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Abstract 

 

Energy economy in the beet sugar industry was continuously improved and refined over 

decades to reduce the steam consumption as far as possible, whereas the cane sugar industry 

for a long time attached only minor importance to this subject. However, this attitude is no 

longer relevant. More and more cane sugar factories are narrowly monitoring their energy 

consumption figures in an effort to reduce their steam consumption to a minimum by 

investing in equipment and also process optimisation. The new global tendency to install 

cogeneration plants is the main reason for the cane sugar factories to monitor not only the 

daily number of bags of sugar produced, but also the bagasse quantity that is saved daily. The 

bagasse saved serves as an energy source after the campaign to produce electric power. Any 

additionally produced electricity is then fed into the local grid. Modern cane sugar factories 

achieve steam consumption values of 30% on cane (without refinery) and 40% on cane (with 

refinery) and can thus store 50/30% of the bagasse produced. 

 

This paper will present the concepts as well as the operating results from cane sugar factories 

in India and Pakistan, where processing performance and steam consumption could be clearly 

optimised by the installation of falling-film evaporators and modification of the heating 

system. 

 
Keywords: steam consumption, heating system concept, falling-film evaporator, scaling, cleaning, 

non-condensables 

 

Introduction 

 

In the cane sugar industry, the Roberts evaporator is the most common type of evaporator to 

the present day. This is not only a question of costs, but can also be explained by the fact that 

heating tube cleaning is a simple mechanical process. However, Roberts evaporators need a 

higher temperature difference in the different evaporator effects, which is due to the 

hydrostatic pressure that is produced by the high juice level. This restricts the possibility of 

using vapour from the last effects for heating purposes, and consequently increases the 

factory's steam consumption. 

 

A concept has been developed that allows falling-film evaporators to be used in the cane 

sugar industry, so the benefits of this technology, which has been for decades applied in the 

beet sugar industry with great success, can also be put to use for the production of cane sugar. 
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In 2011, a five-effect evaporation plant with falling-film evaporators was installed and 

commissioned for the Indian Cane Power Limited (ICPL), which is a 6000 ton cane per day 

(TCD) plantation-white cane sugar factory that does not have a refinery. In 2012, two 

additional falling-film evaporators were installed as standby units for effects 3 and 4. In 2014, 

two falling-film evaporators were installed and commissioned at Ghotki Sugar Mill (GSM) in 

Pakistan. GSM is a 12 000 TCD cane sugar factory with an attached refinery. 

 

Table 1 summarises key operating data of both factories. 

 

 
Table 1. Operating features of Indian Cane Power Ltd (ICPL) and Ghotki Sugar Mill (GSM). 

  ICPL (India) GSM (Pakistan) 

Initial crushing capacity TCD 6000 12 000 

Intended crushing capacity TCD 7000 13 000 

Achieved crushing capacity TCD 9000 14 000 

Final product − Plantation-white Refined sugar 

Operation with refinery − NO YES 

Mill tandem/diffuser − Mill tandem Mill tandem 

Cogeneration − YES YES 

Juice purification system − 
phosphor-defecation + double 

sulphitation 
Phospho-defecation 

Existing evaporation station − Quintuple effect FFEs + Roberts Quintuple effect FFEs + Roberts 

Improved evaporation station − 
Quintuple effect only FFEs 

(New) 

Quintuple effect FFEs + Roberts 

(Extended) 

Initial steam consumption % OC 36 46 

Current steam consumption % OC 30 40 

TCD = tons cane per day      FFE = falling-film evaporator      % OC = percentage operating costs 

 

 

Both projects have the same objectives, which can be summed up as follows: 
 

 Stable operation of the evaporation plant 

 Higher capacity 

 Reduced steam consumption 

 Higher amount of bagasse saved, and therefore more exported electric power. 

 

In parallel with the two projects, the heating system concepts were consistently developed, 

from preparing the mass and heat balances to the process and instrumentation diagrams, and 

including the arrangement plans. Assistance with the projects also comprised plant 

commissioning and chemical evaporator cleaning. 

