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INTRODUCTION

The bye=products of the sugar induetry - bagacse, molaesec and filter
md - cun each be used in & variety of wayc as rav materials for further
processing. Annex I shows the range of poesibilities. The purpose of
thie paper, however, ic to examine a few products wiich arc mort likely
to be considered in African conditions.

The major use of hagasre is of course ac a factory fuel and thir is
di scuered in order to srrive at an economic price if it vere to be used
in anothe:r indurtry. The production of fibre bvard ic eramined based on
the use of rurplue bagasre. kolacses is comzonly exported to Eurcpe or
North Anerica vhere it may be used for the production of alcohol or as 2
constituent of ~attle feed. At the same time the nolascseseexporting country
way import industrial ulcohol. Typically in developing countries livestock
production is importart and the potential market for supplerentary cattile
feed, considerable. These two poseibilities are exsmined in thic paper.
Filter mud is a minor by-product which is norsally concidered as a dicposal
problem. In most situstions it is used as a fertiliser/=oil conditioner
but transcport costs can be such that it iz rimply dumped or discharged to
a watervay.

The output >f each of the by=products depends on the technology and
the length of crushing semson. Annex II gives the tonnages of each at four
scales of operation in the long and short seasons. The quantities have
i'»on calculated as percentages of the total tonnage of cane crushed per
annur. In the large-scale, vacuum pan technology the values are 30% on
‘cane for wet bagasese, 3.9% molasess and % filter sud. In the zmallescale
open pan technology these arc 39, 4.29% and &% respectively.

The quantities of materials potentially available for further procesring
obviously determines the maximum scale of production. At amy given crushing
capacity the season length has a significant effect on the daily capacity
of the sescondary industry if it is assumd that it would operate for say
300 days Pper year. Ior exasple 200 tch in the long season producee 36,208 ¢




molassee or about 120 t/day for 300 daya with & months storege. In the
short season, however only 67 t would be available each day (to meot 300
daye operation) and storage would be needed for 8 months supply.

If economies of scale exist in a processing industry, the average costs
of production will decrease with scale. While the availability of the rav
saterial determines how much advantage can be taken of economies of ecale
the limiting factor may in fact be market size for a given product. If
this were lower than the potentisl scale of production, coste will be
increased, in which cace the question of competition with imports arises.
Economic viability will depend on the ability of the local product to compete
in price and quality with the imported product, unless the industry ie
protected by Government.
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A. C stics

Bagasse is the cane fibre remaining after the extraction of juice, with
a composition of 43-52% fibre, 46-52% moisture and 2-6% soluble solids. The
composition is affected by efficiency of milling, cane variety and maturity,
and cane deteioraton since harvesting. Production of wet bagasse is assumed
to be 30K in the large-scale technology from a cane of 19X fibre. In the
small-scale, largely due to' fho difference in silling efficiency, production
ia taken to be 3% on cane, With a low bulk density of around 160 kg/m’
and the inflammable nature of the material bagases is a very costly material
to transport and store.

B. Dnctory fusl nd valus

The sost natural use for bagasse is aa boiler fuel to power the sugar
factory, or heat the furnaces in the case of an OPS unit. Unless the cane
fidbre ia very low an efficient vacuum pan factory should be virtually self-
sufficient in fuel, and discuasion of potential uses for bagasse impliea
‘that either an alternative fuel has to be provided or that the quality of
bagases availadle is surplus to factory requiremsnta. In fact surplus
bagases ia likely only in the case of the vacuum pan factories as the OPS
units have to use relatively large amounts of supplementary fuela - e Papir
(1) for example firewood at M2/t

In teres of fuel value,ltonne of furnace oil could replece about $
tonnes of bagasss. At a price of S0.12/1itre for furnace oil the factory
price for wet bagesse with no allowance for baling or trenspeort could be
taken as M22.32/tonne. In order to substitute bageases with another fuel aa
odditional cost of boiler conversion would be predbably be incurred. Ilowever
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ty tilize a2 curplus nuantit, ¢ bagn-se the additinnul ~osts veould be
asinly for baling and storage. Iran:port costs can be exzluded if it is
aceand that the further proressing takes place on the sare :ite 2: the
sugar Ta~tory.

