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ABSTRACT 

 

A supply chain refers to an interconnected system that brings people, information, 

organisations, resources and activities together. Precipitation is one of the major challenges 

in the supply chain of sugarcane, especially in the field operations, harvesting, transport 

and milling aspects. An efficient supply chain is essential in order to maintain and ensure a 

continuous flow of sugarcane. The forms of precipitation that are investigated in this 

review are rainfall and hail. These forms have been found to have a significant effect on 

the supply chain of sugarcane.  

 

Wet weather affects mobility and limits infield access to traffic. This results in delays in 

the harvesting operations, causing inconsistent cane supply to the mills and sometimes 

results in the mill not being able to operate due to the lack of cane, referred to as no-cane 

stops. Soil compaction is common in wet and boggy fields and has a detrimental effect on 

the fields’ productivity. Cane lodging due to heavy rainfall has a negative impact on 

harvesting and loading operations. Other impacts of wet weather are the presence of mud 

and sand in the cane delivered to the mill, the inability to burn the sugarcane, water 

logging, and high fibre due to growth in the cane and, ultimately, the reduction of cane 

quality and sucrose extraction efficiency. 

 

This document contains a review of the impacts of wet weather on the supply chain of 

sugarcane. This will help acquiring the necessary data to be included in the modelling of a 

viable length of milling season, using the LOMZI Model, for the two KwaZulu-Natal 

South Coast milling areas in South Africa, namely, Sezela and Umzimkulu. 
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1. INTRODUCTION 

 

A supply chain can be defined as an interwoven network bringing together people, 

information, organizations, resources and activities (Lambert and Cooper, 2000). It starts 

from the production of raw materials to the delivery of the finished product to the consumer. 

As any other supply chain system, the agricultural supply chain is sensitive to changes. 

 

In the sugarcane supply chain, weather conditions play a crucial role in determining the 

length of milling season (LOMS). The length of milling season is determined by dividing the 

total harvest tonnage by the throughput or the crushing capacity of the mill and is given in 

weeks or number of days (Hildebrand, 1998). However, there are important considerations to 

make first, before the LOMS is decided, such as the crushing capacity of the mill and the 

cane quality.  The total harvest tonnage is estimated by using the growers’ estimates and 

previous records (Le Gal et al., 2009). The crushing capacity takes into account factors such 

as the duration of weekly maintenance and the expected mill breakdowns, which is used to 

determine the LOMS. 

 

In South Africa, the LOMS usually runs from April through to December (Le Gal et al., 

2009). The window period maximises the recoverable sugar produced. |The purity of the 

sugar starts out low, increases to a maximum in July-August and drops towards the end of the 

season (Le Gal et al., 2008; le Gal et al., 2009). The sugar industry depends on two separate 

entities, the grower who supplies the cane and the miller who crushes the cane. Therefore, the 

LOMS decisions are based mostly on the interests of these two entities (Le Gal et al., 2009).  

Growers prefer a shorter season, high sucrose purity and drier field conditions, whilst millers 

prefer a longer season, lower milling capacities and fixed costs spread throughout the season 

(Le Gal et al., 2009). 

 

The literature review contained in this document focuses on the impact of precipitation on the 

sugarcane supply chain. This topic is quite broad and the factors affecting the supply chain 

are interlinked. The supply chain refers mainly to the growing, harvesting, transport and 

milling of sugarcane. Several studies have already been done on the  influence of rainfall on 

the length of milling season in relation to the yield, quality, performance of harvesting and 

transport logistics (Higgins and Muchow, 2003; Chen and Yano, 2010; Kadwa et al., 2012). 
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The broad aims of the project are to assess the viable length of milling season opportunities at 

KwaZulu-Natal South Coast milling areas, Sezela and Umzimkulu. 

 

This document contains a literature review with the following objectives: 

a) Identifying the key areas of the supply chain that are affected by precipitation. 

b) Review the effects and implications of precipitation on the supply chain of sugarcane.  

c) Give a final synthesis of the effects of precipitation. 

 

The literature review is followed by a brief project proposal which addresses research needs 

identified in the literature. Chapter 2 of the review identifies some of the effects of 

precipitation on the supply chain. These include no cane stops, cane deterioration, soil on 

cane, crop lodging, water logging, cane growth, the burning of cane and the impacts of 

hailstorms on sugarcane. The scope of this review will not cover frost damage to cane. 

Rainfall and hail will be considered as the main forms of precipitation affecting sugarcane 

and its supply chain.  

  

Chapter 3 contains a discussion and final synthesis of the review, Chapter 4 is the research 

proposal and Chapter 5 contains the references. This review provides an understanding and 

determines the necessary data required for modelling a viable LOMS under different 

conditions. 
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2. A REVIEW OF THE IMPACTS OF PRECIPITATION ON THE 

SUGARCANE SUPPLY CHAIN 

 

Wet weather is one of the core factors that drive the supply chain and the length of milling 

season of sugarcane. Wet conditions results in cane lodging, water logging, limited infield 

mobility, cane deterioration and increased soil content in a consignment. Persistent wet 

conditions also disrupt the harvesting process and supply of cane to the mill which may end 

up inducing a no-cane stop.  The sections that follow in this chapter investigate in more detail 

the impacts of precipitation on the supply chain. The review will also investigate a stochastic 

modelling approach called LOMZI that was developed to improve the operations of the 

supply chain of sugarcane.  

 

2.1 Crop Lodging 

This section contains a review of the impacts of sugarcane lodging on harvesting operations, 

sucrose yields and the losses associated with lodging. Crop lodging, as shown in Figure 2.1, 

is when a crop becomes too heavy and falls, due to stem or root failure (Singh et al., 2000). 