 

Falling-film evaporators allow advanced steam-saving concepts to be implemented for sugar 

production. This publication shares the experience and results of evaporator plants including 

falling-film evaporators in cane sugar factories with a particular view to the operating 

particularities of cane sugar mills with and without refineries.  
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PROJECT I: INDIAN CANE POWER LIMITED, INDIA 

(PLANTATION-WHITE CANE SUGAR MILL 

WITHOUT REFINERY) 

 

Elements of the evaporation plant (ICPL) 

The new evaporation plant is designed for a capacity of 7000 TCD. It consists of five falling-

film evaporators with a specific heating area of 2.0 m²/1 TCD, which is distributed as follows 

(Figure 1): 
 

 Effect 1:   4,000 m² 

 Effect 2:   4,000 m² 

 Effect 3:   4,000 m² 

 Effect 4:   1,000 m² 

 Effect 5:   1,000 m² 

 

 
 

Figure 1. New falling-film evaporators and condensate tank  

during installation (Indian Cane Power Limited). 

 

Additional equipment complements the plant. This equipment includes a central condensate 

tank for gradual condensate expansion. Pumps for clear juice, juice circulation and thick juice 

are installed. These pumps ensure that the evaporators are supplied with the required amount 

of juice for concentration. For better heat utilisation, the clear juice is gradually heated in heat 

exchangers before it enters the first evaporator. Storage tanks and feed tanks, as well as 

separate pumps are available for chemical cleaning. Measuring and control equipment and a 

central process control system provide for easy control of the complete system.  
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Special features of the heating system concept (ICPL) 

The heat system concept for ICPL (Figure 2) is based on making maximum use of the vapour 

from the last effects for heating purposes. Decisive is, in particular, VP3 utilisation for 

crystallisation: 

 

 Heating of primary juice (PJ) with VP5, condensate and VP4 

 Heating of limed juice (LJ) with VP3, VP2 and VP1 

 Heating of clear juice (CJ) with VP2 and VP1 

 Crystallisation with VP2 and VP3. 

 

 
Figure 2. Heating system concept of Indian Cane Power Ltd 

with typical operating conditions (Step 1). 

 

The falling-film evaporators operate with an independent juice circulation system. Even if the 

clear juice feed rate should fluctuate, correct operation of the different evaporators is always 

maintained, because wetting of the heating tubes with circulating juice is independent of the 

amount of clear juice that enters the system. 

 

The heating tubes of the evaporators are easily accessible from the upper tube plate to 

provide for easy inspection and, if necessary, mechanical cleaning with high-pressure water.  

 

Achieved processing rate and specific steam requirements (ICPL) 

The evaporation plant was supplied and commissioned in January 2012. Figure 3 is an 

overview of the crushing capacity and specific steam consumption values that were recorded 

during a period of three weeks.  

 

The intended crushing rate of 7000 tons of cane per day at 33% steam on cane was 

maintained without any interruptions. As long as the evaporation plant was clean (the first 10 

days of operation), the recorded capacity was almost 10% higher than the design value, with 

a specific steam consumption that was 10% lower than designed. As the heating surfaces 

gradually became scaled, i.e. after the 18th day of operation, the capacity and specific steam 

consumption values remained slightly below the rated values. After day 21, the evaporators 

were cleaned. 

Sugar House Sugar House Condenser

CJ Heater 2 CJ Heater 1

LJ Heater 3 LJ Heater 2 LJ Heater 1 PJ Heater 2 PJ Heater 1

Syrup
Bx = 65 %

FFE 1: 4.000 m² FFE 2: 4.000 m² FFE 3: 4.000 m² FFE 4: 1.000 m² FFE 5: 1.000 m²

4 51 2 3

Clear Juice
Bx = 15 %

Exhaust Steam
33 % o.c.
2.1 bar abs.

VP 1 VP 5VP 4VP 3VP 2

121.5  C 108.0  C115.5  C 93.0  C102.0  C

116.0  C 102.5  C108.5  C 75.0  C93.5  C
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Figure 3. Daily crushing capacity and specific steam 

consumption (Indian Cane Power Ltd - Step 1). 

 

 

In 2012, two further falling-film evaporators were installed, which replaced effects 3 and 4 

and increased the heating area of effect 4 to 4000 m². The original effect 4, with a heating 

area of 1000 m², was then used as a standby evaporator for effect 5. After this modification, 

the heating areas were distributed as follows: 

 

 Effect 1: 4000 m² 

 Effect 2: 4000 m² 

 Effect 3: 4000 m² 

 Effect 4: 4000 m² 

 Effect 5: 1000 m² 

 

Standby evaporators: 

 Effects 3/4: 4000 m² 

 Effect 5: 1000 m² (previous effect 4). 

