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INTR TL

The sugar industry is one of the oldest food industries ever practiced
by mankind, It has made its way through quite a long and primitive path
unknown to industries which were developed after the discovery and commercial

use of steam and electric energy.

In the early days cane stalks used to be crushed by animal-driven stone
mills, and the extracted juice was concentrated in open clay vats using heating
stones, When, later on, man learnt how to make copper vessels, cane fibers
were used as fuel to concentrate the juice over a naked fire to such a con-
sistency that a solid brosnish mass of raw sugar was obtained on cooling, Such
sugar contains the whole solid matter of the juice, Even now small brownish
loaves of such raw sugar are produced in one or two villages in upper Egypt,

while considerable quantities of such quality are produced in India,

The basic foundations of the sugar technology of tuday were laid down
after the introduction of the utilization of steam in the sugar factories for
heating and driving engines, Since then the main features of sugar factories

have remained more or less unchanged, with, however, the following differences:

a) The actual generation of machinery may have tem to twenty times the

capacity of the first generation,

b) The replacement of batch operations by continuous ones,

¢) Wachanization and process control automation.

The sugsr imdustry is an agro-industcy, where sugar is extracted either
from ceme stalke or beet roots wvhich are perishable plant tissues, Apart from
the quality of the crop, ome of the most importamt tactors influencing the
performance of a sugar factory is the possibility to keep it running regularly
at ite ssnisem capacity, Wemt to & regular supply of sugar crup to the factory,
a regular supply of water, stean and slectric emergy is a must,




It follows that the main water pumping station, the steam generating
plant and the powerhouse should be designed and run with the utmost care
and maximum safety precautions, A failure in the water pumps or a poor quality
of steam fed to the powerhouse might result in a complete stoppage of the

factory,

I, WATER

I.1 Two main factors are decisive when choosing the location of a sugar

factory, namely:

a) The closest proximity to the cane or beet growing fields, to avoid

excessive transportation costs of bulky material,

b) The availability of an ample water supply, since a sugar factory is

a big water consumer,

Water used by a sugar factory could be classified under two main headings:
cold water and hot water, The former represents the bulk of the total require-

ments,
1.2 Cold water
Under this heading the following consumers could be identified:

a) Beet fluming and washing (beet only);

b) Condenser cooling water:

¢) Cooling water for steam turbines, compressors, ring sealed vacuwum
pumps, mill bearings, pump bearings, etc,.,

d) Imbibition water (cane only);

e¢) Gas washing;

f) Cooling crystallizers;

g) Start-up ot steam boilers;

h) Potable water for factory and factory village,

The requirements under (1) and (b) are by far the largest, Nowsver, the
actual consumption of one or the other is subject to mamy variables,

I.zol et 1 & L]

Water camsumption per ton of best for fluming snd weshing is influeneed
by two factore, namely
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a) The proportion of soil carried aleng with the roots from the fields
to the factnry, Depending upon whether the beets are manual _ or mechanically
harvested and on the soil moisture at harvesting time, the percentage of soil

in relation to the beet may range from 4 to 40%,

Higher soil contents of the beet would be reflected as a higher
demand for washing water, a higher volume of mud to be evacuated from the

water clarifier and consequently a higher water consumption,

b) The type of equipment used for beet transportatiom to the washers,
When beet pumps are used the \ehlailating water volume would be about 20% higher

than that required with other conveying systems.

It follows that the capacity of the clarifier, through which the
fluming and washing water is recycled, would be influenced by the same factors

governing transportation and washing water consumption,

In the case of an existing factory where harvesting ha- v be shifted
trom manual to full mechanization, it would be justified to cheek on the
capacities of the clarifier and the pumps of the whole station, Chlorine

consumption at the clarifier might also increase,

Although the water requirements for beet fluming, transportation and
washing is quite considerable (! 800% to 1,000% beet)
the actual consumption is only equivalemnt tc the water contents of the
spent mud from the clarifier, and is mainly a function of the soil contents of

the roots,

The consumption at this stage could be reduced, to some extent, by the
reutiliszation of cooling water at certain other stages of the processing, such

as the powerhouee and the ring sealed vacuum pumps,

1.2,2 W

The main water comsumer common to both cane and beet factories is the
condemsing plant, To establish the rate of consumption at the condensing plant
a dietinction has to be made between two ditfereat cases:

a) A factory located mext to a big river, vith no restrictiomns on the
sise of the main pumping etatiom, or next to the ssa, In such a cass the
cooling weter is ueed enly omce,




b) If the water supply by the factory site is limited or if the factory
has to pay a high price for its water consumption, however, the water from
the condenser's leg has to be recirculated through a cooling tower or a spray

pond for cooling and reutilization.

In the first case (a) the installed capacity of the main pumping station
supplying the factory with process water would be about ten times that in

case (b),

The initial investment cost in case (b) is likely to be higher, but there

is often not much choice and a recirculation system has to be installed.

