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SUNMARY
Attention i{s drewn to the self sufficient character of a sugar cane
fectowy vwith respect to water and encrgy requirements. A best
fectory or refinery requires an ocutslde source of energy, but cen
be self sufficient with respect to water supply. The extent to which
this is taken is an economic decision.

The inter-relationship of power and process usage of steam has
boen developed to a very high degree in the sugar industry.

~ The special place of sugar came fibre ar a source of replenishadble
snergy is considered to be wortly of much more serios consideration.
As a photo-synthesiser the sugar cane plant has meny unique features each
of which deserves full exploitation.

Primsrily & sugar cane factory is ooncerned with the careful balance

of materisls in the form of fuel, steem and water as well as with
the ister-related emergy requirements for power generation and process
hesting. Of increasing lmportance is the need to make full use of
sveilable pover potential by improved heat «conomy and efficliency
of combustion. The extra power can be used outside the cane
festory itself for pumping irrigation water or feeding into the national
electricity grid.




feneri.

A sugar cane factory s ertirely calf sufficlient with respect to
energy requiresd for the procesc. Sugar beet cn the other hand, is
dependent entirely on outside sourcec of cnergy as the residusl pulp is
nnt really suitable as a fuel and does have significant value for animal
fodder.

In a sugar cane factory there i: a delicate balance detween the fuel
value of the residual bagacse, the steam requirements for power - both
mechenical and electrical, and the stesm required for process heating and
evaporation. The amount of water available for imbidition is part of the
carefully calculated encryy balance invclving, as it does, evaporation for

{ts removal during concentration of juices.

The water employal in processing can be supplied from the juices
themselves. Either the heet or cane l¢ approximately two thirds weter and
only a small proportien of this leaves the system with the pulp or bagasse.
The water used for diffusion or imbibition may be considered as being
recycled by being returned as condensate from the miltiple effect evaporetora.

There is also recycling of steam vhich i condensed in julce heaters, evaporators

and vacuum pans to be returned us feed water to the steam generators. This
condensate must be kept completely separate from the vapour condensate fro®
the evaporators which I slightly contaminated with sugar eéﬂ*iﬁ over as
entrainment from the boiliry julces.

A, Condenser Water System

There i3 a loss of water trom the system a= varour leaving the last
et fect of the evaporators and the vapour from the Vacuum pams. As it is
aleost invarisble practice in supar factories to use condensers which
absorb the condensed vapour into the condensing water stress this leaves the
majn factory water system. It does, however, afford useful make-up
to the condenser cooling water system whem this is used in closed cirewit.
Evaporetive cooling {s conventiomally employed and this results in loss of

vapour to the atmosphere {n amount related to thewp: yehroretry of the system,
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The amount of water added in the form of condensed vapour closely approximatet
the evaporative cooling lons and ls generally sufficient in u tower cooling
circuit, with maybe some surplus, depending ou local civcumgtances. In

the case of spray pond cooling there can he also « sipgnificant windage loss
depending on the effectiveness of protective screeninp, and this usually
requires make-up from outsice sources.

The vapour condencing in this cycle ie invariably contaminated with some
sugar carried over as droplets of syrup by entrainment, expecially from the
last vessel of the multiple effect svaporators. This entrainment represents,
on the one hand, a loes of sugar from the system which is usually worth
recovering for its own value. There are various types of entrainment
separetors for thic purpose. On the vther hand the contalmination of the
condenser water cystem is very undesirible fcr several reasons. The sugarsa
oxidige to acide which are midly corrosive, the cumulative uffect however is
substantial. Malodorvus suhstances are also generated which are probably
more objectionable to the neighbourhood than to the factory workers them:elwves.

Bacteria associated with the decomposition of the entrained sugars are
very much in need of imactivation. Various bactericidal techniques are uscful
for this purpose. Perhaps the simplest is % to 1 ppm. of copper sulphate
maintained in the condenser water system. The author has found thic to be
very effective and the posaible corrosion effects not to have been noticeable.
There are also verv effective organic bactericides but they are usually
expenaive.

Chlorine or hydrogen peroxide are perhaps intormediate in cost
betwesm the above two techalaues but this will depend very largely on local
cirowmstences. Either chlorine or hydrogen peroxide can be generatad
elestrolytically at low cost by a sugsr factory where electric power ts in
fast seldom actually costed at all,

B. Stegm Generator Feed Water Systes

The purity of the water cycled in this cystem is of paresount {mportance,
and the higher the pressure of the generated steam the greater is this




importance because of the corpaspondingly high temperatures in the tubes
where the peneration takes place.

