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INTRODUCTION

The performance of large scale vacuum pan and small scale open pan
rulphitation (OFS) technology hac been analysed in two companion papers,
(1) and (2) respectively, in the conteXt of a variety of African conditionc.
Thia paper extends the analysis by comparing the broader ezonomic implications —~—
that appear to be associated with these technologies. Chapter I commences
with an examination of the relative micro-econouic porformance of the Y
varioue rodels developed in the papers referred to above, and continues
by considering the cuployment generation effect of certain selected models.
Nurther economic linksges are diccussed in chapter II. Chapter III provides
8 contra-t between the technologies in a social cost-benefit context, by
mans of shadow pricing certain important parareters. Finally chapter IV , -
briefly considers the two teéhnologien. for given scal® of production, in
terms of transport cost per tonne of sugar.




I. SUGAR PRODUCTION MOLZILS COMPARLD

Sugar technology performance is analyced in papers (1) and (2) in
relation to a variety of scenarios, which may principally be closcified
by ler;th of cruching seazon (270 day 'long' season and 150 day 'short!
seacon) and by scale of operation (100 tch and 200 tch for large scale,
100 tcd and 150 tcd for small scale) in teras of tonnes of cane per hour
(tch) or per cay (ted) crushing capacity. In addition the climatic setting
for the analycis cf large ecale technolopy was divided into the abcence or
presence of the neced for irrigation of care, There are, therefore, 8 .
different models ansiysed in paper (1), and & in poper (2), coneidered
from o technicel viowpoirnt.

The resultc generated by these rodals depend also on economic parameters.
For simplicity, thlie prices of both inpute and outputs are clavsified into
only two situations, described as 'low price' and 'high price' regimes.
Further peneration of 1esults can be obtained by considering any corbination
of low and kigh prices. For cunvenience the results given in papers (1)
and (?) are rep:cduced in Annex 1. In general one can cay that, given the
technical nnd economic parancter values underlying the calculations, profit-
ability increases with length of crushing sedson, is higher in irrigated
situation: (reflecting the acsumed coneiderable increase in cane yields),

and increaces (for each technology) with scale of operation.

A. Net precent values

A cunparison of the large and small scale technologies (for the long
aoiaon situations) is easier if the results are converted to a per tonne
of sugar per annum basis, as shown in Table 1 below. Calculations for the
OPS technology ore basced on total sugar output, irrespective of quality,
and are thus slightly higher than would be the case if allowance was made
for the lower sucrose content of the 3rd suger in particular = but this
argument can be countered by the higher nuitritive value of 3rd rugar.
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Table 1 Net present values per tonne of sugar per annun 8
low pricee high prices

Long season rainfed Discounted at 108 - 10% 120
100 tch =91 556 310
200 tch 215 1127 760
100 ted -14 306 211
150 ted -11 610 419

A rrall change in the rate of discount in the more profitable hign

1l\‘ price situations can be seen to have little effect on relative performance

beyord reising £lightly the position of both the 200 tch and 150 tcd models. -

, In the short eeaton rainfed situations, a broadly sivilar set of results

Z; would obtain, although at the chosen discount rate (10%) all NPVs are

| negative. .
Copital requirciments for large scale sugar projects are conciderable,

particularly in relation to the annual investment expenditure (public and

private) of many developing African countries. For this reacon it is

argued, av in reference (3), that comparison of profitability of technologies

ought to take the size of capital investment into account: cpecifically that

corparicon should run in terms of NPV per unit of investment, NPV/K, where

. K seasures the discounted sum of fixed capital invested (discounted since

it usually ir spreuad over a nurber of years). Table 2 chows the discounted

fixed capital requirerents for cach rainfed situation model: the figures for

the irrigated eituation nodels are less tham 2% higher tlian the correspondir;
rainfed situation figur..

Table 2 Fixed capital requirements in terws of present value*
100 tch 200 tch 100 tcd 150 tcd
long short long short 1long «chort long short
" ' 66a50N 6EASON CeasOn S6Aa80N SEAFON 8€ASON  SeASON 5eason

low prices 31.94% 31.99 S4.51 S4.00 0.41 0.42 0.51 C.52
high prices 438.73 48.63 83.56 82.05 0.60 0.61 0.76 0.77

+
£ million discounted at 10% p.a.
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The capital requirements for short seacon situatiors are slightly
higher than the long rcacor counterparts (when expenditure are d¢irzounted)
on account of the shorter time interval before :upar production commences.
The corresponding NFV calculation: take into account, of course, the fact
that revenucs are carred onc year earlier.

