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SHARIEE L
dipensiops of choice

The bulk of the population of the developing countries -
that 1s, a wajority of alil pecple - are poor. They have few
saterial possessions: they live in crampad, aad often
unsanitary and squalid, dwellings; they lack good medical care
and adequate public health tacilities; th.y face an uncnding
search for fuel, which despite their cfforts lcaves some of
thea bitterly cold uin winter; awd all too otten, they dc not
€veR have secure access to enough of the right kinds of tood.t

¥ew would dispute that the goods and services just listed
are basic human needs, without the satisfaction ot which men
aund vomen canuot live in freedom from want. It is thercfore
lamentable that the world has yet to meet these basic needs tor
even a mdjority ot the human race. The meeting of these needs,
the eradication of poverty, should be the tirst coocern of
mankind and the overriding goal ot the further development of
the developing countries. No measure, institution, or practicae
= technology included - can be called "appropriate® ing those
countries unless its primary aim and effect is to assist in
Beeting the basic needs of the bulk of the population: in other
words, unless it serves the interests of the poor.,
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! This paper was prepared by B8r. Jamses Keddie vwho is
pPreseatly on the staff of the Scottish Develogment Ageancy,
Glasgow: the vicus expressed in this paper are however not
necessarily those of the Agency. He assisted the ILO, which
technically supervised the Preparation of this paper for the
International Foruam, in the drafting of a report entitled
"Appropriate techno’ogy for €aployscnt generatiom in the food
processing and drioks industries in developing countries®,
This report is to be discussed by the ILO Tripartite Technical
Beeting on these indus‘ries in Octobar 1978. The author wvishes
to acknovledge in pirticular his heavy debts in writing the
Present paper to Dr. #.H. Cleghoran (who likewvise assisted in
the drafting of the above-mentioued report), and to Ar. Barou
of the ILO, the technical supervisor of both projects.
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In the developed industrial countries, although material
deprivation amd degradation still exist aamsony substantial
minorities, the problem of grinding mass poverty has largely
been solvad, In the decades following the Secoad world war,
the emergent uations thus not unnaturally took the progress and
techniques of the andustrial countries as a model for theil own
development, which they had only tc copy or "transter" in order
to e€radicate mass poverty. As the years have passed, bhowever,
doubts have arisea even in the industrial world about the long-
term wisdom of this model of development. Although it has
reduced material poverty, it has lett wmany alienated by its
apparent impersonality; and men have begun to wonder whether,
in a vorld 1n which easily exploitable non-renuvable resources
are rapidly shrinking, d4a industrial <civilisation based on
intensive us: of encrgy and metals can long endure.

Such doubts - it may be argued - are the privilege or
luxury of the rich, vho are morally ill-placed to insist on
their restrictive implications for the developsent prospects ot
poor men on vhose behalf they have made but little sacrifice.
But for th2 developing countries, the dravbacks of the
“"transfer® model of industrialisation and development are more
1mmediate and appar2nt than these lomg-term social and
environmental comsiderations. 1In country after country, the
perception even of casual visitors will reveal the continued
Juxtaposition of a "modera™ sector, thriving (on its own teras)
or not, wuth the degradation and privation of the masses in
both urban and rural arcas. The introduction and expansion of
modern industry has done very little to remedy this deplorable
situation: indeed, wmany industrial practices in the modera
sector - the tendemcy to produce high-income groducts, to use
capital-imntensive and labour-saving techniques, to concentrate
production in large-scale urban plants, to pay relatively high
vages to the privileged cadre« of workers employed - have done
Ruch to credate or exacerbate the contrast between riches and
poverty.

Each sector of the econoamy must operate in conditions
largely created by the others, and too amuch responsibility
cannot bu plac=d with 1industry for the functioning or
malfunctioning of the whole. #dodern industry in developing
countries is nevertheless an important component of the atteapt
to transfer, rapidly and opn a large scale, the economic and
technological systeas of rich countries to underdeveloped
econoamies, Government planners, and all others concerned with
industrial develupment strategy and with devclopaent in
general, should consider whether the role and practices of
industry should not be radically changed in favour of a model
of development that serves the interest of the poor.

But, it wmay be asked, can the leopard change his spots?
The material success of the industrial countries overshadovs




the vorld. Their prescnt level of techumology has been attained
by <aecades, and in som> cases by centuries, ot progressive
research and developament, It has by definition superseded
theit previous technological leveis. Are the alternatives to
large-scale "moderun" twchnology wnot hopelessly obsolete? Are
such alternatives in any case avallable in practice?

One may ansvwer such questions on either a theoretical or
an empirical level. To take theory tirst, "technology" does
not wmz2an gleaming tanks and pipes, poverful whirring machines,
and rows of winking lights, although technology can somctimes
appropriately take this form. “Technology® is merely a way of
achieving material objectives, of getting things done. To its
operator or designer, a technology is au expresson ot human
ingenuity. To the cconomist and the planner, it is a
Collection of inputs (materials, wmachines or tools, encrgy,
human labour) required to produc: a material output. Cn either
of these definitions - and they are complementary - the
Centrepiece of a techrolugy can just as well be a band-operated
#1ll as a uwassive set of steel roll-stands: both are mcthods of
grinding or busking cercal yrains.

Because technologies stem trom human inventiveness, there
is nothing in theory to restrict their rauge to those
particular methods of getting things done which novw find tavour
ia the industrial countiies,. Technology 1s ot static,
Ingenuity wvwill continue to provide new methods in the fu ure as
it has in the past. 3ut (and this is the importamt point)
technical ingenuity does not operate in a vacuum. It is dlways
a response to the challenge of achieving sgecitic material
objectives in specific operating conditions. The industrial
countrie¢s have larye matrkets, high incomes and wage levels, and
Bassive [wsServoirs ot mcchanical skills and tunds for
iavestaent. In these circumstaances, it is scarcely surprising
that tho main thrust ot ingenuity has been towvards cver more
highly processed and packaged products, aand the pertection (and
particularly the automation) of mechanical processes tor their
production. But imn 1 deoveloping country, a aore typical
example of constructive ingenuity may bc a device tor improviag
the economical preservation of fruits and vegetaktles vhich
might otherwise be available omly seasonally. Such a device,
4 solar dryer using only polythene sheets, wvood, and mud
bricks, but capable of drying rfruits or vegetables im three
hours at 60-70°C, is 1in fact considered later in this paper.

This is oot to aigue that a collection of such apparently
simple devices constitutses the vhole of  “appropriate®
technology - industrial or other - in developing countries.
But tae example illustrates the proposition that these
countries are mot restricted to slavish imitation and transfer
of the present techniques of the industrial world. They can
devise solutions to their own probless, ia particular the
eradication of poverty and the meeting of basic needs.



Somz of th-se solutions may tak:z the form of the
development and application ot nev taechaniques. This has
already be.:n doue 1n many cases. Besides the solar dryer cited
above, tvo well-known cases 1n food processing are the
intermediat:, semi-automatic techaique for "garificatioa" of
cassava ln  Nigeria, which has proved supericr im every
important r:spect to an LEpart:d wmechaniseda t-chnology:;?! dnd
the "op:zn pan sulphitatioa" process devis<d 1n iwdia for the
productiou of crystal suyar, and now in widaspread and
successful use tbe:re.2 Despite these and otner successes, it
has been strongly arqued by crotessor Hanos singer  that the
developing countriss, with appropriate help trcm the industrial
world, will wue:d to devote =2ven ROTe effourt iu the ftuture to
the development of new ti:chniques tor sclving the probles ot
poverty, so -nding the present situation iu which most ot
developacnt work is done by the industrial covntries for their
oWl needs,?

But human 1ngenulty is not liwited to the techuical
sphere, and th2 =radication of poverty may ove as much to the
careful sprcitication of problems and the comparative appraisal
of existing alternative techaigues, as 1t will to the
developaent of new t2chunical alecrsatives., It is here that the
economist aud the planner can @ake their coatribution, by
challeuging c¢n <«apirical grounds the assum.d obsoclescnce of
alternativ:s to gleaming tunks and powerful vhirring wmachines.

In the past few years, a corpus of knowlwdg= has resulted
trom w«conomic investigations of alternative technologies iu
various manutacturing iadustries in developing countries. Iu
these studies,* the alternatives to the "modzra® technolegies
are for th-: most part neither newly developed nor belonginy to

! Ngoddy, P.0., "The case for appropriate technology in .he
acchanisation of Gari wmanufacture in Nigeria® (1974), OECD
Study Group on Low-Cost Techmology and Rural Industrialisatiou,
Working Paper No. 23, Paris.

2 Garg, M.K. (1974),  “™appropriate toechuology for small-
scala suagar manutacture in India", OECD, Paris.

3 singer, H.W., “"Tcchnologies tor basic needs™ (1977), ILO,
Geneva.

¢ Some of thesc are summarised in Bhalla, A.S. (ed.),
"Technology and caployment in industry® (1975), ILO, Geneva,
and in "The choice of technology im developing countriesw,

special issue of World Developmest, Vol. 5, 9/10, Oct.-Nov.
1977.




past eras. They are established technigucs currently in use 1in
developed or ueveloping countcles, In coapariny such
alternativos with large-scale “moderao® technigues, it is
frequently (though by no wmeans always) found that they are
economically better or moie appropriate thau the latter.

That such comparisons can be made at all demonstrates the
practical continuzd awailability ot alteraatives to large-scaie
modern  technology, and their rosults are a sufticient
indication that thes: alternatives at least merit serious
econcaic consideration by Jevelopment planucrs.

But -conosiCs 1s not am exact scieuce, and 1t various
practitioners 1in this field have adopted difterent viewjpolats
which have somctimes led to thelr reaching, trom substantially
the same evidence, apparently coutradictory conclusions abcut
the appropriateness ot technologies.! Siuce a Lroadly ecouonric
approach foras the basis of this paper, it will be helpful to
describe the particular vi-wpolnt adopted here.

it 1s, as implied above, taken as axiomatic that the ters
“appropriate™® should be applied in  the Jdeveloping world to
those institutions and practices aost directly serving the
inoterests ot the poor. At the simplest level, there are two
complementdry methods of doing this, which tog.tmner comstitute
or indicate "agpropriate technology™: the provisions ot products
at low cost, and ot purchasing power permitting the poor to buy
a suflici>ncy of thesn. Cther criteria of appropriateness -
corsiderations ot "efficiency™, of use of investible ftunds, ot
long-term energy wuse, and (in tooa processing) of autrition -
may be adduced, and dre in fact also considered ia vhat
follovs: but they will rarsly be found to upset judgements made
o the basis of the two primary indicators ot dappropriateness
just noted.

In the industrial market economies, ldlye-scale atteapts
have been made to provid2 purchasing power without employsment,
by so-callcd "welfare®™ measares. 1huse measurcs have met with
some degrec of success, but they are not reqgarded as fully

- - - - -

! Compare, for vxaaple, the favourable conclusions reached
about large-scale sugar sanufacture by Forsyth, D.J.C.
*"Appropriate technology in sugar manutacturing®™ (1977), Noild
Revelopment, 35, 3, with the more qualified conclusions of C.
Baron in “Sugar-processing techniques in India® (19755, ia
Bhalla, A.S. (ed.), op. cit.; aud the largely unfavourable
conclusions of Keddie, J. aud Cleghorn, . ®Choice of
technology in the food and dripnk industries: some case
studies™, Chapter 1II of "“Technology, eaployment <ad  basic
needs in food processiag%, iILO, forthcoming (1979).



satisfactory by the taxpayors, aor by most of the recipients,
who naturaily aspire to the self-reliance and selt-respect that
are g4given by working for one's own living. Moruwover im the
i1ndustrial countries such wmeasures supgport only a small
micority of the popalation. In the developing countries, it is
the wmajority who are poor, and seetiny thelr basic needs fros
th- iacomes of the relatively well-off few is aot a practicable
proposition. it is th-oretore a wmajor vnderlying presise ot
this paper that in the deviloping couatries purchasing power
Bay ouly be secured for the poor by the large-scale creation,
direct or iundirect, of joubs carniny them incoaes.

On the other hand, much it not most of the value of such
vdr0lngs raside2s in the products that they cam be used to
purchase; and crucial though :mployment creation ®ay be to any
strategy for seeting Lasic aecds, it wilil largely defeat its
o¥n purgose if it drives up the costs of the principal
essential commodities, foods and others, to very bigh levels.
Indeed th: coanjunction, it possible, of low costs with
eaploymi:nt creation may be expected to produce saowballing
dividends in the fors of a wirtuous cictcle, with low costs
leading to larg2 markets resulting in substantial industrial
employment which turther onhances thosc markets. Thus care is
taken ia the case studies of Chapters 2 and 3 to present the
compartativ2 costs of production with alternative tachnologies,
alongside che employa=nt associated vwith thea.

It should however be remesbered that such costs, and the
dccompanying estimates of profitability, are calculated using
th> prices prevailing under existing aconomic conditions in the
developing couantries. That such conditions ar-: unsatisfactory
is vvident fros the continued existence of mass poverty, often
observed side-py-side with a thriving modern sector, noted 1in
the first f.v paragraphs ot this chapter. The profitability of
"mod:rn®™ products ana projects may derive fros high output
pric s resting in turn on the econoamic privileges of a
political, wmanag:rial and professional elite; and the lower
rapks of this :ilite may be swelled by the relatively high wages
oftes paid by such projects to the few workers they esploy, and
sosetimes cited by project owners as a key redson for their
inability to provide aor: employment. OUnd2r such conditions,
high profits or even low costs tor large-scale modern
technoloyies wmight indicate their capacity to reintorce the
conditious for th~ir owa survivai, but they cannot demonstrate
10 any umyualified vay their greater ecomomic "afficiency".

Indew«d the concept of economic efficiency is, at least in
respect of practical application, rather imprecise. Achieving
efficiency isplies cost-minimisatioa - which, if e.tcnded over
the entire economy, is also eguivalent to protit-maximisation
- either (as iu this paper) =t market prices, or at
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®accounting®™ or ®shadow" pric-:s Suppostdiy representing th:
"true®™ opportunity costs of resources. How2ver, both market
and shadow pricecs r:fiect the distribution of incomes in the
<conomy. It this is highly umsegual to sctart with, there 1is
little reason tu -=xpect that a cost-miuimisiung (that is
2tficiznt) solution even at shadeow prices will moct the basic
Beeds of the poverty-stiicken Bajority. (tmel sciu*ioas, also
83eting the criteria of "etticieucy"®™ but petter serving the
interasts ot the  poor, could be deriv.d troa alternativs and
wore equitable initial distributions ot iccome. It is ligely
that oudy ‘XCoptionally high cost pr:mia, -uch as those tound
in this paper tor th= hand pouuding ot rice at high wages, may
be taken to demonstrat2 the inappropriat-:ness of a technigue, 1

Nev.uthiless, the yuestiou of cost and protit in thne
world as it 15 canuot and should not be iguored. Ibn the first
plac:, very high cost premia wmay in tact b= tound, thus
indicating th- probable inappcopriateness of the costly
technique under practically any circumstances. This will be
particularly the case 1t it is a large-scale aodern technigue
operating wunder existing conditions which are ia aLy case
probably too favourable to it; or 1f - supposing tbe people it
supports to b2 poor - a4 satisfactory method 1s availabl- of
fully and fairly sharing with thea th: potential over-all gains
to be reaped through 1ts Lreplac:ment by au alterovative
technrique.

Perhaps a mOre importaut sScrvice rendered by the
exasination of comparativ: costs and protits 1is to tocus
discussion on the frospe.cts and counstraints taced by the
various alternative techoniyues. In the tinal abhalysis, the
assessaent of social value and appropriateness remdins a matter
of judgemant. It 1is helptul for policy purposes if, after
arriving at a judg-ment - partiy based on the eViaence provided
by cost and profit results - the planner can return to thosea
results for an indicatioa of what measuras (it any) are necded
in the "here and now" for the promotion ot the appropriate
technology.

As already aoted, other factors may =nter the jadgement
of appropriateness, but before passing brizfly to these, it is

! Evan in such cases, "effticiancy® may remain ironically
theoretical in its iaplications, No achievement of any
etficient solution implies that those who proxisately suffer as
a result wili in fact be compensatsad by those who proxisately
gain. It implies merely that the gainers gould compensate the
losers fully, and still resain better off than they vould be
under an inefticient solution. 1In rice poundiog as in other
cases, there is very little evidence tor such coapensation
having taken place.



worth clarifying ah  ieportant point oi terminology. A
"txchnolojy" may =ither be conceived as a bundle of required
inputs to mect  an output objwctive externally givem, or as a
bundle ipgluding au output withiu some specified range of
"fuuctionally substitutable" products. The latter conceptionm
underlius the comparisons msadc in this paper, so that in  aost
cases, th.. products ot th: jprcjects compared in any one
inaustry 4r. not idsntical. The foraer conception - that an
appropriat.: t=chnology may be choscnu trom among th. alternative
technigu.s tor producing any natrovwly specified groduct - bas
inspired much iaterusting work,! but on th: view ot
appropriaten-=ss taken her., 1t unduly restricts the range of
productive activities which may iegitimately be compared. 1f
th* products; of alternativ: projects ar2 approximate functional
~quivalents - as, for <xampl:, 1S assumed to be the case for
prasrrved voegetables, whother canned, fried or frozen - then
the projects may legitiwately be compared as alternative
"t<chnologi2s®, any cne ot which may be judg:d the @most
appropriate, This proc-2iure does not however preclude the
consideration ot, for «<xawple, alternative diyiny techriques
withig the wider rang: ot wegetable prescivation t:chnoloygies.

Turning now to 3u@e other tactors aftecting the judgement
ot appropriatencss, 1t saculd first be noted that the
employsent attributablc with sose doyrec ot certainty to a
particuldr proj:ct is not limited only to the diract eapicyaent
gen<rated. It may stiaulate, through "linkages", employment in
other sectors of the ecouomy, particularly those which supply
1t vith wmaterials or those which wuse its tinal product,
Iaportant as these iundirect effects may be, it is beyond the
scop= of this pap~r to guantify them, although scntion of theas
1s made at portin2at points in the exposition.?

Otbz2r mechanisms of indirect 2aployment g2neration are
som:times advanced. It is frequeatly argued that developing
countries are crucially short of funds for productive
Lavestment. Projects ar< accordingly scrutimised, both for
th:ir us2 of investa.nt tunds which might generate 2mployaent
1f altermatively invested in iwndustries and sectors elsewhere
in the econoay; and for thear profitability, pot mercly as an
indicator of their present economic feasibility but also of
their capacity to gJencrate “"surplus® funds which may be

R e L

! See, 1m vparticular, the special issue of dorld

Develgpmepnt, op. cit.

2 The results of som< calculations tor the ftood industries
as a vhole are given in Chapter 11 of "Appropriate techmologies
for employment gereration in the food processing and drinks
industries of dev:loping countries®, ILO, Geneva, 1978.
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reinvested in the future, However, such scrutiny will aot
often wsodify favourable conclusioas initially reached on the
basis of low cost and substautial empluyment gencration
assoclated vwith a project. Labour-intensive projects creating
large direct esmployment usually have low investment costs,
giving them potential tor indirect job creation also. Howcver,
ia practice it seems likely that a4 large part of saved
investsent funds will be sent abroad, speat oo comspicuous
consumption, or squandered ou a few prestige projects, rather
than tilter through the bighly imgerfect capital markets of the
developing vworld to activities such as labour-intensive
agricultur:, or small-scale production in the urban informal
sector, where the greatest potential tor indirect employsent
creation 1is probably to be tound. Similarly, obne may be
sccptical whether bigh protits ecarwed in capital-intensive
projects producing high-income products will be reinvested (if
at all) in other than further  rojects of a similar type, thus
perpetuating a situation in which the basic needs of the
majority are not met.! Despite some grounds tor scepticisa
about their relevdance to indirect esgloyment creation,
comparative fixed asset investment costs and (in &wmost cases)
profits have been pres=ntad in the cast studies of this paper.

So also bhave direct energy costs  and rates ot
consumption, Buch councern has receatly been manifested over
long-run enerqgy supplies, particularly tor wmsodern industrial
Civilisation,. Misuse ot traditionmal energy sources in the
developing couatries - notably wooa - has also be:n alleged.2
It is certainly oot necessary to adhere to a Doomsuay theory of
catastrophbic energy shortayge or ecological coliagse in order to
predict very serious probleas of energy supply and cost
aftlicting the developing countries ino the medius term, o1 to
question the long-rum wisdos of industrial development based
Substantially on present uon-renewable encrgy resources. The
full charting of encrgy consusgtion is a very cosplicated
business, and the subject of still-unresolved coantroversy.3 It
has however been possible to present in this paper the forams

! On the other hand, a correspondingly ®virtuous® circle
might be initiated by profitable ssall-scale or labour-
intensive projects. Profits trom such enterprises smight well
be reinvested in projects saking a similarly frugal use of
funds.

2 Eckholm, E.P., Rirewoed - the other ¢heray crisis (1975),

bWorldvatch institute, Washiangton, D.C.

3 Enerqy apalysis (1974), International Federation of
Institutes for Advanced Study, Stockhola.




a0d quantities ot direct process energy consulmjtion associated
With altecrnative technologies, together with the costs of the
enerqgy thus consuamed.

vossibly linked with patterns ot enzIgy consumption (and
with auch =1s« besides) are considerations of scale. Modern
industrial technology, in food processing at least, tends to
operate at large scales ot output, This tendency bas been
deplored on ethical grouwds,! and in developing countries is
also thought to contribute to the wmassive shitt of rural
populations 1imto already-crowded towns and cities, because of
the associated tendency ot large-scale modern  tactories to
locat: in urban areas. On the other hand, large-scale
production 1s linked in the minds of many with Mcconomies of
scal«" and low unit costs of output. Theretore it is important
in any cousideration of appropriate technology to compare
projects of widely varying scales ot output, and this has
accordiugly been done in the case studies ia this paper.

Finally, in the food processing sector, no account of
technological choices can be complete without consideration of
the putritive value ot final products, since aaequate autrition
is obviously a basic husan need, and may be thought of as a
necessary condition for sccuring all the other n=eeds. A poour
man is very unlikely to rise out ot poverty if he 1s sick, or
if he lacks the strength and endurance to do sustained
productive work. Within the scope of this paper we can do no
more than touch on the insights jrovided by a large and complex
subject, a specialist discipline in its own right. Fortunately
however it 1is possible to «classity most important toods
according to their roles in supplying the basic mutrients in
the human diet - energy-supplying foods (including o0ils and
fats as a special cateyory), proteins, ana vitamins aad
ainerals. Ysing this classification, oane can select for study
4 set of food processing activities which is reasonably
representative of nutritional needs, and also nmake soae
observations on the costs of certain methods of seeting such
needs. Concern for nutrition also suggests the importance of
considering grain storage, an activity of great significance
for the maintenance of the most basic of all foods.

The next chapter, which constitutes the nucleus of the
paper, presents case studies of technological choice in some
major food processing activities, comcentrating on comparative
costs aund c<amployment but also giving comsideration to other
factors such as nutrition, project scale and energy use.

Chapter 3 addresses the question of food grain storage.
Ia the discussion of alternative technologies, large-scale

! Schumacher, E.P. (1973), *"ssall is beaatiful®, London.




storage for cities and provincial towns, and small-scale
storage for villages and households, are examined scparately.

The last chapter gives a summary of results, and then
deals with policy wmeasures to isplement appropriate food-
processing technologies. The discussion eabraces general
controls, such as taritfs, on the development of food
processing activities; prosotion of appropriate B8 amd D; the
provision ot credit; training; special policy measures, if aay,
required for individual food-processing activities; and action
at the iat:rnational level,

Finally, an appendix presents the standardised set of
developing country pricys used inm the costings, and cosmaeants
briefly on the method of allowing for price inflation.
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This chapter comprises case studies ot the choice of
appropriate technology inm six major food processing activities:
rice milling, bread baking, fruit and vegetable preservation,
dairy produc:s, ftish preservation and beer brewing. tach study
begins vith brief introductions to the nutritional roles ot the
major products of the activity in developing countries, and to
the range of alternative processing technologies available.
This is folloved in each case by an economic specification, in
teras of the principal outputs and required inputs, of
alternative projects using ditfareat technologies and covering
4 range of scales of outputs, vhich 1s accompanied by
presentation of the costs, investment costs, and (in most
cases) the revenues, vhich are associated with these projects.
The operating condations  and prices underlying these
specifications and costingys are based on developing country
commercial expericmce, and the prices have been up-dated to
levels prevailing at the end of 1$77. These prices form a
Standardised set common to all the case studies, and include
tvo rayimes of wages reflecting conditions in lov-wage and
high-wage developing countries. The costs and revenues are
estimated totals ("present values") over the duration of
project 1lives, using the discounted cash flov method of
evaluation at a discount rate of 10 per cent per annus,!?