The subject of cane lodging, its causes and consequences has not been extensively studied 

(Singh et al., 2000; Berding and Hurney, 2005).   
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Figure 2.1 Lodged cane after a heavy downpour (SASRI, 2014)  

 

Lodging is greatly affected by environmental conditions, for example wind and heavy rainfall 

(Berding and Hurney, 2005; van Heerden, 2011). With sugarcane, lodging depends on the 

variety of cane, as well as the type of soil (Rossler, 1974; Inman-Bamber, 1994).  Large and 

full-grown crops with yields exceeding 100       are more prone to lodging than small and 

poorly- grown-crops (Singh et al., 2002; Kadwa, 2013). 

 

According to various studies, lodging slows down the biomass production of a crop, reduces 

cane quality and may even result in the death of the crop (Inman-Bamber, 1994; Muchow et 

al., 1995; Singh et al., 2002; van Heerden, 2011). Strong winds, followed by rainfall, can 

cause the damaging of sugarcane stalks, as shown in Figure 2.1 (Muchow et al., 1995; Singh 

et al., 2002; van Heerden, 2011). Amaya et al. (1996) points out that lodging is positively 

correlated to the height and the weight of the stalk. 

 

During the harvest season, the occurrence of lodging significantly reduces the cutting, 

loading and transportation efficiency, especially where mechanical harvesting is 

predominantly practised (Amaya et al., 1996; Cock et al., 1993). Lodged cane reduces the 
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cutter machine yielding efficiency, both in burnt and green cane (Meyer, 1984). However, if 

the cane is lodged in the same direction in which the cutter is moving, there is little or no 

effect on the efficiency. Pearson (1965) and Meyer (1984) refer to the fact that broken stalks 

and poor topping efficiency, due to lodging, have a negative impact on cane quality and 

harvesting and transport, which leads to loss of income. 

 

However, manual harvesting of sugarcane dominates the sugar industry since 1848 (Meyer, 

2005). The biggest challenge when manually harvesting lodged cane is the difficulty to move 

infield. Figure 2.1 illustrates this point very well with the cane lodged in different directions 

and twisted together, which made it very difficult to cut. Therefore, cutters have to cut 

through the cane just to be able to move and harvest.  

 

As a result of cane lodging, additional leaves and cane tops become part of the consignment 

delivered to the mill. Large amounts of extraneous material result in a higher fibre content 

and increased colour precursors in crystal sugar (Berding and Hurney, 2005). This increases 

the milling costs per unit and limits the sucrose extraction efficiency (Pearson, 1965; Amaya 

et al., 1996; Singh et al., 2002). Sugarcane lodging can result in the growth of side shoots and 

rooting from nodes on the ground, which increases the amount of reducing sugars and also 

reduces the sucrose content (Amaya et al., 1996).  

 

Several studies and experiments have been performed to find ways of preventing cane 

lodging. In particular, Singh et al. (2002) conducted research in Australia and found that 

installing bamboo scaffolding prevents lodging and significantly increases the sugar yield by 

15-35%. Van Heerden (2011) also suggested the use of Ethephon (2-chloroethyl phosphoric 

acid) and Moddus (Trinexapac- ethyl) to increase cane resistance to lodging. Under moderate 

weather conditions, the selection of a lodging resistant variety is effective in combating cane 

lodging and there are no negative impacts of lodging on both cane production and the quality 

of juices (Amaya et al., 1996). However, in a recent discussion, Lyne (2014) hypothesized 

that as the resistance to lodging increases during sugarcane breeding, the quality of the cane 

juice decreases, hence posing another challenge.  

 

Cane lodging is an ongoing challenge that is unavoidable in the sugar industry (Berding and 

Hurney, 2005). However, it is possible to reduce the impacts of lodging by strategically 
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scheduling the harvest season, taking into consideration the time most rainfall is experienced 

(Berding and Hurney, 2005). 

 

2.2 Hail  

 

Hailstones, accompanied by strong winds and heavy rains, damage crops and result in 

financial losses (Bhardwaj et al., 2007).  The extent of the damage depends on the size and 

shape of the hailstones and the strength of the wind.  

 

There is much literature on the impact of hailstorms on crops in general, but not much 

specifically on the impact of hailstorms on sugarcane. This section focuses mainly on the 

impact of hailstorms on sugarcane. The effects of hailstorms, accompanied by strong winds 

and heavy rainfall, are characterised by shredded leaves and damaged stalks. Figure 2.2 

shows a field with sugarcane that was damaged after a hailstorm.  

 

 

 

 

Figure 2.2 Damaged sugarcane after a hailstorm (SASRI, 2014) 
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Hailstones damage the leaves, stalk epidermis and the rind of sugarcane, leaving the cane 

vulnerable to pathogens that cause diseases. The damaged area opens a way for pathogens to 

penetrate into the stalk, resulting in rotting. The greater the damage, the more difficult it is for 

the stalks to recover. Symptoms of a fungal infection become visible about five days after the 

hail event. If the stalk is millable, the fields must be examined to find the percentage of stalks 

affected by diseases. The damage will negatively affect the recoverable value percentage (RV 

%) (SASRI, 2013).  

 

To manage the damage by hail, extremely bruised and damaged stalks with broken tops must 

be harvested as early as possible, starting with the most damaged cane, because it deteriorates 

faster (SASRI, 2013). Lightly damaged cane with shredded leaves, can recover on its own. 

Although the occurrence of hailstorms can be predicted by weather forecasts, little can be 

done to reduce their impact.  

 

 

 

2.3 Mobility and Water Logging  

 

Mobility is a very important in the supply chain of sugarcane. The efficient mobility of 

sugarcane vehicles helps to maintain a consistent supply of cane at the mill. The onset of 

rainfall has a negative impact on traffic mobility and cane supply because the roads become 

slippery and dangerous to drive on. This section reviews the impacts and effects of wet 

weather on the soil structure, the harvesting process and the movement of loading trucks. 

