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FELIXTON REVISITED
By R. H. RENTON

Tongaat-Hulett Sugar Limited, La Lucia

Abstract

The Felixton mill was designed ten years ago and incor­
porated many innovations. The design is critically reviewed
against a background approaching ten years of operating
experience. Although very few of the design concepts have
had to be changed, the cost-effectiveness of the plant can
now be analysed. Conclusions are drawn on what design
changes would be made if the mill were built again today
in a developed, as well as in a developing country.

Introduction

It took ten years of investigation to justify the investment
by Tongaat-Hulett Sugar into the new Felixton sugar mill.
The mill design broke new ground in many areas with the
objective of optimising the use of capital in the production
of canesugar. It is nowten years since thosedesign decisions
were made and, in the light of solid operating experience, it
is possible to look back and review whether the right or
wrong decisions were made. One can also look forward to
considerwhat would be done differently if one were to start
again with the operating experience gainedat Felixton, and
at the other more conventional factories, in the intervening
period.

Felixton cost R158 million in 1983 Rands excluding fi­
nance charges, or R260 000 per ton cane/hour (tch) of ca­
pacity. Escalated to current terms ofa millbeingconstructed
now for completionin 1993 this wouldbe about Rl million
(US$ 0,36 million) per tch.

Translating this into a more popular mill sizing of say
8 000 ton cane per day (ted), or 330 tch at 100% operating
efficiency, the current cost would be about R330 million or
about US$120 million. This is for a mill with quite a con­
siderable investment in steam economy and depithingof all
bagasse for fibre export, manufacturing VHP export sugar
from very low quality cane, at overall recoveries commen­
surate with the normal high South African levels. Whether
this level of performance is economically justified will be
explored as well as how it may be possible to reduce this
cost structure.

Design concepts

Felixton wasdesigned to process 3,3 million tons of poor
quality 17,5% fibre cane in a nine month season. It had to
be able to export 100000 bone dry tons per annum of de­
pithed bagasse for paper manufacture at minimum cost. Its
capital and operatingcost structure had to be optimised to
achievean acceptable return on investment whencompared
with the option of continuing the operation of the two small
existing mills at Felixton and Empangeni which it was to
replace. It also needed to cater for future expansion in cane
supplies. Plant layoutand plant unit sizing took into account
a future expansion to 900 tch.

Withinthis framework the plantdesign evolved using what
were perceived to be the most costeffective solutions to each
unit operation. The details of this design have been well
documented elsewhere and will not be repeated here (Ren­
ton, 1985).

Outlined briefly they were
• Cane handling by road and mainline rail trucks with no

on ground storage and minimum double handling.
• Cane preparation by billeting and one step heavy duty

shredding.
• Extraction by cane diffusion, in the largest units ever con­

structed, to maximise extraction.
• Rapid low retention clarifiers followed by a syrup clari­

fication step after evaporation.
• Quintupleevaporatorswith large scale bleeding of second

effect vapour for process.
• Continuous A-,B- and C-pans feeding vertical crystallisers.
• Batch product centrifugals with continuous B- and C­

centrifugals.
• Three 150ton boilers each able to burn bagasse, bagasse

pith and coal.
• A pneumaticscreen separation of the intensively prepared

diffusion bagasse into pith and fibre fractions.
• Extensive use of rubber belts for all cane and bagasse

handling.

Operating experience

Cane handling and preparation
The cane handling system has proved to be economical

and flexible. A swing awayfrom mainline rail trucks neces­
sitated the provisionof a further spillerfrom road into mill­
yardrail trucks, providing storage on wheels and maintaining
the flexibility of having two cane preparation line feeders,
i.e. road spiller and rail spiller. There is presently a swing
back to rail cane deliveries which will reduce the necessity
for double handling of surge capacity.

The mechanical reliability of the rail cane truck tipplers
has been poor and it is likely that these units will have to
'be replaced with more robust and reliable plant if the swing
to further rail cane continues.

Because the district had a reputation for delivering rocks
includedwith caneconsignments due to mechanical loading
operations, the cane preparation plant was designed with
sloping cane tables and a low intensitycane chopper or bil­
leter chopping off the head of the cane table. The chopped
or billetedcane could then be handled easily by belts under
magnets and be fed to a surge bin feeding the shredder. The
idea was that rocks could be detected in the billeter and
removedbefore beingfedinto the intensivecanepreparation
stage.

