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ABSTRACT 

 

The Length Of the Milling Season (LOMS) is defined as the duration and timing of sugarcane 

harvesting and milling in a particular milling area. In South Africa it is usually a 9-month 

period from April to December. In South Africa, LOMS has been a controversial issue since 

the implementation of the Recoverable value (RV) cane payment system in 2000.  Since then 

payments of the industry proceeds are made according to a fixed proceed-sharing agreement 

between growers and millers. To maximise their revenue, growers prefer a shorter milling 

season mostly when sugarcane sucrose content is high, whilst millers prefer a longer milling 

season that maximises the factory milling capacity. An optimum LOMS strikes a balance 

between the needs of the two separate entities. 

 

Considering that the decision on the milling season length is connected to various other 

factors, for example, agronomic practices, the mill processing capacity, transport facilities and 

labour supply, research on the sugarcane supply chain network holds potential in optimising 

the LOMS. This literature review aims to focus on the mill processing part of the cane supply 

chain network. The sugarcane milling process basically comprises of eight steps which 

include cane preparation, sucrose extraction, raw juice clarification, filtration, evaporation, 

syrup clarification, crystallization and centrifugal separation, respectively. Sucrose loss is 

experienced at each of these stages and hence it is essential to review the major vulnerabilities 

of the product (sucrose) throughout the process. An outline of a Master’s degree project 

proposal is also given in this document. The aim of the study is to develop a model that is able 

to quantify the effects of major cane supply issues on the productivity of a mill in Swaziland. 

Since the sugarcane industry is a complex system that requires efficient risk management 

capabilities, the objective of the research was to develop a risk analyses tool which can 

potentially aid managers in quick LOMS decision making. 
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1. INTRODUCTION 

 

South Africa is the leading sugarcane producer in Africa (Smith, 1978; Eggleston, 2010). 

Worldwide, it is ranked the sixth largest raw sugar exporter and one of the leading cost-

competitive producers of high quality sugar (Eggleston, 2010). The South African sugar 

industry constitutes sugarcane growing areas situated in Kwazulu-Natal and Mpumalanga, 

producing on average a total of 2.2 million tonnes of sugar per season (Smith, 1978; 

Eggleston, 2010; SASA, 2013). This industry also contributes to the employment and 

economic growth of the country (Eggleston, 2010; SASA, 2013; Meyer et al., 2013).   

 

The main focus of South African sugar mills is to maximise sugar recovery from sugarcane 

(Eggleston, 2010). Over the years, the introduction of diffusion as an alternative to milling, 

has led to a progressive increase in extraction rates (Rein, 1999). Rein (2007) and Eggleston 

(2010) state that an average sucrose extraction of close to 98 % is achieved in South African 

sugar mills.  

 

The South African LOMS is typically a 9-month period, beginning in April and ending in 

December (Moor and Wynne, 2001). However, this is not always the case. The LOMS 

determines the average cane sucrose content recorded for a particular season at a mill (Wynne 

and Groom, 2003). A typical sugarcane sucrose content curve for a particular season in South 

Africa follows a bell-shape, being at its peak between the month of July (Stray, van Vuuren 

and Bezuidenhout, 2012). Sugarcane quality thus varies throughout the season and is 

influenced by a number of factors such as, weather, the sugarcane cultivar grown, the age of 

the crop and pre- or post- harvest delay. The sucrose recovery rate is lower at the beginning 

and end of the milling season mainly due to wet weather during harvesting and cane quality 

fluctuation throughout the season. 

 

This literature review aims to provide an overview of the sugarcane milling process in South 

Africa and the major vulnerability of the product (sucrose) during the milling process. It 

highlights mechanisms that can be implemented to potentially increase the efficiency of the 

sugar milling process. A Master’s degree project at a sugar mill in Swaziland is proposed. An 

overview of the aim and objectives of the project, the methodology to be used, as well as the 

resources required for this project is given. For the study, historic data from the mill will be 
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used to calibrate and run a model, known as the LOMZI. This model will be used to predict 

an optimum LOMS for the milling area, taking into account the major supply chain 

limitations faced in the area. The LOMZI model output will subsequently be used to build a 

production risk analyses tool. 
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2. THE SUGARCANE STALK ANATOMY 

 

The primary objective of the sugarcane processing industry is to produce sugar. Prior to 

processing, sugarcane milling initially involves the preparation of the sugarcane stalk using 

heavy machinery (Rein, 2007). Thus, in order to gain a deeper understanding of the 

processing of sugarcane in sugar milling industries, it is important to understand the cane 

stalk structure and how it is handled before processing (Rein, 2007). 

 

This section of the literature review aims to provide a brief understanding of (a) the 

sugarcane stalk anatomy (as described in Section 2.1) and (b) how sugarcane quality is 

measured on receipt at sugar mills in South Africa (as described in Section 2.2). 