The comparative costs, profitabilities and airect
employment creation of the alternative Projects in each study
is then e¢xamined, with due consideration given to other factors
vhich may also enter the judgement ot appropriatenass.

D A -

! This is equivalent to assuaing ammual interest charges on
fixed and working capital, at a Eeal (intlation-adjusted)
iaterest rate of 10 per ceamt per anaum.
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1.  dice silling

Cerwals (tood grains) are the basic foodstutt of aan.
This 1s particularly true in tne developing countries. Table
1l presents a classification of the principal types ot foodstuft
by basic autritional cateqory, and shows the position withip
this classification ot the tood-processing activities chosen
for study in this chapter. 1t will be seen that cereals are
classified among the energy-producing toods. Their primary
role in providing eneryy 1u developing countrics 1s illustrated
in table 2, which shows the contributions made by varlous types
of foods to the diily intake ot calories,! fats, .anud proteiuns,
averaged over thr2+ developing countries, one Latil Americaa,
oz Atrican and onhe Asian.

in these thr2¢ countries, the table sanovws that cereals
provide 58 per ceut ot total calorties. Besides this, they also
provide over halt the protcein, and 22 per cent ot the fats.
The primary contribution ot cereals to the developing country
diet may b: confirmed by a glance at table 3, which presents
Summary productiorn totals, for all the developing countries, of
the wmain toodstutts. The production of cereals is easlly the
largest total; and the dominance of the category is enhanced
when 1t is recalled that the other very large totals - those
tor root crops, and fruits and vegetables -~ should be
considerably scaled dowu for comparative purposcs to allow for
the much greater water content2 of thoese crops in thzir
harvested form.

Amoung Ccereals, rice is the wmost important in the
developing countries. Io 1976, it accounted for 320 millionm of
their total cereal output of 607 million tonnes. The next two
most important cereals, wheat and maize, accountea Lespectively
for omly 139 and 110 million tonnes. The great bulk of this
huge rice output is produced io Asia, where developing country
rice production in 1976 was 294 million tonmes out ot a total
cereal output of 509 million.3 Since Asia is almost 1n trade

1 Most foods do (or cam) provide energy (calories), though
it is nutritionally very inefficient to use protein as an
energy source. Fats, on the other hand, are a concentrated
source of encrgy, though their essential nutritional rolae is to
provide certain "essential fatty acids" in the diet.

2 Nater is of course also the principal bulk constituent of
pilk.

3 A1l figures from "FAO Production Yearbook™ (1976), table
6.
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balance in respect of rice,! its coansumgtion is for all
practical purposes equal to its production.

The paramount imsportance of rice production and
proc=ssingy to developing couatries' food supply, primarily
among the vast populations of Asia, will be evident trom the
tigures above, Thus this series of case studies starts with
rice milling, vwhich is also of great interest as an example of
massive and apparently uncomspensated displacement of the labour
ot the rural poor by the introduction ot mechanisation.? The
videspread adopticn 1u the rural areas of small-povered rice
mills has considerably reduced the already lov incomes ot the
very numerous displaced hand pounders, in spite of sutstantial
incrs ases in rice production. These problcas are best
documented for Indonesia,3 but there cam be little doubt that
they arz pres«at in other Asian rice economies.

Larger-scal: rice mills and storage units have also coame
under cousiderabl: economic criticise.® Besides the higher
transport costs associated with them, they have been reported
in  sSi=2rra Leobe aand the Philippines to suffer tros prolonged
breakdowns and lov utilisation;S and despite their alleged
potential milling superiority, they may in practice produce
silled rice of equal or even inferior quality to that turned
out by haad pounding or the small-powered amills.

Ther« is thus an sspecially good case tor examining a
range ot ric~-milling technologies and of compdring their costs

t "FAO Trade Ycarbook®™ (1975). Imports were 0.2 million
toanes more than exports in 1975.

2 This issisceration of the poor in processing is matched by
parallel developments associated vith the "green revolution®;
in production, the reduction ot incores of rice farmers unable
to use nev rice varieties, caused by the price declines
consequent upon the i1ntroduction of these vwvarieties; and the
displacesent of local labour in bgrvesting by vorkforces of
contract labourers.

3 Timser, C.P. (1973), A i '
kes, 3(2), 57-76, and Colliver, W.A., et al. (1974), ibid.,

¢ Timrver, op. cit.

$ sSpencer, D.S.C., et al. (1976), "Esploysent, efficiency
and incomes in the rice-processing iadustry of Sierra Leone",
African Rural Econosy Paper, MNo. 15, Michigam State University,
Bast Lancing; "Sharing in developsent: esploysent, equity amd
growth for the Philippines®™ (1974), ILO, Geneva.



at different scales of output and wage levils 1n order to probe
the possible effects ot the mechanisation of rice processing on
esployaent and income distribution. [he pfesent ccapalrison caan
only approximately represent any actual set ot circuastaances,
for the ecunomics of rice 8illing are vary closely linked with
questions of harvesting practice, drying, storage, transpoxt
and distribution facilitives, climate, etc. ali ot which may
var- videly b=tuWeen countries.

Bice-m3lling tecnpolo

Paday,? the raw saterial in the analysis tnat tollows, i3
0B avarage 80 per cent of the weiljht of the harvested Trice
before thresaing., whether betore or atter threshing, rice 1s
dried prior to wsilliag, usdally i1a the sun, but sometimes with
artificial dryers in the larger rice milis. For the purpose of
this apalysis, paddy is assumed to be ready for milling without
any further drying.

Rice is not normally grouna into tlour but 1s cooked and
eaten vhole. The purpose of rice milling 1s thus to remove the
outer husk of the grain with minimua damage to the kerael,
Hand pounding and hand silling merely scparate the husk froas
the kernel. Power wmilling proucesses also resove the vitamiu-
rich seed coating ("bran™) and tae yera to produce polished
Lice which is far vhiter when cooked than rice with the bran
still intact. The widespread though by nc wmeans wupiversal
practice ot partly cooking ("parboiling®) rice bhefor« it is
Billed reducas vitasmin losses, some of the vitamins penetrating
the intcrior of the kermpel during this process. Parboiling
also toughens the keruel, making it less likely to break during
milling. Its survival even atter the spread ot mecchanised
silling has doubtless beeu responsible for the preveation in
some areas of wmass outbreaks of vitamin-deficiency discases
(for example, beri beri) waen cousumption of unpolished haad
pounded rice has given way to a taste for the Folished rice
produced by powered mills.

Hand pounding - the most widespread traditional method of
silling - is extresely labour-iatepsive, with productivity
rarely exceeding 5 kg per worker-hour. At the siaplest level
of technical improvasent, Bhalla? describes tour traditioonal
Indian band-powered milling devices which raise labour

! The term ®"paddy® may be uscd either of rice “on the
stalk® o: of rice threshed fros the stalk but still in the
busk. 1In this paper, the latter usage is adhered to.

2 Bhalla, A.S. (1965), ®cChoice of techniques in rice

milling®, Qxford Ecopomic Papers., Mew §Serizs 17, 147-157.
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productivity to betw2en 2 and 9 times that tor nand poundiag,
in return for a viry small capital investment. it is unclear
to what extent 1€ any, thase duevices polish the rice as well as
ramoving the bausk,. The woodea "chakki®, by no ameans the
ch:apest of the devices described by Bhalla, has been included
in the analysis toat follows, as an cxample ot "intermediate"
technoloyy.

The traditional small power-driveu rice will is the
gngeloberg steel roller type, using a 10-15 H.P. engine. Such
Bills are som«times used in Series, a pair ot thes torming a
husk.r-polish>r  unit. 5mall one-pass Jdapanese rubber roller
mills, capable of both busking aud Fpolishing the rice, are
increasingly superseding the ingelberg wmill. They are of
similar capacity (a fraction of a toanne Fer hour paddy 1ingut),
but offer somewhat higher rice Lecovery rates! and supecior
quality output.

Larg=r ®1lls tend to be owned and useaq by specialist
coamm.rcial rice Rillers at central locations, aud wmay
incorporate threshers, artificial dryers and bulk or bagged
storage facilities, The older types ase¢ disc shellers and
Bulti-stage steel roll stands, but more recent designs utilise
larg: rubber rollers. These latter have Capacities ranging up
to 2 toan2s and more per hour input, while large "jintegrated”
milling and storage plants may handle up to 25 tonnes per hour.

Developing country experience with laryer mills has not
been particularly encouraging. Sources quoted by Timmer? state
milling out-turns for large mills to be ia the range 65-72 per
cect, no higher than those¢ reported tor efticient small-powered
allls, while Spencer et al. record operating out-turus of less
than 50 per cent for large Sierra Leonean Bills., In addition,
they note that such mills <xperience "inability to achieve full
Ccapacity opcratiouns", and indecd report that neither large amill
"has been in operation for the last eight years®.3 Siamilar
difficuitizs bave been found in the Philippines, includiag
“errors in the tochnical design®™ and "lack of adeguate current
finaocing®. Though larger mills may ofter potential econosies
of scale, much therefore depends on the rate of utilisation
vhich can be achieved in practice.

! Differences of a few percentage points in recovery rates
should not be underestimated: an increase in (say) the milling
out-turn from 65 per cent to 70 per cent on the Acsian
developing country paddy output of 294 million tomnes, would
make nearly 15 more million tonnes of husked rice available for
coasumption.

2 Timmer, op. cit.

3 SpenCtE Et d.lo, Op. Cito
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Table 4 summarises the raange of rice-milling technologies
described above,

Ecopowmic comparisop of rice-silling technologies

Tabl< 5 preseuts a summary of the schedules ot outputs
and ioputs for tiv: rice-milling Projects of widely varying
sCales ot output, each <mploying a differeat techunoloyy. The
schedules dar: bas2d con data provided in th- published studies
already list.d io the tootnotes - Bhalla, (Collier et al.,
Spencer et al., etc. Th2 implicd operating characteristics are
generalised "averag-" oL "typical® figures, and actual
¢xperi2nce will valy between countries. Nevertheless, the
schedules probably 1 :present developing country operating
“Xperience pretty fairly.?

Taba-: b6 preseats the results ot the comparative cost and
revenue analysis based on these schedules and on the
standardiswed set ot developing country prices which is common
to all tho studies in this chapter. Thes: prices are updated
to €nd-1977 price levels, and so also are the costs amnd
ravenues presented; these are - as poted at the beginuing of
the chapter - estimated total present values over project lives
using a (real) discount rate ot 10 per cent per aanua.

Largely owing to their low labour productivity, the
manual tuechnologies make losses. They are not competitive with
mechanised wmills, ¢ven it high Yields from manual acthods are
assuamed. Among the mechanised technologies, small mills hawe
lower costs and are more: profitable than iarge mills,? despite
the optiamistic assumptioas about the latter; 4ud the rubber
roiler version of the small mill is more profitable than the
Engelberg type, bicause ot its higher yields. On the available

! The assusptions about wmulti-stage wmilis are probably
optimistic, particularly the alternative “high" utilisation
rate. On the other hand, tne advantage ot the small rubber
roller mills is jossibly understated. Spencer et al. (op.
Ccit.) report average out-turn percentages of 67.0 (rav rice)
and 73.6 (parboiled rice) for rubber roller mills as against
4.5 (raw) and 7.7 (parboiled) for Engelbergy wmills, and
similar advantages for rubber roller aills are reported in
India; sources cited in Harriss, B. (1976) , “Paddy processing

in India and Sri Lanka", Iropical Sciepce, 18 (3), 161,

2 since the large multi-stage mill is assumed to process 9
times as amuch paddy per annum as either of the small aill
projects, 1its NPVs should be divided by 9 to achieve a fair
basis for cosparisons of profitability.
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evidence, small rubber roller aills are also as likely as
sulti-stage mills to turn out rice of premium (“fine") quality,
so that their superior competitive position is unattected by
assuming a "fine"” rice price for outpaut.

The above comments, bowever, give an account of the
various technologies ouly from the point of view of the private
eatreprz=neur vho buys equipment, labour, paddy, etc., and :.ells
the milled output. The results wmercly show that saaual
technigyues are not attractive cossercial propositions uader
existiny conditions, At "high® wages, the further conclusion
Bay be drawn that these technigyues are always 1likely to have
very high cost presia. Siuce wmilled rice is a basic cheap
foodstuftt, such cost premia vould inaicate the
inappropriatencss of manual techniques 1n high-wage developing
countries (Singapore or Nigeria for example).

But most of the world's 1ice 1is cousumed 1n countries
vhere wmuch lower wage rates prevail, for example Iudia,
Indonesia, Bangladesh. The results indicate much lower cost
premia at low wages, particularly tor the wooden "chakki" at
high yields.! As c¢xplained in the previous chapter, it is only
very larye cost premia which indicate an unshakeable
inpefficiency regardless of assuamed €conomic and social
conditions.

Moreover, even if such i1nefficiency, i.e. the persistence
ot cost presid under any conditions, were to be assumed tor th:
sake of argument and sechanisation of rice milling advocated oa
that ground, there is still a substantial problem in assuring
that the implied “ower-all gains to society" are shared fairly,
particularly with the hand pounders and hand wmillers who are
displaced froa their c<mployment in the process. Small
mechanised mills provide no solution to the probles: for
example, at high utilisation rates, multi-stage mills require
24 men for the ailling of 5,760 tonnes of paddy per year, and
ssall mechanised wmills (of cither type) require 27 men. The
sanning reguircment for an equivalent paddy ioput wusing hand
pounding is 1,000.2 Thus over 99 per cent of the eamploysent
loss from sechanisation is incurred in soving only froa hand

! Cost prices per tonne of output, covering 10 per cent
returns on investasent, at high yields and lov vages are U0S$284
for the ®chakki®™, US$272 for the rubber roller mill at low
utilisation, and US$264 for the same mill at high utilisation.

2 These manning figures are derived from table 5. Six-bour
days are assused for hand pounding, eight-hour days for the
sechanised aills.




pounding to the small w®ills; and since tens of millions of
tonnes of paddy are involved, it can be seen that very large
anumbers of people are atfected.

It these pcople were themselves vell oft, or if parallel
processes smoothly provided thea (n.b. thep, not other people)
vith more productive caployment, this situation might be viewed
vith relative equanimity. But it is the rural poor vwho have
traditionally sought to supplement their inadequate incomes by
pounding the rice of their slightly richer neighbours, and
their access to alturnative incomes and cBploymsent cannot bpe
blandly assumed.! If mechanisation is to be approved as a
process, such access must be deliberately secured by specific
policies: unless policies to this end can be effectively
instituted, not even the small sechanised mills can be tersed
®appropriate® in the face of the destitution they cause.

! See, tor Indonesia, Timmer, op. cit. and Collier et al.
op. cit.




l. Breag bgking

In coutrast to millzd rice brcad is a grain - typically
vheat - iun a highly procassed tors. The grain 1is first milled
into tlour, and the flour them mixed with water and perhaps
other i1agredieuts into a douyh whica, appropriately Kacad=d and
formed, 1s baked into orcad. All these process2s add cost to
the griin nutrients, avd bread may 1irn fdct b2 regarded as
sosething ot a luxudry product 1in some poorer developing
nations,? beyond the means of the poorest aad leust well-
nourished tamili-s, How.:ver, Trailsed ©Li<id dppedars O be
growing 1in popularity iu th: developiny world, thcugh it is not
248§y to tiaca the growth 1n dewmand with any coutidence since
breau production stat.st.ics are tragmeutary. AS a colvenlence
food which 1s ncither very ch2ap nor very :Xpensive, 1t will
probably continue to b¢ 1u lucreasing Jdemabd as ifcomes rise 1n
developiny countries, ana it can bak: 4 valuable, albelit
relativaly expensive, cootribution to a protein-deticient
dict.2 BMor-over, evidence from Kenya? indicates that smsall-
scale widely disperscd bakiny of rtalsed whedten bread by
labour-intcersive scthods can tlourish in cospetition with large
sechanised bakeries, Thus obread, if not «cxactly an ideal
product tor meetiny the autritional basic needs of the very
poor, may oftfer them grospects tor :zaployment., 3Such prosgects
have ot course lonq bcen realised 1n the wmaking ot the

! [t is notable in cthis respect that a recent unpublished
survey ot urtan hous<holds in Atghanistan showed vagetablces and
rice to be cousused by all income (groups, whercas unleavened
bread ("nan") - a far @more traditiondl it<s of digt than
“raised®™ bread ot the Mestern type - was nhot consusea at ail by
the lowest income gyroup, auad by only about a sixth of the: next
lowest. "Survey of 50 Kabul households®™ (30 blue-collar, 20
vhite-colliar), Faculty ot kconoaics, Kabul University, Kabul,
1977,

2 Kilby, P. (1965), "African enterprise: the bread industry
in Nigepia%, Stanford University, Palo Alto, Califorania, USA.
Kilby states that the "aod2rate amount® of protein in wheat
flour (9 per cent) is %a valuable contribution to the MNigerian
diet®, thouygh he notes that bread is expensive 1in coaparison
vith some local protein sources, such as cereals and
groundnuts. This 1s reflected in surveys of urban bread
cousumption per annus: 5 kg in artisan bouseholds, 15 kg in
aiddle-class or professional households.

3 See Chaper 5 by F. Kaplinsky entitled ™A country case
study: food processing in Kenya®, in C. Baron (ed.),
*Technology, eaployment and basic needs in food processiang%,
1LO, forthcoaing (1978).
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traditional unleavened bread (“nan®) ot southern Asia and the
Middle East, which is largely produced in small shops; Lut this
Case study deals vith the wmoi1: recently introduced "raise«d"
product,

Bread-pakiny tachpology

To wmak=z d typical raised vheat breaa, wheat tiour is
mixed with water, salt, yeast and (trejuently) suygar 1u
spucified proportions. The arxeure is worked iuto dan clastic
dough, ia which the ycast 15 then allowed to terment,
generdating carbou dioxidce which is retained in the dough and
causes it to rise. Th: dough may thsu be turtner worked betorez
it is cut, weigh-d and shaped 10to loaves petor: being allowed
to rise again prior to bakiag 1n at 9ven. The fiaished prcduct
is allowed to cool on i*s remouval trom tne oven, before being
wrapped or packaged for sale.

Although this process nas traditionally been mainly
manual, most of its stages are readily mechanissd: table 7
outlines the poteontial for mechanisation at =zach "core"™ stage.

Lcopomic _comparison of small gnd
darg: bread-onakjog projects

Table U preseuts suammary schedules of inputs and outputs
for thr=v bread-baking projects, two smail aud onc much latrger.
kach projuct has a difterent technology, although that of the
large project is much more mcchanised than thosc of thc other
two. The schedules, together with the prices specific to
baking preseated in the appendix to this japer, are bascd on
Kenyan intormation privately communicated by R. Kaplinsky, who
saphasises that the large mechauised bakery 1s an <XxCegptiooally
eftaicicnt example of its type. In contrast, the fuelwood
consumption in the locally-constructed ovens of the two smaller
projects may be more than double that found in bakeries of
simrlar size and type in some other developing countries, Sri
Lavka for exaaple.t

Table 9 preseants the results of the cost and revenue
analysis ot the three projects. The mechanised bakery is the
sost profitable, even after due allowance is wmade for its
greater scale of output: at low wages for example its MNPV per
aillion loaves per annua is 05$220,000. This greater
profitability may be partly due to marketing difterences, for
a "luxory"® wrapper is used tor the loaves, and these are sold

! Privatcly cossunicated information.
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Ey the project half at vholesale, half directly delivered to
the retailer, whereas bread from the small projects is all sold
wholesale aud 1s wrapped io “plain™ wrappers oaly; 1if these
lattur circumstances are assumed tor the laige project also,
its NPV per million loaves dt lov wages drops to US$216,00C.

This is higher than the U53205,000 found i1n the @manual
bak«ry (the wmore protitable of the small projects) at low
vages; and at high wages, ncither small project makes a profit.

The larg«¢ bakery thus has a definite competitive
advauntaye. But it should b: recalled that 1t is an
exceptionally well-managed <xample ot 1ts kind, aud that for
the average¢ large bakery, LO such advantage would appear.t
Nor-~over, the difterence 1in profitability is wmarginal at low
vages, and would remain so under au 1atermediate wage regime,
If the wayes of local statf wele assuseu doubled (instead ot
being iucrzased by thiee to five times as occurs in moving from
the ®™low™ to the "high®" wvage+ rejyime) the manual bakery would
have a positive NPV of US$119,000, while the NPV of the large
project per amillion loaves would be USs201,000 wunder its
existing marketinyg arrang-mepts, aud US$197,000 if its bread
val« sola all at wvholesale and 1n plain wrappers.?

Thus it is only in the highust-wage developing countries
that the manual process can be said to kave inappropriately
high costs vis-a-vis «oveu well-sanaged large mechanised
bakeries. At low or intermediate wage levels, they are to be
recosmended for the extra employment they bring. For every
million toamnes of flour used, the manual bakeries would provide
73,000 non-management jobs as opposed to 13,0003 provided by
thi: mechanised process., The ditferenace of 60,000 is very
signiticant. Such increased employment opportunities might be
considervd an adequate way of sharing wvith the poor the
benefits of producing a rather high-cost form of basic
putrition. In the wmanual project at low wages, for example,

! This is tme conclusion of Kaplinsky (op. cit.), who finds
that large bakeries are genecrally less profitable than small
ones in Kenya. Thuey survive througbh, inter alia, privileged
access to flour supplies trom the large vheat mills.

2 The profitability of the manual bakery would of course be
further improved if fuel consuaption could be reduced for
relatively little investaent. At Sri Laskan fuel efficiencies,
energy costs in the manual project would fall to 05$23,000 froa
their presently estimated lavel ot 0US$51,000.

3 In both cases, a ®"job" is taken as 300 B8-hour man-shifts
per annum.
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cost price par tonne ot the onutrients in the final baked
product 15 about US#42U, as opposed to about US$340 tor the
nutrients 1n thoir unbaked state, and US$264-272 for wmilled
rics of "medium" quality from small rubber rolier sills.!?

The ~xtra esploysent could moreover b« widely dispersed
10 rural ar«as: Kaplinsxky tor instance tound many small
bakeries in the Kenyan countryside.?

A final qualitication should however be @eutioued. Ia
gross terms, the manual process, vwith its wood-fired ovens, 1s
auch more en-rgy-iuntensive than the mecnanised technolougy. The
tormer consumes about 632,000 tonnes ot coal equivalent (tce)
per ailiion tonnes of flour us+d, th> latter only about 121,006
tce per wmillion tonnes of tlour.3 The difterence is obviously
substantial: for comparative purposes, 1t ady oe noted that the
total consuaption of “"commercial®™ energy (that is, coal, oil,
gas, and :=lectricity, excluding "traditional" fuels like dung,
crop residues and wood) in 1970 in Egypt - with a populaticn of
35 million - was 11.3 sillion tco.*

Gross enerygy figures do not tell the whole story. To use
a cheap and renewable e«nergy source may be better in the long
run than to use lesser guantities from limited and incicvasingly
expensive “commercial® sources such as imported oil. Eut until
firevood use 1s properly controlled - and sustained by
afforestation programm:s - in the developing world, the massive

1 See the previous section on rice milling.
2 Kaplinsky, op. cit.

3 The c¢neryy conversion factors us2d iu this paper are: 1
tonne (= 1,100 1litres) ot fuel or diesel oil = 1.710 tonnes
coal equivalent (tce): 1,000 kilowatt-hours (kv-hr) = 0.29C
tce; 1 toone wood = 0.602 tce. Those tor oil and electiicity
are based on the average factors used in UK government
statistics, as quoted in e.g. Foley, G. (1976) "The energy
gquestion®, Penguin, Harmondsworth, Lngland. The tactor for
electricity assumes a 50/50 split in electricity production
between hydroelectric statioas, and "thermal® stations which
use fuels at 30 per ceat efficicncy. The factor for wood is
based on the mean of two estimates of the energy content of
firevood in developing countries: 15,800 Kilojoules (KJ)/kg,
#akhijani, A. (1975) "Bumerqgy and agriculture in the Third
World®, Balliamger, Cambridge, BMass.; and 16,300 KJ/kg, private
communication by J.P.#A. Parry.