Although the cane handling system has worked, it has not
beenpossible to maintain continuously the efficient billeting
of cane into cleanly cut short lengths. This has not been too
serious as the practice of stopping to remove rocks after
billeting has in any event not proved to be viabledue to the
downtime involved. Rocks are generally allowed to go
through the cane shreddersunless they are too large to pass
the cane feeders, when they cause a choke and are then
removed. The shredders have not been seriously damaged
by rocks although maintenance costs are obviously increased.
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The Felixton system of cane preparation is shown in Fig­
ure I where the chute feeding the shredder stand is clearly
shown. Because of the poor cane billeting it has not been
possible to use the full capacity of this chute. The tangled
mat of cane, although able to be handled by the belt con­
veyors, does not flow freely as properlybilletedcane would.

FIGURE 1 Felixton cane preparation line

Figure2 showsthe layoutofcanepreparationwhich would
be used currently. This features a slowspeed coarse knifing
followed by a vertical surge feed chute feeding the shredder.
As shreddingis the most powerintensiveoperation in mill­
ing, the importance of feeding a steady stream of cane into
the mouth of the shredder is emphasised. The kickerfeeding
the shredder has been effective in steadily feeding cane with
very variable trash contents.

FIGURE 2 Preferred layout for a cane preparation line
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Extraction
With SouthAfrica'slongoperating seasons (over40weeks

was considered normal before the advent of eldana borer)
and relatively poor qualitydue to a variablenatural rainfall,
the economicadvantages of cane diffusion over milling ex­
traction plants have been well established. Tongaat-Hulett
Sugar has pioneered the design and operation of large cane
diffusion plants, the first 400 tch or 65 tons fibre per hour
(tfb) diffuser having been installed at Amatikulu in 1974.
There was no hesitation in deciding on cane diffusion for
Felixton. However the design 600 tch at 17,5% fibre gave
105 tfh throughput, which wasconsidered too much through
a single extraction line aiming for high extraction. Two ex­
traction lines each handling a comfortable 53 tfh was the
conservative option chosen.

In sizing the diffusers the marginal costing of a 97,0 or
98,0% extractionclearly indicatedthat even with lowexport
prices, the additional diffuser screen area to get to 98% ex­
traction was worthwhile. The screen area required, 720 m',
gave 12 m wide x 60 m long diffusers which are the biggest
cane diffusers built to date. The Tongaat-Hulett diffuser is
illustrated in Figure 3. It is interesting to note that with
12,5% fibre good quality cane they wouldachieve the same
98% extractionat a cane throughput of 420 tch, or at 96,5%
extraction would each process some 650 tch of 12,5% fibre
cane. Recent developments in juice flow control could in­
creasethesethroughputs bya further 10% (Reinand Ingham,
1992).

FIGURE 3 The Tongaat-Hulett diffuser

The performance and mechanical reliability of the diffus­
ers have more than met expectations. Chain wear, a major
maintenance cost in most diffusers, has been minimal after
nine years, and a 15 to 20 year chain life is predicted. Vir­
tually the same design would be chosen again with some
refinements to lower construction costs and to limit corro­
sion but with less screen area due to improved juice flow
control within the cane bed.

Drying diffuser bagasse is always slightly more difficult
than straight milling, and diffuser bagasse moisture has al­
ways tended to be on the high side. It seems that under the
conditionsat Felixton dryingmore than about 35tfh through
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FIGURE 4 Typical pan floor layout with continuous pans

high quality VHP sugar from relativel~ low quality cane, a
syrup clarifier was also installed, ThIS combination has
proved to be effective in allowing Felixton t? mainta.i~ ex­
port quality raw sugarunder almost all operatingconditions,
This is the course which wouldbe taken again if a mill were
to be built today.

Evaporation
The Felixton evaporators with very large (5 500 rrr') first

and second effects, to provide a Vapour II bleed for process
steam, were designed when mechanical cleaning had a very
clear cost advantage over chemicalcleaning. The largerising
film Kestner vessels were provided with easily removable
tops to facilitate regular mechanical cleaning.

The arrangement of the evaporator station is the heart of
a factory heat balance and it is not intended to discuss this
here as it has been adequately covered already (Reid and
Rein, 1983).

Due to the higher than normal second effect concentra­
tions of 35-40 brix, a silicate scale normally found in later
effects is deposited in the second effect vessels. Removal of
this scale by mechanical cleaning proved a time consuming
task. Felixton has therefore converted to chemical cleaning
the first two effects. If chemical cleaning is to be used then
longer tube falling film evaporators will give a more C?st
effective solution, and one whichis likelyto be pursuedWIth
new installations.