 

2.1 The Sugarcane Stalk Anatomy 

 

Sugarcane is a member of the grass family Poaceae, which grows to a height of about 2 - 4 m 

(Stray, van Vuuren and Bezuidenhout, 2012). Depending on the crop variety and the growth 

conditions, the colour, height, hardness, diameter and quality of the sugarcane stalk varies 

from crop to crop (Liu and Bull, 2001; Mequanent and Ayele, 2014; Netafim, 2015). Figure 

2.1 shows a typical sugarcane stalk where nodes mark the point of attachment of leaves to the 

stem whilst the internodes are the structures that stretch from node to node. 
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Figure 2.1 Typical sugarcane stalk structure (Dreamstime, 2015) 

 

From the outside to the centre, across the internode, the cane stalk is made up of a waxed 

hard epidermal layer, the cortex and the softer tissue (mainly parenchyma cells), as illustrated 

in Figure 2.2. Sugarcane is a monocotyledonous plant with vascular bundles (phloem and 

xylem tissues) scattered all over and imbedded in the softer tissue, although mostly around 

the edge of the stalk (Glyn, 2004). 

 

Node 

Internode 

http://thumbs.dreamstime.com/z/sugar-cane-plant-21119825.jpg
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Figure 2.2 An illustration of a typical sugarcane stem cross section (BioCoach Activity, 

2015) 

 

The plant accumulates sucrose as a storage product and contains approximately 11-15 % 

sucrose by weight. Most of the sugar in cane is stored up in parenchyma cells, which are 

well-populated around the vascular bundles of the plant (Dong et al., 1994; Rein, 2007). 

Parenchyma cells have low fibre content in comparison to other cells and hence are soft-

walled, making them easier to rupture during cane preparation (Rein, 2007). 

 

Prior to harvesting, most of the sugarcane in South Africa is burnt in-field to remove leaves, 

hand-cut (as shown in Figure 2.3a) and then hauled to the mill for processing (as shown in 

Figure 2.3b).  
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Figure 2.3 Burnt cane harvesting by hand cutting (a) and (b) cane haulage to the mill for 

processing (Florida memory, 2015) 

 

A sugarcane plant is basically made up of juice and fibre. The juice includes a sucrose 

solution and other soluble inorganic and organic substances, whilst fibre constitutes all the 

insoluble substances in the cane (Rein, 2007). Juice extracted from the cane is sent for further 

processing whilst the fibre (now termed bagasse) is used for electricity generation in the 

boiler house. The quality and chemical composition of sugarcane juice varies depending on, 

a 

b 
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the age of sugarcane, the growing conditions, the harvesting time as well as the cane cultivar 

grown by the farmer (Meyer et al., 2013).  

 

2.2     Sugarcane Quality Testing 

 

On receipt at the mill, the quality of sugarcane is tested at laboratories on site for cane 

payment purposes (SASA, 2013). In South Africa, the Direct Analysis of Cane (DAC) 

method is used to establish the sucrose content of sugarcane received. In this technique, a 

sample of sugarcane is drawn from the pile brought in by the grower and tested for quality 

(Glyn, 2004). Various terms are used to describe cane quality, as summarised in Table 2.1. 

 

Table 2.1 Terms used to describe cane quality (after Meyers et al., 2013) 

Term Definition 

Brix A percentage by mass total dissolved solids in sugarcane or juice. 

Pol A percentage by mass apparent sucrose in sugarcane or juice. 

Non-pol Brix minus Pol. 

Fibre Dry and all insoluble matter found in sugarcane. 

 

Pol was previously used in South Africa as a measure of cane quality for cane payment 

purposes. However, since the year 2000, cane payment to growers is now based on the 

Recoverable Value of the cane i.e. the quality of cane supplied by an individual grower. 

(Glyn, 2004; SASA, 2013). This action allowed the South African cane payment system to be 

more practical as the RV takes into account milling losses and sugar production efficiency 

associated with the quality of cane delivered at the mill (Meyers et al., 2013). The RV is 

calculated using Equation 2.1 (SASA): 

 

%RV = S – dN – cF                                                                                                              (2.1) 

 

where, 

RV= recoverable value (%) 

S= sucrose/ pol in cane (%), 

N= non-sucrose/ non-pol in cane (%), 

F= fibre in cane (%), 
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d= the relative value of sucrose lost to molasses with each unit of non-sucrose, and 

c= loss of sucrose in the sugar production process per unit of fibre 
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3. A REVIEW OF THE SUGARCANE MILLING PROCESS IN SOUTH 

AFRICA  

The amount of sugar extracted from sugarcane and the quality of juice produced is influenced 

by the quality of sugarcane delivered at the mill. The efficiency of sucrose extraction from 

cane is largely affected by the percentage cane fibre content (Meyer et al., 2013). As fibre 

naturally retains some sucrose, the higher the cane fibre content, the more the sucrose that is 

lost in the bagasse. On the other hand, the efficiency of sucrose extracted from juice is 

determined by the purity of the juice (Rein, 2007; Meyers et al., 2013). The higher the 

amount of non-sucrose matter in the juice, the higher the amount of sucrose lost with it in the 

form of molasses. Thus, it is evident that the quality of sugarcane received by the mill affects 

sucrose extraction and cane juice processing. This chapter reviews the sugarcane milling 

process in South Africa and gives an account of the vulnerabilities of the product (sucrose) at 

each stage of the process.  

