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Abstract 

The daily operation of a sugar factory comes with many challenges, some new and some 

recurring. While some challenges are resolved quickly, others take longer to be resolved or 

even identified. In most cases, factory management gets deeply involved in resolving these 

operational issues. During such periods, the overall factory vision can be easily lost as rapid 

decisions, with minimal assessment, are made when in “fire-fighting mode”. 

As a result, in such cases the implemented solution can become the source of the next 

operational problem which, in turn, can create further difficulties. A vicious cycle of 

operational or technical problems is then formed. Often, only the symptoms are treated and 

the cycle is only broken when the main problem is resolved. 

The case studies in this paper show how some vicious cycles are started, their impact and the 

approach needed to break the cycles. Experience, exposure and attention to detail are the 

main contributing factors in successfully identifying and resolving these operational 

problems. Routine physical checks, for example, would have assisted in identifying a 

problem like excessive centrifugal water caused by condensing steam. Similar checks would 

also help identify sugar left in centrifugal baskets because of poor plough settings. 

Experience and exposure also play a vital role in prioritising maintenance budgets. 

The vicious cycles can form at any time and in any organisation, and can be very costly, 

especially if they are not identified early on. Root cause analysis is the best tool to break 

these cycles. A Hazard and Operability (HAZOP) study prior to modifications and projects 

can prevent these cycles. 

Keywords: sugar factory, factory stock, technical problems, HAZOP, symptoms, operations, 

production. 

Introduction 

In a sugar factory, production is often the priority, with the focus being on getting, or 

keeping, the factory running. One of the key performance indicators for many engineers is 

lost time available (LTA), which is avoided by all means. In these circumstances factory 

problems can become a “blame game” and proper background assessments of the problems 

are not done. Many modifications and installations to solve operational problems are carried 
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out without a prior hazard and operability (HAZOP)study being done to identify potential 

pitfalls. 

 

The available budget can also sometimes dictate decision-making, with limited funds 

restricting expenditure. Problems then arise when prioritising this expenditure, as minor 

issues receive little attention even though some minor issues can lead to major failures. 

 

These circumstances usually lead to the need for rapid decision-making when solving 

problems. Quick and, or, cheap solutions are often implemented and a vicious cycle can start 

when a new technical problem begins as the result of an inadequate prior solution. When 

another intervention is made to solve the latest technical problem, the cycle can get worse. 

This results from treating the symptom instead of the cause. These situations lead to a “fire-

fighting” mind set and frustration, and it may be very difficult to break the cycle. 

 

However, in many cases, the cycle can be easily broken from the outside. When the problems 

are thoroughly analysed they can often be relatively easy to resolve, sometimes even at very 

low cost. The situation then becomes sensitive as this can be embarrassing for the factory 

staff involved. 

 

 

Case Studies 

 

These case studies were extracted from observations at various southern African factories. 

The selected case studies are not the only problems experienced by factories but they serve as 

examples. The case studies mentioned below are divided into Rawhouse, Refinery and 

General categories. 

 

A. Rawhouse 

Condensate in a centrifugal steam pipe 

 Low pressure steam is typically supplied into batch A-centrifugal baskets to heat up 

the massecuite/sugar in the basket. In this particular situation, no steam trap was 

installed in the pipe supplying this steam to the bank of centrifugals. As a result, 

condensate accumulated at the end of the piping manifold and exited into the basket 

of the last centrifugal in the bank, as shown in Figure 1. This resulted in a substantial 

amount of water being added to the machine, over and above the normal wash water 

quantity. Wash water, as a percentage in massecuite, was calculated and the trend is 

shown in Figure 2 below. The data used for this trend is from week 27 of the 2015 

season, that was two weeks before the problem was first identified,  to week 31.The 

trend shows the wash water was initially high and then dropped as the season 

progressed.  

 

This problem led to sugar being unnecessarily dissolved, a reduced molasses brix, and 

contributed to an increase in molasses stock. In this particular factory, A-molasses 

brix is normally at about 82oBrixbut in this situation it could drop to 78o and below. 

When the molasses stock increased, the mill staff reduced the A-centrifugal wash 

times as a means of solving the problem. However, this simply resulted in a high raw 

sugar colour. When the sugar colour became unacceptable, the wash times were again 

increased in all of the A-centrifugals, and the molasses stock increased once again. 

The sugar colour specification is 1400 ICUMSA but the hourly analyses were 

swinging from around 1300 to 2000 ICUMSA and back. This cycle of poor sugar 
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quality and high factory stock levels could not be broken until the underlying problem 

in the steam supply system was addressed. 

