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ABSTRACT 

 

The South African sugarcane supply network is characterized by a large number of 

different entities i.e. stakeholder parties. These entities are highly interconnected but have 

different and often incomparable objectives. In addition to a high degree of 

interconnectivity amongst its entities the South African sugar supply network also displays 

an ability to self-organize and adapt through feedback loops, evolve and exhibit novel 

properties over time. When these factors are taken into consideration it is clear that the 

sugarcane supply network is not a simple, but more likely a complex system. 

 

This document provides a theoretical outline of Complex Systems Science, a field that 

deals with complexity, complex systems and complex adaptive systems amongst others. 

Using the underlying theory that forms the basis of Complex Systems Science, this 

document hypothesizes that the South African sugarcane supply network is not only a 

complex system but a complex adaptive system and hence should be managed as such. 

This document also postulates that the inefficiencies and lack of macro-optimization that 

plague the South African sugarcane supply network would be reduced to marginal levels if 

the entire network is approached as a complex adaptive system. Therefore, there is an 

attempt to establish the benefits of managing a supply network using a complex adaptive 

system-based approach. 

 

In addition this document also contains a project proposal which will outline the aim, 

objectives, methodology, resources needed and time-scale of the intended Masters research 

project. The project will be conducted through interviews and workshops with the 

stakeholders. An extensive network analysis of all the data collected will also be 

incorporated.  

 

 



iv 

 

 TABLE OF CONTENTS 

Page 

1. INTRODUCTION ...................................................................................................... 1 

2. COMPLEX SYSTEMS THEORY AND COMPLEXITY .......................................... 3 

2.1 Defining Complexity ...................................................................................... 4 

2.2 Complex Systems ........................................................................................... 4 

2.3 Complex Adaptive Systems (CAS) ................................................................. 7 

3. SUPPLY NETWORK THEORY FROM A CAS PERSPECTIVE ............................ 11 

3.1 Supply Networks Theory .............................................................................. 11 

3.2 Sugarcane supply networks and the complexity within them ......................... 14 

3.3 South African sugarcane supply networks ..................................................... 15 

3.4         Sugar Supply Networks as  CAS .................................................................. 15 

4. PROJECT PROPOSAL ............................................................................................ 24 

5.1 Komati Mill Area .......................................................................................... 25 

5.2 Aims and Objectives ..................................................................................... 26 

5.3 Methodological Approach ............................................................................. 26 

5.4 Resources ..................................................................................................... 27 

5.5 Projected Time line ....................................................................................... 27 

5. REFERENCES ......................................................................................................... 28 

 

 

  



v 

 

LIST OF TABLES 

Page 

Table 3.1 Collection of literature pertaining to SA sugarcane supply network as a CAS..23 

Table 4.1 Projected Time-line………......………………………………………………....28 

 



vi 

 

LIST OF FIGURES 

  Page 

Figure 3.1 The basic supply chain process ........................................................................... 13 

Figure 3.2 The South African sugarcane supply chain processes .......................................... 16 

Figure 3.3 The Interconnectivity in supply networks ............................................................ 17 

 

 

 

 

 



 

1 

 

1. INTRODUCTION 

 

Sugar industries around the world, like other agricultural commodity industries, contribute 

significantly to national economies (Higgins, 2007).The South African sugar industry is no 

exception. It generates an average annual revenue of over R5 billion (Creamer, 2006 cited 

by Stutterheim, 2007). The industry also contributes significantly to South African 

employment and is the source of approximately 350 000 jobs (SACGA, 2010; SASA, 

2010). In addition, the industry provides a variety of sugarcane products  that include, but 

not limited to, table sugar, molasses and ethanol (Deressa et al., 2005).However due to 

increased international competitiveness and lower commodity prices in recent years, the 

South African sugar industry, like other agriculture industries around the world, has been 

exploring supply chain opportunities that are aimed at improving efficiency, profitability 

and sustainability (Martin, 2001; Boehlje, 1999 cited by Higgins, 2007). 

 

In this document a supply chain is defined as a network of interconnected entities that are 

mutually and co-operatively working together to control, manage and improve the flow of 

materials and information from suppliers to end users (Aitken, 1998 cited by Christopher, 

2005). The South African sugarcane supply chain, which also happens to be an example of 

an agricultural commodity, is essentially the physical flow of sugarcane between growing, 

harvesting, transport and processing components, as well as the processes within individual 

components, until the end product finds its way to the end user  (Gigler et al., 2002 cited 

by Stutterheim, 2007). 

 

The South African sugarcane supply chain is characterized by a number of different 

stakeholder parties who have different and often incomparable objectives. Co-ordination  

within the supply chain, is further made complex by the existence of a high number of 

independent growers, which makes centralised logistic planning solutions difficult 

(Gaucher et al., 2004). Industry stakeholders’ decision making processes often focus only 

on their individual supply chain components and as a result the sugarcane supply chain 

processes are plagued by inefficiencies and lack of macro-optimization. These are 

problems which would otherwise be minimal if operations were successfully orchestrated 

(Stutterheim et al., 2006). 
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According to Bezuidenhout (2009) supply chain improvements with the potential to 

significantly benefit the industry can be realized once industrial processes have been 

aligned according to modern supply chain research approaches. An approach that can be 

used in improving the efficiency and profitability of the sugarcane supply chain is the 

complex systems-based approach. In this document complexity refers to a subjective 

quality that is often associated with a wide range of technological, biological or social 

systems that are difficult to understand, describe, predict or control (Morel & Ramanujam, 

1999; Sivadasan et al., 2006). The flow of resources within the industry’s enterprises is not 

only a function of industrial processes alone, but is also subject to social issues in the 

system as well, and hence any effective research should be based on a deep understanding 

of both hard and soft issues. Approaching the South African Sugar supply chain as a 

complex system and managing it as such a system would significantly improve the 

efficiency of the whole system. 