For a given crushing rate the condenser cooling water requirements are

variable and are governed by two main factors:
a) The quantity of vapour to be condensed per ton of cane or beet;

b) The type of condenser,

A. The quantity of water to be condensed

This quantity is also variable and is a function of:

l. The number of effects of the evaporation, Most cane factories have
quadruple ecffects and all beet factories have quintuple effe-ts, Some cane
factories have quintuple effects: however, the heating surface of the first,
or pre-evaporator, should be so limited that the retention time of juice should

not exceed two minutes in order to avoid inversion and caramslization,

2, The total quantity of vapour bled from the evaporation for use in the
heaters and vacuum pans, In fact the use of a heater in the condenser line to
raise the temperature of mixed juice in a cane sugar flctory\ to ¥ 45°C would
reduce the quantity of vapour to be condensed from the evaporation from
10 to 7% cane, The same arrangement could be foreseen in a beet factory
tor heating the first heater of the diffusion recirculation Juice, The use of
a heater in the condenser line would reduce the steam coneumption and the water
requirements of the condenser, However, it is essential to emsure thet the
heater's tubes are in good shape, since tube failure in such a case would

vduse considerable juice losses,

3, The total quamtity of vapour to be condemsed at the vecUuR-Pan
station.  This i+ mainly influemced by the quality of sugar t- be produced and
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the number of strikes, The number of strikes may vary from two in a beet

factory producing raw sugar to five in a cane factory producing refined sugar,

In general, for a given beiling scheme steam saving and consequently

condensing cooling water savings could be realised through:

- Avoiding recirculation of malasses by increasing the efficiency of

exhaustion at the pans and cooling crystallizers.

- Avoiding excessive dilution of malasses and washings and controlling

the Brix of remelts,
Using optimum quantity of washing water at the centrifugals,

However, the total quantity of vapour to be condensed from the pans of
a given factory is not uniform since massc-c.ite boiling is still a batch
process, in almost all sugar factories, where evaporation rates vary widely
during the course of one strike, This explains the wide difference between
the 1ates of condensing water applied in practice by the industry and the

theoretical demand,
B, of se
Two main systems are well known to the sugar industry:

1, The counter-current barometric condenser, where & vacuum pump is used

to extract the air and non-condensable gases fram the top of the condenser,

2. The jet condenser vhich is a co-current type condenser, This system
eliminates the vacuum pump as well as the air piping betveen the condenser and
the pans, which is often subject to corrosion especially where juice sulphita-
tion is adopted at the clarificatiom plant,

In practice, the condensing water demand of the first type is about
30kg. per kg. of vapour, while it is about 60kg, water per kg, vapour for the
second type.

In cases vhere the vater supply to the factory is subject to certain

limitations and condemser cooling water has to be recycled, the counter-current
condemser would be the omly solutionm,

The second type could emly be used vhere an ample vater supply is available,
Nevertheless, it is likely that vhem camparing the savings ¢ue to the climination




of the vacuum pump and the air pipings against the extra investment incurred
for a larger water pumping station from source to factory, a larger main cold
water duct, higher pumping capacitv for condenser water injection and a larger
duct for the hot well effluent, the results would be in favour of a counter-

current condenser and air pump,

Generally, juice vapours from both the last effect of the evaporation
and the vacuum pans are corrosive since they contain a certain proportion of
organic volatile matter, and they could be quite aggressive where juice and/or
melt sulphitation is practiced, If the condenser and the air pipings, es-
pecially at the bends, were not protected with an anti-corrosive paint, failure

of such pipings and the eventual collapse of cthe condenser would not be uncommon,

1,2,3 Cooling water for steam turbines, etc,,,; Gas washing and Cooling
crystallizers

Subject to the suspended matter contents of the raw water supplied to the
factory, a simple filtration through a sand filter or sedimentation followed
by filtration might be necessary, since it is recommendable that the require-

ments of the above-mentioned consumers should be free of suspended matter,

Generally, the hardness of river water is no impediment to its use as
cooling water for steam turbines, unless otherwise stipulated by the machine
manufacturer, Furthermore, the hardness of cooling water for ring-sealed
vacuum pumps, and gas washing or quenching has no serious implications on the

performance of such stations,

If, however, hard water is used for cooling crystallizers, scales would be
deposited, in the long run, on the interior surface of the cooling elements,
The extent of scaling could be judged by the felling off in ';rfornnnce of the
crystallizers, Since mechanical scale removal in such cases is practically
impossible and since chemical methods would be quite tedious, it might be
advisable to conceive a closed cooling water system where a make-up of soft
water would be introduced whenever necessary, BSuch a closed cooling system,
combined with an alcalinization of the water, is quite advantageous, since it
also solves the problem of corrosion of the cooling surface, which is quite
frequent,

If necessary a certain reduction of cold water consumptiom could be
obtained by the reutilization of cooling water from stesm turbines and ring-

sealed vacuum pumps for beet washing or eventually as imbibitiom water im
cane factories,




1.2.4 Imbibition water

e ——————————

Whether sugar extraction from sugar cane ig carried out by a train of
mills or by a diffusion plant, imbibition water demand range between 200 and
250% fibers, It is added before the last mill of a mill train, or at a certain
distance from the tail of the diffuser, In both cases it is recommendable to

use cold water, for the following reasons:

a) Hot water of t 70°C could not be added before the last mill without
causing slipping and overfeed at the last mill, The time of contact between
the imbibition water and the fibers being quite limited, it is unlikely that
the use of hot water would increase the extraction, since almost all the cells
are supposed to have been already opened before the last mill, If such was
the case, the main effect of imbibition water would be to dilute a readily
available residual juice, On the other hand, the use of hot imbibition water
would raise the temperature of juice and fibers all over the train of mill

to about 35°C, a degree favourable to bacterial activity.

