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Introduction 
 
At a time when there is a growing health trend towards reduced sugar consumption, sugar tax 
in many countries which import Swaziland sugar and the end of the European quota in October 
2017, it was indeed a bold decision to expand the cultivation and factory. Eswatini is endowed 
with good soil and water resources, a favourable climate for sugarcane and a socio-economic 
environment which puts the country at a strong comparative advantage. The Eswatini sugar 
industry has been consistently ranked among the top 10 low cost producers in the world.  
 
Following the developments in the EU market, the South African Customs Union countries 
(SACU) is now the most important market for Eswatini sugar industry, accounting for 60% of 
the country’s sugar sales. South Africa and Eswatini are the only two SACU countries 
producing sugar, and Eswatini has evidently a major role to play in the regional market 
(Table 1). In 2018, an import duty of about US$ 680/ton sugar coming from non-SACU 
countries was imposed. 
 
 

Table 1. Per capita sugar consumption in South African Customs Union countries. 
 

SACU 
Countries 

Population 
(millions) 

Sugar 
production 

Per capita* kg 
consumption 

Per capita kg 
production 

South Africa 56.72 1 500 000 36.0 26.4 

Botswana 2.292 nil 24.7 nil 

Lesotho 2.233 nil 20.5(1978) nil 

Namibia 2.534 nil 32.4(1994) nil 

Eswatini 1.367 745 000 35.0 545 

Total/average 65.146 2 245 000 34.9 34.5 

         *Source; www.helgilibrary.com, www.africacheck.org, 

 
 
The sugar industry in Swaziland employs about 35% of the agricultural workforce and 
contributes 11% of the Gross Domestic Product (GDP). The unemployment rate is 25%. 
 
Royal Swaziland Sugar Corporation (RSSC) has two of the three mills in Eswatini and 
produces two thirds of the country’s sugar production. It has a backend refinery RSO 35 tons 
at Mhlume and a distillery at Simunye. 
 
RSSC has a total of 3 200 employees for both agriculture and factories: 1 300 are permanent 
and 1 900 seasonal. About 22 000 persons (including external services) are housed on its 
residential sites with shopping, banking and medical facilities at the main centres. Out-growers 
play an important role, and their supply of cane crushed at Mhlume will increase from 55 to 
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60%. Various international initiatives – Fairtrade and EU projects - are in place for small out-
growers as part of enhanced rural development.  
 
In this difficult environment, RSSC has taken an internal challenge in the form of an Integrated 
Growth Plan which started in 2017 and encompasses all the departments of the organisation. 
It focuses initially on a low cost strategy with Simama 20-20 which aims at reducing unit price 
by 20% by the year 2020. The expansion of Mhlume factory is part of unit cost reduction 
strategy.  
 

Mhlume Expansion Strategy 
 
The expansion was designed to be within the capabilities of the existing boilers as new boiler 
or boiler upgrade would be very expensive. Efficient use of steam by converting the three sets 
of quadruple to one quintuple effect, maximising the benefits of vapour bleeding and improving 
the high pressure steam usage by replacing the 150 tch mill tandem with a 290 tch cane 
diffuser. To improve the Overall Time Efficiency (OTE) by cleaning evaporators on the run. 
The driving force of the expansion was the evaporator station with its impact on energy. 
 
The transformation of the evaporator station was planned with the following objectives: 
 

 Convert the three sets of quadruple to one quintuple effect. 

 Install Kestner long tube rising film evaporator to work with the conventional Robert short 
tube evaporators. 

 Have enough redundant vessels to enable cleaning on the run. 

 Ensure safe isolation of vessels for cleaning. 

 Extra syrup storage capacity for continued pan floor operation during scheduled stops. 
 
 
Considering the importance of the evaporator operation and the possible negative impact on 
the future phases, a Hazard and Operability Study (HAZOPS) was conducted at the 
preparation stage. This was to clarify the objectives and identify any issues that might arise 
during operations. The participants included a knowledgeable facilitator, the designing 
engineer as well as factory process staff. During the off-crop, while the evaporator installation 
and modifications were in progress, all the process operators and factory supervisors were 
trained, one hour weekly, on the new operation covering the evaporator control philosophies 
for steam, juice level and brix, vessel isolation procedures and operation. 
 
Modification 
 
The original evaporator station consisted of three sets of quadruple effects totalling 16 vessels 
(Table 2.) 
 
 

Table 2. Heating surface(m2) of evaporator station prior to expansion.  

 Stork JBH DL Total Remarks 

First Effect (2 vessels) 1301 1765 2974 6040 
Two vessels for each first 
effect 

Second Effect 325 511 2324 3160 Two vessels for DL only 

Third Effect 325 418 790 1533   

Fourth Effect 325 418 790 1533   

Total 2276 3112 5388 12266   
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The new evaporator station now consists of four new Kestner vessels of 3 000 m2 each, the 
other Robert vessels except for all the five vessels of the Stork set and one small vessel of 
the JBH set which were removed. 
 