It would be ideal if a completely closed system could be maintained in
which all of the stcam is condunsed and racycled as feed water. Even this
however would need caretul chemical monitoring to maintain the required standards
of purity.

Reciprocating steam engines are still employed to drive the mills in
Many cane sugar factorica. Nodern installatioms of course are steam
turbines, but reciprocating engines take a long time to wear out and sany
reliable units are still operating. Unfortunat:ly the lubrication
requirements of these engines results in ol being carried through into the
exhaust steam.

011 in exhaust steam has two quite serious effects in a sugsr cane factory
which may initially be small tut are cumulative. In the first place a film of oil
will form on the outside of the tubes of the heating surfaces of evaporatars,
jufce heaters and pans. This {s the usual order of the effect. It
requires only 2 very thin fiim of 0il to significantly reduce ths rete of
heat trangfer at ths evaporators and juice heaters. The influsnce at
the pans is much less because the rate of heat transfer is more
significantly comtrolled by the film on the massecuite side.

R

T™he oil does not entlrely deposit on the tubes, im fact probably
only a very small fraction does so,b1t eaough to be troublesome. It is
only by @ specific amalysis of heat transfer coefficient and £ilm
coefticient studies that the effect of the oil film can be fidentified. On
the other hand it Is nmot difficult to see the oil film if 2 visual
inspection is made, the off-ceason shut-down period being a convenieat
opportunity. 0Ll docs appear with the condensate A significant
proportion can be separated by gravity or centrifugal separators but
there will always be a fuw ppm going through te the stesm generstors with
the feed water. In the days of fire tube units when reciprocating steds
engines were simulteneocusly introduced amy oil fn the feed veter had
very little effect on operstion. Water tube units. however, especially B




when operating at higher temperature: and e e ave much mOre
susceptible to dmage reculting from oil in the fred watcer, The
thinnest of films reduces the over-all heat transfer coefficient and

the only way to msintain the decired rate of hoat transfer [ to increase
the tomperature on the flame side of the tubc. This temprratrure can,
and frequently does,rlse to values ar which tuhe tallure takes place
usually in the form of quite fine perforaticn: - oftan referred to an
pin-holes but more like nail-holes in size,with a surround inyg bubble,

1f there are scale formiug componsnts also in the water this
aggravates the problem.

The best way to deal with the problem is to modernise the prime
move. ; at the same time as the steam generators, or simultanecusly instal
the appropriate conbiutloﬁ in new factories. Treatment of water with
chemicsls for the removal of ofl is very expensive and filtration
incompletely effective. The author has had success in chang ing the
source of factory water for the steam generator to take vapour
condensates from the firat and second effacts of the ~vaporators.

There is sufficlient water availadble from these two sources to enalle
make-up vater to be eliminated. This also liminited the need for a
ehemical treatment plant for the pake-up water and the possibility of
scale problems, The thermal content of alther of the two water mixtures
are spproximately the same. The vapour condensates do have the disalvantage
of a trace of sugar emtrained from the Poiling juices which can be
mininised dut never completcly eliminated, The sugar docompodes to acia
which must be meutralized to avoid corrosion. This can be done with
sodfum hydroxide or carbonate with a p monitoring ot the water in the
drume of the stean generetor aiming ususlly to maintain the value between
10 and 11.

Meplacing reciprocating engines with turbines does not solve all
probless. The enhaust from turbines is ‘nvarisbly superheated and super-
heated stesn is not very sstisfactory  as J hedt tran-fer medium and
sheuld be desuparhentad before um for thisz purpose.
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(. Process Water

Most of this is used Por dirfusion or imbibirion, being obtained
from the evaporator units. 1f the steam renerators are being supplied
with water from the first and second unitc of the evapcrators then the
process water may be obtained fron the »xhaust steam condensate cooled
by mixing with vapour condensate from the later effects of the evaporators.

Water is also required for washing at the centrifugals, for
dilut ion of liquors being recycled for further boiling at the pan stage
and for movement water emploved at the pans themselves to aid in the
sugar boiling operations.

Washing down of floors and water used for maintaining cleanliness
standards in the factory are also provided for from this source.