¢ UR Statistical Year Book, 1973, United MNations, bkew York,
cited in Foley, op. cit.
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consusption of this potentially renevable source should not be
lightly =2ncouraged. An immediate priority in any programme of
small wood-fired bakeries is thersfore to «¢nsure that their
ovens  are of  reasonabl- thermal efficiency. As noted above,
Sri Laukan bakerias cose out better in this Lespect than the
Konyan wmodels analysed in this study: they would consume about
284,000 tc: per million tonnes ot tlour. Auy isprovement:s ia
oven design, aftecting fucl =2conomies at low investament cost,
would certainly be very welcome, and can be recommended as the

object ot technical R and D projects in both developing and
develop=d countrics,
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3. Fruit d4gd vegetaple presegrvatiop

A5 uoted above, fruits and vwv-g2tables bulk large as
foodstutfts in the developiay vorld. Even if starchy root crops
- Ppotatocs, sweet  potatoes, cassava, dand the  like - are
2xcluded, table 3 (p. 15) shows truit and Vegetables (including
pulsrs aad aclons) as secoad ouly to c:2reals in terms of
tonnage produced i1n th:> developing countries.?t Despite thear
coabiaed importance, thes: products ar« very varied, as tabl-
10 shows, The ®"FAO Production Yearbook™ itemises fLoduction
for 36 1ndividual crops within the scope of this table, yet the
total production tor these 36 is only 53 per cent of the total
for fruits aud weg:tables as a4 whole., The diversity amoay
"vegetables™ proper is -vz:p more markzd: witbin this category,
the 13 it-:mised crops account for only 51.9 wiliion tomnes, or
33 per cent Of the total.

Facz1 with such diversity, it is not possible within the
Scop: of the present pager to give mor2 than a sketch of the
general nutritional rol-: played by fruits and v:getables, or
ven of th< possibilitioes tor appropriate technology off-red by
their processing. Puiscs perhaps form a case apart. They are
4 particularly valuabl sourc: of protwian, but tenad to be
stabl. “dry" products which dre fairly «asily stored.

dore generally the special fuuction of fruits and
Yeyetaples is to provide variety to the dict, and essential
vitamias such as ascorbic acid (vitamin C), vibotlavin, and
thiamine. The particular problem which wmost fruit and
vagatables pos: for tood supply is their rapid gerishability,
vhich may depriva tae population, out of the haivest st«ason,
not merely of vitamins but also of the supplemcntary sources of
the bulk nutrients - Calories, proteins, and fats - which fruit
and vegetables can  provide. Pertinent to this issue is the
recent statcement of a joint FAU/UNICEP/WHO cosmittee that
“seasonal tluctuations in food distribution see OCCUL 10 many
of the dev-oloping countries., It must be kept in weand that
large seasonal shortages could bave disastrous effects,
particularly for children®.2 The preservation of perishable
fruits and vegetables must ther=fore rank bigyh in anmy list ot
priorities for tood processing activities, wvith the proviso
that the technology used must be approgriate, in the sense of
providing the gres:rved products at low cost so that they can

' 1976 production tigures: cereals, 697 wmilliomn tonaes;
fruits aand vegetables, 352 aillion tonnes; and root crops, 337
willion tounes. See table 3.

2 "Nethodology of nutritional surveillance: report of a
Joint FAO/UMICEF/WHO Expeit Comaittee®, WHO, Geneva, 1976.



be afforded by the poor who need them most; and, if possible,
doing this in a labour-intensive way that will provide joks and
incoaes.

Fruit 4pd vegetable prescpvatjop technology

The perishability of frait and vegetables is caused by
the action ot cuzymes and micCro-organisas in the presence of
air anou the high internal moisture content of these ftcodstuffs,
The spollag: processes are accentuated by light, and by high
asbivnt tomperatures. Losses of vitamins are particularly
rapid, hence the emphasis traditionally placed on "freshness®
of fruits and vegetabl:s tor consumgtion or use as raw
materials tor prescrvation, kventually, the appearance,
textur:, d4nd tast: of the foodstufts also dqeteriorates,
followed tinally by outright rotting.?

There are several gprancipal methods of arresting the
spoilag:z processes and so preserving the truit or vegetable,
The oldest ard - in some toras - still technically the simplest
of thesc 1is reducing the moisture content of the product to
levels at which the spoilage agents becumce 1neffcective: in
other words, dryiag, tolloved by appropriate storage.
Historically, the next step was to sterilise the product of its
micro-organisas by hecat and scal it in airtight containers -
usually tin cans - which protect it froa renew2d access by
further micro-organisms. The third principal method is simply
to freeze the groduct and keep it frozem uutil it is to be
eaten: this 1is am altcrnative wvay of rendering the micro-
organisas ineftective. It also more closely preserves the
original texture and taste than does drying, but unfortunately
it entails high capital costs and careful coatrol of the *cold
chain® that keeps the product frozen up to the point of
coasuaption.

Certain other methods ot preservation exist, notably
®preserving" in sugared foram, and irradiation. The former is
usually limited to fruit, and it requires relatively high

! The same processes, 4nd the same methods of preventive
preservation, can be found with root crops, nctably potatoes.
However, such crops are usually not as perishable as leafy
vagetables and fruit, and can be cheaply and etfectively stored
for months in covered pits ("clamps"), or even - in the case of
cassava - left 1o the groumd. Typically, also, root crops are
pot so high priced as fruit and vegetables, and there is thus
less incentive to spend time and money on their preservatioan by
any other method than clamp storage. But although they are
excluded from this study, 1t is worth bearing im mand that root
crops can be preserved by the same methods as are described
here for the preservation of fruit and vegetables.
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capital costs and excellent rawv material qualaity.?! Irrididation
kills the micro-organises by exposing the fruit or vegctable to

conccotrated radiation, atter vhich th. product is
appropriately packed or stored under controlled conditions to
prevent resnewn2d access of spoilagye ayents, Although 1t has

been carefully rcesearched technically ana is claimed to have
low energy consumption,2 for application in developing
countries 1t has the disadvantages ot aigh capital cost and
large scalc which make it doubtful whether iostallations could
be sufficizutly well supplied with 1aw material. Also,
sophisticated technology is involved, and the method has aot
yet beco videly used vven 1n the developed countries.3 It aust
therefore be regarded as being still im the testing stage,
though it may have an attractive potcntial ror the future.

Preserving dnd irradiation are regarded as too limited in
applicability for inclusion in the present study, which
theretore concentrates on canning, diying and freezing.

Table 11 presents the core stages of the three PIocesses
as they ar+= found in the preservation of vegetables, Minor
modifications are found in fruit preservation: for exaaple, 1in
canning, boiling sugary syrup is often added to the fruit at
the can filling stage, and less prolonged cookiny is required
than for v:getables,

Probably wore importaut are the altecrunative techniques
vhich dre to be found within the three amain technologies.® 1n

! Ngoddy, P.O. (1Y74), "Industrial developmeot io fruit and
veyetable processing in Nigeria®, 1in MN.D. Wolfe (ed.),
"Proceedings: Seminar on the Food Industry in west Atrica" held
at the University of Ghana, Legon, 28-29 March 1974, Legon,
Ghana.

2 Wproceedings of aun Intcrnational Syasposius on Food
Preservation by Irradiation® (1978), international Atomic
Energy Agency, Vienna, Vol. II, p. 270,

3 ibid., pp. 274, 386-7, 394-5,

¢ Two ot these are not considered further here. The first
is the substitution ot glass jars for the more comson caa in
"canuing®: this involves little material change in the process.
The socond is freeze drying, a sophisticated pProcess in which
the product is frozen and then dried under low pressure., This
is an extreamely costly process which is limited to high-value
products «<ven in developed countries; O'Brolchain, P. (1975)
“Dehydration ot vegetables and meat products®, in “Proceedings
of the International Food Industries Coagress, London®, Pood
Trade Press, London.




canning, th= wvariation 1lies in the degyree of mechanisation,
which is usually associated with the speed ot the line. At
small scales, such opi:rations as can-filling and labeiling are
done by hand, whereas hiyh-specd canning lines use machires for
almost all operatioans. Small-scale canning also has the
advautaje of permitting the usc ot an exhaust box, which
«vacuat:is th: air trow the untiiied sSpdCe at the top of the can
atter f1lliug and just prior to "scaming®™ (that is, scecaling th-=
1lid or "ead® onto the can). This technique ensures that no air
is swaled 1nside the cauw. It 1s not practicable in  higher
speed lines, in which steam is itijected 1nto the unfilleu space
10 order to =2xp=l the air. The steam tlow injection method is
said to lecad to a shorter shelt lite of the canned product.t
Other 1important stages are cooling and diying. Befors cooling,
the szam wmay aot be completely watertight., The can must be
cooled guickly to prevent the possibility or entry of swmall
amounts of surface water, ahd as  du  added protection the
cooling water us¢d must be chlcrimatcea or pure. Atter thesc
stages, the can thas b:icome both water- awd airtight, and shelt
lives of s:veral months may be expected.

Drying techniques ar: very varied. 1hne simplest - cpro-
air dryiny in the sun - is not considered here. Although
widely practised iad obviously cheap, it does wuot produce
unitormly reliable results, although it 1s sometimes perfectly
satistactory, in raisin manufacture for oxamgla. For «cthert
products, 4 considerabl2 techuical improvement - at a miuimal
investement cost - is the simple solar dryer. A small area is
walled ottt with wmudbrick walls about 70 cm high, and prepared
vegetables are placea within the walls on trays. The whole is
th=t covered with two separdted layers ot transparent polythene
strrtched over a woooden trame, This device, by a "greenhouse
eftect™, 1ncreases the air temperdature inside the walls to a
aaximum of 60-709C in hot sun.2 This cuts dryiny times to as
little as three hours, r=duces vitamin loss, and kills otf many
of the micro-oryanisms in the fruit or vegetable wmatter. The

! "Hith these higb-speed lines, people seem to bhave got
awvay trom the original idea of canning, vhich was preservation:
it's become a container." Private communication from a major
can and cauning machinery manutacturer.

2 McDowell, J. (1977), wappropriate technologies for
tackling malnutrition®, Conference Paper, National Institute of
Nutrition, Hyderabad, India, 17-21 Nov. 1977. Reproduced in
®Contact 45", Christian BMedical Comaission, Wworld Coumcil of
Churches, Geneva, issue of June 1978.



dri=d ptoduct aay then be satistactorily stoted in thin-walled
ceacLt jars! which may aiso be Cheaply made on a small scale.?

Should the @neat ot the sun nor be strong or coustant
enouyh &t the harvest s-ason for re¢liance on the soldar dryer,
@ simple artifical dry-r fined by wood or crop wastus may be
uscd. The product is diricd on tLays 10 new air risiny frcm g
tire 1L a pit., A Shd 15 -rected OvVer th. diylng arC:a to K:ep
off rain, ard oil druss Bay be usid as til :boXx-s.3 The dried
product  may be: storeq as befole iu cem it jars, ot pack:-d ia
smaller lots in szal-d plastic bays.,

Largcer-scalz: methods ale no more than sophisticated,
controlled, and @:chadlsed varlauts of the simple artiticial
dryer. Two such methods are apalysed 1in this paper, Rota
eaploy st:am scalaing prior tc drying, and even out the
temps ratur- and moisture content of th- daried product i
"conditionersh, The prcduct is thea gack-.d m:chanicaliy in
Plastic bags which scal out Woistuive; wvaryiug degrees of
B2chanisation ar: vmployed 1n prcparing ta: pLcduct for dryaiay,

Lover-speca lines use tiay dryers, th: tray., being moved
Plogressiv-ly by hand trom the upper to the  iower levels of
dryingy racks. Higb-specu lines usz moving stool beles, the

dryiag products talling or "cascading" trow one level to
another.*  both mcthods dim to achiove coutroi orf the aryiny
PLoC:3s 10t detincd stages COoLTespOLdiuy to  th: degrec and
location ot the¢ moistur: still in the product,®

Industrial treezing of truits or veqge tatles is usually
practised on a large scale. Though vdariauts are pussitkle,®
only one method 1s abalysed herle, a acchunised pL-paration aad
packaging line, followed by bed-treezing aud a refrigerated
cold store. The product aust then be transgorted to the market
in retrigurated trausport and kept Ltrozen io Letrigerated

! Dried truit and vegotables should b storea im opajue
coutainurs or othervise protected fros ligut, since exposure to
light reduces riboflavin conteunt. Ngoddy, op. cit,

2 McDowell, op. cit.

3 NcDowell, op. cit.

¢ O'brolchain, op. cit.

S ibid.

¢ Astroa, S. (1975), ®"Technology aad e&conomics of food

.freezing®, in "Proceedings of the lnternational Food Industries
Congress, London", op. cit.



warehouses, retail cold stores and treezers, and perhaps in
domestic refrigerators as well., With so many links in this
long ®cold chaiu®, it is emiunently susceptible to failure at
some point or otner and would almost certainly be too cxpeunsive
to scrve as a m2:thod ¢t fcod supply to the poor.

NOo presuvrvation method is perfect. Even frozem tood in
a faultless cold chain has a limited shelf life.! The essential
technical requirc-ment froa the point of view of seecting basic
needs 1s przservation of th2 proauct in palatable for several
sonths, tue Moif" scasou when tresh fruit and vegetables are
©Ipensive or unobtainable, This tequiroment is met by all the
sethods duscribed above, provided normal care is taken in
hygicne and the details of the processes. The other issue is
nutri-nt cons<ivation, particularly of vitamins. The satter 1is
well summaris::d by Ngoddy,2 whc (in  an  articie otherwise
favourable to drying) adeits that, while conservation with
caunning and frecezing is %good® or "very good™, with drying
“there are ditficulties with labile coapouents such as
carot:noids and ascorbic acid which are sensitive to oxidation;
ribotlavin is wunstable to light and thiamine is destroyed by
sg.»,

Ngoddy states thdat as a4 consequenc-: "“putrient ret:zntion
is thzarefore very closely associated with storaye conditiocas®,
i.a., avway trom h:at, light, moisture dand - as a last resort -

air.? However, he councludes that "(the) nutrieat level (is)
cousidered acceptable,

kcopomic comparisons_of vegetable
kIeservation projects

Tabl:: 12 presents summary schedules ot inputs and outputs
for ¢ight v-getable preservation projects applying different
technologizs at varying scales of operation., They are based
maiuly on data privately communicated by UK food processors aand

1 ibid.
2 MNgoddy, op. cit.

3 O'Brolchain, op. cit., states that ®0xygen also can also
cause spoilage, and this is particularly true in the case of
treeze2-dried products. Air-dried products are ot So
susceptible to spoilaye by oxygen and, under normal conditions,
most air-dried foods will store for more than a year, provided
they are packed in such a way as to prevent excessive moisture
pickup. In order to achieve very long storage life for air-
dried foods, they should be packed in an inert atsospheren,




equipsent manutacturcrs.! Attespts have been made to adjust
operating coefficients to reflect developiag country
conditions, in particular by assuming lover labour
productivities, dand to check the adjusted cocfticients agalnst
observed developiuqg country productivity 1in other industries
with similar operations.2 it is possiblc however that the
requir:d manniung levels have be:n understated tor the tre-ziny
and coantinuous belt-arying grojucts and overstat:d tor the
aodern tray drver.

Each truit or vegetable ectdils ditterent schedules of
laputs and inputs, patticularly in r:spect ot the weight-ratios
between raw wmaterial aad tinished proauct. the schedules
present:d msay be takea as typical of hara veg-taples such as
carrots. Cther fruits aad vequtables have diffecnt dried
weights, aud mOSt canbea truits requirc a cousiderable input ot
sugar. 1In practice, a preservation Eplant processes various
fruits and vegetables during the course of the year tc achieve
a4 r:asondable level <of capacity utilisation, and Ngoddy3
Presents 4 parrow  spread ot unit  processing costs tor the
various products handlsd by a Nigerian cauning piant. The
schedules pr2sented may thereforle bw taken as repleseuntative ot
those which apply for wmost truits anmd vegetapies, with the

qualificdation ali<ady woted ot sugaer ioputs to fruit canninyg.

Tabl.: 13 suamarises the processing costs estimated ou the
basis of the schedulss. (Note that no costs ar= included for
the rav vejetables themselves: the 2:stimates are ot the
additional costs attributable to preservation.) 0Ot the three
sain methods, drying is cvidently the cheap-=st and canning the
dear«st, with fre<zing vccupying an intermediate positioan. The
direct comparison of 1p-plant processing costs 1s however
unduly tavourable to freezing, betcause subsequent costs in  the
cold chain are obviously very high. A hiat ot these extra
costs is given by the inclusion ot transport ccsts at the foot
of the table, Part of the increase in relative cost this
entails for freezing 1s due to the larger scale ot the project;

The source for the solar dryer is #cbDowell, op. cit.,
supplesented by privately comsunicated information fros UNICEF
officials. FPor the source of data on the wood-tired dryer, see
the case study on fish preservatioa.

2 Por axample, the manning levels assumed for the large
canning plant are 1.3 x manniag per cam per hour observed in
developing country beer-canning lines. See also the case study
on fish preservatioan.

3 Mgoddy, op. cit.




th: averag- assumed transport distances ar. 40¢ ka tor treezing
and <00 ks tor the large canoing and drying gprcjects. However,
4@ substantial part 1, also du.s to the higher cost ot
Lefrigeratad trausporr per  tonu--km.! Yet the transport cost
ditt routial gives only a hint Of the totad pr-mium to be added
to in-plant freezing Costs, which is likely to pe quite
Substautial.? cven so, the final Custs ot treeziny are unlikely
to he as  hiyh as  those ot Cankitiy. Jn the other haud, the
disadvantaye of treczing include the absence of electricity
suppli.s it rurai 4L~ a5, Lhe lnsecurity of ths cola chaion, aand
th: ne2d for a substantial household capital investeant, viz,

a refrigerator, A puor family wmay be able to atrord a4 tew
kilos of cauncd Vegetables per annum but not US$120 or so for
d domestic retrigz2rator. beCause ot this nigh 1nitial cost,

Lroz.n tood:s are ciarag:ir than Caancd, only tc thos. people who
Can afford *o -at substantial quaantities of th=a.

Un the other hand, the costs ot Cahldluy ale vastly
gLedter that these of drying,3 High canuing costs are largely
du- tu th Costs of caus themselves, US$305 p°r tonne ot
brepire-d vegetabl. input, Although cauniny pPr s=rves tood well
aud has Althe aavanta je {at. least vis-a-vis freczing) ot tLbeing
Pracricable on a4 sadll sCale, it ;g unfortunately a very
eXpensive mathod ot prescrvation,

futeing tor o moment to the size of Proj2Ccts, thele are
ho marked :co:omi. 5 of scale. 1n canniny, these eccnomies are
inslgniticant at low Wagés aua ouly modeiate at wi1gh vages. in
dryiny, th. assumption ot high wages yives a cost advantage to
the larger of the two “modern® projects over the smaller, but
in any cise both have far higher costs thau the small dirying
Projicts, 1n particular the Y=Ly small solar dryer which has
the low=st costs of all.,

! Norwal road trausporte: 4g per tonne-km; retrigerated road
trausport: o.5¢ per tonanv-ka, No allowdanc2 has beea made for
the weight of packaging materials for any of the three
projccts.

2 For «<xample, 1t has been estimated that the cost of
extetding the shelt lite ot food with a refrigerator is o0.4g
per 1lb-day; "Proceedings of an International Syamposium on Food
Preservation by lrradiaticn®, op. cit., p. 27¢G. Thus, every
day the frozen product remains in tbhe shop or home (supposing
the household can aftord a refrigerator in the first place)
adds almost US$9 4 tomane to preservation costs.

3 This result contiras the similar conclusion of WNgoddy
(Ngoddy, op. cit.).




Cost dittercntials such as those observed in table 13 are
SO0 great that where the¢ proccssing of a basic tfoodstutf is

conccrued, they aust renger the lecast-cost technique
"appropriaten, unless other cousidcrations - cmploymeant
geferation, energy use, nutrition for Xa@ple - Welgh very

powerfully agalnst it.

The dittercutial employment opportunitics ofttered by the
various projects, although not insigniticant, arc not
sufficicently large to affect the balance of judgement. Non-
RBanagerial «mployment per wmilliou tonnes ot pieparcd iaput
rang<s from 5,926 jobs tor continuous belt drying, to 12,500
tor solar dryiny, 23,210 tor small-scale Cadniug, and up to
33,333 for moderun tray dryiag.! As regards ¢D€rgy consuagtion,
the: icast-cost techniqu- makes no demands on £D2Lgy Suurces
other than sunligbt 1tself. It Ray Le noteu however that if
the wood-tired dryer must be wused in  its stzad, th: ftuel
Fequir~meats would be substantial, over 420,000 tce per million
tonnes ot prepatred 1oput, At first sight indeed, drying
Compdtus untavourably with canning in respect ot energy
consumption, The average tce required per million tcunes of
input is 335,uC0 tor the three non-solar drying jroj-cts,
75,000 tor the canning projects. But, as is well kpnown, the
energy content of canned foous 1esides mostly icr the can
itselt: ole «stimat:2 translates into 1,440,00C tce pe=x willion
tonnes of ioput as tae =hergy content of cans, versus 394,000
tce tor piastic bags used tor packaging dried cr frozen
products. Thus, althocugh th:re is a case tor attzapting to
laprove the thermal etficicucy ot simple wooa-tired dry<rs
vhere in those countries in which the climate does not perait
th: effective: use ot the solar dryer, there are still no
grounds for supportiay c4anniug as an enzigy-saviag techoigue,

There remains, tinally, th- issue of nutrient retention,
Vitamins cau be lost both before and atter "preservaticu", The
larger the processing plant, the turther afield it must gather
its rav material, aond the more complex becomes the problcam ot
delivering the raw product, still ®tresh®, for preparation and
processing. This is a disadvantag that smaller projects -
including of course the solar dryer - do not have. Cn the
other hand, small projects have their own disadvantages. In
canning, tesides its high Costs, there may be a problea in
obtaining tue pure or chlorinated water required for the
process., In drying, there is the question discussed above of
nutrient iretention during storage. The problea can be

! As noted above, the manning requircments for modern tray
drying may be somewhat overstated,

2 Cans 3880 Kw-hr per tom ot canned output, plastic bags
1,360 Kv-hr per ton of trozen output. See Astroa, op. cit.




exaggerated: the reader may recall the comments of O'Brolchain,
and the favourable coaclusion ot Ngoday that nutrient levels
sere “acceptable®™. In view of its very low costs, solar drying
= even in its present form - may therefore be considered the
appropriate technique for preserving fruits and vegetables.

This is not to say, howevar, that further low-cost
techuical improvements are to be neglected. 1In particular, the
Possibility may be considered of packang the dried products
from small-scale dryers im plastic bags which would then be
stored inside cema2nt jars. The bags might themselves be sealed
to exclude ambient moisture, by a simple heat-sealing device,

perhaps a4 suitably shaped metal tool heatzd over a cooking
tire,




4. f8ilk processing

Hilk contains signiticaut quantities of all the wmajor
bulk nutrients - carbohydrates, proteins and fats. This is
bardly surprising when we recall that the wmilk of each
mammalian 1is a complete food for the infant animal. Table 14
gives the approximate bulk nutrient contents of th: milk of the

cow and the buftalo, the two principal milk producers in the
developing world.

Table l4: iCé veight t

Animal % Water % Pat % Protein % Lactose
(milk sugar)

Cow 87.0 3.9 3.5 4.9

Indian butfalo 82.7 7.4 3.6 5.5

Egyptiau buffalo 82.1 8.0 4.2 4.9

S9urce: "Encyclopedia Britannica: Macropedia, Vol. 5%,
article on "pairying and dairy products", Chicago,
1974 edition.

Whole milk may of course be drunk as it is but is
eminently suitable for processing i1nto derivatives. Cregam 1is
artificially tfat-concentrated milk; its complement is gkip
82lk, from wnich almost all fat bhas been taker in the making of

crcam or putter, a derivative of cream consisting of 80 per
cent fat and 20 per cent wvater. Buttetr may be processed

further into ghe¢ (clarified butter), which is 1l0C per ceant fat
and is widely used for cooking. Whole milk may also be wmade
into c¢gheese, a concentrate ot fat and protein, leaviog a
residual, whey, which is usually fe¢d to animals. Either whole
or skim wmilk may be drjed, and vhole milk may be concentrated
by evaporation, with or without the addition of sugar, to fora
respectively gsweeteped condepsed _milk and gvaporated pilk.

Whole milk and skia silk can also be recopstituted, thc 1latter
from its dried ftoram alone, ‘he former usually from dry skias
silk plus pytter o3l, a 100 per cent fat product identical in
cosposition to ghee, Fipally,' whole rav milk and skim milk
say be gggggggig_g or even gterilised to resove micro-organisas

and to increase storage life.

