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ABSTRACT

Network theory has been widely and successfullyduse model, analyse and visualise
complex systems. This study aimed to develop agpexato analyse complex integrated
sugarcane supply and processing systems. A literateview includes network theory,
complex systems, the Theory of constraints, indicahalysis and root cause analysis. The
cause-and-effect networks of four sugarcane millargas in South Africayiz. Eston,
Felixton, Komati and Umfolozi were developed, whire factors that negatively affected the
performance of the milling areas were representeddstices, the relationships among the
factors by arcs and the strength of these relatipesy weights. Three network theory based
analytical tools namely; (a) primary influence eartanalysis, (b) indicator vertex analysis
and (c) root cause vertex analysis were developahélyse the networks. The results from
the analyses indicate variations in the numbers sarehgths of primary influence factors,
problem indicator factors and root causes of proklebetween the four milling areas.
Rainfall, drought and high soil content in sugascarere identified as the strongest primary
influences in the respective milling areas. Higuastr rate variability, low cutter productivity,
running behind allocation and increases in opegatiosts were identified as the strongest
indicators of poor performance in the respectivllimgi areas. Rainfall was found to be the
most dominating root cause of poor performancellithe milling areas. Since the South
African integrated sugarcane production and proegss/stem is complex, it is likely that the
unique approaches developed in this study can bd ssccessfully to also analyse other
relatively complex systems. It is recommended thase approaches be tested within other
systems. The main contribution of this study ishia form of a relatively easy-to-use network
theory based comprehensive systems analyses tbd. dnalytical approach has, to the

author's knowledge, not been used in any agri-itmdiigpplication previously.
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1. INTRODUCTION

Integrated sugarcane supply and processing syde8i3Ss are complex systems (Lissbn
al., 2000). They consist of fragmented and continlyoesolving systems that involve a
number of role players with different and often atigned business objectives (Higgieisal,
2007; Bezuidenhout, 2008; Le Ged al, 2008; Lejarset al, 2008; Le Galet al, 2009).
Additionally, ISSPSs are composed of multiple fegte.g biophysical, social, economic and
environmental) that interrelate in a complex caaisé-effect manner to determine the overall
performance of the systems. The complexity of t&&RSs makes it challenging to
comprehend, manage, control and improve thesemsgst€hoiet al, 2001; Higginset al,
2007; Archetet al,, 2009; Higginset al, 2010).

Complexity negatively affects the management cdipabaind performance of systems
(Frizelle and Woodcock, 1995; Cilliers, 2000; Cledial, 2001; Frizelle and Suhov, 2008;
Archer et al, 2009). Integrated sugarcane supply and proagssistems are no exception.
Higginset al (2007) and Le Gadt al (2008) argue that there is a potential to minartlse
production costs in sugar industries by improving performance of the sugarcane supply
chains. The large volume of literature on sugarcauqeply chains€.g Everinghamet al,
2002; Gaucheet al, 2003; Stutterheiret al, 2006; Bezuidenhout, 2008; Le Galal, 2009;
Higgins et al, 2010; Strayet al, 2012) indicates that this argument is accepteanbny
practitioners in the sugar industry. It is howeaeknowledged that the complexity of ISSPSs
presents challenges to improving the performancsugfarcane supply chains (Cheti al,
2001; Higginset al, 2007; Archeret al, 2009; Higginset al, 2010). Choiet al (2001)
observe that complexity has often frustrated attenhp improve the performance of supply
chains. Higginset al (2007) and Archeet al (2009) argue that the complexity of the sugar
industry is one of the factors that contributette limited adoption of research results, despite
the significant potential gains highlighted in tature. Notable examples of the potential
gains include; an increase in economic benefitatut AU$1.00 and AU$2.50 per tonne of
sugarcane (Grimley and Horton, 1997; Higgetsal, 2004), a 13.5% reduction in road
vehicle waiting time (lannoni and Morabito, 2008)35% increase in transport capacity (Le
Galet al, 2004), and a 40% reduction in delay betweendsting and milling (Hansest al,
1998). Higginset al (2010) claim that that the limited adoption ofearch results in

agricultural value chains has partly been due edlet that most research work undertaken so
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far has not taken the complexity of agriculturalustries into account. They propose that any
research aimed at improving the performance ofcaljural value chains should take

complexity issues into account.

Several tools have been used to analyse complégnsyswith varying degrees of success.
These tools include; the network theory (Albert &atabasi, 2002; Newman, 2003; Li and
Cai, 2004; Xwet al, 2004; Battinet al, 2007; Suderman and Hallett, 2007; Zledal, 2007,
Costaet al, 2011), the Theory of Constraints (BlackstoneQ120Mabin and Baldestone,
2003; Watsoret al, 2007), indicator analysis (Pannell and GlenM)®CEgglestoret al,
2004; Peris-Moraet al, 2005; Grabowsket al, 2007; Caiet al, 2009; Linet al, 2009;
Pereraet al, 2012; Reiman and Pietikainen, 2012; Sano andiMde@012) and root cause
analysis (Paradies and Busch, 1988; Woloshynowyeth, 2005; Ubericet al, 2007; ledema
et al, 2008; Al-Mamory and Zang, 2009; Kumar and Schn011; Nicoloniet al, 2011;
Simmset al, 2012). However, the management of complex sysiargeneral and ISSPSs in
particular still remains a challenge. This coulddmeindication that the existing approaches

for analysing complex systems have limitations.

A good understanding of the nature of ISSPSs ieeequisite to their effective management,
control and improvement. Effective approaches laeeefore needed to help in understanding
the nature of ISSPSs. Foremost, the approacheshausipable of handling the complexity
issues inherent in ISSPSs if they are to be sultdeSthe approaches for understanding
ISSPSs must be equipped with the capabilitiesdntity (a) the factors that drive ISSPSs, (b)
the factors that can be used to monitor the peidoca of ISSPSs and (c) the factors that may

be subtle root causes of poor performance in ISSPSs

The motivation behind this study was the convictthat ISSPSs can only be improved if

their nature is well understood. The study devedom®mprehensive network theory

approaches for analysing ISSPSs. The developméhesé approaches employed knowledge
from various areas of expertise, such as the Theb@Gonstraints, cause-and-effect analysis,
indicator analysis and root cause analysis. Thaoagpes were tested in four sugarcane
milling areas in South Africa, thus representingrft5sSPSs.



1.1  Aim and Objectives of the Study

The aim of this study was to assist in the undedstey of the nature of ISSPSs as a
prerequisite to improving their performance. Therall objective of the study was to develop
and test comprehensive approaches for analysingleanSSPSs. The main objectives of the
study included:

1. to develop an analytical tool for identifying arahking the factors that tend to control
an ISSPS,

2. to develop an analytical tool for identifying arahking the factors that can be used as
performance indicators in an ISSPS,

3. to develop an analytical tool for identifying amahking the factors that are the root
causes of poor performance in an ISSPS, and

4. to evaluate the above-mentioned tools by applylgmt in four relatively diverse
ISSPSs.