b) 1In the case of cane diffusiom, the use of cold imbibition water is
a great advantage since it decreases, to some extent, the bagasse temperature
before the dewatering mill and consequent ly reduces slipping and overfeed of
that mill,

1.2,5 Start-up of steam boilers

Condensates from the first and second effects of the evaporation station
are generally sufficient in quantity and quality to cover the requirements of
the steam generating plant, For starting up the factory, and in case of
eventual contamination of condensates of the second effect with sugar, or the
stoppage of mills for more than two to three hours, cold boiler feed water
has to be used, The quality of such water has to be the same as a non-
chlorinated potable water, Furthermore, it has to be either softened or
deionized, The choice of either processes depends mainly on the steam pressure
of the steam boilers, Such water treatment installation is normally used for
a limited period during the seasom, and it does not seem justified to conceive
it for automatic comtrol of operation, With manually operated ion exchange

beds, however, special care haa to be devoted to the rincing operation in




order to avoid the introduction of sodium chloride or acids into the boilers,
To meet such temporary demand for cold filtered water it is common to slightly
overdimension the potable water piant of the factory and to keep a buffer
storage capacity of soft water equivalent to two hours requirements of the

steam boilers,
1.2,6 Potable water

Since most sugar factories are located far from cities or big villages,
they have to be self-sufficient with regard to certain facilities. Potable
water requirements are in direct proportion to the number of inhabitants of

the factory village,

It is not unusual for a sugar factory initially designed for a given
capacity to be extended after some time and for the number of inhabitants of
the village to increase with time, Hence it is often justified not to seek
maximum economy while deciding the capacities of social facilities of the
village in general and the potable water plant in particular,

I.3 Hot water

I.3.1 Supply

A sugar factory produces hot water in excess of its requirements because
the condensates from the evaporation include, besides the condensed steam of
the first effect, the condensed juice vapour of the next effects, Water to
be taken off at evaporation in a beet factory amounts to about 95% beet, against
about 80% cane, This difference is attributed to the two following reasons:

a) For almost the same brix, the weight of juice to be.evaporated amounts
to ¥ 120% beet against 95-100% cane,

b) Because beet factory evaporation is under pressure, with apprecisble
bleeding from the forth vessel, while cane factory evaporation is under vacuum,
The quantity of vapour leaving the last vessel to the condenser is consequently
mich less in a beet factory,

It follows that the total quantity of condensates from evapoiation, heataers
and vacuum pans in & beet factory ia higher than in a cane factory: T
beet against T 115% cane,

The total volume of condensates variee from one factory to another amd
is mainly influenced by the weight of the juice to be evaporated and the
quantity of water to be evaporated at the vacuum paas,




! are contaminated with oil in proportions ranging from 3 to 20 p.p.m,, depending

1.3,2 Main characteristics
a) Exhaust steam condensates

This applies to condensates from the first effect of the evaporation
as well as ondensates from vacuum pans or heaters heated with exhaust steam,
¥ 1f exhaust steam originatea from stean turbines, the condensates could be

considered as distilled water, Condensates of exhaust steam from steam ergines

on the state of the engine and the efficiency of the mechanical oil separator,
In practice it is hardly possible to free such condensates from their oil
contents before using them as boiler feed water, Partial success could be
achieved by fiitering these condensates through columns packed with coke.

The contamination of exhaust steam vith oil is quite undesirable, since
oil gets deposited on the tubes of the heating chests, decreaging to a great
extent their thermal comductivity. Furthermore, the presence of more than
1 p.p.m. of oil in the condensates, used as boiler feed water, could be the
cause of foaming and tube bursting.

dince condensates from the first effect of evaporation are insufficient
to cover the requirements of the steam boilers, condensates fron the second
effect are partially or totally used as make-up.

b) Juic condensat

These are condensates from effects other than the first, as well as
from heaters and vacuum pans heated by vapour bled from the evaporation, Such
condemsates are usually contaminated with volatile organic matter originating
from the juice, Depending on the efficiency of the entrainment catchers, they
could also be contaminated with sugar,

The presence of traces of sugar in the condensates would render them

inapgropriate as boiler feed wvater, Hence a strict control of the presence of
traces of sugar im boiler feed water has to be maintained, If an automatic

sugar detector baaed on conductivity is used, its sero setting should be
checked periodically in order to avoid losing useful hot boiler feed vater g
or sending sugar to the stess boilers,

The normal impurities ia condensates are the following :
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(1)  Organic volatile matter, usually expressed as acetaldehyde;
(ii) Ammonia;
(1ii) 80, in case of juice sulfitatiom,

Although these three impurities are supposed to be present only in
condensates of juice vapour, since they are volatile they are also present
in exhaust steam condensates due to the use of condensates of the second

effect as boiler feed water.