1 The range of milk products is by no means c¢xhausted by
the partial list given bhere. Further products include yoghurt,
ice cream, and kumis (fermented mare's wmilk).




Considerable amounts ot wilk and wmilk froducts are
produced in the developing world, as table 15 shows. 1he table
4ls0 1m4dicates a rather h<avy geographical conceatration in a
group of developing countrii:s in Southern Asia and the #Midale
tast (and in Argentina, a temperate developing country leng
associatcd with catti-), 1n  these couatries, too, a higher
than average proportion of the fresh milk is piocess<d into the
major milk products,

Given the diversity of milk products, some concentration
on a limited range is essebtial. Attention is accordingly
focused on the technology and costs ot milk fasteurisation aanaq
butter-making projects bLased on local fresh ("raw") whole ®ilk,
althougu :s0m: broader cowments are offered on thi: costs of ailk
products.

Igchrology c¢f milk pastceurisgtiou aod
butter/skis wilk producticn

Tabl> 1o is a tiow chart of a typical process for
pasteurising and packing whol« wmilk, with the additional
possibility ot using somu of the pasteurised whole milk to make
butte¢r awd skim  milk. The latter may be packed and sold in
liguid form immcdiately atter its production; or it may te
dried and sold in its dry torm; or the dry product may be held
in cold storaye until it is required for sale in 1liguid fors,
at which time it is reconstituted and packed. This option is
useful during ledn periovds ot the year tor rav milk  production
and 15 assumed in the abnalysis below tor the alternative
project in which butter is produced.

Proc=ss details may vazy considerably. For example, Bilk
homoysnisation (achieved by forcing the milk through tiny holes
vhich brecak up the buttertat globules) is optionul, as also is
the pasteurisation aad Saltiug ot butter. There ace varjous
sethods of drying skim milk, of which the Steam-bheated drus
dryer is probably the simplest; and ot pasteurising milk, which
may be effacted by steam or hot water heating or by infra-raed
radiation.! In adaition, the liquid milk may be packed 1in a
varivty of containers, for exasple returnable glass bottles,
throv-avay rigid plastic bottles, cardboard cartons, or gplastic
bags. The last option is assumed in the Subsequent analysis,
since 1t is the chcapest unless very good recovery aud re-use
rates can be achieved tor glass bottles.

Perbaps of greater significance than the above
alternmatives are the conditions under which dairies aust

! Sterilisatjon, vhich allows storage of milk for long
periods, is a different procedure which exposes the rav milk to
such higher temperatures (ca. 1309C) .
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operat-. Typlically, th:y ZecclVe ailk every day ot the year,
pechaps tvice a day following sorning and evedlny milkings, buat
they ao not achieve a high wutilisation rat: over a 24-nour
period, Aliso, vtfici-ut raw wmat:rial deliv.ry and packed
prtoduct d:spatch - usudlly in the aalry's owh tLucks - afec
vital, sinc: both rav ana pastcurised oilk spcil rapidly ic
high aabicat temporatures, Finally, it is ol course -sscntial
to <Secur: 4 sutticient supply ot raw silk. Toles m:y Scem an
~lz8cntary point, but daities in developiny countii-s aie oftel
grossly uader-utilised b:cause th-y have J¥2L-sS5tipated
availapl. milk supplies, or bicausc th-y cancot ¢i wiii not pay
hijh enougn prices to ensur< ad-3uat: sUpplics,t

Economic compapison of pilk-
REOC: Ssing _projects

Tablw 17 preseuts summary schedules ot inputs ana outputs
ius four milk-proc-ssing projects of wid:ly varying scale. At
the largest scale, which isplivs a very large projact by
aevcloping wcrla stanaards, two vaiiants are cousider .d. The
tirst wuses a fifth of its milk imput in Baking butter and skim
milk; the latter then is dried, stored, and latcr reconscituted
and sold in liguid form. The s=cond variant, like the two
smaller projects, simply pasteurises iand  packs alli its raw
vhole milk input. The schedules are largely based on data
privately communicatea LY Swiss arnd Freuch daities and
equipment masufacturers, although us: was alsc bven made ot
UNIDU profiles of dairies in developing countries, 2

The technoloyy used i1n the lary- and medium §rojects is
stanaard, but thc small projzct uses au integrated set ot
equipment aev-loped by an quipmcat sanufacturer i1t France, a
country which abounds 10 very small-scale dispersced dairies.
It is designed for larg:ly manual operation by a haadtul ot
people, and the <equipsent may cven be mountcd om a truck if
desired. It pas a turther interesting feature, pasteurisation
by dir2ct infra-rea irridation of the milk. This obviates any
need for a steas-raising boiler, but or the other hand
increases the wunit's reliance onm electricity supplies, which

! See, e.g., ILO (1976), ™Ekconomic transtormation ia a
socialist frasework", ILO, Addis Ababa, T<chnical Paper No. &,
"Dairy industry®, tor problems in Sosalia; and S.M. WaDgVe
(1975), "The problem of under-utilisation of capacity in
industry: A case study of the Mara dairy industryw, University
of Dar es Salaam, Econ. Res. Bur. Paper 75.4, Dar es Salaabs.

2 Q¥IDO, “Food processing industry®, UNIDO Monogragh on
Industrial Development No. 9, 0N, MNew York, 1969, pp. 44-48.




may be uareliabie or even (in more remote developing couatry
aC=a:3) unavallabla, All the projects ara assuaed to puck their
pastwuris.d amilk in jlastic bags, and to coll=ct and deliver
ailk in th:ir owa trucks.t

fable 18 presents costings tor the projects. A raw milk
iaput pric2: ot 20 c.ats per litre has b:¢c issumed, based on
Indian pric- levels, and NPVs have beeu calculated on the tasis
of a 25 per cunt wmark-up - to (5 ceats per  litre - for
pastzurised whole @ilk.2 This 1s a "test® mark-up, used to
determine whather or ot miLlk-processing plaats can be
protitabl= whil: not raisiay too much the pric~» ot a ®“pasic"
toodstutf.

The table indicates that they cananot: all the projects
makz2 loss«s, which are particularly heavy at high wages. Nor
18 the iwcorporation of butter and skim amilk production into
large projects a protitable veature. The combined LzVenue from
buttsr and skim milk is actually less than would be obtaiued by
simaply pasteurising aud snlling the whole milk. in coabination
with the higher custs :ntailed by the addition of butter-makiag
and packing lines and milk-drying equipaent, this results in
heavy loss¢s for butter/skim milk production: negative NPVs of
US$3,010,000 at low wages and US$3,685,000 at high vages.3 The
"break »ven" butter prices (thos producing zero NPV at a 10O
per caat  discouat rat:) would be US$2.72 at low wages and
US$2.89 at high wages; implying price increases of 36 per ceat
and 44 per ceut respectively, over the 05§52 assumed. it would
C:rtainly be technically <casy to lncorporate butter wmaking
(thouyh not skim milk drying) even at the smallest project
3Cdale, but, io vi.w of its unprofitability at the large scale,
no further analysis was carried out.

Even 1t milk pasteurisation alone js cousidered, large
projects bhave po very impressive cost advaotages over samall
oaes. The procussing costs per litre of pastceurised ailk
(coveriug, as usual, the 10 par cent real return om investament
implied by the 10 per cent discount rate) at the tbrec project
scales are, in US cents:

! At th- small scale, one truck is required; at the wmediua
scale, ten; at the large scale, with a4 significantly larger
Catchmeant area, 90.

2 Butter is priced at US$2 per kg., aand liguid skim milk at
15 c>ats per litre.

3 These losses wouid be higher still it the encrgy costs ot
drying ®ilk vere included but, as noted in table 17, no
satistactory allowance couid be made for these costs.
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Small plant Medium-scaie plant Large~-scale plant

Low High Low High Low High
wages vagas wages vayes vages vay<s
6.5 9.3 8.3 il.cC 6.0 7.5

At low wages in particular, the small groject compares
quite well on costs with the large one, with the m-dium-scale
plant emerging d4s a high-cost alternative. It is possible
soreover that th2 costs of the small projact have been over-
stated, a4ud those of «the large one understatecd. Lebour
productivity tor the small project has be:n assumed at less
thaa half French leveis; anu at such a small scale an economy
10 energyy costs could probably te eftectzd (1t with soame
increase 1in 1uvestment costs) by the incorgoration of a diesel
electric generator, which would have the additional advartage
of releasing ths plant trom dependence cu# r.ostricted and
unreliable maips supplius. On the other hand, the labour
productivity assumed iu the large project, while coasiderably
belowvw :uropean levels, is much higher than that 1ndicated by
the UNIDO profiles, which also suggest a somewvhat higher
machinery inva:stment cost than 1s assumed here.?

However 1t 1s probable that a more important disadvantage
of the large projoct is its very scale, with th= accompanyiny
probleas of finding an arca with sutficient rawv milk supply and
then orgasising its uniaterrupted collection and tLansgort,
These probleas are not insuperable; even larger dairy projects
than that apalys=d here are successfully operated in developing
countries, uotably the vell-known Gujerati co-operative iu
India.2 But India is a traditionmal milk-producing country withm
a high population deussity: in other developing countri:s,
unless very carefvl attention 1s paid to potential milk supply
and raw wmilk pricing policy, the wmost 1likely result of

! UNIDO, op. cit., p. 48, shows, for am 1Indian wmilk
products plant of about 140,000 litres per day capacity, direct
production labour of 831 people, versus 245 assumed here;
though some ot the difference may be explained by the greater
complexity of the Indian plant, together with its two-shift
operation of some portioans. That part ot its equipment
necussary for wmilk pasteurisation ard packing is valued at 9
million Bs. in 1964 replacement terms. Allowing for inflation,
this translates to about 05$3.3 willion, versus 0S$2.12 million
assumed here.

2 "kncyclopedia Britaanica®, loc. cit. The Amul dairy,
based on a milk producers' co-operative supplying buffalo milk,
receives 500,000 litres per day, sending 200,000 of these daily
to Bombay, over 300 km. to the south.
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estaolishing a4 large dairy project 1is chronic and massive
under-utilisation due to a shortag: ot rav milk input, &
vicious citcle of causality may thus be set in train. Because
it is wunder-utilisea, the yjproject has high unit proc¢ssing
Costs which its management may dattempt to cover by paying the
m1lk producers low prices while charging high prices for its
output., Kather than pay such bigh diftervntials, the public
will wLuy 1av a1lk tros th- produc:rs dira2ct, thus further
exacerbating the supply problem of the dairy.! It is worth
noting in this conn-ction that baiving th: acsuwed utilisation
(in terms ot daily raw input) ot the large project would result
in a wuear-doubling of 1ts uult processiag costs, to about 10 to
12 cents 4 litre at iow and high wages respectively,

lu o3t clicuastanc:s therefore, it seemsz that it milk
pastceurisation is to be attempted in the developing countries,
small projects ar.< most agpropriate. Besides their tasically
comp:titiv: and quite possibly lower costs, they may provide
slightly mor. jobs (about 9,600 non-managew:nt jobs per 1
million tonnes of rav milk input per abnum, veCSus about b, 80U
tor large projects) and consume coasiderably less €enargy
(76,000 tc2 per 1 million tonmes raw milk varsus 136,100 tce
for large projects), at the cost ot highet 1equircments for
fized assuts (US$L24 million vs. US$89 million). They have of
course the additional advantaye of possible dispersion into
rural areas.?

Th2r: sust however pe some doubt as to wvhether an
ext2nsive ar1lk-processing industry, whatever 1ts technology, is
appropriat® 1in many dcveloping countries. .t is significant
tbat while th- share ot the developing countries in 1976 world
cereal production 1s 48 por cent and of roct crop production 6¢
per cout, their share ot milk productiosn 1is only ¢l per cent,3
Milk and m1lk products are, relatively speaking, luxuries in
d2velopiny ccuntries. In the recent survey ot Kabul households
already cited, m1lk was not a recorded item ot consumption for
th> lowast-income group. FPor the next lowest group, it  was
recorded for 22 p«r cent of mouscholds, tor the group above
that, only for 33 per cent of houscholds. Onpnly in the highest

! Precisely this cycle wvas diagnosed in Somalia; ILU
(1976), loc. cit.

2 The diesel electric ygenerators this would probably entail
would still further increase project fixed asset requirements:
but mains supplies are ot course not without their ownm beavy
fixed investments, oven though these are not within the dairy
industry.

3 ®PAO Production Ycarbook® (1976), loc. cit.
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of tue four income yroups was milk drupk in every household,
and oaly in one ot 50 hous:holds - that with the sccond-highest
per capita income in the whole sample - was cousumgtion of
tutter recordad.t

The ®mai1tc treason for this "luxury™ status of dairy
products 1s unguestionably that thcy are VeLY <eXp€ensive. In
India, for «xample, ghce (claritied butter) is double the price
of its substitute based on vegetabls oils, vauwaspati.? This
price ratio exceeds ev.n the corresponairng difference tound in
Furofe between butter and margarine, NOoL 1is milk itselt a
ch2ap source of autrients. The solid bulk nutrieat conhtent of
a litre ot 1liquid whoiv cow's milk i1s about 120-125 g. At a
milk price of US$0.25 per litre of pastcurised wmilk, tais
iaglies 4 price per tonne of bulk nutri=at of US$2,000 cr more,
wher+as sost dry cereals are pricea in the Lange USHL50-300 per
tonne., NoteoVver, 25 cents  per litre is a relatively
inexpensiv: price tor cow's wilk. The end-1977 frice tor whole
e1lk 1np the JK was 38 c:nts per litre; in Somalia, 53 cents per
litre,3

#ilk might porhaps be prized for its protein or fat
content. But the price ratios ot ghee to VdRaspdti and of
butter to margarin« indicate that butterfat is aun expensive fat
source, HoLeoVel, anb 1mputed price of protein in milk 84y Le
calculated by valuing the tat content at vapaspati prices, and
the lactos: at th: price of sucrose (common sugar). it is
assused that a litre of vwhole cow's wmilk costs 25 cents and
contains 35 g ot protein, 39 g of fat and 49 g ot lactose. The
tat is valued at 0551, 300 per tomne, and the sugar (lactose) at
US$500 per toamne, iu accordance with July 1977 Indian retail
prices.* The imputed pricce of milk prot=in is then US$4,97C per
tonng, vhich compares very unfavourably ev:n with the price of
Beat, at about US$1,000 pur tonne.S A similar calculation tor
dry skis milk soarced in the developed courntries shows an

! "Survey of 50 Kabul households", op. Cit.

2 Government of Iandia, "Monthly abstract ot Statistics",
table: of all-India average retail prices, July 1977 prices,
US$ per kg: ghee, 2.61; vanaspati, 1.32.

3 Hetail prices: UK, personal observation; Somalia, ILO
(1976), loc. Cit., 1976 price for rav whole milk on the open

market, increased by 3 per cent to allow tor local grice
inflation.

¢ Government of India (1977), loc. cit.

$ ibid., loc. cit.




imputed protein price of 0U$$2,200 per tonne, e¢ven though the
skim milk price is 1976 ex-Netherlaunds! and co allowance is
made for inflatiom or for treight costs to the developing
countries aud distribution costs within them.

Thus, at warkcet prices, the w@mass consuaption of milk
cannot be recomm:nded as a cheap source of nutricats., Under
farming ¢t cultural systeas waerae the keeping of ailk cattle
has little opportunity cost, or is sanction-d by religion,
their milk is ot course to be welcomed and uscd as a Sugplement
in rural anutcition. But the deliverate <ncouragement of
coms:rcial milk production should be recognised tor what it 1s:
an encouragement of luxury counsumption of a costly source of
nutrients,?2 which has a high cost ip teras of alternative
production of cheaper foods or cash Crops geherating income and
employs:nt for the agricultural populatiou.

1 "FPA0 Production Yearbook® (1976), section oa prices.
Export price of dry skis milk 0S$1,060 per tonne. Nutrieat
coatents per kg: fat, 8 g; lactose, 523 g; protein, 359 'H
"Encyclopedia Britamnica%, 1974, loc. cit.

®? The mass pasteurisation of wmilk might perbaps be
advocated on medical grounds, i.e. iaproving the health of the
people, and subsidised om that basis. Ao uorecovered
processing cost of 6 to 10 cents isplies hovever a massive
subsidy, which would bring no benefits to a large proportion of
the very poor. HMoreover, the investment costs would be very
large when compared to the rather meagre health budgets of most
developing countries.

J—
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5. Eish prescgvation

In terms ot calories, tish provides less than C.2 per
cent of world food requirements, but it accounts for about 20
per cent of the animal proteiu in the bhumau diet.! The world
catch in 1975 was 7¢ wmillion toanes, d4n amsount that was no
greater than it had bexn iu 1970. However, the catch used for
human coosusption rose during the interval by 1l per cent to 49
milliou tonnes. A turther 6 million tonnes are estimated to be
caught annually by subsistcuce fisnermen. 2

Bore than nin--tonths of the total catch came tros salt
vater.? Thus, in th~ absence of fish preservation, access to
this important protein source 1is very rastiicted in iuvland
ar<as. This is particularly true in the developing countries,
in which comsuunications b:tween the coastal fishing areas and
the interior are unlikely to be as rapid and 2asy as they are
in devcloped countries, and hiyb asbiert tesjpetatures
accelerate the spoilage of tresh fish. Much tish is iu fact
Pr2served: in 1975, 8.1 million tonoes wera2 swoked, az1i1e¢d or
Salted, and 7.2 wmillion tuunes were canned. ¢

Fist canning in developiug countrizs is often thought to
be almost exclusively for export to the developed countries, on
the model of the larg~ Moroccan export industry. Several Latin
American countries, howvever, can large guantities ot fish
vithout a correspondingliy large export trade: tor example,
Mexico's 1975 canned sardine output was 58,000 tcones, whereas
exports of all tish products were only 1,000 tonnes; S doiecover,
a study of basic needs in Svaziland listed "tinned pilchards®
among the iteas of a "minisus daily dietw.,s

It 1s therctore vorth while to consider the possibility
that cawsniaog fish tor domestic cunsumption is cr may become a4
videspread activity in developing countries, and to compar< 1its
appropriatencss with that ot tish curing, a technically simple

! Borgstroms, G. (1973), "world Pood Resources™, Intertext,
New York.

2 FAO Ycarbook of Fishery Statistics (1975), vol. u41.
3 Borgstrom, op. cit., pp. 83-96.

¢ FAO Yearbook of Fishery Statistics, op. cit.

S ibid., tables El1-2 and E2-1.

¢ Szal, R. and Van der Hoewen, R. (1976) *lnequality and
basic needs in Svaziland™, WEP Working Paper, ILO, Geneva.
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Sct ¢t proc-sses including drying, salting and saoking. Cur=d
fish @may be Kkept for several wecks after the.y are caught, even
in tropicai climates, so that caunhing and curiug are both
technically able t¢ Coumserve d vdluabkle anisal protein
suppleacnt for consuaption 1n inland arcas of developing
countri-s. A comparison ot th. two methods is yiver added
point by th: rccently-incroased productivity of "traditional®
Coastal risuning tollowing the gucption of smali outboard motors
and touyh synthztic tibkr- nets.t

Eish preservation tochpologys
Seoke _dryinyg gnd_canniny

{u traditional smuke dryiuy, the tresh fish is placad
abov: a wood fire, wher: it dries anu cooks, acqyuiring a smoky
tlavour. in primitive drying chambers, the process is hard to
coatrol, wastage rates ate bigh, ana the product's subsequent
durability and price ar< otten low. However, simple desigrn
improvepencs at low 1uvestment cost bhave be-n shown to shargly
increass yi=lds and product quality.? Tropical Eish may thus b
unifocrmly seoke dried iu simple: wood-tir=2u "ovens™ - cabinets
made ot brick and wood and housed in shids - with winimal
losses, over a cycle which is detiermined largely by cxperience
but is ot th: order ot 15 hours. Batch s1zes range up to
almost 300 ky ot tresh tish input, and the tinal welght ot the
dried product is about oaz>-third ur the ftrush welght.3 Atter
cooling, th: smoke-dried tish may be packea iu boxes for
despatch to market.

As with truit and vsogetables, it i1s possible to can fish
on a vary ssall scale, but the typical fish Cdalnery in
developing countries as elsewhere is a large-scale mechanised
enterprise with a high investaent cost ana a4 high rate of daily
utilisation, but often working only tor a limited season of the
year according to the availability ot fish. The catch may be
pumpcd airectly from the holds ot large fishing vessels into
th2 cannery, after which the canning process ditfers only 1iu
detail (tor examsple, the fish is "cooked® before the cam is
sealed) ftrom that already descrioced in tne study of ftruit and
vegetabl.: preservation.

' FAO (1971), ™Equipment anud nmethods for isproved smoke
drying of fish in the tropics®™, Fisberies Technical Paper Mo.
104, FAO, Roame.

2 FAO (1971), op. cit.

3 ibid.




conopic _comparison 9f three

Fabl- 19 presents summary schedules of thrie projects,
tvo swoku-drying fish on a small scale, and the third a4 larye
tish cawsnery. They are bascd, as regards smoke drying, on the
FAO study of isproved sweok:2-diLying technigyues cited above;t as
regards canning, on th: sam: UK souLces as the study ot truit
and vegyctabl presc¢rvation, checked against a USAID "protile®
of a sardin> cannzry,? and (tor wauning i-vels) a study of
developing country brewerincs.?

iu the cann:y, =ach kg ot small fresh fish is awsumed to
be coaverted 1into a cet can cootent ot 1 kg, of which 0.65 kg
is the «diple portioun ot the ftish, o.l2 ky is edible
(coconut/yroundout) oil, aoa V.03 kg is salt. To smok: dryinyg,
292ry ky ot (ssall to medium-sized) ftresh tish is converted
1noto 0.33 ky of dried product. This coatains the -ptire =aible
portion of the fish, which in turn would b- (o a tresh welght
basis) 0.80 kg per kg of the oriyinal fresh tish. ithus, cach
kg ot "n:t can conteuts®™ is ecquivaizut to 0.85 kg of tresh
veight ot <2dible tish, ind each kg of dried tish 1s cquivalent
to 2.40 (3 x C.80) ky ot fr=sh weignt ot :diblc tish.

Tapl-: 20 presents the comparative ccst and revenun
adalysis tor toe thre° projects. As with fruit ana vegetable
prescrvation, small-scate Jdryieg is much ch:aper than cauning,
with the slightly larg-t (b) proj=ct low.r cost aud more
profitable than the singl--oven (A) variant, The cannzry 1is
=¥en @ore (about four rtimes per toun: of <dible fresh fish
veight) protitable thau the (B) project; this results from th:

! ibid. The investment, labour and ed.rdy reguirzments for
the larger of the smoke-drying projects were adopted above, for
costing purposes, as the requirements for the wood-fired
vegetable-drying project in the study of fruit and vegetable
preservation. The process details are of course not identical,
but it was thought that this woulid provide a fair approximation
of the fix2d asset, labour and energy costs of vwood-tired
vegetable drying.

2 0SAID (1967), "Canning sardines™, Industry Profile No.
67376, Government Printing Cffice, Washimgtom, D.C.

3 Keddie, J. dand Cleghorn, W.H., “Brewving in devalopiang
countries®™, Appendix III, Scottish Academic Press, Edinburgh
(forthcoming, 1978).
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very bigh price ot canned fish.! If cost prices per tonne of
edible fresh fish equivalents ar- calculated for the cannery
and the saoke-diying (B) project at low fresh fish prices, with
tha costs ot «¢dible o011 and salt gxclyded from the caunery
costs, the toilowing pattern 1s cbhserved.

Cost prices, 0S¥ per tonne, of edible tresh fish
Smoke drying (A) 5mok: drying ({E) Cannery

Low wag=zs 286 269 6717
High wayes 342 29¢ 689

Thes. prices may be compar-d with the price per tomne ot edible
fresh fish iuputs, UsS$218 for the smoke-drying projects and
US$2C5 for the canwery. The processing costs of canning are
Clzarly much gredter tnan thos< of dryiny; as with fruit and
vagctabl : preservation, the cost of cans alon: (US$353 per
tonus of edible fresh  tish) accounts for much of the
ditf rential.

There cau be littla doubt that ssoke dryiny is the
approgriat: technique ot fish prescrvacion for distant inland
markets. Where preservation for later local consuaption is
coucuvrned, the solar diyei previously Jescribed would almost
certaioly be appropriate. It can be used for dryiug fisbh but
lt 1S not known whethr tish so aried would be preserved over
long journeys in box-s. Thus the technique has uwot Leen
considered 1n thls casc study.