 

With this upgrade of the evaporation plant, together with optimisation measures in the sugar 

house, even VP 4 could be used for crystallisation (Figure 4). This allowed raising the 

factory's processing capacity to 9000 TCD, and steam consumption was reduced to 28% on 

cane (without accounting for downtimes) (Figure 5). 

 

Scaling (ICPL) 

A higher temperature gradient in the different evaporators is an indicator of increasing 

scaling during operation. The specific temperature gradient was defined as the measured 

temperature gradient ΔT by a scaled heating surface (measured during operation) divided 

through the initial temperature gradient Δt0 by a clean heating surface (measured at the 

beginning of the operation) (Baloh, 1991): 
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Specific temperature gradient = (ΔT / ΔT0) in [%] 

 

can serve as a simple measure of scaling intensity. As long as no changes are made in the 

heating system, this value reflects the degradation of the overall heat transfer coefficient. 

 

In Figure 6, the specific temperature gradient is shown for each falling-film evaporator at 

ICPL for the first 21 days of evaporation plant operation. The curve for the 3rd evaporator 

effect clearly shows that, after day 10, the extent of vapour bleeding from this effect was 

reduced and extra bleeding shifted to the 2nd effect instead. 

 

 
 

Figure 4. Heating system concept of Indian Cane Power Ltd 

with typical operating conditions (Step 2). 

 

 

 

 
 

Figure 5. Daily crushing capacity and specific steam 

consumption (Indian Cane Power Ltd - Step 2).  
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Since each evaporator effect is affected by scaling, the specific temperature gradient that is 

required for operation of the evaporation plant is on average twice as high after 21 days than 

that of the clean plant. This is particularly evident with effects 1, 2 and 4.  
 

Scale on evaporator tubes is recognised as hampering the heat flow by a solid layer with low 

heat conductivity. Further, the heat transfer coefficient of clean tubes drops with a rising dry 

substance content from the first to the last evaporator. The operation figures show 

approximately the same increase of the specific temperature difference from clean to scaled 

tubes in all evaporators. This indicates that the scale thickness increases from the first to the 

last effect, comparable to the drop of heat transfer coefficients by a rising dry substance 

content in clean tubes.  

 

 
Figure 6. Development of the specific temperature gradient in the five falling-film  

evaporators as a measure of scaling plotted against time (Indian Cane Power Ltd). 

 

The scale that formed in the different evaporator effects at ICPL was analysed. The main 

inorganic components in the scale are calcium carbonate, calcium phosphate, calcium 

sulphate, calcium sulphite and silicon compounds; how these are represented in the different 

evaporator effects is shown in Table 2.  
 

The composition of the scale is typical of evaporators in the cane sugar industry, where 

phospho-defecation with clear juice sulphitation is used for juice cleaning (Dahi Ali 1986). 
 

The raw material and operating conditions generally have an effect on the composition of the 

scale, specifically: 
 

 Composition of the processed cane, which is in its turn influenced by soil and climatic 

conditions. 

 pH value of the clear juice. 

 Phospho-defecation for juice purification results in scale with a high phosphate content in 

the first effects. 

 Sulphitation for juice purification results in a high sulphite content in the first effects. 
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Table 2. Scale of falling-film evaporators at Indian Cane Power Ltd. 

analysis of main inorganic components (February 2012). 

 
 

 

Scale is, in addition, normally caused by the following factors: 

 

 Dissolved salts, where solubility goes down as temperatures and the sugar concentration 

go up and are deposited on the heating surfaces,  

 Suspended solids in the clear juice, which are not properly separated in the juice cleaning 

process, are caught on encrustations that have already formed. 

 

Chemical cleaning (ICPL) 

Chemical cleaning of evaporators for removing scale is done regularly to restore the original 

condition of the evaporators. Any remaining scale has to be removed with an additional 

mechanical process in which a high-pressure water jet is used. 

 

Hugot (1972), and later also Rein (2007), provided a general description of the procedure that 

has to be considered when cleaning evaporators: 

 

 Calcium phosphate (Ca3(PO4)2) primarily occurs in the first two evaporator effects; it 

forms soft scale that can fairly easily be removed in a chemical process with caustic soda 

solution and diluted sulfamic acid. 

 Calcium sulphate (CaSO4) forms in the last effects; it tends to form as a hard and compact 

scale that can only slowly be attacked with acids. 

 Encrustations with silicon compounds in the last two effects are very hard and difficult to 

remove, even in cleaning processes in which alkaline-acid methods are combined. 