 

The main steps involved in sugarcane milling are cane preparation (as described in Section 

3.1), raw juice extraction (described in 3.2), raw juice clarification (described in 3.3), 

filtration (described in 3.4), evaporation (described in 3.5), syrup clarification (described in 

3.6), crystallization (described in 3.7), centrifugal separation and drying of sugar crystals 

(described in 3.8). Each of these are explained in the following sub-sections. 

 

3.1 Cane Preparation 

 

Cane preparation is the process by which sugarcane stalks are reduced to smaller pieces 

which are suitable for efficient sucrose extraction. It is the most critical factor that affects the 

extraction process (Rein, 2007).  

 

The aims of cane preparation are to: (a) increase the surface area for maximum sucrose 

extraction from sugarcane by ensuring that high levels of opened or ruptured sugar-

containing cells (parenchyma cells) are obtained, and (b) prepare cane with the right 

characteristics for milling or diffusion (Ensinas et al., 2007; Rein, 2007). 

 

Knives and shredders are used to cut and hammer the cane into smaller pieces and still retain 

long strands of fibre (Smith, 1978; Rein, 2007). Although better sucrose extraction is 
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achieved from finely shredded cane, knives usually go before shredders to reduce the size of 

cane to smaller pieces. This prevents choking of the shredders (Hugot, 1986; Rein, 2004).  

 

The quality of cane preparation in South Africa is measured by calculating the Preparation 

Index (PI) (Payne, 1968). The level of cane preparation is measured in laboratories situated at 

the mill. This is done by taking two equal samples of prepared cane and adding equal 

amounts of water to each of them. One sample is gently tumbled to wash out all the sucrose 

from the broken cells, whilst the other is homogenised in a blender. The latter represents the 

maximum preparation as all sucrose-bearing cells are broken during homogenisation, whilst 

the former represents the sucrose extracted from only the cells broken during preparation. A 

refractometer is then used to measure the sum of dissolved sugars (brix) present in each of the 

extracts. The PI is calculated and defined as the ratio of the percentage brix concentration of 

tumbler extract to that of blender extract. It provides proof of the amount of sucrose-bearing 

cells broken during cane preparation and hence gives a rough estimate of the recoverable 

sucrose (Rein, 2007). 

 

3.2 Sucrose Extraction- Milling and Diffusion 

 

Sucrose extraction involves the separation of juice from the fibre. Sucrose can be extracted 

from prepared cane by use of either milling tandems (squeezing and washing) or diffusers 

(washing and diffusion). The purpose of sucrose extraction is to separate as much of the 

solubles as possible from the insolubles (Rein, 2007). 

 

3.2.1 Milling 

 

During milling, extraction of cane juice is achieved by squeezing the prepared cane, under 

high pressure, between a pair of rollers, followed by washing. Several milling units, usually 

six, are set in tandem in order to maximise extraction (Rein, 2007). Figure 3.1 shows a 

schematic diagram of a typical six-unit milling tandem. 
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Figure 3.1 A simplified diagram of a milling tandem train following cane preparation 

(Buchanan, 1965) 

 

The first milling unit is usually a dry extraction, after which the cane goes through a process 

called imbibition, where hot dilute cane juice or water is added to aid in the displacement of 

sugars from cane fibre by means of a method termed leaching (Buchanan, 1965; Rein, 2007). 

Leaching is defined as the process by which a solvent is used to remove a solute from a solid 

(Buchanan, 1965). In the context of this document, water or dilute juice is the solvent used to 

remove the sugarcane juice from the fibre. Extraction increases with increase in imbibition 

(Rein, 2007). Raw juice from Milling Unit 1 (primary juice) and Unit 2 (secondary juice) are 

mixed together and diverted for further processing whilst low concentration juice from 

Milling Units 3 upwards is used as imbibition for Milling Units 1 and 2. The final Milling 

Unit (Unit 6) de-waters the residual cane fibre (bagasse). The bagasse is then passed on to the 

boilers and burnt for energy generation. 

