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INTRODUCTION

This paper presents a financial appraisal of smll scale open pan [ |
sugar technology in African conditions given a number of working assumptions |
relating to climatic setting, technology performance and economic factors.
The method of analycis closely follows that used in a companion paper (1).

The paper is organised into four chapters. Chapter I describes the
basic methodology; Chapters II and III provide information on the agricultural
and factory parameters, respectively, used in the calculation of financial

performance, which is discussed ia Chapter v,
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I. METHODOLOGY '

The economic viability of open pan sulphitation (OPS) sugar te~hnology
is examined here in two scenarios representing different African climatic
conditions. These scenarios differ in terms of length of crushing season
and in the cane growing cycle, and are described - for the purposes of thise
paper and forcomparison with reference (1) ~ as long season rainfed (270
gross operating days) and short season rainfed (150 days). In addition,
two scales of operation are considered, 100 tonnes of cane per day (teca)
and 150 tcd, although only one size of factory. The variation is introduced
by weans of a difference in the number of eight hour shifts worked per day,
vig..two and three respectively. There are, therefore, four different
models being analysed from the technical point of view.

Assessgment of viability, as dcpicted by these models, is based on a
comparson, of revenues and costs, in sirilar ranner to that presented in
reference (1), over a 25 year sugar production period. In the companion
paper, many of the basic parameters were based on data collected from a
number of factories and feasibility studies for a number of African countr es,
(Egypt, Ethiopia, Ghana and Kenya). As yet, however, in the countries in
which field work was undertaken only three OPS factories exist and none
hae been operating for more than a few months. Nuch of the basic data has
therefore been drawn from that used in analysis of large scale situations
or from small ccale experience elsewhere (in particular India).

Since OPS technology is relatively less well krown a brief description

is given here of the factory specification and performance assured in this

paper. The basic factory epecification is fairly similar to that outlined
in a bosklet publicked by the Plenning Research and Action Institute, India
(2). Specificationc of complete units currently offered by Jndian machinery
parufocturers are closely modelled on this. The major differences relate

to the increazecd cruching capacity of the plart concidered in tkis paper
cospared with that detailed by P.R.A.I. (60 tcd). Annex I provides a liat

of ti> principal factory plant and equipnent.



It is acsumed that downtime will amount to 25% of available cane crush-
ing time, reducing the net crushing days to 202 (long season) and 112
(short season). Unplanned stoppage would appear to be more frequent with

_OPS technology and this is reflected in a higher percentage downtime.

Annual cane requirements associatcd with the four models are thus 20,200
tonnes (100 tcd long season); 30,300 tonnes (150 tcd long season); 11,200
tonnes (100 tcd short sesson) and 16,800 tonnes (150 tcd short season).

Sugar recovery is estisated on the basis of the following parameters:
(i) Cane contains 15% fibre; (ii) rew juice % cane 65 {no imbidition);
(1i4) clear juice % cane 61.5; (iv) lot rab (zassecuite) % clear juice 20
with rab at 86° Brix; (v) lst sugar % lst rab 37.5; (vi) 2nd rab % 1st
mlasses 90 and 2nd sugar % 2nd rab 22.5; (vii) 3rd rad % 2nd mlasses
90 and 3rd suger % 3rd rab 17.5. For further information see (3), (W).

By products in relation to cane comprise bagssse 39%, filter cake
% and final molasses (at 80° Brix) 4.29%. Sucrose losses may be shown
from the above parameters to be bagasse 19.2%, Iilter ceke 2.38, molasses
14.9% and undeterrined 14.0% giving an approximate recovery of S0X. These
assumptions regarding losses are not particularly demanding, wvhen translated
into implications for factory efficiency, in Indian conditions, vhere modern
OPS units are expected to achieve 60% recovery. However, technology trane-
forred: to a different environment canmot be sutomstically assuned to give
equal results.