However, South Africa does not experience enough rain to make waterlogging a regular 

problem.  

 

Wet and boggy fields make it difficult to use mechanical harvesters (Rivière et al., 1996). 

Fields are severely damaged, especially when driving out loaded hauliers and there is wear 

and tear to tracks and tractors (Morris, 1959). Under wet conditions, tyres deform and 

compacts the soil. More detail about soil compaction will be given later in this section. 

Severe cases of rainfall result in more serious conditions, such as water logging which is 

shown in figure 2.3.  
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Figure 2.3 A waterlogged sugarcane field after a rainfall event (SASRI, 2014) 

 

Water logging is the saturation of the soil with water due to heavy rainfall or irrigation that 

floods the fields, as shown in Figure 2.3. The severity of waterlogging can be significant in 

high rainfall areas. For example, in Pakistan almost 40 000 hectares of land can be lost to 

waterlogging (Roach and Mullins, 1985). Waterlogging affects harvesting operations and 

changes the soil and plant structure (Roach and Mullins, 1985; Muchow et al., 1995; 

Kingston, 2010). 

 

When the fields are under water, it delays harvesting because the infield mobility of traffic is 

limited. During the 2010 harvest season in Australia, Kingston (2010) found that the time lost 

due to delays in waterlogged fields resulted in approximately 25 % of the sugarcane not being 

harvested during the season. This resulted in the extension of the milling season, as well as 

financial losses. Mechanical harvesting, in particular, is severely affected by water logging, 

as harvesting machinery has limited access into the fields.  
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Breakdowns are regularly encountered due to a lack of traction and the sinking of trucks into 

the mud (Morris, 1959). Other consequences of waterlogging are soil erosion and the 

leaching of nutrients due to surface runoff, especially on steep slopes (Ghiberto et al., 2009). 

However, this review does not include soil erosion and leaching. Morris (1959) 

recommended that permanent and efficient drainage systems be put in place in wet fields, so 

that tractors can manoeuvre easily in the fields. However, this suggestion comes with 

significant additional capital costs to the grower. In addition, SASRI (2013) also 

recommended the use of low-pressure tyres, to reduce sinking into the soil. 

 

Soil compaction in fields is exacerbated when traffic moves in the field under wet conditions. 

As shown in Figure 2.4, it is caused by heavy infield traffic compressing the soil, which 

reduces the size and number of air pores between soil particles. The soil becomes hard and 

impermeable and restricts root growth, which reduces the mass of the sugarcane stalk by up 

to 22 % (van Antwerpen et al., 2008). Compaction by infield traffic is more severe under wet 

conditions and depends on the size of tyres of the vehicle, the soil type, as well as the amount 

of load on the vehicle (Marx, 2006; SASRI, 2013).  

 

The severity of soil compaction depends on a number of soil properties, namely, the 

structural strength, bulk density and soil aeration (Harris, 1971; Sands et al., 1979; Lowery 

and Schuler, 1994; Marx, 2006). Marx (2006) stated that, in wet weather, sandy soils with a 

clay content of less than 30 % are compacted to a greater extent than soils with clay content 

greater than 30 %. The higher the moisture content in the soil, the higher the degree of 

compaction. Koolen and Kuipers (1983) stated that, in wet conditions, high organic content in 

soil gives it more resistance to compaction, compared to soils with a low organic content.  
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Figure 2.4 The impact of compaction on soil under wet conditions (SASRI, 2014) 

 

2.4 Burning Sugarcane Trash under Wet Conditions 

 

When sugarcane is mature, it is either harvested green or the leaves are burned first and then 

harvested. To burn sugarcane leaves, the field is set alight in a controlled way, preferably on 

a day with no wind, to prevent runaway fires. Figure 2.5 shows a field being burnt before 

harvesting (SASRI, 2013). Many studies have been done on the burning of sugarcane in 

relation to sugarcane quality and deterioration, gas emissions and harvesting methods. 

However, this section only focusses on the impact of wet weather on the burning of 

sugarcane (Eggleston et al., 2008; Solomon, 2009; Eustice et al., 2011). 
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Figure 2.5 A sugarcane field set alight to burn leaves (SASRI, 2014) 

 

A sugarcane plant consists of a stalk and leaves. Sugar is extracted from the stalk and the 

leafy material that is left is known as “trash” (Scott, 1977; Kadwa, 2013). The term “trash” 

has recently been replaced by “cane residue” in the sugar industry (Bezuidenhout, 2014). 

However, this review uses the term “trash”. Burning sugarcane before harvesting reduces 

about two-thirds of the trash (Wynne and van Antwerpen, 2004). However, some trash is still 

delivered and processed at the mill (Wynne and van Antwerpen, 2004; Kadwa, 2013). In 

Australia, Scott (1977) found that a 1 % increase in trash can lead to a 2.75 % increase in 

fibre content, which negatively affects cane bulk density and decreases the amount of sugar 

recovered after extraction (Amaya et al., 1996; Kadwa, 2013).   

 

By burning, harvesting becomes easier and the cutting efficiency improves, hence more cane 

can be harvested in a shorter period. Trash from unburnt cane hinders the growth of new 

shoots and makes it difficult to work the soil. Burning trash reduces the bulk density and the 

sugar recovered per consignment increases, as well as the overall quality of the sugar 

(SASRI, 2013).   

 

Extreme wet conditions during the harvest season impacts negatively on burning, especially 

if after a heavy rainfall event. However, a little morning dew is needed to control the flames 
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so that only the leaves burn. Under extremely wet conditions, burning sugarcane is not 

possible and it requires some time before the conditions return to normal. Such events cause 

delays in the burning and harvesting processes, ultimately affecting the cane supply to the 

mills, which can give rise to no cane stops.  

