 4 ccase troubles to the whole orocessing
line.

Emotied cans have to be washed and sanitized before with-
drawal by farmers; this is accomplished by a medal-operated
hot water and steam nozzle, nlaced at the center-bottom of
a stainless steel vat, where waste water is drained out.

A fresh water sprayer provides rinsing and, finally, a
steam jet sterilizes the can.

For higher washing rates, a continuous washing machine
should be used; can washers have a washing tunnel, where







- 142 -

tank for miik

reception
(courtesy of Sordi)

Fig. 4.3.4 - Hopper and weighing

U\ N
R\
A,

(courtesy of Sordi)

ption tanks

3




- 143 -

upside-down cans are washed, in linc, by a jet-sorayed
deteragent solution, after a coarse water pre-washing.
Cans are then transferred, by a chain coaveyor, to the
hot water rinsing section and to a stecam jet sterilizing
chamber; a final hot-air blow provides can dryin7g,
Output cans have to be turned over and canned by manual
or semi-automatic devices.

The washing machine can be considered at intermediate
technology level,

Milk pasteurizing Section

As already stated, pasteurizing is a highly integrated
process, where operations are performed in line.

A continuous flow of milk is heated and cooled, following

a selected and well determined schedule,

In no ooint of the line should the product get i=n touch
with atmosphere, where it would be contaminated. All pining
should be in polished stainless steel tube.

Pasteurization can be verformed hby:

— parabolic pasteurizers

- drum pasteurizers

- tubular heat exchanger (jacketed)

- pasteurizing tanks with tube nest heat exchanger
- plate pasteurizers

A parabolic pasteurizer (now rarely emnloyed) is a parahola-
shaped drum, rotating on a vertical axis, placed into a
parabolic vat., The milk 1s pumpbed into the nollow space
between the two parabolic vats, whosSe inner space 1is steam
heated. Milk 1is then pumped out at the top of the path a-
long the hollcw space; by varyiag rotating speed of the
parabolic drum, the pasteurizinag time is varied.

A drum pasteurizer is an improvement of the oparabolic one
and has a cvlindrical grooved drum rotating on its verti-
cal axis; its working principle is the same as parabolic
pasteurizer.

Both machines are made entirely of cold-formed stainless
steel sheets and its manufacturing requires skilled weldina
and machining of rotating parts. :

A tubular heat exchanger is basically workina as a jacketed
pipe (single or double jacketinn) where a fluid is pumped

in countercurrent with another fluid (to be heated) Fflowi.
in the jacket. Few degrees of temperature difference between
the two fluids assure that no product "hburning" takes place.
A tubular heat exchanger 1is a simple machine and its ma-
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nufacturing requires stainless steel tube weldine and sur
face finishing skils; welding must be very accurately fi-
nished to avoid any rouaghness or porosity. An inconvenience
of tubular heat exchangers 1s that they require much space,
because dwelling time is to be deternined by tube lenath.
An improvement, to reduce space, is to wind up heatina
tubes to form a nest and to vlace them into a stainless
steel vat, where milk to be pasteurized is keot circulating.
Vats are stainless steel sheets welded into the shape of

a cvlindrical tank.

A more sophisticated equinment, the plate pasteurizer,
allows heat to be exchanqged between the two opposite faces
of a cold-formed herring-bone grooved stainless steel sheets,
in the form of a rectangular plate.

Many of these plates are pressed together, with a sealina
rubber gasket interponed, in order to obtain a “nack" of
exchanging elements; at the two ends, a wider chamber al-
lows dwelling of pumped fluids.

Manufacturing of plate exchanger requires a high degree

of cold-forming and die-makina skill and thick stainless-
steel sheet cutting and welding orocedures.

Tubular neat exchanger or drum pasteurizers ca=n probably
match with adaonted tecnnology requirements.

Filling of glass bottles could be done in a verv simple
manner by using valve-controlled level filiers, which are
cravity operated and automatically close filling stem by
a2 conical pressure valve, when bottle has been filled uo
at the preselected level.

These fillers are very simple and can be semi-automatical
ly operated by hand-supplying of empty bottles.

Better results are obtained by vacuum filling heads; the
filling stem has a central hole for vacuum suction of air,
whilst a ring peripneral slot allows milk to pour into the
bottle; there is no foam formation and aluminium cap is
easily sealed. ‘

Bottle washing can be done by hand only for very little
capacities; washing machines should be used for normal
small-dairy rates of 700 to 1500 bottles per hour. Washing
mach’ .ie 1s divided in four sections: water pre-washing,
hot-water jet sprinkling with detercent solution, water

jet double rinsing, Steam jet sterilization and hot-air
drying.

Washing machines are made of a painted steel or stainless
steel tunnel, with a bottle-carrying specially-shaned chain.
Bottle 1nading and unloading is manually operated; fully
automatic bottle handling increases macnine complexitv.




& c—
.

- 145 -

«1.3.3 UHT milk plant
A UHT milk treatment plant is a hiqghly intearated and
fully automatized system, whose degree of techndological
complexity is probably one of the highest in the food
processing sector.
UHT plant can use direct steam: injection method or indi-
rect heat-exchanger method.
The first method employs tube nest exchaanger to raise
milk temperature from 5 °C to about 80 °C; then, steam
is injected into the milk flow to raise temperature
instantaneously to about 140 €. for a few seconds, since
milk is "flash" cooled immediately afterwards by expan-
sion into a cooling tank, where it is at the same time de
aerated and dehumidified.
Milk is then pumped into a water cooling unit, that brings
temperatures down to 20 °C, for filling into sterile en-
vironment.,
The second method employs normally plate (or tube nest)
exchangers to raise milk temperature, in two hot-water
counterflow stages, to about 60 °C and then to about ©¢5 °C,
wvhere it remains for 20 to 40 seconds.The final steriliza
tion temperature of about 140 °C is reacned in a plate €x
changer in counterflow exchange with ovcrheated water.
Milk remains at the sterilization temperature for about
4 secconds and enters a plate exchanger cooler, as heat
regeneration with incoming milk, where it 1s cooled to
about 110 °C; milk is then degased in a "thin film" de-
gaser and finally cooled down to 20 °C, ™y two 1eat rege
neration stages with incoming ¢o21d milk and water-
Filling in a sterile environment is made at 20 °C.
Both methods need highly integrated plants, built up in
such a way as to save maximum space and to ease cleaning
and operationeal procedures.
All systems are entirely built in stainless steel and lay . |
on various supvorting platforms.
An example of direct injection plant is shown on Fig.
4,3.6; indirect heat exchanger plant is showm on Fic.4.3.7.
The prcduction rates of these plants are in the range of
2000 to 24000 litres per hour.
Filling is to be performed in a sterile environment,using
sterile containers: one of ithe most widely employed systems
is the carton forming-filling machine, a very complex and
sophisticated machine, that sterilizes the container raw
material (specially treated thick paper with a plastic
film) and continuomsly = apes a "tube" of carton, filled
with sterile milk. The "tube" is then thermically sealed
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at the desired interval, then cut 1nto pieces alonc
sealing, reshaped and sorted.

This technology, originated in Sweden, i1s patented and
the very complex machines are normallv rented or leased
by the manufacturer.
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4.3.2.1 General remarks

. It is well known that such a large variety of dairy pro-

| ducts exist, that it is impossible to take into account

: all different technologies, strictly connected to local
nutritional and cultural habits.

! For instance, more than 300 types of cheese are current-
1v manufactured only in the western countries; each pro-
duct is often made following different processes in diffe
rent countries.

Only a very general technological advise will then be
civew, foe Uiree of the most widely diffused daily pro-
ducts: cheese, butter and yoghurt.

Between all available technologies, most of waich still
employing very ancient and simple processes, only small
differences exist, but these details are very important in
obtaining different product quality, taste, flavour,
aspect etc.

tuch more i.oortant than process followed, it is the ope-
rational know—how of operators that determines quality

and value of the dairy product.

Technologies, described in the next paragradhs, are then
to be considered as representative references; readers

are sent to specialist's texts for further details on pro-
ducts, machinery and technology.

It is also to be pointed out that climate and environmen
tal conditions are of great influence on final product
cuality; it is in fact well known that the majority of
cheese products have a quality arading that depends on
areas of origin (sometimes on single villages).

Many of these technologies cannot practically be reprodnced
in a different environment, since thev rely on artisan<l
techniques, develooned during centurics, that can only be
overated and constantly developed only in a well-defined
social and cultural environment.

In this sub-sector, more than in any other, "up-crading"
of local techniques should be preferable to any other tech
nology transfer procedure.

As far as machinery is concerned, since manufacturing tech
nologies have been developed many years aco, simple machi-
nery is available and is still in operation in a very wide
variety of small and artisanal plants, scattered in tne
country, near the ranches.

More modern machinery is, in practise, only "uo-graded"
with respect to anciently develooed one, in order to auto
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nical conditinns to be kent.

Sometimes, to obtain peculiar products, manually operated
and controlled machines are still to bc employed, since
automatic operation give cnly average quality products.
Generally speaking, machinery can be considered as simple
or intermediate, if no automatized operations and/or

very high cavpacity are requested.

Almost ail fL-cimoiosio acailable feature batch-onerated
procedures; continuous nrocesses are available for some
product, but imply large capacity and complex machines.




4.3.2.2 TECHNOLOGY DESCRIPTION

(43.2.2.1 Cheese
A typical cheese-making technology starts with the collec

“ tion of milk, which is made in the same way as described
in para. 4.3.1.2.1, for fresh-milk.

In many cases the cheese-making plant is a section of the

“ central dairy; in some other case, small plants manufacture
only dairy products, as it is cormonly done in some EBuro-
pean countries.