With an assuzed cane suerose content of 1% (as in paper (1)), the
sugar & cane ratio worke out at 63¥%, broken down into b.2%% firat sugar,
1.%% second sugar and 0.75% third suger.



II. AGRICULTURAL PARAMETERS

The methodology underlying the calculations follows closely that
described in the companion paper (1): in particular in the description of
operations with associated unit per hectare costs. As in the large scale
situation, in practice unit costs vary widely depending on circumstances,
and the figures used here are designed to reflect average conditions.
Furthermore cane yields, given similar situations, will reflect the amount
and kind of inputs expended. Amnex II provides information on assumed
costs and yields, showing long and short season figures ceparately (vhere
those differ) and also for purposes of comparison, in terms of the corres=
ponding large scale figures. The land development costs relate to a
situation where a certain amunt of land clearance is necessary. The cane
yields in relation to the annual inputs are on the high side compared with
the large scale yields: in a normal year, once the cane cycle is established,
operating cost per tonne of cane works out at 75% of the corresponding large
scale cost for both long and short season situations.

The cane cycles have been assumed to be identical to those used in
paper (1): for the long season (rainfed) situation, one plant crop (22 months)
and two ratoons (18 months each) plus 2 months fallow; the short season
cycle comprises one plant crop (13 months) and four ratoons (11 months each)
plus 2 months fallow. On the basis of the cane yields shown in Annex II
tho required cane areas are as follows:=

long season: 100 tcd 443 hectares, 150 tcd 665 hectares

short season: 100 tcd 406 hectares, 150 tcd 609 hectares,

Other agriculturai coste not shown in Annex II relate to harvesting
end adrministration. It is assumed that capital expenditure on cane transport
equiprent would be low: 1 62 hp tractor and 9 3-tonne trailers to deliver
100 tonres of cane ser day, 1 62 »p tractor and 15 3=tonne trailers for
150 tonres of cane. Several tractors purchared initially for land preparation

would there after be surplus to requirerents on the cultivation side and



tranaferred to cane transportation. Cane trailer requirements were based
on estimated trip lengths of 3.0 and 4.2 km for the 100 tcd and 150 tcd
situntions respectively. Cane transportation is assumed to take place for
two snifts per day.

. Harvesting costs are based on the same unit running coste and rates
of pay as those given in Annex II of paper (1).

Agricultural administration costs are based on three items of expenditure:
a fixe d employment cost of S4000 per annum (£8000 at high prices) covering
the cost of an agricultursl/transport manager and clerical assistance; a
land rent of 510 per hectare (£15 at high prices); and a material cost of
£0.1 per tonne of cane (£0.15 at high prices).

It is assumed that equipment has a longer life than in the large scale

situations, reflecting lower annual operating hours: replacement expenditure
is calculated at 15% pa. comrencing 6 years after initial purchase (%%
year 4 and 10¥ year 5).




IIXI. FACTORY PARAMETERS

A. Cost and_revenue ggsa

A breskdown of the factory capital cost is given in Annex III. The
spaller than usual percentage mark up from low to high prices for factory
plant and equipment reflects the much higher number of potential suppliers
of small scale sugar machinery. It is assumed here that this equipment
would be imported - on a turnkey basis as in the large scale case - though
it is now feasible for developing African countries to manufacturs some
part of this themselves.

A large element in the overall capital cost is provision for a 200 KVA ;
generator set (plus a small standby unit) to supply power for the crusher
unit and other electric motors. This cost could be considerably reduced if
direct access to electricity is available. On the other hand, water
availability has been assumed (with consurption estirated at up to 20,000
litres per day). Estimation of the initial training cost has been based
on the assumption that three key factory employees would attend a six
month training course in India.

Labour requirements are shown in Annex IV. The managerial and skilled
lsbour requirements are estimated to be the following:=
managerial: factory manager, 3 production superintendents (1 per shift),

accountant/secretary.
ckilled labour: head pan boiler (1 per shift), mechanic and electrician
per shift plus day mechanic and day carpenter/mason.