 

The inability to burn and delays caused by wet weather can be avoided by practising 

harvesting methods  that do not involve burning and help maintain the efficient cane supply 

to the mills. Alternatively, “green cutting” or “trashing” instead of burning can be practised. 

This involves cutting the cane and separating the cane from the trash without burning it. 

Smithers (2014) provide more detail on a number of ways that are used to separate the cane 

from trash. Trashing reduces the delays caused by the inability to burn and maintains a 

consistent cane supply to the mills. Trashing reduces water evaporation by covering the soil 

and is practised in areas like areas the North and South Coasts, where moisture conservation 

is critical (du Toit and Murdoch, 1966).  

 

Green harvesting of cane can be advantageous because the mulch layer of trash enriches the 

soil and increases the humus content, as well as conserving moisture (Thomson, 1966, van 

Antwerpen et al., 2006). If trashing is performed effectively, it can result in cane with a 

higher sucrose quality, compared to burnt cane (SASRI, 2013). However, if trashing is not 

done effectively, it can increase the fibre content of the milled cane (SASRI, 2013). 

 

2.5 Cane Deterioration 

 

Cane deterioration is the loss of recoverable sugar between the time of burning or cutting and 

the time of crushing (Hilton, 1997). The main indicators of cane deterioration are juice purity, 

dextran levels and recoverable sugar.  

 

Weather has an impact on the quality and deterioration of sugarcane. High temperatures and 

wet conditions increase deterioration and reduce the quality of sugarcane (Solomon, 1996; 

Uppal and Sharma, 1999; Uppal et al., 2000; Solomon et al., 2006; Solomon, 2009). Rainfall 

in itself has little effect on cane deterioration, but the muddy soils caused by rainfall affect 

the supply chain and contaminate the sugar juices. More detail on the effects of mud and sand 

on sugarcane deterioration are given in the Section 2.6. 
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Deterioration of sugarcane can have varying degrees of severity, for example, stale cane and 

sour cane (Solomon, 2009). Both of these act together in deteriorating cane and juice quality.  

Enzymes and microbes metabolically convert stored sucrose into other products, such as 

polysaccharides, gums and ethanol (Eggleston et al., 2008; Solomon, 2009). Stale cane is the 

ageing of stalks and the depletion of sucrose through continuous inversion and respiration 

(Alexander, 1973). Sour cane is due to the microbiological deterioration of stalks by a 

bacterium called Leuconostic mesenteroides to produce a product known as dextran 

(Eggleston et al., 2008; Solomon, 2009).  

 

The formation of dextran in sugarcane uses up sucrose, while accumulating impurities.  

Bacteria acts on the glucose-fructose bond in sugar to get energy to form dextran (Rivera, 

2009). Eggleston et al. (2008) found that in the USA, particularly in the state of Louisiana, 

where humid conditions are prevalent, the infection of sugarcane by the bacterium 

Leuconostic mesenteroides is one of the major causes of cane deterioration. This bacterium 

plays a pivotal role in reducing the recoverable sugars in cane and milled juices (Solomon, 

2009). Apart from temperature and humidity, other factors create a favourable environment 

for dextran formation. These include mill hygiene, long harvest-to-crush delays, the degree of 

burning and the amount of mud in the consignment.  

 

The accumulation of dextran affects the quality of sugar that is extracted in the backend of 

the mill. Dextran results in sugar crystals bunching together and elongating. Elongated 

crystals break easily, especially after separation from molasses (Eggleston et al, 2008). 

Dextran impurities also increase the viscosity of molasses that is formed (du Clou and 

Walford, 2012). The high viscosity of molasses results in the incomplete crystallisation of the 

sugar crystals and these sugar crystals sometimes block the sieves (Eggleston et al, 2008).  

 

Impurities also make it difficult to dry sugar crystals and result in sticky or ‘gummy’ soft 

sugars. Gums are carbohydrates that precipitate from sugar processing solutions such as 

alcohol (Jennings, 1965; du Clou and Walford, 2012). They result from metabolic activities 

within the sugarcane plant and from external microbial activity during cane handling and 

processing (du Clou and Walford, 2012). Gums concentrate in the final molasses streams and 

affect the polarisation, viscosity and filterability of sugar solutions.  A study carried out by 
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Jennings (1965) at Hulett’s S.A. Refineries showed that gums increase the viscosity of 

molasses. 

 

2.6 Soil and Foreign Matter in Cane  

 

During the harvest season, the highest levels of soil in cane are found during the rainy season 

(Wienese and Reid, 1997). Most of the soil that comes to the mill is either fine loose sand or 

soil that sticks onto the cane stalks. This is mostly unavoidable, especially under wet 

conditions and depends on the soil type (Wienese and Reid, 1997). However, the loading 

practice that is chosen can make a big difference to the amount of soil that gets into the 

consignment.  

 

Solomon (2009) notes that muddy conditions, due to heavy rainfall create a favourable 

environment for the multiplication of dextran-producing polysaccharide bacteria, similar to 

Leuconostic. Mud also limits the amount of available oxygen, so these bacteria respire 

anaerobically, hence using up the sucrose whilst producing lactic acid, which deteriorates the 

cane quality (Solomon, 2009).  

 

In the laboratory, soil is allocated to the ash component of sugarcane. The fibrous matter is 

called sugarcane bagasse and is one of the by-products that remain after sugarcane stalks are 

crushed to extract their juice (Qureshi et al., 2002; Tran, 2012). When the sugarcane bagasse 

is burnt in the boilers, it is now called bagasse ash, so that when there is soil in the fibre, this 

means more ash will be produced in the process, hence increasing waste products (Qureshi et 

al., 2002). Wienese (2001) states that an increase of sand in the ash content results in a 

significant increase in the erosion of the tubes in boilers.  