The specific objectives of the study were:

(a) to carry out literature reviews on the various mdtllogy and tools that are used to
analyse complex systems, with a particular focusanplexity, network analyses and
the Theory of Constrains,

(b) to briefly review the four sugarcane milling areasvhich the approaches that were
developed in this study were tested and to disthessnain factors and issues in each
area,

(c) to draw up an inventory of pertinent factors thegatively affect the performance of
ISSPSs,

(d) to develop a generic cause-and-effect network 8PISs based on the inventory in the
previous step,

(e) to weigh-up the strength of different cause-anéeaffpathways within the four
sugarcane milling areas,

() to identify the driver factors in each of the faugarcane milling areas,

(g9) to identify the factors that can be used as perdmice indicators in each of the four
sugarcane milling areas,

(h) to identify the root causes of problems in eactheffour sugarcane milling areas, and
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() to make recommendations on how to effectively aseand improve the performance
of ISSPSs.

Scope of the Study

It is important to note the following from the ohsé the study:

Literature reviews were carried out on various apphes and tools that are used to
analyse complex systems. Only the literature thed @onsidered pertinent to this study is
presented in this thesis.

Descriptions of the four sugarcane milling areas tere studied have been provided, but
it should be noted that these descriptions do notige all the details about the milling
areas.

This study concerned primarily the development efvnmethodologies and not the
analyses of the specific mill areas that were us®dase studies. For that reason the
approaches that were developed in this study wepkeal in four sugarcane milling areas
in South Africa to test their effectiveness. It wad the objective of this study to provide
a comprehensive analysis of specific milling aresaues, but rather to evaluate the
methodologies that were developed.

Basic mathematical expressions have been usedptesent the approaches that were
developed in this study. It was not the objectiiettus study to develop rigorous
mathematical representations of the approaches.

Several algorithms and spread sheets were usddsirstudy to facilitate computations.
The algorithms and spread sheets are not includekis document so that they do not
distract the reader from the purpose of the stilitig. algorithms and spread sheets will be
published on the internet.

Qualitative data obtained from interviews with sthklders were used to weigh-up the
cause-and-effect pathways in the different millaarerhe data collection process was not
a part of this study and the accuracy of the da#h were used to construct the milling
areas’ networks may have had an effect on thetsesthe data were however deemed to
be sufficient for testing the approaches, but remessarily representative enough to make

strong recommendations in the four milling areas.



* No systematic comparisons were made between theagpes that were developed in
this study and those that are currently used tdyamaomplex systems because of time
constraints. It is hoped that this would be addreéds/ future research.

* The approaches developed in this study are nogukedito analyse the dynamic behaviour
of systems over time. Rather, the approaches amegroml for the continuous

improvement of the performance of systems, whiami®n-going process.

1.3 Roadmap of the Study

This thesis consists of 9 chapters starting wighittiroduction in Chapter 1 and ending with
conclusions and recommendations for future resdaar€apter 8. The references cited in the
thesis are listed in Chapter 9. The rest of theishie arranged as follows. Chapter 2 contains
a discussion of network theory and complex systélthe.chapter starts with the introduction
of the terminologies that are used in network thedtr then discusses the effects that
complexity has on the performance and managemesysiems. Applications of network
theory in the management of complex systems amusked towards the end of the chapter.
Chapter 3 contains a review of the Theory of Camsts. The chapter briefly introduces the
Theory of Constraints and then discusses the aiics of the Theory of Constraints in the
continuous improvement of the performance of systetdetailed discussion is made on
how the Theory of Constraints is used to identifgtrproblems in systems. The limitations of
the Theory of Constraints are discussed toward®ideof the chapter. Chapter 4 contains a
discussion of two well established systems analygthods,viz. (a) indicator analysis and
(b) root cause analysis. Some of the well knownyaical tools that are used for carrying out
indicator and root cause analyses in systems amsied. The weaknesses of the tools are
also discussed. Chapter 5 provides a descriptidounfsugarcane milling areas on which the
approaches that were developed in this study vested. The descriptions are limited to the
main factors and issues in the milling areas. Giraptcontains a description of the processes
that were followed to develop the network theorprapches and the procedures that were
followed to test the approaches in the four sugercailling areas. Chapter 7 contains a

discussion of the results that were obtained frioenanalyses of the sugarcane milling areas.



2. AN INTRODUCTION TO NETWORK THEORY AND COMPLEX
SYSTEMS

This chapter contains a discussion of the netwbéorty and complex systems. Section 2.1
contains a description of the terminologies tha ased in network theory. Section 2.2
contains a description and examples of complexity @mplex systems. Section 2.3 contains
a discussion on how complexity affects the perforo@aand management of systems. Section
2.4 contains a discussion on how network theogpgied in the modelling and the analysis

of complex systems. Section 2.5 provides a fingflsummary of this chapter.

2.1 Network Theory Terminologies

Network theory employs methods from graph theoilgelara and statistics to model and
analyse systems. Literature is available that dsserthe terminologies that are used in
network theory €.g. Bollobas, 1998; Diestel, 2000; Gross and Yelle€d)6). Differences in

terminologies exist between different authors aisdiplines. The following section describes
some of these terminologies. The scope of the gwers has been limited to those
terminologies that are used later in this studymilist be mentioned that every effort was
made to conform to a standard that is widely aszkpiVherever a new terminology has been

used special mention has been made to that effect.

2.1.1 Components of a network

A network G consists of (a) a collection of objects in theteys being modelled and (b) a
collection of pair-wise relationships between thHgeots in the system. Networks can be
represented graphically in the form of network damgs, otherwise simply called networks.
The objects are represented in a network by ddtedcaertices (vertex for singular). The
pair-wise relationships among the objects are sgmied by either lines called edges or
unidirectional arrows called arcs. An edge is usbdre the relationship between two objects
is mutual, while an arc is used where the directiba relationship is important. For example,
if person A and person B are friends, the relatigmbetween A and B is represented in a

network by an edge drawn between A and B. On therdiand, if event A affects or causes



event B, then the relationship between A and Bepesented in a network by an arc drawn
from A to B. The vertex located at the tail of au & called the initial vertex or the sender
vertex. Conversely, the vertex located at the luédde arc is called the terminal vertex or the
receiver vertex. The terms sender vertex and receertex will be used in this study. When
relationships between objects are representeddsyiara network, such a network is said to
be directed. Undirected networks (with edges) vmateused in this study.

A collection of vertices in a network is called artex setV, while a collection of arcs is
called an arc sef. A vertexy; in a network is said to be an elemenvd¥; € V), and likewise
an arca is an element oA (a € A). A network,G, can therefore be considered as a @air

(V, A), whereA comprises ordered pairs of verticesg( verticesvy andvy) such thatxvy € A.
Note thatv,vy € A is different fromwyv, € A. For the purpose of this study, any two vertiges
andvy can only be joined by one arice( arcswwvy andwvy cannot occur simultaneously in a
network). This is because this study does not atlowct cause and effect reversal between
pairs of factors. This study does also not allovedex to be joined to itself by an aie(an
arc vy is not permissible). This is because this studymaes that a factor cannot have an
effect on itself. Two verticeg andy, are said to be adjacent if they are connectednbgre
viVi;. The arosy, is said to be incident t¢ andy;.