With respect to edecl gy consumption, the same
cousiderations apply as were discussad in the study of fruit
and vegetable preservaticn; there 1s little point 1n repeating
the discussion based since the actual figures are ounly
sarginally difterent. The same conclusion emerges that
although <ftorts to incrzas¢ the thermal efticiency of wood-
fired dryiag are to be welcomed, canniug is a much more energy-
intensive technique,

Smoke drying dalso pLovides yreater caploymeat
opportunities. Smoke drying (A) projects require, ger million
tounvs ot edible fresh input, 46,300 bpon-management vorkers;
ssoke drying (B) projects require 23,100; and canneries 9,000,

1 The ®low" preserved tish prices poer toume ot edible fresh
tish are US$1,090 for canned fish as opposed to only US$362 tor
swoke-dried tish. No "hiyh"™ price regime is known for canned
fish, since canneries tend to operate on the basis of large-
scale low-cost fish supplies. The "alternative®™ NPVs show the
profitability of drying at high prices.
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To these differeutials may possibly Le added a premium, since
smoke drying has lower investment costs,} and tne savings io

this respect might be used to create jobs in  other ipdustries
Or secCtors.

with all thesc advantages - mach low.r cost prices, lower
energy consuamption, lower 1uvestment costs, nigher airect
eaploymcnt - smoke drying is to be strongly pretecrred over
camniny as a acthod ot preserviag tish auc¢ thus ptoviding a
welcome cnzap protiin supplement to inlang di«ts in develicping
countries. kKven wher- conditions permit largu-scale fishoeries
with geographically concentrated landings, the catch may be
Processed Dby 4 cluster ot small smoke-drying €ENtelfFr1ses
adjacent to the fishing harbour rather than by a large cannery.

! lovestment costs, in US$ per sillion tonnes of edible
fresh fish input, are: for smoke drying (A) projects, 55.6
million; for (B) projects, 34.l sillionm; and tor caanneries,
80.5 million.

——




0. Beelp brewing

Ihe last of these case studi2s deals with tae brewing of
be-rs, and in particular vith lager, the gredominant type of
Buropean-styl- b-e.r. It will be news to no-on¢ that bLeerl is
primarily consumed as an 1intoxicant, and anh ovei-solean
discussion ot its nutritional role would be out of place,

Navertu less, Europ-an-style opreving is a substantial
food proc:ssing iadustry in devieloping countries. Apart from
th- stricter koslem pations, t-v among them are without laget
br.weries, althouyh cousumption per capita is still much lower
than im da:viloped countries.! The brewving of 160 willion
hectolitres ot bz2:r ot the str.ugth usually found in develcping
countiies rejuirss an 1oput or about 1.8 millicn tonues ot
grdina, modtly malt-d tarley, which usually eantails d
consid2rabl. import bill inm bhard curreucies. The 1974 ex-
bruvery wvalu=: ot fuLoprvan-otyl b-er production in the
developing wmarket cconomi.s has been estimated at US$4,50C, 000
net of =xcis- taxces, uhxch pLobably provide an almost ¢quai sum
45 jov-rnm-ot  revenu-.2 Mor.over, the typical brewery of
Eutop-ran-style b:L .s a larye modarn production uait using
seviral million U534 ot almest »xclusively isportad aquipment,
Such Dbreverics are usually found :in the large cities, where
th-y otten pay 2ven high=r wages than other largs« modern
platnts, Lastly, th: industity has been groviny rapidly in
ceCent years, with an :stimatea annuval increase of output ot
8.3 p2r c:rt between 1963 ana 1972 1p the developing market
2COUOBLeS, 3

The above rumarks r«fer to Furopean-style Leers -
predominantly lager - based on malted barley (“salt") and
bittered with hops. The term "beer™ say however be used to
cover all fr-raented drinks based on foodgrains, and there are
1n the devcloping world many “traditional"™ beers br=vwed froa
local grain, notably sorghum, millet aud maize. These Leers
drv aost oft:n made on a very small scale, although large-scale

- emom o w .-

! The total production of European-style beer in the
developing wsarket economises in 1974 has been estimated at 100
million hoctolitres (a hectolitre is 100 litres, or
approximately 0.l tonnes); Keddie and Cleqhorn, “Breving in
developing countries®, op. cit. For comparison, West German
production was 87 million hectolitres im 1973, "lhe growth of
wvorld industry", 1973 Edition, UN, New York, 1975.

2 Keddie and Cl2ghorn, op. cit.

3 ibid.




commcrcial production is dlso practised 1n southern Africa.?
They are very differeot in appearance and texture from lager,?
a clear sparkling drink trom which great car< has been taken to
IeBOVe 2Vven the protein content of the original walt.3 |I1n
contrast, th: traditional processes leave the whole nutrient
conteant of the toodgrain in the beer, otten inmcluding even the
grair husks, which in layer brewing dare tiltered out and sold
to local farmcrs as animcl feca. The principal disaavantage ot
the traditiopal pbeers is their short shelt life, unlike lager,
th:y ar- sold (and coansum<d) wnil:c still termeuting, and aust
b drunk within 4 tew hours or days ot sale before the
vncontrolled termentatiou producrs an unacceptabie taste.

The discussion below will concentrate sostly on lager
brzving, but some attention willi be paid to one variant ot
traditional beer,

Brewing techunology
Buropean-stylce beer - lager for plesent purposes® - is

br:ved in a lengthy and complicated process which way be
suamarised tele only brictly. The w&lt and "adjunct"
foodgrains (typically processea meize) are mill:a and wmixed
with not watzr to convert the ygrain stalch 1nto sugars. 1lhe
graln husks are then tilterad oft, and the fiitrate boiled with
wops, which give the beer 1ts bitter tlavour. The resulting
"vort®™ is again filtered, cooled, and collectea in vessels, to
vhich y:-ast 1s added to convert the sugars iotc ilcohoi. After
this termentation staqge, the beer is transferred to othar
vess«ls  for “conditioning® in cold storage; this removes the
residual proteir along witk hbharsh flavours. It is then
carbonated, and filtered again before it is ready tor bottliag,
th- normal packaging proczss in developing ccuntries,

! Novelliz, L. (1968), "Kaftir beer brewiny: ancieat art

and wmcdern industiy®, wallegpstein Laboratories Cossupications,
31' 17"19.

2 A ruropean brewel in East Africa oace commented upon a
local variaot to the author thus: "It's not recally beer at all
- mor2 like liquid food™.

3 To leave the protein would result in a "haze™ in the
beer.

¢ The Jifferences between the process for brewing lager and
thos: for other European beer varicnts are relatively sinimsal.
For a discussion of stout - the other principal European beer
found inr developing countries, see Keddie and Cleghorn, op.
cit.




In the bottling hall and its associated stores, new and
cteturned bottles are taken from delivery vehicles in crates or
cardboard cartons, stored empty, unpacked, tilled with beer and
sealed, passe¢d through steam or hot water to pasteurise the
besr, then labelled, packed again in crates ot cartons, stored
full, and despatch=d in delivery vehicles.

The brewery also requires wvarious sarvices: sSteaa, tor
boiliay the vort aad pasteurising the bottled beer;

r:frigeration for cooling the wort, and maintaining iow
tesprratures auriog term:ntation and coaditioaing; and cthers,
including <lectricity, engineering maintenance, and a

laboratory to provide the precise process aod quality controls
ne:xded.

From this brief uescription, it will be apparent that
curopean-stylec brewing requires considerable technical
expertise. Nevartheless, there is a wide range of techmical
Choice in most sections ot the brewery. Fork-lift trucks or
manual methois may be used for hasdling of brewing materials
and bottles 1n the stores; pure malt, or a sixturc of malt and
maize "grits"™, may be made used as brewing wmaterials; vessels
®gay be made of stainl-ss steel or of cheaper Buterials, and the
conditioning period wmay be lony or short; in bottling, wooden
crates or cdrdboard cartons may be used as bottle containers,
and wmany bottling hall operations may be cither mechanised or
performs:d amanually.

The production of ®"traditional® beers, even on an
industrial scale, peraits many sispliticaticns ot the lager-
braving process described above; simpler wort production; a
smaller and less refrigerated set of fermentation and
conditioning vessels; the omission ot pasteuLisation, and also
of packaginy itself, the beer beiny delivered in tanker trucks;
and less skill in general required for a product which is less
susczptible to unacceptable flavour and aroma changes caused by
minor changes in raw smaterials or processing procedure.

Economic comparigson of brewery projects

Tables 21-23 describe the seven brewery projects selected
for comparison. Three scalas of output are considered, the
largest of which is large by the siandards of most developing
countries: the medium scale is perhaps more typical of lager
breveries in such countries. The small scale, which still
implies a substantial industrial enterprise, is reserved ia
this analysis for the production of "corn beex", a variant of
traditional beer breved in Bast Africa from sillet and maize.
Projects at the two larger scales ar¢ assumed to brew lager.



At both the swmaller sCales, production is assumed to
double attzr tour years ot project life, thus simulating in
soa¢ degrec the rapid growth in output a developing cocuntry
brevery may cxpect. However, at the largast scale projects are
conc:ived as "replacement investments® tor existing ssaller
breveries, and therefor: work at full productiou trom the start
of their lives., After achieving full production, all the lager
pProjects work at high utilisation rates, but for the small corn
beer project a sore relaxed schedule is assumed.

At each ot the larger scales, three lager brewving
technologies are coasidered. “Turnkey" technology is typical
of many breveries erected recently in both developed and
developiny countries.! %iLeast-cost® technology represents the
barrow range of technologies Previously found to be least-cost
at the scales considered.2 ®pow-cost job-creation™ technology
parallels l-ast-cost technoiogy except in bottliag operations,
wvhere very considerable substitution of labour for equipment is
assused. At the small scale, the corn beer single technology
cotsidered 1is based on an amalgas of am industrial prcject
observed in rast Africa, aund the tanker truck delivery system
Practised in southern Africa.

Table 23 presents susmary schedules of inputs and outputs
for the seven projects. They are based on a Study of brewing
and brewinyg technology co-authored by the present writer,3
which in turn was baszd oan direct observations of many
op«rating comsercial broveries in developing countries.

Table 24 presents the results of the cost and revenue
analysis of the seven projects. All of them dre highly
profitable at either low or bigh wages, with lager tending to
be more protitable thanm corn beer. At the s=2dium project
SCale, least-cost lager technology shows an NPV  of
US$16,114,000 at low wages, almost tive times that of the
corrcsponding NPV  of the corn beer project, which operates at
one-quarter the scale; and the large lager prcjects are wmore

! The ters "turnkey” recoynises the widespread practice ot
delivering entire factories (usually incorporating developed
country technology 1lock, stock and barrel) in working order
into the bands of developing country customers who have nothing
more to do - at least imitially - than to walk in at the froat
door of their new asset.

2 Keddie and Cleghora, “Brewving in developing countries®™,
op. cit.

3 ibiad.
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profitanle still,? Hovwevel, lager projects are not alvays more
profitable than corn beer. The use of turnkey technoloyy atc
the amedium scal. reduces NPVs particularly sbarply, and after
th: scdle adjustmcnt at 4:1 is made, the turnke¢y project may be
Sseh to pe MUCh 1liss profitable than the cora beer project,
2speClally at higb waqes.

Whatever th- cceparativ. profitability of lager however
its positive NPVs rest on :xtremely high prices: an initial
price ot Ls$51 per h=ctolitre is assumed, as Ofpposed tc 0Y$21.1
for corn wbeer. Wh:@u e€xcis. taXation d4na trade @dLyins are
alloved for, this .x-brewery lag:r price implies a tetail grice
of approximatily 80 to 9¢ cents berC large bottlc of 6oC ml
capacity. At deviloping country vage levals, layger beer is
Clearly a "luxury" product to b- drunk, <xc:pt by the rich, at
the risk ot depriving on='s dependants ot the satisfaction of
more basic needs. Eveln at 1ts least costly - in large projects
using least-cost technolojy at low wages - the vX-brevery cost
pricz ot lager covering a l0 per cent return oa investaent is
US$25.9 per hectolitre, which may be compared with th: cost
pric< of US$lz.& por h=ctolitre for corn beer, also at low
vages. Sinc 1 hectolitre of cither type of beer is based on
about 18 ky ot food grains, the minimua processed costs jper
toun: of thesc grains are US$L,440 in lager and US$70C in corn
beer, befor~ any allowance is made for excise taxcs or trade
margians, Moreover, as indicated aboves, im lager brewing much
of the nutricant content of the original grains is resoved by
the process.

Altaough beer is not geanerally consumeu for nutritional
Leasoas, it 1s arqguable tirstly that a cheape~ variaat thau
lager should be promoted to satisfy the demand for intoxicants;
and secondly that it theo largye-scale production of a luxury
like lagsr is to be tol:rated, catering to the tastes ot the
well-ott when the rasic needs ot the poor have not been met,
then such toleration should only be on the basis of some
reasouaably aquitable sharing of the benefits of lager
production with the poor. The low-cost job-creation tz=chnology
illustrates the most practicable method, namely the provision
ot large-scale employment 1in lager breveries, prisarily in
bottling operations. Table 24 shows that this is commercially
feasible, and that even at bigh vages the cost premia under
existing conditions are only moderate and cannot be taken to
indicate an inappropriateness of technique. This is
particularly true, because a basic foodstuff is not involwed;
and because, given present technology tramsfer practices, the

! The scale adjustment factor for large versus aediua
pProjects is about 1:6 to allov for different patterns of output
growth.
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cost premia shoula be measured not over the costs of least-cost
techuology but iastead, over thosc of th- much more cXicdSive
turnk=y alternative,! which spreads b:octits largyely among the
Aalt and aquipment suppliers of the devalopad worid rather than
among tae poor and auL=@ployed 1n th: d=velopiug countrizs,
Reter :nco to tabl: ¢¢ wiil show that the difterential
eaployeent provided oy low-cost joc creation ov.r turnkey
technology is 1,904 at the larg: project scal:, which
translates into 190,40C jobs at the estiwatea 1974 production
or 109 million h:ctolitr-s in the dav-1l0Finy BALK<E <COLOBLcS.
The low-coust job-creatioa techtologyy also makes considerable
Savinys 1n iuvestmcnt costs, ana pussibly soae euer gy saviuys
also.?

corn  buer producticn, with 1ts sispler jrocess, has less
direct camployment potentiai thnan .dager br-winy, tut peraits a
further teduction in fixed ass:t costs. [rhe corn becr project
coasumcs woly en?2rqgy thaa tne layer proj2cts, out this 1s due
zhtirely to 1its smaller assusfu  scale rather thak to any
gr2ater onorfyy intensiveiu:ss of  corn b-eI a5 a product,9d
BeCduse  Couli bo=l 15 bdsed Ou trdaitivnally cultlvatea local
grains, 1its production may also offcr greater ipdirect
#mploys-nt Opportunities in agriculeur: than lag-r. Tue salt
in layur is most typically imported frcm ievelopad countries,
and it yrown locally is likaly to be purchased from tne laiger-
scalr commercial farmers.

! Which is indeed oftcu mgpe oxpensive than low-ccst job-
creation  technology -  tor example, at low wages at both the
medinm and large groject scales.,

2 Initial investment costs arc Lot prescated im  this case
study, since the dittering patterns ot output and capacity
grovth would make comparisous across scales m1sleading,
Iovestacent costs are, however, about 6C-65 per cent of tixed
ass«t costs tor each project (the remaining 35-4C per cent
being attributable to replacement aand upkeep). Orn this basis,
1t is cleur that low-cust job-creatiou technology fpermits
considerabl: 1nvestment savings over either leoast-cost or
turnkey techuology.

Bo detectaple change in energy copsumption aCross
technologies was appareat fros the obscrvations (Keddie aand
Cleghorn, op. cit.), but the less mechanised technology is
likely to <conomise slighbtly on encrgy.

3 Direct energy consusgtion, in tce per million hectolatres
of beer, is 15,365 in small corn beer projects, 17,090 in
medium-scale lager projects, and 12,110 in large lager
projects. Though 1large projects have an advantage in this
respect, it is wot ot much significance on the national scale
of energy consumption.

-



Corn be:r thus svems a more appropriate product than
lager in developing countries. Care should be takem however in
its promotion on an industrial scal:, since corn beer is a
sSubstantial househola 1andustry. For «xample, 1in several
African countries, its productior om a very small scale may
provide the principal mcams ot support for single woaen,
Industrial-scale corn b:er production wight Teduc: them to
destitution, at least in and around the urbap arcas the larger
enterprises ar- most iikely to serve. If coib beer is to be
=hcouraged cn an 1udustridal scale, 1t should be primarily aimed
at reducing the consumption of lager, on which really
probibitive excis~ taxes might also be levied.

It on the other hamid 1t is nct thought desirable to cut
layer production sharply, then at least this industry, wvhich by
no stretch of the imagination can be said to contribpute
Substantially at prz2sent to the basic needs of the poor, should
be made labour iuntcosive along the linas of the low-cost job-
credtion tochnology pr-sented above, Until this is done, lager
brewing vill continue to epitomise - without any coapensating
advantages to the poor - the inappropriate~ teatures of the
"transfer" wodel of industrialisation criticised im Chapter 1.
The product, ot Luropear origin, is brewed in large urban
projects, to standards of tastc and clarity only recently
achievcd in kurope. 1ts retail price per bottle is often a
signiticant fraction ot the daily remuneration ot even the
brcevery's own relatively highly paid workers. iigh brewvery
wage scales set the trend tor other mod2rn plants, and tend to
attract into the crowued cities more migrants than they can
safely bouse or industry can caploy. The breving materials
must trcquently be imported from developed countries; so also
is most ot the <xpensive machinery used. Such machinery tends
to hav: bewn designed for savang labour, so that the brevery
provides relatively few jobs. Thus layer breweries produce a
luxury product, contribute little to local agricultural
employeent, provide foew jobs aud those all in towns, aad
consus: larg«< amsounts of ftoreign exchange and investible tunds.
But though imappropriatcoess may be epitomised by lager
broweries, it will readily be recognised that similarly
inappropriat=: features of the “transfer®™ wmodel bave been
evident in the other case studies presented in this chapter.
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CHAPILE 3
dpproprigte techbnology fer foodgraim storage

In  the previous chapter, the parasount importance of
grains in the food supply of the developing wourld was noted.
Like most crops, grains are harvested ounly cnce or twice per
year; oeing staple foodstutrts tney are thereatt<r consumed in
relativ:ly small daily guantities. In the intcrim they aust be
stored, the stocks thus formed constituting an essential
barrier between the poor and mass starvation. Although graias
are readily dried to the 12-14 p-r cent moistule content oceaed
for reasouable stability ip store and do not need the more
elaborate prescrvation techniques reguired tor M“perishable®
foodstutfs, care must be taken io thelr storage fcr the moaths
between on: barvest and the next. Conditions vary between one
crop and another, and also according to location and climsate,!
but generaily grain is susceptible to loss of weight and
quality from, iater alia, rodents, insects and moulds. A
degreze of protection from such pests, and also trom wmoisture,
aust b2 afforded ty all storage structures. '

The ~xtumt of grain lusses 1n storage 1is often thougbt to
be very high in developing countrizs. It has eveu been claimed
that improved storage m:thods would raise food supglies by as
such as 40 per cent wvwithout a single extra hectare being
brought under cultivatioun.? However, when discussing losses a
clear distinction wmust b @ade between total "post-harvest®
losses and storage losses proper. Estimates of the fcrmer
range: up to 60 per ceut of the standingy grain at harvest tiae,
but losses in storo are estimated at only obne-sixth of this
total.? A rough averige figure of 5 per cent loss, ranging in

! Greeley, M. (1978), ®"Appropriate rurdl technology: recent
Indian experiemce with farm-level foodgrain storage research®,

Eeod Policy, Feb. 1978.

2 NcDowell, J., op. cCit.

3 Weitz-Hettelsater Engineers (1972) , "Rice storage,
handling and marketing: report to the Govurnment of Indoamesia",
Kansas City, 0OsA. Weitz-Hettelsater report ®high" and
®average® estimates of graim losses im Asian developing
countries. The pertinent tigures are (as % losses): ®high®,
total post-barvest, 60; storage, 10; %"average®, total post-
barvest, 23.5; storage, 4.




SOme CaSes up to 10 p-r cent or more, se2ms the most r.asoaable
assumption oa presently available evideunce.! The developiny
countri.s cdnnot .« XjpeCt miracles overnight by 1mprovinyg grdin
storay+- methods, dna  @casur:s to 1sprove food sSupplies by
LUCr+asinyg production are still Voly much in order.

Ou the other haad, the Juestion of tac apprLopriat:

technology tor grailn storayge icmains important. Losses ot 9
pPer cent ot 697 wmillioa tounes ot grain? are not to be sneezed
at; awnd *a- choice ot storaye techuology mday mor.ov.r have

effects on losses in transport to and trom the stores, which
Ady b= d5 yllat aS Ol Jr=alel thdl Storag-: losses themscelves, 3

V-l 4 @oderdate iucreasc it tood supply consequent upon
improved storage mithods is to be velcowed, particularly it the
poor are the privcigal beneticiaries. laproviang their
nutrition, bz:sides bettering thelr health and hapgpiness, might
alvo increas their prouuctivity, both imevdiately and -~ for
children - in  later lite, thus permitting them to help
thems:lves,  [he examination of the distribution ot henerits 1is
thercfore particularly im,ortant iu U1SCUSS1INY INCE-ases i
effective  grain  sugply. 1t tor «~xample such i1ncreases are
achlevzd by tuchnigues pryona the reach of the ssail jroducer,
he may tina uimselt wors: oft than betore, in so tar as prices
fall witwout any incr.asc 10 bhls production or stored surplus,
Or he w®may not be  helped 1u his relations with the s0Cal
trader/soncyl=nder, to whom he is cften in debt aud must sell
a larye proportion ot his Crop at harvest time, only to buy it
back at higner prices 1u the "“hungry® pre-harvest seasou.® On
the corsum:t siae, ail developing countrics have sutstantial

1 Welte-bettelsat=o, loc. cit,g GLreley, ope. crt., who uses
5 per cont, reporting oo a project which investigated the
Batt-r intensively 1in the tield, and regorts tvo other tield
studies indicating losses ot Wyg-7 p=r cent"; a4and Adams, J.M.
and Harwan, G.W., "The evaluation ot losses ot maize stored ou
a selection of swall tarms in Zambia" (L977), 1ropical Products
Institute, Lonaonu, who report 2-6 per cent losses with the
better traditional wmethods, ranginy up to 13 per cent as less
carLe 1s taken.

2 1976 production of cereals in the developing vworld: see
table 3.

3 Weitz-Hettelsat.r, loc. cit., report "high" estimates of
combined losses during transport to and fros storage of 15 per
cent, aund "average® estimates of 3.5 per cent.

* A cood introductory account of the trader/moneylender
syst.m, an’ of the opcration of developing country grain
s.vchants o geweral, may be tound in Ball, D.W. (1970),
"Handliug and strrage ot food gyrains in tropical and
subtropical ac.s:-"“, FAO, Boame, Chapter 10.




populations in urban areas dependent om rurdl grain supplies;
many of them have laryge grain-deficit rural areas as well -
often specialising in meat or export cash crop production.! 1In
these areas, the principal fequirements for meeting the needs
of the poor are low storage costs, and the discourages~nt of
technologies which concentrate control of the bulk grain
supplies auwd thus introduce opportunities faor monopoly
profiteeriny.