“ Milk has to be accurately analyzed to check if it is of
the type needed for cheese being manufactured; particular
1y, fat content 1is to be checked.

“ Milk is then pasteurized; some cheese process requires a
non-nasteurized milk and, in general, the need for pasteuri

l zation is still being discussed by some cheese-makers.
Pasteurizing, when required, is made at about 70 °C for
15 + 20 seconds.

I If pasteurizetion has been effected, some destroyed lactic
microorganism is to be added, beinc necessary for cheese
process.

I pilk is then sent into the curdling vat, wvhose size and
shape greatly depends on cheese type and local uses.
A large, so-called universal, curdlinc vat of oblungal

I shape can be used, to obtain a great number of cheese
types.

In the vat, curd is added and temperature maintained at

I 20 to 32 °C, for 30 to 120 minuites or more, according to
type of milk and cheese type process.

During curdling, milk has to be stirred with special tools

I and once curd begins to thicken into flakes, curd mass has
to be cut into pieces, with snecial cutting tools, to in-
prove whey separation.

I size of curd pieces, and way of cutting, are typical of
each process and are very significant steps in obtaining

| good quality cheeses. _

Some cheese type reguires a longer neat treatment for
ncooked" curdling, normally done at about 50 °C for a cer

I tain time, depending on different cheese processes.
Complete whey draining from curd is performed in a vat or
in special moulds, where curd is shared into the form of

l final cheese. Sometimes, mould pressing is requested for
thicker and harder cheeses.

Shaped cheese is then sent to the final stage, which con-

' sists in a brine bath, normally at about 10 to 15 °C, for
a time variable from few hours to some week, depending on
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Cheese is then sent to warehouses for seasoning, variable
from few days to several months.

Some cheeses arc intended for fresh consumption and have
to be stored into refrigerated warehouses.

Seasoning can be made in cellars or specially conditioned
rooms or, for commercial quality products, made by forced
drying an% wax application.

Butter

Butter is made by mechanical beating of matured cream into
special churns.

Cream, resulting from milk skimming and from centrifugal
fat separation of whey, is pasteurized at a temperature

of 70 to 75 °C, and tken pumped into a fermentation vat,
after cooling down to about 10 °C.

Fermentation bacteria are added and cream is "matured”
for about 15 hours at about 10 °C.

Matured cream is then put into the beating churns, of va-
rious types and shapes, where beating-kneading takes place
for about 20 to 30 minutes at 10 °C.

Butter is then shaped and wrapped by manually operated ma-
chines and tools.

3.2¢2.3 Yoghurt

Milk is partially skimmed and pasteurized, as described in
the previous paragraphs.,

It is then pumped into fermentation tanks, where special
curdling lactic ferments are added.

The fermentation process takes place for some hours at low
temperature, depending on type of ferments and curdling
procedures.

Yoghurt is then packaged into glass or plastic containers,
with aluminium cap, thermally sealed, and stored at O+4 °C.
Good quality yogchurt requires an homoqer.eization into
pressure machines, before curdling.
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4.3.2.3 MACHINSRY DESCRIPTION
4.3.2.3.1 Pasteurizing heat exchangers

Pastenrizing ieat exciangers are of the same tvoe as
cescribed at para. 4.3.1.2.2 for milk.

£.3.2.3.2 Curdling vats
A curdlint vat is a double-wall stainless steel container,
anrmally of semi-soherical or obluncgal form.
In the double-wall nollow space, a0t water is circilated,
in order to maintain the desired curdling temperature.
Stirriag is provided by soecial tools, which can maaually
or pneumatically operated; in the latter case, a sudporting
frame nas a quiding rail on wnich tools are fixed and
displaced.
Ccurd cutting is also performed by special tools (stainless

Il

steel grids or nets), supported by tae same miiding rail.
Discharge can be performed by raising a2ad inclining the

vat, by means of a pneumatically or mamally onerated le-
verage.

Cardling vats can be open or closed by stainless-steel cover,
depending on tyne of cheese to he made.

vat manufacturing recuaires thick stainless-steel sneet
welding and cold-forming.

4.,3.2.3.3 Draining and moulding vats
Whey drainage from curd can be performed into special
stainless steel vats, wnere draining is performed by outting
curd into perforated containers {at the bottom of draining
vats) .
ypained curd is then cut and shaned into cheese moulds.
Amount of drainage, cutting procedures, mould shapes etc.,
are varying very much depending on type of cheese and pro
cess (soft or hard cheese).
t'oulds are of various materials (stainless steel, copper,
wood etc.) depending on type of cheese and local nabits.
All operations are manual; vats and mould are very simple
and require stainless-steel welding and cold-forming to
be manufactured.

403-20304 Salting vats
5alting can be made in different ways, depending on type
of cheese:; normally it is performed by submersing freshly




formed cheese into a brine bath.

The brine bath is a stainless steel vat, where brine 1is
circulated through a heat exchanager, to be constantly
kept at the desired low temperature.

Stainiess steel must be of —rery good quality, because of
the high corrosive solution. )

Manufacturing of brine vats requires stainless steel cold

forming and welding.

Tanks

In the dairy industry, a areat importance is given to va-
rious tanks, needed to store products or to perform matu-
ration/fermentation processes.

Tanks are of two basic types: singie-wall tank and isother
mal tank.

Single-wall tanks are made of stainless steel sheet ,curved
with roller-forming presses and welded into cylindrical
shaoes, horizontal or vertical.

l{ain supporting frame 1is stainless steel as well, becaise
floor cleaning is made with corrosive and/or deteragent
soluations.

Isothermal tanks are double-wall stainless steel cylinders,
witr. interposed insulating material: milk can be refrice-
rated by single-tank equipment or hr general refrigerating
circuit, through tube nest heat exchangers.

Tanks should be provided with easy access for insvpection
and eguioped with inlet and outlet vents for milk, heat
exchanging fluid, cleaning etc.

vanufacturing reqiires stainless steel welding and sheet
forming.

Butter churns

Ancient butter churns, still in use in many small plants,
were made of hard vwood.

T™he wood caurns were difficult to clean perfectly and are
now replacec by stainless steel churusS.

Various shapes and sizes have been developed (conical, bi~
conical, off-axis cylindrical etc.), depending on Drocess
and local habits. A churus is basically composed of a snaned
covitainer, with a small charging door, hermetically sealed
wvhen closed, supported by two rotating hinges; container

is motor-driven to revolve at low speed.

Manufacturing requires stainless steel welding and machi-
ning of mechanical components; supporting frame 1is of stain
less steel profiles.
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] 4.4.1 General remarks

Main cereals for human consumption are wheat, rice and
maize.

The majority of developing countries has no wvheat produc
tion and must rely on import, accounting for about two-
thirds of total imported goods (FAO-Acriculture towards
2000 - 1979).

; Wheat is then subjected to primary processing (that inten
{ ded for grain conservation in silos) in the producing
countries and is exported to less developed countries in
rawv form or as milled flour.

If milling is performed in the destination country, it is
1ikely to be supposed that large mills will supoly flour
to the entire country or, at least, to a region.

Economical and technical feasibility could suggest to em-—
ploy more complex equipment for larger capacity plants,
whose complexity is higher than that of an adapted techno
locay.

since it has been assumed that adapted technology and re-
1ated machinery are more suitable for small-scale olants
(even if industrially operated), probably no adapted tech
nolocy is feasible for large flour nmills.

Large-capacity wheat mills are in fact highly integrated
and mostly automatized plants, developed and supplied by
fev manufacturers in the developed countries.

On the other hand, many indigenous technigues have been

in use for centuries, as, for example, the classical stone
mill, based on friction between granitic cones, buat they
can hardly be up-graded to industrial operations and remain
village-level equipment, to be employed only by local far-
mers, where cereals are produced.

Tt is hence likely to assume that wneat flour is produced
in centralized mills or imported as such from other
countries. ,

It is the secondary processing of flour (intended Ffor bread
or pasta making) which shows more interesting features for
adapted technology applications in the less develoned
countries.

As far as rice and maize are concerned, the case shows com
pletely different aspects, since these two cereals are the
basis of human nutrition in many far East and African areas,
where they are dgrown.

In this case, many experiences have shown that small-scale
nlevts for rice and maize milling could be a feasible and

o o

l
I
l
l
l
I
I
I
1
l
|
f




- 156 -

econcmical solution for district-level adapied tecCundiogy
applications, while large-scale plants have to emplov,as
for wheat, very complex technologies and machinery.

This chapter will then deal with secondary processina of
wheat flour and primary processing of rice and maize,
which are supposed to be of greater interest for small-
scale adapted technologv industrial anplications, in the
less developed countries.

The most widely diffused secondary processes of wheat
flour are bread-making and pasta-making.

Bread has a shelf-1ife of one day to several days, deven-
ding on type of process.

Pasta, being dried, has the advantage of having a shel f-
1ife of several months.

Both are suitable to be operated locally in small-scale
local units; bread is still made this way in most industria
1ized countries, to assure a freshly produced and raonidly
distributed product; on the contrary, casta makers have
become larger and larger food producers and soohisticated
technology users, even if small units are still operating.
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RICE MILLING

Technology description

fain stages in rice milling are de-huskina and bran re-
moval, also called whitening or pearling.

Paddy (raw rice) is in fact the only cereal that cannot

be used as food, or as animal feed, until its husk has
been removed.

Dry husk is about 20 percent and the bran is about 10 per
cent of total paddy weight. The rest is starca rich kernel.
Since the btran has high protein and oils contents, the
brown rice has a higher nutritional value than the whitened
rice,

Dried paddy weighing and cleaning must be performed before
starting process.