When a network is used to model a system whereefaéonships among the objects in the
system are of a cause-and-effect nature, the sexmdkereceiver vertices represent the cause
and effect, respectively. For example, in an ISSR&ght may cause low sugarcane yields.
Hence the relationship between drought (8ayand low sugarcane yield (s&) would be
represented in a network by an avg/{e A), where drought and low sugarcane yields are the
sender and receiver vertices, respectively. The efza network is denoted by({)| and

represents the number of its vertices. The numbearcs in a network is denoted By(G).

2.1.2 Weighted networks

When a network has real values assigned to its auch a network is termed a weighted
network. An arca in a weighted network is assigned a numerical esdlusually a real
number) termed a weight. The weightof an arca; between two verticeg andvy is denoted

w(a;) or w(vyw). The weight of an arc typically represents thgni@de of the effect that the



sender vertex has on the receiver vertex. Figurst2ows an example of a weighted network.
The network has a vertex Sét= {vi, V2, V3, V4, V5, Vs, V7} and an arc sel = {ViVy, VoV3, VoV,
VaV1, VaVy, VaVs, VeV, V7Ve}. The numbers on the arcs reflect the arc weighite weights of the
arcs in the network ar@j(vivz) = 2, W(Vovs) = 5, W(VaVg) = 3, W(VaVi) = 4, W(V3Vy) = 5, W(V3Vs)

= 7,W(VeVvs) = 8 andw(v7ve) = 6.

: ()
L Lo

Figure 2.1 An example of a weighted network

2.1.3 Degrees of a vertex

The degreed(v) of a vertexy; in a networkG is the number of arcs incident\to The number
of arcs leaving a vertey; is termed the out-degreg *(v;), whereas the number of arcs
enteringy; is termed the in-degrak’(v;). The weighted degre®,(v;) of a vertexv; is the sum
of the weights of all the arcs incident o Therefore, the weighted out-degrg (v;) of a
vertexv; is the sum of the weights of all the arcs leawegexv;, whereas its weighted in-
degreed, (v) is the sum of the weights of all the arcs entgxn A vertexy; that has no arc
entering it (.e. d '(vj) = 0) is called a source vertex. A vertgthat has no arc leaving it€. d
*(v) = 0) is called a sink vertex. Vertex seven inufgg2.1 is a source vertex, whilgandvs
are sink vertices. Source vertices of a cause-#adtenetwork represent the root cause
factors of events (good or bad) in the system ssmid by the network. The term “root

cause factor” will be discussed in Section 4.2.



The degree of a networKG) is the sum of the degrees of all the verticedhanetwork. The
general formula for calculating the degree of awoek isd(G) = 2|A(G)|. The average degree
of a networkd (G) = d(G)/|V(G)|. The maximum degree of a netwakkG) is the highest
degree across all the vertices in the network, adeethe minimum degre¢G) is the lowest
degree across all the vertices in the network.fohegoing are similarly defined fdqe~) and
(d*) of a network. The respective degree values ofnttevork in Figure 2.1 are shown in
Table 2.1.

Table 2.1 Degrees and weighted degrees of the netwé&igure 2.1

Degree Value Weighted degreg Value
d=(G) 8 d,, (@) 40
d=(6) 1 dy (G) 6
A (G) 2 A, (G) 15
3(G) 0 5, (@) 0
d*(G) 8 df(G) 40
a*(G) 1 d (G) 6
A'(G) 3 AL(G) 15
5"(G) 0 5t (6) 0

The weighted degree of a netwadk, (G) is the sum ofd,,(v;) fori = 1 ...n, wheren =
IV(G)|. The average weighted degree of a netwhkG) equalsd,,(6)/n. The maximum
weighted degree of a netwot(G) is the largest weighted degree over all the eestin the
network, whereas the minimum weighted degig&) is the smallest weighted degree over
all the vertices in the network. The foregoing amnilarly defined ford,, andd;, of a
network. The respective weighted degree valueh@fmietwork in Figure 2.1 are shown in
Table 2.1.

2.1.4 Importance of a vertex

Numerous measures of the relative importance aViahgal vertices in networks (and hence
the relative importance of factors in systems that networks represent) can be found in
literature. Examples include degree centrality,seless centrality, betweenness centrality
(Freeman, 1978; Bonacich, 1987; Borgatti, 2009\dey et al, 2005; Dall'Astaet al., 2006;
Kiss and Bichler, 2008; Opsaét al, 2010), eigenvector centrality (Ruhnau, 2000; &xnch,

2007), degree-degree centrality, degree-closenessatity, degree-betweenness centrality



(Abbas and Hossain, 2013), h-degree (Zbétal, 2011), Weighted Factor Analysis (Hessami
and Hunter, 2002), the Authority score and Hub ecfifleinberg, 1999). Most of the
measures tend to be suited to specific situati@pending on the objectives of the situation.
For example, degree centrality is an important mesas social network analysis (de Noety
al., 2005; Abbas and Hossain, 2013). It is used tasme the popularity of an individual in a
community, such that the higher the degree cetytrafi a vertex, the more popular is the
individual represented by the vertex. Degree cétynmay however not be as useful in other
applications. For example, degree centrality maybeoa good measure to determine the root
cause of problems in a complex system. Additiondilgrature €.g Antoniou and Tsompa,
2008) states that the statistical parameters tieatiged for analysing non weighted networks
may not be sufficient for the analysis of weightedworks, unless all the arcs in the weighted
network have equal weights. The aforementioned exgain two issues; (a) the relatively
high number of measures of the importance of v&stinn a network and (2) the relatively
large volume of research on either new measureshef importance of vertices or
improvements on the existing onesg Hessami and Hunter, 2002; Canright and Engo-
Monsen, 2004; Abbas and Hossain, 2013; Zétaal, 2011). It can therefore be argued that
more measures of the importance of vertices willtiome being developed to address specific

situations.

2.1.5 Path and distance analyses in a network

A path P is an alternating sequence of vertices and arasravhll arcs point in the same
direction. The sequence begins and ends with a&went such a way that each vertex is
incident to both the arc that precedes it and thetteat follows it in sequence. A path an
vertices (wheren > 1) is denotedP,. A path exists om vertices when the vertices can be
presented as{, Vo, ..., Vn}, such that all the arcsv{vs, Vovs, ..., Vh1Vn} exist within A. The
length of a path is the number of arcs it contairfaus the length oP, always equals-1.
When a path begins and ends with the same verex{,, Vovs, ..., Vh1Vh, V1), then the
path is termed a cyclé,. Some authorse(g.de Nooyet al, 2005) use the term feedback loop

instead of a cycle.

The distancd(vivj)) between two verticeg andyv; in a network is the length of the shortest

path P, between the two vertices. Whenandyv; cannot reach each other, thgnv,)=cc.

10



Vertexy, is said to be reachable from verigx there is at least one path frontov,. It is not
implicit that if v; can reachv; theny, can also react.

