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ABSTRACT 

 

A supply chain is an integrated network involving people, organizations, information, 

activities and resources. The parties in supply chains must be able to accommodate 

fluctuations and uncertainty because these are major factors that affect supply chain 

performance. Flexible strategies are required to mitigate the effects of fluctuations. This 

literature study involved a review of the causes and impacts of supply chain fluctuations. It 

further discusses the factors which cause inconsistencies in sugarcane supply chains and 

the strategies implemented for improvement.  

 

The factors that were considered as major causes of fluctuations include weather 

conditions, differing objectives of parties in the supply chain and lead times. The major 

effects of inconsistencies are customer dissatisfaction, higher administrative costs, 

decreased profitability and higher capacity demand. In the sugarcane supply chain, the 

pertinent properties that cause quality fluctuations were found to include seasonality, 

harvesting techniques, a large number of varieties and the burn-harvest-to-crush delay. 

Cane processing inconsistencies are caused by weather and harvesting time influences, 

transport issues and cane bulk density influences. They have a negative impact on mill 

operations and capacity. Strategies used to improve the sugarcane system include sugar 

payment systems, stockpiling, a daily rateable delivery system, vehicle scheduling and 

rearranged harvest schedules. However, these strategies will only be successful through 

constant communication and trust throughout the system. Also, it is unlikely that one 

strategy improvement will improve all systems simultaneously.  

 

This document also contains a project proposal, which aims to determine how operations in 

a sugarcane supply chain can be analysed and improved. The project will be conducted at 

Eston through interviews with stakeholders involved in sugarcane production, with the aim 

of identifying a key opportunity for improvement. This opportunity will then be presented 

and discussed with the stakeholders and a deeper study will then be initiated that involves 

modelling and statistical analysis in order to address the identified issue.  
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1. INTRODUCTION 

 

An integrated production network that typically involves people, organizations, activities, 

information and resources is known as a supply or value chain. The system works together 

with the aim of acquiring raw materials and converting them into a specific final higher-

value product, which is then distributed to the consumer (Beamon, 1998; Pitty et al., 

2008). This can be achieved by using processing activities such as transportation, storage 

and market mediation (Das and Abdel-Malek, 2003). It usually is characterised by a 

forward flow of materials and a backward flow of information and revenue (Gaucher et al., 

2004).  

 

The sugarcane supply chain is an agri-industrial supply chain which aims to grow, harvest, 

transport and process sugarcane from the field to the mill (Gigler et al., 2002; Gaucher et 

al., 2004). There are fluctuations which occur in supply chains that make it difficult for the 

sugarcane industry to be consistent. Fluctuations in the sugar industry occur due to many 

logistical, social, economic and physiological linkages across the chain. Many of these 

factors are inter-connected and difficult to quantify (Higgins and Lerado, 2006).  

 

Fluctuations or uncertainties create risk and may decrease profitability for the parties 

involved in supply chains. Therefore, decreasing fluctuations in the sugarcane supply chain 

have the potential to increase profitability (Le Gal et al., 2008). The impacts of supply 

chain fluctuations can be mitigated by flexible strategies (Tachizawa and Thomsen, 2007; 

Pitty et al., 2008). However, flexibility is difficult due to varying involvement of parties in 

the supply chain, their conflicting objectives, the geographical span of the chain, logistical 

problems, unpredictable changes in supply and demand, as well as increased costs (Chen 

and Paulraj, 2004; Tachizawa and Thomsen, 2007) 
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AIMS AND OBJECTIVES: 

 

This document has two aims: 

 

1. Firstly, to conduct a literature review of (a) the causes and impacts of fluctuations 

on supply chains and (b) the causes of fluctuations and strategies used to improve 

sugarcane supply chains. Special attention was given to literature focusing on 

sugarcane supply chains from the field through to mill processing. Chapter 2 will 

discuss (a) whilst Chapter 3 focuses on (b).  

 

2. Secondly, to propose a masters degree research project (Chapter 5), with the 

emphasis on elaborating on the aim, objectives, methodology, resource planning 

and time-scale of the project. The project will utilize network tools to describe, 

analyze and improve a sugarcane supply chain.  
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2. THE CAUSES AND IMPACTS OF SUPPLY CHAIN 

FLUCTUATIONS 

 

This section will firstly define and explain the important concepts used in supply chain 

theory. This will include the problem of fluctuations in supply chains. Thereafter, the 

major factors which cause supply chain inconsistencies and the resulting impacts are 

briefly introduced.  

 

2.1 A Theoretical Outline of Supply Chains 

 

In this document a supply chain is defined as an integrated network or system involving 

people, organizations, information, activities and resources (Thomas and Griffin, 1996; 

Maloni and Benton, 1997; Lambert and Cooper, 2000). The network works collectively to 

acquire raw materials and converts those into a specified finished product which is then 

delivered to the customer (Beamon, 1998; Pitty et al., 2008). A supply chain is considered 

integrated because a company’s processes are interconnected both internally and 

externally, with the aim of maximizing the overall value generated (Stevens, 1989; Chen 

and Paulraj, 2004; Cagliano et al., 2006). This can be achieved through physical functions 

that include storage, transportation and market mediation, with the aim of matching supply 

and demand (Meixell and Gargeya; 2005; Heydari et al., 2009).  

 

Decision making is important in supply chains to maximize benefits (Pitty et al., 2008). It 

is difficult for a supply chain to be consistent because numerous decisions, such as 

production, logistics, procurement and distribution, have to be made at the same time 

(Biswas and Narahari, 2004). The impacts of these decisions have a fluctuating time-scale 

from hours to years and could be a result of tactical, operational and strategic decisions 

(Das and Abdel-Malek, 2003). This is also the case in agricultural supply chains, however, 

more integrated decisions are required due to, for example, unpredictable weather 

conditions.      

 

The parties in supply chains must be able to accommodate fluctuations, risk and 

uncertainty because these are major factors that affect supply chain performance (Thomas 

and Griffin, 1996; Maloni and Benton, 1997; Lambert and Cooper, 2000). Uncertainty in 
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supply chains is an important problem in delivering superior customer value (Mason-Jones 

and Towill, 1998; Sanchez-Rodrigues et al., 2010). Uncertainty is defined by Bayraktar et 

al. (2008) as “unknown future events that cannot be predicted quantitatively within useful 

limits, thus making the occurrence of these events unpredictable.” Risk is defined as “the 

distribution of the loss resulting from the variation in possible supply chain outcomes, their 

likelihood, and their subjective values” (Goankar and Viswanadham, 2007). Risk, 

therefore, in contrast to uncertainty, can be estimated with a measurement of probability 

(Sanchez-Rodrigues et al., 2010). Heydari et al. (2009) state that uncertainty in customer 

demand and lead times are the two main categories of risk in supply chains. Lead time is a 

measure of supply chain uncertainty and is defined by Chen and Paulraj (2004) as the time 

between ordering and receiving a product. 