 

At ICPL, the evaporation plant was chemically cleaned not later than after a 30-day operation 

period. Alkaline cleaning (a combination of a 6% caustic soda solution with 70% on solids of 

caustic soda NaOH and 30% on solids of sodium carbonate Na2CO3 as well as an EDTA-

based scale softener) was followed by acid cleaning (formic acid with corrosion inhibitor), 

Effect FFE 1 FFE 2 FFE 3 FFE 4 FFE 5

Calcium carbonate 2.8 % 3.1 % < 0.1 % 1.5 % 2.9 %

Calcium phosphate 42.8 % 6.6 % 3.5 % 3.0 % 1.4 %

Calcium sulphate 11.2 % 19.7 % 32.3 % 31.8 % 27.5 %

Calcium sulphite 0.1 % 14.4 % < 0.1 % 1.8 % < 0.1 %

Silicate 0.4 % 9.3 % 21.1 % 34.9 % 31.8 %

Scale samples

Scale structure

Soft, thin 

layer. Can 

easily be 

scraped off

Soft, thin 

layer. Can 

easily be 

scraped off

Hard, thick 

layer. 

Difficult to 

remove 

mechanically

Very hard, 

thin layer. 

Very difficult 

to remove 

mechanically

Very hard 

and compact, 

thick layer. 

Very difficult 

to remove 

mechanically
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always at temperatures near 100°C. The exposure time was always eight hours, the 

concentration of the cleaning solution being adapted to the scale thickness. Table 3 shows 

how successful cleaning was for the different evaporators. 

 

While combined alkaline followed by acid cleaning produces satisfactory results in effects 1 

to 3, the scale in effects 4 and 5 is much more difficult to remove because of the silicate 

content. When the plant was cleaned for the first time, the heating tubes were mechanically 

cleaned with high-pressure water. For the following cleaning periods, the chemical procedure 

was varied for effects 4 and 5, to provide for longer operation periods between cleaning 

cycles. Finally, the cleaning effectiveness of effects 4 and 5 remains at a lower level than that 

of  effects 1, 2 and 3, and limits the operation period of both last evaporators. To ensure 

continuous operation of the cane sugar factory, the old evaporation set is operated during the 

cleaning cycle, taking into account a breakdown in crushing capacity to 6000 tons of cane per 

day. 

 

Removal of non-condensable gases from evaporator calandrias (ICPL) 

To provide for an unobstructed heat transfer in evaporators, non-condensable gases have to 

be removed from the evaporator calandrias. Non-condensable gases reduce the partial 

pressure of heating steam and therefore reduce its condensation temperature. The presence of 

these gases makes itself felt in particular in falling-film evaporators which, unlike Roberts 

evaporators, are operated at a lower temperature gradient between heating steam and vapour. 

If the condensation temperature is not to be influenced by the non-condensable gases by more 

than 0.25 K, the concentration of these gases must remain below 1% (w/w). 

 

The amount of non-condensable gases was determined for the calandrias of evaporator effects 

1, 2 and 3 by measuring the quantity of non-condensables in the venting line of the 

evaporators: 

 

 FFE1: No non-condensable gases were analysed for the 1sy effect calandria, which is 

what had been expected. The turbine exhaust steam only contains traces of non-

condensable gases that cannot be quantified in detail. 

 FFE2: With the clear juice concentration in the 1st evaporator effect, dissolved gas is 

entrained into the calandria of the second evaporator together with the 1st vapour. The 

amount that has to be discharged is about 10 g of non-condensable gases per ton of cane 

processed. 

 FFE3: With the clear juice concentration in the 2nd evaporator effect, dissolved gas 

continues to be entrained into the calandria of the third evaporator with the 2nd vapour. 

The amount that has to be discharged is about 3 g of non-condensable gases per tonne of 

cane that is processed. 

 

The non-condensable gases always collect in the calandrias at the bottom tube plate, from 

where they are discharged in a concentrated form. The reduced condensation temperature 

therefore only affects part of the evaporator heating area. By defining that the concentration 

of non-condensable gases should not exceed 1% (w/w) at the discharge nozzle, steam losses 

of less than 0.1% on cane can be adjusted for each evaporator. 
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Table 3. Heating tubes in the different evaporator effects, 

before and after chemical cleaning (February 2012). 
 

 
  

Effect Before cleaning After cleaning Cleaning effect

Very good.