2.1.6 Neighbours in a network

Most networks and graph theory literatueeg( Bollobés, 1998; Diestel, 2000; Gross and
Yellen 2006) call adjacent vertices neighbours. Eesv, some authore.g de Nooyet al,
2005) use the term neighbours to refer to all gegtithat can either reach a given vexiexr
can be reached from it. This study uses the lal&dnition for neighbour. Such being the
casey; is said to be a neighbour gfif v; can reacly; or if v; can reach;. A neighboumB of

a vertexv; is denotedNB(v;). If v; can reacly;, thenv; is said to be an in-neighboliB (v;) of

v;. Otherwisey; is an out-neighboulB’(vi) of v; if v is reachable from;. A K" qualification
(wherek is the distance) is used to classify the neighbaira vertex according to their
respective distance from the vertex. For exampkeyertexv, has three out-neighbowg vy,
andv; located at respective distances of one, two arektfromy;, thenvy, vy, andv, are the
1% 2"4 and3"™ out-neighbours of;, respectively.

2.1.7 Sub networks

A networkH = (W,F) is a sub network of the netwo&= (V,A) if W< V andF € A. A sub
network is created by either or both of the follogrprocedures; (a) deleting some vertices of
a network (all arcs incident to the deleted vegiaee automatically removed) or (b) deleting
some arcs of a network. A sub network@that is created by removing a verigxs denoted

G-v;, while a sub network that is created by deletingua; is denoteds-a;.

2.2 A Description and Examples of Complex Systems

Fredendall and Gabriel (2003) and Homer-Dixon (3Cdskert that complexity is so difficult
to define that some of the world’s leading comphexhinkers resort to describing the
properties of complex systems. Various descriptming complex system can be found in the
literature €.g Frizelle and Woodcock, 1995; Cilliers, 2000; Siasanet al, 2002,
Fredendall and Gabriel, 2003; Valentine, 2003; §tharisen and Albert, 2007; Wat al,
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2007; Zhang, 2007; Homer-Dixon, 2011). For examf@leang (2007) describes a complex
system as being composed of a large number of coemp® with a high degree of
connectivity among the components. Wual (2007) describe complexity in supply chain
managemenas implying a large number of components, a highreke of connectivity and
interaction among the components, low predictabiltigh uncertainty and high variety in
products and system states. Cilliers (2000) and étdbixon (2011) provide a summary of
the general characteristics of a complex systeneyTdxplain that a complex system is an
open system whose boundaries cannot be easilyedefirhe system is composed of a large
number of components, which interact in a non-lireead dynamic manner. They add that a
complex system is characterised by the presenceaoly direct and indirect feedback loops
among its components. They further add that theawebr of a complex system is
determined by how its components interact and heanaot be predicted from the behaviour
of an individual component. In addition, they dédsera complex system as being adaptive
such that it can self (re)organise its internaluctires without external intervention.
Furthermore, they state that a complex system hamary which plays an important role in

the way it behaves

Christensen and Albert (2007) state that nmadtiral and human made systems are complex.
They give examples of complex systems that inclubde; World Wide Web, the Internet,
neural networks, social networks, urban streetesystand cellular networks. Chet al
(2001) and Wuet al (2007) indicate that supply chain networks arengex systems.
Bezuidenhout (2008), Le Gat al (2008), Lejarset al (2008) and Le Gatt al. (2009) state
that the South African sugar industry is a com@gstem. They add that the complexity of
the industry is more evident in its sugarcane supphins. The foregoing is an agreement

with what was earlier explained in Chapter 1.

2.3 Management Challenges in Complex Systems

Complexity affects the way in which systems are agga and how they perform in both a
positive and negative wayf( Homer-Dixon, 2011). Due to the nature of thisdgtuthis
review will dwell on the challenges that complexitgs on the management of systems.
Literature €.g Frizelle and Woodcock, 1995; Cilliers, 2000; Chkobial, 2001; Frizelle and
Suhov, 2008; Archeet al, 2009) indicate that complexity generally makeslifficult to
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manage systems. Homer-Dixon (2011) states that leoityp may bring forth a managerial
overload which may result in a system breakdowheakceeds a certain limit. Cilliers (2000)
and Homer-Dixon (2011) argue that it is difficudt tnderstand the nature and to accurately
predict the behaviour of complex systems. Thisy teplain, is due to; (a) the dynamic and
nonlinear interactions among the components of ¢exnpystems and (b) the presence of
many feedback loops in complex systerRgzelle and Woodcock (1995) state that poor
understanding of the nature of interactions ambegcbmponents of a complex system is one
of the major challenges that are encountered byagems when developing a management
strategy. Choet al (2001) observe that complexity has often frusttafforts to improve the
performance of supply chains. This is because nearagre often unable to predict and
control supply chains. Sivadasanal (2002) explain that the amount of informationuieed

to monitor and manage a system increases with @ease in its complexity. Battimt al
(2007) argue that the performance of a systenmrasgly dependent on its level of complexity
and that high efficiencies are achieved at low|keoé complexity.

The management of complexity has been a subjetttefest over the yearsrizelle and
Suhov (2008) report that managers of systems arentiag increasingly keen to understand
complexity. Theories have been developed, reselaashbeen done and publications have
been written to assist in understanding the coniylex systems €.g Frizelle and
Woodcock, 1995; Cilliers, 2000; Cilliers, 2001; &ait et al, 2007; Christensen and Albert,
2007; Frizelle and Suhov, 2008). However, a goodewstanding of complexity and how it
affects the performance of systems is yet to béeget. Cilliers (2001) acknowledges that it
is difficult to develop comprehensive and accuratalels of complex systems. He attributes
this partly to the open nature of complex systentsthe nonlinear interaction of components
in the systems. He explains that the former makempossible to accurately define the
boundaries of a complex system. The latter, heagxgl makes it difficult to determine the
components that must be included and excludedemibdels. He further explains that under
nonlinear conditions what might be excluded from@del on the assumption that it may not
be significant may be the most significant comparadter all. Nonetheles$Vu et al (2007)

strongly insist on the need to obtain a clearereustdnding of the nature of complexity.
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2.4 Applications of Network Theory in Complex Systms

Networks theory has been widely and successfuliyl us model complex natural and human
made systems. Typical network models that can beadadn the literature include; social
networks, biological networks, communication netkgorand author co-citation networks
(Albert and Barabasi, 2002; Newman, 2003; Li and 2@04; Xuet al, 2004; Battiniet al,
2007; Suderman and Hallett, 2007; Casttal, 2011). The popularity of network theory can
partly be attributed to the simple and robust stm& of networks (Canright and Engo-

Monsen, 2004). This makes the modelling of systesnsg networks relatively easy.

Network theory has also been used to analyse due aos/ariety of problems in a wide range
of systems. For example, Brueckner (2005) used ar&tvheory to investigate the
internalisation of airport congestion costs. Zkeaal (2007) developed network theory based
criteria for designing an optimal network structtweminimise traffic congestion. Cohet

al. (2001) used network theory to investigate thenerdbility of the internet to breakdown
from intentional attacks. Xu and Chen (2003) depetbnetwork theory based approaches for
analyzing criminal networks. Battiet al, (2007) used network theory to study supply chain

networks.