 

Fluctuations in supply chains can be managed through flexibility.  Flexibility is a critical 

part of a competitive supply chain and is defined by Tachizawa and Thomsen (2007) as 

“the ability of the purchasing function to respond in a timely and cost-effective manner to 

changing requirements of purchased components, in terms of volume, mix and delivery 

date.” A flexible supply chain will be able to adapt to fluctuations in supply and demand 

without disrupting customer service levels (Stevenson and Spring, 2007). It is based on the 

buyer-supplier elasticity relationship under changing supply conditions and aims to 

mitigate supply chain risk (Das and Abdel-Malek, 2003; Chen and Paulraj, 2004; 

Tachizawa and Thomsen, 2007; Pitty et al., 2008).  

 

The need for flexibility arises from internal and external factors which cause fluctuations 

in supply chains (Das and Abdel-Malek, 2003; Kumar et al., 2006). Examples of internal 

flexibility drivers are the low-component commonality of products of the company, 

production schedule uncertainty, unresponsive suppliers, slack capacity and Just-In-Time 

(JIT) purchasing. Examples of external factors are seasonality, demand volatility and 

incomplete supply ((Thomas and Griffin, 1996; Maloni and Benton, 1997; Lambert and 

Cooper, 2000; Stevenson and Spring, 2007; Tachizawa and Thomsen, 2007; Pitty et al., 

2008). Flexibility is made more difficult because of the geographical span of the supply 

chain, the varying involvement of entities with conflicting objectives, logistical problems, 

as well as volatile changes in demand and supply (Biswas and Narahari, 2004; Slack, 
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2005). These factors usually have different impacts on supply chains (Chen and Paulraj, 

2004).  

 

There are different principles or philosophies used in making supply chain decisions in a 

world of uncertainty, such as lean and agile (Aitken et al., 2002). Wee and Wu (2009) 

define lean as “a series of activities or solutions to eliminate waste, reduce non-value 

added operations the value added outcomes.” A lean supply chain can also reduce the 

bullwhip effect by eliminating lead times and controlling inventory costs (Wee and Wu, 

2009). It can effectively be used in a relatively stable supply network that has predictable 

demand, high volume and low variety (Christopher, 2000; Aitken et al., 2002).  

 

Just-in-time purchasing is an example of a lean supply chain method. Just-in-time 

purchasing is to provide the resources for production of a product at a time as close as 

possible to when it is required (Giunipero and Keiser, 1987; Ansari and Modarress, 1986). 

The success of JIT purchasing depends on trust, openness and co-operation between the 

supplier and purchaser (Hahn et al., 1993). It aims to reduce lead time, lower the workload 

per period for suppliers, reduce ordering costs, as well as reduce inventory levels and 

improve product quality. Poor supplier support, inadequate understanding and support by 

top management are the major problems faced when JIT purchasing is introduced 

(Gunasekaran, 1999; Dong et al., 2001).     

 

An agile supply chain can be used to improve supply and demand synchronization 

(DaSilveira et al., 2001). Agility is defined by Swafford et al. (2008) as ‘‘the successful 

exploration of competitive bases (including speed, flexibility, innovation proactivity, 

quality and profitability) through the integration of reconfigurable resources and best 

practices in a knowledge-rich environment to provide customer-driven products and 

services in a fast changing market environment.” Compared to flexibility, which relates to 

adaptability and versatility, agility focuses on speed to adapt in a more customer 

responsive manner (Al-Mudimigh et al., 2004). Synchronization in a supply chain requires 

integration from suppliers to customers, as well as across a firm’s internal operations 

(Narasimhan, 1997). Also, higher resource and stock levels are usually essential in an agile 

supply chain to have a competitive advantage (Agarwal and Shanker, 2002; Aitken et al., 

2002). Additionally, visibility of demand is required to enable quick responses to volatile 
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market demand in order for a competitive advantage to be retained. Therefore, flexibility in 

terms of delivery and products thus form the basis of an agile supply chain (Christopher, 

2000; Aitken et al., 2002).      

 

2.2 Factors Causing Supply Chain Fluctuations 

 

There are numerous factors which cause supply chain fluctuations and many of them are 

inter-connected. The major factors which usually affect most supply chains are discussed 

in this section.   

 

2.2.1 Weather and climate change 

 

In most industries, especially agriculture, weather is an important factor which affects the 

supply of raw materials and hence the production of final products. The uncertainty of 

weather increases risk in production. The impacts of weather on supply are more severe on 

seasonal products, such as agricultural products (Chen and Yano, 2010).  Firms may try to 

counteract the effect of weather by increasing inventory levels, which results in an increase 

in storage and administration costs (Gregory et al., 2005). Under climate change, increased 

incidences of natural disasters and environmental policy changes could also increase 

fluctuations in a supply chain (Goankar and Viswanadham, 2007). In crop production, the 

time, date and performance of harvesting, as well as logistic operations are usually 

significantly affected by weather conditions (Higgins and Muchow, 2003).  

 

2.2.2 Economic and organizational behaviour 

 

Supply chain operations are driven by market demand trends. Uncertainty in the trading 

environment reduces the degree to which firms can estimate market trends and sales. This 

increases supply fluctuations. Supply uncertainty increases the variability in the 

operational processes of supply chains (Germain et al., 2008). Customer demand changes 

for numerous reasons, including income and continuous changes in substitute products, as 

well as the price of the product versus substitute products (Bayraktar et al., 2008). Other 

economic factors, such as changes in inflation, tax rates, foreign fluctuation, free trade 
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zones, policy changes, economic slowdown and financial barriers also increase uncertainty 

among firms (Goankar and Viswanadham, 2007).   

 

The behavioural characteristics of supply chains entities are important in delivering quality 

products to customers due to the effects it has on profitability. Communication, 

information flows and trust are critical within firms and across the supply chain at the 

management level (Sila et al., 2006). Goankar and Viswanadham (2007) state that 

opportunistic behaviour, as well as research and development activities, which all can 

result in delayed production, can cause an increase in fluctuations at the organizational 

level. Varying business objectives and internal production restrictions, such as employee 

strikes, add to the uncertainty (Das and Abdel-Malek, 2005). 

 

2.2.3 Logistics 

 

Logistics is defined by Taylor (2008) as “that part of supply chain management that plans, 

implements and controls the efficient, effective forward and reverse flow and storage of 

goods, services and related information between the point of origin and the point of 

consumption.” It incorporates activities such as the storage of products along the journey 

and vehicle scheduling (Kenneth et al., 2008). It aims to distribute raw materials to 

manufacturers and final products to consumers, in the most efficient and cost-effective way 

(Cachon and Lariviere, 1999; Schliephake et al., 2009). 