B2sides maintaining or improving th: incomss of the poor
and reduciny the cost of their basic ftoodstufts, the choice of
appropriat= grain storage technoloyy may denerate significant
employment opportunitias in erecting as well as operating the
storayge structures; in processing auy increased supplies ot
graiu they may pres<rve; and perhaps also indirectly by savinag
investacat tunds, or generating demands tor labour-intensive
products through an increas< in  thae incomes of small graia
producers. Most of tn:se »ffects ar: difficult to quantity but
their likely significant magnitude should alvays be kept in
mind. Becausea grain production and trade is basic in
daveloping cconomizs, the numbers of people attacted by aamy
change in its structure ar¢ likely to be very largye., FoOr
example, if th: entir: 1976 rice harvest ot China, luodia,
Indonesia and Hdangladesh were to be processed by the wooden
"chakki", the employment implied would be 15.80 wmillion jobs,
contrasting rather sharply with the 1,07 wmillion tequired for
milling the same amount oi paddy with small mechanised mills at
the "high™ utilisation rate.2

To summarise: although storage loss:s of grain can be
exaggerated, appropriate grain storage technology may Le very
important an wm2eting the basic n2eds of the poor, throuybh an
increase in their incomes, a raduction it the costs of the most
basic of all foodstutfs, and tha provision ot employaent
opportunities. However, the importance of these factors varies
vith the storag=s le2wel considered: farm or village local
storage, or larger-scale urban or ™national® storage - the
discussion belouw vill therefore focus successively and
separately on these two levels,

! An analysis of such areas and the consequent reyquirements
for rice transport and storage in Sierra Leone may be found in
D.S.C. Spencer et al., op. cit,

2 See Case Study 1, table S, in Chapter 2; 1976 paddy
production tor the four countries named was 228,520,000 tonnes,
"FAO Production Yearbook™ (1976), tablwe 11.
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APpropriate storade technology at

In Iadia, 60-70 per cunt of the stock of food graim is
estimat=d to be stored in small local stores, whether owned by
tarmcrs or by local wa:rchants.! The proportion is probably
simildr in saany other developing countries. HNost of this grain
is stored in "traditional®" structur2s made very cheaply froa
locdal materials: stone, clay, bamboo, straw, and the like, As
noted abov2, 1loss rates in such stores are not very high, yet
th-y may be reduc:d still tfurther by low-cost iamproveaents in
design, which provide for better protection against pests and
moisture. The imsprovements and the building wmaterials used

= vary wvitbh the local circumstances.?2 An cxample may be given
from Zambia, where the iaproved method involves shelling the
maize kernels from the cob and storing them in a crib that has
been plaster=d wvwith dried aud inside and out. More traditional
methods store the maize on the cob in unplastered stores.?

The @ost wpasic calculation in the evaluation ot such
improvements 1is balarcing the value of tha grain they save
against the increased costs of erecting and servicing the
improved storc. Such calculations have beeh made in twvo recent
resedrch projects, in Zambia aud in 1India, with positive
results.® Adams and Harman concluded that if the improvea
techniqué considered was a plastered crib used to house
®treat=d% (i.e. vith insecticide) shelled maize, then:

The "most likoly"™ ratio of costs to benefits where
storage was curreatly in the form of untreated shelled
grain was 1l:2.4 and where storage was curreatly as
(unselected) cobs with husks attached 1:1.6 ....S

Adass and Harman decline to generalise theil results.
One of the maimn purposes of their study was to develop a

! Greeley, op. cit.

2 Two useful technical guides are: German Agency for
Technical Co-operation (1975), "Eest African Seminar on the
Volunteer Role in Parm- and Village-Level Graim Storage®,
Cotonou, Dahosey; and Liadblad, L. and Duber, L. (1970),
"Saall-fars grain storage®™, ACTION/Peace Corps/VITA,
Washington, D.C., USA.

3 Adams and Harman, Op. cit.
* ibid.: and Greecley, op. cit.

3 Adams and Harman, op. cit.




sethodology tor further evaluations in other localities, and
they pay very careful atteation to the wmcasurement and
evaluation ot loss=s both ot weight and of quality, and to the
time spent  in maize-shelling, treating, and crib pPlastering.
In their ticld area, they fouud the most valuable bpenefits to
be 1increascs in the quality ot stored grain, and the piincipal
Costs to be the imputed value of the faraers! time. They were
very conscious that costs and benefits mlght vary widely in
other areas troa their owu estimates.

On the other hand, cvidence that their estiaated ratios
(vhich 1ipdicate a usetul, though by wuo means sensational,
surplus ot benefits over costs) might be typical of the results
to ba expected from village-levzl improvements in storage
technique comes from the Institute ot Development
Studies/Indian Grain Storage Institute study reported by
Greeley. A oumber of isproved designs ot traditional South
Indian bamboo (gade) and straw (puri) stores were developed,
and one improved gade and one improved puri subjected to cost
benetit analysis, along with a metal storage bin developed in
collaboration with an FAO/UNDP teanm.

In this apnalysis, the savings were assumed to be of
veight only, and the cost of building the structures could be
#valuated at the market prices charged by local artisans and
sanufacturers. The bin and the 1mproved gade were assumed to
provide full protection and to save 5 per cent in weight
losses. The 1mproved puri vas assumed to save 3 per cent. The
calculatced bencfit-cost ratios were unfavocurable for the bin
(0.67:1) but favourable tor the lover-cost improved gade and
puri (1.39 and 1.46 respectively). All these ratios are
probably slight understatements, since no allowance appears to
have been made for the alternative costs of continuing to use
the unimproved techmiques.t

Greeley concludes that e¢ither the i1mproved gade or the
isproved puri would seem to be appropriate techniques, bput
points out that local circusstances say vary widely, and has
serious reservations about the ability of official extemsion
netvorks to promote such unsechanical, sSesi-traditional
isprovesents effectively. Adass and Harsan give their own
tvist to a similar these by pointing out that extension
officers are hard-pressed and aight better spend their limited
tise in helping farsers increase production rather thaa cutting
dovn on storage losses. Such a reservation may be Jjustified
under existing conditions but is open to the retort that, in

' Bven where it assumed that the unimproved structures were
already in place, they would entail costs of upkeep and
(probably) replacement within the time horizon of the analysis.




the interests of the tural poor, there ought to be so many
extension otticers that some of them could give their attention
to ©prosoting storage improvements with present benefit-cost
ratios ot 1.6 to 2.4:1.

It secas likely that wiilage-level storage 1mplovements
are worth gpersevering with, particularly where, as in the
Indian case, <mployannt of the poor is gen-rated alongside
bencfits to the store-owuer. The <mploysent poteutial of
labout-int=nsive procvssing of the increascd paddy suppiy bhas
already o~en noted; and Greeley notes that construction of
puris is oormally done by low caste groups. Such a gattern of
increas-d 2mployaant S<eems  possible in densely-populated
soclctivs where specialisation ot labour hdas a long tradition.

There is another possiblc dadvantaqge or lov-cost iaproved
stores. Because they are cheap and e¢ffective, they may help
the smallholder to keep his produce at hairvest time ratmer than
sell it to a trader/monc:ylender and perhaps buy it back later
at a high:r price, No doubt the <chief reasomn for such
transactions 1is tn2 indebtedness of the smallholder, which
would have to be eroded by parallel m=asures such as the
provision of credit by agricultural development banks, but the
improved store would sliyhtly strengthen his hand, particularly
1f 1t gave him the chance to increase his income by improving
the size and mark:tability of awny surplus he could retain for
sale. It wvould also benefit consumers by tending to reduce the
concentration of grain supplies in the pre-harvest season.

2 teC o)
or nation eve

At the local level, the consumer of grainm is often also
the producer, and the determination of appropriate technology
becomes more complicated accordingly. At the urban or nationmal
level (broreinatt2r called the wurbam 1level) the poor are
primarily grain consumers, and their interests are clearer,
viz. low costs of storage, coupled if possible with camployment
opportunitics and the discouragement of wmonopoly or near-
monopoly control of grain supplies.

The choice of technology on the larger scales required at
the urban level is basically between silos ot steel or concrete
and warehouse storage in bags ("bagged storage%). Silos are
better adapted to th2 grading and storage of a few varieties of
grain 1in ap environment in which moisture and temperature can
be precisely controlled, but bagged storage is also capable of
minimising losses with careful management: both techmigques, for
2Xample, are used in large breveries in developing countries.
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Table 25 presents suamary schedules ot input re2gyuirements

for the two technigques at two commercial scales. In bota
Cases, storage only is cousidered. it 1s assumed that th2
grain is brought to zhe storage taciiity 1n cags and is also
despatche i in bags. In  the intacwval, 1t is (in the case of
silus) cmptizd out ot thu bags aud @mechdanically shifeed into
th2 silos - which may be of concrete or steel construction -
via 4 bucket-and-chain <levator. When  dedpatch is desired,

valv:=s are open:d at th: bcttom of the silecs to permit
refilliagy of the biags. In the case of tagged ctoraye, the cagys
ale stacked up maaually ia piles ioside tha store, shifted
atound Ly hand fros tim:* to time to kecg toe grain 1a
condition, and evontually unstacked agaln by haud prior to
despatch.

The sch:dules are largely pas:d on tn> study of Lreveries
cited in the previous chapter.! In the matter of iuvestment
costs for silos, however, that study was ortly ou- of the
sources wus+d.2 From these sources, 1t was not gossible to
detect cconomies of scale 1n silo construction. Nor could
different costs be attributed with Certainty to coucrete as
OpPposc<d to steel coustruction, though in the costings presented
in tabl> 26 a separate high cost assumption 1s 1ucluded for
cuncret silos, which s2cmed from some of  the ¢vidence
available to be th: aor: expensive of the two typcs. The
Costiuys 4L« bastd on the same set of stanuardisea Erices das
was used in Chapter 2.

AiLthough <cconomi:-s of scale are apparctt in tabi« 26 tor
both tachnoloyies, they are not significant cXxCept at bhigh
vajes, and <even then tacy would not be conclusive im arcas of
low population density. The diftereantial one-way transport
distanc2 required for equalising the costs of silos at the two
scales is only 270 km with road transgort charged at 4 cents
per toune-km; it would of course be less if yreater losses were
assumed on lonyer journcys. it will pe recalled that Weitz-
Hettelsat >r reported high traassport losses to and trom stores
and, 1io arecas of difficult comsunication, zstimated economies
vhich took no account ot such losses could well prove 1llusory.

! Keddie and Cleghorn, op. cit.

2 The others were Weitz-Hettelsater, op. cit., ana “Seven-
Year Plan, 1975/76 to 1982/6s", ministry of Planning,
Governacat ot Afghanistan, Kabul. In addition, Hall, op. cit.,
vhose invastment estimates vwvere discarded as low-lying
outliets, was used for sotting realistic levels of utilisation
and throughput. The schedules assume tvo harvests ot grain
annually.
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The ju- s5tiou ot scale of storage facilities is ot course
intimately connected, via transport costs, wvith the particular
civcumstancos ot location and size of aeficit and suiplus
areas. A woure yenerally siqgaificant result v@erging trom the
costings is the much lower costs of bagged storage which
apprats 4t both scales and both wage levels. It is possible
that silos, with their wmore pPrecisely controlled storage
€eavironment, would have soB: spall advantage over bpagged
storage iu the matter of losscs. But it 15 very  unlikely
indeed that this would overcome the high cost preesia presented
in table lo. For oxaeple, with paddy priced at US$185 per
toane, it the smaller scale (aad using the lower cost
assumption tor silos), th: losses with bagged storage would
hav: to b- 9.2 per cont greater than with silos tur the costs
of tho two tichnoijues to be €qualised at 1low wages; and similar
tigures apply to the other combinations ot scale and wvage
level.! gecalling that normal loss figures even in unisproved
traditional village-level stores daie ot  the order of 5 per
ceat, such differential losses for bagged stordge against silos
appear quit: incredible and there can be little doubt that it
is such the lower cost techrique.?

Bagged storaye provid:s other benetits besides rermitting
the passing ot lower storagye costs on  to urbat consumers.
Silos are likely to be iatge-scaly tacilities, persitting both
the 2xercise of monopoly power i grain sales and the ready
gradiny of the grain to secure high grices, practices which are
probably uwot in thz interests of the urban poor. Fucrthermore,
large-scale silos are otten mis-sited and therefore under-
atilised, thus turther raising their storage costs. Bagged
storage also provides more direct eaployment: 2,060 jobs wmore
per wmilliva toanes throughput at the smaller scale considered
and 2,800 mor-~ at the larger scale. It also effects very
considerable savings in investment costs, of the order of
US$10C~-150 million per million tonnes throughput. Moreover,
much of the investaent 2%prsuse in silo projects is spent on

- - -

! An additional cost of the silos would be their higher
en2rgy cousumption as 4 mechanised technique. This is not
allowed tor in the costing for want of any precise data, but it
is worth noting that Hall (dall, op. cit.) budgets a fuel and
light cost of US$0.67 ber tonne throughput. At end-1977
prices, this would % approxisately US$1.4 per tonne
throughput.

2 On the other haand, Greeley's results imsply a storage cost
of oaly U5$3.60 per tonmne throughput in the improved gade, at
1976 Indian prices. It therefore seeas likely that BHall's
surmise (Hall, op. cit.) that storage sethods using local
materials would be cheapest is in fact vell-founded.

N A a——- ool .
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imported items: about 60 PerL cent or mor: ot it gois on toreign
2xchange,! not on Creating the local jobs in construction which

might ba gencrated by investing
capital-intensive technologies

these advantages, bagged storag-
appropriate technique for storing grain at tue urban level.

1 Weitz-Hettelsater,
"Seven-Year Plan, 1975/6-

op. Cit., 58
1382/3%, op.

the saved funds in Jless
io cther industries. With all
Bust Lke considered the

per ceat and 61 per ceat:
cit., 67 per ceat.




CHAPTER 4

an_food processing and _stora

2UaRary of rssults

The toregoiugy chapters have ampiy dsemonstrated the
existence of alternatives to the large-scale "aodern™
technologies implied by a "transter® model ot industrialisation
or dev-lopa:znt. They have also shown that it is possible to
evaluate such alternatives in systomatic comparisons vwith the
larg+~-scal+ tachanologies, Soreover, in these comparisons it is
frequently the alternativa technologies that emerge as more
appropriata,1t

However, th2y cannot be typified - for example, as
"intermediate® or ®labour-iotensive® - nor do they possess a
uniform set of advantages which is appareat in each activity.
Ther~  is not often a tortuaate coincidence of bigh employment-
gencrating capacity with cost minima under existing conditions,
further bolst=rad by high protitability, low enecgy
consumption, and superior nutritional status of the final
product. The determinition of appropriatcness usually requires
a judgement of the advantages which are crucial in a particilar
activity, given the opportunities preseuted by the various
technologies, The advantages offered by the appropriate
technolugies therefore vary from one food processing activity
to another. It may be us:ztul at this stage to attempt a briers
reviev of th: results obtained in Chapters 2 and 3.

In ric: milling, small powercd mills are the least cost
technique, cheaper than elither large wmills or wsanual
technigues; and the ruober roller variant ot the sasall aill

! These results are paralleled elsevhere, both within and
outvith the tood processing sector. For other industrial
sectors, see 1in particular “Technoloyy and employment ian
industry®, Bhalla (ed.), op. cit., World Developwent, 9/10
(1977), op. cit., and also J. Keddiz and W.H. Cleghorn, ®grick
sapufacture 1n developing countries®", Scottish Acadeaic Press,
Bdinburgh (torthcoming). PFor the food processing industries,
see ®"Technology, Eamployment and Basic Needs in Pood
Processing®, Baron (ed.), ILO (forthcoming), and for the sugar
industry R. Alpina, A. Barclay, PF. Duguid, and J. Pickett,
various papers givemn at the UNEP/UNIDO Seminar on “The
implication of technology choice in the african sugar
industry®, Nairobi, 1977, aand also Garg, op. cit.
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attains the highaest profitabilities of any of the techaniques,
becausa it is at least as capable as the large =mills of
producing "fine® rice, These results acre disturbing, because
the labour-intensity of the small powered aills is hardly any
greater than that of their large countexparts: thus their
superszssion of wmanual technigues poses great probleas of
unemployment or diminished income among the rural poor in major
rice producing countries. Although manual techniques are much
more costly at high wage levels, their disadvantage under the
lcw wage reyime is less wmarked. They must continue to be
judged argropriate in the major Asiaa Lice economies unless and
until ar. effective method is found ot fully compensating those
vhos. labour s displaced by the introduction of the small
powered mills.

If they are especially wvell managed, large mechanised
bread bgkories otfer higher profits and lower costs to their
ovners than smaller labour-intensive bakeries. Hoswever, the
latter are competitive with the normal runm ot large bakeries,
and they offer significant employmeant opportunities, which may
provide a msans of sharing with the poor the benefits of
producing bread, a semi-luxury product by the standards of sany
developing countries. The small bakeries are thercforc wmore
the appropriate techaique, However, they are relatively
¢nergy-intensive, and R and D on means to reduce their fuel
coususption at low investment cost should be accorded a high
priority.

Of the three major methods of uit v t
pLeservation, drying is found to have the lowest costs.
Canning is a very high cost technique, largely owing to the
cost of the cans themselves, while fraezing must bear the costs
and uncertainties of a long "cold drain® up to the point of
consump ion. Drying is thus the appropriate technique, as a
lov cost @method of preserving fruit and vegetable nutrients
through off-harvast scasons. From the standpoint of the poor,
it is also of interest that the lowvest costs are provided by
ssall-scale drying projects, which may be set up at the village
level. It is their lov costs that make thes attractive, for
they are naot particularly labour-intemsive, and nutrient
retention, though acceptable, poses some difficulties. Where
climate does not permit their direct reliance on solar
radiation, attention might profitably be paid to improving
their fuel economsy, but even at present levels of fael
consumption, drying is probably less energy-intensive than
canning or freezing.

In gilk processing, small-scale plants are slightly more
labour-intensive and cousume less energy than large plaats.
They also compare well with the larger plants in the matter of
processing costs, particularly if the 1ikelihood of low




utilisation rates of the latter is recognised. However,
processing 2ntails a very substantial cost whichever technique
is wused, and it is doubtftul whether an expansion of commercial
ailk production should be encouraged: amilk and ailk products
are expensiv: sources of calories, fats and frotein, and are
certainly luxury itess in sany developing country e¢nvironsents.

Fis preservation offers a valuable opportunity ot

supplementing diets in 1inland areas from a Ccheap protein
source. Drying is a much cheaper greservation technique than
casning, and may be reliably practised in small placts with
siaple equipment which are also considerably more labour-
incensive than large canneries. Such plants therefore
Ceprasant the appropriate techuiygue.

In peer brewing, at least two options are available.
European-style beer - typified by lager - is a high-cost luxury
by the standards of most developing countries, relying heavily
on imported equipment and wmaterials and providiaog 1little
eamployaent either directly, or indirectly by providing asarkets
for indigenous small farsers. It may therefore be apprcpriate
to prosote cheaper beers based on saterials that can be
supplied by local agriculture. Alterpatively, the potential of
lager brewing for generating significant direct eaployment
aight be fully exploited. This could be done at relatively low
cost to the brewery ovners, and (like labour-intemsive
bakeries) might represeat an appropriate way of providing the
poor with some benefit from the production of a high-income
product.

Finally, wmiracles of greatly increased grain supply
cannot be expected from improvements in f990d grain storage.
Nevertheless, technical improvements at 1low investment cost
using local materials and labour constitute apgropriate
investments in storage at the village level, Besides
increasing food supplizs, they @may provide construction
eaploysent and increase thc incomes of small farmers who can
atford to invest in them. They probably also provide cheaper
Storage than the appropriate technique at the urban or natiomal
level, bagged storage in warehouses. Bagged storage is in its
turn considerably cheaper than its urban alternative, silos,
saving on investment cost and probably also foreign exchange
costs and offers slightly more direct employment.

The advantayges offered oy appropriate technijues acte thus
various, as also is the character of the techniques theaselves.
ia ric: wailling, break paking, fish preservation and lager

brawiay they ar- labour-intensive, and cffer sigyuiticant
vpportunities for the maintenance or guoeration ot caploymnt,
tiowever, these opportuuitic. show Llittle assuciation with  cost

alhima. Lagur amnd breau aie high cost products; aud under




present conditions the labour-intensive techniques, like those
in rice wmilling, are not actually least-cost although their
cost premia are - uader the low wage regime at least - rather
sligat., Lov cost is howiver the prjpcjipal characteristic and
advantagz of the appropriate techniques in fruit aud vegetable
presarvation, tish preservation, foodgraia storage, aond (if the
choaper alternatives to lager are preferred) in beer brewing.?
These techaigyues offer cheaper supplies ot processed or
pres-:rved food to the poor, but with no guarantee of
significant employment guncration. How=ver, too static a view
should 1not be taken. Given good planning, and the poliitical
vwill withoat vhich the best of planniag cannot achieve wuch,
their low costs could enable them to capture large markets,
their tfrugal use of investment funds would permit their rapid
expansion and still leave potential for complementary
iavestments in agriculture; and agriculture and industry could
togethet provide increased employment stemming from these
developaents,

However, the attractive potential ot the alternative
tachnologies should not induce a blindness to the difticulties
of realising it im practice. It is a sobering reflaection that
not one of the appropriate technologies cam be said
unequivocally to be the amost profitable, and that present
conditions are perhaps conducive to the rapid spread of oonly
one of them, small labour-intensive bakeries. In the other
activities studied here, the appropriate technologies suffer

! The variety of advantage found in appropriate techniques
of food processing extends beyond the activities studied in
this paper. In sugar processing, the open pan sulphitation
technique wmay be judged appropriate on account of the large
number and geographical dispersionm of the jobs it generates,
but it w=ay have higher Processing costs than the large-scale
vacuum pan technique. On the other hand, unless an
unreasonably high premium is placed on rural esployment, large-
scale coconut o0il processing Plants would appear to be more
appropriate than small ones, bacause they enjoy definite and
coasiderable economies ot scale without very serious laboar
displacement. 1In contrast to both these cases, the main issue
in wmaize wmilling techaique is probably neither cost nor
2mployment generation, but nutritiom: the appropriate small-
scale technique retains more of the nmutrient value of the maize
in the wmilled product than do the large mills producing
*sifted® meal. Por discussions on these and other activities,
S¢e especially the chapter by Keddie and Cleghorn in Baron
(ed.), op. cit.




from tha competition of alternatives which offer higher profits
or slightly lovwer costs; or proamise to be difficult to promote
because of a4 scarcity of motivated people with the requisite
technical knowledge and skills.

Un the other haud, all of the appropriate techniques are
alreaay "in place®” in the developing countries, whence indeed
came nmost ot the data requiced to quantity and cost thes in
this paper. 1In thelr praseat torm, they are still susceptible
of improvement, pacticularly through reductions in energy
consuaption. Howsver, what is novw primarily needad 1is (to
borrow 4 aztaphor trom agriculture) “extensive® rather than
"intepsive" developsent ot techuology ~ that is a wsuch wider
application of =2xisting appropriate technigues, rather than
tecbnical improvements in thea. The two methods are not of
coursc concradictory, for an intemnsive development (for
example, the solar dryer) will otrten aid the spread of the
improved techpique, The distinction 1is made to highlight a
point of priority, and also to emphasise that technical change
is not th® only method of implementing the expansion of
appropriate technology.

A strategy tor implcmentation will now be outlined. This
necessarily embraces, firstly, the controls neaded to create a
tavourdole environacat tor appropriate technology to flourish,
aud secondly the "promotional" measures desigmed to encourage
its videspread application witbin that eaviroomsent. The object
of controls would be to discourage the flow ot investment funds
and skills into the build-up ot inappropriate technologies that
do little or nothing for the poor. Io some developing
countries, tnec most eftective single immediate comtrol might be
to cut off the demand for such technologies at its source by
effecting 4 direct redistribution ot i1ncome to the poor. This
would probably lead, for cxample, to a sharp drop in demand for
canned or trozem fruits and wegetables, butter and pasteurised
®ilk, canned fish, lager, and possibly even carefully graded
grain. However, significant divect redistribution 1s in wmost
cases 4 pipe dream. It would neither be politically acceptable
nor of itself an adequate solution to the problem of mass
poverty. shat is needed is a change in the path of development
such that its further benefits go as a first priority to those
vhose basic needs are not yet met; and, for this, measures
which are both less direct and more dynasic are required.

Probably the most eftective sethod of discouraging
investment in ipappropriate technologies 1is to tax thes, or
othervise control their profitability. 1In the tirst instance,
high taritts might be levied on imports of substantial items of
sachinery and equipmept, in sharp opposition to the prevailing
practice ot levying Jlow or zero taritfs. This s®ight pe
sugpplemented by similarly high tarifts on essential imported



rav or packing materials - for exasple, w®malt and hops for
lager, or cans for fruit, vegetables, or tish. These measures
sight grove insuttficient discouragesment, particularly in large
developing countries with the resources for dowestic productioun
of the itwws usually importea elscwberc: Indid and Nigeria are
good examples. Further support to the above weasurcs might
th:refore be given by controlling product prices, either by
levying high 2xcise taxes on the inappropriate groducts, or -~
probably more effectively - by preventing price increases iu
tises of general inflation, thus proyr<ssively erouding the
profitability of the technologies to pe discouraged. sSince the
squeeze thus institutcd would lcad to eventua: lay-orts of
employees, it is ouly fuir that parallel compeusatoly measures
be taken, for example retrainiag such --mploy=es tor jobs in
more appropriate industrial actavities.