 

In this document it is hypothesized that the South African sugar supply chain is a complex 

adaptive system and that the principles and fundamentals of complex adaptive systems can 

be used to further improve the system. The aim is therefore to draw comparisons between 

the South African sugar supply chain and complex adaptive systems. The underlying 

theory relating to complexity, complex systems and complex adaptive systems are 

discussed in Chapter 2. A theoretical outline of supply chains and supply networks are 

discussed in Chapter 3. In addition, Chapter 3 also provides some justifications for the 

viewpoint that supply chains are indeed complex adaptive systems. In Chapter 4 the South 

African sugar supply chain will be compared to a complex adaptive system. Chapter 5 of 

this document is a Master’s Degree research proposal which will outline the aim, 

objectives, methodology, resources needed and time-scale of the intended project.  
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2. COMPLEX SYSTEMS THEORY AND COMPLEXITY 

 

The objective of this chapter is to provide a theoretical outline of complexity and to 

provide a description of complex systems and complex adaptive systems (CAS) using 

identifiable characteristics that have generally become accepted in the literature. Current 

knowledge of what complex systems are and how they operate has its roots in a variety of 

disciplines ranging in scope and diversity from fields like physics, mathematics, chemistry, 

evolutionary biology, sociology and even economics (Schroeder, 1990; Yoon and Klopfer, 

2006). Milne (1998) argues that a complex systems-approach to solving problems can be 

applied to almost any aspect of life. Sheard (2007) concurs, and argues that in any 

discipline there are similar issues that arise the moment problems become very complex, 

an example would be the fact that solutions to complex situations always end up relying on 

the interactions between components of that system instead of the depending on the 

individual characteristics of the components within that system. There has been increasing 

exposure and popularity of studies focusing on complexity and such related issues over the 

last three decades (Capra, 1996; Holland, 1998; Johnson, 2001; Kauffman, 1995 cited by 

Yoon and Klopfer 2006). Numerous scholars in current literature have worked on 

"complex systems" (Simon, 1962; Bar Yam, 1997; Anderson, 1999; Morel & Ramanujam, 

1999; Pathak et al., 2007; Homer-Dixon 2011) and “complex adaptive systems” (Holland, 

1995; Morel & Ramanujam, 1999; Baranger, 2001; Choi et al., 2001,  Amaral and Uzzi 

2007)  in an attempt to further advance the  understanding of what is now collectively 

termed Complex Systems Science (Yoon and Klopfer, 2006). The application of Complex 

Systems Science to problem solving in almost all aspects of life is set to increase in the 

future and according to Homer-Dixon (2011) this will happen because “We now live in a 

world that is, in its deepest essence, very complex and turbulent”. 

 

The following sections will introduce some of the basic concepts in Complex Systems 

Science. This will entail a brief description of complexity and developing an understanding 

of a complex system by highlighting the main characteristics of such systems.  
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2.1 Defining complexity 

 

The term complexity is often associated with a wide range of technological, biological or 

social systems that are difficult to understand, describe, predict or control (Sivadasan et al., 

2006). It is a subjective quality that has different meanings in different fields (Morel & 

Ramanujam, 1999), its meaning and its value changes depending on the scope of the system 

being taken under consideration (Scuricini 1987 cited by Sivadasan et al., 2006). Hence a 

comprehensive definition of complexity has proven elusive even to some of the world’s 

foremost complexity thinkers (Homer-Dixon, 2011). Ethiraj and Levinthal (2004), Pathak et 

al (2007) and Homer-Dixon (2011) are amongst some of the scholars in the current literature 

that have suggested that, instead of trying to define complexity the most effective way to 

develop an understanding of complexity is through characterising the properties that seem 

inherent to all complex systems.  

 

2.2 Properties of Complex Systems 

 

Complex systems can be found in all aspects of  everyday life, they vary in scale from 

structures such as a single fertilized egg through embryo-genesis to macro structures, such as 

social organizations, cities, economies and ecosystems (Surana et al., 2005; Yoon and 

Klopfer, 2006).Complex systems are difficult to define but are easy to recognize using    

identifiable properties that have become generally accepted in the literature (Morel & 

Ramanujam, 1999; Baranger, 2001; Amaral and Ottino, 2004; Katz, 2006). However, Simon 

(1962) attempts to describe a complex system as being made up of a large number of 

components that interact in a non-simple way, resulting in it being more than the sum of the 

parts.The complexity in such a system originates from the often unknown nature and 

magnitude of interactions between different parts of the system (Ethiraj and Levinthal, 

2004).  

 

Before elaborating on the properties that have been generally accepted as being innate to all 

complex systems it is important to make a distinction between the terms simple, complicated 

and complex. Simple systems have a small number of components which operate according 

to well understood laws, for example the pendulum (Amaral and Ottino, 2004). In contrast to 

simple systems, complicated systems have a large number of components that interact in an 
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intricate relationship that is fixed and has predefined coordination rules (Perrow, 1999 cited 

by Amaral and Uzzi, 2007; Cilliers 2000 cited by Pathak et al.,, 2007).A classic example in 

the literature of a complicated system is a Boeing aircraft which is reported to have more 

than 3 million parts whose interaction is governed by predefined rules (Amaral and Ottino, 

2004). Both complex and complicated systems complex systems typically have many 

components but while a complicated system can be viewed as the sum of its parts, the 

behavior of a complex system cannot be completely understood and predicted by examining 

the behavior of its individual parts (Choi et al., 2001; Amaral and Ottino, 2004; Amaral and 

Uzzi, 2007; Pathak et al., 2007. There are a number of properties that have been generally 

accepted as being properties of all complex systems. Baranger (2001), Yoon and Klopfer 

(2006),  Amaral and Uzzi (2007) and other scholars articulate that all complex systems 

consist of the following critical properties: (a) networks of interconnected entities and sub-

systems, (b) non-linear behaviour, (c) self-organization, feedback, adaptation and (d) 

emergence. The following paragraphs will briefly introduce and describe these terms, it is 

also important to note that these properties are not independent and significant overlap exists 

between these terms. 