 

Uncertain events, such as weather and road conditions, may impact on the ability of 

logistic operations to have consistent customer service levels because it can increase risk 

and vulnerability in the supply chain (Sanchez-Rodrigues et al., 2010). Sanchez-Rodrigues 

et al. (2008) explains through the logistics triad model that there are five sources of 

uncertainty in logistics, namely, (a) the shipper, (b) customer, (c) carrier, (d) control 

systems and (e) external uncertainty. Firms in supply chains usually require the 

transportation of differing products and sizes, with short notice given for scheduling times 

in order to reduce storage costs (Kenneth et al., 2008). Delays in logistics due to vehicle 

breakdowns and poor information flows may result in waiting queues, machine 

breakdowns and failure, incorrect deliveries, higher capacity demand, product quality 
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deterioration, increased wastage and costs and could lead to customer dissatisfaction 

(Cachon and Lariviere, 1999; Schliephake et al., 2009; Sanchez-Rodrigues et al., 2010).  

 

Lead time variations, such as delays in delivery, also cause supply chain fluctuations. 

There may be a number of reasons for this, such as improper information and operator 

systems, weather and an inefficient logistical system (Bayraktar et al., 2008). Lead time 

demand contributes to creating a phenomenon called the bullwhip effect. These 

fluctuations are usually influenced by business cycles (Heng et al., 2005). Hwarng and Xie 

(2008) state that a reduction in lead time can be extremely beneficial to supply chains. It 

could enhance customer service and responsiveness, whilst reducing demand and inventory 

variability (Heydari et al., 2009).  

 

Logistic fluctuations can be reduced by increased workflow collaboration and coordination 

programmes, as well as agility and communication between upstream and downstream 

entities (Griffiths and Margetts, 2000). Vehicle scheduling is a strategy used to reduce 

fluctuations, which aims to find the lowest cost combination of transport routes, units and 

departure times (Cachon and Lariviere, 1999). There are also various distribution and 

purchasing methods which can be used in supply chains, including vertical expansion and 

JIT purchasing (Chen and Chen, 2005).  

 

2.3 Impacts of Supply Chain Fluctuations 

 

The above factors which cause fluctuations in supply chains may result in different types 

of problems and may require strategies to counteract them. The impacts of these factors are 

discussed in this section.  

 

2.3.1 Stockpiling and higher capacity demand 

 

Manufacturing companies may keep higher levels of inventory to act as a buffer for 

production to continue, even when deliveries from suppliers are late. This is due to 

machine setup costs usually being high. Additionally, retailers will increase levels of 

inventory to act as a buffer to deliver finished products to customers even when production 

is slow. Therefore, entities in the supply chain will have to have enough storage facilities 
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for these increased stock levels, which is known as stockpiling. However, stockpiling will 

result in double handling which increases administration, capital, equipment and storage 

costs, as well as product deterioration (Heng et al., 2005; Germain et al., 2008).    

 

2.3.2 Product quality, deterioration, waste and losses 

 

“Quality is a function of the value received for the price paid for a product” (Sila et al., 

2006). Quality is a vital factor in the value-adding process of delivery and production of 

products across the supply chain. Waste in a supply chain context is defined by Wee and 

Wu (2009) as “anything that interferes with the smooth flow of production.” Defect-free 

production that meets the requirements of customers has the potential to significantly 

reduce costs (Sila et al., 2006). Waste can include excess inventory, over-production, over-

processing, movement, waiting and time delays, defects and unused employee creativity 

(Chen and Chen, 2005; Kannan and Tan, 2007; Germain et al., 2008). It is likely that waste 

in supply chains cause an increase in storage and disposal costs, and usually decrease 

product quality (Wee and Wu, 2009). Waste costs can be reduced by a combination of 

various life-cycle management assessments or product design strategies, including supply 

chain partnerships and cleaner production initiatives, which aim for sustainability. A lean 

supply chain system also seeks to eliminate waste (Schliephake et al., 2009; Wee and Wee, 

2009). 

 

Schliephake et al. (2009) found that inappropriate handling and packaging design 

deficiencies are the major causes of loss of products in the distribution chain. There may 

also be variations in product quality. Variations in product quality can cause the value of 

the product to decrease and it may leave customers unsatisfied (Germain et al., 2008). 

Deterioration occurs in many inventory items, especially in agricultural products, volatile 

liquids and fashion goods. It may decrease profitability by reducing product quality. 

Products may be depleted due to decay, obsolescence, shrinkage and spoilage (Chen and 

Chen, 2005). Kannan and Tan (2007) found that customer feedback, in addition to supplier 

quality and reliability, has an important impact on customer service and product quality. 

This results in customer expectations being used to steer product design activities. Having 

a customer-driven vision can increase profitability, productivity, reduce cycle time and 
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inventory, as well as improve customer satisfaction (Das and Abdel-Malek, 2003; Chen 

and Chen, 2005).  

 

2.3.3 Information flows and the bullwhip effect 

 

The bullwhip effect refers to the supply chain phenomenon where orders to suppliers tend 

to result in larger fluctuations than sales to the buyer. This results in customer demand 

being distorted (Hwarng and Xie, 2008). Chen et al. (2000) identified five main causes of 

the bullwhip effect: (i) price variations, (ii) supply shortages, (iii) the use of demand 

forecasting, (iv) batch ordering, and (v) long lead times. Information distortion is the major 

factor which affects each of these causes (Heydari et al., 2009).  

 

The bullwhip effect increases all costs, inventory levels and lead times in the supply chain. 

It decreases customer service levels and product availability, as well as profit margins 

(Bayraktar et al., 2008; Wright and Yuan, 2008). These all contribute to increasing 

uncertainty and decreasing consistency in the supply chain. The bullwhip effect can be 

counteracted by reducing demand fluctuations, through alteration of marketing techniques, 

using a lean supply chain system and by increasing communication or information flow 

throughout the supply chain (Lee et al., 1997; Dejonckheere et al., 2004; Helo and Xiong, 

2006). Information sharing can also assist in more consistent delivery, cost reduction, 

higher order fulfillment rate, decreased demand variability and inventory reduction 

(Hwarng and Xie, 2008).     

 

2.4 Summary 

 

The major factors that drive supply chain fluctuations are weather conditions, differing 

objectives of parties in the chain and long lead times due to logistical inconsistencies. The 

major effects of inconsistencies in the supply chain are customer dissatisfaction, higher 

capital and administrative costs, decreased profitability, as well as higher capacity demand 

and product quality deterioration. Most studies in this section pertained to the 

manufacturing and distribution supply chain. There is relatively few literature which 

focuses on agricultural supply chains.   
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3. FLUCTUATIONS IN THE SUGARCANE SUPPLY CHAIN  

 

Having discussed the importance, the causes and impacts of fluctuations in a supply chain, 

this chapter focuses particularly on the sugarcane supply chain. It provides: (a) an outline 

of the sugarcane supply chain and its processes; (b) the properties which create 

fluctuations; and (c) strategies which are used to for improvement of the sugarcane supply 

chain. Focus is given in particular to South African sugarcane supply chains, i.e. from the 

field to the production of raw sugar.  