Cleaning can be achieved by gravity to remove stones and
heavier materials, by sieving for larger objects and by
magnet to remove iron objects.

All these steps can be made with very simple machinerv,
manually operated.

A possible option in processing rice is to perform “var-
boiling", an hydrothermal treatment in wihnich paddy 1s
soaked in hot water and then tempered and dried until
moisture contents is suitable for further processing.
Parboiling is claimed for better milling vield and for
narder grain; furthermore, grain is sterilized and in-
festation during storage is highly reduced.

Parboiling can be performed with siwcle onexn pans, Husk
fired, or by more complex autoclaves.

Drying can be obtained in nhot-air stream driers or in va-
cuum kettles.

Tempering (dwelling time to allow moisture to diffuse to
the kernel core) is achieved in a tempering bin.

Dried paddy is then sent to the two-stace milling procedure.,
First stage is intended to remove husks and to separate it
from brown rice; this is achieved by passing paddy througn
rotating cvlinders, which can be rubber rollers, rotating
in ooposite directions (which shear the rice agrain) or
steel roller rotating in a casins (Engelberg huller).

Husk is then separated from brown rice by aspiration.
Paddy, which has not been de-husked, is separated and sent
back to be passed again through de-husker.

This separation can be done by gravity sieves.,

The brown rice is then passed through the whitening phase,
vhere bran is removed.

Bran removal is achieved by a second pass in the Engelberg
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nuller, by friction-shearing ¢ a

sher, which rely on inter-grain friction to remove bran,
or in a steel roller huller.

Bran is then separated by aspiration and used, mixed with
other components, for animal feeding.

It is to be pointed out that’'a two-stage mill fives a rice
yield of 68-70 percent of paddy and a reasonably white
rice, with bran and gcrm t:races; this rice is of more Mu-
triticnal value than the high polished rice obtained in
multi-stage huge rice mills, developed in the industriali-
zed countries.

There is hence no need to insist in whitening and poli-
shing (a further whitening obtained by leather or cotton
strip cones), if there is no market requirement for a more
sonhisticate, but poorer, product.

Whitened rice is then passed to grading by a sieve.
Bagging can be performed bv manuallv-operated bag fillers.
This type of two-stage mill can give a rated capacity
rancing from 300 to 3000 Kgs of paddy per hour, devending
on machinery type and size.

Paddy drying and winnowinc is normally done by the farmer,
using solar drving or otaer autoctone techniquies.

A tyoical adaoted technology for rice milling 1s showm

in the flow-diaqgram on Fic¢. 4.4.1.
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4.4.2.2 Machinery description

1.4.2.2.1 Cleaning equipment

Cleaning equipment consists of an intake hovper, which
feeds a rotating drum sieve.

The intake hopper is made of ‘steel sheet, welded and painted,
and has a steel profile frame, welded and painted.

The down sieve is a perforated cvlindrical sheet or net,
where paddy passes through; larger objects remain on the
cylinder centre an’ 7 »o0ved.

Cleaning is completed by a magnet separator, through

which the paddy flow is passed to remove metallic objects.
The cleaning equipment is simple; manufacturing requires
stoel sheet welding, steel frames welding and mechanical
components machining.

4,4.2.2.2 De-hullers
l The rubber roller de-huller, Or sheller, consists of two
closely spaced rubber rollers, rotatinc in opposite direc-
tions, and at different speeds.
l »ubber rollers are driven by a gear box and supported by
ball bearings.
A steel profile or cast iron frame supports moving parts.
| Rubber rollers are subjected to considerable wear and have
to be frequently changed.
Distance between rollers may be ad justed.
l Engelberg de-huller consists of a cast iron Cr cylindrical
fiuted roller, revolving on an norizontal axis, inside a
' sheath casing.
Il The lower half of the casting is of slotted sheet metal;
the flutes move over a stationary blade, where shearing
' action takes place.
: Distance between blade and roller can be adjuasted.
supporting fram is of steel profiles and cast iron.
m Manufacturing of de-hullers requires steel profile welding
and steel sheet cold forming.
Mechanical components have to be accuratelv machined.
“ Large and medium size pieces iron casting is also requested,
with some further machining, drilling and/or milling.
In particular, iron casting and machining of roliers, nor-
n mally in one piece, requires verv skilled personnel; better
quality is obtained with centrifugal iron casting.
pubber rolls must be imported; their shelf-life is limited
“ (six months to one year) and therefore spare parts supply
is to be attentively managed.
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Whiteners

Rice whitenina can be achieved with the same machinerv

as described in 4.4.2.2.2, wvhen used as second-staae bran
removing machine.

This gives a whitened rice with some bran trace.

A more complete bran removal is obtained by abrasive cones.
Tnis machine is basically a cast iron conc, with an abra-
sive material external coatinc.

The cone revolves into an aluminium or steel casing,where
metal mesh or perforated sheet sections remove bran,while
rubber bars retain whitened rice.

Abrasive action of the cone can be adjusted by vertically
displacing the cone.

A steel or cast iron frame is the machine bodv, where the
cone is supported by ball bearings and driven by oulleys
and shafts.,

Cone whiteners can be considered as intermediate technolo-
gy machines and their manufacturing reguires a higher de-
qgree of mechanical machining and cast iron forminc.

Partoiling pans

Parboiling, when requested, can be performed in open pans,
wnere paddy is soaked in hot water, heated by husk-fired
burners.

Pans are made of hemisphericallv-shaped steel sheets,welded
witn a supporting frame of steel orofiles,

Parboiling can be done also on double-bottom steam heated
pans; in this case husks can be used for firing steam ce-
nerators.

A more complex technology employs autoclaves, steam heated
and pressurized, rotating on an horizontal axis.

Small grain driers are a column, where grain fails in
countercurrent with hot air, following a zig¢-zag path.
Air is heated by an exchanger and pronelled by a fan.

A more compnlex technolocy employs vacuum driers.
Manufacturing of pans and small driers calls for metal
sheet forming and welding and for some macxhining; their
grade of complexity is low.

Larger rice mills use integrated narboiling equipment,
with same rotating autoclaves for soaking (steam heated)
and drying (vacuum effected); this machinery is very com-
plex and fully automatized.
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{ILLING

&
4.4.3 FAIZE

+4.3.1 Technoloqgy descripntion
As for other cereals, maize, which in some area, like
Africa, is the basis of human diet, if milled as whole
meal, including bran and germ, has a hicher nutritional
value and should be preferred.
On the other hand, sifted maize flour (removing bran and
germ) has a smoother texture, a lighter color and a ruch
longer shelf-l1life.
Larger mills use different multi-staqge technologies to ¢b
tain a refined maize flour, such as wet milling, which 1is
a sophisticated method, or multi-stade roller mills with
automatic sifting and degerming.
A smaller scale adapted technology mill should be located,
as for rice, in the growing area and should have a cavacity
ranging from 32 tn 1000 ¥« per hour.
Such features can be achieved by single-pass hammer mills

l or by motor-driven stone mills.

Grain is cleaned by sifting it for small stone removinc
and then passed through the intake hooper of the machine,.
The output wholemeal is directly bagged manually.

A certain amount of bran and agerm removing could be ob-
tained by a coarse sifting of wholemeal.

For higher capacities, ranging from 1000 to 10.000 Kgs per
hour, steel roller mills have to be empnloved,

Grain is sifted by vacuum asoirators to remove stones and
by magnet device to remove metallic particles.

A single-pass or a double-pass roller milling 1is used; a
sifting with motor-driven sieves gives coarser particles
to be passed again and separate gern.

Bran is removed by aspiration.

Flour is then manually packed or baqgged.

N.4.3.2 Machinery description

This machine has a very wide operating feature, been able
to mill different products.
Hammer mills have a rotating shaft, sunpported by ball
l bearings in the casing.
The shaft supports three or four ranges of rotating arms,
I which in turn support the hammer heads, of various shapes

.4.l3.2.1 Yammer mills

and sizes, depending on type of product to be milled.
Rotating heads break and pulverize raw material against
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stator blades, having slots through which the incoming
product is forced.

Milled maize is recovered through a receiving hooper, wnich
is equipped with a fine steel or brass screen.
Manufacturing of hammer mills calls for iron casting of
rotating arms and machine body, steel welding of sheets

and profiles, machining of overating and rotatinag parts.

Stone mills

0ld mills have been using granite stones, water-powered,
for centuries.

Motor-driven stone mills can be considered as an ub-
dating of this old technology, which has the advantace of
a finer adjustment, and thus of a smoother flour outvout,
with respect to the hammer mills.

The ‘stone mills have two stone discs, both rotating, in
opposite directions, or one fixed and one rotatingc.
Clearance between rotating stones can be adjusted, for a
single milling fineness regulaticn.

The stone mills have an external casing and an intake hop
per of painted steel sheets and a supporting frame of
welded steel profiles.

Driving motor can be electric or diesel enqgine, with bhelt-
sprocket transmission.

An example of a 500 Xgs/n stoae mill is shown on Fig.4.42.
A grinding stone has to be replaced after 300 tons or
about 600 hours.
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Fig. 4.4.2 - A motor—driven
maize stone mill
(courtesy of Villani)

Fige 444.3 — A double-head
pasta making
3 machine of
.y 200 Kgs/h
capacity
(courtesy of
La Parmigiana)
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BREAD MAKING

Technoloay description

Many different tynes of bread are currently made and each
of them requires a different technolody to be produced.
The technoloqy described herein has hence the valuc of an
average indicative process, as it is shown on the flow
diagram on Fic. 4.4.4.

wheat flour, yeast, water, salt and, if requested, some
additives, are the basic ingredients of bread.