 

NETWORKS OF INTERCONNECTED ENTITIES AND SUB-SYSTEMS                       :         

Interconnectivity refers to several aspects of a system such as (a) the degree of order within 

the structure of components or sub-systems (Simon, 1962), (b) level of interaction between 

the elements, sub-systems and the environment (Sivadasan et al.,, 2006) and (c) the number 

of components within the system (Morel & Ramanujam, 1999). Generally complex systems 

tend to follow a hierarchical structure i.e. being composed of subsystems that in turn have 

subsystems of their own (Simon, 1962) and are made up of a large number of components 

that interact with one another within ‘local communities’. Dooley and van de Ven (1999) 

cited by Choi et al., (2001) argue that the degree of connectivity in a particular network 

plays an essential part in determining the complexity of that network, in general complexity 

increases as the connectivity increases but up to a certain critical degree. Many examples 

exist in the literature where complex systems have been depicted as large networks ( Simon, 

1962; Anderson, 1999; Amaral and Ottino, 2004). 
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DISPROPORTIONAL RELATIONSHIPS BETWEEN CAUSE AND EFFECT 

In a complex system there is no guarantee that the size of the cause will exhibit any direct 

correlation to the size of the corresponding effect (Choi et al., 2001).This implies that  

changing one of the parameters by a small quantity can drastically change the behaviour of 

the whole system, and vice versa  (Anderson, 1999). For example, if one considers the 

global economy as a complex system, local changes, like a tsunami in Japan, can have 

impacts that affect the entire global economy including those countries that do not even 

trade or interact directly with Japan. Homer-Dixon (2011) attributes this to the high degree 

of connectivity amongst the individual components that make up complex systems. Several 

scholars (Baranger, 2001; Choi et al., 2001; Pahl-Wostl, 2006; Sheard, 2007; Homer-Dixon, 

2011)  have used the term ‘non-linearity’ to describe this particular property of complex 

systems.  

 

EMERGENCE OF UNEXPECTED ARTEFACTS 

Complex systems exhibit unexpected artefacts which are due to the collective behaviour of 

the components of the system (Morel & Ramanujam, 1999). Sheard (2007) argues that these 

new properties are only expressed at the larger system level and not at the individual 

component level. Homer-Dixon (2011) adds that not only are these artefacts unexpected but 

they are often not easily understood. One of the examples used by Amaral and Ottino (2004) 

is that of a flock of migrating geese, the famous “V” formations that the migrating geese 

make during flight are a product of the collective behaviour of the geese and cannot be 

explained at an individual level. 

 

FEEDBACK, ADAPTATION AND SELF-ORGANIZATION 

According to Yoon and Klopfer (2006) feedback is the process by which information from 

the output of a system is returned to the input i.e. from the system to the environment and 

then back to the system. When complex systems acquire information and subsequently 

modify their behaviour in the real world, and this is essentially defined as adaptation (Gell-

Mann, 1994 cited by Yoon and Klopfer, 2006). This implies that for a system to be 

adaptive there must be feedback loops that facilitate, over time, the transfer of information 

from the system to the environment and back into the system. Through feedback and 

adaptation the system self-organizes over time. Anderson (1999) also refers to self-

organisation as “autogenesis,” and defines this as the phenomenon whereby order emerges 



 

7 

 

within a system without the intervention of a central controller. The components of the 

system act independently based on their own localised information (Choi et al., 2001), and 

hence the order arises not because of any tendency for individual agents to have a 

preference for pattern and regularity (Fontana and Ballati, 1999). However in order for a 

system to self-organize there is a need for information to be received from the environment 

through feedback (Yoon and Klopfer, 2006). 

 

 

2.3 Complex Adaptive Systems 

 

Over the last decade there has been growing interest in what are termed Complex Adaptive 

Systems and a number of scholars have worked on the modern theories, models and 

applications pertaining to this research area (Holland, 1995; Anderson, 1999; Morel & 

Ramanujam, 1999; Baranger, 2001; Choi et al., 2001, Amaral and Uzzi 2007). Until more 

recently the distinction between a Complex System (CS) and Complex Adaptive System 

(CAS) had been a grey area, for example Holland (1995) cited by Choi et al., (2001) 

defines a CAS as “a system that materializes over time into a coherent form through 

adaptation and self-organization without any singular agent deliberately managing or 

controlling it”. From that definition it would be difficult to establish any fundamental 

difference between a CAS and CS, however, Baranger (2001) sheds more light by 

postulating that a CAS is a special category of complex systems which was established 

especially to accommodate living beings or agents that are capable of changing themselves 

to adapt to a changing environment and can in turn also change the environment to suit 

themselves. Choi et al., (2001) further define a CAS as an interconnected network of living 

agents that exhibit adaptive action in response to changes in both the environment and the 

system of agents. From Anderson (1999), Choi et al., (2001), Surana et al., (2005), Pathak 

et al., (2007) and numerous other scholars it can be stated that the key characteristics that 

seem to differentiate a CAS from just being a CS include, but not exhaustively (a) Agency 

and Schemata, (b) Co-evolution, (c) Quasi-equilibrium states, (d) Coexistence of 

competition and cooperation. In order to establish proper understanding of what 

characterises a CAS these concepts will be briefly explained below. It is important to note 

that the properties of a CAS are fundamentally rooted in complex systems. 
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AGENCY  

Although the term Agent refers to entities or components that form part of a complex 

system (Choi et al.,, 2001), the term Agency is defined by Giddens (1984), cited by Choi et 

al., (2001), as the ability to intervene meaningfully in the course of events. McCarthy 

(2003) cited by Nilsson and Darley (2006) defines agency as “the ability to consciously 

alter its system configuration and influence its current and future survival”. Agency is a 

key property of a CAS for instance, although water is a complex system it is not a CAS 

because its agents (e.g. oxygen and hydrogen atoms) lack agency (Choi et al., 2001).  