Heating tubes 

are clean.

Very good.

Heating tubes 

are clean.

Good.

Heating tubes 

are largely clean.

Poor.

Heating tubes 

still covered 

with 

considerable 

encrustations.

Poor.

Heating tubes 

still covered 

with 

considerable 

encrustations.

FFE 5

FFE 3

FFE 4

FFE 1

FFE 2
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PROJECT II: GHOTKI SUGAR MILL, PAKISTAN 

(CANE SUGAR MILL WITH REFINERY) 

 

Elements of the evaporation plant (GSM) 

The existing evaporation plant at GSM combines falling-film evaporators in effect 1 with 

Roberts evaporators in effects 2, 3, 4 and 5, with a specific heating area of 1.5 m²/1 TCD. For 

upgrading the evaporation plant, two new falling-film evaporators were installed, with a 

heating area of 5000 m² each in effect 1 (Figure 7). The existing evaporators were then 

distributed to the remaining effects. The two new evaporators increased the specific heating 

area to 2.0 m²/1 TCD. Since each effect now has its own standby evaporator, evaporator 

switching for cleaning purposes will be much easier than before, and there is also more 

flexibility. 

 
Table 4. Old and new evaporator setup (Ghotki Sugar Mill). 

Evaporators Existing setup Standby Extended setup Standby 

1st effect 3500 + 3500 m2 
3000 m2 

5000 + 5000 m2 (new) 3500 m2 

2nd effect 2500 + 2500 + 2100 m2 3500 + 3000 m2 2500 m2 

3rd effect 1800 m2 
1800 m2 

2500 + 2100 m2 1800 m2 

4th effect 1500 m2 1800 m2 1500 m2 

5th effect 900 m2 900 m2 900 m2 900 m2 

 

 

 
 

Figure 7. New falling-film evaporator for effect 1 (Ghotki SugarMill). 
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Four new tube-bundle heat exchangers for raw juice, with a heating area of 450 m² each, 

were installed in addition to the two falling-film evaporators. The old and the new heat 

exchanger setup is shown in Table 5.  

 
Table 5. Old and new (intermediate step) heater setup (Ghotki Sugar Mill). 

Heaters 
Existing setup (12 000 TCD) 

Future setup (13 000TCD 

intermediate step) 

In operation Standby In operation Standby 

Vapour line heaters 1 x 350 m2 1 x 350 m2 2 x 350 m2 (VP5) 
1 x 450 m2 

(VP5) 

Primary juice 

heaters 
2 x 350 m2 1 x 350 m2 

1 x 450 m2 (condensate) 

1 x 450 m2 (VP4/VP3) 

1 x 450 m2 

(VP4/VP3) 

Limed juice heaters 2 x 350 m2 1 x 350 m2 
2 x 350 m2 (VP2) 

2 x 350 m2 (VP1) 

2 x 350 m2 

(VP1/VP2) 

Clear juice heaters  1 x 350 m2 (VP1)  

Total 9 x 350 m2 
9 x 350 m2 existing 

4 x 450 m2 (new) 

 

As a further and final step, four additional new tube-bundle heat exchangers for limed juice 

and clear juice, with a heating area of 450 m² each, were installed (Table 6). 

 
Table 6. Old and new (final step) heater setup (Ghotki Sugar Mill). 

Heaters 
Existing setup (12 000 TCD) Future setup (13 000 TCD – final step) 

In operation Standby In operation Standby 

Vapour line heaters 1 x 350 m2 1 x 350 m2 2 x 350 m2 (VP5) 1 x 450 m2 (VP5) 

Primary juice 

heaters 
2 x 350 m2 1 x 350 m2 

1 x 450 m2 (condensate) 

1 x 450 m2 (VP4/VP3) 

1 x 450 m2 

(VP4/VP3) 

Limed juice heaters 3 x 350 m2 1 x 350 m2 

1 x 450 m2 (condensate) 

1 x 450 m2 (VP3) 

2 x 350 m2 (VP2) 

2 x 350 m2 (VP1) 

1 x 450 m2 (VP3) 

2 x 350 m2 

(VP1/VP2) 

Clear juice heaters   
1 x 450 m2 (VP2) 

1 x 350 m2 (VP1) 
 

Total 9 x 350 m2 
0 x 350 m2 (existing) 

8 x 450 m2 (new) 

 

Special features of the heating system concept (GSM) 

Operation at GSM differs from ICPL in that GSM has an attached refinery, with an additional 

steam consumption of ±10 % on cane, for which VP1 (2 % on cane) and VP2 (8% on cane) 

are used. For the sugar house, only VP2 and VP3 are used. The heat exchanger setup is 

similar to that at ICPL, except that first limed juice heatings with condensate and VP3 and 

first clear juice heating with VP1 are as yet not available. This has nothing to do with the 

planned heating system concept. It was a decision that was taken because of the very tight 

time schedule for implementing the project. The missing four heat exchangers with a heating 

area of 450 m² each will be installed for the 2015/2016 campaign. 
 