In addition to normal statistical analyses, netwodtso allow for the visual analysis of
systems €.g Xu et al, 2004; Suderman and Hallett, 2007; Raymond andie;i®009).
Networks provide a powerful tool for visualisingda@xploring a variety of data in a graphical
form. Purchase (2000), de Moya-Anegatnal. (2007) and Raymond and Hosie (2007) note
that there is a general acceptance (with few elmept that data is easier to visualise and
comprehend when presented graphically than in aldalborm. There are many and diverse
examples of the application of network visualisatiMaet al (2009) used network analysis
techniques to visualise the author co-citation matf information science in China.
Pilkington and Meredith (2009) used network vissatiion to show how the intellectual
structure of the operations management field pssge@ from 1980 to 2006. Ortega and
Aguillo (2008) used network visualisation to undansl the structural topology of the Nordic
academic web. Raymond and Hosie (2009) used netwstkalisation to reveal marine

zooplankton community structures in the Southeeaac
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Several algorithms are used for displaying verti@ed arcs to best facilitate visualisation to
the user. De Moya-Anegaet al (2007) and Suderman and Hallett (2007) obseraertiost

of the algorithms that are used for the layout etfinorks are the spring-embedder typegy(
Eades, 1984; Kamada and Kawai, 1989; FruchtermdrRamgold, 1991). These algorithms
represent vertices as masses and arcs as spratgaithconnected vertices close together and
push unconnected ones further apart until the mitlagyout reaches an equilibrium (Kamada
and Kawai, 1989; Ebbekt al, 2006; Suderman and Hallett, 2007; Pilkington kfetedith,
2009). The Kamada-Kawai algorithm is the most comiynased in the scientific community
(de Moya-Anegoret al, 2007). Some advantages of the Kamada-Kawai iligorinclude;

its ability to produce symmetric networks and thkatively low number of crossings of arcs
(Kamada and Kawai, 1989). De Moya-Anegatral (2007) observe that the Kamada-Kawai
algorithm is faster and fewer vertices and arcglapeor cross each other compared to the

Fruchterman Reingold algorithm.

Several software packages are used for the analgsdisisualisation of networks. The most
well-known packages include; UCINET, Pajek and Ne# (Huisman and Van Duijn,
2005). The Pajek software is popular and widelydusethe analysis of networks. The book
on Pajek by de Noogt al (2005) alone has been cited more than 260 tim#sei formal peer
reviewed literature. There are diverse examplabeaniterature where Pajek was successfully
used €.g Li and Ma, 2008; Maet al, 2009; Noret al, 2009; Piacet al, 2009; Gonzalez-
Alcaide et al, 2010; Graemeét al, 2010; Piacet al, 2010). For example, Met al. (2009)
used Pajek to analyse author co-citation in thiel fo¢ information science in China. Piab

al. (2009) successfully used Pajek to visualise agefdgtionships in an e-commerce
transaction network. They concluded by proposirgititegration of multi-agent modelling,
open application programming interfaces and saw#lvork analysis as a new way to study

large-scale e-commerce systems.

The popularity of Pajek can be attributed to theaathhges it offers. The Pajek software has a
good capability to handle very large networks (fas and Van Duijn, 2005; de Noeyal,
2005; Muelleret al, 2007). Xuet al (2010) observe that Pajek software can perfonmptex
network analyses, can facilitate the reduction lairge network into several smaller networks
that can further be analysed using sophisticatethads, has powerful network visualisation
tools and allows for the implementation of a sedectof efficient network algorithms.

Additionally, Muelleret al. (2007) compared Pajek to other network analysitvaoe and
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found it to be appropriate for supply chain relatedearch studies. Furthermore, the Pajek
software is free of charge for non commercial sbgigman and Van Duijn, 2005).

2.5 Summary

The discussions in this chapter have revealedniost natural and human made systems are
complex. The discussions have also revealed thatplexity negatively affects the
performance and management of systems. It is adkdged in the discussions that a good
understanding of complexity and how it affects pleeformance of systems has not yet been
achieved. The discussions have further revealednitavork theory provides effective tools
for modelling and analysing complex systems. Nek&wonay provide a relatively easy tool
for modelling systems owing to their simple andustbstructure. Network analyses provide
statistics for measuring the relative importance fagtors in systems. It is, however,
acknowledged that most of these statistics terakteuited to specific applications. It is also
acknowledged in the discussions that more stagistic measuring the relative importance of
factors in systems will continue being developedddress specific situations.
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3. THEORY OF CONSTRAINTS

This chapter contains a discussion of a systemsgement philosophy named the Theory of
Constraints (TOC). The discussion starts with titeoduction of the TOC, followed by a
description of its underlying principles. The anigl tools that the TOC uses for the
management of systems are discussed. The todhi#dOC employs for identifying the root
causes of problems in systems is discussed inl.détes limitations of the TOC are outlined

towards the end of the chapter.

3.1 Introduction to the Theory of Constraints

The Theory of Constraints is a well adopted manayemhilosophy that was developed by
Goldratt (1990) for the continuous improvement gstems performance (Womack and
Flowers, 1999; Blackstone, 2001; Fredendsllal, 2002; Mabin and Baldestone, 2003;
Schaeferset al, 2004; Simatupangt al, 2004; Gupta and Kline, 2008; Kiet al, 2008;
Inmanet al, 2009). The philosophy is based on Systems Thgnkiabin, 1999; Guptat al,
2002; Mabin and Balderstone, 2003; Scogginal, 2003; Taylor and Churchwell, 2004).
Such being the case, TOC focuses on the overdbrpgince of a system, rather than that of
an individual task or component in the systems lteicognised that every system has specific
elements that limit its performance. These elemang¢scalled constraints (Rahman, 1998;
Mabin, 1999; Smith, 2000; Blackstone, 2001; Gugtal, 2002; Mabin and Balderstone,
2003; Schaeferst al, 2004; Simatupanet al, 2004; Gupta and Kline, 2008). A constraint is
defined by Goldratt and Cox (1992) as “any elenmmanfactor that limits the system from
doing more of what it was designed to accomplist. @chieving its goal)”. Systems’
constraints may be physica.¢ machines, specialised personnel or raw materiptdjcy
(when the policies of an organisation are not adgisn response to changes taking place
within the environment it operates) or behaviougtisting practices in an organisation).
Rahman (1998) claims that most organisations hawee rpolicy constraints than physical
ones. The Theory of Constraints asserts that thexeonly a few constraints in any given
system; usually just one (Mabin and Baldestone32@@haefergt al, 2004; Simatupangt

al., 2004). Managers are encouraged under the TAGspphy, to identify and eliminate the
constraints in the systems that they manage (Spaaget al, 2004).
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3.2 Components of the Theory of Constraints

The Theory of Constraints consists of three comptmeiz. (a) an operational strategy
consisting of five focussing steps for the contmsiamprovement of systems, (b) the
Thinking Process tools for investigating, analysamgl solving complex problems, and (c) a
measurement system for assessing the performanaesgdtem relative its goals (Rahman,
1998; Chaudhari and Mukhopadhyay, 2003; Mabin aalddéstone, 2003). Figure 3.1 shows

the three TOC components. These components wildmeissed in subsequent sections.