Table 5 provides infornation on NPY/k for each of the long seacon raine
fed situations. The ordering of the results eappears very similar to that
ohtained in Tab's 1, except that the ccall scale nodel: imprave in 1eletion
to the others at high prices and in fact the 150 tcd nodel rarginally out-
performs the 200 tch nodel,

Table 3 NPV & K (8)
100 tch 200 tch 100 ted 150 t-d

1>+ prices -0.16 0.43 -0,45 -0.0b

Ligh prices 0.63 1.48 0.84 1.57

B. Zrolovaent ecenerntion
&

A cemmonly ured device in “umparing Jarge and mioll scale techuologics,
for example withr roferance to sugar seec (4), i= to rrlculate the nunber of
smal) scale Tactories thal are equivulent (in terms of either sugur output
or cagitnl input) to .a. large ccale faztory. The precent work ropsrted
here goec beyond the factory etage cl procduction: acvertheless the basis for
corparison hav reiit ond nay usefully be employed h21e, in terms of the
combired agwiciltural and factory stagec for the long season rainfed
situation.

The sugar output from 28 150 tcd factories would exactly equel that
of a ningle 100 tch factory, The totsl discourted fixed capital cort of
thece units would umount to £14.28 million (corpared with £41.9% illion
for the 100 tch factory). Factory employuent would be 7,364 (cozpnred with
464) excluding adminicirative emplcyees.

The required ceue area to sunport these srall units would a.ount to
18,62C icstares (corpared with 9,058 hectares): the agricultural employ-
ment gencrated ir baced in the small scale models on ar estimate of 1
person per 3 hectnres (cultivation) plus 1 person per 4 hectarc: (harvcstixs')
giving a total of 10,830 persons. The corresponding total for a 100 tch
factory is ecticated at approxicatcly 3,000.

;
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Finally, 336 pcople would be eirploycd in administration, at 12 per
OPS unit, against 150 in the 100 ¢ch factory. Thus total erployrent in
OPS units would equal 18,560 coumpared with appruximately 3,600 renaired to
serve a single 100 tch factory.

A conpanson of these results with thc corresponding figures obtained
if attention is paid to the factory stage only showe that the O0P°S capitui
requirement rises from 28 to 45% that of the 100 ‘ch mrodel onca tle
agricultural stoge is taken into account wkilst the labour requivemont
falls from 1,587 to 516% that of the 100 tch factory.

A zimilar comparicon between 55 OPS units and a single 200 tch frotory
shows thz OPS copital requireuent to be 52% tliat of the larpe factory,
whilst the labour requirerent ic $987.

The s<illed labour requirements of the CPS unite arc not, however,

50 much greater than those of a sirgle large .cnle factory, based on o
definilion of siilled lahour to include crafirren plus sﬁperviroxy and
ranagerial gradees On the estin.at.eslgiven in papers (1) and (2), tke
nucber of skilled employces requircd on the eugar production ride (technical
plus processing) is 12 per OPS unit corpared with 149 and 179 for the 100
tch and 200 tch factories respmectively. Agricultural and sdministrative
1cquircnents for the large scale factorieg, in conparison with the suall
number required per OPS unit, greatly reduces thie imbalance: overall
requirerents of skilled personnel are ectimalted at 352 and 477 for the two
large factories respectively and 20 per OPS unit. The relatively greuter
agricultural requirements for skilled labour by large factories are partly
explained by the higher dogree of rechanisation, iwplying tore mai:tenance
necharics, partly bty the greater arcount of eupervision likely to be nceded

by large scale agriculture.




II. SUGAR TEC:NOILGY LINKAGES

The egocial coct henefit analysis carried out in chapter III is baced
on ghadow pricing of a nusber of inputs and outputc directly connected
with sugar production. It can happen, however, tlat costs and benefits
rezult from & project without accruing directly to it, and the project
analyst has then to conciler whether or not to introduce these extcrralities
into the calculations. In principle a nurber of euch externalities right
arise in the course of sugar production.