 

 

Figure 1. Condensate pouring into a batch centrifugal through the steam nozzle. 

 

 

Figure 2.Wash%massecuite trend from weeks 27 to 31. 
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The effect of over-washing in centrifugals generally affects the boiling house recovery 

(BHR). There are many other factors affecting BHR, however. It is therefore almost 

impractical to estimate the sole effect of this specific problem on BHR. The financial 

implication of one unit drop in BHR for a similar factory crushing 1.6 million tons per season 

is an estimatedR12 million drop in total revenue. This estimation assumes that all other 

figures are constant and it is calculated at R6500 a ton of sugar and R615 a ton of molasses. 

 

Centrifugal plough settings 

 Effective setting of the ploughs in batch centrifugals can have a significant impact on 

both sugar quality and factory throughput. In some factories, the ploughs are set 

further from the working screen in an effort to avoid damage to the screens by contact 

with the plough tip. However, this results in a thick layer of sugar being left on the 

screen. In order to stop this sugar from reducing the capacity of the centrifugal, it is 

usually dissolved by a water wash that is applied before each cycle. A substantial 

amount of water is needed to dissolve the remaining sugar and this wash water 

ultimately increases the downstream molasses or jet stock in the factory. This, on its 

own, might reduce factory throughput due to the increased recycle of sucrose within 

the plant. However, if some of the sugar crystals are not completely dissolved, they 

can block the holes in the screen and become a constraint to the effective purging of 

molasses. This leads to high sugar colours, requiring the use of even more wash 

water. 

 

In this factory, sugar colour was more often above specification of 1400 ICUMSA but 

more evidence was on A-molasses purity which was around 72% versus the 68% 

target. This resulted in an increased purity profile across the boiling house. The table 

below shows purity profiles before and after adjustments: 

Table 1. 

Stream Purity % before Purity % after 

B-molasses 54 51 

C-molasses 36 33 

 

Although pan exhaustions remained high during that period, molasses losses were 

also high. This would affect the BHR and the financial implications would be similar 

to the previous case. 

 

A combination of poor purging and high wash water usage results in high moisture 

content in product sugar. The centrifugal spin time is then usually increased in an 

effort to improve sugar moisture. This translates into long centrifugal cycle times and 

therefore a reduction in capacity. The massecuite stock thus increases and the high 

stock levels can sometimes bring the factory to a complete stop. In this instance, 

centrifugal cycles were between 240 and 300 seconds versus the normal 180 seconds. 

This equates to a 25 to 40% capacity reduction per machine. Although there were no 

stoppages recorded as a result of high A-massecuite levels, this can be a problem in a 

factory with limited centrifugal capacity. 

 

Poor purging also causes vibrations in the centrifugals which can compromise 

mechanical integrity. Batch centrifugals have a standard gap between the plough tip 

and the working screen that is specified by the manufacturer for effective ploughing 

to take place with low risk of screen damage. These standard plough settings should 

be maintained to remove most of the sugar in the basket and keep the use of screen 
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wash water to a minimum. Tearing of screens then usually  results from a mechanical 

problem with a particular machine, which should be addressed directly, without 

compromising on the standard machine settings. Unless the root cause of the problem 

is corrected, a vicious cycle of decreasing factory capacity and poor sugar quality can 

result. 

 

Reduced letdown for coal savings 

 The letdown of high pressure steam into the exhaust steam range was being kept at a 

minimum to try to save coal. If the exhaust steam pressure is low and the letdown 

sufficiently reduced, this would result in a drop in bleed vapour pressures and a 

decrease in syrup brix. With the drop in bleed vapour pressure from evaporators, the 

evaporation rate drops in the pans and the syrup stock increases. The problem was 

made worse by the reduced syrup brix which increased the amount of evaporation 

required on the pan floor. In order to solve the problem, pan exhaustion was sacrificed 

by reducing massecuite retention times. However, this increased the sucrose recycle 

within the plant and ultimately reduced factory capacity. This cycle worsened until 

the crush rate was dropped and the factory stopped crushing occasionally.  

 

The reduced pan exhaustion meant an increase in purity profile and that reduced 

BHR. The cost of BHR in this particular factory is just above R11 million. The steam 

balance shows that for 540 tons/hr of cane, 290 tons/hr of steam was required for the 

back-end which needed 80 tons/hr of letdown. This equates to 145 tons/week of coal. 