 

3.2.2 Diffusion 

 

Diffusion is a common sucrose extraction method used as an alternative to the milling 

tandems (Smith, 1978; Meyer et al., 2013). Over 90 % of sugarcane in Southern Africa is 

processed in diffusers (Rein, 2007). The preference for diffusers is primarily because of 

lower capital, operating and maintenance costs, as well as higher sucrose extraction 

efficiencies (Rein, 1999; Meyer et al., 2013;). Diffusers utilise two processes sucrose 

extraction from prepared cane, namely (a) washing- sucrose is mechanically removed from 

the surface of the fibre using water and (b) diffusion- sucrose is transferred from the fibre 

cells (higher sucrose concentration) to the surrounding (lower sucrose concentration) extract 

(Rein, 2007). 
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Figure 3.2 illustrates a simplified diagram of a 12-cell diffuser. In the diffusers, shredded 

cane slowly passes through an enclosed carrier, with large quantities of water and juice 

seeping through and washing out sucrose from the fibre (Rein, 1995; Rein, 2007). At the end 

of the process, is dilute-juice saturated fibre which is then de-watered in a milling unit before 

being sent to the boilers. The dilute juice is used as imbibition water in the diffuser.  

 

 

Figure 3.2 A simplified diagram of a 12-cell diffuser (Rein, 1995) 

 

A number of factors affect the efficiency of diffusers. These include preparation of cane, cane 

residence time, imbibition rate, the number of diffuser stages, percolation rate, flooding and 

temperature. These factors need to be considered and monitored if high sucrose extraction 

efficiencies are to be maintained. 

 

Vulnerability of sucrose during sucrose extraction 

 

Poor management of the milling tandems and diffusers may result in losses of sucrose 

through juice spills or leaks in pipes, pump glands or gutters (Rein, 2007). Lime is often used 

to control the pH during extraction. However, higher rates of liming in diffusers can result in 

precipitation of impurities, which in turn can clog up the diffuser bed. This can lead to lower 
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percolation rates and hence flooding in the diffuser. Drains at the mills are usually monitored 

for sucrose content. 

 

Poor cleaning or sanitising of mill tandems can also result in sucrose losses (Hugot, 1986). 

Sucrose destruction can be by acid inversion, enzymatic inversion or microbial infection 

(Rein, 2007). Acid inversion is when sucrose is chemically converted to its sub-units, 

fructose and glucose, mainly under acidic conditions and higher temperatures (Rein, 2007). 

Enzymatic destruction occurs when the enzyme invertase, found naturally in cane or 

produced by Saccharomyces sp., converts sucrose to its sub-units. Microbial infection occurs 

under wet and warm conditions. Microbes like Leuconostoc sp. can often reduce sucrose to 

other products like dextrans and organic acids (Lionnet, 1996). 

 

3.3 Raw Juice Clarification 

 

Raw juice from the extraction plant contains bagasse pieces which, if ignored, can cause 

problems like blockages in heaters. Screening is usually done prior to clarification, to remove 

approximately 83 % of the bagasse pieces in juice, while the remainder is removed during 

clarification (Rein, 2007). When compared to milling tandems, juice from diffusers contains 

less bagasse due to the filtering action of the sucrose extraction method.  

 

After screening, raw juice from the milling tandems is usually close to ambient temperature, 

whilst that from diffusers is approximately 60 ˚C. Before being passed on to the clarifier, raw 

juice is heated up to a temperature a few degrees above its boiling point. Juice heating is 

mainly done, using heat exchangers or heaters, to remove any dissolved gas and maintain a 

constant juice temperature in the clarifier (Rein, 2007). 

 

According to Rein (2007), juice clarification is done to: 

a) remove suspended insolubles and soluble impurities in raw juice, 

b) produce high quality clarified juice with the least possible colour, turbidity and 

calcium content (Ca
2+

),  

c) produce settled mud, which is responsive to further processing, and 

d) raise the pH of raw juice. 
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Four main methods can be used for clarification of juice namely, treatment with lime and 

water, sulfitation, phosphatation, defecation and carbonatation. However, defecation 

(removal of solid matter from raw juice) is most frequently used. 

The major components of raw juice that influence clarification are sucrose, sugars, proteins, 

polysaccharides, salts of inorganic acids, organic acids and insoluble matter (Doherty and 

Edye, 1999). During defecation, lime (Ca (OH)2) is added to raw juice to increase the pH to 

about 8.0. The juice is then heated in stages to temperatures above its boiling point to remove 

any dissolved air. Changes in pH, Ca
2+ 

concentration and temperature result in chemical 

reactions occurring, which are essential in juice clarification (Rein, 1999). 

 

3.4 Filtration 

 

Flocculated mud settles at the bottom of the clarification tank where it is drained out at a 

steady rate by an operator. Bagacillo (small pieces of bagasse) is commonly added to the 

mud, as a filtration aid, during removal of any juice remaining in the mud (Rein, 2007). 

Remaining solids can be used as fertilisers in the fields. 

 

3.5 Evaporation 

 

After clarification, raw juice, which now contains about 0.5% suspended solids, is heated up 

near boiling point and sent off to the evaporation system (Jorge et al., 2010). Evaporation 

involves the removal of water from juice to attain a solid concentration of about 60-65˚ Brix 

and an invert sugar composition of about 3.5- 4.5%. The concentration of juice is reduced to 

a value just below the saturation point, after which crystallisation is initiated. The evaporation 

stage aims to concentrate the cane juice with minimal steam consumption, sucrose loss and 

colour formation. 