There are two najor arcas where a sugar project might yield exterral
benefits to an econony reculting from itc input requirements. Firstly an
indigenour cengincering industry might develop in order to produce pieces
of equipment and spare parts. Secondly the project's needs for skilled
raspower arc likely to be euch, in relation to available supply, that a
conciderable training effort will be undertaken.

Giver the relatively low level of industrialication in pany developing
countries it is worth considering whether or not a new industrial (or agro-

indurtrial) project will further the process of industrialisation or have

to inport all the required equipment throughout the project life. Even

vhen the benalit from the project in terms of foreign exchange saving ocute
weigh the additional irport requirement for replacement capital the latter
course means that a stage in the developwent process has not beer reinforced.
Vacuur pan factory plant and equiprment in developing African countries
is almoet entirely imported; cimilarly spare parts are very largely purchased
from developed countries. A change in this situation would seem to reguire
either the eucrgence of on indigenous engineering industry with_proven quality
control standards or the creation of suitably large workshop facilities within
the cugar incdustiry iteelf. This latter option doec seen potentially possible
(technicelly) at present in certaiu countriee: it may be commercielly attrective
in countries where spare parts are highly taxed or subject to considerable
delay in transit, but usually the scale of production of individual parts
to serve a few factories is insufficiently high for ecomomies of ccale to
" be enjoyed - and this may be an important factor in deterring outside
suppliers toon.
In the case of OPS units the proportion of equipment which nay be
manufactured dowesticnlly cecms potentially promising. Expenditure on
tanks, heating bels and furnaces comprires about 25% of the FOB value of
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plant and cquiprent, whils. filter presees and crystallirers account for e

furtl.er 25!, Given the relatively low value to btulk density of thnre
iters it ought to be practical for dorestic marufacturers to priduce ther
at or below their CIF price. lience it can be expecled, depending on tie
status of the engineering industry, that up to 37¥ of the eaquipient
(adloving for imported materisles) right be ranu’nctured locslly, at

least within a fev yeuars of the introduction of such plants,

In vell managed vacuum pan factories it is cusnluvary to find training
prograrme:n organised within the factory, both to up grade erpioyee: (frou
unskilled to cemi-skilled, for example) and to procduce supervisory staff.
The opportunity cost of erployees troined within the project i: L-c rate
they were previously earning (as unckilled latour for exacple). )

Instead of reducing the narket wage now being paid to 2 sladow woge
rate reflecting cpportunity cost (ac is done for unukilled laboir enplcyed
by the project in chapter II1), internally trained c:ployees can be priced
at the nsiiet wage rates paid to thew aud the value of trainiug rppear us an
uddi tional benefit. This latter approach ic adopted in thie peper, in
order to illustrate the bene{it whkich trairing can yicld.

te internal benefit of training is based on the followirg a:cumpiions:
(i) that ser.i-s¥illed employees, trained on the Job, have a cecial oppurtunity
anct eyunl to that of uncicilled ermpluyees; (ii) that skilled workers have
a cocial oprortunity cost 257 below the narket cost of enployinz then;
(iii) that suvcrvisory staff amleo have a cocial oprartunity ee:~? tn P75
of the market cost of skilled workers. The estimate of the rocial benelit
of training is thus the difference botween the market cost and tie social
opportunity cost, and this is calculatecd (on a discounted cach flcw basis)
over the project life. The present value of traiuing, discounted at 10%
per annum, ir given as $2.35 nillion for the 100 tch long reacon rainfed
godel and B4.00 million for the corresponding 200 tch model.

A sugar project can also introduce linkages on the output side, when
one of its by~progucts is used in further processing. The srope for
such utilisation is diacusced in reference (S). When such opportunity
exists it Implies that the by-product's value is increused and o the
benefit from the linkage car at lecast theoretically be introduced into the
sugar project calculation, In practice it cen be diffiuclt tc obtain an

accurate entimate of the social value of the by product vithout also urder-

“taking a full appraisal of the ueger project.