  

In the mill, sand has a profound effect on cane preparation, filtration and milling. Soil is 

responsible for the wear and tear of hammers, knives, mill rollers, trash plates and chains 

(Solomon, 2009). During the milling process, the mud, also referred as filter cake, is filtered 

from the sugarcane juice. By the clarification process, the juice is separated into a clear juice 

and the mud collects at the bottom of the tanks (Tran, 2012). The soil that also collects at the 

bottom of the tank during filtration can cause the corrosion of the tanks and this increases the 

number of breakdowns that the mill experiences. 
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A study performed at Tongaat-Hulett Sugar Ltd, in South Africa, showed that the mill 

experienced several breakdowns due to an increase of sand in the cane (Wienese and Reid, 

1997). In addition, the presence of sand is associated with a need for more frequent 

maintenance on mill equipment. This ultimately has a negative impact on the profits made 

from sugarcane production. Filter screen blockages and the severe jamming of agitators are 

other problems that are frequent, if mud is part of the consignment that is brought into the 

mill for crushing (Wienese and Reid, 1997).  

 

Rocks and boulders can also be delivered with the cane and this has serious consequences. A 

boulder can damage mill knives and this requires immediate attention, inducing a mill stop.  

 

In addition to the financial losses due to breakdowns, soil in the juices result in the 

deterioration of sucrose levels, due to mill stoppages (Dedekind, 1965). Even though the 

presence of soil in sugar juices has many disadvantages, Godshall et al (2002) found that 

cane juice colour significantly decreased, when soil was added. These observations run 

contrary to the expectation that soil will degrade juice quality. 

 

There are measures that can be taken to reduce the impact of soil in cane. The most effective 

way is to remove the soil manually during the harvesting and loading processes but this is 

very difficult. In addition, keeping the loading zones clean and well drained, as well as 

cutting and bundling the cane instead of leaving it spread on the ground helps to reduce soil 

content accumulation. This is more difficult during the rainy season, but it helps to some 

extent. Dry cleaning and wet cleaning methods have also been used (Wienese and Reid, 

1997). Dry cleaning involves blowing soil and extraneous matter with pressurized air. Wet 

cleaning uses water to wash away any soil. 

 

2.7 No-cane Stops  

 

A no-cane stop is a scenario that brings the mill to a halt due to the unavailability of 

sugarcane. The mill stops and shuts down because there is no cane to crush. No-cane stops 

can result from labour absenteeism, growers not meeting their allocations, an unreliable 

transport system and wet weather (Thomson and Turvey, 2004; Kadwa et al., 2012). Wet 
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weather is one of the major causes of inconsistent cane supply to the mills (Boote et al., 

2011; Kadwa et al., 2012; Kadwa, 2013). When the fields get muddy, infield access of trucks 

and labourers is limited and it delays the loading and transport of sugarcane cane from the 

field as well (Kadwa, 2013). Harvesting is temporarily prevented, until the fields dry out to 

some degree (Boote et al., 2011).  

 

The supply chain in Australia allows for expected disruptions due to weather (Kadwa, 2013). 

Severe cases of rainfall may have devastating impacts and complications across the supply 

chain of sugarcane (Higgins, 2006; Bezuidenhout et al., 2013). Weather conditions determine 

the length of the harvesting period. Lengthy periods of rainfall reduce the number of days for 

harvesting, especially for countries that rely mainly on mechanical harvesting such as 

Australia (Higgins and Muchow, 2003).  

 

No-cane-stops result in financial losses due to the deterioration of cane, depending on the 

length of the stop. Dedekind (1965) found that after a factory shut down of four days at the 

Sezela Mill, caused by a shortage of cane due to heavy rainfall, the filterability of sugars 

dropped by 8.8 %. This was an indication that the sugar deteriorated during the shutdown.  

 

The problems of inconsistent cane supply and no-cane stops can, to some extent be mitigated 

by stockpiling (Barnes et al., 2000; Boote et al., 2011). Stockpiling also helps to maintain a 

24-hour operation at the mill, especially if there are a few deliveries at night (Higgins and 

Davies, 2005). However, the stockpile should remain at a reasonable size because of cane 

deterioration (Grunow et al., 2007). Weekes (2004) suggests that a first-in-first-out protocol 

must be followed to lessen the deterioration of cane while awaiting crushing. 

 

In Venezuela, the sugar industry also faces the problem of inconsistent cane supply and the 

deterioration of the stockpile (Grunow et al., 2007). Grunow et al. (2007) suggest an 

approach which aims at preserving a constant cane supply at the same time as minimising 

costs. The approach uses two software models to model the LOMS, using business processes 

and organizational structure as input parameters to solve the unforeseen problems that affect 

the LOMS. 
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2.8 Vehicle Scheduling  

 

The transport system of the sugar industry in South Africa faces the challenge of 

inefficiencies in the loading and supply of cane to the mills. Hence, vehicle scheduling is of 

utmost importance, in order to identify the transport needs and then try to balance the needs 

with the available transport and to maximise vehicle utilisation. This is crucial for 

maintaining a consistency of cane supply and sustainability on the international market (Giles 

et al., 2005). Several studies have been performed on ways to improve the sugarcane 

transport system (Giles et al., 2005; 2006; 2009).  Giles et al. (2009) noted that the sugarcane 

transport system in South Africa is under-utilised, poorly coordinated and poorly managed. 

This results in distrust among the growers, millers and transporters, as well as unnecessary 

overcharging.   

 

Giles et al. (2005) devised a vehicle scheduling system that favourably affected the transport 

rates and mill deliveries which potentially lowered the queuing times at the Sezela Mill on 

the South Coast, however it was not implemented. Such a system is very important for 

managing deliveries, especially under extreme conditions such as wet weather. In the absence 

of an efficient vehicle management system, the transport system is prone to more frequent 

no-cane stops, the under-utilisation of vehicles, the over-fleeting of the system and long time-

consuming queues (Giles et al., 2006). 