The acetic acid content of Vapour II has given some con­
cern with steam side corrosion in process plant. This has
highlighted the necessity for careful control of diffuser pH
(Beckett and Graham, 1989).

Sugar recovery house
It was on the Felixton pan floor that the biggest departure

from known technology was taken in the provision of con­
tinuous pans for product (A) as well as B- and C-strikes.
Although a complete departure from previous practice, the
decision was backed with considerable research and plant
trials on existingmills. The saving in pan floor capital costs
by going continuous was estimated at Rl million and this
escalatesto almost R4 millioncurrently. Because of the pos­
sibility of using Vapour II on continuous pans, additional
fuel economieswerealsoachieved. A typicalpan floorlayout
with continuous pans is shown in Figure 4.

a 2 134 mm mill will not give adequate drying in one pres­
sure fed mill and certainly not in a conventional three or
four roller mill, There is an option to place two mills in
series the first of which can be a lightly loaded mill, or to
placetwo pressurefed mills in parallel. A~ fi~re throughputs
in the 50-60tfh range, two pressurefed mills in parallelw~re
chosen. The possibilityof using one wider mill was consid­
ered but there seemed to be considerable sacrifice in terms
of total pressureloadingonto the bagasse bla~ket with wider
mills as wellas a cost penalty for largergeanng.The double
mill in parallel configuration givessome advantage in ter,ms
of maintenance of one unit without stopping the extraction
line.

There is a dearth of published research data on drying
diffuser bagasse, but with information currently available
the same drying arrangement would probably be chosen to­
day. Howeverthere is always the option of usingmill~ which
are available, rather than purchasing new units which are
very costly. A drying mill layout to suit existing or second
hand mills is a definite possibility if costs are to be mm­
imised in a new installation.

Boilers and power generation
Felixton II was designed to start operations with a full

cane supply all supplied by private growers, so it was im­
portant that operating time efficiency was good from the
start. A philosophydeveloped that when plant units may be
subject to periodic maintenance or breakdown, three units
wasa good compromise with any two beingable to maintain
throughput at about 80% of design. This philosophy was
applied to boilers and powergeneration,and during the first
few seasons when boiler grates and feeders gave teething
problems, it greatly helped maintain continuity of produc­
tion. However the importance of continuity of production
has to be weighed against the additionalcapitalcostofsmaller
units. There is no doubt that a single large boiler and single
turbo-alternator have the cheapest first cost for any sugar
mill. The capital cost savings are quite material and must
be balanced against the cost of interrupted crushing pro­
grammes in the event of breakdowns.

Sizing of units in this case was also affected by planning
for a future 50% increase in throughput. Often units were

. sized so that at 900 tch, four process units would suffice.
The Felixtonboilersweredesigned to burn wholebagasse,

bagasse pith or coal, and, after initial problems, have per­
formed extremely well. They are fitted with wet scrubbers
and cold induced draft fans on the basis that once the mill
settled down very little coal, if any, would be burnt. Un­
fortunately throughput has not been maintained at design
capacity, although the designed 100 000 bone dry tons of
fibre per year have been exported. The resultant shortfall in
fuel is made up with coal burning which has led to a cor­
rosion problem in the wet scrubbersdue to S02 absorption.
Steps are being taken to solve this but the best solution
would be an increase in cane supply to limit the additional
fuel requirement.

The bagasse system is entirely on belts without any chain
or slat carriers, with ploughs feeding the boiler feeders. The
control of bagasse flow from drying mills and storage has
been a problem and ploughs that could cope with differing
quantities of bagasse on the belt took some time to perfect.
However the cost effectiveness of bagasse belts is
unquestionable.

Clarification
The use of rapid clarifiers has advantages in short reten­

tion but most importantly in first cost. In order to ensure
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Althoughthe decisionwasconsideredriskyby some, there
~as confidence that It was the right one. In retrospect the
ng.ht thing was done. The only regret was in not being suf­
ficiently far advanced In seed production to be able to elim­
inate batch seed pans altogether, where a further saving could
have been realised.

Steps now beingtaken to work towards the ultimate elim­
ination of seed ~roduction in batch pans makes the design
of a totally continuous pan floor a future possibility.
. The remaining s.ugar house equipment was fairly conven­

tional. The centrahsed control and instrumentation has been
a success and would definitely be repeated.

Summary

As can be seen from the foregoing discussion few of the
original design concepts have had to be chang~d. Changes
~h~~ woul~ be made in a new mill are mainly to reduce the
initial c.apital struct~re byreducing the standby capacities,
at the nsk of more mterrmttent operations.