In citunlions vien cane is supplied by outpgrowers the potential o
extsrpalities furthor increaids  In principle aceociation with rodern
fursing techniques can lead to changes in producticn mehodse used with
traditional cropr: increuzed yields through fertiliser apélication is one
exnuiple, prarticularly if cane supply substantially raises the level of
farn. inzore vo that finance ic rewdily availoble. On the other hLaud the
lon; lead tire (ccpecielly in long eeaccn sitvationc) betveen plarting
ond Lnrvesting, and the faci that land «learance, preparation ctc. is
recetsary at the ntart of the cane cycle zeans that care payments arc
received infreauently (in large azounts) and lag erpenditures by several
monthe.  ilandling this financinl cituation is a tark which requires certair
firuncial sophistisation if maximum benefit is to b2 enjoyed.




P

g

I11. SHADOW PRICING

The calculations presented in chapter I are bascd on market prices
88 obsorved in a number of African countries. It is well known that such
pricec can differ, eomstises nubstantially, from the pricec that would
correctly reflect a country's supply of resources and social preferences.

Use of market prices in project evaluation is necescary, at leasct as a —_
first ctep, in order to examine the profitability of the project for the

firm or firms vhich undertake it, but consideration of the contribution

which the project can make to the country's social welfare requires that

evaluation is carried out in social (or shadow) prices.

In essence shcdow prices should be such that input prices reflect
social opportunity cost of using the inputs for the particular purpose
and output prices reflect the utility which the uctarof the output receives. -
Measurement of shadow prices is in practice often difficult, recuiring
substantial information beyond that pertsining to the project. For prezent
purposes, given the generality of the price data, a few simplifying assumptione
are in order. In consideration of projects relating to particular countries
more specific calculations are usually desirable.

The variabled for which alternative, ehad;w. prices are used have been
selected to reflect the more cormon distortions to be found in many develop-
ing countrics: theso relate to the prices for labour, fuel and foreign
exchange.

Labour requirements are subdivided into unskilled labour, which
receives a basic minimum wage (often set by Governzent ctatute), and
other labour which receives a premius reflecting at least to some cxtent
the relative scarcity of trained people. In chapter II it vas stated
that the payment to the latter category of employee would not be adjusted
(downwards) in the social cost benefit calculation, but instead 'tho value
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of training used as a meacure of the additional benefit which training
provides. The rhadow vage for unskilled labour i taken as 50% of the
market wage,

Taxation of inputs used by sugar factories varies considerably from
country to ccuntry, but for most industrial inputs except thoce associated
with road trancport vehicles (cars, pick-ups etc) tax levied is not large.
For simplicity it is ascumed here that tax is levied on only three itenms,
viz. vehicler as defined above, fuel consured by thece vehiclec and housing
equipment, as chown in Table 4 overleaf.

It is not uncommon in developing countries for foreign exchange to be
undervalued with the consequent excess demand for it blocked by use of
controls of various kinds. Such a situation is not surprising, especially
if many of the capital goods and a number of icportant raw materials/
intermediate goods have to be imported whereas export earnings are bhaced
on a narrovw range of comiodities. It is assumed here that the shacdow
exchange rate (if tariffs, import controls etc. were abolished) would be
50% greater than the official rate (i.e. the shadow price of imported
goods is 50% higher than the market price).

in order to determine the converaion factor for the various inputs
it is necessary to specify import and tax contents etc and this data also
appears in Table 4. '

The impact of these price corrections on varioua categories of
expenditure is shown in Aunex tables II and III, which provide conversion
factors for the agricultural and factory expenditures as itemised in
papers (1) and (2). The factors are obtaired from an snalysis of the
relative weights to be attached to the various items whose own conversion
factora are shown in Table 4.
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Table 4 Shedow prices for selected inputs
Parameter Conversion Iten of expendiiure (%)
¢ factor
Equip- Vehicles lious- Trans- Other Other
) ment ing port  fuel factory
fuel  and  materials
chemicale
Import _
content 1.5 90 63 20 S0 90 30
Tax o 30 10 &0
Unskilled
labour 0.5 15
Skilled ;
labour/ ) 1 10 ? 35 10 10 7
Other local ;
expenditure)
i Shadow price/
market price . 1.45 1.0 0.95 0.85 1.8 1.13