Ingredients are weighed, mixed and kneaded to obtain dough.
Pre-mixing of dry ingredients can be requested; kneading
is done into horizontal or vertical kneading machines.
Kneaded dough is then shaped in the requested forn and
size and passed to the fermentation room, where it is kept
at about 25 & 30 °C at 75% relative humidity and then to
the proofing room, where temperature is raised to 40 + 50°C
at 82% r.u. for about 50 minutes to 2 hours, deoendin¢ on
type of bread.

Fermentation and proofing are a key opoint of the process,
since yeast develops its "raising" power and gives bread
its characteristics (flavour, softness etc.).

Formentation and proofina times vary at a great extont;
sometimes a pre-fermentation time is requested, following
snerial bread-making Drocesses.

Manv types of bread require making-up operations, such as
dividing, rolling, rounding, cutting, curling etc. devending
on shape and size of tne 1oaf and/or on tyoe of douch and
texture to be obtained.

Most types reguire a final proofing, wnich is gone at va-
rious temperatures and humidity grades in
final proofing chambers with shaped and made-up dough in
the ccoking trays, placed in rack shelves.

Cooking is made in differeant types of ovens, depending on
type of bread and oven technology; some tyoe of bread re-
quires a nigh relative numidity during cooking pnase.

OQven temperatures are in the range from 220 to 300 °C.
Oven technologies range from vcry simple peel oven, to
draw-plate or multiple-deck ovens, to rotary peel ovens
and reel sinale-lap or double-lap ovens, up to the most
up-to-date technology of tunnel ovens.

with the exception of tunnel ovens, which are very complex
and automatized high-capacity machines, all otner men—
tioned types are within the range of adanted technolngy,
with various grades of complexity.

Choice depends on local habits, type of bread and capacitv.
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Bread is then cooled in open air 9r on a coolina room by
air ventilation,

Breac¢ normally does not require nackaacina and 1is immedia
tely distributed to the market; shelf life varies between
one day to several days, accordins to type and size of
loaves. )

Machinery descrintion

Kneading machines

Dough kneading machines are normally of the horizontal
type; a stainless steel U-shaped container is supported

at both ends by steel profiles and can be turned over for
dough unloading.

Inside the container, motor-driven kneading arms, suooorted
by a horizontal rotating shaft, of various shavbes and
length, provides continuous mixi=ng and kneadina of bread
inaredients, until a compact mass of cougn 1s obtained.

All pmarts in coatact with food have to be manufactured with
stainless steel, and nave to be easilw cleaned and
dismantled for insnection.

Xneading machines can be open or closed by a staiwnless
steel cover,

Otner types have nemispherical container with arms, rotatinc
on a vertically supported shaft.

Kneading machines are simple to intermediate comnlexity
items, but its manufacturing requires a very accurate na.
chining and finishinc of all operating parts and stainless
steel thick sneet forminr and welding.

l‘achine casing is of painted steel sheet, wviile supnortinc
bodies can be of cast iron.

Fermentation and »roofivg rooms

Fermentation ancd proofing¢ rooms havc various sizcs and
shapes: dougn can be nlaced on trays and travs conveyed
by serial conveyors or manaally positioned on rack shelves,
To save space, fermeatation is often made in overhead
rooms, vhere trays are suspended to belts or chai=as,wvhich
convey and stabilize them durinc the fermentation tinme,
Proofing rooms are normally connected with the oven, to
recunerate heat and stean,

Proofing rooms have a front door, through which racks are
loaded and unloaded of dough trays.
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rnooms consist of metal sheet double walls, filied with
insulatinag material, supvorted by a main frame on painted
steel profiles.

yeat and humidity are provided by forced air, circulating
by means of a fan throuch a ventinc hole, connected to a
neat source (normally the oven itself).

Manufacturing of formentation and proofing rooms is rela-
tively simple, but reguires ckilled thin mecal sheet
cutting and welding and an accurate assemblinz.

A typical proofing room is shown in fig. 4.4.5.

Cvens
A simple peel oven 1is basically an insulated container

(made of earth or refractory bricks), with a fFront moutih.
Wood is fired into the oven, until walls have reached the
required temperature and stored enough heat, then bread

is introduced and cooked.

THis oven is very simule and economic, but unsuitable for
industrial operating.

lore adapted machines are rotary peel and mltinle~deck
ovens.

A rotary peel oven is an improvement of old peel overmn,
achieved by separating fire roon from cooking room, taus
allowing, by & stack, the evacuation of combustion gascs
while cooking brecad.

A rotating beach takes the place of the oven bottom, where
bread trays are continuously displaced by an external drive;
in this way, more homogeneous cocking temperature is achieved.
Other improvements are reel ovens, with sinqle or doubdle-
lap tray coaveyors, wvhere trays are suspended to rotating
chain, driven by sprockets.

The total capacity of the oven is increased and the entire
volume utilized.

1ultiple-deck ovens achieve the same ¢ozl by a static
system, but require a niqher loading and unlcading time.
A1l these types of ovens are still in ovperation i=n many
developed and developing countries and have oroved to

cive good economical and technical resiults.

Tr.ey have an increasing degree of complexity, from tihe very
simple peel oven to more complex double-laDd reel ovens.
panufacturing requires thin steel sheet forming and welding,
steel weldinc, machining and finishing, cast iron forming,
and accurate assembling.

A typical rotating rack oven is shown on fige. 4.4.6.




Fig. 4.4.5 — A proofing boOX, with heat recuperation
from oven ( courtesy of Polin )

L |

Fig. 4.4.6 - A rotary rack oven ( courtesy of Polin)
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PASTA MHAKING

Technology description

Pasta is a dried uncooked wheat flour douch, without yeast,
with a shelf life, at ambient temperature, that can reach
several months,

The pasta technology oriaginates from some souticrn Euronean
country and uses wheat flour and water as basic incre-
dients; other ingredients can be added (such as eqgqs).
Dried pasta is obtained by extruding kneaded douth through
a shaped hole, by mechanically pressing it.

Various sizes and shapes of pasta exist, but basic types
are long pasta and short pasta.

Long pastas (such as "wpaghetti") are long rones of pasta,
wvhich have to be dried by hanging , while short pastas
(such as "macaroni") have to be cut in short pieces imme-
diately after extrusion and are dried over a grid.

In the developed countries, very sophisticated technolo-
gies have been developed to increase pasta-makiwn~ canaci-
ty and to fully automatized orocesses, but adapted techno
logy for low output rates is curreatly available, using
simpler machinery, operating also in manv develoned coun-
tries, in small »nlants.

These machines perform nre-kneading of dourh, final kneading,
press extrusion and cutting. Pasta is then nassed to
driers, where fresh air and then hot-air flows drv pasta
to requested moisture level.

Long pasta is then cut at desired length aad nacked into
cellonhane or vlastic bags.

A typical adapted technology for pasta making is shown on
Fig. 4.4.4.

lachlnerv description

Press extruders

Machines, which perform the whole pasta process are adanted,
for low output capacity, raanqing from 30 Kgs to 300 Kgs

of pasta per hour.

For higher capacities, kneading and press extrusion must

be separately performed and processing line become more
complex.

Integrated pasta presses consist of ar intake hooper, where
besic ingredients are mixed, after weighing.

A pre-kneading takes place in the intake hopper; when pre-




I
l
I
l
l
l
i
1
I
l
!

4»H L ] F ] ] == L = =

¢405¢1 02

kneading is completed, nopper is turned over into a second
hopper, where final kneading of the dough is performed

by rotating arms, driven by an electric motor.

when kneading has been completed, a synchronized feeder
supplies dough to the press, which forces dough to be eX-
truded through the shaved hole of the head, which is kebot
rotating, for certain type of rounded pastas, by the
same driving mechanism.

Pasta is then continuously handled to be suspended to han
ners for long pastas, Or discharged directly on drying
chests, for short pastas.

Press extruders are to be considered as intermediate com-
plexity machinery, whose manufacturing requires a good
jevel of skill and know-how.

A press extruder 1is shown on Fig. 4.4.3.

Driers

Drying of extruded pasta is normally achieved in two stages;
first stage dries pasta by forced ventilation air at am-
bient temperature; second stage provides final drying by
hot air.

Drying times and air temperatures must be accurately con-
trolled to obtain good quality products.

small drying chambers consist of a metal-sneet walled con
tainer or by special rooms, where air is kept circulating
by a fan and hot air is provided by hot water or steam
neat exchanger on the air flow.

nriers can be used for denhydration of other »nroducts.




APPENDIX I

Energy conservation and saving in the

food processing industry operations

1 - General considerations on energy saving
in the case of adapted food processing
technology

2 .. Energy conservation and saving aspects
for same products in the considered
subsectors
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1 - General consideration on enerqy saving in the case
of adapted food processing technology

Before discussing how energy saving measures can be
applied to the case of adapted technology, a general
survey of the main aspects of enerqy usage in food
processing can be useful. (a)

Energy consumption for unit of finished product is not
homogeneous,but great differences exist from one pro-
duct to the other; this depends on the process employed
and on the ratio between different types of energies u-
sed.

It is well known that almost ail food processes use
thermal enerqgy, because of the high sensitivity of spoi-
ling microorganisms to heat; it is also known how ther-
mal energy conversion factors, theoretically limited
only by the laws 0¢ thermodynamics (and theoretical fi-
gures are already low), are in practice muzh lower and
energy saving measures difficult.