 

Dines et al. (1999) developed a vehicle-dispatching program called FREDD, which was 

implemented at two sugar mills in New South Wales. FREDD uses a global positioning 

system (GPS) and wireless transmission to communicate actual time information to a control 

centre (Giles et al., 2006). The system involves the following: 

a) GPS monitors fitted on all trucks, 

b) updates on the cane stocks at the zones, using high frequency radio, 

c) trucks that are scanned on the weighbridge and in the mill yard are tagged with a 

remote frequency identity, and 

d) fast inter-computer communication with mill computers and weighbridge, using LAN 

facilities. 
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When a truck delivers cane, on its way out, the FREDD system automatically updates and 

issues schedule instructions to the truck for its next delivery. Using the GPS information, the 

system automatically adjusts the schedule, in the case of unplanned variations. It also updates 

the mill station computers, so that the crushing rate and delivery match (Giles et al., 2006).   

 

When the FREDD system was implemented at the Darnall Mill in South Africa, 

improvements in the supply efficiency were seen and there was a significant reduction in the 

length and times of queue. Due to the complexity of the supply chain, the FREDD system had 

to be customised to fit the supply chain needs of the South African mills before it could be 

implemented (Giles et al., 2009). The scheduling system was implemented at the Darnall 

(Tongaat Hulett), Maidstone (Tongaat Hulett) and Malelane (TSB) mills and it proved to be a 

success in South Africa. Vehicle delays and queues were significantly reduced. The system 

also improved vehicle utilisation and reduced the number of vehicles in the fleet. The 

occurrence and duration of no-cane stops decreased by as much as 50 % (Giles et al., 2009). 

Feedback reports from the Maidstone and Malelane mills revealed that they were impressed 

by the fact that they could move more cane without adding more vehicles into the fleet, hence 

saving the industry a lot of money (Giles et al., 2009).  To improve the supply chain 

operations, Boote et al. (2011) developed a stockpiling stochastic model that successfully 

modelled the factors that affect the supply chain. The following section outlines more detail 

about the LOMZI model 

 

2.9 LOMZI Model 

 

LOMZI is a mill scale stochastic model that simulates the sugarcane supply chain from the 

time of harvesting to the delivery of cane at the mill yard. The original version of the LOMZI 

model was developed by Boote et al. (2011) and it brought out the fact that stockpiling 

sugarcane outside the mill would be a major disadvantage especially when taking into 

account the issue of cane deterioration.  The goal of the model is to simulate the amount of 

sugarcane crushed. Daily records of crush rate, rainfall and temperature and cane quality are 

used to train the model and improve its ability to predict the daily sugarcane crushed. Other 

factors that can also be used to train the model include strikes, transport capacity, pay 

weekends to name but a few. The section that follows provides a description of the structure 

of the LOMZI model. 
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2.9.1 LOMZI model structure 

 

The model assumes that for a particular season, the total amount of sugarcane to be harvested 

remains constant throughout the season. Sugarcane is cut and arranged in a stockpile in the 

field. Depending on the operations of the MSA, the cane is either extracted to a loading zone 

or it is delivered directly to the mill. The model simulates the daily extraction capability 

which is determines the amount of cane to be extracted from the infield stockpile. In addition, 

the amount of sugarcane delivered at the mill is controlled by the simulated transport 

capability of that particular day. Figure 2.6 shows a diagrammatic representation of the 

movement of sugarcane from the field to the mill yard.  

 

 

Figure 2.6 LOMZI model supply line framework 

 

Figure 2.6 shows that weather conditions play a pivotal in the supply line of sugarcane. The 

weather generator in the diagram is linked to the harvesting, extraction and transport 

capabilities. Weather conditions experienced at the mill have a significant impact on the 

supply line of sugarcane (Higgins and Davies, 2005).  The weather generator ensures 

consistency in the model, for example, on a particular day rainfall should reduce the 

harvesting and extraction capabilities. Figure 2.7 represents the overall structure of the 

LOMZI model when applied to a mill supply area. 
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The total sugarcane harvest is divided amongst different supply lines of a MSA. The supply 

lines represent several zones with similar characteristics.  There are different possibilities that 

exist for dividing a mill into supply zones such as rainfall and temperature, different 

ownership and management structures. 

 

 

Figure 2.7 LOMZI model structure for a MSA 

 

For each harvest zone, the model simulates and records the daily tons of sugarcane cut, 

extracted and delivered to the mill. The model aims to simulate real life situations of a mill 

supply area. The model also gives a detailed accounting of the total cane delivered to the mill. 

It also displays the days of the planned season as well as the tons of sugarcane left to cut. A 

daily budget of cane cut, extracted and delivered is recorded along with the daily size of the 

stockpile at the mill yard.  

 

2.9.2 Tables and figures 

 

Rainfall and temperature are some of the central factors that drive the length of milling 

season and they also drive the supply chain activities such as harvesting (Boote et al., 2011; 

Singels et al., 2012). A stochastic weather generator is defined as a mathematical model that 

uses historical weather data to develop a time series of synthetic climate data (Ndoro, 2014). 
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When applied to a specific area the output from a weather generator is supposed to be similar 

the actual observed climate data of the area (Kevin et al., 2005; Semenov, 2002). The 

weather generator requires actual input weather data to calculate statistical properties such as, 

standard deviation, variance, frequency and daily mean. The input data and statistical 

properties are then used to produce new synthetic weather data (Safeeq and Fares, 2011; 

Ndoro, 2014). 

 

The LOMZI model requires realistic daily rainfall and temperature, hence there is need to 

include a weather generator into the model. There are several types of weather generators that 

predict different weather parameters. For the LOMZI project, the ClimGen weather generator 

was chosen to predict daily rainfall and temperature. This generator is appropriate because it 

is user friendly and is applicable to any location in the world (McKague et al., 2003).   