 

SCHEMA/ INSTITUTIONS  

Schema refers to a set of rules or cognitive structures that govern an agent’s behaviour and 

hence determine what action(s) the agent takes at time t (Anderson, 1999). Schein (1997) 

cited by Choi et al., (2001) further describes schema as being norms, values, assumptions 

or beliefs that are collectively shared by entities of a particular system. In Economic theory 

schema is referred to as Institutions. According to North (1990) institutions are formal and 

informal human made constraints, such as rules and norms, which govern human 

interaction. These constraints are often put in place as solutions to problems but are often 

limited by imperfect information, transaction costs and bounded rationality. Institutions 

affect human behaviour in the sense that they impose cognitive constraints that persist over 

long periods of time thus making them, humans, resistant to change (Campbell, 2004).  

 

CO-EVOLUTION  

Co-evolution refers to the viewpoint, that as the environment changes it may cause the 

agents within a CAS to change, which, in turn, causes changes to the environment (Pathak 

et al.,2007). Consequently agents within the system co-evolve with one another (Anderson, 

1999).This implies that in a CAS actions not only proceed along feedback loops, but they 

also change the structure of these loops overtime (Anderson, 1999). Using a rainforest as 

an example of a CAS, Waldrop (1992) illustrates the concept of co-evolution by showing 

that as soon as one niche is filled this opens up more niches for new parasites, new 

predators, new prey, and for new symbiotic partners (Choi et al.,, 2001). The rainforest 

example also illustrates how complex adaptive systems can evolve when new agents or 

new schemata are introduced, these can come from a pool of candidates outside the system, 
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or they can be generated by recombining elements of existing agents or schemata 

(Anderson, 1999). 

 

QUASI-EQUILIBRIUM / ‘TIPPING POINT’ 

In this document the quasi-equilibrium point of a system refers to that point at which a 

system is relatively stable and can maintain order whilst enabling the system to respond to 

changes in the external environment (Surana et al., 2005). However, when stretched very 

far from the quasi-equilibrium point a CAS will undergo structural changes that can be 

unpredictable and even catastrophic (Choi et al., 2001; Surana et al., 2005). Choi et al., 

(2001) illustrate this by giving an example of an economy as a CAS that exists in a quasi-

equilibrium state. Once an economy is exposed to destabilising economic or political 

factors, that stretch the system beyond its quasi-equilibrium point, it can undergo 

unpredictable changes that lead to different patterns of behaviour such as hyper-inflation. 

 

COEXISTENCE OF COMPETITION AND COOPERATION  

Surana et al., (2005) proposes that since entities in a CAS operate on localised knowledge, 

they would often have conflicting objectives within the larger system. Even though agents 

exhibit collective behaviour, they also exhibit competition that arises from the sharing of 

and contention of resources within the system. According to Choi et al., (2005) agents 

within a CAS will cooperate, especially when the results are beneficial to both parties and 

agents prefer associating with other agents that follow similar or closely related schema. 

An example is the competition, for limited resources or market share that occurs amongst 

companies within the same local industry. However there is immediately some form of co-

operation amongst these same companies, if for example government proposes regulatory 

mechanisms that significantly affect these companies’ business operations for example by 

opening up the local market to foreign competitors. In such a scenario co-operation could 

be in the form of collective, amongst the companies, financing of lobbyist groups that 

lobby against government adopting those regulatory mechanisms. 

 

This section has established a general understanding of complex systems and in particular 

CAS. Supply networks could be considered CASs (Choi et al, 2001), and could hence be 

managed as such. Chapter 3 will demonstrate, from the literature, why supply networks 
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should be recognized as CAS and the benefits of such an approach. Chapter 4 will discuss 

the SA sugarcane supply chain in this particular context. 
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3. SUPPLY NETWORK THEORY FROM A COMPLEX ADAPTIVE 

SYSTEMS PERSPECTIVE 

 

The objectives of this chapter include; providing a brief outline of supply network theory, 

justifications for the viewpoint that supply networks are CAS and were possible draw 

comparisons to South African sugarcane supply network. According to Calinescu et al., 

(1998), Battini et al., (2007), Pathak et al., (2007), Frizelle and Suhov (2008) there has 

recently been an increasing interest in the application of complex systems science in areas 

such as operations management, logistics, supply chain management and other commercial 

systems, and of particular interest has been the impacts of complexity on the efficiency of 

these systems. In the area of supply network management Choi et al., (2001) only recently 

pioneered the concept of approaching a supply network as a CAS. Since then, numerous 

scholars such as Surana et al., (2005),  Amaral and Uzzi (2007), Pathak et al., (2007) and 

Frizelle and Suhov, (2008) have supported this position and have outlined the various 

benefits that accrue when supply chain managers adopting this complex adaptive systems-

based perspective when tackling a myriad of problems related to supply chain 

management. More research is still required to examine and help understand the broader, 

network-level effects that exist in supply networks, and complexity science will play an 

important role in providing a conceptual and methodological framework for this (Pathak et 

al., 2007). 

 

3.1 Supply Networks Theory  

 

According to Sivasadan et al., (2006) the term supply chain is used to broadly define the 

relationships and processes that facilitate the conversion raw materials into final products 

that can then be used by an end user. According to Beamon (1998), at its highest level, a 

supply chain is comprised of the following two basic, integrated processes:  

• The Production Planning and Inventory Control Process: Production planning 

deals with the design and management of the entire manufacturing processes such 

as material acquisition, scheduling and handling, the manufacturing process design 

and scheduling. In addition Inventory control describes the design and management 

of the storage policies and procedures for raw materials and the final end-products. 
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• The Distribution and Logistics Process: These processes deal with the retrieval and 

transportation of final end-products from the warehouse to retailers. Products may 

be transported to retailers directly, or transported to distribution facilities and then 

move to retailers and eventually to the consumer. 