 

3.1 An Overview of Sugarcane Supply Chains  

 

3.1.1 Sugarcane supply chain processes 

 

The refined product, called sugar, is produced mainly from sugarcane or sugar beet. 

Worldwide, for every ton of sugar that is derived from sugar beet, about three tons are 

derived from sugarcane. Sugarcane products include table sugar, molasses and ethanol. 

Sugar is an important fuel for the body because it is a carbohydrate (Deressa et al., 2005). 

Sugarcane is produced in over 110 countries in the world, with the majority produced in 

Brazil, Thailand, India, Australia, China, United States and South Africa (Higgins et al., 

2006).  

 

The aim of the sugarcane supply chain is to grow, harvest, transport and process sugarcane 

(Gigler et al., 2002; Gaucher et al., 2004). The supply chain starts with a large number of 

unsynchronised independent producers upstream, who work under different conditions of 

production and demand agile principles. Downstream in the factory, the supply chain 

demands leaner principles (Bezuidenhout, 2008). The entire sugar supply chain is highly 

integrated and contains: (a) cane growing, (b) harvesting, (c), cane transport to the mill, (d) 

mill processing and refining, (e) sugar transported to the port or market, (f) storage, and (g) 

retailing to customers (Higgins and Muchow, 2003; Higgins et al., 2006). Figure 3.1 

illustrates the components of a sugar supply chain.  

 

 

 



 

12 

 

  

  

      Growing           Harvesting          Transport            Milling                Marketing            

 

Figure 3.1 The sugar supply chain components (after Higgins et al., 2004) 

 

Collaboration between parties is an important constituent to support more efficient 

business operations and lower uncertainties in supply chains (Cassivi, 2006). In sugar 

production, the three stakeholder parties who are usually involved are the growers, the 

hauliers and the miller (Higgins and Muchow, 2003; Higgins et al., 2006). Ownership of 

mills is an important issue in sugarcane supply chains. There are three possible scenarios 

which are generally used in terms of farm and milling ownership in the industry. These are, 

(i) the miller owns some farms in the milling region, (ii) the miller and growers are 

completely independent entities, and (iii) the growers own the mill (Lejars et al., 2008). 

The miller controls the amount of sugar which may be recovered from each ton of cane 

that is crushed. The grower aims to reduce costs of production. The haulier aims to load 

and transport cane and to sustain a constant supply to the mill at the least cost (Higgins et 

al., 2006). Although each party often operates independently, the supply chain is a single 

entity. Joint decisions can be made between many supply chain stakeholders, which have 

the potential to increase profits. These decisions also allow for important tactical planning 

and strategic problems to be addressed (Le Gal et al., 2008).  

 

As with most agricultural supply chains, parties involved in the sugarcane supply chain 

compete and aim to minimise costs in order to maximise net revenue (Lejars et al., 2010). 

Revenue is obtained from the sale of sugar and other sugarcane by-products, such as 

bagasse and molasses. An increase in revenue is likely to increase the quantity of cane 

grown and produced (Lejars et al., 2008). Increased revenue is likely only to be realised 

through a highly interrelated relationship between the growers, hauliers and millers. In 

addition, profit maximization can be achieved by controlling three critical factors, namely, 

(i) throughput, (ii) sugar recovery, and (iii) quality. These factors are also generally 

interrelated (Higgins et al., 1998; Purchase and de Boer, 1999). The parties in the supply 

chain generally do not use strategies such as product differentiation for raw produce 

(Archer et al., 2006).  
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The largest single component cost in raw sugar production is logistics. It is estimated that 

the cost of transportation contributes approximately 20% and 25% of total production costs 

in the sugarcane industries in South Africa and Australia, respectively (Milan et al., 2006). 

There is an increased emphasis to improve the integration of the harvesting and transport 

system because they are the more tangible components in the system (Salassi and 

Champagne, 1998). This is due to many logistical, social, economic and physiological 

linkages across the chain being difficult to quantify (Higgins and Lerado, 2006). Barnes et 

al. (2000) provide a detailed model of different harvesting and transporting techniques.  

 

3.1.2 Sugarcane components 

 

Sugarcane is made up of many different components. The various typical percentages of 

components in the sugarcane plant are illustrated in Figure 3.2. These components are 

influenced by the type of soil, the variety of cane, climate, degree of maturity and handling 

practices (Higgins et al., 1998). Climate and the ability to mitigate pests and diseases result 

in the harvest age of sugarcane ranging from 12 to 24 months. The most important factors 

which contribute to high sugar recovery are low fibre, low reducing sugars and high 

sucrose. Excessive fibre is undesirable in the production of raw sugar because it reduces 

the volume of sucrose that may be extracted. However, fibre is required in production of 

by-products such as paper. Other factors that affect the quality of sugar are, amongst 

others, the colour, ash, crystal shape and the filterability (Purchase and de Boer, 1999; 

Higgins, 2006). 

 

Sugar is, like many other agricultural products, a seasonal crop, which is influenced by 

weather and climatic conditions. Sucrose yields from cane are at their highest from winter 

until early spring, which makes this the ideal time for harvesting. However, due to limited 

milling and transport capacities, the harvest season is prolonged over a number of months. 

Additionally, weather conditions determine the number of days available for harvesting, 

which is likely to impact on the composition of cane. For example, a long period of rainfall 

reduces the number of days for harvesting. Drought on the other hand, will substantially 

decrease yields and hence profitability because it creates fluctuating yield profiles (Higgins 

et al., 1998; Higgins and Muchow, 2003; Hassan and Gbetibouo, 2004).  
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Key determinants of sugarcane components are the dates and method of harvesting 

(Higgins et al., 1998; Higgins and Muchow, 2003). Sucrose levels are higher when there 

are minimal delays from the time of harvesting to the crushing of sugarcane. The burn-

harvest-to-crush delay (BHTCD) is defined by Higgins (2006) as the “time-elapsed 

between when the cane is harvested and processed by the mill.” The delay varies 

substantially in the industry, due to varying harvesting practices, and it is desirable to 

minimise the BHTCD (Beamon, 1998; Lionnet, 1998). For example, the burning of cane 

aims to improve harvest rates and reduce mill trash levels. It may also improve cane 

quality and hence enhance the short-term profitability throughout the chain. However, 

burning cane lengthens the BHTCD. Cutting green cane is a method used to reduce the 

harvest-to-crush delay (Lionnet, 1996; Meyer et al., 2005). However, it is important to note 

that harvested cane is perishable, whether it is burnt and left standing in the field, burnt and 

cut immediately or cut green (Salassi and Champagne, 1998; Higgins et al., 2004; SASRI, 

2000; Eggleston et al, 2008). 

 

Figure 3.2 The typical components of sugarcane (SASRI, 2000) 
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3.2 Sources of Sugarcane Supply Chain Fluctuations 

 

As in other supply chains, there are various factors, each with different impacts, which 

create uncertainty and fluctuations in sugarcane supply chains. These factors are highly 

inter-connected. The major properties in the supply chain, from the field to the production 

of raw sugar, where fluctuations have an impact on the system are reviewed in this section. 