: The other major area where concideration of price correction is import-
. ant i in the calculation of revenue. In papers (1) and (2), sugar is
' priced at £300 per tonne (low price) and 600 per tonne (high price).
At present the world market price for refined sugar, CIF Africen ports, ie
# around £260 per tonne. Foet long term sugar transactions arc settled at
prices above the prevailing world market price and even without allowirg
for the poseibility that the present world price is below ite equilibrium
trend price it would seem reasonable to take 300 per tonne as the CIF price
for sugar in Africa: ad;jus{:ing for an overvalued exchange rate isplies a
shadow price of SU50 per tonne ex factory, if it is assumed that internal
distribution cost from the factory is the saxe as that from the port.
This price for sugar iz used in both low and high price modele.
The chadow price for mlassee ie increaeed by SOX to represent the
effect of the shadow excharge rate. In the papers quoted, the molasses
price was already based on the world market price. '




Application of the chadow pricec and resulting conversion factors to

the calculations undertaken to measure private profitability shovs a concider=
able change in the results for the various models. Firetly, becauce the
shadow price for cugar is 25 below the majget price, all short season

rodels now =taow consicderable losses. For example in the 2C0 tch rainled
sodel, the NPV al high prices falls from - £76.8 uillion to - £1%7.3 willion,
and the project cven fails to nchieve a surplus of revenue over dirvect
operating cotct., Attention is therefoie focusseé on a compadson of large

scale and seall ccale units in the long season situations, given in

Table 5 below. .
- 1/
Table 5 Measures of cocial profitability—
long ncason rainfed NPVZ/ IRR NEY per tse,y "
£ million -4 A
100 tch 29.75 15.5 541
200 teh 97.45 20.1 886
100 tcd 1.01 22.1 268
150 tcd 1.8h 26.3 935

Feasured at low prices

vizcounted at 10 per annue

R I

Tonnes of susar por annum

Compairison with the corresponding results for private profitability
in Lnnex I shows that social returns are higher, given the chadow price
conversion factors, than private returns. In addition, social returns from
srall scale uniis are now higher than those fron large scale factories.
Clocer examiration of this result reveals that thic relative inmproverent
is due largely to the following points:
(1) wugricultural and factory operating costs at social prices are slightly
lower in the case of 150 tcd OPS units than at private prices, vhereas in
the 200 tch factory model they are approximately 205 higher;
(ii) total fixed cuiital requirements at social inestead of private prices
increase by 27.5% in the cace of 150 tcd units compared with a rise of .
31.6% for the 200 tch rodel.
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IV. SUGAR DISTRIBUTION

The analysis contained in papere (1) and (2) has concentratad on
sugar production. Since 90% or more of suger consumption in rost develop-
ing couniries is by households, it is important to consider also the
dirtribution ctage. One problem in attempting to undel this acpect concerns
the extent to whizh rovesent of sugar ie controlled by Govornveit inter=
vention, partly becau<e of the high taxation that often is irnosed, p:rtly
becaure of relative scarcity in uvailable supply. Analycis Lere concentratas
on a fairly simple situation, vhich nevertheless throws light on relative
transport costs.

By combining data on sugar consurption per Lead and populatisn density
one can estirate the area that would be nerved by factories with given
sugar outputs. Thus a 150 ted unit operating in a long seacon situation
producee 1965 tonnes of rugar. If population denzity around this vrit is
100 per kmp‘ and the population lLas a esugar concumption of 10 kg per head
then this unit caa cerve an area given by a circle of approxinately 25 ko
radiuc. For sake of simplicity it is assumed that the average trip length
(to distribute the sugar) is equal to the radius: if the population were
uniformly distributed throughout the area and each distribution could be
done in a straight line (hs the crow fliec') then the avernge trip length
would be § of the radius. Given a transport cost of £ 0.05 per tonne
kilonetre, this implien a transport cost of £1.25 per tonne of sugar.

Calculations eimilar to that outlined above have been nade on the basis
of 3 velues for each of sugar conruuption per head and  population density
for 3 long reason rodels (150 tcd, 100 tch and 200 tch), evaluated at a
transport cost of £0.05 per tonne in. Thece results are shown in Anuex IV.
For the came paraseter valuec as used above, the correcponding tran:port
coets per tonne of sugar are £5.62 (100 tch) :nd £9.36 (200 tch).
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In practice, sugar distribution will depend on how sugar consuiption
per head varie:s fror region to region within a country: usually in developing
countrise per capita consumption in urban areas it seversl times the
nationul avcrage and cometimes consurption in rural areas is close to zero.
In thie case the transport of ~ugar will be more concentrated (for exazple
by rail at a lower cost per tonne km), eo that the figures given in Annex IV
chould be seen us representing the maximum gap between seall scale and large
scale situations.