A recent investigation carried out on the impurities in condensates at
five Egyptian sugar factories gave the following results, All five factories
crush the same varieties and follow the same sulfitation process,

Factory N° 1 N° 2 N° 3 N° 4 N° S
p.H, of clear juice 6.85 6,80 6.60 7,00 6,60
® Alcalinity p,p.m,

pre-evaporator 12,5 21,0 11,0 9.5 13.0
].Bt effef‘t 12.0 13.0 10.0 11.0 9.5
znd effect 8.0 - 2.5 10.0 -1.0 - ‘.5
Volatile matter m

expressed as acetaldehyde

pre-evaporator 264 800 388 97 as2
1st effect 362 839 477 121 561
2nd effect 466 746 477 128 s
Ammonia m

pre-evaporator 16,5 14.0 7.0 V< 6.0 9.5
1st effect 17.5 14.5 9.0 8.0 16,0
2nd effect 19.0 14,5 9.0 14,0 12,5
S m

pre-evaporator 0.91 0.9 0,83 2,55 1,07
lst effect 1.03 0,98 1.29 2,52 1,62
2nd effect 1,08 2,10 1,29 3.82 2,40

® phenolphthaline as indicator

L%
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The above-mentioned results and other findings are summarized hereafter:

(1) Correlation between the p.H. of the juice to be evaporated and the
$0; contents of the condensates is significant, To reduce the $0; contents in
the condensates to a minimum value, the p.H., of the clear juice has to be

maintained around 7,0,

(11) The alcalinity of the condensates decreases gradually from the
first to the last effect,

({11) Thermal deairation of the condensates used as boiler feeder water
decreases to some extent the ammonia and SO2 contents, but it has almost no

effect on the organic volatile matter,

(iv) Condensates to be used as boiler feed water could be freed from the
volatile organic matter by adsorption on a column packed with either an ion-
exchange resin (quaternary ammonium) or active charcoal at the rate of 85 to

100 Gr, of volatile organic matter per 1, of resin or charcoal,

1.3.3 Main hot water consumers

e e p————————————————

A, Boiler feed water

T ————————

Usually condensates from the first and the second effects are amply
sufficient to cover the requirements of the steam generating plant, The boiler
feed water requirements are always higher than the respective quantities of
steam produced, Assuming a normal rate of blow-down the difference between

the two values is a function of the following factore:

(L) The quantity of steam used for heating malasses by steam injection
and that used at the centrifugal statiom,

(i1) The quality of lagging all over the factory., With poor lagging
the difference attaine a maximum and the condensates from both the two first
effects might no longer be sufficient to cover the requirements of the etesam
boilers. Such a situation might lead to the use of condensates of poorer

quality or the use of cold water ae make-up,

Where condensates from the vacuum pans are used as boiler feed water it
would be advisable to discard the condensates just before cutting off the




vacuum to drop the strike and when starting a new strike im order to avoid

contamination of cthe condensatea with sugar in caae of tube failure,

B. Mpceration water

The present paper has already stressed the advantages of using cold
imbibition water in a cane sugar factory, On the coatrary, in the beet sugar
industry hot water is ussd at the diffusion plant at the rate of 40 to 50%
beet, The hot water is usually acidified with sulphuric or sulphurous acid to
increase the efficiency of the pulp dewatering presses, As a result of such
acidification a certain wvear on the screws of the presses is quite commom,

C. Sve i £

Hot water is used for sweetening-off rotary vacuum filters im both came
and beet factories as well as camdle filters im the beet sugar indwetry. Ia
cane sugar factoriea the use of hot water for sweetening-off vacuum filters is
of a certain importance, since it keeps the muds at a temperature mear to the
fusion point of the cane wvax of the muds, and consequamtly remders the

sweetening-off more efficient,

Hot water is also used for sweetening-off and back-wash of juice softeming
ion exchange beds in the beet sugar industry, 1t might be of imnterest te poimt
out that if such operations are mot sufticiemtly cemtrolled they com be am
important source of umdetermined losses, Furthermore, in ovder to aveid hesvy
dilution of the juice before evaporatiom, it would bde advisadle to wae the
efflueat,from the sweetening-off of such beds, of a Brix leas then 10.0 ta
the boiling house for melt preparation or mplasses dilution, Bffluemt of a Brin
higher tham !10.0 could be samt to the svaporatiea.

D. Malasses dilution snd susas vashing

Although these are minor comsumers, optimmm molasses ¢iletien befere
feeding into the pams and the use of optimum quantitices of water for suges
waahing, st the centrifugals, contribpe to & caneidoreble antont to the em-
haustion at the vacuum pans, the stean consumption of the fectory ond the
quality of the final sugar,




-1y -

IV

2.1 Almest all the wmit operatioms {avolved in the sugar industry consulme
steam sither to optimise certeim chemical or physicel chenges during the juice
clarification or to remove water from the thin juice at the svaporstiom plant.
Purther quantities of water are removed st the vacusm pans to allow the sucrose
to crystallize, Other umit operations are Bimer comsuSers of process stesm,

but their impect om the fimsl results of the factory could be significent,

Since considerabls pover loade are invelved in the supsr industry, steam
is used to gemerate electric emergy snd the emhoust steam frm prime -@overs

is used a8 precess stesm,

It s quite juetified to asoume that for a mow sugar factory am optimm
halance of powetr amnd process stean roquitemsmts could be realised 1f all lecal
conditions, espocially theee related to the sugar crop quality, were tshen into
censtidoration, Usmerslly the preblen arises vhem an old sugst factery s under-
going entension orv renovation, which froquemtly iavelves a reartengement of the
evaporation, heatots and pans ae woll as the emtemstianm of their heating sutfoces,
While carrying out sech aadificatians, the ve-cetabl i shumnt of am opt LEDD
salance of power and precess oteat hos to bo borne ia miand at the seme lowel
of impertence as the wvolume of imvestmmt,

1.1 Be iesestense of mmemis wea of 0@

Mo stesn canoumption of o suget fectory i» Quite camaidotobie. It rangse
frem )00 - 350 Ug. pot t. boet te 90 - 330 Bg. pur ¢, came,

A beot sugert fectery Mae o pay for 1ts fuol comoumptive WRich . dwnts
tor cbaut 08 of the tetal cost of all conoumablas of the factery, Renics :ised
csenay roflects étirectiy the suges predusiien coet.