 

These two processes provide the basic framework for the transformation of raw materials 

into final products. Sub-parts of these processes are illustrated in Figure 3.1. The processes 

interact with one another to produce an integrated supply network (Beamon, 1998), and the 

supply chain is said to be integrated because the processes within an individual component 

are interconnected, both internally and externally (Cagliano et al., 2006). This is why even 

though the supply network comprises of a number of business components, the network 

itself is viewed as a single entity (Choi and Hong, 2002). In the past researchers limited 

their analyses to individual stages within the supply chain, but have recently identified a 

need for a more integrated approach. As a result of this integrated approach, the concept of 

a supply network has since emerged (Surana et al., 2005; Sivasadan et al., 2006; Pathak et 

al., 2007). Hence, in this document a supply network is defined as a network of 

interconnected entities that are mutually and co-operatively working together to control, 

manage and improve the flow of materials and information from suppliers to end users 

(Aitken, 1998 cited by Christopher, 2005). Supply chains consist of a large number of 

firms that operate simultaneously with many supply partners, interacting through a variety 

of information and material flows (Sivasadan et al., 2006). This means that when dealing 

with a supply chain one has to look beyond immediate suppliers. In that respect a supply 

chain includes all parties that participate directly or indirectly in supplying industrial inputs 

to a particular company with or without that company’s knowledge (Choi et al., 2001 cited 

by Surana et al., 2005). To further illustrate this point, Surana et al., (2005) makes an 

example of third and fourth-tier suppliers with which the focal firm has no direct contact, 

and of which the focal firm may not even be aware, are part of the focal firm’s supply 

chain. 
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 A supply chain is characterised by the transfer of information, products and finances 

between various suppliers, manufacturers, distributors, retailers and customers (Surana et 

al., 2005).  The membership in a network and its organization vary for a given product and 

over time (Choi and Hong, 2002). Supply-chain networks are highly non-linear and will 

over time evolve and self-organize through an intricate interplay between structure and 

function, all these are indicators that supply networks are complex systems (Surana et al., 

2005). This complexity makes them unpredictable and difficult to manage and control 

(Pathak et al., 2007). However, Choi et al., (2001) argue that it is not sufficient to 

recognize supply networks as complex systems, but rather as CAS. The following section 

will highlight the major reasons for advocating the position that supply networks are 

indeed CAS.  

 

 

       Supplier(s) 

          Production 

  (Manufacturing processes) 

          Storage    

           Transport 

 Retailing activity Distribution Center 

End User 

 

Production Planning and 

Inventory control 

Distribution 

and 

Logistics 

 

Figure 3.1 The basic Supply Chain Process (after Beamon, 1998) 
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3.2 Sugarcane Supply networks and the complexity within them 

 

Sugar industry supply networks around the world are fairly similar, they consist of a chain 

of activities that include of growing, harvesting, cane transport, mill processing, sugar 

transport and storage. They are essentially ‘‘push chains’’, where sugarcane is pushed 

through the chain to produce raw sugar (Higgins et al., 2007).They are examples of 

agricultural commodity supply chains and are fundamentally produce flow chains  were 

produce i.e. sugarcane moves from the grower to the mill and then to the end user 

(Guilleman et al., 2003). Based on the literature there appears to be a number of reasons 

why complexity and complexity related issues seem prevalent within sugar industry supply 

chains around the world. Higgins et al (2007) argue that there is enough evidence 

indicating that sugar supply chains, like other agricultural commodity supply chains, are 

probably more complex than those of manufacturing and other sectors. And this could be a 

result of the following reasons: 

• Agricultural supply networks such as that of sugarcane have higher system 

variability compared to manufacturing. This is because they are subjected to 

substantial climatic and biophysical variability. 

• Manufacturing networks are predominately controlled by a few entities as opposed 

to sugarcane which has multiple decision makers. Sugarcane supply networks are 

comprised of thousands of growers, hauliers and a handful of millers as opposed to 

a set of linearly integrated businesses (Higgins et al., 2007). 

• Sugarcane has a low value density i.e. it has low value end-products (Boehlje, 

1996) but is relatively perishable therefore making it more difficult to transport and 

store than raw materials in the manufacturing industry. 

• In addition to economic goals, agricultural producers have social goals that may 

include conservation of natural resources and lifestyle satisfaction (Valentine, 

2005).This in turn implies that their decision making processes may not be as 

simple as within manufacturing chains. 

 

The reasons given above, for sugar supply chains being more complex than those of 

manufacturing and other sectors, are not exhaustive and there may be more contributing 

factors that this document may have overlooked.  
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3.3  The South African Sugar supply network 

 

The South African sugar industry is a relatively mature industry and on a global scale is 

one of the largest sugarcane producers (Stutterheim et al., 2008). It generates an average 

annual revenue of over R5 billion (Creamer, 2006 cited by Stutterheim, 2007), is the 

source of approximately 350 000 jobs (SACGA, 2010; SASA, 2010) and provides a 

variety of sugarcane products that include table sugar, molasses and ethanol (Deressa et al., 

2005). Figure 3.2 provides a general outline of the South African sugar industry supply 

chain. Despite having streamlined and improved operations within the different supply 

chain components (Stutterheim et al., 2008), increased international competitiveness and 

lower commodity prices in recent years, have forced the South African Sugar industry, like 

other agricultural industries, to explore supply chain opportunities that are aimed at 

improving efficiency, profitability and sustainability (Martin, 2001; Boehlje, 1999 cited by 

Higgins, 2007). Understanding complexity and complexity related issues that seem 

prevalent within the industry would most probably improve both efficiency and 

profitability.  

 

3.4 Supply Networks as Complex Adaptive Systems 

 

In recent years researchers in the field of supply chains have been examining the merits of 

adopting a CAS perspective in supply chain management (Pathak et al., 2007). A number 

of scholars, such as Choi et al., (2001), Choi and Hong (2002), Surana et al., (2005), 

Nilsson and Darley (2006) and Pathak et al., (2007) propose that supply networks display 

properties of complex adaptive systems and hence should be approached and managed as 

such. Recognizing supply chains as CASs can lead to new and more effective ways to 

understand their otherwise dynamic and unpredictable behaviour (Surana et al., 2005). In 

order to support the position that supply networks are indeed CAS, the literature provides a 

detailed comparison of each property of CAS to a supply network. These properties are 

summarised below. 
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Figure 3.1 The South African Sugar Industry Supply Chain Processes (after NDA, 2003) 
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SUPPLY NETWORKS HAVE A LARGE NUMBER OF INTERDEPENDENT 

ENTITIES  

Supply networks, like a CAS, have a vast number of interactions and interconnections 

among different entities, processes and resources within a given supply network (Surana et 

al., 2005; Pathak et al., 2007). In order to illustrate the connectivity that can be found in a  

supply network, Pathak et al., (2007) uses an example adopted from Choi et al., (2001) 

which shows the interconnectivity that could occur between a university hospital and an 

aircraft engine manufacturer as is shown in of Figure 3.2. The university hospital might 

develop a new pattern recognition technique for the purposes of medical treatment. This 

technique could have potential applications in material extraction. Over time, the 

knowledge is passed on to the material extraction company via research conferences. 