The majority of those classified as semi~skilled are employed at the
heating bels and centrifugal stations. Basic rates of pay for daily rated
ctaff are taken as equal to those offered in the large scale factories,
with overhead costs around half. Sewrierkilled and uneitilled production

\ .

stafl have been clasasified as sessonal.




The managerial input seems high compared with Indian practice and
cartainly is so compared with Indian specification, as contained for example
in (2), but is in line with East African intentions for small scale units
and would appear to be advisable if units are to have any chance of success.

Consumption and pricec of material inputs are given in Annex V. Fuel
consumption depends partly on the efficiency of the bagasse furnaces to
satisfy all process heating needes. In addition to supplementary fuel to
fire furnaces, diesel oil (or electricity) will be required to power the
mille and cutters and electricity needed to run the crystallisers,
centrifugals, sugar drier and the various pumps. The supplementary process
heating fuel requirement is based on a material flow calculation utilising
Indian data (4). Some of the required paraceters have been given in chapter
I above; in addition it is expected that 4 kg water is evaporated per 1 kg
of dry bagasse fuel consumption. On thc‘baaia of these parameters it can
be shown that on the basis of 100 tonnes of cane crushed per day approximately
48 tonnes of water will require to be evaporated at the clear juice heating
bel stage in order to raise the rad to 86° Brix (from 19° to 20° Brix clear
juice), implying a fuel requirecent of 12 tonnes of dry bagasse. In
addition, S tonnes of dry bagasse are required daily for the heating of the
" sulphitation and molasses bels. Vith the bagasse: cane ratio estirated
to be 35% (at around 51% moisture) it would appear that around 17 tonnes of
bagesse (on a dry basis) could be available per day under optimal conditionas.
lovever to allow for poesible shortfall, a requirement of 1 tonne firevood
per 100 tonnes cane has been allowed for, to be used in the molasses bels'
furnaces.

}iscellancous expenditure is based pricarily on the (raintenance)
cost of running 2 vehicles (saloon and picx-up truck) at £0.1 per km (at
low prices). The total figure is taxen as £60C0 long ceason and £48CO short
season at low prices, with the high price figures 505 more.

Tetimation of 2apital replacement expenditure has been evaluated on
the obscrvation thet certain prices of equiprent, particularly pans ard

erystelli sers, have a rach shorter 1ife than the 25 years taken for factory




production. In the long season situation it is estimated that 45% of the
value of plant and equipment requires replacement after every six years of
operation, with a further 15 requiring replacement once (after thirteen
years). In the short season situation it is estimated that 4% of plant
and equipment requires replacement after every eight years of operation.
In addition it is assumed that the factory vehicles require replacement
after six years (long season) or eight years (short season).

As mentioned in chapter I, OPS factories produce up to three (sore-
times four) grades of sugar, of differing qualities. These sugars have
been priced on the basis that first sugar is of comparable quality to
large scale factory mill-white sugar (certainly in India modern OPS units
are capable of producing sugar of at least 'D29' standard, a common grade
of Indian vacuum pan sugar); that second sugar is slightly ‘'inferior' in
terms of colour and grain size; and that third suger is distinctly darker
in colour than the other two grades. The respective prices used (per tonne)
are £300, 8270 and £225 in the low price nodels with high prices being
double the corresponding low price. VNolasses is priced at 515 per tonne
(£30 per tohne high price) as in the large scale factory models.

B. Production garametera in the early years of operation

The date of correncement of sugar production depends on the length
of tire required to obtain the first harvesting of cane. It is assumed,
for convenience, that land clearance takes one year - as in the large
scale situations - so that sugar production conrences at the samc time as
in the corresponding large scale models. A new project cannot commence at
or even near the full production rate if the plant crop/ratoon crop distribution
is to rerain within reaconable proportion, though planting over the first
few years exceed: the norral (equilibrium) level to some extent in order to

bring the factory into full production more quic:ly. It is assumed that

the long season factory cocrances production in year 4 at a rate of 335 of
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normal, building up to 100% by year 7: in the short season model production
commences one year earlier. The required agricultural operating cost
expenditures in the early years (expressed as a percentage of normal) are
shown in Annex VI, and the corresponding required di stribution of expenditures
on capital items in Annex VII.