An approximation of the zoat of duepitiing and baling ic made using
data ‘rom Paturau (2) baced on 1968 prices. In the ~ases of 30,000 t per
arnan. of rurplus bagnsee this 2ot in chown to be (0.91:2.50 Y+2) £ per
tonne, where Y ic labour cost per hour and 2 ic the coet of depithing
per tonne of wot bagasse. Unskilled ladour at sugar factories costs around
Al per day at low wage rates. Paturau quo.sc depithing costs (for fairly
rimple dry or humid depithing to extract about 20% of pith) at 0.75 per
torne of bona dry fibre produced; equivalent to 80.35 per tonne of wet bagasse
treated. Thic figure he argues would not vary between countries since the
operation i 'mcgely automated. VWhen allowvance is made for inflation between
1968 and 1976, and for the smaller scale of operation being considered (at
m=t 15,000 t bagacse per annum) it iz likely that the cost per tonne of
wot baled, depithed bagasse would be at least £3/tonne.

Therefore a realistic value for wet bagasse for further processing is
asmumed to be £25.50/tonne.

S. Hibre board production

The fidbre proportion of bagasse (approxisately 48K) includes true
fihre and pith in the ratio 5:2 by weight. The properties of the true
fibres are such as to ensure close bonding, giving strength and cohesivensss.
‘On the other hand the pith cells do not bond together and therefore weaken
any pulp containing them. For this reason tagasse is normally depithed
beforehand. The pith can be used in the factory boilers.

The process involved is relatively simple with digestion of the fibre
using steam followed by vashing, screening and the addition of resin
(80 g/tonne board). The forming stage can be sltared to produce board of
various thiockness depending on ite end use. It is also possidle to treat
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tte board for specific purpores for n~xasgle far insulation Ly the addition
of alum or for roofing by tmpregration viti, a-pha’tl and curle:e coatirg
with alumirium naint (3).

Eazh tonne of fibre board ir jrcducel froux 3 ltorrer of ¢t bagorce.
Ucing the output figures in Annex II and by assuming the utilisation of a
W surplue of bagn:see, the qua~titiez available are about 7,750 t and
15,500 ¢+ in the 100 ard 200 tch long censon rerpe-tively and 4,%0 t ard
8,600 t in the short seseon. Tre largest quantity (fror. 2CU trh, lerg
seacon) would provide about 51 t/day wet bagarse or 17 L/d board vhen operate
ing 300 days per year.

At 1968 prices, Paturau (2) estimstes the capital cost of plant end
equipment including depithing, building and services es £2 m. The increase
in cost between 1963 and 1976 is ascumed to be 80% after the pricer of
exported manufactured goods in the UN lonthly Bulletin of Statistics thus
capital cost is S3.6 m. Other inputs are 80 kg recin/tonne board or %08 t
per annum and electricity at a rate of 20C kvh per tonne board. Pith up to
10 t/day can be ured in the boilers for tze generation of cvtearm. It ehould
be possible, during the crushing season, for the board factory to be eupplied
with pover from t..e cugar factory. Repaire and maintenance expenditure ie
estimated at 2% of capital oosts and miscellanecus expenses at 5% of production
costs.

Annex III containa fuller details, rhowing unit operating cosis per
tonne of board to be #5%: depreciation at 9% p.a. would add a further S
tc this figurs. Employment in the production of fibre Loard is typical of
a semi-gutomated process with s few senior canagenernt, engineers and
supervisors and a larger nusber of unskilled labour mostly employed in the
hardling of the finished product. |
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II. MOLASSES

A. Chﬁgc;gr.{ stics

Final or blacikstrap molasmes is the 1iquid remaining after repeated
orystallisation and centrifugal separation of sugar. Molasses comsonly
contains 30-40% suorose which cannot be recovered by crystallisation.

Total production is assumed to be 3.9% on cane in the vacuum pan factory

and 4,25% in the open pan. The latter will also have a higher sucrose
content due to the lower efficiency of the crystallisation process. MNolasses
aleo containe much of the nutrient elements, vitamins etc. from the sugar
cane. It ia commonly exported but may be dumped, sprayed aa a road binder
or added to irrigation vater as waye of disposal.

| N/ & @

The exfactory price for molasees has been assumd as M5 tonne and
A30/tonne. 1In practics the price paid varies considerably depending or the
use of the molssczes, local or sxport; for example a local buyer may pay
more or less than the sxport price depending on the type of sale, quantity
involved etc. The export price sould aleo be affected by Government subsidy,
or by the influence of shadov foreign exchange ratss.