Mining companies that mine aluminium, which is used by the aircraft manufacturers, 

might adopt this new extraction technique.  
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Distribution 

Figure 3.3 An Example of the interconnectivity in supply networks as complex adaptive     

systems (after Choi et al., 2001; Pathak et al., 2007) 
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The South African sugarcane supply network is characterized by a number large number of 

components and this obviously presents some challenges. Researchers such as Wynne 

(2005); Le Gal et al. (2007); Stutterheim et al. (2008), have all highlighted a number of 

problems within the industry which are associated with having a large number of 

participants. Wynne (2005) states ‘Cane supply logistics is one area that requires 

innovation and better organisation , as it is intrinsically difficult to optimise due to the 

involvement of large numbers of independent stakeholders.’ Gaucher et al. (2004) argues 

that ‘co-ordination within the South African sugar supply chains is complicated by the 

existence of a high number of independent growers’. This is a very large number in 

comparison to other sugarcane growing countries such as Brazil and USA, this is due to the 

fact that South African farms are much smaller in size and are mostly privately owned 

(Higgins et al., 2007). There is evidence that suggests that a high degree of interaction and 

interdependence exists amongst the components of the South African sugar supply 

network. According to Perry and Wynne (2004), the functionality of growers, hauliers and 

millers is interdependent and this is because the interaction between these components in a 

mill area influences the overall effectiveness of the entire network. For example, if the mill 

stops crushing cane due to a mechanical breakdown this will most likely result in long mill 

queues which disrupt haulier efficiency. Consequently this translates to higher burn to 

crush delays which lead to lower cane quality. Choi et al., (2001) argues that the higher the 

degree of connectivity the more complex a system becomes. 

 

 

SUPPLY NETWORKS EXHIBIT NON-LINEAR BEHAVIOUR 

Choi et al., (2001) postulate that supply networks can be hypersensitive to small changes in 

the system, hence a corrective action of seemingly negligible magnitude can lead to a 

catastrophic outcome. An appropriate example would be that of the ‘bullwhip effect’, 

which occurs when a decision made by an individual firm, using localised and often 

imperfect information, leads to amplified changes over the entire supply chain (Lee et al., 

1997). For example, orders by an individual firm to suppliers can result in larger 

fluctuations than sales to the buyer, resulting in a distortion of customer demand (Hwarng 

and Xie, 2008), or when the decisions and delays downstream in a supply network often 



 

19 

 

results in the amplification of a non-desirable effect upstream (Surana et al., 2005). The 

opposite may occur, where by changes of a large magnitude in one part of the system result 

in negligible changes in the other parts. Such a disproportional relationship between cause 

and effect can be attributed to the high degree of non-linear connectivity that is inherent to 

almost all supply networks (Homer-Dixon, 2011). 

 

The South African sugarcane supply network also exhibits such properties. A suitable 

example would be in relation to the import tariff protection that South African sugar 

millers get. If this regulatory mechanism was removed one might assume that this might 

simply just open up the market to other sugar exporters but the size of the corresponding 

effect could be catastrophically larger than anticipated. This could happen if for instance 

wholesalers, sugar processors, retailers and customers all started importing sugar at a much 

lower price, two things could consequently happen after that (a) Growers and Millers 

would lose a significant portion of the local market share to low cost producers such as 

Brazil (b) Serious destabilization of local market proceeds to millers and growers (NDA, 

2003). 

 

 

SUPPLY NETWORKS HAVE AGENCY AND SCHEMATA/INSTITUTIONS 

Supply networks consist of agents who interact with each other and with the external 

environment (Choi et al., 2005). These agents typically interact according to a set of rules 

which they use to make the decisions and take meaningful actions (Anderson, 1999). Choi 

et al., (2005) adds that schema is very important because when buyers and suppliers share 

common schema this usually results in improved communication and reduces transaction 

costs, hence firms often select suppliers that have similar norms, values, product 

development and manufacturing processes.  In a supply network the agents could typically 

be individual firms involved in the supplying, manufacturing or retailing of resources 

(Pathak et al., 2007). Supply networks have agency because the actions of their agents 

affect both the future and current behaviours of that particular system. According to Choi 

et al. (2001), decisions made by agents, such as adopting new production methods, moving 

into new markets, switching suppliers or developing new product lines, can change the 

configuration of that particular supply chain. From a systems perspective this is 

synonymous with the definitions for agency within a CAS. 
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The three main entities involved in the South African sugar industry are growers, hauliers 

and millers. Anyone of these entities has agency i.e. the ability to meaningfully intervene 

in the course of events through their actions.When components within a supply chain act 

on their often localized knowledge, they enhance their own objectives but this might be to 

the detriment to other components of that supply chain, and since each component has 

different objectives the situation becomes a rather complex one (Choi et al., 2001; Surana 

et al., 2005; Higgins et al., 2007). The actions of any one of these is governed by schema 

i.e. norms, values, assumptions or beliefs held by the entities. A number of studies for 

example Le Gal et al., (2007), and Stutterheim et al., (2008) have shown that a grower’s 

field operations and harvesting methods, which are based on the schema that govern his 

decision making process, can have an impact on cane quality, output capacity, costs, 

affects supply to the mill and overall affects mill process efficiency 

  

SUPPLY NETWORKS HAVE COMPETITION AND COOPERATION 

The entities in a supply chain often have conflicting objectives, and this is because more 

often than not they will be sharing and competing for the same resources (Surana et al., 

2005). On the other hand, the example used by Amaral and Ottino (2004) of patterns made 

by flocks of migrating geese indicates that there is a lot of cooperation that occurs within 

CAS. An example more relevant to supply networks can be synthesised from Choi et al., 

(2001) were it is postulated that firms who share similar schema often prefer to work 

together and hence collaborate in manner that is mutually beneficial i.e. lowering 

transaction costs, improving communication and production efficiencies. 