Theory of Constraints

A\ 4

Five Focusing Steps for Thinking Performance
On-going Improvement Process Tools Measurement Systenm___
1. ldentify constraint || CurrentReality Tree
Throughput
l gnhp 4_
. . Evaporating Cloud
2. Exploit constraint > P 9
v | Transition Tree Inventory
3. Subordinate to Nl
constraint l | Prerequisite Tree
- Operating
4.Elevate constraint | Future Reality Tree expense [€
5.Backto step 1 .
P Negative Branch
Reservation

Figure 3.1 Components of the Theory of Constraints

3.2.1 The Theory of Constraints five focussing stesp

Theory of Constraints provides a five-step procealied the five focussing steps (FFS), for
achieving the continuous improvement of a systgmeidormance (Goldratt and Cox, 1992).
The FFS are outlined by Goldratt and Cox (1992)dews; (1) identify the system’s
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constraint(s), (2) exploit the constraint(s), (@bsrdinate to the constraint(s), (4) elevate the
constraint(s) and (5) go back to Step (1) and nelmw inertia to become the next

constraint.

The Theory of Constraints FFS process begins bytiigang the system’s constraint. Once a
constraint has been identified, steps are takemdgrimise the efficiency of the constraint
without using any additional resources - a procadied “exploiting the constraint”. Thus, in
the case of a physical constraint, the constrairdperated in such a way as to obtain the
highest output possible from its existing capadiglicy constraints, on the other hand, must
not be exploited, but rather, eliminated from tlystem as pointed out by Rahman (1998).
The third step of the FFS process involves subatitig the performance of non-constraint
factors in-line with the constraint. The performanaf all non-constraint components is
adjusted in such a way as to support the maximuronneance of the constraint. Whenever
possible, extra non-constraint capacities aresetllito boost the capacity of the constraint. In
an event that the previous steps fail to break dhestraint, additional capacity must be
acquired for the constraint€. elevate the constraint). Elevating a constraiay ime achieved
by among other things investing in new equipmeutiaoreasing staff numbers. On the other
hand, if a constraint has been broken at any sthgiee FFS process, one must go back to
Step 1 (identify a new constraint) and repeat tleegss. Step 5 of the FFS tells TOC users
never to allowinertia become the next constraint. This fifth step ndy @msures continuous
improvement of a system’s performance but also mdmiFFS users that no solution is
appropriate for all time or in every situation (Ram, 1998). Once a constraint has been
broken, then another component within the systelnb@come the next constraint according
to the TOC philosophiye. every system has at least one constraint. lgiseal (Mabin, 1999;
Guptaet al, 2002; Davie®t al, 2005; Gupta and Kline, 2008; Dalton, 2009) that TOC’s
FFSs provide a means for continuously identifying emanaging systems’ constraints.

3.2.2 The Theory of Constraints Thinking Process

Organisations must continuously transform and atapheir ever changing environment if
they are to survive and flourish. Managers mugtefioee continually assess the performance
of their organisations and periodically implememisiive changes. Scogget al (2003)

indicate that successful implementation of positivganisational changes requires managers
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to possess the capability to; (a) measure, asselsaralyse the existing situation in-line with
organisational goals, (b) formulate relevant acfitams to effectively address organisational
problems, and (c) successfully manage the impleatient of the formulated action plans.
The TOC approach to change management (Goldr&@)i@volves finding answers to three
basic questions; (a) what to change, (b) what smgh to, and (c) how to cause the change.
Koljonen and Reid (1999) state that the answerthéothree questions are the ones that
provide managers with a roadmap on how to sucdés#fiplement positive organisational

changes.

The Theory of Constraints provides a set of logisdal tools called Thinking Process (TP)
tools to guide managers to find answers to theestbhinge management questions (Rahman,
1998; Mabin, 1999; Fredendadt al, 2002; Mabin and Balderstone, 2003; Scoggjiral.,
2003; Kimet al, 2008). The tools comprise a suite of five caaisd-effect diagrams and an
ancillary tool that are constructed to represemiasions in systems (Mabin and Balderstone,
2003; Kimet al, 2008; Inmaret al, 2009). It is important to note that the condinrcof the
cause-and-effect diagrams is done manually and giowp work. Strict logic rules called
Categories of Legitimate Reservations (CLR) arelusehe construction, interpretation and
validation of the cause-and-effect diagrams (Saoggial, 2003). An outline of the five TP
tools is provided by Scoggiet al (2003) as; (1) the Current Reality Tree (CRT), tfie
Evaporating Cloud, (3) the Future Reality Tree, (A& Prerequisite Tree and (5) the
Transition Tree. The ancillary tool is called theddtive Branch Reservations. The tools help
TOC users to identify problematic symptoms calledasirable effects (UDEs) which act as
indicators of the poor performance of a systend fime causes of the UDEs, determine what
to do to eliminate the causes, ascertain the implaictterventions designed to eliminate the
causes, and map the way forward on how to managehifinge process required to improve
the performance of the system (Scogegiral, 2003; Kimet al, 2008, Inmaret al, 2009).
Mabin (1999) describes TP tools as a roadmap shased to guide the process of structuring
and identifying problems, coming up with solutiotts problems, identifying the barriers
likely to be encountered in implementing a soluti@nd ultimately implementing the
solution. Table 3.1 shows a summary of the respeatles of TOC TP tools in a change
management process, while a roadmap for the TOG prResented in Figure 3.2.
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Table 3.1 Change sequence, TOC tools and managgligi relationships (after Scogget

al., 2003)

Change sequence Thinking Process tools
guestion

Management purposes

What to change? 1. Evaporating Cloud e
2. Current Reality Tree

What to change to? 1. Future Reality Trees
2. Negative Branch
Analysis .

How to cause the 1. Prerequisite Tree o
change? 2. Transition Tree

Establish a basis for understanding
system patterns that currently exist
Identify basic conflicts, core
problem(s) or the drivers for
undesirable effects

Provide entity linkages between the
core problem(s) and undesirable
effects

Validate the effectiveness of the
proposed solutions

Identify undesirable side-effects of
proposed solutions and their
corrections

Identify obstacles preventing
achievement of a desired course of
action

Denote necessary conditions
relationships involved in objective
attainment

Provide a step-by-step tactical action
plan for implementation
Communicate action rationales to
others
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Figure 3.2 Theory of Constraints Thinking Processasimap (Liret al, 2009)
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The TOC TP is reputed to be powerful and versatlaeenet al. (1995) describe the TP as
“may be the most important intellectual achievengnte the invention of calculus”. Kiet

al. (2008) argues that decision makers who possedsttwledge of TP tools can effectively
and efficiently solve complex problems. It is fuethargued (Dettmer, 1999; Mabin and

Balderstone, 2000) that TP tools can be applied t@riety of problem situations in any




system. He further argues that the broader poteuiti&P tools application arises from two
unique characteristics they possess;(a) the ability to handle relatively abstract kjweand
productivity problems that manifest themselves ulgto paradigm or policy constraints; and
(b) their ability to accommodate the interdependeatationships between systems
components. Rahman (1998) describes the TP apprasdbeing effective in addressing
policy constraints. The ability of TP tools to aess policy constraints is considered
particularly important considering that most of fhtgysical constraints are brought about by
non-physical constraints (Chaudhari and Mukhopaghy03) and that it is generally
difficult to identify non-physical constraints iysems (Rahman, 1998). Daviesal (2005)
single out the ability of the TOC TP to providetketunderstanding of situations as one of its
strengths. They explain that TP tools are capalbleapturing different perceptions and
alternative conceptualisations and at the same aiilogy for accommodation and consensus
to be attained among stakeholders. They furthelagxghat TP tools allow for different sides
to be heard and hence achieving greater enlightehared empowerment. The following
paragraphs in this section will discuss the CRT thedCLR because of their relevance to this

study.