C. Aloojel produotion

The sugar-rich mlasses can be used as a rav mterial in tne production
of a vide renge of alcohols (potable emd industrisl), acids and yeasta.
The fermentation process is carried out im large open or closed vats where a
sixture of diluted molasses, sssential nutrieats snd acid ia subject .o the
anserodic action of a yeast, becteria or mould culture; yeast is the most

.



comnon producing ethyl alcohol (ethanol) and carbon dioxide.

T o increase the output of sthyl slcohol from about 46K by weight in
the fermented mash, distillation is carried out followed by purification
in a fractionating colusn. The final product ia industrial alcohol
(96° GL) and is comsonly used as a solvent or for further processing, -
poasidbly in competition with oil - based products. Ethyl alcohol can also
be umed as a fuel for heating, lighting or power (anhydrous alcohol can be
added to petrol as it has an octane rating of 115, thua reducing the
total domestic consumption of petroleum).

To prevent the illegal use or accidental consusption of the cclourlesa
alcohol, it is common to denature the spirit by adding pyridene and methyl
violet. Crude ‘potable’ alcohol nay be diluted and flavoured industrial }
alcohol but a true potable spirit for the market requires further purification. -

Fros Annex II, the msximum production of molasses ia 36,288 from the
200 tch, long sesson. Thia is assumed to be 80° Brix and containing about
0% total fermentabls sugars. A typical yisld of alcohol ia 50=55 litres
per 100 kg fermentable sugar; a ratio of 1 tonne alcohol per 3 tonnes of
mwlasses is used in the calculations in Annex IV. The output of alcohol
ia in the region of 30,000 1itres/day. The 100 tch, long season therefore,
haa a potential output of about 15,000 litres/day as does the 200 tch,
short season. The calculationa sleo assume that the distillery is situated
beside the sugar factory in order to share facilities such as steas vhem
available and msintenance at a charge of 3 of production costs.

The revenue froa the sals of alcohol is based on a price of A00/t.
Assuaing 25 years of full production the 30,000 1 édistillery has an IR
of 19% (NPV @ 108 of AR.17 million) while the 15,000 1 dietillery has an
INR of only 7% (NPV of = £D.76 million). Hewever, if the opportunity cost
of mlasess is reaised to a level of M50/t vith all sles unchanged the WPV
of the larger distillery falls to -« £2.73 s or an IMR of 2¥. Altermatively




the selling prices of alcohol would have to be raised to S340/t to provide
the 30,000 1 distillery with 10¥ rate of return when paying £30/t for
molasses.

A by=product of the fermsentation process is carbon dioxide, which can
be collected if fermentation takes place in closed vats. 002 is produced .
at a rate of about 16 kg per 100 kg molasses of which 11-12 kg may be
recovered (see reference (4)).

Liquified 002 can be sold at around £160/t. The mainly sutomated
process would probably employ 1 ekilled/semi-skilled Supervisor and a few
unskilled labourers for handling the 20 kg bottles of gas. This gas is
comsonly used in beverages (a 20 kg aylinder will be used for 5,000 small
soft drinkc bottles). The liquified gas can also be further compressed to
dry ioe .

D. { ctio

Molasses is a supplier of energy and can form part of a balanced feed
ration when supplemented with measured quantities of minerals, vitamine
and non-protein nitrogen (urea) Being a very palatable feed which also
stimlates appetite it can be umsed in order to increase the consusption of
locally available poor quality fodder such as cobs or hay. For ease of
trensport, storege and feeding the liquid molasses-based feed can be mixed
with a proportion of absorbent solids such as bagssse, pith or sawdust.

Iy obviating the need for expensive tins or drums, the costs of production
oad hence price to the small farmer should be considersbly reduced.

A csrefully ssnaged feedlot mystem for the fsttening of beef cattle
can successfully feed relatively large quantities of molesses (e.g. 7.5 kg/
Med/day for six maths) without sigaificent mortality levels dee to
soouihg (omused by high potash levels) or blosting. liveweight gains of




over 0.5 kg/day have been achieved with profits of over 2% ueing local
unimproved stock.

Recommended daily intakes for cattle on small holdings are much lower
(meximum of 2 kg/head/day). Peed iz usually used for beef production but
special rations can be made for dairy animels.

A typical composition of a feedlot mixture would be 75% molasses; -~
21% water; Y% urea; 0.001¥ vitamin and mineral mix; a trace of Vit A
concentrate. (A dairy mixture would include 0.01% phosphoric acid). The
supplements to the feed are normally imported and may account for over ] of
the total cost.