The two major properties reviewed are cane quality consistency and cane processing 

consistency in terms of flow rate (tons per hour). It is not always easy to differentiate these 

properties and some of these relationships fall beyond the scope of this study. Where 

possible, connectivity graphs (as in Figure 3.3) are used to depict the inter-connectivity 

between different factors.   

 

3.2.1 Cane quality consistency  

 

There are various properties which are inter-connected in the sugarcane supply chain that 

affect cane quality consistency. Figure 3.3 illustrates the relationships between properties 

in the sugarcane supply chain, which are sources of cane quality inconsistency, using a 

Kamada Kawai (1989) energised map. 

 

 

Figure 3.3 An energised map of the properties in the sugarcane supply chain that affect 

cane quality consistency 
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The harvest season and variety of cane are critical properties which may cause quality 

inconsistencies. In most countries, it is impossible to harvest all sugarcane at the time of 

maximum quality yield because of limited milling, harvesting and transport capacities 

(Higgins et al., 1998). This results in the harvesting season of sugarcane being carried out 

over a prolonged period, typically a number of months, which causes fluctuations in cane 

quality and yield (Purchase and de Boer, 1999; SASRI, 2004; Higgins, 2006). 

Furthermore, Langton (2005) concluded that the larger the number of cane varieties grown, 

the more cane quality consistency decreases.  

 

The amount of cane deterioration that takes place depends largely on the BHTCD, the 

prevailing temperature and humidity, as well as one-exposure of the cane to pests and 

diseases. Both the grower and the miller would gain significantly if cane could be 

processed immediately after it is harvested. However, this is seldom possible. There are 

often BHTCD of three to four days, or even longer, between the harvesting and crushing of 

cane (Diaz and Perez, 2000). Rangel et al. (2010) state that there are different distances 

between fields and the mill, which compromises cane quality consistency. There is likely 

to be a higher BTHCD for growers who are located further from the mill (Purchase and de 

Boer, 1999; Rangel et al., 2010). However, Barnes et al. (1998) found that most of the 

waiting time is in-field and that transportation distances add minutes compared to hours in 

the field. Growers may also use different machines, equipment and methods for harvesting, 

which can lead to cane quality being inconsistent (Higgins, 2006). Unburnt cane 

deteriorates more rapidly than burnt cane during the week immediately after harvesting. 

Thereafter, burnt cane deteriorates more rapidly (Wood et al., 1972). In South Africa, it is 

generally possible to crush sugarcane within 48 hours, which results in burning cane 

usually being the preferred harvesting method. The rates of cane deterioration also vary 

significantly in different post-harvest conditions and by the season. There is greater 

deterioration in hot-humid summer months and the loss of sucrose value per day can be 2-

3% (Lionnet, 1998). During winter, the loss averages one percent per day (Eggleston et al., 

2008). The season also influences the development of pests and diseases, which restrict 

crop growth and also inflicts damage to the cane, which accelerates deterioration. 

Therefore, the season has the ability to mitigate cane quality consistency (Everingham et 

al., 2002; Grunow et al., 2007).  
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3.2.2 Cane processing consistency 

 

Sugarcane flow from the fields to the mill usually involves cutting or burning, loading, 

transporting and unloading at the mill (Diaz and Perez, 2000). There are various factors 

which affect consistency of sugarcane flow through this process, in terms of tons per hour, 

with the relationships depicted in Figure 3.4. By carefully analyzing the network, three 

system domains that affect cane processing consistency are highlighted. 

 

 

 

 

 

 

Figure 3.4 An energised map of the factors that impact on cane processing consistency 

 

Weather patterns and harvesting consistency are major causes of cane processing 

fluctuations. The uncertainty of weather conditions increases risk associated with the levels 

of sucrose produced, crop size, the time of harvesting, as well as in-field mobility 

constraints (Higgins et al., 1998; Higgins and Muchow, 2003; Hassan and Gbetibouo, 

2004). Cane supply consistency can be decreased during rain. For example, in Australia, 

the supply system usually allows for average weather disruptions in the harvest season, 

however, excessive rainfall occurrences may have significant impacts and complications 

Weather and harvesting time influences 

Transport issues 

Cane bulk density influences 
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across the supply chain. Harvesting consistency is affected by the cane’s length, hardness 

and vigour (SASTA, 2000). The ease and rate of cutting during harvesting depends on the 

cane’s degree of hardness, which differs according to the varieties of cane (Langton, 2005). 

The ideal time to burn cane daily is at dawn because burning at night may result in the 

delay to crushing by 10 to 11 hours. The delay can be increased by a further 12 hours, or 

more, if enough cane is burned to meet two days, or more, allocation (SASRI, 2004; 

Higgins, 2006).  

 

The seasonality of sugarcane, compositions of cane and the soil content in harvested cane 

have an impact on mill operations. Mills are usually closed for maintenance and upgrades 

in summer and early autumn when no harvesting takes place. The supply chain can be 

regarded as being effectively inactive during this period (Higgins and Muchow, 2003; 

Bezuidenhout, 2010). Cane quality variations also affect mill operations. Cane quality that 

is variable hampers different parts of the mill. For example, fibre in the diffuser will 

negatively impact on sugar output and reduce mill efficiency (Bezuidenhout, 2010). Soil in 

harvested cane also reduces mill capacities. It decreases the mill front end capacity and it 

increases mill maintenance costs, with respect to the wear on chains and gear boxes. Soil in 

harvested cane is highly related to harvest techniques, loading methods and weather 

conditions (Purchase and de Boer, 1999; SASRI, 2004). It is easier for the miller, to crush 

juices that need to be crystallised, when there are low levels of cane per ton of sugar 

produced and when there are fewer amounts of impurities (Higgins, 2006).  

 

Lodging and trash levels impact on cane bulk density and mill operations. Lodging occurs 

when mature sugarcane falls over, usually due to high rainfall, wind, saturated soils or 

structural weaknesses. Larger crops, especially over 100 tons per hectare of cane yield, are 

typically susceptible to lodging during windy and wet weather. Lodging reduces the 

amount of sugarcane that can be transported because it reduces the bulk density. Lodging 

also reduces sugarcane production by reducing the mill capacity. It also increases the 

milling cost per unit of sugar produced. Since not all crops suffer from lodging, there is 

decreased consistency in mill processing (Singh et al., 2002). 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 mill operations with shutdowns being more likely. 
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Purchase and de Boer (1999) found that crushing sugarcane with trash has the potential to 

reduce sucrose throughput by 36% per hour.   