 

In the context of the South African sugarcane supply network a good example, of 

cooperation, in the literature is that of growers in Mpumalanga region opting to form 

harvesting groups. According to Thomson and Turvey (2004) these farmers pool their 

resources and thus benefit from economies of scale through better utilisation of labour and 

machinery. This has reduced the number of cutting fronts and improved logistics and 

communication throughout the cane supply network. In addition the Local market 

proceeds-sharing agreement, import tariff protection and single channel export 

mechanisms of the Sugar Industry Agreement of 2000 (NDA, 2003) are examples of 

cooperation and collaboration at an industry level. However, on the contrary the 
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relationships between the growers and the millers have traditionally been antagonistic 

resulting in little cooperation between the two (Perry and Wynne, 2004). According to 

Higgins et al., (2007) Sugar supply networks in South Africa and Australia are relatively 

more complex than in Brazil and the USA, and this is because in the South African and 

Australian context there is a huge disparity between the growers’ and the millers’ 

objectives. However in the Brazil and USA context most of the cane land is owned or 

controlled by the milling companies hence the objectives from the growing side and the 

milling side is the same for both. 

 

SUPPLY NETWORKS HAVE A QUASI-EQUILIBRIUM POINT 

Supply networks generally exist in a quasi-equilibrium state which enables them to 

maintain a stable configuration even when there are changes to their external environments 

(Goldstein, 1994 cited by Choi et al., 2001). However, supply networks can undergo major 

reconfigurations when they are stretched too far from their equilibrium point, a small event 

can lead to a system-wide reconfiguration (Surana et al., 2005). One of the examples in the 

literature adopted from Ballew and Schnorbus (1994) is that of the American automotive 

industry in the 1970s. During this period automotive manufacturers in the United States 

were operating under a supply chain configuration that was characterised by multiple 

suppliers that had to bid for multiple short-term contracts and relatively distant working 

relationships with their suppliers. An automotive manufacturer such as Ford Motor 

Company had up to 4000 suppliers at a given point in time. Around that period Japanese 

automotive companies introduced a configuration that was characterised by fewer 

suppliers, closer working relationships, better communication efficiencies and long-term 

contracts. This improved the efficiency of the Japanese automotive companies and 

consequently forced American firms to be moved far away from their point of equilibrium. 

By the early 1990s the American automotive industry had undergone radical structural 

change, Ford Motor Company, for example, reduced the number of its suppliers to about 

700.   

 

SUPPLY NETWORKS EMERGE AND SELF-ORGANIZE OVER TIME 

Choi and Hong, (2002) state that another prominent feature of supply chains is emergence 

of new artefacts over time, this occurs without any individual component deliberately 

coordinating the totality of the network’s design. For example, from Choi et al., (2001), 
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when a large well established company like General Electric or Daimler Chrysler selects 

suppliers, mostly first-tier suppliers and some second-tier suppliers, this triggers the 

emergence of a larger supply network. From an ecological point of view this is similar to 

the rainforest illustration by Waldrop (1992) which shows that as soon as one niche is 

filled this opens up more niches for new parasites, new predators etc. However, it also 

maintains a group of third and fourth-tier suppliers which will still be outside these 

companies’ (Daimler Chrysler and General Electric) realm of control. This shows that the 

supply network is bigger than any one company and therefore a supply network self-

organize without anyone controlling it (Surana et al., 2005).  

 

An example of emergence and self organisation within the South African sugarcane supply 

network could be the current sugarcane payment system. Prior to 1926 growers were paid 

for the quantity of sugarcane delivered to the mill at a fixed price per ton of cane. From 

1927 up to 1999, growers were paid according to the sucrose cane payment system. In 

April 2000, a new system was introduced whereby payment was made for the quantity of 

sucrose in the cane, at a fixed price per ton of sucrose (Wynne et al., 2009). In this case, 

self organisation at an industry level resulted in the emergence of a more effective payment 

system that seems to incentivise bother growers and millers. 

 

This section has attempted to establish some justifications why supply networks could be 

considered as CAS through a comparison of the two, examples were used in order to 

highlight similarities between them. Comparisons were also made between the South 

African sugarcane supply network and CAS. However, these comparisons are not limited 

to the points raised above. There may be some crucial points overlooked in drawing these 

comparisons. It is important to note that there has been a limited amount of literature that 

has attempted to present the South African sugarcane supply chain as a CAS or even as a 

complex system, however there are a number of papers that have discussed issues that 

relate to this particular topic. Table 3.1 shows a collection of literature that has in one way 

or the other raised issues pertaining to this topic. 
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Table 3.1 A collection of literature pertaining to SA sugarcane supply network as a CAS 

 

Author Number of 

components 

and 

connectivity 

Non-

Linearity 

Agency 

and 

Schemata 

Emergence 

And 

Self 

organisatio

n 

Co-

existence of 

competition 

and 

cooperation 

Quasi-

equilibrium 

point 

       

       

NDA (2003)      x     x       x       x      

Perry and Wynne (2004),      x          x  

Thomson and Turvey (2004)           x  

Wynne (2005);       x      

Higgins et al., (2007)      x          x  

Le Gal et al. (2007)      x       x    

Stutterheim et al. (2008)      x      x        x  

Bezuidenhout (2009)      x      x        x  

Bezuidenhout and Baier 

(2011) 
      x        x  

Wynne et al., (2009)        x   

       

 

 

The following section of this document is a project proposal which will outline the aim, 

objectives, methodology, resources needed and time-scale of the intended Masters 

Research project. 
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4. PROJECT PROPOSAL 

 

The South African sugarcane supply and production system is highly complex and 

characterized by a number of different stakeholder parties who have different and often 

incompatible objectives. Industry stakeholders’ decision making processes often focus only 

on their individual supply chain components, for example, growers delivering less cane 

than what the miller is expecting or transport service providers may under-capitalize to 

maintain high vehicle utilization ratios. Such fragmentation will consequently result in 

disagreements between stakeholders and hinders the adoption of innovative solutions 

(Bezuidenhout, 2009). As a result the sugarcane supply chain processes are plagued by 

inefficiencies and a lack of macro-optimization. Problems which would otherwise be 

minimal if operations were successfully orchestrated (Stutterheim et al., 2006). Supply 

chain improvements with the potential to significantly benefit the industry can therefore be 

realized once industrial processes have been aligned using modern supply chain research 

approaches.  