Expenditure on factory naterials, fucl and seasonal labour is pro rated
to the proportion of cane crushed; expenditure on permanent labour including
panagement is taken as 75¢% of normal in the first year of production and
100% from the second year onwards.

Finally, it is assumed that sugar recovery will be lower than normal
in the first two years, as shown in Table 1.

- s e —

Table 1 Outputs in early years as poercentage of cane

Year of operations First sugar Second sugar Third sugar Yolasses

First 2.0 1.0 1.5 5.0
Second }.0 1025 1-25 ‘005
Third b.25 1.5 0.75 .25
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IV. PRESINTATION OF RESULTS

Annex tables VI1I and IX show the initial cash flow calculations, plus
the internal rate of return and net present value (diccounted at 10% per
annum), for each of the & models (at low prices) plus the corresponding IRR
and NPV calculations at high prices.

In all short season nodels, sugar production would show a 10ss: indeed
evenin the high price regime only the 150 tcd model achieves an operating
profit in normal years - given the assumed technical and economic parameter
values - before interest charges but including provision for the replacement
of equipment.

In the long seacon situation all models earna positive rate of return:
in addition the advantage of three shift over two shift. working would appear
to be substantial, and on the figures given probably cfucial in order to
pay interest charges etc.

The broader implications of these results and a comparison with those
obtained for the large scale models is presented in another pasper (5). It
is worth recording here, however, that the agricultuvral costs uced price
cane on a per tonne basis rather lower than in the large scale models and no
allovance is m de in this puper for housing costs for managerial staff or
ekilled workers. On the other hand wege rates used, in particular for da.ly
rated staff, have becn the same as those used for similarly claszified types
of worker as would be paid by large factories. An investigation of the
impact of changes in these aesumptions will be precented elsewhere (6).
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ANNEX 1

Specification of plant and equipment
required by OPS factory

Cart weighbridge 5 tonne capacity.

2 x 3 roller hydraulic crusher (355am x 530mm) with
cane carrier and two sets of knives,

100 hp electric motor for the crusher, 15 hp and 10 hp
electric motors for knives.

2 rav juice tanks.

0.6 cubic meter capacity air compressor, sulphur
oven and scrubber for gas filtration.

4 sulphitation tank§ .

2 sulphited juice heating bels (each of & pans)
fired by wet bagasse furnaces .

24 settling tanks,
3 filter presses (760mm X 760mm) .

6 clear juice heating bels (each of 5 pans)
individually fired by a wet bagasse furnace.

36 U-shaped crystallisers.
3 centrifugals (305mm x 610mm).

S molasses heating bels (each of 3 pans) individually
fired by a firewood fuelled furnacs. ‘

Sugar drier with hopper and elevator.

Punps, small electric motors, pipes and fittings,
gugar bagging and weighing equipment and other
miscellancous small items.
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ANNEX 11
Agricultural unit costs and yields

: 4
i low 8/ high large
; A. Iaitig)l capital expenditure price hectarse price scale

% 1. land clearance/prepsration/

' drainage 125 212 0.5
} road conatruction 83 130 0.3}
t . 2. agricultural equipment 200 300 0.3
f B. Annual operating cost Area
i excluding depreclation appli-
’ cable
’ 1. land preparation/ ,
plaanting ARA 200 320 0.83
f 2. plant crop |
! cultivation: area
‘ ender
i long season pleat 150 240 0.5
b short season erop 240 385 0.5
| 3. ratoon crop
cultivation: area
long sesason under 62.5 100 0.25
. ratoon
, short season erop 93.8 150 0.28
4. civil engineering total S ' 8 0.3)
C. Cane yields per hectare
per month
long ssason: amall scale 4 tonnes | 0.8

short season: amall scale 2.5 tonnes 0.6)3
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ANNEX 111