 

A major supply chain problem in the sugar industry is that harvesting usually takes place 

only in daylight hours, whilst the mill operates continuously (Higgins et al., 2006). This 

problem usually results in times, during the day, when cane deliveries to the mill are more 

than enough to be able to keep the mill in operation and in other times of the day when the 

flow to the mill is inadequate. The time of delivery to the mill is also inconsistent over 

weekends and public holidays. Additionally, each day, the location and number of 

collection points of harvested sugarcane vary (Stutterheim et al. 2006). The time required 

for loading and unloading, the length of trips and the type of vehicles and equipment used, 

also differ.  

 

Other factors that cause inconsistent deliveries include equipment maintenance, 

unscheduled deliveries, weather conditions, road conditions, accidents and vehicle 

breakdowns (Diaz and Perez, 2000; Higgins et al., 2004; Bezuidenhout, 2010). There are 

also logistical delays at the mill due to the excess vehicles, weighing, inspecting and 

unloading of sugarcane that can create queues (Rangel et al., 2010). Waiting queues can 

create bottlenecks at the mill and usually take place as a result of driver shift changes and 

unscheduled deliveries (Giles et al., 2005). The above inconsistencies may lead to mill 

stops and result in over-sized fleets, low equipment utilization, increased costs, 

inconsistent throughput and possibly double handling (Hahn and Ribeiro, 1999; Barnes et 

al., 2000). For example, if trucks breakdown for long periods of time during operations, 

the return time to the field or the mill will be compromised, hence, it will slow down the 

supply chain (Rangel et al., 2010).  

 

3.3 Strategies to Improve Sugarcane Supply Chains 

 

Due to the various fluctuations, there are different strategies or methods which have been 

used to improve sugarcane supply chains. The strategies have to be flexible to allow for 

ever-changing uncertainties. These strategies include, amongst others, introducing the 

correct sugar payments system (Todd and Forber, 2005); stockpiling (Bezuidenhout, 

2010);  rearranging harvest scheduling (Le Gal et al., 2008); and new co-ordinated delivery 



 

20 

 

allocation rules (Higgins et al., 2006). The following subsections briefly describe each 

strategy. However, it is important to note that it is unlikely that one specific strategy would 

improve all sugarcane supply chains. These strategies may cause new problems to occur 

within the supply chain (Giles et al., 2005). Even though the fundamental aims may be the 

same, the integrated processes within each entity are different (Gaucher et al., 2004). Each 

supply chain requires a detailed analysis for ideal improvement strategies to be 

implemented.  

 

3.3.1 Sugar payment systems, communication and collaboration 

 

Gaucher et al. (2004) state that communication and trust is vital in the sugarcane supply 

chain between the various stakeholders when farms and the mill are owned by independent 

entities. Increased feedback, communication and more efficient administration reduce 

product quality variations and deterioration, and also help to reduce the bullwhip effect 

(Wee and Wee, 2009). To minimise conflict between entities in the chain, the stakeholders 

need to design collective growth strategies rather than to have individual viewpoints. There 

will also need to be increased training and participation between the entities. Outside 

assistance will be required for management to be changed and for systems development. 

To encourage stakeholders to match their individual decisions with the collective interest, 

different economic tools such as contracts, information and payment systems need to be 

implemented (Gaucher et al., 2004; Higgins et al., 2004).  

 

Cane payment systems are important in providing incentives for growers and millers to 

improve efficiency. It provides incentives for the improvement of cane yield and quality, 

as well as enhancing milling performance by increasing collaboration (Todd and Forber, 

2005). The sugar industry payment system usually aims for sharing the annual revenue 

when millers and growers are separate entities. However, similar to most revenue sharing 

agreements, the type of payment system is usually a contentious issue. The issue is 

aggravated by the development of sugarcane co-products, such as ethanol, electricity, 

fibre-based products including paper and packaging, as well as lactic acid (Lejars et al., 

2010). There are various payment systems in sugarcane supply chains. For example, in 

South Africa, economic entities in the sugar industry receive revenue based on a sugar 

recoverable value (RV) formula. It aims for growers to improve quality, in terms of clean 
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and mature cane, with the incentive of higher revenue being obtained. The RV formula is 

estimated taking into account the sucrose, non-sucrose and fibre components of sugarcane, 

which all affect milling efficiency. However, it primarily does not strive for consistent 

cane supply (Murray, 2002; Nicol et al., 2007; Lejars et al., 2008).  

 

3.3.2 Stockpiling 

 

The methods used to allow consistent mill operations include stockpiling at the mill and 

storage in trailers on the field before transportation to the mill (Higgins et al., 2006). As 

stated in Chapter 2, stockpiling occurs when there are increased levels of inventory, which 

acts as a buffer to enable production to continue, even when deliveries from suppliers are 

late (Heng et al., 2005; Germain et al., 2008). Fluctuations in stockpiles are a vital 

indicator of overall system inefficiency. Bezuidenhout (2010) states that sugarcane supply 

chain stockpiles can be divided into two groups, namely, (a) deliberate and (b) unexpected.  

 

Bezuidenhout (2010) explains three reasons why deliberate stockpiles are maintained: (a) 

To mitigate risk and fluctuations, such as building up a stock before approaching rain, (b) 

synchronization to reduce fluctuations, for example, the differences that exist in operating 

times between harvesting and milling, and (c) cane maturing, when some growers 

deliberately allow cane to age to increase the RV percentage of the cane. It is also likely 

that deliberate stockpiles are used over weekends when growers are unwilling to deliver 

cane. Unexpected stockpiles are due to saturated and unsaturated conditions. Saturated 

conditions involve capacity bottlenecks. Unsaturated conditions refer to needless changes 

in cane flow rates, such as widespread and simultaneous driver shift changes.  

 

Table 3.1 portrays the above groups and the appropriateness of each stockpile to reduce 

fluctuations in order to allow for continuous and consistent mill production. It is not useful 

to have an infield stockpile because it is difficult to predict inventory levels, does not allow 

for an efficient night transport operation and is generally vulnerable to wet conditions. It is 

beneficial to have loading zone stockpiles; however, it is also difficult to estimate stock 

levels. It is not advisable to use a vehicle stockpile because it is highly inefficient, is a 

major cause of the bullwhip effect and is expensive. It is logical to have a mill yard 

stockpile; however, the mill yard may become congested, it can be difficult to maintain the 
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first-in-first-out (FIFO) principle and it could cause an under-utilization of the transport 

fleet (Bezuidenhout, 2010).  

 

Table 3.1 Stockpile categories in sugarcane supply chains (after Bezuidenhout, 2010) 

 

 
 
3.3.3 Harvest and transport scheduling 

 

In this document, harvest and transport scheduling refers broadly to any harvesting and 

logistic techniques or methods that aim to improve efficiency in the sugarcane supply 

chain. These include a daily rateable delivery system (Higgins et al., 2004); night 

transportation (Higgins et al., 2006); improvement in vehicle scheduling (Higgins, 2006; 

Giles et al., 2005) and rearranging harvest scheduling (Le Gal et al., 2008). 

 

A daily rateable delivery system aims for a constant daily supply of sugarcane to the mill. 