 

An approach that can be used in improving the efficiency and profitability of the sugarcane 

supply chain is the complex systems-based approach. In this document complexity refers 

to a subjective quality that is often associated with a wide range of technological, 

biological or social systems that are difficult to understand, describe, predict or control 

(Morel & Ramanujam, 1999; Sivadasan et al., 2006). Approaching the South African 

Sugar supply chain as a complex system and managing it as such a system would 

significantly improve the efficiency of the whole system. 

 

However, the flow of resources within the industry’s enterprises is not only a function of 

industrial processes alone but is also subject to the softer social issues in the system as 

well, and hence any effective research should be based on a deep understanding of both 

hard and soft issues. The research question in this research involves: 

 

How can efficiency improvements to the current state of sugarcane supply operations, with 

particular interest to the Komati mill area, be developed using Complex Adaptive Systems 

principles? 
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4.1 The Komati Mill Area 

 

Sugar production systems are fundamentally the same at each mill but each mill area 

exhibits a number of relatively unique combinations of challenges and issues, and hence 

any attempt to develop optimal systems needs to be contextualized at the local level 

(Bezuidenhout, 2009). The research will consider both hard and soft aspects of the Komati 

mill region. 

 

Komati Mill is situated in Mpumalanga province, 26 km south of Komatipoort. The mill 

was established in 1994. Initially it was designed to crush 1.15-million tons/year but two 

capacity expansion projects have since increased its crushing capacity to approximately 

2.6-million tons/year, producing 320 000 tons of raw sugar. The raw sugar is dispatched to 

Maputo harbour for export and to Malelane Mill for refining (TSB, 2010). Both the mills 

in this area, Komati and Malelane, are owned by TSB and the Mill Group Board controls 

the overarching structure. Sugarcane production in the Komati mill area is fully irrigated 

and there are a large number of growers in that region. According to Thomson and Turvey 

(2004), a majority of these growers pool their resources and thus benefit from economies 

of scale through better utilisation of labour and machinery. This has reduced the number of 

cutting fronts and improved logistics and communication throughout the cane supply 

network. The Komati mill area also has a large number of hauliers that are in operation, 

and one of the largest hauliers in the area is owned by TSB.  

 

CAPCONN studies have shown that the Komati mill area supply chain is heavily over-

capitalised and that harvesting operations cost would be 20% lower if harvesting was done 

manually (Stutterheim, 2006). There are ongoing plans to switch to green cane harvesting. 

There has been a lot of discussions and focus on the establishment of value adding 

opportunities being established at Komati mill, particular emphasis has been on 

cogeneration of electricity. 
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4.2 Aims and Objectives 

 

The aim of this research is to identify opportunities for efficiency improvements to the 

current state of sugarcane supply operations, with particular interest to the Komati mill 

area. 

 

The objectives of the research project include: 

 

(a) Conducting a literature review on reasons why the South African sugar supply 

chain likely to be a complex adaptive systems and thus be managed as such. 

(b) Collect qualitative data about the Komati mill area, this will be done  through a 

series of stakeholder interviews  

(c) Analysing the data and from this analysis identify one key opportunity for 

improvement at Komati 

(d) Further investigation of that particular opportunity for improvement.  

 

 

4.3 Methodological Approach 

 

In addition to a literature review on complex adaptive systems and supply chains the 

research will then involve a 5-step methodology that will be conducted in the Komati mill 

area. The steps are outlined below: 

 

• Through a number of stakeholder interviews the Komati mill area will be surveyed 

to gain an understanding of the mill area and map out important issues currently 

constraining overall system efficiency. The interviewees will include 

representatives of the growers, hauliers, mill board members, mill management, 

contractors, extension officers and other parties that may have detailed knowledge 

about the system. 

 

• Through network analyses and further group engagement a particular systemic 

problem area will be identified and described. This will be done using the technique 

of Bezuidenhout et al. (2011), 
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• Upon identifying and selecting a pertinent problem area a set of tools will be 

compiled to systematically expose and unlock a number of closely related 

problems. At this stage it is still vague and unclear what the pertinent problem will, 

this can only be identified once there has been some engagement with the 

stakeholders. This I will be done in order to avoid wrong assumption’s being made 

about the system. 

 

• The final outcomes of the research will be presented to the Komati mill area 

stakeholders at a workshop. And depending on the stakeholders systems 

development and implementation may follow.  

 

 

4.4 Resources 

The necessary resources required to facilitate this project will include; 

(a) Personal computer, 

(b) Transport, accommodation and food, 

(c) Programming support, 

(d) Funding has been secured within a research contract with SASRI, 

(e) An ethical clearance will be required for the work that will be done at Komati mill. 

 

 

4.5 Projected Time-line  

 

Below is the projected time-line of the project (see Table 4.1). The research commences in 

January 2011 and will be conducted over a period of 18 months.  
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Table 4.1 Projected Time-line 

Deliverables (Jan 2011 - July 2012) MONTH 

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

Literature review and project proposal                                       

Pilot Interview and data collection                                       

Data analysis                                       

First workshop at Komati                                       

Monitor feedback implementation                                       

Data analysis + Model development                                       

Second workshop at Komati                                       

Compilation of thesis                                       

First draft submission                                       

Final thesis submission                                       
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