@ the contrary, & cans suget fastory hoe the priviiage =i gotiiags ite
feel roquirenmnts Hrough the rew wtorial 1800if. Wis duos ant Wes th!
hoat cosnany (8 o cans festervy 1o net of grest wmpsvstamse. It ohantd be
mb«lumltymmu“hﬂh‘uhm. et the
follaving ressans




(a) Low tibar c(omtemts of the came would result in less fueld belag
ivaiisble for the stesd gemersting plent snd s mshe-up of fuel sight be
tequited, Firing a mixture of bageese and o] in the same furnace s uewnsl iy
dscuciated with poor steam beiler efficiency,

th) A surplus of Dagasee s » valushie ravw material for poumel wd paper
Sanuiicturing, especially in view of the fact that werld dommnd fer there
camndities in Togmlerly incressing. The impertonce of hes' coonamy ia the
sne sugstr (adustty would becaie move agperent il past ot the whele production
t ueetul tibers of o one suge: fo.tery wete to Do trancfurand iage pages ot

panne

N Wit e TN
e buld of the latent heat f the stean praduced by o sugat fSactewy i
- Mmowind at the ~vapwretion and vecwul gome.

Somerslily, “icvding (1uD the oveptotion 4 + came sugee lactawy o
olliciomt te  ower the roquitemEnte of almmet oll the hestess aas sartielly
theee of the veiuuid pan: M Mow' cuge' $ostavios, Where wosowmre wuant iple
*VAPrration sets alv weod, Biaoding o swfficiont 12 cover the rouni relants of

st all the Deaters W vecund pams
Wast quantitior of ((oaB e .oncued o the Pl metng sietlame

Bl leaning.
Bis:eos hosting Mefore losding 0t o pate .
Wi prepacetion .
ant. tiugel »
© Sughe dspiag.

1.4 tandets J0LineRadss MEI SEREBMG
Lo MMM m Beesetien mass

B swpmratian ctetian 15 woueily o igind to SUPNrete ¢ TR CEROD
»§ wntes pot @il 6 1Em, R wse of @mossetve uEttior of woer ot W
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miile of ot the diffueien would incresse the load on the ovaporatiem, the
orin of the thiechk juice would drep and entra quantities of water would have
to be ovaporated at the veswus pans in simgle effoct.

The uoe of emcosaive dilution water mig increase cugatr entractionm, bt
it would cortainly increnae the entraction of Rem-sugers, which would seen

that the entre sught entrected veuld be of lower purity.

AMiroctive antvectiaon figures camld be guite nisionding i{ undetort ned
lesoes ot the eRtveetion piant vete not tohen iRtc acc dont.

38 all ceses, it womld bo woelul to detormine the rate o dilution i e
anerection Plant o & coot -danslit besis and net = the Basia of the eatts. t i
taguee o0 the iy criterion,

2.0.0 B SN sMOSiE

Por o piven poreatnge of WDINILIEE o¢ ERestalion Wmter weod ot the
entocetion plant, ctetd consunpt ien somid o influensed Oy fastnrs iabetont
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Rowever, for a givem boiling scheme, other lectors could largely tafluemce
the stead comaumption of the vecwsd pame:
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6% if cteal ecanally i+ cought,
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team savings of sbeut 9% could be aschieved by correcting the lagging speci-
(1 attoms, Por a (ane suger fectovy crushing 0,000 tams por day such saviags
sld represent an cconsmy of 2lawet o stoem botler of 20 tA,

13 Usstmasien of st demend

Mo 1toan onsumption of ¢ cugar foctery (¢ oswbjet te wide tlntustions
due to the froguent variation ~f the sitestion ot cortain . Ahsulier statims,
™e wet Levagmier consulor is the vacoud pan station, vhete the proecs 1o
citli 2 Dotel ame and dhere the cote of ovepurat tem (l..lu’&) is subject o
cide variatiame in the - @ese of ane sttibe,

Vith wdtun poch leode the etead procoute gomnrelly drop: @md . mid auce
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2.6 heAlak aise snd stesm BEmasuKs

1.6.1 The chotce of the appropriate sised beller for o sugar factory depamde
mainly on the factory (rushing rete, The investamat cost pov tem steanAr, i
lower for higher unit output of the betler, This foct, conbined with the actual
trend to build sugar factorie: of daily capacities wp te 10,000 ton beet amd

up te 15,000 tun cane. favaur: the wese of bollors of Wit output up to 100 ¢,/
stoam/h, for cane sugar factories and of higher output for beet sugar facteries,
Wwever, certain limitations on the wnit eouiput of the steam boiler uight arise,
nomely

a) Mee to losd fluctwstions §t is more sdvantageous te have more thea
me unit, per factory, remming at 80 to 031 of thetir maiowe centimsove roted
CAPRLity to civer the requirements of the factory.