This can improve cane processing consistency. However, it does not have any regard for 

cane quality consistency (Barnes et al., 2000; Higgins et al., 2004). Bezuidenhout (2010) 

states that this system can usually only apply when mill processes run below capacity due 

to cane varieties constraining different parts of the mill. Additionally, he states that it is 

expected that there will be deviations in times of delivery to the mill within the day, as well 

as over weekends and public holidays.  

 

Transportation of sugarcane to the mill during the night is likely to increase processing 

consistency. It allows for continuous supply of sugarcane to the mill, which probably will 

decrease the BHTCD and hence, improve quality consistency. However, weather patterns, 

mill scheduling, grower operational hours and communication systems can negatively 

affect the success of night transportation (Higgins et al., 2006). The CAPCONN model can 

be used for an efficient allocation of capacity because it takes into account the entire 
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supply chain including logistics and the knock-on effects it has on capacity (Stutterheim et 

al., 2006).   

 

An improvement in vehicle scheduling, in terms of arrival time to the mill, would result in 

a shorter queue at the mill, because less vehicles would be required, as well as reducing the 

risk of mill shutdowns (Higgins et al., 2006). Higgins (2006) states that if there was an 

equally spaced arrival time of vehicles to the mill, which is aligned with the mill 

throughput rate, then there would not be any queues, waiting time or idle time at the mill. 

This will go a long way in improving the supply chain because it will minimise the 

BHTCD and hence, maximise profitability. However, weather conditions, as well as the 

varying locations of the farms and the mill can compromise this idea (Hahn and Ribeiro, 

1999). The millers may prefer to have a queue of trailers or vehicles in the mill-yard, rather 

than run the risk of idle time because there is a substantial cost, to the miller, if the mill has 

to shutdown operations (Higgins et al., 2006). Furthermore, Giles et al. (2005) concluded 

that due to the sugarcane supply chain being highly integrated, improvements to the 

transport system may only be effective if several other system properties, such as driver 

shift changes, contractual agreements and loading times, are simultaneously adopted.  

 

Le Gal et al. (2008) used the MAGI decision support tool in order to maximise RV yield 

by comparing different supply chain scenarios and increase delivery throughputs. MAGI is 

a model used extensively in the sugarcane supply chain and takes into account logistics, 

harvesting techniques and cane yields (Le Gal et al., 2003). The study included 

investigations into exploiting geographical and temporal RV production variation 

opportunities by modifying the cane supply scheduling during a season. They concluded 

that improvement of the supply chain can occur, by taking advantage of quality differences 

within the mill supply region. This can be achieved by rearranging harvest scheduling on a 

different basis, with the effect of changing the cane delivery structure from the fields to the 

mill. The aim is to improve profitability and reduce fluctuations apparent in the chain. The 

changes may result in the harvesting season being reduced to maximise cane quality and 

hence profitability. However, this is highly dependent on milling and transportation 

capacity.  
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3.4 Summary 

 

Inconsistencies in the sugarcane supply chain are caused by numerous factors including 

production and harvesting techniques, transportation conditions, administration, weather 

and mill capacities. Cane quality consistency is influenced by the seasonality of the crop, 

harvesting techniques, a large number of varieties and the BHTCD because of its impact 

on deterioration. Processing fluctuations, due to weather and harvesting time influences, 

transport issues and cane bulk density influences have a negative impact on mill operations 

and capacity. Fluctuations can be reduced by improving the supply chain at the different 

levels of growing, harvesting, haulage and milling. These issues can be addressed and 

solved when there is communication and information flow between the different entities to 

improve harvesting and logistical operations in order to maximise revenue. Although some 

research projects have used strategies, such as stockpiling and transport rescheduling, that 

would indirectly improve supply chain consistency, little evidence exists of research that 

primarily attempted to improve this issue.   
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4. DISCUSSION AND CONCLUSIONS 

 

This document provides revision of the causes and impacts of supply chain fluctuations. 

An emphasis was placed on, and a further discussion was provided on the factors that 

affect sugarcane supply chain fluctuations and the strategies which have been used to 

improve the sugarcane supply chain.  

 

A well-managed supply chain is usually important in any industry, especially in raw sugar 

production. Most studies in supply chains pertained to the manufacturing and distribution 

supply chain. There are relatively few studies which focus on agricultural supply chains. 

There are various causes and impacts of supply chain fluctuations which have been well 

documented. Most causes and impacts are inter-connected due to the inter-connected 

nature of the supply chain. This can clearly be witnessed in the sugarcane supply chain as 

well; however, this has not previously been researched comprehensively. Even though the 

growers, hauliers and the miller are parties that operate independently, the sugarcane 

supply chain can be regarded as a single entity. There is little peer-reviewed literature on 

the link between properties in the sugarcane supply chain, from the field to the production 

of raw sugar, where fluctuations have an impact on the system. Research has been 

conducted on various properties which affect harvesting and transport issues in sugarcane 

supply chains but the link between processing consistency requires further studies.  

 

Sugarcane quality and processing consistency are the two properties developed and 

reviewed as sources of supply chain fluctuations. However, it is not always easy to 

differentiate between properties and some of these relationships can be further researched. 

Cane quality consistency is influenced by the season, harvesting system, deterioration and 

variety. The date and method of harvesting have an important impact on the composition 

of cane, its deterioration and therefore the profitability of the industry. The ideal time to 

harvest cane is from winter until early spring. However, due to limited milling capacity in 

most countries, the harvest season is prolonged over a number of months, which results in 

seasonal cane quality fluctuations. Deterioration depends largely on the burn-harvest-to-

crush delay (BHTCD), temperature, humidity, cane handling and the occurrence of pests 

and diseases. Additionally, cane quality inconsistencies are enhanced with a large increase 

in cane varieties. Cane processing consistency in terms of flow rate (tons per hour) is 
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impacted by various properties which have been broadly classified into three factors 

namely, weather and harvesting time influences, transport issues and cane bulk density 

influences. The uncertainty of weather conditions increases risk associated with the levels 

of sucrose produced and the crop size, which in turn affects the time of harvesting. 

Harvesting consistency is affected by the cane’s length, hardness and vigour, whilst the 

harvested composition of cane affects the sucrose level, loading rate and the payload. 

Lodging and trash reduce sugarcane transport and production, by reducing the cane bulk 

density and the mill capacity, respectively. A major supply chain problem in the sugar 

industry is that harvesting usually takes place only in daylight hours, whilst the mill 

operates continuously. Other causes of supply chain fluctuations range from weather and 

road conditions, to administration problems and vehicle breakdowns.  

 

Many strategies have been developed to improve the supply chain and mitigate the above 

problems because they significantly decrease consistency across the supply chain, as well 

as decrease sugar supply. Sugar payment systems provide incentive for the improvement of 

cane quality and yield. However, for example, the sugar recoverable value (RV) formula 

used in South Africa does not directly incentivise for a consistent cane supply. Consistent 

mill operations can take place by using a stockpile, however, this causes doubling handling 

and further deterioration, which substantially reduces profitability. Research has provided 

emphasis on improving the integration of the harvesting and transport system. A daily 

rateable delivery system can be implemented to allow for constant daily cane flow rates. 