The ratio between thermal energy and electrical energy
(the second ranking energy for food processing) is very
high: It is known: that,for example, for tomato paste
processing, hundred kilocalories consumed for processing
roughly correspond to abou. one hundreth of kilowatthour
(giving a ratio of 10.000 to 1 ) and that in an inte-
grated small cannery, (where canning of different types
of fruits is accomplished during various seasons, such
as citrus fruits, mangc, papaya, guaba etc.) this ratio
is in the range of 8000 to 1 - In terms of equivalent
energy units (KWhs or BTU) these figures ccrrespond to
a ratio between thermal and electrical energy consum-
ptions from about 10 to 1 - to about 7 to 1 - for fruit
and vegetable processing.

(a) this chapter is based on "Energy saving techniques
for the Food Processing industry" - Noyes Data Corp.
N.Jo - USA 1977.
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For other subsectors, this ratio is different, but
thermal energy is,in any case , the most important
form of energy to be supplied, and it is therefore
that in which maximum effort in energy saving should
be put.

Results will obviously be different, depending on pro-
cess used and on technology level, but generally spea-
king,as it will be seen, actions for thermal energy
saving are difficult and,in the case of adapted techno
logies, the corresponding possible increase in comple-
xity should be very carefully investigated and compa-

rec.

This does not mean that other aspects of energy saving
procecures are not to be taken into account: savings
in electricity is obviously the second target.

A very -general analysis has shown (b) that, taking
as a basis specific consumption figures in 1972 for
various food products ,differentiated actions could
lead to substantial foreseen energy saving for 1980.
As it can be seen , in the table below, the target is
different for each product, depending mostly on techno
logy used and on the incidence of thermal enargy on
total energy consumption (only the products of intere-
st for this study are taken into account) :

1972 1980(target) %
reduc-
tion

- meat processing and packa
ging 2.8 2.5 10.7

- sausages and prepared
meats . 4.2 3.7 11.3

- fruit and vegetable canpn
ing 2.3 2.0 13.0

(b) From "Energy Saving Techniques for the Food Pro-
cessing industry" op.cit., tab.6-1; data referring
to USA food industry.
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1972 1980(target) %
reduc-
tion

- cheese 5.6 5.1 8.9
- rice milling 0.3 0.3 o
- pasta making 1.5 1.4 6.6

(note:specific consumption figures are in thousands of
British thermal units - B‘l‘uxlo3 per unit of fini-
shed product (pounds) ,except for rice milling ,in
which rough rice weight has been considered).

The specific energy consumption reduction is the result
of a wide range of energy conservation measures, during

a long period.
in the food processing industry, potentially important
energy conservation techniques and procedures are as

follows (c) :

A - Waste Thermal Enerqgy recovery

4 - use waste heat from plant equipment
(cookers, dryers, OVens, compressors, etce)

2> - recover heat in waste service hot water

3 - recover heating or cooling effect from
ventilation exhaust air

(c) adapted from "Energy Conservation Programme Guide
for Industry and Commerce™ — NBS handbook - 115
(74-75), as indicated in table 1.1 of"Energy Saving
Techniques for the food processing industry"; op.cite.
In the above list, measurcs for air conditioning are
not indicated, since of scarce use in less developud
countries-
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reduce building exhausts

5 - increase regeneration in fluid heat/cooling
recovery by increasing heat exchanger size

6 - use low iemperaturL waste efsluents to
cool input streams (heat recovery tecni-
ques)

7 - use process waste heat for space heating

e Gen oax GEs S
F .S
'

B - Boiler and Steam Efficierncy

| ——1

- niinimize boiler blowdown

- use better feedwater treatment
fFecover heat from hot "blowdocwn"

- Yeturn more steam condensate to boiler

(ST - S VO T )
|

preheat boiler feed water and combustion
air by exhaust gases

6 - use exhaust gases waste heat to produce
low pressure steam or hot water

7 - reduce combustion air flow and improve
m combustion control capability

: 8 - install and repair steam traps
w 9 - descale boiler tubes more frequently

10 - insert spinners in boilers to increase
heat exchange with water

11 - improve oil atomization using compressed
air
ctors

13 .- minimize use of low-power operating boi-

' 12 - better maintenance of burners and inje-
lers or stand by boilers
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C - Heat Insulation

insulate steam and condensate lines

2 - upgrade insulation of furnaces,boi-
lers, kilns, ovens, cookers and pro-
cess equipment

—— S (] Sy e
-
i

3 - insulate walls, ceilings, roofs etc.

=
o
'

Dryers, Evaporators and other process
equipment

1 - improve evaporators efficiency by u-
sing multiple effects

2 - use mechanical vapors recompression
in evaporation process

3 - use recirculating air dryers

4 - use mechanical systens to pre-dry
products before heat drying

5 - improve maintenance on heat transfer
H surfaces
6 - eliminate afterburners for pollution
. control
I 7 - minimize air intrusion into ovens and
use of air fans
l 8 - match air compressosrs to actual requi-
rements
I 9 - use microwave drying and cooking

10 - instell agitators and scrapers in va-
cuum pans of evaporators to improve
heat transfer
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E - Electrical Energy usage

1

optimize plant power factors (capa-
city banks)

optimize motor sizes and pumps to
actual requirements

convert licht sources to more effi-
clent ones (fluorescent, mercury,so-
dium etc.)

reduce general lighting, eliminate
unnecessary lighting, etc. to minimum
necessary for safety

reduce exterior buildings and grounds
illumination

replace electric motors with steam
turbines and use exhaust steam for
process heat

use multiple capacity compressors for
1efrigeration

- General Energy Management

re-use process wastes
optimize equipment sizes

use most efficient equipment at its
maximum capacity .and less efficient
ones only when necessary

minimize use of equipment needing stand
by operation

shut down or reduce temperature of pro-
cess equipment when not in use

reduce operatimtime :o strict necessary
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7 - use small number of high-output
units instead of many less-effi-
cient units

8 - clean or replace filter reqularly

9 - convert from batch to continuous
operations

10.~ convert from indirect to direct
firing (ovens)

11 - convert liquid heaters from underfi-
ring to submerston meating

12 - replace steam use by high tempera-
ture water, eliminate steam losses

The above listed measures and techniques should be consi-
dered as general actions; many other minor and specieli-
zed actions could be considered as important, depending

on type of process and equipment employed.

All these actions are techrologically feasible, but,

when dealing with adapted technologies, the relationship
between energy saving procedures and increase in comple-
xity ar usageof unadapted equipment, should be carefully
investigated.

Let us then consider and discuss the above listed actions
from the point of view of adapted technologies, for opera-
tion in the less developed countries.

The boiler and steam systems are the most obvious energy
operations to which energy saviig techniques can be appl-
ied, since , as it has been said, thermal energy sources
are widely requested in almost all food processing plants.
The steam generation is susceptible of appreciable energy
losses, such as radiation and stack losses, venting of
unburned fuel, blowdown energy losses, etc. - The goal is
to increase energy conversion (efficiency) to the maximum
value possible of about 83 per cent (high industry value)
of the fuel-to-steam efficiency; many plants are currently
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operating at 75 percent efficiency and then the ener-
gy conservation could attain a 32 per cent level.
Such conservation is possible and could be achieved
by using, for example, an economizer (an heat exchanger
on the boiler stack which removes heat from stack gases,
which can preheat feed water and makeup water to com-
pensate incomplete condensate return and "blowdown" pro-
cedure) or an air preheater, (which preheat with stack
gases the combustion air) or a blowdown stream heat
exchanger (which recovers heat from the blowdown hot wa-
ter). '
Boiler efficiency improvement should also rely on a very
attentive and continuous maintenance of combustion sy-
stem and boiler, whose interventions should mainly assu-
re that:

- no more combustion air is used than needed

- burners are always free of soot

- fire-tube and water-tube are free of scale

Other systems employ spinners or turbulators to increase
heat transfer efficiency.

Of course, a higher insulation thickness can help in re-
ducing and preventing heat losses.

Finally, the boiler should be used at the nominal rated
capacity, since they are normally not designed to opera-
te efficiently at low power levels.

All the abovesaid measures on boiler operations do not

normally increase very much the grade of complexity of

equipment and are then suitable and suggested to be em-
ployed also for adapted technology plants.

As far as waste energy recovery is concerned, many po-
tential sources of energy recovery are present in a

food industry; such as, for example, exhaust from dryers,
vapors from cooking and processing equipment , cooling e-
xhausts from large motors and compressors, etc.

The reemployment of these energy sources requires a very
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accurate study of heat balance between incoming
streams (of products or fluids) and waste heat, be-
cause there are technical constraints in re-using
heat if there is an insufficient temperature diffe-
rence.

Moreover, thls heat recovery equipment, although

not very complex in itself, could increase the:need
for maintenance and specialized operational personnel;
except some very special case, such as chocolate ma-
king, for example, waste heat recovery tecnniques have
proved to be difficult and should be very carefully
economically compared.

In the case of adapted technology, the heat recovery
is not suggested, generally speaking , as a conve-
nient methcd of energy saving , because it can indu-
ce technological problems, which, in the context of
the less developed countries, can rapidly spoil out
all heat recovery advantages.

A proper insulation is a good way of conserving heat
susceptible of losses; in the food industry, steam
lines, return condensate 1ines, hot water lines, fur-
naces, boilers, kilns, conking eguipment and a very
wide range of other processing equipment have heat-
irradiating surfaces, which should be conveniently
insulated; conversely, refrigerating and cooling e-
quipment should be protected against warming.

The only problem, when operating in the less develo-
ped countries, is that insulating materials are not
easily avaiiable and should be imported.

Normalliy, these materials have a very low unit weight
and hence transport and storing costs could be very
high; a careful economical feasibility analysis should
then be performed, be{ore taking any decision about in-
tensive insulation programs ot existing plants; new
plants should obviously be designed including as much
as possible insulating devices.

Of course, also buildings should be insulated, to mini-
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ze the energy used 1in environmental controls.