In certain cases, ad alternative approach wmijh: be taken,
illustrated in this paper 1im the case study of beci brewing.
Ther: it was suggested that an acceptable shariuy with the poor
of the bencfits of lager brewiny might Le achicved by insistiny
that 1ts technical possibilities tor labour 1otecnsity b=
exploited, thus providing sigmiticant esploymeant opportunities.
With this approach, tne authorities would nued to be guided by
porss for labour intensity in their mnegotia*ions with the
project owners, and they would also need to knuw shether the
approach was likely to prove fruitful in 4 fparticular
industry.! There is thus a stronyg case for the cstaplisbment in
fivance, industry or glanning miaistries, ot "technology search
and appraisal units™ whose job it would be to keefp an ugp-to-
dat: body of knowledj: on th2 raumye ot imported and domestic
technologics in the more important industries. They might also
advisz, on the basis of cost estimates, on appropriate taritfs
tor wmachinery aund rav materials ip the various industries; and
search for previously neglect=d appropriate technologies which
cab them be¢ promoted by goverument.

Appropriate tecbnoloyy could sometimes be promoted by
fiscal measures. For example, labour-intcnsive small bakeries
might be assisted by allouwing them a rtebate on tlour wus=d.
Other policies wmight be financial in nature, tor example the
liberal provision of loamns Lo small tood processing firms and
potential local suppliers of appropriate equipment for thens.
But such measures are unlikely to be effective on their own.
#ore direct "physical®™ policies are called for. In some casSes,
these aight support ®intensive™ development ot appropriate

1 It is unlikely to be so, for example, in large-scale
grain milliang.
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technologies through techuical R asd D.! As alieady noted, the
fuel ecolomy of small bakeries and wood-fired dryers merits

isproveaent at low investment cost. Cther technical
developments might improve the quality of the output of preseant
technologies. vn.  already suggested here is a small sealing

device tor plastic storage bays to protect dried fruits aad
vegetables trom atsospheric moisture. Another possibility is
further developsaent of the "chakki" hand rice waills. In the
ricc milling casc study, the present wooden chakki was found to
be only slightly more costly at  low wayes thau the small
mechanisea mi1lls, although the quality ot its output was
uncertain. 1t improverents could slightly 1nciecase 1ts
productivity or r<nder it capable ot coosistently producing
high yic¢lds of ™acdiue™ or "fiuwe" rice, 1t might arrest the
present displacement ot sanual by mechanised tcchniques.

In 41l cCas-s5 ot "iutensive" development, the aim should
be the preservation or expansion of the employment and incomes
ot the poor, rath-r than the encouragyem=nt of small-scale units
per se. small-scale projects are not necessarily appropriate:
th: rubbut roller and kongelbery mills dabe touna in swall rural
or urban projects, but displace scarcely less workers than the
large multi-stage rice sills. Greeley has similar criticisas
of tha FPAO/LUNDDP-developed metal grain stoirage bins. Llthough
smdall scale and used at the local lewel, their construction
Ccreates little caployment tor the poor.2

However useful appropriate "intensive" development may
be, it will not naormally obviats: the need tor prosotion of
"extensive® developmeut - the rapid sprecad of existing
appropriat: techniques. It 1s here that the most determined
eftorts should probably be made, in bread baking, fruit and
vegetable preservation, fish preservation, foodgrain storage,
and possibly also wsilk processing. Where the appropriate
technology is not initially or priearily suitable for
commercial application, as in grain storage improvesents and
the drying ot purishables for local consuaption, the promotion
may be effected must usefully by an expansion of "extension
services®, whether these are now primarily concerned with
agriculture or with health. Since agriculture is normally
accorded a higber priority than health services in developing

! However, pres2nt developing country systess for R amd D
may often be ill-adapted for this task. For a critical case
study of one country's system see the chapter by (Raplinsky ia
Baron (ed.), op. cit.

2 Grecley, op. cit. Other disadvamtages are ot course

their unfavovcable benefit cost ratio and relatively high cost.
The latter deters their adoption by the pcorer farmers.

.




countries,! an expansion of the personurl, traiaing, and
tunctions of agriculturil ext:asion sevrvices may be the aost
truitful approach. .

The distinction b.tween couametciul and non-commercial
applications cannot b2 aaintaiuz2d too rigidly, as the
discussion ot village-l«vel grain storiy: snow~d. Likewlse,
dried perishabl=s we1ght increasiongly be marketed as  au
alteraative to resarvation tor home coasumption. But where
production tor mark:t acaus an investment oL a t2w thousand Us$
and the employmcnt of sevaral people (as with sSmall  bakeries
and wvood-tired swmoxe-drying of fish), expatded 2xtets10a work
to villagss is wno long:.r ad2quat-:. in  such  cas-s, tralining
programuaes for potential 4artisaus 4dad sedll busio sseea dafe
indicat=d. Trainees might best be recruited trom existing
small coterprises, The training give:u would i1uclude commercidl
as w¥ell as technical aspects, and the proyrasses back«d by
loans to successful trainees tor th. puipose ot setting ug
small enterprisas, Indaed, the financiil ilustitutions might
link a new policy vmphasis on swalli lodns to participation by
loan applicant;; in such trainiog prograsacs on a part-time
basis, or (tor ipplicants tor which this was not thought

necessary) at l2ast to their adoption ot approgriate
technologi- 5.2 A: aoted dbove, advice ol specitically
appropriat. tecthnoloyies maight be sought froe  yoveInaent

techuology search and appraisal units.

the main thrust ot poth coutrol aad prosotional mcasures
should probably come within th- i1ndividual ucveloplag countrigs
at the national aod iocal levels, Finally, however, supportive
actionas at the international 1level should not be neglected,
including direct t1inancial support of appropriate projects by
international 1 ading iastitutions and d-velcped country
ndatiounal daid ayg :ncies;? provision ot aircct techrical
assistaace, in  tae tore ot advisers to cxtension services,

- - ——

! See Morley, 0.C. (1173), "“pediatric priorities 1o the
developing world®, Butterwotths, Londom, tur a briet account of
low bealth s<rvic: budyet., 1n developing countries.

2 [u rice-gLoducing cuountries, a fund sight be set up tor
small loans and the traitulnyg or retraiaing of lcan otficers,
partly rrom the proce:us ot a tax levied o1 mechanically-milled
ricie such « tax woul. -1 « the a=cline iu -aployment ot haud
pound-2rs, wvno migbt also o gaven prefer-nc: for employmert in
th: avw busin:ss-s geistal *4 by the fund.

Y oon ‘ol oostnccCuion, the recent support L) the UK
30v. . o1-nt Ut LitanZ.iy atm of the Intermediat.: . chaooloyy
Deveiopment Group 1is ¢gr-atly to be welcomed.
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dand small loan scheses; and iandirect
by supplying information on request to national
and carrying out co-
the further development of

training programmes
assistance,
technology search and appraisal units,
operative & and D projects for
existing appropriate tochuiyues.
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ABRENDIX T

Bote on prices gad ipflation

The prices used in this paper (the nwore important of
vhich are presented below) are based on sultifarious observa-
tions of price lewvels in several developing countries since
1970. As noted in the text, they have been updated to "™end-
1977* (approximately Noveaber 1977) 1levels, The costing
analyses have then been conducted in teras of end-1977
purchasing pover and price levels, that is in "real™ terss
without any further iaflation assuamed. This procedure is
reasonable if it can be assumed that all the priancipal prices
will, at least approximately, rise at idemtical intlation rates
throughout the project 1lives; in such a case all the price
relatives will remain constant. Investigations made in soame
previous studies of choice of appropriate technology in
developing countries have indicated that such an assuagtion is
broadly warranted,? though in particular cases - the price of
lager beer for exampl: - mWreal® price declines (that is,
declines elative to the general run of prices) may be
expected.

yoLks _

With the discounted cash flow (DCP) method of evaluation
and costing, vorking capital charges are amost consistently
allowed for by assuming "leads™ or "lags" in the streaas of
payaents for various imputs and outputs. It for exaaple
reveaues are collected 30 days on average after rav materials
are paid for, the accompaaying vorking capital charges are
alloved for by 1lagging the revenue strcaam 30 days behind the
Lav material payments stream. Hith a 10 per cent discount
rate, this has the effect ot reducing the preseant value of the
Project-life revenue stream by approximately 0.8 per cent, and
this reduction - which is of course paralleled by a reduction
in project NPVs - constitutes an allowance for vorking capital
charges.

The above is an extresely simplified account of the
leads/lags procedure: for a fuller exposition, see Keddie and
Cleghorn, “Brewing ia developing countries™, op. cit.

! Keddie and Cleghorn, "Brewing in developing covantries"™,
op. cit.; and "Brick manufacture in developing countries®,
Scottish Academic Press, Edinburgh (forthcoming) by the sanme
authors.
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Host ot the leads and lags assumed in the case studies in
this paper are quite short, 0 to 15 days. The major exception

is lager brewing, where many rav materials bhave to be isported,
and the brewvery also usually gives several veeks' trade credit
to its custosmers. Thus, in the lager-brevwing projects, raw
materials are assused to "lead®™ the other inputs by 140 days,
vhereas sales revenue is assused to ®lag® 40 days behind the
other inputs.

E—
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APPLUDIX TT
L O 2T PRICS Yo .0 TH CALS STULY FLCOT CCUrTny
(Most prices have been vlightly rounded)
A, Inputs not specific to individual cuse studies,
. 11’ PUT I UtD prIsy (0D - 1977 US F3)

Land - Rural Mz 9.2%
~-Urbun ‘ M2 18,50
- Buildings - Fectory P12 98.0
- Store M2 78.l0
- Cpen-cided hed i-12 45.0

Labour - 8 hour shift, 240 - 300 diys per yenr '(_Includin" fringe benefits),

LOY \5GH RIGTHG HIGH '0Gs gL
Tradition:l Cther lodern Brewery Triditionul Otner ilodern Brovery
EX-1IRIATSS 40,000 40,000 40,000 40,000 40,000 40,000
LOC..L TUATAGIRS 2,300 2,500 2,300 11,300 11,500 11,300
OkILL<) 925 925 1,330 59125 59125 449350
0. SKTILL 190 290 560 - U70 1,215 2,190
Fuel 04l Litre 0.14
Diesel 0il Litre 0.17
Yood Torme 14.5
Electricity - Kw - hr 0.045, first 100,000/ .onth

0.0%5, additional consunpiion

additional innual
Charge per Kva 58.0

Vater M} 0.93, first 2C0,000/yn-.r
0.31, addition.l couiwriplien

( Road Transport Tonne -~ Xm 0.04
Salt Tonne 15,0
Plastic Puga and uchets 1kg/litre copucity 0.01




B, Inputs und odigutu specific to porticulsr cose studiesn,

(1) g

Refrigerated Rowd Trensport

(4) Lz FezoiLG
Rew milk
Flustic Xutter iubs
Puutcurised @il itk
Liguid Jkim il
Butter

(5) ¥LsU P20V TICN

Raw fish, Saoie wizd Fishg

Caned ish )
Edible 011

ransels for Ruw »inh

Boxan for Smoie iried Fish

C:rbonrd Curton

o
3 oYelae for Cung

Sce notos

Tonne-xia

Litre

200, erpoeity
Litre

Litre

Kg

to Table 20 in toxt

Tonne
305, cuwcity

30i;; crpacity
24 x 400 or
48 x 200 capacity

400‘, (S 1!-’.Ci'|&)/
200 copacity
100

Paddy Tonne 184.0 :
Polytione buys 100k;; capacity 1.56
. Courue rice Tonne 269.0

vediu: rice Tonne 300,0
Fine rice Toune 753.0

(2) s o I
Whoonton Slour Tonne 324,0
Ciher motericl in,utls Verious, per tonnce flour 22.1
Vrepera, ploin Unit 0,012
Urcopoes, luxury Unit 0.017
Whelton Loaf 0.4k,., anproz, EEE%%%%%E 3%%%%%

(3) 23210 0D v B n L Ie

Cans 500, cupacity 0.119

Surboard Curtons 20 x J00s cuuocity 0.42

Ceiaent Jars 200 litre capacity 2,00

0,065

0,20
0,028
0.25
0.15
2,00

6500.0
349
15.6
0,28
0,112
0,078

0,%9




(€) it
Falt
acize
liaize Grits
Millet
Hops
Rottlcs
Wooden Crates
Carbourd Cixrton.
Inculuted Celinr aildings
Lager, net cf duly

Corn Eecr, netl ol duly

Tonne 381,0
Tonne 191.0
Tonne 205,0
Tonne 214.0
Terne 59'110,0
6601 cupacity 0.163
12 x 66011 capucity .11
12 x G601 cupncity 0.38
i 217.0
llectolitre (= 100 litrec) 91,0 (Loiticl)e
Hectolitre (+ 100 litres) . 28 P

See note, to iabl« 24
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T.8LE 1,

CAA S UDILS O 0 X niTs COPDR

_Clasyifind "1 Teris ol t.sie Lwtritional feeds

Bowsdc "utriliony Code try  Sub- 0 Ancowy Saaplen Cnosen for this Chanter
I S TS SO L A S RCHY BCCLD
(Enersy rocucing ronu) Cercals Wheat 1. Rice 17411iug

iillet
Rice 2. Breud basxin, (wheut)
Halze

Pubcra Potito .
Cassve

FPrujt- Tliitain

Oils ane fatse Cilaceds 4. Dairy Productc
Andloal Futc
Duiry tred . cts

Suzur Beet/cane

SULer
R GA I FEESD (N T 3R SOLY B ceat, Miagn Se Sish Preceryv.tion
(Poly Zildidng icous) i1k 4, Duiry rooducts

Veget:hle “rotcin Yeas, Soya
Sreoundnut

VILL T, T Leufy Vepgetibles Cilblice 3. Fruit ~=d Veoctuble
Cririe Prciervi.ticn
(Lsserticl in cosll a ounts)  rruits ionle

105 7P

(“ater coarce, stiiulents, peer, fea, Coffce
ceprect...ti, cte.) Soft Lrivio €. zeer Trewing

The.e ectouricn wre not exclusive. They roler to the mzin eherceleristics o8 enoh
food stufl,
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o
Tilla 2,

Ep——— g Wt cttimtioe.

Contritution:s of Various Tyses of ocd te Culerie, lrolein wnd

- A . . . . . . a
Yat Intose, per ierson O0r gy averic o of Yhrce Bevellsdin s Goaalries ©°

_ sz.Joricub' Protein, Ore i Pty Crioo

mergy rru’ cing Foods

Cercaiu 1195 28,0 8.8

Other sizrchy TFoods 177 2.0 0.5

Oils ¢nd futo 94 - 10.8

sugLr 249 0.3 -
inimal I'rolcin

heat, Fisk, | ilk 184 16,0 15,0
Vegetable Trotein .

Fulses, :uts, Zeceds 110 €.0 3.8

Fruits

NTI‘LL
(,. of all food intike)

46 0.5 0.4

2055 53.6 39.3
(99..) - (98) (9¢,.)

a. . I )
* Source: FiU Mood Balunc:

Lb.

Shoets, 1971, averages ef date for Coloubic, Fhiiiininen, fanbio,
1964 - 6,

1 (nutritional) Calorie = 1,000 calorics = 4,200 joules

e ———
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, TuBLi; 3,

Tot:l Prodaction of i":in Types of Youdstuffs in the Jevelonins

perizet and Ssi.n Centrilly Planned Sconories, 1971 2nd 1‘)76."L

Production in "illions of Ternes
Cliype of oodstiuff 1971 1976
Cerecly 606 697
oot Crops b 311 331
Fruit sl Vesctahicos 307 352
Suzew (Coatrifug 1, nw) : 40 47
Ve et tle (iis 22 26
Juts, "+, Cecon, oliec . 9 8
- Lilk 80 91
Bogs 7 8
Heut 35 40
&+ Lomce: .0 Procuction roarbook(197¢), Table 8
Includin nuloes +0d melons,
4
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A_SUIWOTT0) CF ICH= T4 LT5NG PRCiIOLOS IS

(horizontzl bors indicute approxiuzte ranges of output)

@]

Loy Ty o/ \ 100 1000 10NON

4
HAKD FCU.LNILG ' nS-'-L

WOODLRN CHAGT

I

n

o
~—

ENCAID.RG HILL -
S LL RUBBUR 20110 NTLL 53%)
LARGE NUDPBER Rt HTLL .

{nra
SULTT - o HILL e ——— - - - -

(Migarea in brucrete indicate the representative puddy input rates chosen for the
technique. relocted for comparctive cooting), :
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. - TABLY 6

ittt ——

COMPAIL.PIVY RUViIURG 1) COSTS, 5 RIC

5 LILLING TaCiEo1ionIng

‘ (10 - yeur present values, Us £ ® 1,000 (

mnu-1977),1q

Losses are shown in liracizets

' FROCELS ILRD wO0DI
PCU. DI AN

ENGALLIRG
(I1I,

Discountrate)

Clii=FL55 RUBB.AY 1ULYI-OT. .03

R011.0 X T,

USLLT IO

0 TG

L(\' !

v Mo yields : 6.9 52,21 402} 505 | a1 820 3021 1000
U i ov yields 5.9 29,4 ./ L /L 3554 1 670

CCUT5 ¢+ Paady

jto: - - -
sdzed popels L R B AR A [ A £ I = ¥ B T
WON RIS 2 3 2 3 o 30
- - _Jl__@+_lt-,lﬁ-i-22~ﬁt_
U . . , i | . .
LIUSGT Y Tmel ol - - ] 5 5 5 ! 52 G
NG UCST o Low e KA 540tV JGa| 716 | 1. 725 L5059 ToLh
L ik, R 45,00 2130 729 | 561 1561 2€87 17078
PO SRR IO U Y RO Hi_ji vieli: P > ‘qr
(~Q; ! (1.3 (1.6)] 35| 89 59 99 &6 | 417

3) Low wzze
Afvhyldld 3 ¢ o) (10.2)

1‘ YL Ta
i h ucs

1ow ylelos (:
Low wege

Bl | el

T JLTTUITY RCODROVITTS L, v

TR v T e S P
(yields und w.ges as before)

ausuie 'Fine! rice price YA i

Yor rutbir roller cnd

mudti-ati o il (Civo o cbove)

o

241
218
-/
L/

i/

| 1681
| /i<
107

TRITLIL 100 s T v, 4

CTEED L0,

6650 | 9C¢50 (15730

15770

Srleqen s
191,7' B -9 ')7 W0

— b e o ot capann

A ——— vy

1.
2.

sach used 5 ties

In all t.kles, "N/4" indicites "ot applicable,




2

3.
4.
'

6.
7.
8.
9.
10.
1.
12,
13.
14.

or

Store
-)tc_-.l (4

lidix
Jork («nead)
Terrent
1Ti1l
Cut
leih
nould
Ten
Fariient
Take
be-nen
Cool
(Slice)
Wrop

: -84 -

T.BLE 7,

LIST OF €023t ym 675 A0 ) B

cre
sy

AN
L

Labour-intenzive

. Hand

Hund *
Uncontrolled environment
¥ne:d by hund

Hend

Hand

Hand

Tluce in tin by hond
Uncontrolled envirensout
fanual nendliacz

Remova fron tin by hund
Uneentrolled enviroe:ent
(1iand)

ihend

|

Liechanised
"Electric nmixer . ,

Controlled envircu:ent
Douch brike

Aatoaatic
Autountic/purily wutorn:ted
sleciric roulder
sutootic

Controiled enviro-.ent
Lutontic handlin-
rutortic de-pinatl:
Controllel envirciiient
slectric slicex

Lute ralic

e wneillery handling stoges tay of esurve olgo bo periorned by cither libour-irtensive
meciknised meune, e.s. the po ciln, and cospeten of bLroud, .

“Uncontrollud enviromicut” = incouplete isolution or control of ternernture and
hw.idily durin: ferient: . tion,
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. _T.uin 8
SU MY SCAENDUL 0 T ) QUYL
PR TG L PROT T
TRMERAN . R P iar r— B TSes) 218 ~ ANEATE]
ouslit Louvon por yoear 1,005,000 1,000,030 A S,

e L bour Firtily R
saCoiion s - . : ! nechord od
. Lo dnte cive aec rise
o i 2 .
Lalue badldin o, o6 1610 520 1,260
» F “ ’ [ )
sile tot.l, w 320 6.0 2,00
Ll UYL e R AR cechntied antire rooess

proceszy aixed ad neeh rioeds
veou-fired slicin,, oi'-ireu cvin
cven otlervi.e

winuels
wocd-I'ired
oven

G-hour ..l ",
20 dey ofy 0y .
cqjuiv,

$ s ona_co.ent
t o o.ill$eddniste tive

s low ol

~
-
.
]
—
[
@]
o
(2]
-
n
-
e
-
x
R
S~
€
ol
H

- wond or fuel

2.4
24

18,000

- ———— . ) - - L.
. oil/yecr 378 : 379 196,00 Liire.
tonnes wood ! torney wood iucl oil
—— 5 —_ e
R !

weat vlour, tuwnesfyesr

i vinippers/ oo

D

weves aer yoor (eoch
coal.dining C.20 o0
flour)

360
1,070, G00

1,000, 0C)

360
1,000,000

1,000,000

1 (exputriite)
12

4,500

12, 500,000

12,500,000

r———————— . i -

—— e | M. - e s e = et « e+

1. Foerics el 11y v, 360 diy o i yeore L0l the nrojeets wor: tun shifte, Voo Lo ahlfl
et for the nechuniced b herien is ten heurs, i.e, 20 heurs o diy for luo wnifts,
"rinditionul" et are paid inclhe soodlevr jrojects; the “oihier nodern" e te is
in e Yorger project,

R
il

Vlour
) our

.

Other inputs incliwic sugur, wiiter, etc. Tue.c ore costed as a block, Ui 4 22.1/lonne
ingn




TAEL" 9

COLLAR'TTV REV U5 1 CCST 5 FCR WRER T.MRY U ROJHCTS
1,000 (3D=1977), 10,. Discount itoie)

Losses are shown in truciets()

(30 - year precent values, us £

SCatd ¢ Lowves [ yeur 1,000,000 1,00,0C0 12,52),000
PRCICT Y5 | FAHUAL FARTTILLY iT32.0250165D SaCILTILED
R 715055 [ 1,060 1,660 21,84
SO ¢ o rotesinls ! 1,177 1,177 14,574
rocliag oetericds ! 109 109 2,017
Pixed wouets J 32 27 i 91y

LLBOUR ¢ Low vie
Hi h wegse

EOCY 3 Yized or fuci ol
blectricity

e ! ! ' . - .
TCTLL 2COYS 3 Low wui e

LIVs ¢ Lou un_e

'~

High wie

S U0 SSTER SRR U
'

11 LA
(3 2) T 2Txan Auuims !

27,800
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PROVUCDIC.! OF TUL.Gs, VISET.DLNS, U005 Li™ MU I i
DEVALCITIG ST 00 SO CRTLULLY 2iLoiiaD LCCL T, 1976 e

. R, THPCRT: T 1976
MAIN CAT.LGRY SUB-CA'TEGCRI:S PRODUCTIC:: (aijldory of)
sunca
Pulaces 37.8
Dry Beans {: Proad Beans 16,3
Dry Peas & Chich Pecs 13.2
Lentils 1.6
Vegetablou 159.3
Tomatocs 16,1
bry onions : 8.7
Cahbozes 8.3
41l other f.0-iteniced erops 18.8
lielong - 17.2
Fruits 15109
Bononnag 37.9
Citras fraitl: 23.4
Grapes 12.9
J..nocs 12.8
L11 other P.C-itemiced crops 15.0
TC7..L.352,2 0T.... 185.0

Fi0-1I73- 153D CA0vS

% gource : 1.0 Yroduction Ycarbook (1976), Section Y.
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TLiBLE 11,

TAG. MCR COLITIG, DRYIUG LN FUnALr oF

OO R,

Cahii Il

Preparation of ruw product®*

Blenching (vith hot water
or stean)

Chopping

Cun filling
(iZxhaust box)
Cun senming

Preosurd cool:in . (in boiling
water)

Cooling
Drying
Labelling

8. Waphing, pecliang cotc,

DRYTIG
Frepuration of raw product

Stean scu 1din; or blanching

Drying (on truys or moving belts)
Packaging (in plastic bigo)

FRUEZIIG

Preparation of raw product

Blanching (with hot waier
or stcam)

Packeging (in plastic bags)
Bed freezing

Cold store
1

]
[}
i

(Refri ,cu:ted traneport)




TABLE 12,

SUZLARY SCHODULTS OF INPUTS I OUTPUTS FOR 8
VEG.TABLs ¥I.S_RVATIO: FROJECTS

ansii, PrCparcd vegetable iy
SUALET Input, tcumes/year 515 3,375 10,125 20
PROJECT TYPE Very small Snmall Lerge Small

Chnning Unit

Cannin~ Plant

Cannin: Plunt

Solar Lryer

LAMD: Buildins,:2
Site Totul : N
E UTPHENT TYF::

200( +50 Storage)
500

Manual Preparation

Blanchin,, Fililing
Ixhaust Hox
Seaner,Prescure

700(+300 Storage) 1,200(

2,000

4,000

lianual Preparation Maﬁual

Blanchinz, Filler

Steam Flow
Injection,

rcparation
Elancher,Fiilcr

Stean ¥low

800Storage)

20

Fanucl .
%rep:"atlon

fud by bcké:
Polythene

Injection,secumer, Iryer,

Cooxer, ..anual Seamer, Retort Retort Coolior, Storige in

Labelling, Cookcr, Labecller Labcller, Curton  Cement Jar
Packing and Manual hardling. Pacscr, Ferik
Handlin; and Facking Lift Trucks
UTILISATICN: Leyo/yecr 250 250 250 2002
y Uours/day 8 16 16 ]
L.LCURY lMonayers 1 2 4 -
Skille: 1 6 16 -,
Low siiil 4 22 46 @
LIARGY: K/-hr/y..r 10,000 715, 000 200,000 -
Facl 0il/wosd (;;:izz;ye;r) 20,000/~ 140,000/~ 380, 000/- -/-
WiTRs N fyeor 2,400 22,000 65,000 teglizible
RAY FATTTALL: resh vegetables
Tonnes/ye:.r 500 44500 13,500 26.7
CTA.R VUTERIALL; 3alt ’I‘on&lgi{ 5 45 135 -
PACKILG MAT.RT. L3y Flrstie bags _ - _ _
(Sachets) 1kg/year
Cana 53¢ 756,000 6,818,000 20,452,000 -
Carlons 22X 500z 37,500 337,500 1,012,520 -
200litrc c« 20t jors - - - 13,3
OUTPUTL
Canned Vegetobles
(net conteats ¢ can/including 480 4,320 . 12 962 -
40g wetor per can
Lried Vegetablcs - - - 4
Frozen Vcietitics - - - -
1.