Technically the design has been a success and Felixton is
vying for top spot in performance with a number of other
older and well established South African mills. Last season
it achieved 98,3% sucrose extraction, 89,1 Boiling House
Recovery and 87,6 Overall Sucrose Recovery while pro­
cessing som~ of the ~orst ~ane i~ the industry. Financially,
although Fehxton paid for ItselfIn less than six years, it has
not proved to be as profitableas predicted becausethe cane
supply, instead of increasingto the designed 3,3million tons
per an~um or more, has remained at 2,5 milliontons despite
expansion by small growers, due to the inroads of the timber
industry. This depletion of cane supplies has abated for the
present due to over-production in the pulp market. It can
hopefully be made up again by additional expansion into
irrigated cane and by small growerexpansion. But this is a
lengthyand costlyprocessand Felixtoncane supplyremains
almost 1 million tons below its cane crushing ability.
. Throughput tests ~onducted at Felixton have proved that

grventhe cane supphes, the crushingrate could be increased
to 700 tch or 16 800 tons per day without significant loss in
performance. This is partly due to a reduction in fibre con­
tent of cane to present values of about 16%. From this point
of view then, the plant has more than adequate reserve ca­
pacity which one hopes increasing cane supplies will even­
tually allow to be utilised.

The future

. It can ~e seen that there has been little need for change
In the Fehxton design and that it has met its technical ob­
jectives. With more cane it would have met its financial
objectives. What can be learntfrom this experience and where
would future mill design go?

In the introduction the cost of building a 330 tch 8 000
ted, mill in South Africaconformingto present perfo;mance
norms w~s estimated ~t R330 ~illion (US$120 million). The
problem In a developing cane Industry is that mills costing
this amount are not a VIable investment at current and proj­
ected world sugar prices.

Is it possible to build cheaper mills? The answer can be
fo~nd in many. developing countries, where mills are being
built at approximately half this cost. This is achieved in two
ways, firstly by the benefitof cheap construction labour and
secondly by acceptinglower performancestandards. F~r ex­
ample, the average overall recovery achieved in Thailand
a rapidly expanding industry, is 77% compared to the South
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African average of 87%. If a hypothetical mill was crushing
for 36weeks, this recoverydifference wouldamount to some
23.090 tons of sugar, worth as export, sayR20 million (US$7
m~lhon) per annum. It may be worth spending some RIOO
mIll~on (US$35 !l1illion) to achievethis additional sugarpro­
duction,depending on how proceeds are sharedwithgrowers.

A recent exercise was done to cost a mill with a minimum
capital expenditure, but maintaining present normal per­
formance. This envisageddispensingwith all standby equip­
ment and providing single largeunits for all plant items, i.e.
one diffuser, one boiler, one turbo-alternator, one clarifier
one each continuous A-, B- and C-pans etc. This would cut
the overall cost of the envisaged 8 000 ted mill to R240
million (US$85 million), which could be further cut by ju­
dICIOUS use of some secondhand equipment if it was
available. '

.At current world sugar prices such a mill would probably
still not make a VIable return unlesssoft loans or preferential
markets ~ere available. However, with good management,
s~ch a m~ll design should give adequate performance, par­
ticularly If the cane supply, as is often the case had to be
built up over a few years. The mechanical reliabilityof the
plant could then also be improved to acceptable standards
over this initial period.

It is what happens over the first few years that makes a
material impact on the viability of new capital intensive
projects,and there may be some further strategies whichcan
help to reduce the hiatus between capital outflow and rev­
enue inflow from full production. If cane is grown by the
same organisation then performance standards can be al­
lowed to slip on the premise that it may be cheaper to de­
velopadditionalland than to invest in capitalintensiveplant.
However, increased operating costs, harvesting and trans­
port, quickly reduce the effect of the capital saving. This
may be an approach on a temporary basis, so that capital
expenditure is delayedinto the period after revenue is being
earned by producing sugar. There are a number of options
for doingthis, e.g. A- and B-crystallisers couldbe completely
left out in the initial stages. Diffusers have the advantage of
having no limitations on throughput, only on performance.
They can also be easily expanded when either money is
available or improved performanceis justifiable. The Ama­
tikulu diffuser was expanded by 30% five years after instal­
lation. Continuous pans also have the ability to be expanded
by adding stages when this becomes necessary.

These strategies, although messyin terms of construction
could easilymake thedifference betweenhavinga profitabl~
project or none at all.
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