A great quantity of thermal energy is consumed in
dryers, evaporators and other process equipment.

The efficiency of such moisture - removing appara-
tuses is normally quite low, unless certain modern
techniques are used.

A very good technology in energy saving is the mul -
tiple-effect evaporation, a series arrangement of
several evaporatos, each called an effect, which u-
se steam to remove moisture by evaporation.

Water vapors are callected and used , in turn, as
steam for the next effect, etc.

The specific heat consumption is reduced almost pro-
portionally with the number of effects, or, in other
words, the energy required to evaporate one pound of
moisture is to be divided approximately by the number
of effects employed.

Modern evaporators use six or even more effects;
three or four effects are normally employed for toma-
to concentrate and citrus juice.

Unfortunately , as it has been outlined in the cata-
logue (see 4.2) , the multiple-effect continuous con'.
centrators are very complex machines, far beyond an
adapted technology level.

Adapted technology should rely on single-effect vacuum
kettle concentrator, whose consumption; in terms of
steam per unit of oucput product, is about two times
and a half higher than that of an usually employed
three-effect concentrator.

This is one of the cases , in which a very efficient
energy saving measure cannot be used because of its
complexity, if technology has to fit with adaptation
criteria.

This is also the case of baking ovens, where thermal
efficiency increases, from wcod-fired peel ovens to
modern mechanised techniques,of about 5 times. (d)

1t is clear that, in the first case, only remewable
energy sources are employed , while, in the modern
techniques, miheral oil is needed, but it is obvious
that the increasing needs for higher processed food

(d) G.BARON : "Technology, cmployment and basic needs
in food processing" - case study NOe 3~
pag.89
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quantities would rapidly spoil out also "theoretically
renewable" sources, such as'wood, and furthermore,very
difficult industrial operations and maintenance prcce-
dures could be envisaged.

One of the feasible examples of alternative energy sou-
rce for thermal energy production is the husk-fired

steam generator for rice parboiling equipment; but,also
in this case, an increase in complexity is to be put into
account and a very efficient and continuous burner maintenance provided
The solar dryers are other examples of alternative enerqgy
devices for thermal treatment, but, even if promising
results have been obtained, they are, at the moment,not
suitable for industrial operations.

Intensive researches in this field are in progress, but,
generally speaking, for the time being, an increase in a
efficiency of heat conversion perunit of output product
should rely on more sophisticated processing equipment
and therefore on an increase in complexity, which often,
in turn, causes adaptation limits to be depassed.

Thermal conversion efficiency improvements should there-
fore always be checked against the maximum tolerable in-
crease in complexity , for less developed environment
operations; otherwise , it is well known that lack of
maintenance rapidly spoils out any benefit given by the
energy saving.

As far as dryers are concerned, a simple improvement in
energy saving could be the employment of mechanical pres-
ses , that remove as much water as is possible before e~
vaporation.

Electrical energy saving is very important, even if the
total consumption figures are lower than thermal energy,
because it is a more expensive and valuable energy sour-
ce, particularly for the less developed countries.
Electrical motors can have inductive losses in théir win-
dings, that a capacitor bank could reduce; the power
factor of the motor can raise from 70-80 per cent up to
90-95 per cent.
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Such a change also improves electrical use efficiency.

As boilers, motors have been designed to operate at
maximum efficiency when full loaded; often,to prevent
burnouts, over-sized motors are 1installed, but a pro-

per management for energy saving should match. motor
loading conditions with rated power needs and install
fuses to protect motors against burbouts due to power
surges.

A great saving could be achieved in electrical lighting,
by reducing excessive or unnecessary lighting. Measures,
such as zone lighting,reduced warehouse lighting, conversion
from inefficient to more efficient light sources, cleaning
and replacing dirty or defective shields, can attain an
important and long-lasting electrical energy saving.

All those measures do not inc.ease system complexity,

but rely only on an effective maintenance and management
practice.

As far as electrical main supplies are concerned, it is

to be noted that brownouts; blackouts and voltage lowerings,
besides the disastrous effect on food being processed,con
siderably increase total consumption per unit of fini-
shed product, because of the very low total efficiency.

To prevent these effects, the only practicable way, where
steady and efficient electrical power distribution system
is not guaranteed, is the installation of an emergency
genevator; it is worthwhile remembering that a generator
is a very delicate and complex equipment, whose efficien-
cy grade highly depends on regular and effective preventi-
ve maintenance , to avoid malfunctions just in case of ne-
cessitye.

Finally, it is to be noted that the most effective energy
saving measures rely on changes on plant operating pra-
ctice and maintenance; such conservation techniques are
generally of minimal cost, but require very well -trained
personnel, energy-saving minded.

Boiler maintenance and elimination of idling equipment
should be the two main concerns of the plant management
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It is to be pointed out that energy can be saved better
by people aware of how energy flows and is used in the
plant; thls means that personnel has to be trained ade-
quately and should have assimilated the main working
principl2s and energy usage procedures of the machinery;
it is again a case in which an adapted technological
choice is the mecessary condition for a good operational
practice.

Goud housekeeping can be an energy saving measure because
many actions , even if each,individually,yields minor re-
turns, all together can sum up important figures.
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2 - Enerqy conservation and saving aspects for some
products in the considered subsectors

Among the above listed measures and techniques for
energy saving, it will be pointed out in this para-
graph which of them are of concern for some products
in the four subsectors considered on this study, i.e.
meat, fruit and vegetable, dairy, cereals processing.
It is tc be remembered again that the actions, 1li-
sted below, are only technologically feasible, but
their economical feasibility should be checked case-
by-case, by calculating internal rate of return of
the investment and carefully evaluating possible com-
plexity- implications.

Meat processing

- space heating and refrigerating , by loweriing or
raising temperatures and improving insulation of
buildings and accurately maintaisiog windows and
exhausting holes

- maintenance and operation of combustion controls,
optimization of blowdown procedures, repairs of
leakage in valves, elimination of standby boilers.

- heat recovery from boilers for condensate return
and feed water treatment (no economizer practicable,
because watertube boilers are normally employed)

- reduction in the use and heating of hot water
- heat recovery for makeup water

- increases in steam operating pressures and tempera-
tures (causes higher complexity)

- reduction of lighting

- improvement of insulation cof refrigerating cells &and
refrigeration generating and distributicn network.

- replacing old units with new efficient ones
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- operational control and maintenance of production e-
quipment of high energy consumption , such as ovens,
smokehouses, cocking tanks, generators, afterburners
etc.

- miscellaneous good house-keeping procedures, such as
turning off lights in the refrigeration rooms, moni-
toring of prcduct temperature requirements, elimina-
tion of condensation etcC.

- maintenance and repairs of refrigerating compressors
and insulating material '

Fruit and vegetable processing

- recovery of hot water discharge from peeling and wa-
shing machines

- conversion from retorts to continuous cookers (cau-
ses higher complexity)

- changing from steam to hot water in blanching
- shortening the cooking time by increasing temperatures
- recover heat rrom retort cooling water

- recover waste heat from various equipment to heat
space

- improve boiler maintenance and blowdown procedures,by
using water softeners

- lowering temperatures in tne process whenever possible
- repairing immediately steam leaks

- improving insulation in steam and condensate lines

- reducing lighting

- installation of protecting doors in the refrigeraﬁion
Y rooms .
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~ improving and controlling cperating procedures of
motors, lubricating aquipment, bearings, capacitors
etc.

.- employing mvltiple-effect techniques (causes higher
complexity)

Bakery

- improve operating procedures of beaking ovens, by re-
ducing heating-up times and keeping ovens filled with
product

- minimizing use >f fans of input/output from ovens

- recovery of oven stack exhausting gasses to heat
proofing rooms or other equipment

- improve insulation in buildings, ovens, proofing rooms
etc.

improve maintenance whenever possible

-~ reduce space heating by lowering temperatures,
minimizing ventilation,

- improve boiler operating procedures, by minimizing
scale build-up and increasing combustion efficiency

- reduce hnt water usage

- minimize idling and stand-by times of ovens, bollers,
lights and other equipment

Pasta making

- improve boiler operations, as described for other
products

- use dryer exhaust for space heating
- use microware dryers f{causes higher complexity)

- improve maintenance whenever possible
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Cheese making and milk processing

- improve operating procedures of pasteurizing
procedures, by using HTST pasteurizing (causes
higher complexity)

- improve boiler operations, as for other products

- improve curdling vats insulation

| - uge HTST (high temperature short time) heat reco-
very system to heat incoming milk (causes higher
complexity)

- recover heat, whenever possible, from output pro-
ducts

- minimize cooling water usage, by heat recuperation
- improve refrigerating and cleaning procedures

- improve insulation of tanks and pipes

- improve maintenance of refrigerating equipment

- reduce lighting

As a summary, it can be stressed once again that energy
saving procedures rely mostly on the following three
actions, whose results are positively achieved only when
2 large number of little interventions sums up in a ap-
preciable result:

- improving machinery and equipment
design concerning energy utiliza-
tion (this may cause an increase
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-

ir. complexity and it is therefore to
be carefully analyzed)

- improving maintenance and repairs

procedures,possibly with a preven-
tive maintenance programme

- improving operatin rocedures of
machinery and equipment, by energy-
saving minded and adequately trained

personnel.

il
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APPENDIX I1

Some examples of production scale in adapted
technology food processing

1 — Gener=zl considerations

2 — Some examples @
2.1- Tomato raste processing plant
2.2- Small integrated cannery
2.3- Rice milling plent
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1 -~ General considerations

4+ is very often argued that production capacity
is the discriminating factor for any technologaical
choice; it’*said that high capacity necessarily
implies sophisticated technolofies, while very

low capacities are better performed by simple
technologies.