B/ T majority t ane sugst facterios, as woll a0 o miger progertien
1 heet cugar factories in the world ate sitvated ia doveleping coummtriocs,
uouslly grite far (rum the factii it tes available frem stoed boile: ammmiscturers.
M use ot Butler: of large wnit .wtgut Gght consideredbly reduce the cruohing
rate of the factory (8 o Weiler vee shut duum for ame ressen of smether,

Ar s coptadls suguesiion weuid bo ¢+ ntatmm of tw betlors fur the smallest
(actory and o+ anaimwe i -in Botior. (or the bDiggeet mme and for OOR of the
iated capic ity of the inctaliod stoem gemereting plant te be sulfficient to
et isly the roquitemnte of the fo. tory,

I al) cases 1t 1o of coapttal tmpetiance to fond the Dotlers wied wter of
Phe « M tiet quality ond 1o ERiIntsia the betler water te the specifications of
the amulochuet since the anin defficuliios encountoted ¢ The stean pmeret ing
plant ond the puwci Buuse a7ioe (0eD 100 botler food wmiter qualitey,

1.8.1 The poreoute -1 whowst stead veed 8¢ the ovepsretion stotiem ad the
e v e gometetod by the PriGe WBYN s ore the twe vertables that docide the
*10at prossure ot the Muiloss. T ownid blawtng o surplus of enhavet stead awe:
Ihe tunl ol the lectory, 11s quant ity heuld wot sncesd 00R of the touel presess
riean, the remmining (R boiag beaiand by theettiing ad éssuperhenting live

=i oBl,
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The applicetion of the laxsivation process (commercialized ss comt dmuous
iffusion) for the emtractiem of cane sugar would render such a tsrget easily
ttainable due to the substantisl reduction of exhaust steam produced at the

i1ls without, however, imcreasing the loads at the power house,

Unless the sugst factory wes to supply electric energy to an irr igation
ccheme or to sell eleriiic enegry to amother comsumer, :team generation 8¢
sresaures higher than about 16 st, for cane sugar factories and about VY at,
for beet sugat factories would hardly be jurtitied, 1Tt 1s likeiv that higher
boiler efficiency due Lo steam gemeratiom at higher pressures would be offset
by & higher investmmmt cost as well as a demand for boiier feed vater of a
higher quality,

LA, MAZEA A5 STRAM LB NGML MY DEALE

T™he ters rofinery is here spplied to factories hamdiing rav and producing
refined sugat. The process iavelve: row affimstion, melt clarification and
dscoleurising and veter ramovel tv allow the suctrose to ciystallize,  To cvxhaust
the docolourised liquet 4 sim-strike system is veually adopted, The gemeral
camcoption of water snd steam usages (s fundementslly the ssme ar that in the
sugst fecteries with, howeve:, cettain partioular differonces in app:rach,

}.] The @sin celd veter (ameumsts ate the condemsing plent and the steoam boilers,
e scondl c@ounpt ion of candensst cooling water is a function of the sysiem
sdupted fer their veage. When candoncer cosling water is recycled through a
(coling tewes the cancumptien reages betwesn 1,3 ead 1,3 o por ton refined

wgat, @ the other hend, e requiremmmts &8¢ inf luonsed by the quantity of
wier te be ovaperetied at the veouud pems, whieh is also vartable and » fumciion
of che following «aditions :

a) e Bris of she Gocolawised liques;
b) The quantity of water veed for rum-off éilutien;
«) The guantity of sugrr washiang veter vesd &t the diflorent .amtrifugsls,

) e offtetancy of rubanstion of the msse-cuite o8 Whe Vacuul pote,
wgrecesd oo ovystnlitoed sugst | mese-cuite.
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The condensetes of a sugar refinery originate from the heaters and vacuum
pans. Due to the probability of their being contaminated with sugar it would

be recommendable to use the condensatas as process water for sweetening-off and
washing of bome char and filters as well as for melt preparation, The steam
generating plant has to be fed, in such a case, with filtered and softomed or

de-ionized water, The requirements of boiler feed weter range from 1,4 to 1,7 »
per ton of refined sugar; the varietion being &« function of the steem consumption
and the blow-down at the boilers,

3.2, Fuel for steam generation end char regeneretion is the main consumabla in

a sugdsr refinery, Wemce the steam comsumption retes and the steam boiler ef-

ficiency reflect to 4 substantial extent on the refining cost, The steam

consumption is govermed by the same comditioas imfluencing the condenaer cooling

water mentioned under para, 3.1, as well as by the daily output of the refinery

and the lagging quality, :
Usually a contradiction arises between the demsads of the melt clarification

and decolourizing plemts for a low Brix, especially if the starch contemts of

the ravw arc higher tham 200 p.p.m., and the demands of optimum hest ecomomy for

a high Brix, The best compromise would be to keep the Nrix of the melt et 60

and to concentrate the decolourized liquor, through a triple effect eveporator,

to 68 - 70 before boiling at the vecuum pans,

Steam comsumpt ion ranges from 135% refined auger, if sll fectors influemcing
steam ecanomy are cbaserved, to 170K or even more if mo tight comtrol om the
whole process is otherwise kept,

N 0

Two different gases are woed im the sugar industry as clarification agemts
and/or as decolourising ageats, namely carbom diamide and sulphwr dloxide,

s.1 Garhen dismide

This gas is wsed in commection vwith the carbomation process, vhere s
certain quantity of milk of lime is added to the suger selution and neutvalised
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with COz. Fine crystels of celcium carbonate, ovriginally having produced the

quicklime and the gas, are formed and act through adsorption as clarifying agents
and filter aid,