For the 35-week season, at R850/ton of coal, the total cost of coal is just above R4 

million. The cost of production has increased considerably in recent years, making 

energy conservation vital for the sustainability of the business. However, energy 

saving needs a broader, rather than one-sided, approach. 

 

Lost time available (LTA) 

 A common problem in sugar factories results from the demand of achieving a low 

LTA. Occasionally, boiling house constraints arise from the output of the factory 

back-end, such as equipment breakdowns, low steam pressures, or processing issues 

such as gummy massecuites. To avoid a factory stop, which would lead to an increase 

the LTA, an attempt is sometimes made to maintain the constant input of cane into the 

factory while the throughput of the back end of the plant is reduced. Poor operating 

practices can be implemented in order to push material through the plant as fast as 

possible. Stock accumulates and can result in tank overflows. Degradation takes place 

as the sugar, syrup or juice on the floor is exposed to bacteria and this results in more 

process issues when the spilled material is recycled. Ultimately, the factory 

throughput is reduced or crushing stops. It often takes longer to clear the system than 

if the plant had been stopped when the initial problem occurred. Open communication 

between the engineers of different disciplines so that an appropriate throughput 

adjustment can be made in a controlled manner, is vital in this regard. It is also easier 

to start up the factory from a controlled stop than from a crash stop. 

 

The typical examples of this scenario that can apply to any raw sugar factory are as 

follows: 

1. The choke in boiler bagasse feeders that results in steam pressure drop. 

Evaporator vapours also drop in pressure, resulting in a mixed juice 

temperature drop which translates into poor flushing of the juice. Clarification 

efficiency then drops and bagacillo carry-over occurs. This bagacillo will end 

Dlamini EM Proc S Afr Sug Technol Ass (2016) 89: 416-423

420



up in A-massecuite. Massecuite curing then becomes a huge challenge. Heavy 

vibration of centrifugals as screens are blinded and poor sugar quality results. 

The only way to handle this massecuite once it gets to the centrifugals is to 

reduce the loading to a bare minimum. The factory stock then accumulates, 

which can lead to tank overflows and factory stops. As this problem occurs 18 

hours, or more, later, taking into account retention time, most factory staff at 

this point have forgotten about the steam dip that occurred earlier. 

2. A factory that crushes 280 tons cane an hour roughly produces 75 tons an hour 

of A-massecuite. There are three 1.5 ton centrifugal machines that are used to 

cure this massecuite. If the centrifugals are averaging three minutes per cycle, 

at maximum loading they can handle up to 90 tons an hour of massecuite 

which is well above the factory throughput. When one machine is down, only 

60 tons/hr of massecuite is cured. There is a stock accumulation of 15 tons/hr. 

For an eight-hour down time, the stock accumulation is 120 tons. Normally, 

A-crystallisers are kept at a high level for better exhaustion. If throughput is 

reduced very late, tanks end up overflowing. For any overflow, there is a sugar 

loss. 

  

Product overflows affect the undetermined loss (UDL). A factory that crushes 1.1  million 

tons a season, with 97% extraction; 100% mud recycling, 85% mixed juice purity, and87% 

BHR, loses about R760 000 a season with a 0.1% increase in UDL. 

  

B. Refining 

Insufficient backwash of resin 

 In a resin decolourisation plant, the resin bed is backwashed during each regeneration 

cycle to remove suspended solids. The accumulation of these solids during use 

increases the pressure drop across the resin bed and therefore hinders the liquor flow. 

For an effective backwash to take place, the water flow rate and pressure must be 

adequate. In one particular factory, for example, the flow meter installed in the piping 

feeding one of the resin columns was over-reading. As a result, an insufficient flow of 

water was used repeatedly during the backwash cycle.  

 

After few regeneration cycles the accumulation of suspended solids became evident 

from the outside of the vessel, through the sight glass, as shown in Figure 3. A 

massive pressure drop was experienced, severely hampering the flow of liquor 

through the unit. There were many other factors affecting resin regeneration cycles in 

all vessels. The average cycle was 10 hours. This led to 50 hours of liquor cycles. 

This specific vessel would not run even 24 hours before the resin bed pressure drop 

reached maximum levels. Samples of backwash water were analysed for suspended 

solids in all vessels. This vessel had minimum suspended solids compared to all 

others. Suspended solids at the beginning of the backwash were just above 100ppm in 

this vessel whereas all other vessels would start in the region of 400ppm. The 

suspended solids would drop as the backwash continued. On investigation, it was 

identified that the resin bed expansion was very poor in this vessel. 