 

Evaporation forms the heart of a sugar mill and is also the determining factor of the factory’s 

steam economy (Rein, 2007; Meyer et al., 2013). The process demands high energy (Jorge et 

al., 2010). Usually energy from burning bagasse in boilers is used to generate steam which is 

then used for heating.  Multiple steam evaporators are used for the evaporation of raw juice. 

This type of evaporator reduces the amount of steam required for evaporation. They also 
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operate under low pressure, which lowers the boiling point of the juice and hence minimises 

sucrose and reducing-sugars degradation as a result of high temperatures (Rein, 2007). 

 

Figure 3.3 shows a schematic diagram of a multiple steam evaporator, where raw juice is 

boiled in a series of four vessels with steam only being fed into the first vessel. Each vessel 

contains numerous vertical heating tubes called callandria. Hot steam heats up the tubes and 

boils the raw juice running through them. Vapour produced in the tubes is used to heat up the 

next vessel in the evaporator chain (Pennisi et al., 2004). Some of the vapour from the vessels 

is sometimes tapped off (vapour bleeding) before being sent off to the next vessel. This is 

done to control the vapour pressure in the vessels. The vapour tapped off can be used for raw 

juice heating or pan boiling. Enzymes which break down starch are sometimes added to the 

last vessel of the evaporator, to limit starch crystallization with sucrose. 

 

 

Figure 3.3 Schematic diagram of a multiple steam evaporator (Skil, 2015) 
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Vulnerability of sucrose during evaporation 

 

Heating done in the evaporator increases the colour of the juice as it is converted to syrup.  

This is because reducing sugars undergo reactions under higher temperatures. An intelligent 

choice of the temperature profile in the evaporator has to be made in order to prevent sucrose 

inversion or deterioration. Colour formation or decomposition is determined by the 

concentration of juice, viscosity of syrup, temperature profiles used and the retention time of 

juice in the evaporator (Rein, 2007). Higher temperatures and residence times in evaporators 

result in sucrose degradation and losses (Rein, 2007).  

 

3.6 Syrup Clarification by Floatation 

 

Flotation clarification is widely used as an alternative to filtration as it is simpler and cheaper 

(Rein and Cox, 1987; Rein, 2007). Although syrup clarification is not a standard procedure in 

all sugar mills, its use is becoming prevalent. Regardless of the raw juice clarification, 

turbidity increases across evaporators by about 80%. This creates a need for syrup 

clarification, which has been experimentally proven at various sugar mills to reduce syrup 

turbidity by 80-95%. Although syrup clarification is a simple and low operational cost 

process, it is of high importance particularly in sugar mills where sugarcane of poor quality is 

processed (Rein, 2007).  

 

In floatation clarification, finely suspended matter which contributes to turbidity of syrup is 

floated off. Air bubbles are inserted in the syrup, capture flocs, thus making them buoyant. 

Intramolecular attractions that exist across the liquid/air interfaces allow flocs to be attached 

at the surface of the clarifier and form a scum. However, the extent to which turbidity is 

reduced is dependent upon the surface properties of the solid particles (Rein and Cox, 1987).  

 

Syrup clarification is done to: 

a) remove suspended solids (reduce turbidity), 

b) remove colour (to a lesser extent), 

c) reduce massecuites viscosity, and 

d) improve sugar quality. 
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Although the principle behind syrup clarification is the same in all mills, the clarifier designs 

are different. Some mills reinforce this process with phosphatation or sulfitation to achieve 

higher clarification levels (Rein, 2007, Meyers et al., 2013).  Figure 3.4 shows a sketch 

diagram of a syrup clarifier. 

 

 

Figure 3.4 A sketch of a syrup clarifier that was installed at the Empangeni mill in South 

Africa (Rein and Cox, 1987) 

 

In the design illustrated in Figure 3.4, syrup from the evaporators is heated to 85 ˚C and 

aerated before being sent off to the feed tank. Thereafter, the aerated syrup is mixed with the 

flocculent and sent to the inline mixture, where it is gently mixed up with the rest of the syrup 

and then sent to the clarifier. At the end of the clarifier residence time, scum is scrapped off 

from the top, whilst treated syrup is drained out from the bottom and flashed before being 

sent to the pan floor (Rein and Cox, 1987).  

 

Vast experimental research has shown that the percentage turbidity removal achieved during 

syrup clarification increases with temperature (˚C) and flocculent dosage (ppm) (Rein and 
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Cox, 1987; Rein, 2007). However, these experimental findings may differ, depending on the 

type of flocculants used and the operating parameters in the syrup clarifier (Rein, 2007). 