1t is evident that more complex technologies

(ané related machinery) have been developed 21s0
in order to increase specific capacity of a given
processing line, but this is not the only function
which a technological improvement modifies.

In chapter 2 of the general part of this study,

a simple functional analysis of food processing
technologies and machinery hase shown that at
least four functions are modified by an increase
of techng%ogical complexity : the product quality
output, the degree of automatization of the line
(and thus the increase in capacity), the packaging
system, %Qe energy distribution and consumption
aspects .

The production capacity is then one of the factors
which has an influence on the complexity of a
given processing technology or machinery.

Any increase 1in capacity 1is strictly connected to
a higner automatization of the line, requested
because of the non—economical operations of multi-
ple parallel manual lines.

For examnle, canning and seaming of 100, 1.000
or 10.000 cans/hour determines a technology selec-
tion of manually-operated searing machine: for

a) a discussion about higher or lower "quality"
with respect to technclogy has been held on
para. 2.2 of the study.

5,

o) see appendix 1




100 cans/hour, semi-automatic or automatic machines
for 1.0C0 cans/hour, fully automatic high-speecd
machines fer 10.000 cans/hour.
It is evident that 10.000 cans/hour could be seamed
also with the use of 100 manually-operated machines,
with 100 workers, but this would imply an enourmously
higher manpower costs plus more space, more mainte-
nance, more management etc.; one hundred manually-o-
perated machinres are uneconomical also in a very low
wage environment, because they induce other operatio
nal costs, other than the already probably unachie-
vable manpower costs.
For a given plant, the capacity of cach lire determl
nes the choice of the technological complexity i
the machine : at increasing capacity, degree of
automatization increases to reduce costs and to
allow automatic operztions, withou® or with less
kuman intervention.
In the example of the seaming machine, no technogical
adaptation is possible when 1C.CCO cans/hour capaci-
ty is requested; in other wcrds, there is a maXimun
production capacity, for each type of line, machine-
ry, process etc., which can be performed by technolo
gically simple machines; beyond, a higher complexity
is requested, because the macnine must rely on 2
certain degree of automatization, to wor¥ pro erly
and to be adequately managed.
But, re~2ining within this maximum limit , it could
be argued that 1.000 cans/hour could be cbtained for
example by three plants producing at a rate of about
300 cans/hour each; in this caselis likely that
three manually-operated seaming machines, in each
factory, could be economically managed.
Then, *the technological choice depends, within
certain limits, from the production scale; if overall
plant dimensions are kept within small sizes, it is
very often possible to employ low-caparity (and
possibly adapted) technologies.
This, of course, implies that the general industria-
lization policies (for food processing) privilege
the district-level small-sized plants cperation,
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instend of the hure centralized plant.

This is poscible, 1n praciiee, if decision makers of
the less developed countries, responsible for the
food processing industry development, are well
conccious c¢f the adapted technological chcice impli-
cations, on production scale as on otner socio-econo
mic aspects.

Basic choices, such as decentralizing food processing
plants location, producing only for the domestic
market,stimulzting local maintenance and manufactu-
ring capability, procramming an “adapted" personnel
training, can practically be sustained,only if an
integrated development programme for the food proce-—
ssing industry (ani possibly for food processing
machinery manufaciurirg industry) is fully evaluated,
from technological and economical points of view.
Technclogical implications have been discussed in
previous studies and summarized on para. 2.1; four
bacic zssumptions define the operating conditions

of the ad=pted food processing industry in the less
developed countrics.

One of these assumptions is, obviously, that a food
processing plant {(not necessarily firm) should be
kept at » small production scale, because high rates
may cause capacity problems for some line and/or
isolated machine, exceeding adapted technology

1evel of intervention, as it has been pointed out

in the example of the seaming machine.

Economical implications of an adapted technology
choice can be evaluated only at project feasitility
study level, when the operating conéitions of a
given project have been defined.
For an economical evaluation of production scale the
following aspects should be fully investig-ted :

- market and demand

- raw materials supplies
plant location alternatives
available manpower qualifications
possible financing sources and conditions

On the basis of the results of these studies, a
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production scale evaluation can be performed, by
computing : :

- annual proqduction proJramme

- annual supply programme

- project engineering (technologry, equipment,
civil works etc.)

- plant organization (manpower, management etc.)

- investement costs and financing scheme

At this point, annual economic profitability c=n
be checked by computing :

of
- assumed price finished products
- revenues
- total costs (wages, overhead costs etc.) -

- annual profitabily (after deduction of interest

costs)

Usvally employed commercial profitability criteria
are :

- net present valve
— internal rate of return
- pay-back period

In a production scale economical evaluation, these
computations should be repeated until the most
convenient scale is found.

In the next chapter, to supply input datz for
possible economical feasibility analyses, some
examples of small-scale food processing plants are
Jiven. }

Plants of this scale are in operaticn in some less
developed country and the rated throughputs are
considered as technically convenient for adapted
technology operations.
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2 - Some examples

*
2.1 Tomato paste processing plant

Raw product : fresh tomatoes

Finished product : tomato paste at 365 sclid residue
Packaging : 50 grs. cans

Technology 3

The technolcgy employed is basically that, descri
bed on para. 4.2.2. of the catalogue.

The cold-break method is employed; main steps

| are as follows :

- fruit preparation is done in a washing machine
and then fruits are inspected 2s they pass in
2 conveyvor belt; any damaced is removed.

— fruit crushing is accomplished br a rotating
comb crusher:; the fruit m-~sheq is then pumped
to a refining-pulping machine, where sifting of
juice is performed.

— juice concentration is performed in a vacuum
kettle concentraztor in two stages.

- pasteurizator and filling can be performed in
a2 continuous high temperature pasteurizer
followed by an immedizate can filling or by
filling c»ns, to be pasteurized in a pasteuri-
zing retort; seaming is done by =2 semi-automatic
seaming machine; cans are then cooled 1n open
air and labelled.

The product is usuallly sold in 50 g. sealed
cans.

An alternative packaging system can be flexitle
plastic tubes with a replacezble screw top.

! * from "“Inventory of adapted technologies for ACP

countries ".
‘ Center for Industrial Development (CID) -Brussels -

1979. -
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ted throushput

2%0 Lgs. of fresh tomnatoes per hour which corre-
sponds to about 9CC.CCC cans of 50 grs. of tomato
paste per vear, working-6 days for 26 wceks at
single shift (6 months’ .

Man power

NO

. qualification

B N\ [ JE Qi G S

manager

clerk

typist

shift supervisor
process operators
guality control
ceneral labour
driver

Y
(V%)

total staff




2.2 Small interrated cannery

Raw productc: — orange, grapefruit, lemon, lime etlc.
- mango, pawpaw, (uiva, pineapple etc.
- tomato

Finished products : - natural juices or nectars
- concentrates and pastes
— fruits in cyrup

Packarcing : - 100, 200, 500, 1.000 grs. cans
- 200 lts. barrels

Technology :

Pineapple processing

RPipe pineapple, coming from the collecting
stations in bins, arrives to the receiving area
to be manuzlly sorted ~nd put on the sizer and
corer machine.

This machine performs the folloving

— removal of the outer slkin

- tops cutting

- core elimination

- pulp extraction from peel for juice preparation.

The obtained cylinders before being transferred
to the slicing machine pass through a belt for
Further inspection and manual elimination of peel
residues or other.

The prepared sliced fruit falls on a sorting and
packing tvable where 1t is manually canned into

1 kg-cans.

Tilled cans are then transferred to the syrup
filling machine and then to the sealing machine.
After sealing, the cans are put into baskets and
are conveyad to the pasteurizer and then to the
cooler.

Disecarded pieces of fruit, from the sizer-cor er,
from the cylinders inspection table znd from the
canning section, are collected in containers and
sent to the crushing pump which connects to the
juice line.

*
arveloped by Decco-Roda SpA - Bertinoro (Fo)-Italy

for less developed countries' operations.
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Citrus Line

Citrus fruit is dumped into the tank for the first
washing operation. It is then sorted onto a roller
type belt and washed again into the brusher-washer.
washed citrus fruits are ¢{ransferred by means of a
belt to the juice-oil extractor.

Extracted juice is sucked by the vacuum refiner and
sent to the mixing tanks.

By means of a pump, the pulps are conveyed from the
vacuum refiner to the helicoidal press which extracts

residual juice.

From the mixing tank the citrus juice is transferred
to the deaerator in order to avoid oxydation -of the
product when canned. The juice, through the tube nest
pasteurizer, 1is conveyed to the canning section for
cans of 200 grams.

Filled cans are then cooled by means of the net-type
continuous cooier that, in its ending part, will
also provide the drying of cans with a fan.

The litographed cans are manually packed into the
cartons onto a suitable belt equipped with holding
benches.

'n case of no-litographed cans, they are ccnveyed

to the labelling machine.

liango Line

ltango or cther similar fruit, when at the right
ripeness, is washed and sorted in the same machines
of the citrus line.

The product is then sent through the belt and the
elevator to the pulper.

The otr+ained pulp is heated up in the tube nest
pre-heater and refined in the finisher.

Mango purée can be processed to obtain fruit nectars
by the same line used for citrus juice or concentra

te.




[
|
|
[

Pawpaw Line

Sorted fruit is manunlly cut in halves in order to
remove seeds onto the preparation table ~nd sent to
the pulper to be iransformed in pulp.

The obtained pulp then undercocs the same process
described for mango.

Tomato Line

Tomato is washcd ond sorted in tae machines used
also for citrus, and tomato juice 1S precessed 1in
the machines used fo. man_o up to the concentration
plant.