OPS factory capital cost

lovw
price

Plant and equipment (FOB
India) 100.0

Preight and insurance 10.0
Port charges and internal

transportation 3.0
Installation including

supaervision 25.0
Civil works 40,0

sub total ' 180.0

Generator sete 0.0
Vehicles 20,0
Office/laboratory

squipment 5.0
Initial training 6.0

total 261.0

$ 000

high
price

120.0
12.0

36.0
0.0

240.0
75.0
3.0

1.3
10.5

363.0



ANNEX 1V

OP8 factory employment

Number of people Average monthly
enployment cost

100 150 Tow ¢ nisn
1. Agnigtltrltiol
| Management 2 2 600 1200
| Clericel/storekespers () 4 02.5 178
| Drivers 2 2 8.8 17
Unekilled ] s 27.3 34.6
2. Production
Managenent 3 3 38 690
Skilled wvorkers 2 3 114.4 228.8
Semi-skilled workers 29 43 41.9 3.8
Unekilled workers 137 208 27.3 54.6
|
: 3. Maintenence
Skilled vorkers ¢ 8 114.4 228.8

tetal 190 278




ANNEX V

OPS factory operating costs
(excluding salaries and vages)

' Consumption psr Price §
Igen 100 tonnes caus Uait lev high
1. Puel:s ’
heavy diesel oil $00 litres 1icre O0.16 0.24
tirevood 1 tonne tonne 12 18
lubricants (10X of diesel oil expenditure)
2. Procesa materials!
line ' 300 Xg tonne 60 20
sulphur 350 Kg tonne 300 430
castor sesd 0.2 Kg . Kg 7 10.5
sugar bags (100 Kg) (1% waetage) sach 0.9 1.33
filter cloths 2 eclothe cach s 12
3. Repairs & maintenance
materialst
150 tcd loag ssasen $% imetalled factoery
sest
100 ted long season/150 teh 4% inetalled factory
shott seacon cost
100 ted short season 3% imstalled factory
cost

4. Miecellaneous expanditure Saa text



ANNEX VI

Expenditure on agricultural
agtivities in ecarly years

Year:

A. Long eeoasons

praparation/planting
plant cultivation
ratoon cultivstion
eivil engineering
hactvesting

8. Short season:

preparation/planting
plant cultivation
rateon cultivatioen
csivil engineering
harvesting

6
28

150

167
100

L} ]

178
178
40
 $ ]

133
140
35
50
33

123
128
0
50
63

100
123
15
1%
13

100
100
125
100

90

100
100
113
100
t 3

100
100
140
100
100

100
100
1%
100
100

100
100
120
100
100

100
100
110
100
100

100
100
103
100
100
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ANNEX VII

2ime distridbutiom of expenditure
on fixed capital

Year
item 3 2 2
A. Leng season:
agricultural squipmesnt 100

laad clearamce/pteparation 40 40 - 20

cane tramsport equipmest ' 37
gactory equipment aad
duildings 30

B. fShort u'gl ont

agricultural equipnent 100
1and clearance/preparation 0 SO
cane tramepert cquipmeat  § ] 73

factery squipmeat and
buildings 30 30
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Net present values and internal rates of return

1. 100 ted

long seasen
‘shert seesen

2, 150 ted

long sSeasen
short scason

- 20 - .

ANNEX 1X

lov prices

wrvd/

- 185.1
- 929.1

- 22.3
-1117.0

IRR
4

6.3

108
sekiag

9.5

lese
naking

V  Discownted at 108 per smnum.

high prices

wpvd/
$000

3518.8
«1073.8

1199.93
-1143.4

IRR

15.4

le0s
making

18.9

less
making
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