Vulnerability of Sucrose during Syrup Clarification 

 

Temperatures which are too high can result in unwanted colour formation as a result of 

reducing sugar degradation or scaling of the callandria (Rein, 2007). 

 

3.7 Crystallization 

 

The aim of crystallization is to precipitate out sucrose in the form of sugar crystals (Delgado 

and Casanova, 2001). At room temperature, syrup can be placed at a saturation point which 

defines the highest sucrose concentration attainable at which the syrup is stable (Rein, 2007). 

However, as the temperature of the syrup is increased and water evaporated, a super-

saturation point is reached in which the syrup becomes unstable. At this point, spontaneous 

crystallization occurs for the solution to retain its stable saturation state. If this is allowed to 

occur randomly, the size and number of crystals formed cannot be controlled and so customer 

specifications of the product might be missed. To rectify this problem, seeding is done to 

control the crystallization process. Cooling of the supersaturated solution from a specific 

temperature results in further crystallization of sucrose from the mother liquor (Rein, 2007).  

 

The temperature profiles used during crystallization is the most critical factor affecting the 

process. Impurities in water increase its boiling point, which explains why syrup has a higher 

boiling point as compared to pure water. Increase in concentration of dissolved solids in 

solution proportionally results in the elevation of the boiling point of the solution at the same 

pressure, hence the higher the concentration of the syrup, the higher its boiling point. 

However, too high temperatures cannot be used during crystallization as it results in colour 

and sucrose loss by degradation. To avoid this, crystallization is practically done under 

vacuum. Under vacuum, the pressure in the pans is lower than the atmospheric pressure and 

so this lowers the boiling point elevations as the concentration of the syrup increases in the 

pans (Rein, 2007).  

 

As illustrated in Figure 3.5, in a 3-massecuite system, syrup is added to boiling pan A where 

it is heated until a certain level of super-saturation is reached. Crystallization is then initiated 
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using seed sugar from the C pans mixed with water to provide nuclei for crystallization (Rein, 

2007). The concentration of the syrup is continuously controlled to maintain a super-

saturation level that allows for further crystallization. The A massecuites are drained out of 

the A pans and centrifuged to separate A sugar from the A molasses. The A molasses is used 

as a feed to the B pans to produce B sugar, whilst B molasses is used as a feed to the C pans 

to produce C sugar and  C molasses. 

 

 

Figure 3.5 A simplified diagram of a 3-massecuite system [A, B and C] (after Rein, 2007) 

 

Vulnerability of sucrose during crystallization 

 

If higher temperature profiles are used, colour formation and sucrose loss as a result of 

degradation occurs. Crystallization in the pans should also be controlled to avoid solid 

massecuites from forming in the pans (Rein, 2007). 
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3.8 Centrifugal Separation 

 

In centrifugation, the aim is to separate sugar crystals from the massecuites. Centrifugation 

involves the spinning of the massecuites, thus separating the liquid for the crystals. The 

crystals are then washed to remove any remaining molasses before being sent off for drying. 

In order to maximise separation, depending on the quality, the massecuites are post-treated 

by, maintenance of A-grade massecuites at a particular desired temperature or pre-heating of 

C-massecuites ahead of the C-centrifugal (Rein, 2007).  

 

Batch or continuous centrifuges can be used, although the former produces good quality 

sugar. Continuous centrifuges are usually used in separation of low quality massecuites since 

they are of lower cost and are easier to operate as compared to batch centrifuges (Meyer et 

al., 2013). In batch centrifuges, a cake of sugar crystals remains, whilst the mother liquor is 

drained out. A thin layer of mother liquor remains on the sugar crystals, which is removed by 

the addition of water or steam to the centrifugal basket.  

 

Vulnerability of sucrose during centrifugation 

 

Care is taken not to lose sucrose through the dissolution of crystals during washing (Rein, 

2007). 

 

3.9 Drying of Sugar Crystals  

 

Drying of crystals is done to improve handling, to minimise colour formation or loss during 

storage and to increase shelf-life of the sugar. The rotary louve, rotary cascade and fluidized 

bed are types of driers that can be used for drying sugar (Meyer et al., 2012). Drying involves 

the removal of moisture from the surface of the crystals (surface moisture) or contained in the 

in the crystal structure (inherent moisture) (Rein, 2007). 
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4. DISCUSSION AND CONCLUSIONS 

 

Sucrose is the major determinant of revenue to both the sugarcane grower and to the miller in 

South Africa. The sucrose content in sugarcane fluctuates during the course of the milling 

season. Since the cane payment system used in South Africa is based on the quality of cane 

delivered by an individual grower, the milling season length is a controversial issue. A longer 

milling season would be desirable for the miller since it allows the mill to crush the annual 

cane produced in the number of days that aligns with its milling capacity. Shortening of the 

milling season would require the miller to invest in increasing the milling capacity of the 

mill. On the other hand, a shorter milling season, during the peak of the sucrose curve, is 

desirable to the growers as it increases the profits obtained for their cane. To optimise the 

profits made by both stakeholders, a compromise had to be reached by introducing the 

relative payment scheme in 1975/6. The scheme forms part of the South African cane 

payment system and encourages growers to deliver their cane uniformly throughout the 

milling season despite the fluctuations in sucrose content of the cane. With this scheme, 

better milling capacity utilisation is achieved whilst the cane supplied by the grower 

throughout the milling season remains profitable. 