In short, tomato will follow this w2y :

- washing tank

- sorting table

- connecting belt

- elevator

- rulper

- tube nest pre-he=ter
- finisher

- juice colliecting tazk

Pomato juice czn be sent to the mixing tanks to
obtain drinkable tomato juice or directly to the
vacuum kettle conceniration plant in order to
obtzin tomato paste or concentrate at needed Brix
decree. The concentrate is fil.ed into 20C kg.
barrels cr into 100 gra.as cans in the racking line.

Rated throughput

Fruit Days Hours Total Hourly Input
variety per per working input (tons per
season day hours (tons) year)

citrus fruit 120 8 960 3 - 4 288043840
mango 40 8 320 1 -2 3204540

tomato 150 8 1200 1,5 - 3 180C+3600
papava 120 8 960 1 - 2 96041920
pineapple 60 8 480 3 - 4 144041020
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1"an_power
No. Gualification
1 Plant superintunderit
1 Frocess foreman
1 Foreman for fruit reception
3 skilled operators for citruc Juice extraction
4 workers for pineapple cylinders inspection and
trioming
6 Can filler opcrators
1 Syruper and seaming operator
2 Connentration plant and pasteurizer attendant
1 Sugar, mixing, blending attendant
1 'echanic
1 Electrician
1 Laboratory attendant
1 viarehouse foreman
3 Accounting office and clericals
2 Fork-1lift dravers
10 Labourers.
39 Totzl staff




L

2.3 lice-milling piant

Raw product : — paddy rice

I'inished product : - white rice with traces of germ
andi bran

Packaging ¢ - bags

Technology :

The rice mill is a two-ctage mill. The first stare,
or de-husking, is performed by a rubber roll sheller,
for husk removal; husk is then separated by the
blower of the sheller. The second stage could be
performed by a second p2ssage on the rubber roll
hulier for bran removal, or by the use of an
Engelbergs huller.

The first system is preferable because it yielids
more head rice and has provec¢ * to be more profita-
ble at district level.

Rated througshput :

A maximun of 75C kgs. per hour of dried paddy,
which means a total annual throughput of about
135C tons, considering a daily production of 4,.
tons for 3CC working days each year.

n ian power

u ‘ No. Qualifications
1 — miller
1 - assistant

| 4 - unskilled

6 Total staff

' see — YA techno-economiz evaluation of rice mills
for cooperative and village operations"
J. Ramalingam — FAO - Indonesia - 1980
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APPENDIX TI1

List of potential suppliers of food

proccssing machinery

this is a non-exhaustive indicative list

of italian manufactures

of food processing

machinery in the four considered subsectors.




SUPPLIFHG OF TECHNOLOGIES AND TROCESSING LIN'ES

— GARIBOLDI snc - via Pienza 20 -i0142 "I LANO
— rice proQcessing

— LUCIANT ORESTE spa - via Bologna 31 - 43900 PANIA
— meat processing
— canning equipment
— fruit and vesetable processing
- utilities

— MANZINI TITO &F. spa — via Tonale 11 - 43100 PARVA
— fruit and vegetable processing
- canning equipment

— RODA spa - P.O. BCX 7T- 47032 Bertinoro - FCRLI'®
- fruit and veretable processing

— RCSS ING. & CATE.LI snc — via Zarotte 114 -
43100 PAR'A
- fruit and vegetable
processing
— canning ecuirment
— dairy processing

- SCRDI ''. spa - v.le Trento Trieste 37 - 20075 LCDI-WI-
- dairy processing

— VAR spa - via ZImilia Cvest, Centro 2000 - "ODINA
- meat processing
— slaughterhouses

— VETTORI & VANGHI spa - via Spezia 54 — 43100 FARUA
— fruit and vegetable processing
- meat processing

— PCLIN sas - v.le dell 'Industria 0 -~ 37100 VERONA
— bakeries

e et — e =




SUPPLIERS OF FOOD PROCESSING MACHINERY

1 - Meat processing and slaughtering
2 — Fruit and vagetable processing

3 - Dairy processing

4 - Cereals processing

5 - Packaging

AVB snc

Via della Tecnica 19 S. Lazzaro (BO)

AILMA LEVATI srl
Torricella Sissa - Parma

AVONI DANTE

Via Matteotti 16 — Villanova di CASTENASO (BO)

ARFA snc
Via IYarconi 3 - Noceto PARMA

BRECO
Strada Golese 30 - PARM

BREVIGLIERI
V.le delle Nazioni 36 - UODENA

BR1ZZ21 O.
Via Portacastello 3 - BOLOGNA

BOSELLI G.
P.zza Partigiani 15 — Noceto PARMA

CGZ ALIMEC srl
Via Are 2 - Sala Baganza PARIA

COSTUZ. MECS. ROVANI
S.S. €2 KM 161 - Luzzara REGGIO E.

CiTP
Via della Suora 237 - MODENA

CASEARTECNICA
Via Bertini 26 - PARNA

DALL 'ARGINE & GHIRETTI snc

Via Nazionale Est 43 - Stradella di COLLECCHIO

PARMA

S
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- DI NARDO P.

V.le Storchi 347 - IODENA 1
— DRUSTANI R. .

Via Asiago 14 - Castelfranco Emilia MODENA 1
— FAVA GIORGIO

Via Cerati 19 - PARMA 1
- FAVA GIANFRANCO

Alberi di Vigatto PARIMA 2
- FBR sril

Via A. da Brescia 12 - FARMA 2
- FiC - Food HMachinery Italy spa

Via Mantova 127 - PARMA _ 1 -2
— FORNI ZEWIT srl

Strada Sant 'Anna 581 - 1"ODENA 4
~- FRIGOWIECCANICA spa

Via Provinciale 17 — Sala Baganza PARTA 1
— GHIZZONI DANTE

Via llatteotti 6 - Felino PARLIA 2 -5
— GHIZZONI ETTORE & FIGLI snc

Pannocchia PARIA 1 -2 -5
— GHERRI GINO snc

Strada Nuova Naviglio - PARI'A 5

Via di Vittorio - Fornovo di Taro - PAR’A 1
- IB di BERTOLI & CORRADINI

Via San Marco 38 - Guastalla REGGIO E. 1
— TYAS snc

Via Cheguevara 5 - TMCDENA 1
- IMA srl

Via Guerrazzi 5 - REGGIO ENILIA 3
- InG. DARECCHIO

Via Emilia - Castel Guelfo - PAR:A 1-2-5

- ITALCOSMCS srl
Via dell 'Artigianato 35 - PIANORO
BOLOGNA 1

- ING. FERRETTI srl
Via Pellico 5 - Quattrocastella REGGIO E. 3
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IFM srl
Via Buozzi 15 — Salsomag;;iore PARMA

LA PARMIGIANA srl )
Via Porro 2/4 - Fidenza PARIA

LEVATI R. spa
Via Nazionale Est - Collecchio PARMA

LAMPA
Via Milano 8 - Gatteo FORLI'

LATINI PIERO
Via F. Rosselli 23 - Carpi UICDENA

1"ALAGUTI ANGELO
Via Corti 45 - 1'ODENA

"ALAGUTI NERIO
Via Corti 41 - T'ODENA

YANZINLI GIOVA NI & FIGLI snc
Strada l"adonnina - ladregolo PARIIA

IJAOPI - BI [ ]
Alberi di Vigatto PARUA

FIGLIAVACCA C. & C.
Via Alessandria 5 — PARUA

""OLITECNICA ARDUINI snc
Via Caduti di Amola - BOLOGNA

NILUA
Via Lasagna 5 - PARUA

NSV snc
Via Bernini 97 - UODENA

NUOVA OFF. iECC. F.LLI FILIPFINI
Corte Tegge - Cavriago REGGIO EMILIA

OFF. MECC. BARALDI F.
Via Radici 308 - Formiginz MODENA

OFF. RONCAGLIA spa
Via Aralai 100 - 'ODENA

PANINI srl
Via Ferrari 49 - Maranel.io MODENA

1 -2 -
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OFF. MECC. ZIVERI
Pilastro - Langhirano PARUA

PALTRINIERI E.
Via Provinciale 54 - Medolla MODENA

F.LLI PARMEGGIANI snc
Via Loda 5 — Castelfranco Emilia [MODENA

PELLACINI PIC
Via Paisiello 8 - PARMNA

PELLACINI SERGIO & FIGLI sas
Sala Baganza - FPARMA

RAS snc
Albinea REGGIO ENMILIA

RIVAka
Via Langhirano 210 — PARIA

ROSSI A. & G.

Via Trieste 5 - TARMA

ROSSI ING. A. sas

Via Moletoio 2 - PARIIA

SAVI ANTONIO spa

Via Ravasini 13 -- PARVA

SENZANI BREVETTI spa

V.le Risorgimento 13 - Faenza FCRLI'

SIMPLA snc
Via Torrette Cagniona - Savigniano S.R.
FORI.I®

SIN BIANCA spa
Via Marescalca 100 - FERRARA

S’ sas

Via A. Buozzi 10 - Monantola WICDENA
S

Via Ortles 4 - PARWA

TECNOINOX ' . .

Via Di Vittorio - San Pancrazic raziliA

TECNUINDUSTRIA snc
Via Spezia - Cavall’ di Collecchio PARMA

b
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UNION snc
Via Colombo 29 - HMODENA

VICTUSFORNI srl
Via Romagnoli — San Paolo Torrile PARMA

VILLANI MARIO
Via VIII Marzo 14 - Collecchio PARMA

ZACHI
Via Mantova 139 — PARUA

ZAROTTI & C. srl
Via Cantelli 5 PARMA

7ZILLI & BELLINI srl
Via Benedetta 83 - PARIA

1
4
4 -5
2 -5
5
2 -5
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