2. . L
Use for dur: tion of hot sunsiiine (6 hours needed only). Lubour nced is intermittent.

z
PR
o

4.

Only totil Iived assct invectrent cost estivated (U5 4 9, 500,00¢)

ork ia proctice ruy be sprend over a lonscr period (12 hours).

cages ere puid ut 80 of "Praditional scales in the two small dr

7ing projects, at

"raditional” sciles in the sawllest canning project,und at "Otner :lodern" scale: in t.e

resiining proccty,
5.

averaze stora e level of 10,000 touncs aisuey
L ]

Lo lotses of eans in procesa,

L] - s
g2ch ju v lezts tnree yeaurs,
|

y for couting purposes.

Hob mnown in detail, K, a~1q storaze costs of U5 90 per tonne - year tuken, and
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Table 12 .
216 4,500 10,125 42,000
Wood Fired liodern Continuoua Freezer, Yacking

Ylent, Cold Store

ftin dryer Dryer elt er
0i+12 storage) 800(+200 Storage) 1,600(+400 Ztorage)

144
Manual Freparation,
Drying Trays over
Pit in 3hed,
Voed Fired, ianual
Packing in
Plastic Y. 3

2,000 4,000
Largoly lManual lechunised Prepa-ation
Preparation, Blancher TLlancher
Dryer munually Coniinuous Belt,
leaded &unloaded Dryer, Conditioncr,
Conditicnor, Bag Packer,
Bag Packnr, Ferk Lift Trucks
lanual Handling

250 250
24 " 24
4 4 (1 oxpatriato)
20 15
130 C 4
720,000 1,800,000
600,000 /- ' 1,800,000/~
20,000 50, 000
6,000 13,500
900,000 2,025, 000
”,000 . 202’5m
900 2,02%

Not Specificd’

Mechaniscd Preparsticn &
Packing, Freczer,
Refridgereted Cold
Store

250
16
20 (4 zxputrinteo)
1

240
RoT

nrrmnp?
56,000

42,000,000
4,200,000

42,000

L 13
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TLBLL 13 *

COIPARATIVL PROC. TUING COSTS o 8 VaCDinlLi PRESCRVATION P2CI ST

(15 - year prosent values, U5 # x 1,000 (END=1977) 10.. biscount rate)

PROCLCS AWD CALTINGC DRYING FROBAING
THCHLOLOGY TY:'E Lar}fcl? Seri:— - I-:ecz_ﬁén-i_:a(ﬁ .Sﬁu; ':4'-00?1 Modern ézmt‘inu;xs!-—r-i.e'cha-ni;r;
Manual fAutomatic ! Fired Tray Belt
! Jryer |Lryer
8Ciliss Prejared Vegetobles . ; . ,
Input Tonnes/ycix 515 3,315 ! 10,125 20 210 [ 4,500 120,125 42,000
PRCZSSUTEG CC e
racsing ... .U riuls 1,053 9, 50) 27,9 7 0,2.:4 17.1 355 801 16,608
Fixed Asuets _ _ _ _ 1 _56_ 3 _415_ _ _ _ 851 _ LerGo t_ 1.1 8T8 | 2,187  _ | 13,110
Loty LoY wese 21 126 590 0. 290 9.4 459 )64 2,459
digh vace | 1152 |- 533 12486 _ H1.528 + 220y 20095 | 1,264 _ | 6,396 _
EsERGY:s ‘Jood or fuecl oil 21 150 404 - 17.1 639 1,916
Electricity 5 37 102 - - 312 129 6,845
HATER 17 156 450 - 2.1 141 35
TCLAL PROCLCSTL D Low wagel 1,163 1 10,177 30,312 0.816! 55,0} 2,824 | ¢,551 39,022
CoUPs tligh wegel 1,771 1 10,581 51,208 1.8541 79.3) 4,418 | 7,351 42,959
FACLLSLG CClur Lou waise | 408 537 394 Sed 32.21 82,5 85.0 122,2
(L" 2 por tomne of iigh wa_e 446 012 403 2,2 48,3 129.0 95, 134.5
Ireparcd input) i
PROCL. STHS COST ., YOR LARGS
PROJSCYS TLCLULING
TRAESHCAT COUTs
(U3 8 per tomnr of Low woge| /A B/x 404 ¥4 Wi u/a 8€.6 148,2
Prepured inpul) high wage L/A /i 413 W/ WA /A 97.0 160,5
INITIAL ISV m..om
CG SPS I0 PLAD 47,0001 307,000 | 612,000 235 5,990 | 69,0000 1,602,000 9,5C0,@"
)..JII (JJ ﬁ) f

1']‘ncludes sult, about 0.3 of total costs for this heuding,

® Table 14 is on page 35
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. TALLDE 1

EUCUCYION O3 (ILK "D IO Yis L OUUST. 1% PRIV K N

BT AP0 (T G Y L Lao e, 1976
(in million of tonneu)

PRODUCT TOT4L, ALL APEROA, OLY TCW.L INoI
DEVLICTING Ccouniny., HILK B UTL LT PARLLD.GL, LITET

QURILST, ARG T4

APIICN. WL

HIL U e

who.e cow .ilik, fresh 58.1 N i 18.5 R/..
“hole other 111, rrooh 32.9 B4 24.5 i
Totul frech whele wilk 91,0 AN 4340 1/

butter und Chee 1.5 (26.2) 2,89 (17.7)

Cheesc 1.46 (1301) "’)'59 ( 5‘3)
ury ole Lifla 0.23 ( 1.7) 0,09 (0.7

Conuenaed/QVugiigted 0.80 ( 2.2) : 0.24

( ¢.7)

e

v/a (4344) i

sources .0 rroductior Yearwook® (1976), oectizn v,

b, aprroxt Conversion ritios for processed wilk procuctsy litter onl Cuec

Chotue

ary whel. ndgn
Condeil: .,
avapor Aod il

(Based on "Enoyclopedia Britannica", loc.cit),

¢. Jkout 79, Tufizlo .il%, re winder from sheap wnd jouts,

(24,

e N D

o s e
- s —a
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. THBIS 16,
' ZUOW Gy RT YO HTLE PASTINT TTC AL WURLER/ W g PROIVCLICH,

(LI 2 SLamTs vIcis)
Raw il intake
(fro: chwmy or tanker trucks)

l

Jtori. ;o o
(At lcus then 10%)

™~

HooT sACHANGSR
=
L "~
~
s S RN
Coe 1072, 15 Lzeondu /’
’

7
/

AT T
: ’
%
\/ Feed baok of incompletely pasturised malk

;a‘tor.._;:; (Butter/...i- =41 . Zofmeido
(hosofedasic o LT ~Poi e
'L Presdin; 1line :

~¢ - _ 1./

ceoL R
{

Facking ==~ (ki 2)) (oxei..)
. Crean Hipover
Cuaduz wvisorslion i
- “ Culturn
¢ ( )
hecongtitation fecadn;

Dot beh (vix with wit.r) d (Pust.ariots)
'\cold Jtorcge (Dry oi:d. mili) Cliavnt.

v

ttshing
W
vespetch (ulting)

dorling

Poeling

l

Do ten
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0w 17,

Ll Col CRUTS Lol CULCUTS FOR 4 NILL FR0CS. I3 £10JEsT

LU 1LY By

—r o e« o

5C..L7t LITR./ Y R LI 2,000 20,000 150,007 150,900

T nlin TTo Poorau oL ',ngn.lfw&( .
"ROJ.CT TYPS AR TLTIG PrSioURDIG  BUSTSR e AT e
e Pt 56T 0 Tha 151

PHOYRICT

L. Buildings, 1’2 50(+35 trucks,

storage)
Site Totul, de 170
B UL, 5.7 2 .u Infrarec

Pastecari.. tion
Sori-cutsciu.tic
Paciin, of

nilk in plactic

800(+450 trucis  3500{ 44000

2700( - 3900

storage)  trucks,utoruge) truc..s,
storaie)
2,500 15,500 13,000
Pastearisction Pasteuriuation yog tenrigat-
by stew.. by usteais ion Ly
heating, hee ting, steam heatn

lechaniced
Buttcriaiir;

lutonatic
Packing of

Lutomutic
Jacking of

bugs, milk in plustic a:d packing, wilk in
bags. trtificial plastic bygm '
Dryer for !
Skim nilx,
Autonatic
Fucking of
kil and oo
milx in
plastic btegs.
LLETI0SE 4o fycar 365 365 365 365
hours/dey 5 5 5 (7 for 5
butter and
skiy nilk)
zu-.BOY,ﬂL anagers 1. &——- not specified” }
, Ckilled 2 30 160 145
Low s8kill 5 X4 251 225
Debnty Kw/hr/ yeur 150,000 1,200,000 6,000,000  5,.20,000
wicvel o11/fuel oil (“t”:; 8,000/~ 125,000/400,000 1,500,006/ 1,530,000/
’ yeu 2,500,000° 2,250,270
YAt 13/ yeer © 3,600 36,000 270,000 243,000
P S e litreg/ 750,000 7,300, 000 54,750,000 54,750,000
PCRILG vt da Pl*u}{% %Ev%
re~Sy:.r7 30,000 7,300, 000 54,000,000 54,750,000
Pli.stic bu(ég})‘a}ubs/year - - 2,757,500 -
QUITLY js
Fastcurised full aitk litres/ycar 730,000 7,300,020 43,800,000 54, 750,00n
Liguid aki:: milk litres/ycir - - 10,200,000 -
Butter, k-/yeur - - %47, 000 -
1. wages are paid at "other modern" scales in the smull and medium projects and at 110 of

"othor inodern" seales in the lurge projects.

*jansgeuent costa estimated at cn addition of 50,. to other lubour costa,

3.
no reliadble eotivatos of this were availyble,

0 allowince ig mace for the very subot nkiul fuel concwnption in dryin; sicda .iilk, oinee
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4 BLG 18

ARL.S OF SO D-RATIV CouTo ool PROZTIG, 4 1
15-ye r present velues, U5 £ X 1000 t

-
Losses rre shown in 3raciets ()

3

Len PRS0

. —— ) e——— .

iucount rote)

i getld ndlls
‘asieurizing

Flant ()

PLOJCT

Pediuag serwe dlx
Pesteurisicg Tlint()

Lar, e scale 1ilx
rusteuricir;, Tutter
and oalin eidik

Plaat (2)

wo (C) witiout
utter waa
Sl il

REV.INILS

il
Sala il

15,880

83,264
11,659

104,050

Zutier - - 24329 -
PASIOR PRLIO) SV 1,500 13,580 103,259 104,080
- —t - —— -
CCLlis dew il 1,110 11,102 £%,275 4%,975
feesdn, bl L ©55 A9 €50 4,164
Pisicd o ots 078 1,774 10,599 10,12
e i e g S — - ————— -

L0 Lov e i
hizh wie i 107
e e

SO0 bDhes 21

Wt

512
2,15

TOT..L

wVs

nd fagh 10 576 4,458 /19200
Slectricity 104 £ 7,010 2,709

2 254 14580 1,22

oML Low wo_o 1,472 15, 534 117,540 179,116
ad howege 1,613 174195 117,340 114,542

— ——— —— e prse—

Lov wege () (1,704) (7,230) (49337)

Sl owe e (230, 2931%) (14,090) {10,262)

- p—— v——

Yoo ToL L1

97,000

321,700

I‘IA'L) vaoad (UJ ,'I;)

S

297245, 200 Gy 716,000

- SO G et b 1 @ P.e 1 - S




—— e v

LU

SO O

32 19

o Jh

ooy cun e e 3

STOH e O T GG T
B SUNEL SR S R SN A S X e

-

oCobo Inoat of frech fich

TN

54 () 216 ()

S TN e
P G RN S

- e

Jmnose 2n085e
rying Jrying

© a— e ——

——ae e e a -— -

8,640 *

e — . e " e -

Cenning;

Al
«

L.os Indlobangs o7,
. A
Site ol '

JORSAN B S A SE

VITLIS WIC byn/ eer
lours/Cey

Lably 5( Cne o ers
Sxilled
Low uitill
.50 aw=hr/yeor

Pucl oil/wood (Litrcs

2 Tuonnea

WSTIR Al)/;(va;r
sy

0L KTEaT Lot

/vear)

dible oi.
Ponacsfyeir
Gty Toaenfyer

PLSETIN UL R LS 29005 cunsfy
400,; cancfycir
Labelo/yo r

VAL Tt TYoomes/yere

c.r

30(16atori ) €n{+12atori i)
12 144

Jaanucl canild
Procen. Trocess
wood fircd veod fired
"Altonu! i tona

type oven tyoc oven

200

8 62

- s |
-

/38

54 216

Zaaxets and boxes
(3023 cupucity) for
Fresh anc dricd fich

¢ rbourd cirtona/ycer

DUTTUT ,s Tonnc./yoor
Dried fion
Camned fish (et coutggk’ of

pyuivalent cdivle veignt of
frean fish

18 72

45.2 172.8

1,000(+5C0ator: _¢)
5,000

lanu .1 prenorction Lahley,
Contlinvuous cuoer, Cer VLoier,
ctn paciver, ¢ n oller, cun
ge levy, ueotlea ¢ nowosnier,
cun dryer, oo Libel o, curton
pecner, boller, anuiilicry
equisnent, for.: 1i7L truc.s,
300
16 ‘

4 (1 expetriste)
18
48

203,000
420,000/~
635,000
8,640

1,040
260

14, 400,000
14,450,000
26,500,000

900,070

8,640

74345

1,
2,
50

A siaple oven cesion, wiacly uced, for ex ngle, in lortu nl,

Sprecd in proctice over a longer period (12-15 hours), according to ine oven cycle,

soenoere pald ol 80,0 of "triditional” sciles in the stoike drying projrely, nnd et

"oloer nocern® aoides in bine cuining project,
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AR IAHR
4.3 s 0

1000 (:39-1977), 10,. Discount rute)

(15=your present values, U5 4

PRCCYS. S5HCkE DHYING (1) SU0E DAYING (B) CiuBIING
SCilid: Tonnes of frrun t'ish per 54 216 8,640
year,
RV s 114.2 456.8 60,676
COSTs:  Hew faterinla ! 72.6 290.5 17,920
Yacking Ncterials T 29.3 27,896
Fxed fsoets L 3,2 1.3 681 |
—————————— e e e e W en am am e e e n . e . - Gm EE e Gn am b e Em . e e am am . -
LLOGURs Low wuge 7.0 9.4 597
High viege 24.9 35.7 1,47
SNARGY: ‘loud or fuel oil 4.5 17.1 446
Bleetiricitly - - 102
WALUR - - 446
TOTaL COLTS: Low vaze 94.2 553.7 44,288
High wroe 112.1 380.,0 45,162
e L
NPVe Low wa e 20.0 103.1 16,3.8
Bich w. e 2.1 76.8 15,514
ALTSRLTIVE SIPVES  Low wage 72.6 13,6 K/
VI R0y costn I us A
P b sosi) / 2,400 5,900 592,000
1o avnuing "Low" fich PriceB.ssecescrse Mper torne oyt thiga -
Frech fish 174 394
2. Jvouning "nigh" £ich Pricec..eeeceessos Tmoked drice Tion 570 5055

Cunned (ish

925

'A/M E




ABLT 21,
QUILT": TRODUSTICE SCHUDULE.. PO TOOU: R Y PROJICT 'iC. Lot

PROJLCT SC s Ohu LL MEDIUL: ARG
VT ol N m o3 '
Y PRODUCT Yi CORN BLiR LAGR BoER LiGAR vt
Life of Iroject: ycors 30 30 30
Qutput: Yours 1-4 25,000 100,000 1,000, 0G0
Hectolitres/ Hectolitrea, liectolitres/
: year year yeur
Years 5-30 50,000 200,000 1,000,000
Hoct%i}res/ ilectolitres/  Hectolitres/
“ . yeur your

- Utilication rate; 8hr shifts

Qer 24 urs
BRILOUSE - yeurs 1-4 1 2 3
(shart shift)
years 5-30 1 : 3 3
CBLL:R3 - yeurs 1-4 ' 3 2 3
Years 95-30 3 3 3
(capacity doubleus (copecity doullos
in yeur 4 ) in year 4 )
BOPTLING - ycars 1-4 1 2 2
, (short ohift)
Yyears 5-30 1 .2 2
(ocupacity doubles
in ye.r 4)
Boonoic 1ife of equipnent:
BOTYLING MLl 3 UIe 2. 15 ycurs 10 years 10 yezrs
ROLY 0TI’ 3 ULt 30 years 30 years 30 yeoury

1,

2,

source: Keddie wnd Clegnorn, op.cit,

A trouitons) beer of southern ifric., buzed on millet and waize. The otrergth of ruch reer ias
ejuivalent in ruw wetoricl tveras to that of 1,045° CG lager ("stuncurd" strength for the
purposcs of this cuoc sludy,

30

Burovean type of herr, 1.0430 0G ("standard" stren; , as above).
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TABLE 22
Alternative technologies for three brewery project scales '
PROJECT SCALE SMALL MEDIUM OR LARGE
TYPE OF BEER CORN BEER LAGER LAGER ___LAGER
1 "
SLT‘gilhed Lou!O;ost "Least N
TYPE OF TECHNOLOGY (p ess J cost" urnxey
see text rreation" technolo technology
page 99) technology e &y
RAW MATER (AL (N-— Manual Manual Fork-11ft Fork=11ift
TAKE AND STORAGE handling; handling; trucks; trucks;
storage storage storage concrete
1n bags in bags in bags sllo storage
BREWHOUSE AND Stainless Lron vessels; lron vessels; Stainless
RAW_MATERIALS steel 65/ malt, 65% malt, steel
vessels} 35/ maize 35% maize vessels;
15% maize, grits; whole grits; whole 100% malt;
256 mllet hops hops hop extracts
CELLARS Aluminium Iron vessels; Iron vessels; Stainless
vessels; 18 days 18 days steel
24-48 hours fermentation fe rmentation vessels;
fermentation and condit- and condit- 36 days
ioning ioning fermentation
and condit-
ioning
BOTTLE STORES AND None Manual hand- Fork-lift Fork-11ft
BOTTLING HALL (Bulk ship~ ling; trucks; trucks;
ment of unpalletised palletised palletised
product) stores; stores; stores;
stainless manual manual manual
steel bulk uncrating, depalletising depalletising
delivery labelling, uncrating and pallet-
tanks crating; crating and ing; mech-
semi-mechan- palletising; anical
ised bottle mechanical uncrating
washing and pasteurig.ng; and cratings;
pasteurising; small mech- large mech-
mechanical anical bottle anical bottle
filling and washers; vwashers;
sealing mechanical mechanical
bottle fill- pasteurising,
ing and bottle~
seal ing; filling and
high speed sealing, high
labellers speed label-
lers
SERVICES Central Central Central Cen® ral
steam boiler; systems - systems - sysiems -
small steam, steam, sleam,
refrigeration refrigeration, | refrigeration, refrigeration|
pl.ﬂt etce ete. etce
- Spent grain Spent grain Spent grain
dryang (no drying (no dryang (no
yeast drying) yeast drying) yeast drying)

* The summary descriptions of these technologies do not cover all the (45)

stages of the

e AV me b

process, for which, however, full provision has been made
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. L.ils 24,

CONE W TV JUAVIaTss o O . RO 1B oY 10T

o 'l
———— -

(350 - ,e.r present velues, Us 4 » 1000(:50=1977), 19,. idccouat tate)

s U —

SU.THs Hectolitres/

yeor 25 -~ 519,000 160 - 200,000 1,002,C°0

\J.w
FA0LUCT 2047 Ba LG FIteat Ll LN LAl PR UM
TL2 0L03Y U campiciod tlow eost  'Leust thunseyt 'Lov cost ‘Lot T oLrans!
Iro. et Jot sust! Job Coct?
Crotiony Cre .toun?
e -~ o a -~ £y "~ . cer e T
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COOs Rewr b lllas 4,0 29075 Te9TH 1,V YT IOAPEY A Ty
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. TaluR 25,
. '
Tale ) 2 1IOULS 30 om0 ow T JONGS TL OLCATAS LT T Q0. SUA0IAL UG L
L
SCLLT "o LY "LARG:Y
. . — e
cANTUT 0
LiVsL, TC. 1,080 7,650
HORCLL €. \T":5 970 £,900
STOX.C3 LV, 0. L5
(99,. of raximua)
AL TUAUTTT LY, N 1,455 10, 350
(1. x nor.l ctorege level) 250 duys/ycur 250 duys/yecr
B UTILIL. rI0, 24 hour/duy 24 hour/a.
(exce, t int.ze/dispaten (except intcize/di natch
t hours/d..y) 8 hours/cay)
TECLICI00Y Tagped Jilos Lagszed 3ilos
wtorg, e Storige
LALDs Builair g, 1S 635 N/t 4,522 /A
site Totul, 1,270 54, 9,040 1,940
B ,UI';':I.I."I‘/PR(,C . sanal Bucret wnd chain Hhenuel Duczet iind chnin
T Stuczing/| zlevetors, 3 Stuexing/ slevi.tors, 1 |
Unstacking | Sercens, and Silec Unstecking Screens, and Silos
LIBOUR?; Skilled 3 3 6 3
Low si:ill 9 6 38 12
(Including Diflerential
Lubour for
stecking/Unstociing) (3) W/ (17) L/A
1. 10;. overcanacity on maxisum storage levels is ullowed for, In.talled costs of siloc und
equipacnt, U5 B per torne capacity, 245 Concrete cilos, 310 (Hijn ecout assumption).
2, Only the labour reguired ia storie sremizes iu costed, not hte labour to let tue _rain
on and cfl taen, which Is assu.ed inveriunt ceross storuge techinologies, lubour is nuid
at the "otiner modern" w.ge scoles.
3 based on lilour requirc: for .anual transifer/stuc. in;, unstaciing of crates in brewerics
(1 inen hanoles 625 tonnes tnrougaput per yeur)y Keddie and Cleiiorn Op, cit. Appendix ill,
¢
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TABLE 26,

2 0 CC..TRCIAL SCLL

(30 year precent vulucs, Ui 4 x 1,000 (:ID-1977), 10,. Discount rate)

SCALE

el
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STUlt. G

STl OR
CO.CATH

CU ICART S
511035
(Hioh cost
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3856500

SICA .Gy

SToZL O
coicu

ool
D100
‘Hi h eosl
tucuaption)

COSTSs

rixed Lucets

LOCUR: Low vage
1id h wage

TOTsL INSTC2E COOTJs
Low wag
hijh wage

oL INTe2. LiLTsS,

Us A 2R VO L Gindl

PUT TiHCUZis Low wue
Hizn wege

30.1
3149

2,050,000

“—————

2,525,500