 

The quality of cane supplied at the mill is affected by a number of factors such as, the cultivar 

of cane grown, the growing conditions of the crop, pre- and post-harvest treatment of the crop 

or the harvest-to-crush delay (HTCD). Cane quality has a significant impact on the miller as 

it is a major determinant of the sucrose recoverable rate and milling costs incurred.  

 

Cane fibre naturally retains sucrose. The higher the sugarcane fibre content, the higher the 

quantities of sucrose lost with it. More so, the non-sucrose content of the raw juice from the 

diffuser or milling tandems is proportional to the amount of molasses produced and the 

amount of sucrose lost with it. Although mill inefficiencies result in some sucrose loss, it is 

evident that sucrose can also be lost at the expense of the quality of sugarcane supplied by the 

growers. 

 

The amount of soil and other extraneous matter in the cane is sometimes used as a measure of 

sugarcane quality at the mill. Higher trash and sand in sugarcane reduces the percentage 

recovery rate of sucrose. Usually, the recovery rate is lower in the beginning and end of the 
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milling season mainly due to wet weather during harvesting. During the rainy season, 

sugarcane is delivered with larger amounts of sand and rocks which reduce the juice purity 

and sometimes results in the wearing and tearing of some mill parts, e.g. hammers, knives or 

milling units, causing an increase in milling costs. Breakdowns may occur as a result, 

contributing to unbudgeted stops which promote the extension of the milling season.  

 

Higher trash and fibre levels in cane received at the mill also promote longer processing 

seasons because of the lower crush rates and mill throughput. Chokes in knives and shredders 

are sometimes experienced, whilst extraction of sucrose in the diffusers becomes more 

difficult as a result of because of the high fibre loadings. Higher impurities in the raw juice 

cane result in problems during clarification, for example, the presence of larger amounts of 

organic acids can require larger amounts of lime to increase the pH. These impurities can also 

stain or encrust the evaporator, increase massecuites viscosity in the crystalliser and cause 

blockages in the centrifuges. The quantity of molasses produced in the crystallizers is 

determined by the amount of non-sucrose matter in the syrup. 

 

Research on the sugarcane supply chain network (sugarcane growing, harvesting, mill 

processing and storage) holds greater potential not only in improving the quality of sugarcane 

crushed at the mill, but also in optimising LOMS. Modelling systems have been used to help 

in planning and decision-making on the supply chain operations. The following chapter gives 

a brief outline on how a modelling system is intended to be used to aid in LOMS–related 

decision making. 
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5. PROJECT PROPOSAL  

 

The length of the milling season (LOMS) in South Africa usually stretches from April to 

December (Moor and Wynne, 2001). Although advantageous because of the higher mill 

capacity utilisation, a longer LOMS results in lower season average cane quality. The length 

of milling season (LOMS) is a controversial issue that has been investigated at various 

sugarcane mills in South Africa. Cane growers ideally want a short season when the fields are 

dry and sugarcane quality is high. In contrast, millers want a long season to reduce the 

required milling capacity and associated capital expenditure.  

 

5.1 Rationale 

 

The efficiency of the South African sugar industry is limited by shortfalls in the supply chain. 

Proper cane supply management optimizes the LOMS for a particular milling area and 

ultimately increases the profitability of the industry. Being a complex system, the complexity 

of the sugar industry is determined by the number of factors affecting the system and how 

they are interlinked. On the other hand, the complexity of this system is subject to seasonal 

variation and hence it is difficult to accurately predict. In recent years, supply chain surveys 

and research that has been conducted at various sugar mills in South Africa revealed 

continuous issues concerning an optimal milling season. Compilation of the factors that affect 

the LOMS at these mills, if rightly processed using suitable tools, can produce important 

information that can improve the industry.  

 

The following are some of the interconnected factors that influence the LOMS in South 

Africa (Wynne and Groom, 2003):  

a)  Rainfall patterns, 

b) Diversity in cane supply zone, 

c) Mill maintenance, 

d) Cane deterioration, 

e) Soil health and field damage, 

f) Milling equipment tolerance towards various quality compounds (such as soil in    the 

cane),  

g) Wind-related and burning restrictions, 
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h) Labour availability, 

i) Transport efficiencies, and  

j) Overall economics.  

 

All these factors, and perhaps a few more, can be used collectively to strike a balance 

between the contradictory criteria that drive the LOMS decision.  