The Current Reality Tree

The Theory of Constraints is based on the prenhiaethe lowest performing component or
process in a system is the constraint. It is tloeesrgued that any effort aimed at improving
the overall performance of a system must be dideateincreasing the performance of this
constraint (Goldratt, 1990). The argument is suigobby Dalton (2009) who states that
improving the performance of a non-constraint issted effort because the constrained
component will still be regulating the performanmiethe system. Goldratt (1990) further
argues that the process of improving the performasfca system must always start with
identifying a constraint in the system. The argumienechoed by Rahman (1998) who
emphasises the importance of identifying the systeconstraints and the necessity to
prioritise them based on their impact on the gdahe system. It is pointed out by Taylor and
Churchwell (2004) that most managers are awarkeoimportance of identifying problems in
the systems they manage, but they argue that ther rizallenge that managers face is to
identify the right problem(s) to solve. Many toblave been developed over the years to help
managers in identifying constraints in systemshsagcause-and-effect diagrams (Fredendall
et al, 2002).
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The Theory of Constraints uses the CRT to idemtgstraints in systems (Cet al, 2003;
Scogginet al, 2003). The Current Reality Tree is a tree diagthat employs cause-and-
effect logic to identify core problems in the systander consideration and to determine what
must be changed (Mabin, 1999; Fredendalhl, 2002). Mabin (1999) and Fredendetlal
(2002) describe the CRT as a cause-and-effectdisgram that is used to identify core
problems in systems and to determine what must Haged. The CRT is specifically
designed to identify what needs to be changeditg @bout the greatest improvement in the
overall performance of a system (Kiet al, 2008). It is argued (Kinet al, 2008) that the
CRT is an effective tool when dealing with poliaynstraints.

A discussion on how to construct a CRT is givenFogdendallet al (2002). The process
involves; (a) coming up with a list of undesiralelements (UDEs) of the probleme( the
symptoms that indicate that a system is not perfogras desired), (b) establishing cause-and-
effect connections between the UDEs, (c) constigatause-and-effect chains to validate the
UDEs, and (d) identifying root causes and the gooblem. They further use an example of a
car failing to start in the morning to give a ditdiexplanation on how to construct and
validate a CRT (see Figures 3.3 and 3.4).

{ 500. The car Wi||}

not star
400. The lights 600. The engine 300. The radio will
will not come ol will not turnove not work

Figure 3.3 Undesirable effects and initial conractor the Current Reality Tree (Fredendall
et al, 2002)
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500. The car will
not star
400. The lights 600. The engine 300. The radio will
will not come ol will not turnove not work
250. The battery
is deau
2 J
200. The Ilghts
were left on all
night
120. The car lights 600. The driver did not
did not shut off turn the car lights off
automatically before exiting the ¢

Figure 3.4 Complete Current Reality Tree (Freddratadl, 2002)

Figure 3.3 contains a list of UDEs for the failmfethe car to start in the morning. The list of
UDEs may be generated through brainstorming. Th&&J@re always numbered to simplify
their scrutiny. As an example, the UDE “the car wit start” has been numbered 500. The
next step involves the establishment of causal ections between the UDEs. This is done by
connecting the UDEs with arrows. For instance,ahew from 600 to 500 shows that 600
has caused 500. The CRT is read usiifig.then..” logic from the bottom proceeding
upwards. Thus the connection of UDEs in Figurev@o8ld be read as “if the engine will not
turn over (600), then the car will not start (500he next step of the CRT development
involves the addition of other entities to the ora] list of UDEs to ensure that a valid and
logical relationship is established between the WDREeferring to Figure 3.4, the entity
“battery is dead (250)” was added to explain UDBS,3100 and 600. Similarly, entities 200,
120 and 110 explain why the battery is dead. Laitly CRT development process identifies
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the root cause of a problem, in this example, wig/ ¢ar is not starting. The Theory of
Constraints indicates that the root cause is tylpied the bottom of the CRT. Thus, in this
example, 110 and 120 (Figure 3.4) would be the iy candidates for a root cause. The
author acknowledges that the example given on lbovomstruct a CRT is simple and straight
forward. This example was chosen to convey to teler the basic principles of CRT
construction. Thus, the example may not fully mortthe difficulties that are encountered

when constructing CRTs for complex systems.

Categories of Legitimate Reservation (CLT)

The CLR are a set of logic rules that are usedtotisise the cause-and-effect tree diagrams
that are used in the TOC TP (Balderstone, 1999; Kinal, 2008). The cause-and-effect
relationships in the tree diagrams are verifiedidated and interpreted using the CLR and
thus rendering the diagrams logically authentice TLR comprise a set of eight strict rules
for auditing the logic in the TP tree diagrams (Betr, 1997). The rules are; (a) clarity, (b)
entity existence, (c) causality, (d) cause insidficy, (e) additional cause, (f) cause-effect
reversal, (g) predicted effect existence, and ghjdlogy. Dettmer (1997) argues that the use
of CLR enhances the accuracy and validity of theC’BOTP. Fredendalkt al, (2002)
observes that CLRs ensure increased communicatimh wmderstanding among those
involved with the problem and hence create a cawsemmong them. Baldestone (1999)
observes that the CLR can also be successfully tsedlidate cause-and-effect diagrams
outside the TOC domain and hence proposes theirirughe validation of causal loop

influence diagrams used in System Dynamics models.

3.3  Applications of the Theory of Constraints

The Theory of Constraints has been applied to a& wéshge of organisations. Examples of
commercial organisations that are known to havdiegph@OC to their businesses include;
Boeing, Delta Airlines, General Motors, General diie, Ford Motor Company, 3M and
Lucent Technologies (Mabin and Baldestone, 2003abitdt for Humanity, Pretoria
Academic Hospital, British National Health Serviténited Nations, NASA, United States
Department of Defence and the lIsraeli Air Force soene examples of not-for-profit
organisations that have applied TOC to their opmnat(Watsoret al, 2007). Watsoret al

26



(2007) report on a number of Fortune 500 compathiashave publicly disclosed significant
improvements achieved in their organisations assalt of the use of TOC techniques. They
also point out that there are a number of compathi@shave adopted TOC techniques but
have chosen to remain anonymous for competitiveorga Theory of Constraints has also
been applied to a wide range of business areask&tme (2001) reports the application of
TOC to business areas that include OperationsnEesmand Measures, Projects, Distribution
and Supply Chains, Marketing, Strategy and TacBedes, and People Management. A meta-
analysis by Mabin and Balderstone (2003) of oves@essful TOC applications found over
100 descriptions of TOC applications, spanning freaich as manufacturing, re-
manufacturing, administration, service, militarydagducation. Interestingly though, despite
extensive searches, this review found only one pépeaudhari and Mukhopadhyay, 2003)
reporting the application of the TOC in agricult@irgegrated poultry industry).