The capital costs are relatively small mainly being mixing and etorage
tanks. A unit mixing batches of 25 t would cost in the region of $50,000.
Yore simply however, if molasses can be bought from the factory in small

quantities the constituents can be mixed by hand in buckets or emall tanks
for daily use.

The production of solid feed would entail the addition of say 10K
sawdust and compression into blocka. The economics of this type of production
would depend on the availability of a local supply of the absorbent material.




111. FILTER MUD

Filter mud containe the non=sucrose components of sugar cane juice,
both organic and inorganic, which are precipitated dut of the juice in
the settling/clarification process. Mud is normally 60-80% moisture
depending on the type of filter used and amounts to 495 on cane.

On adry basis filter md contains 1-4% CaO; 1-3X PZ 5 and 0.5=1.9%%
MgO. It is commonly spread on the fields as a fertilizer/soil conditioner
but rarely on a scientific basis. The slight fertiliszing effect, especially
phosphate, is due to the very large quantities applied between uprooting
and replanting or occassionaly on thc ratoon crop. Mud may contain up to
30% fibre and as such has a beneficial effect for example, on heavy clay
soils as a form of organic manure.

The major problem with filter mud ia the cost of transport for ita
disposal. In the vacuum pan factory it 18 produced st a rate of 240 t/day
and in the open pan factory 4 t/day. Where an outgrover systes ia involved 5
pertioularly on the small-scale, he factory weuld give mvay the mud R
or sell at a very low price to cane farmera who collect and load the ntcrul
thesselves.

In the case of Rgypt, filter mud is allowed to flow directly into the
River Nile. With production of 3-400 t per day from each factory and the
cane being grown in small scattered plots, trensport costs are prohiditive.

The situation is tolerable however, due to the sheer magnitude of the
river and its minimum rate of flow during the cnuhiné ssason.

Filter mud can b used for the extrection of cane wax which coated
the cane stalks before crushing. The orude wax consists of m mixture of
wax and fatty lipides vhich can be separated to produce hard wax and fats.
The processes are carried out with aid of solvents vhich can be recovered
and re=used. The hard vax cospares favourshly with other vegetshble vames '
and the soft wax is a ssurve of sterels. The extraction of wex is sheut
108 leaving 908 by weight to bo dispesed of as before. .
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IV. CONCLUSIONS

The sscondary processing of cane sugar by-products tend to be such
that the scale of operation is important in determining viability, while
the current market sise may not warrant that scale. Although the range
of products is wide, the demand for each ie very small in most developing
countries and some degree of protection would probably be required against
imports.

In most cases, the actual process tends to be rather capital-intensive
and sutomted requiring s considerable level of skill but few people.

This also isplies a large proportion of imported capital goods.

This paper has tried to emphasise, those secondary industries vith
greatest potential and spplication im current African conditione. The
techmologies involved in fibreboard, alcohol and cattle feed production
are relatively simple e that much of the capital goods could de unutact_urod
locally. The products aleo have wide application in developing countries

for example in low=cost housing hospitals and livestock imprevement
progremmes respectively.
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ANNEX 1

By-Freducts of the Cone Suger Iandustry
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, ANNEX I1

Output (tommas) of cane sugar by-preducts
at varieus scales of operatien

Bagasse Nelasses Pilter Mud
long saasen
100 teh (V.P.) 135,520 18,144 25,920 A N
200 teh (V.P.) 311,040 36,208 51,840 , .
100 ted (OF8) 7,070 [} ] 808 ;
150 tad (0OPS) 10,603 1,108 1,212 i
Shert secsen /
100 teh (V.7.) 6,400 10,080 14, 400 Lo
200 teh (V.P.) 172,000 30,160 18,000
100 ted (OF8) 3,920 476 440
150 tad (OP8) 3,000 714 672

sssunsd teo be 30 per sent on cane; 3.3 per eent and

$ per sont rvespestively ia the vesuwn pon fastery |
33 per cont on sane; 4.23 per sant sad & per : ]

eont ia the epen pan fectery

|
Bete: Preduction af bagases, selassss sad filtar mud is ‘ ‘
I



AWNEBX 111 “

Pactery cepitsl cost 3.6 n

Jestery epereting cests pear temams deard

Tusl 200 lﬂh.: $0.02/RWh

Resin 80 Kg ¢ $100/¢
e §8

Bagesss 3¢ @ $3/¢
s §

peirs snd replecenent materisls ¢ 2 per cont of
fanstelled fastery sest = §72,000

e §14/cenne bdeard

Wesellencous anpenditure ¢ 3 per seant of predustion o
soste - "n

npleynent

Senier Menagement 1 0
Other mensgerial t N ]
Sapervisery steft 11 ¢
Skilled ladeur L N )
Vaskilled 6 ¢

Total sest of salavies and veges $8177.3/menth
o $96,1%0 p.a.