 

Temperatures values are calculated from a continuous multivariate stochastic process. The 

process also determines the daily means and standard deviations by the dry or wet state of the 

day. Wet and dry days are generated by a first order Markov chain and values for 

precipitation are generated using a Weibull distribution (Stöckle et al., 1999; McKague et al., 

2003; Safeeq and Fares, 2011). 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 



 

22 

 

3 DISCUSSION AND CONCLUSIONS 

 

The goal of the sugar industry is to achieve maximum profits from the supply chain of 

sugarcane and sugar production (Hildebrand, 1998). One of the ways to maximise profits is 

for growers to deliver fresh cane, because this maximises the potential for sugar extraction.  

Hence, a very efficient supply chain system has to be in place. However, in reality there are 

avoidable and unavoidable factors that affect cane supply and cane quality, eroding away 

profits in the process. These factors include unreliable transport, harvest to crush delays and 

environmental factors, to name a few. 

 

The impact of rainfall on sugarcane depends on the amount of rainfall, as well as the stage of 

growth of the cane. The review focused on cane lodging, waterlogging, limited infield access, 

the inability to burn, cane deterioration, soil in cane and no-cane stops. All of these can result 

in an inconsistent cane supply to the mill. 

 

Heavy rainfall causes the cane to lodge. Large and heavy cane is more susceptible to lodging 

than small and poorly-grown cane. If cane lodges, it means that it is tall, heavy and usually 

mature for harvest. Therefore, it is best to harvest the cane immediately. However, harvesting 

lodged cane is a challenge, because it is very difficult for the cutters to move through the field 

with the cane lying in all direction and leaves tangled together. More severe rainfall events, 

accompanied by hailstones, are more damaging to sugarcane at any stage of growth. Cane 

damaged by hailstones is characterised by broken tops and shredded leaves. It is also best to 

harvest the cane immediately after the hail event, if the cane is mature enough. 

 

Mobility is an important concept in the sugar industry, to ensure a sustainable and consistent 

cane supply. The onset of rainfall negatively affects the mobility of infield traffic. This is 

more severe for countries that only practice mechanical harvesting of their cane, such as 

Australia. Waterlogging also results from high rainfall amounts and, in this case, the whole 

soil profile is covered in water. This results in delays in the harvesting operations and if the 

wet weather persists, the LOMS might be extended due to these delays. Under such wet 

conditions challenges such as soil compaction are also prevalent. Suggestions such as using 

low pressure tyres have been made, however, it does not completely eradicate the problem of 

waterlogging and its damage to fields. There is still a need for further studies, to find ways of 
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reducing the impact of waterlogging that are economical in most environments that 

experience this challenge. However, waterlogging is not really a problem in South Africa 

because there is not enough water and most of the cane growers practise manual harvesting. 

Therefore, under damp conditions, cutters can move more easily in the fields than mechanical 

harvesters.  

 

Most sugarcane growers in South Africa burn their cane before harvesting. Burning is done to 

remove leaves and, under wet conditions, burning cane properly is difficult. This delay in 

burning means harvesting is also delayed, until the conditions become favourable. If the wet 

weather persists, the mill might experience cane shortages and eventually a no-cane stop. The 

review discusses an alternative that not many South African growers practise, namely, “green 

cutting”. This alternative method helps maintain the supply to the mill and reduce the 

occurrence of no-cane stops. 

 

The quality of sugarcane is very important for profitable sugarcane growing, especially in 

South Africa, where growers are paid according to the recoverable sugar and sucrose in their 

cane. Cane deterioration is mainly indicated by the juice purity, dextran level and recoverable 

sugar in the cane. Wet weather and high temperatures increase the rate of cane deterioration 

and deplete the quality of juices. The review also shows that mud from wet weather creates 

favourable conditions for Leuconostic bacteria that produce dextran by using up sucrose in 

the cane. Soil in cane does not only aid with deterioration in cane, it is also responsible for 

the wear and tear of hammers, knives, mill rollers and corrosion of tanks. This increases the 

occurrence of mill breakdowns and the need for more frequent mill maintenance.  

 

Another major disruption that results from persistent wet weather are no-cane stops. No-cane 

stops result in financial losses for the mill because it is expensive to keep the mill running 

with a shortage of cane and even more expensive to shut down and start up again at regular 

intervals. The review investigated a very effective method that helped reduce inefficiencies in 

the loading and supply of cane in Australia, and later in South Africa, namely, the FREDD 

vehicle scheduling system. The FREDD system brought about significant reductions in the 

length and number of queues. The system also improved vehicle utilisation and reduced fleet 

size. 
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All the issues highlighted in this review form a complex network that reduces profits in the 

supply chain of sugarcane. The following chapter is the project proposal. It describes the 

approach used to conduct surveys and obtain information in the industry. The information 

will help point towards the necessary data to be considered in the LOMS model.  
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4. PROJECT PROPOSAL 

 

This chapter contains a project proposal to determine the impacts of precipitation events on 

the sugarcane supply chain at Sezela an Umzimkulu mills. It starts with an introduction, 

followed by the aims and objectives of the project. A discussion of the methodology to 

describe the overall research structure is given, as well as the resources and equipment 

needed for the project. Finally, a time plan of the anticipated goals is presented. 

 

4.1 Introduction 

 

The LOMS is a quantity in weeks, which is found by dividing the total sugarcane harvested 

by the throughput or weekly milling capacity of a sugar mill. The LOMS topic is a widely 

debatable issue in the sugar industry and is viewed from different perspectives (van der pol, 

1987; Muchow et al., 1998, Hildebrand, 1998). Hildebrand (1998) described the LOMS as if 

the miller and the grower are one single entity, maximising the profits of sugarcane 

production.  