The heating system concept for GSM can be summed up as follows (Fig.8): 
 

 Heating of primary juice (PJ) with VP5, condensate and VP4 

 Heating of limed juice (LJ) with condensate, VP3, VP2 and VP1 

 Heating of clear juice (CJ) with VP2 and VP1 

 Crystallisation with VP2 and VP3 

 Refinery with VP2 and VP1. 
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Figure 8. Heating system concept of Ghotki Sugar Mill with typical operating conditions. 

 

 

Operational results (GSM) 

The evaporation plant with the two additional falling-film evaporators was commissioned in 

December 2014. Figure 9 shows the operating data (crushing capacity and specific heat 

consumption) for an operating period of two months. 

 

 
Figure 9. Daily crushing capacity and specific steam consumption (Ghotki Sugar Mill). 

 

The targeted crushing rate of 13 000 TCD was not only achieved, but was exceeded by far. 

The average crushing rate was 13 700 TCD, which is higher by 5% than the rated value.  
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The high steam consumption during the first two weeks can be explained by the fact that the 

new installations had not yet been insulated (new falling-film evaporators, new heat 

exchangers, juice and steam piping). When the insulation for the equipment had been 

completed, the specific heat consumption dropped to values between 40 and 43% on cane. 

The mean specific steam consumption determined for the entire period during which data 

were recorded was 42.1% on cane. For the period after completion of the insulation, the mean 

steam consumption was 41% on cane, which is lower by 5% than the rated value (43% on 

cane). During the last weeks of the campaign an average steam consumption of  

40% on cane was reached.  
 

In the next campaign, the steam consumption after installation of the remaining four new heat 

exchangers for limed juice and clear juice is expected to be 38% on cane. The mean crushing 

rate is expected to go up to 14 000 TCD.  
 

In Figure 10, the measured Brix values for clear juice, juice at the outlet of the new falling-

film evaporators, and thick juice is plotted against a 50-day operating period. The Brix value 

increase in the new evaporators is 8.6% on average. The thick juice Brix is 69% on average. 

 

 
Figure 10. Brix of clear juice, juice outlet of new falling-film evaporators  

and syrup (Ghotki Sugar Mill).  

 

For a separate evaluation of the new falling-film evaporators, reference is made to Figure 11. 

The diagram shows the achieved water evaporation rate, the Brix increase, and the set 

effective temperature gradient for an operating period of 20 days. 
 

The mean water evaporation rate that could be achieved was 227 t/h, the mean Brix increase 

was 8.6% at a temperature gradient of 7 K. The two falling-film evaporators are designed for 

a water evaporation rate of 211 t/h and a Brix increase of 6.2% at a temperature gradient of 

6.1 K. 
 

The new falling-film evaporators were operated for 20 days on average between chemical 

cleaning intervals. 
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Figure 11. Water evaporation, Brix-increase und temperature gradient 

in the new falling-film evaporators (Ghotki Sugar Mill). 

 

Conclusions 

 

Falling-film evaporators have proved to be excellent performers in the beet sugar industry. 

Thanks to a carefully conceived cleaning process and adequate discharge of non-condensable 

gases, they can also be used with great success in the cane sugar industry. 
 

Since these evaporators require a lower temperature gradient than Roberts evaporators, and 

since the residence time is low, the temperature level in the last effects of the evaporation 

plant can be increased. Because of this, vapour from effects 3 and even 4 can be used for 

crystallisation, and this allows the heating system in cane sugar factories to be optimised. 
 

When combining falling-film evaporators with well-organised sugar house operation 

(continuous boiling, batch pans with stirrers, controlled water application), specific steam 

consumption values of 30% on cane can be continuously achieved in cane sugar factories 

without a refinery, and 40% on cane in cane sugar factories with a refinery.  
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