 
The vessels were reconfigured to operate as a quintuple and to allow cleaning on the run. The 
sizing and utilisation of the old Robert vessels were done to maximise the use of vapour 
bleeding. Table 3 shows the new configuration with redundant vessels for cleaning. Special 
safety precautions were in place to prevent any possibility of hot juice, condensate or steam 
into a vessel isolated for cleaning. In addition to the interlocks at the DCS, there is a manual 
de-clutching operation to ensure that the double block and bleed is operational.  
 
 

Table 3. New quintuple vessel configuration and heating surface. 

Effects 
Heating 

surface (m2) 
HS m2 

Running 
Option 1 

Running 
Option 2 

1A  3000  3000 3000 

1B  3000  3000 3000 

1C/2 SWING 3000  3000  

2A  3000   3000 

3A  1487  1487 1487 

3B  1487  1487  

3C SWING 1162   1162 

Tail 1 Tail 2 Tail 1 Tail 2   

4.1 4.2 1162 1022 1162 1022 

5.1A 5.2A 790 743 790 743 

5.1B 5.2B 790 511 790 511 

  5.2C  418  418 

Total    14716 14343 

 
The full benefits of vapour bleeding will be obtained when the Continuous Vacuum Pans using 
V2 will be installed in phases 2 and 3.  
 

Direct Contact Heater (DCH) 
 
For phase 1 the Direct Contact Heater utilising V3 was installed. Intermittent hammering and 
throughput issues were experienced when the DHC was put into operation. Hammering was 
eventually traced back to the high juice level inside the DCH; the juice level was at times 
reaching the V3 inlet and the hammering was caused by the presence of the juice inside the 
V3 line. The venting of the incondensable gas pipe to V4 line (43 kPa) was re-routed to the 
V3 line downstream of the V3 control valve. During the 2018/19 off-crop the DCH was raised 
and the incondensable gas pipe returned to V4 line. 
 
Throughput issues due to increased volume from DCH vapour condensation 
 
Prior to expansion, the mill mixed juice was directed to the Rapidorr clarifier (capacity 295 tons 
juice per hour) and the diffuser juice to the SRI clarifier (1970 vintage - capacity 245 tons juice 
per hour). For phase 1, both mixed juices were combined after weighing and then heated by 
the DCH; the increase in volume from condensation was about 12 m3 per hour. 
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The SRI which was handling the cleaner diffuser juice (insoluble solids % mixed juice diffuser 
0.38% cf to mill 0.72%) was now struggling with the mixed average of 0.55% insoluble solids. 
For the SRI this was a 45% increase in insoluble solids level. A high molecular weight 
flocculant was tested very late in season, but by that time the cane supply was already low 
and its effect on the clarifier throughput was inconclusive. 
 
The Rapidorr was modified during off-crop of 2018/2019 to increase its throughput; this would 
then enable the continuous use of the DCH. An increase of 10-15% in juice throughput was 
obtained during the present 2019 crop. The plan is also to upgrade the SRI during phase 3. 

 
Evaluation of phase 1 

 

The evaporator cleaning on the run worked well and there was a reduction of 147 hours in 
scheduled stops (see Table 4). 
 
 

Table 4. 2018 crop (phase 1) compared to 2017 crop. 
 

2017 2018 Difference 

Cane tons 1 504 680 1 725 659 220 979 

Sugar tons 188 684 218 778 30 094 

TCH 377 386  

Crop duration weeks 32 35  

Grinding hours  3 980 4 472  

No cane stops hours 513 686  

Scheduled stops hours 285 138 147 

Overall time utilisation % 81.25 78.6  

Time loss Account % 9.25 10.67  

Energy 

Imported MWh 1 387 2 269  

Exported MWh 7 765 10 594  

Net generated MWh 6 378 8 325 30% 

Total steam generated tons 1 228 320 1 235 324  

Total steam % cane 81.63 71.59 -14% 

 
The steam % cane from Energy Mass Balances calculated for the project indicates a reduction 
from 60.3% (prior expansion) to 49.0% at phase 4. However, for the evaluation of phase 1 the 
actual total steam generated % cane crushed was used. This is more meaningful as it includes 
steam consumed during stops, start-ups/shutdowns and power generation for export. 
 

It is interesting to note (Table 5) that the water evaporated from clear juice for both crops were 
similar at 377 tons per hour, but the total steam % cane for the factory saw a reduction of 14% 
while the net power generated also went up by 30%. The steam % cane is expected to improve 
further as the benefits of vapour bleeding started to be obtained with the installation of the C 
CVP using V2 and more continuous use of the DCH using V3. 
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Table 5. Evaporator performance. 
 