 

The length of milling season differs from region to region depending on the requirements of 

that region. For example, in South Africa, the LOMS runs for approximately 30-38 weeks 

from April to December (Bezuidenhout and Singles, 2007). In Louisiana (the United States of 

America), the length of milling season is about 14 weeks, which is relatively short. However, 

in Columbia sugarcane is crushed all year round (Hildebrand 1998; Jenkins, 2013). In 

general, the LOMS is determined by the climatic conditions and the RV curve of a region.  

 

There are various factors that affect the determination of the LOMS and these include 

climatic conditions, cane quality, political issues, economic and agronomic policies set by 

government, labour availability, transport capacity, industrial setup and historical background 

(Hildebrand, 1998; Moor and Wynne, 2001; Jenkins, 2013).  

 

Several studies have been conducted with the aim of optimising the LOMS in South Africa 

and around the world, based on mathematical methods and economic models (Beard, 1999; 

Hildebrand, 1998; Moor and Wynne, 2001). However, none of these models incorporate the 

different complicated aspects of the supply chain of sugarcane. Therefore, it is important to 



 

26 

 

have a stochastic modelling approach for the LOMS that incorporates a variety of factors 

affecting it in South Africa. 

 

With proper calibration, the model of this project will simulate the LOMS according to the 

specific issues and scale of a mill area. The proposed project will work according to the 

issues of two KwaZulu-Natal South Coast mills, namely, Sezela and Umzimkulu. This kind 

of approach has never been undertaken in South Africa. 

 

4.2 Aim 

 

This project will investigate the impacts of precipitation on the sugarcane supply chain and 

ultimately on the length of milling season. The impacts have been outlined in the previous 

chapters. The aim is to incorporate the relevant factors into a stochastic model that will be 

used to investigate the dynamics that regulate the length of milling season at KwaZulu-Natal 

South Coast milling areas in South Africa. 

 

4.3 Objectives 

 

The objectives of the proposed project are to: 

a) Investigate the impacts of rainfall on the supply chain and ultimately the length of the 

milling season by reviewing relevant scientific literature, 

b) Perform a blind survey to identify issues affecting length of milling season at Sezela 

and Umzimkulu milling areas,  

c) Adjust the LOMZI model and calibrate it for the suitable case study areas mill area,  

d) Once the model has been calibrated simulate the data over a variety of seasons and 

conditions, 

e) Gain an in depth understanding on how to interpret the results  and package it to 

present to the Sugar industry, and 

f) Find possible areas of improvement on the model and provide recommendations. 
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4.4 Methodology 

 

Figure 4.1 shows a summary of the steps that the project will follow. The first step is to carry 

out a thorough literature review on the effects of precipitation on the sugarcane supply chain 

in South Africa and the rest of the world. Thereafter, about 15 different stakeholders at each 

milling area will contacted to perform telephonic interviews.  

 

Specific questions to be addressed during the interviews include: 

a) What is your role at the mill area? 

b) Throughout the supply chain, what are the main causes of inefficiencies that are 

eroding away profits in the sugar industry and in your area? 

 

 
 Figure 4.1 A schematic diagram summarising the research methodology (Bezuidenhout, 

2013) 

 

International review of LOMS factors

Modelling building blocks

Activity in each mill area

Blinded mill 
area survey

Diagnostics and ID 
LOMS factors

Construct and run 
LOMS model

Evaluate and 
communicate results

Derive overall trends and 
patterns
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The data from the interviews will be analysed and incorporated, using the Theme Network 

and Domain network approaches developed by Bezuidenhout et al. (2012). This will give a 

detailed picture of the issues affecting the mills and how they are related. A detailed report of 

the results will be presented to the mill group board members, to give them feedback about 

their milling areas. The stakeholders will also give suggestions on how to improve the LOMS 

project. Figure 4.2 is an example of a theme networks map for the Sezela milling area. It 

shows how the different challenges reducing efficiency at the mill are interlinked. 

 

 

 
Figure 4.2 Example of a theme Network for Sezela milling area.  

 

A stochastic model called the LOMZI Model has already been constructed (Boote, 2011; 

Jenkins, 2013). The next step will be to calibrate the data of the mill area into the model. 

About 8 years of previous data will be required to train the model according to the mill area. 

This data will include: 

a) daily crush rate, 

b) rainfall and temperature records, 
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c) cane quality parameters, 

d) cane throughput per day, 

e) sugar produced per day, 

f) strikes , 

g) daily cane deliveries per home mill and 

h) cane diversion. 

 

The data above will be used to train the model and run simulations for that mill for a period 

of thousand years. Different conditions that occur on the ground will be incorporated, so that 

a viable LOMS can be determined from the model output. Each milling area is unique and 

faces different challenges, so different results for each mill are expected. After this, an 

economic and feasibility analysis, based on the simulation results, will be conducted. A 

detailed interpretation of the model and its results will be carried out to report to the industry.  

 

 

4.5 Resources and Equipment Needed 

 

An ethical clearance certificate was required for the project because of the questionnaire and 

has already been obtained. The whole project is funded by SASRI and administered through 

Prof Carel Bezuidenhout. Funds are needed for telephone interviews that will be carried out, 

as well as travel expenses to the milling areas. The resources needed are office space, a desk 

and a computer, which have already been provided. 

 

 

4.6 Project Time Frame 

The project will run for a period of 18 months form January 2014 to June 2015. Table 4.1 

shows the plan in detail. 
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Table 4.1 Project plan  

 

List of deliveries        Month         

 J F M A M J J A S O N D J F M A M J 

Literature review and 

project proposal first 

draft                                           

                  

Literature review and 

project proposal final 

draft                                           

                  

Conducting 

telephonic interviews 

                  

Preparation and 

presenting project 

proposal 

                  

Visiting milling areas 

ad presenting theme 

networks 

                  

Developing the 

Stochastic model 

                  

Analysis and 

validating results 

                  

Write-up first draft                   

Corrections and 

submission 
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