4,1.,1 Carbonation is the only process used in the beet sugar industry for
juice clarification, as well as in the majority of sugar refineries for melt
clarificetion and partiel decolaurization, The application of the carbonation
process in the cane sugar industry to produce white sugar is quite limited,

for the following reasons:

a) A substantiel proportion of world cane sugar is produced as raw, where

a simple defecation with milk of lime is quite sufficient for juice clarification,

b) Due to technological and cost consideratioms, it would be more advan-
tageous to adopt e sulphitetion process and reboiling of B melt to produce white

cane suger for local consumption,

In suger factories applying the carbonation process for juice clarification,
the COp is produced by the lime kiln as a result of the calcination of limestone
end the combustion of the fuel used for the celcination, Hence the CO, available
in the gas is usually in excess of the requirements of the carbonation plant,

The gas from the kiln is scrubbed with cold weter to free it from unburnt fuel
or duet., The choice between using liquid fuel or coke for the lime kiln has to
be made in fumction of their respective locel prices, The COp comtents of the
gas ranges betveem 30 - 36% end the ges absorption could be as high as 90%
subject to the design of the carbomation tower.

4.1.2 In sugsar refineries either the phosphoric acid - lime treatment or the
carbomation process is used for melt clarification and partiel colour adsorption.
The latter is by far the cheeper, since the only required re-agent is milk of
lime, The quantity of Ca0 used for malt carbonation ranges from 0.6 to 1.2% on
rev suga: and is mainly influenced by the filtrebility of the raw sugar melt and

its sterch conteat,

Bue to the limited requirements of Ca0 for the carbonation plant of &
refinery, invesiment in a continuous lime kiln would not be justified, MNrchased
quicklime or eventually ¢ small batch lime kiln would be an appropriate solution,
Boiler flue gasss are usually used et the carbomatiom statiom of a refinery,
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The gas has to be freed from dust and fly ashes by cycloning separators and
then scrubbed with cold water, Subject to the sulphur content of the fuel used
at the steam generating plant, it might be necessary to scrub the gas in two
successive scrubbers, In the first with cold water and in the second with a
soda ash solution, continually recycled through the scrubber, A make-up of
soda ash has to be added to keep a p,H of about 7,5 at the second scrubber and

the ring-sealed compressor which delivers the clean gas to the saturation vessels,

Due to the low content of COp in the gas ¢ 9%) and the reduced alcalinity of
the medium at the saturation vessels, the absorption efficiency does not exceed
45%, This explains the big volume of gas required for melt carbonation when
using flue gases, The requirements amount to 160 - 180 m of flue gases per

ton refined sugar,

4,2 Sulphur dioxide

Sulphur dioxide is used for sugar cane juice clarification and colour
reduction when producing white sulphitation sugar, while in beet sugar menu-
facturing it is only used in very small amounts as a colour inhibitor when
applied to the clear juice before evaporation, Sulphur dioxide ia not used in

the process of sugar refining,

4,2,1 1In white sulphitation cane sugar manufacturing several variatioms of

S0? usage are in application, mainly:

a) Presulphitation of the cold mixed juice to p.H, 3.5 - 4,0, followed by

simul taneous liming and sulphitation,

b) Simultaneous liming and sulphitation of the mixed juice at 72 - 73°C
to p.h. t 7050

¢) Thick juice sulphitation to p,H, 5.8 - 5,9,

For continuous juice presulphitation and thick juice sulphitatiom, the
juice and the gas are introduced, in counter-current, into an absorptiom tower
where the retention time of the juice is adjustable, On the other hand, simul-
taneous liming and sulphitation are carried out in a tower equipped with e
recycling pump to avoid local high alcalinity, The retention time of the juice
is adjustable through e telescopic tube,
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4.2,2 The S0 consumption is {nfluenced to some extent by the conditions of
temperature and final p.H., but to a greater extent by the quantity of lime to
be neutralized and the efficiency of absorption which is subject to variation

in function of the design of the sulphitation tower, If the SO, gae was gene-
rated at the factory, the consumption would also be influenced by the fluctuation
of crushing rates, since the quantity of sulphur to be burnt per hour is preset
for a certain crushing rate. At crushing rates below the preset value, a certain

volume of gas has to be blown to the atmosphere,

Expressed as elemental sulphur, the consumption in sulphitation white sugar
factories ranges between 550 and 700 Gr, per ton cane, whilst when used as a
colour inhibitor in the beet sugar industry the consumption, expressed as
sulphur, is limited to 15 - 20 Gr, per tom beet,

4.2,3 Sulphur dioxide used in sugar manufacturing could be either purchased
by the factory as liquid 807 or generated at the sugar factory.

Due to the very limited requirements of a beet sugar factory applying thin
juice sulphitation, the generation of the gas at the factory would not be
justified even for the big units, and liquid 50 1is usually used unless it has

to be transported over a considerable distance,

When 807 is used in cane sugar manufacturing, however, the picture is
quite different, and in most cases the gas has to be generated at the factory

for the following reasons:
a) The consumption is considerable (1 to 1.4 Kg. 807 /ton cane).

b) Heavy tramsport costs would be incurred if liquid 807 was used, since
most cane factories are situated far from industrial centers where liquid 80;

is eventually produced,
c) Many cane-growing countries do not produce liquid 807,

1f liquid S0y was produced in the country, the choice between using liquid
80, or generating it at the factory has to be established on a cost basis,
taking into account the following factors in favour of liquid 80 usage:
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a) Better p.,H, comtrol;
b) Air polution is rsduced to a minimum;

c) Saving of the investment and maintenance cost of the sulphur generating
station,

4.2,4 The sulphur used for 502 generation should be arsenic-free and its ash
and bituminous substances content should not exceed 0.1% for each, Usually the
gas contains 10 - 15% 80;.