Crop 2017 Crop 2018 

Clear Juice tons 1 876 700 2 114 672 

Clear juice t/h 470 473 

Clear Juice Brix 12.89 13.07 

Syrup brix 65.58 64.36 

Evaporation % 80.34 79.69 

Water evaporated t/h  377.6 376.8 

Comparison with last crop 

Evaporator vessels Old 3 Quads New quintuple 

Heating surface m2 12266 14716 

Evap kg/m2/h 30.79 25.61 

Imbibition % fibre  388.04 326.76 

Filter wash index (FWI) 102.0 102.5 

Steam generated % cane 81.63 71.59 

 
Project Expectations 

 
The expectations at various stages are highlighted in Table 6. The four phases would be 
completed for the 2021 crop and Mhlume will be producing 40% more sugar than before 
expansion, with only 12% increase in crop duration.  
 
After the first phase, there was an evaluation of the crop performance and the Project 
Definition Report is updated with changes to the priorities of equipment upgrade. 
 

Table 6. Project expectations at various stages. 

 

 
Before 

expansion 
Phase I 
2017/18 

Actual 2018 
Phase II 
2019/20 

Phase III 
2020/21 

Phase IV 
2021/2022 

Cane  
(million tons) 

1.6 1.69 1.726 1.75 1.87 2.2 

TCH 377 350 388 390 390 440 

Crop 
duration 

32 36 35 33 35 36 

OTE 73.6 79.5 78.6 80.5 81.5 82.5 

Overall 
recovery 

85.7 85.4 85.99 86.3 86.7 87.6 

Calculated 
stream % C 

60.3 56.6  56.4 55.6 50.3 

Cost E mill  130  81 255 107 
 

Equipment 
upgrade 

 Evaporator  CCVP SRI clarifier New diffuser 

 Syrup 
storage 

 A-pan 2nd Kestner  

 
  

C-massecuite 
reheater 

Sugar drier  

 
  

A/B-
centrifugals 

Whole stick 
shredder 

 

 
  

Clear juice 
tank 

  

   Sugar screen   

 
  

C-Crystal 
reconfiguraltion 
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Appendix 1: 
Quintuple vessels configuration and Evaporator control philosophy. 

 
In operation, the quintuple consists of a single evaporation line with two new Kestner vessels 
as first effect, one Kestner as second effect (in phase 3, one more Kestner will be installed for 
second effect) three Robert evaporators as third effect and two tails of fourth and fifth  effect 
made up of three and four different Robert vessels. Juice/syrup will flow in series while steam 
and vapour will be connected in parallel to vessels of the same effect. Kestner 1C will either 
be used as first effect or second effect if not stopped for cleaning. Only one of the four Kestner 
can be stopped for cleaning at any one time. 
 
Robert evaporators 3A, 3B and 3C will always be used as third effect, any two will be in 
operation while the third will be stopped for cleaning. 
 
The two fourth and fifth effects tails will consist of Robert evaporators 4.1, 5.1A and 5.1B from 
the DL set and Robert evaporators 4.2, 5.2A, 5.2B and 5.2C from the JBH set. One set will be 
in operation while the other will be stopped for cleaning 
 
When starting and stopping for cleaning, juice, vapour and condensate isolation and by-pass 
valves are opened or closed in the right sequences & delays to fill the vessels and bring it on 
range without disturbing the evaporator vapour equilibrium, syrup brix and flow rate.  These 
are automated. However, some operations such as locking of isolation valves closed, venting 
and draining vessels are done manually in-situ to prevent accidents. 
 
Control philosophy 
 
Steam pressure in the first effect shall be controlled to keep constant V1 (or V2 control option) 
by adjusting flow of exhaust steam to the evaporator. Level of evaporator vessels are 
maintained by controlling the juice/syrup discharge valves. 
 
Brix from the fourth effect will be controlled by adjusting flow of V3 to the fourth effect. Syrup 
extraction from the fifth effect will be controlled by brix syrup from the fifth effect outlet. High 
and low level inside last vessel will be used to override brix measurement to control syrup 
extraction. 
 
The vacuum on the fifth effect will be controlled by throttling the flow of injection cooling water 
to the condenser. However, the maximum valve opening shall be limited by condenser tail 
pipe temperature (five degrees) to avoid flooding the condenser. 
 
As a safety measure to prevent high brix syrup, the vapour space pressure of the fifth effect 
shall be increased to keep brix to below 69. A maximum shall be set (say 30 kPa) to ensure 
that a minimum vapour pressure is maintained to keep a pressure gradient across the 
evaporator set. 
 
Condensate accept/reject 
 
Online conductivity meters are installed on condensate pots 1A. 1B, 1C and 2A to determine 
whether condensate is pure enough to be sent to the boiler feed water tank. 
 
Maximum conductivity levels to reject condensate and duration of condensate reject at start-
up can be set in the SCADA. 
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