 

This proposed project forms part of a research contract between UKZN and SASRI, where 

some of the issues mentioned above, pertaining to the LOMS at Mhlume (Swaziland) milling 

areas, will be investigated.  

 

5.2 Research Question 

 

The milling capacity and throughput are primary drivers of the LOMS at a particular mill. 

Identification and rectification of factors affecting the milling can positively impact the 

optimisation of the LOMS. The research question is: 

 

What is the most appropriate LOMS for the Mhlume (Swaziland)? 

 

5.3 Project Aim and Objectives 

 

The aim of this project is to investigate the various factors in the sugarcane supply chain that 

affect the LOMS at the Mhlume milling area. The major issues affecting productivity at the 

mill will be incorporated in a simulation tool, which will show the dynamics of the LOMS as 

a result of these issues. Objectives will be developed during the course of the research. 

 

5.4 Methodical Approach 

 

A literature review briefly describing the various stages in sugarcane milling will be used to 

identify the points within the system where sucrose is lost. In this review, the vulnerability of 

sucrose at each stage will be reported.  
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Contact will be made with the Mhlume milling area in Swaziland. A blind survey will be 

conducted telephonically by interviewing selected individuals within the mill organisation. 

The interviewees from this mill are as listed below: 

a) Cane supply manager, 

b) The extension officer, 

c) A local agricultural economist, 

d) Two large commercial growers, 

e) One small scale grower or grower representative who is fluent in English, 

f) One or Two harvesting contractors, 

g) The largest cane haulier in the area, 

h) The cane lab manager, and 

i) The mill manager/ production manager  

 

Interviewees will be asked of the milling-associated problems they encounter and how they 

have tried to rectify them. The information will be used to identify factors that influence 

productivity in these milling areas. The initial survey will be made based on the theme 

mapping methodology used by Bezuidenhout et al. (2012) in order to establish the important 

driving factors that influence the LOMS. This will help to provide a detailed account of 

problems and issues prevailing at the selected mill. Important relationships between different 

factors will then be included in the model. The following production data will be analysed 

and used to train the LOMZI model: 

a) daily cane crush data  for the past 5-10 years, 

b) average daily cane quality data (fibre %, pol% and non-pol%) for the past 5-10 years, 

c) data records of mill stops and breakages for the past 5-10 years, and  

d) weather data obtained for the specific mil supply area. 

 

The calibrated LOMZI model is a simulation tool that will be finally used to predict the 

optimum LOMS for the particular milling area and a particular season. Occasional visits to 

the mill will be made when required in the months that follow.  

 

Modelling is an effective method used in the sugar industry to understand and improve sugar 

supply chains. Different models are used industrially to help stakeholders in decision-making 

and planning (Lejars et al., 2008). Model designs are based on different modelling 
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techniques. The model design used for this research is based on the spreadsheet technique. 

This technique is used for operational planning purposes. A high level of practical detail is 

considered and lower levels of integration used.   

 

Principal Component Analyses (PCA) will be run on all mill data. PCA is a multivariate 

statistical tool that analyses similarities or correlations between observations and the 

variables (Abdi and Williams, 2010). The exercise is aimed at identifying variables that are 

correlated to sugarcane quality e.g tonnes of sugar produced, sucrose extraction efficiency, 

sucrose lost to molasses or bagasse or juice purity. 

 

The mill day-to-day running data, of the major supply chain issues identified from the 

interviews and PCA analyses, will be incorporated in the LOMZI model. The model will 

simulate a thousand years data of tonnes of sugar produced and sugar made. Certain patterns 

in the 1000 seasons of simulated data will be identified and explanations to these researched. 

This LOMZI model output will potentially help select an optimum LOMS for the milling 

area, whilst accounting for seasonal changes. 

 

Probability exceedence graphs will be drawn using the output data from the LOMZI model. 

The graphs will show the probability of attaining a certain number of tonnes cane crushed or 

sugar produced in each week of the year. The maximum, minimum and average simulated 

tonnes cane crushed and sugar produced will also be shown. These statistics will be 

compared to those of the original data for model validation. Using these graphs, milling 

season lengths giving the highest probability of attaining a set number of tonnes of sugar 

produced can be chosen, after careful planning.  

 

5.5 Resources Required 

 

The resources required for this project are: 

a) office space, 

b) personal computer, 

c) travel and telephone expenses, 

d) funding for living expenses of the student, and 

e) an ethical clearance, which has already been obtained. 
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5.6 Projected Time-scale 

 

The project commenced in February 2014 and is expected to be completed by July 2015. The 

table below outlines the project time-scale. 

 

Table 5.1 Project Time-scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

List of deliverables (Feb 2014- Jul 2015) Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Literature review and project proposal draft

Literature review and project proposal

Project proposal presentation

Development of the model

Validate the model

Sensitivity analysis

Compilation of thesis

1st draft submission

Final thesis submission

MONTH
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