Yerhing capitel, 3 menths predustion » .
s §45,900 (matavials) ¢ $24,538 (veges)
. 970,432 | p

]

Wit costa/tonns deerd (nsteriale) ¢ $19 (lebeus) ¢ n
/ - ::: (3 !:! sent dupreciation)s 90/
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AWNEX IV

Yactory caspitel cosge, 1976, $m

30,000%/4d 15,0002/¢
CGapicel 2.40 1.68
C1l?, erectien ete. 1.60 1.12
4.00 .80
Lecel cests 0.40 0.28 1
o— — -,
4.40 3.08
Pestery aperating sosts, ¢ e
Molesses $15/¢ 0.54 0.27 ‘i
o1’ $130/¢ 0.10 0.08 R
Selphuric Acid’ $300/¢ 0.11 0.0
Netrients’ 0.0 0.02
Blactricicy’ $0.02/wait 0.08 0.03 .
Standing Charge 0.02 0.01
Maintenance ‘ b} 4 0.09 0.06
Scaff & Ladewr 0.11 0.10
Charge frem sugar
fastery 4 0.06 0.04
. Mieeellanaeous S8 0.08 0.03
commm— a——— 4
1.1? 0.68

Sulphuric acid ¢ 1.3t/dey

Setrionts § 0.13 ¢t ammcniva phesphete ond
0.5 ¢ ommenium sulphate/day

Blestricicy ¢ 7500 KW/ day
Saeh of shese 10 balved for the 15,0008/¢ fassery .
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ARNEX IV (Comnt/d.)

Imployment
Senior managerial 1 @ $1200/meonth
Superintendent 3 0 %1000
Accountant 20 4 600
Clerical 60 8§ 9
Skilled ladour 16 ¢ ¢ 123
Semi-okilled 60§ 43
Unekilled 16 ¢ $20.5

® The figures given are fer the 30,000 1/d secale of
preduction. Por 13,000 1/4, there would be ) clericsl,
2 okilled and 2 unokilled people less.

VMorking Capitel, 3 menthe preducticn plus 3 menths steres
of rav sateriasle (exeluding melasses, ineluding ssintenanee

e $0.54 a (preduction) ¢+ $0.08 w (steres)
e §0.62 = ¢ 3,000 2/d

or $0.17 a ¢ §0.05 » ~ 00.32 » ¢ 15,000 2/¢

Sanlaseasat sxsanditare

3 por cont of $4 n (ecopital soot) frem the yesrs 3-24
* §0.20 a/yr.

7,000 ¢ slechol 0 $300/s © §3.16 n (39,000 3/¢) ¢

3,000 ¢ aleshel ¢ 0300/t = 01.08 o (15,000 3/¢)
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' ANNEX IV (cent/d.)
- et Bevenye 20,0008/¢ 13,0001/4
Sales Reveanws 2.16 1.08
Operating Ceste 1.17 0.66
| Replacenment 0.20 0.14 .
] 0.79 0.28
, .
?‘ St Present Valwes § 10§  #2.17 millien -40.76 millien ’
Dterssl Ups9 of Sogure 158 "
o
e ‘
.




1.

3.

6.

- 18 =

REFERENCES

Duguid Pioma and Alpime R., Energy Comsumption in the
Suger Iaduatry, papar presantad at tha UNEP/UNIDO

Saminer on tha Implication of 1¢ch.olo,y Choica in the
African Sugar Industry, 18-22 April 1977, Nairobi, Kanya.

Petureu J.N., By-Products of tha Canma Sugar ladustry,
Eleavier, Amstardam, 1969.

Rae A.V.R., Roofing with Lev-Coat Cerrugated Asphalt
Sheats, Appropriate Teohnology, Vel.l, Ne.4, 1974,

Ruter P., Melessas Utilieation, Agricultaral Services
Balletia Ne.25, FAO, Reme, 1978,




77. 09.16