The differcatial transport cost (for consumption of 10 kg per head and
population dersity of 100 per kmz) between a 150 tcd factory and a 200 tch
factory is £8.1 per tonne. The discounted present value of 8.1 per tonne
of sugar produced by a 200 tch factory over 25 years (110,000 tonnec per
annur) is approxiuately £6 u.ill.ton:‘ this figure thus represents the zaximue
additional transpori cost nnaocin\..od with concentrating production at a
single site in the most unfavourable circumstance (when population and can
growing areas are uniforsly distributed throughout an entire country).
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ANNEX 1
Net presont values and internal rstes of return
Annual low prices hich prices
Sugar
production NPVy IRR NPV-I/ IRR —
000 tonres £ million ¢ - B willion %
Large ccala vacunr nan
1. 100 tch ¢
long season rainfed 55.0 «5.0 8.7 30.6 15.0
. irrige
; atéd 55.0 7.2 1.7 53.8 17.3
Y Short searon rainfed 30.% -41.5 loss -40.3 1.9
irrig- making
% ated  30.5 -%6.3 0.9 -18.1 6.5
2. 200 tch
& Long ceason rainfed 110.0 23.7  13.4 124.0 20.?
irrige ' )
ated . 110.0 48.0 16.1 164.9 22.2
# Short season rainfed 61.0 -48.5 0.7 -26.8 7.1
irrig-
ated 61.0 ~20.2 6.4 19.1 12.0
1@, Szmall scale open pan
1. 100 ted
& long season rainfed 1.31 «0.19 6.5 0.52 15. 4
! , Short scason rainfed 0.73 «0.93  loss -1.07 loss
2. 150 tcad ma'ting naking
%g lorg cearon rainfed 1.97 «0.02 9.5 1.20 18.9




ANNEX I cont'd

Annual low prices high prices -
Sugar .
production NPVy IRR ll’\'y IR
000 tonnes £ million ¢ A million %
Short eceawon rainfed 1.09 «1.12 loss =1.1% loss !
seking zaking

1/ Diccounted at 10% per annum.
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ANNEX II

Conversion factors for large =cale agricultural and factory expenditures

Activi ty Conversion factor

1. Agriculture

(a) land clearance/road conetruction

(b) land preparation/planting
plant/ratoon cultivation
civil engincering
harvesting: long season

short season

adminictration

&,
2. Factory
(a) installation/civil works

(b) manager:al staff/ekilled and somi skilled
unckilled/labour )

~ process naterials

repairs and replacement materials
fuel
miscellanecus

3. Administration
operation cost

0.9?
1.08
1.2b4
1.13
1.10
1.0?
1.05

1.18
1.00
0.50
1.17
1.40
1.32
1.11

1.00




g SR A

ANNEX II1

Conversion factors for small scale agricultural and factory experditures

Activit;

1. Agriculture
(a) land clearance/road construction
(v) land praparution/planting
piant crop cultivation
ratoon cro; cultivation
civil enginzering
harvesting
administration

2. Factory

(a) installation/civil workec
initial trairing

(b) zanagerial staff/skilled labour
unskilled/seni e£killed labour
process raterials

repairs and replacenment materialse
fuel

miscellaneous

Convercrion factor

0.85
1.00
0.98
0.6¢C
0.70
0.95
1.00

1.18
1.50
1.00
0.50
1.24
1.35
1.0
1.00




1. 150 ted

Trencport cost per tonne of sugar

ANNEX IV

Sugar concusption per head

Skg

population density per !ma

2. 100 tch

3. 200 tch

4o
100

250

100
250

100
250

2.8
1.8
1.1

1“.8
9.4
509

20.9
13.2
8.4

A . e

10kg

2.0

1.3
0.8

10.5
6.6
‘..2

14.8
9.4
5.9

15x¢

1.6
1.0
0.6

8.5
5-“
’c“

12.1
7.6
4.8
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