 

The normal operating practice would be to start the regeneration cycle on this vessel 

early as it was not performing effectively anyway. Failure to do so caused an 

extension of the duration of the liquor cycles in the other vessels, and therefore a 

reduction in overall colour removal, as low as 45% vs. the normal 60%. However, 

with ineffective backwashing taking place, the regeneration cycle did not restore the 
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full operating capacity of the column thus perpetuating the vicious cycle and leading 

to high liquor colours and the increased remelt and recycling of sugar within the 

factory. A visual check of the backwash effectiveness through proper expansion of the 

resin bed could have assisted in identifying this problem. 

 

 

Figure 3. Suspended solids build-up on top of a resin bed 

 

Brine effluent recycle into a resin plant 

 A resin plant brine effluent pump in one particular factory was occasionally used to 

transfer a caustic soda solution, usually used for resin regeneration, to other parts of 

the factory. The transfer pipe used for this is connected from the caustic soda dosing 

tank into the suction of the resin plant brine effluent pump, at the exit point of the 

brine effluent tank. This saves the installation of a complete separate pump. An 

isolation valve is installed to prevent mixing of the caustic soda with the resin plant 

brine effluent. However, the maximum operating level in the brine effluent tank level 

is higher than that in the caustic tank.  

 

Plant operators were not trained in the use of the caustic soda transfer system, as only 

supervisors are typically responsible for the caustic soda transfer. For a period, 

however, the isolation valve on the caustic soda transfer line was inadvertently left 

open. As a result, the resin plant brine effluent contaminated the caustic soda every 

time the level in the brine effluent tank increased. As a result, the amount of caustic 

soda used during each resin regeneration cycle was inadequate and colour compounds 

in the brine effluent were continuously being recycled back into resin. The colour 

removal performance of the plant dropped significantly to well below 40%, resulting 

in sugar being rejected and remelted due to high colour levels.  

 

C. General 

Budget constraints 

 Sometimes, maintenance expenditure in factories can be constrained due to financial 

limitations. This can result in minor, but critical, maintenance not being done as it is 

seen as low-risk. A typical example is the maintenance of valves. In one factory, the 

Suspended solids 

build-up 
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seed cut-over valves on the pan floor were not inspected and serviced during the off 

crop, as would normally be done, because no problems had been encountered during 

the previous season. However, due to one valve failure during the new season, 

different grades of seed were mixed, resulting in a poor quality of massecuite. As the 

batch centrifugals could not cure this massecuite, a supposedly minor issue resulted in 

an extended factory stop and the supposed maintenance savings achieved during the 

off crop were lost in just one day. 

 Undetermined loss is sensitive to LTA. The longer the plant stops, the bigger the      

increase in UDL. In this case, it is not only the standing cost that is incurred, but also 

the cost of UDL as shown in a previous section. Although this is a once-off type of 

problem, and related costs may be negligible, other different problems in a factory 

may prove very costly. Cost-cutting exercises needs a thorough review and must be 

implemented across all disciplines. 

 

 

Conclusion and Recommendations 

 

A vicious cycle can be easily created in any organisation. It is not necessarily the result of 

ignorance, recklessness, incompetence or a lack of experience, but instead may even result 

from the best intentions. Breaking the cycle is often difficult and may take time. Sometimes it 

takes someone from outside the factory to identify the root cause of the cycle or the main 

source of a problem, and this can be embarrassing to those involved internally. 

 

Some vicious cycles go unnoticed and end up costing the organisation substantially. 

Sometimes modifications or even capital projects are carried out to break the cycles, but only 

by treating the symptoms of the problem without resolving the root cause. This can result in 

the well-known phenomenon of a "white elephant" in the factory, which refers to a piece of 

equipment that was installed but didn’t work to solve the problem it was intended to address. 

Vicious cycles are the parents of some, but not all, of these “white elephants”. In such cases, 

the route cause is only finally addressed after other, unsuccessful, remedial actions are taken. 

 

The first step in breaking a vicious cycle is to correctly identify the problem by conducting a 

root cause analysis. This may be time-consuming but will provide a more informed technical 

solution. Experience and attention to detail, including detecting factory problems at an early 

stage before the cycle of problems begins, provide faster and more robust solutions. It is 

imperative to pay attention to details. 

 

Engineers need to understand their plant sections thoroughly and understand all failures and 

problems. During the good times, it is important to understand why the plant and equipment 

are running well, as this information will be helpful in bad times. As much as it is good to 

implement new initiatives, an open and thorough analysis must be conducted initially to 

cover all bases. A HAZOP study is one tool that can be utilised in such instances. 
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