On the other hand, it does not consider cane quality, there are fluctuations in delivery times 

within the day and over weekends and it can only be applied when mill processes run 

below capacity due to cane qualities constraining different parts in the mill. Vehicle 

scheduling can reduce the number of vehicles required, although it will only be effective if 

several systems properties, such as driver shift changes and contractual agreements, are 

changed simultaneously. Taking advantage of quality fluctuations within the supply region 

in the harvest system, by rearranging the harvest schedule, has also been researched to 

improve the supply chain. However, the effectiveness of this strategy is influenced by mill 

and transportation capacity. Further research is required for improvement. These strategies 

need to be flexible and it is unlikely that one strategy would improve all sugarcane supply 

chains simultaneously.  
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5. RESEARCH PROPOSAL 

 

5.1 Introduction 

 

The sugar industry in South Africa is well-known and is regarded as relatively efficient. 

However, optimal resource allocations could be hindered due to the presence of some 

inefficiencies in the system. Most of these inefficiencies are due to the various stakeholders 

having different overall objectives. They aim to fully optimize their individual processes 

rather than the global operation (Lejars et al., 2008; Le Gal et al., 2008). For example, 

growers reduce their susceptibility to risk if they burn less cane than expected, and vehicle 

utilization ratios can be maintained if hauliers under-capitalize loads. Inefficiencies can be 

due to, (a) vehicle over-fleeting, mainly due to vehicle under-loading, (b) incorrect 

planning and forecasting, (c) uncalled for conservative risk behaviour and (d) the lack of 

diversification in baseline products. Micro-optimizing approaches are often used, but lead 

to disagreements between stakeholders because of the complex and integrated nature of the 

production system (Choi et al., 2001; Gaucher et al., 2004; Godshall, 2005).   

 

Research has revealed that many opportunities exist which could result in significant 

benefits to the sugar industry (Le Gal et al., 2008). These opportunities can be realized 

through modern supply chain and cybernetics research approaches. However, it has also 

been found by Bezuidenhout (2009) that a “one-size-fits-all” approach to optimizing 

systems is unlikely to be a successful solution. This is due to each sugar mill being 

relatively unique because of its history and different biophysical issues on the ground at 

different times. In addition, optimization approaches alone usually do not resolve 

problems; they also require researchers to have an understanding of softer social issues 

(Gaucher et al., 2004; Lejars et al., 2008). 
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5.2 Aims and Objectives 

 

The research question is: 

 

When considering all the different components and dimensions, what operational changes, 

within the integrated sugarcane supply and production system in the Eston mill area, can 

be made in order to improve the overall supply chain efficiency? 

 

The specific objectives of the research are: 

 

(a) To conduct a literature review on the causes, impacts and strategies utilized to 

mitigate supply chain fluctuations, with an emphasis on research pertaining to 

the sugar industry,  

 

(b) To conduct a survey by interviewing and carrying out feedback workshops with 

stakeholders at the Eston mill, 

 

(c) To analyze data and identify key opportunities for improvement in the Eston 

Sugar Mill region, 

 

(d) To further investigate one specific opportunity – this opportunity is still 

unknown, but typically can be an issue such as vehicle scheduling, cane quality 

improvement, harvesting techniques, mill processes and/ or communication 

systems.  

 

 

5.3 Study Area 

 

The Eston Mill, which was established in 1994 to replace the old mill at Illovo, is the 

newest in the KwaZulu-Natal sugar belt. The reason for this move was the close proximity 

between the former Illovo mill and the Sezela Mill. Eston was centrally situated and 

millers would benefit by moving the mill, rather than to compensate growers for long haul 

deliveries. The Eston mill operates 7 days a week, 24 hours a day and is usually open for 
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approximately 34 weeks in the year from March or April until October or November. The 

mill crushes an average of 1.26 million tons of sugarcane annually, which results in 125 

000 tons of sugar and 51 000 tons of molasses. All cane deliveries are transported by road, 

and cane growers are located up to 58 kilometres from the mill. Most sugar is then 

transported by road to Durban (Department of Transport, 2010). The Eston Mill forms part 

of the Illovo sugar milling consortium, with the Sezela and Umzimkulu Mills on the south 

coast and the Noodsberg Mill north of Pietermaritzburg. Both Noodsberg and Sezela have 

additional processing plants and sugarcane from the Eston region is often diverted at a high 

cost to these mills in order to optimize overall production. Sugarcane in the Eston region 

grows relatively slowly, but yield and especially purity are high once the 24 months 

growing cycle is completed. Average rainfall range between 800-900mm and temperatures 

average 18-19°C. A large amount of cane at Eston is delivered by haulage tractor. The 

cooler temperature also inhibits and accommodates different pests and diseases compared 

to the coast (Department of Transport, 2010; Thompson, 2011).  

 

 

5.4 Research Methodology  

 

The survey and data analysis at the Eston Mill will include the following: 

 

1. The stakeholders at the Eston Mill will be interviewed to ascertain the important 

issues that may constrain efficiency. Mainly growers, hauliers and millers will form 

part of the survey.  

 

2. The Kamada Kawai (1989) technique, cause-and-effect and theme networks will be 

compiled according to Bezuidenhout et al. (2011) to analyze data and “make sense 

of the messiness” in the system. These tools will expose important system 

opportunities and limitations in the Eston Mill area.  

 

3. If soft issues are identified as part of the problem area, a simple soft systems 

methodological approach will be followed to briefly unpack these issues. This will 

be done in consultation with colleagues at the UKZN Leadership Centre, 
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4. All the above data will be synthesized to identify a key opportunity for 

improvement. This will be presented and discussed at an Eston Mill stakeholders 

workshop,  

 

5. Based on the above outcomes, a deeper study will be initiated where modelling, 

statistical analysis and perhaps further graph theory approaches will be followed. 

However, it is unknown whether this will take place or where it may lead since the 

specific topic of concern will only be discussed in Step 4, 

 

6. The final outcomes of the research will be presented to the Eston stakeholders at a 

second workshop and further systems development and implementation may 

follow.  

 

 

5.5 Resource Planning 

 

The following resources are required for the research to be conducted: 

 

• A personal computer, 

• A telephone, 

• Transport,  

• Funding has been secured within a research contract with the South African 

Sugarcane Research Institute (SASRI), 

• Ethical clearance has been obtained and further confidentiality agreements may 

need to be signed.  

 

 

5.6 Time-scale 

 

Table 5.1 provides an indication of the proposed work plan, with time-scale and list of 

deliverables. The research conducted is estimated to take around 18 to 19 months. It 

commences in January 2011 and concludes half way through 2012.  
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Table 5.1 Gantt chart portraying the research work plan 
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