Two different types of equipment used for SOy gas generation in the sugar
industry could be identified:

a) The traditional suphur stove, The actusl generation of this stove
could operate continuously while fed with melted sulphur, With sulphur of high
ash content the stove has to be shut down from time to time to remove the ashes,
The air supplied to the furnace should be dry to avoid the formatiom of sul-
phuric acid, When quicklime is used as a drying agent, appropriate air filter
should be used at the suction side of the compressor. The use of silicagel could
be a more reliable solution, The cooled gas has to be freed from sublimed
sulphur through a column packed with big size gravel, A stove of this type of
3 o burning surface could produce sufficient 802 gas to cover the requirement
of 100 ton cane/h, and a stand-by unit would usually be recommended if the

factory was running a non-stop crushing season,

b) The continuous type sulphur furnace, where melted sulphur is injected
by a pump through a burmer into the combustion stationary chamber., A primary
air compressor supplies air to atomize the melted sulphur and a secondary air
comprgssor supplies the furnace with its air requirements. \

The gas leaving the furnace at t 750°C 1o quenched and further scrubbed
with cold water, The unit capacity ranges from 180 to 360 Kg. sulphur/h, The
gas at the outlet of the scrubber being wet, the pipelines and valves between the
cooler and the sulphitation tower should be made of corrosion-proof material,

1f appropriate construction material is used all over the station, such a
type could operate trouble-free and would be indicated for crushing rates of
sore than 300 ton cane/hour, However, the investment cost is fairly high,




- 25 -

4.2.5 Although cana juice sulphitation is the cheapest procass to produce
vhite cane sugar, cartain problems are essociated with its usage:

a) Heavier scale daposit on the heating surface of heaters and evaporators,

b) Corrosion of the condensers and the pipelines between the condenser
and the evaporation and vacuum pans,

c) Condensstss of the 2nd effect could be acidic if the p.H, of the
clear thin juica drops below 6,5,

d) Inversion at tha vacuum pans might occur if the p,H. of the sulphurad
thick juice drops balow 5.8,

Y. ELECTRIC RNERGY

Elactric energy generated at a sugar factory could be considered as a
by-product of the usage of large quantities of procass steam of low pressure,
The requircments of process steam could allow for the generation of a surplus
of power, However, if the factory was not selling alectric energy to an

external consumer it would be recommendable for the exhaust steam from the
prime movers not to exceed 85% of the requirements, Such a measure would avoid
the 1oss of exhaust steam due to fluctuations of process demand vhich is quite
common in the sugar industry,

)
5.1 Rlectric uiorgy requirements of a sugar factory of a given capacity
depend mainly on two factors:

a) The extent of wmechanizatiom of the process,

b) The powar comsumption of steam-driven umits,

As far as (a) is concarned, the actusl tremd for extensive mechamizatiom
is justified evan in devaloping countrias. In fact full process mechmiszation
secures mors efficient process control amd provides a solution for reductiom
to a minimm of the problem of seasonal labour im the sugar industry. Pur ther-
more, the reguler imcreass im the cost of living and the unavoidable increasa
in labour costs would in the lomg rwm also favourise sechanization,




As concerns (b), electrificstion of big power censusiang wnits, such as
the mills for example, is not justified from the viewpoint of heat economy,
since it involves the double tramsformation of emergy. This enplains the
goneral tendency to power the mills with steam engines in former days, and
vith individual steam turbines during the last 23 years, @n the samw principle
it would also be more advamtageous to power latge consulers, such as shredders,
big cane knives, big compressors and feed water pumps with steam tuwrbine dvives,
However, in cld factories the electrification ~¢ smaller stoam drives and
consumers, located far fram the live steam snd sshauet headare, such as dvy-
vacuum pumps and molssses heaters, would be advantageous from the viswpeiat
of avoiding lengthy pipings and heat losses due to lashege, condemsation and
bunging.

5.2 1If exceptional cases of electrically-drivam mills are emcluded, the
electric energy requiremsats of a highly mechanised sugar factory renge between
13 and 15 1 per ton cane /hour, whilst they range between 26 and 30 B por taom
beet hour,

Even if cheap electric power vas available from sm enternal saurce, f(t
would be much more economical for a sugar factury to gemerate its owa emergy
since, in all cases, a considerable quantity of proceas stesa is required,

The question which might arise is the necessity of installiiag a stamd-by
turbo-alternator set. In this respect a distinction has to be made bdotween
two cases:

\

a; The availability of am extermal source of cmergy te which the pewer-
house of the factory c(ould be conmnected,

b) The absence of such a source,

In the former case, (a), a stand-by set vould not be necessery, For
factories of daily crushing rates higher than 4,000 tens it weuld be safer teo
have more than one set amd to sise the purchased pswer stend-by to mset 30 oo
40% of the factory requirements,

In the latter case, (b), ome of two solutions cauid be adepted: either te
instal a <tamd-by set or to instal more than ome set sized in ouch o way shet
{f one waa to be shut dowm, the other set or sets could tohe 60 to 70X of ghe
load at the full crushing rate,
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