There should always be adequate water for all requirements but

stoichiometric estimates of the Lalance of water within the factory should
be the subject of regular caleulations,

D, Steam C!c le

In the sugar beet factory and in the scparate refinery sipem is a
very enpentive commodity as it must be gnerated by the burning of fuel
speclally purchased for this purpose. The sugar cane factory, on the
other hand, ic likely to be somewhat careless in the use of steas because
of the amount of fuel available from the fibre in the cane.

Thera {5 in fact an important balance between fusl avallable in baghsee
and steam used in the factory.

The sugar industry is probably a better enanple than amy other indsutry
of the subsiantial employment of steam for both ite power petentisd
and its heating quality. The power potential used to drive prime mover
for the generation of electric power and in the ceme of sugar came
focteriss for the driving of the sill entines noeds te be balanced ageimet -7
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the best requiremsnts for evaporetion and the small proportion of miscellamneous
entres. ldeally & perfect balence would be sought by appropriste

adjustaents of preseure systems. In practice it {s more simple to

dosign fer a sml} deficiency of stemm for process requirements and

to make this up by passing high pressure steam simply through an exhaust.
valve. An asomnt of about 5 to 100 of the total stesm requirement

is sufficient for this purpose.

Over the years the fibwe content of sugar cane hes gredually
inereased to valuss vhich are now more then adequate for fuel requiremsnts.
This has resulted in a depreciation of the officiency of stean gemerater
units, possidly aa increase ’a the moistwre content and hence reducties
in fuel valus of the bagasse and & grestér laxity in the usege of stesm
for ive varicus purposes. '

With attemtion being focusaed on the critical situation of werld
energy swpplies it {s pertinent to drew stteation to the resl emergy
poteatial of segar cane fibre. When full advamtage is taken of this
potential, especially in high fibre situations, it is possible to produwoe
useful amouats of electrical anergy over and above that required by the
sugar factory iteelf and to use it for other purposes such 88 driving
{reigation pups for the came fields ov sisply feeding imte the national

power grid to sugnent gemerel suppliss.

] ﬂlnhh;cmll«d-hctr!ulmvamhcmm
also bs 3 sgplim of petedle weter. If the vapour frem the ovaporeters
ond pune was to bs eondunsed in surfoce condensers rather than the
thumtnmmomuuwnrnm
wees. mwua“wu.mmtmumm.
hes o dvew hesvily on cutside supplies fer meiting or dissolviag of
its sew Guger.

It 1o & notter of costing end of ssscessing the relative quality and
oveliobiiity of wobter foen the wvarisus sowtces avallable.

Bost end eane festorics shaulMd be self sufficiemt vith oondoneate
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would Le merit in recovering the additional water for supply to @
neighbouring town or village. The came season is likely to last loager
than the beet season and to be sssociated with more isolsted cosmmities.

Some treatment would be necesuary (oxidation snd neutrslisstion)
to deal with the smell amounts of sugar eatrained in vepowrs but '
this should be no move costly, and probably less sc, than trestment
of raw water fros natural sources.

E. RNet ation

Gas, understood as being the fusl value o5 an energy setmwwe is
culy used in siteations vhere this is natwrally sveilsble st setisfectery
cost. A sugar beet factory or refimery oen prefit frem sush situatisse dut
a supar cane fectory could do oo only If it e desived to we the
bagssse for chemurgic purposes. Such possibilities are net te be
overiooked, but the relative chemurgic properties of the .ﬂ‘d the
baga se :hould first be evaluated.

Gas in the form of producer gas can be preduced as 8 by-predust of
A cana factory where such is available. Thiz has sdventage where &
sugar cane factory complen (s endeavouring to ashe sll peseidies wee of
{ts resources to make the ares self-eufticient as fer as possidble. v
In this case it is more likely to produce water gas for its hydregen veles
te be used {n the synthesis of asmonia.

A cane sugar factory cen be emimeatly situated fer this purpese in
thet the nein requirement for amonia preduction other than hydregen s
electric power. With preblese srising ever pveduction of amnanis free
petreshenicel scwrces and the great isportamce of altrogensws
fertiliser in the cone greving eress the poasidilities of Desening seif-
sufficient duvelop imcressing importasce.




Swevtiens:

et is meent by self-sufficiency with respect to process water
reguirenets in

(8) & sugar ceme factery?

(d) a muger deet fastory?

(s) a separate suger refinery?

et is required for a sugar factory to bocome self-sufficient
with respeet to condenser osoling weter?

Jo owples bagaese detter used for stean and power gomeretion or
for its chevurgie prepertics? Wiy?