The high adoption of the TOC by organisations camftributed to its proven benefits. Inman
et al. (2009) point out that unlike other managementfras, where research indicates that
they failed to result in significant economic betsfthere are documented successes of TOC
implementation. The literature indicate that theomitbn of TOC results in significant
improvement in the performance of systems (Aggarwal, 1985; Guptat al, 2002; Mabin
and Balderstone, 2003; Watsehal, 2007; Inmaret al, 2009; Linet al, 2009). A survey
(Sale and Inman, 2003) and rigorous academic teéktabin and Baldestone, 2000; Mabin
and Baldestone, 2003) indicate that manufacturizygtesns that use TOC perform
significantly better than those that use some & dther well-known and established
manufacturing methods. Watson and Patti (2008)e sthat systems that employ TOC
techniques produce greater levels of output whildha same time reducing inventory,
manufacturing lead time, and the standard deviaifarycle time. A meta-analysis of over 80
successful TOC applications by Mabin and Baldest@¥3) came up with the following
results; a 70% mean reduction in lead time, a 658amreduction in cycle time, a 49% mean
reduction in inventory, a 83% mean increase inmaega 65% mean increase in throughput,
a 116% mean increase in profitability, and a 44%amemprovement in due date
performance. Mabin and Balderstone (2000) and Mainid Balderstone (2003) state that
there is evidence that the FFS have been usedssfiglte to improve the performance of
systems. Roybadt al (1999) describe how the FFS were used to imptioegerformance of

a mental health and substance abuse organisaggeld?and Watrous (2005) describe how

the FFS were used to achieve a 26% reduction irmtmaunt of time required to complete a
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mould change in a manufacturing plant. Many example the successful applications of
specifically the CRT have been reported in literatie.g Angstet al, 1996; Wagoner, 1998;
Coxet al, 1998; Lenhartz, 2002; Rahman, 2002; Taylor aneffld, 2002; Chaudhari and
Mukhopadhyay, 2003; Scogget al, 2003; Cox and Walker, 2006; Umbét al, 2006;
Walker and Cox, 2006; Liet al, 2009). This may suggest that the nature ofdhisse-and-
effect based approach is powerful for identifyimglgems in systems.

3.5 Limitations to the Theory of Constraints

Theory of Constraints is not without criticism. Wa et al. (2007) argue that considerable
length of training time is required to master th@Q process. Button (2000) and Ceixal
(2003) indicate that the construction of the THdpsuch as the CRT, is complicated and time
consuming. The foregoing often results in the tewgleby many top-level managers of
delegating the TOC process to mid-level managenst¢B, 2000; Coxet al, 2003; Watsomt

al., 2007). This tendency, they argue, removes tloessary top-level management support
that is always required to sustain the TOC proc€sddratt (1990) argues that the TOC
process cannot succeed in an organisation unlegs aiembers develop an enthusiasm for
the TOC as the expert facilitating the processtdu¢2000) and Kinet al (2008) report that
problems often arise when constructing a CRT in thanagers may find it hard to admit a
problem exists, more especially if the problem iresgfion is a result of bad management

practices.

3.6 Summary

This review has shown that the TOC is a powerfullogbphy for the continuous

improvement of the performance of relatively compdystems. The five focussing steps of
the TOC provide an effective approach to continlyousprove the performance of systems.
The Thinking Process tools provide a roadmap fauctiiring and identifying problems,

coming up with solutions to problems, identifyingetbarriers likely to be encountered in
implementing a solution, and ultimately implemegtthe solution. The Current Reality Tree
provides a basis for understanding the patterrtsctivaently exist in systems. It also provides
an effective method to establish cause-and-efiekagies between the symptoms of poor

performance in systems and their root causes. TdtegOries of Legitimate Reservations
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ensure that the cause-and-effect relationshipsQ& TP diagrams are logically authentic.
The review has also highlighted some of the weaasesf the TOCyiz (1) the considerable

length of training time required to achieve its teag (2) the considerable length of time
required to construct the TP tools, such as the ,OR) the considerable length of time
required to complete the identification and solviafy problems, (4) the need for the
cooperation and enthusiasm of all the stakeholderdved with the system, and (5) its over

reliance on group work. Additionally, the TOC arsdg are done manually.
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4. SYSTEMS ANALYSIS TOOLS

This chapter contains a discussion of two systema$yais methodsiziz. (1) indicator analysis
and (2) root cause analysis. The roles that indicahd root cause analyses play in the
management of systems are discussed. Also discassedelected tools that are used for

carrying out indicator and root cause analyses.lifilligations of these tools are highlighted.

4.1 Indicator Analyses

Reiman and Pietikainen (2012) define an indicater “@any measure — quantitative or
qualitative — that seeks to produce informationaonissue of interest”. For example, gross
domestic product is an indicator of the size ofoantry’s economy. Indicators are widely
used in systems management. Examples of systeme witkcators have been used include;
agriculture (Pannell and Glenn, 2000), port manageniPeris-Moraet al, 2005), virtual
organisations (Grabowslkit al, 2007), ecological systems (Let al, 2009), supply chains
(Caiet al, 2009), safety critical organisations, such &safineries and nuclear power plants
(Reiman and Pietikainen, 2012), the sugar indy&gglestoret al, 2004; Davis and Achary,
2008; Daviset al, 2009, Smitket al, 2010), health (Peres al, 2012) and integrated coastal
management (Sano and Medina, 2012). Indicatoraised by organisations in a variety of
ways. For example, Reiman and Pietikainen (20128goe that safety critical organisations
use indicators as tools to monitor current safetyels and to predict emerging safety
vulnerabilities. Linet al (2009) report that indicators are widely usedutwlerstand and
manage complex systems. Egglestbral (2004) report on the use of indicators to asoerta
whether a consignment of freeze-damaged sugarcaiheer@d to a mill can be processed
economically or not. Popova and Sharpanskykh (2Gt8)e that indicators are used to
measure and analyse the performance of organisati®ereraet al (2012) report that
indicators are used to assess the effectivenessfciéncy of measures that have been putin
place to improve the quality of health care. Pdta et al (2005) state that indicators are
used in environmental analysis as tools for assgssie state of the environment and to
predict the consequences of measures taken on it.

Two main categories of indicators can be founditerdture;viz. (a) lagging indicators that

provide information about what happened in a systetie past and (b) leading indicators
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that provide information about what is happeningently or what may happen to a system
in future (Grabowskiet al, 2007; Reiman and Pietikainen, 2012). Laggingcaidrs are
useful when monitoring the effectiveness of stri@®@nd measures that have been instituted
to improve the performance of a system (Peris-Mom., 2005; Pererat al, 2012). Leading
indicators, on the hand, provide information thah doe used to predict or forecast the
occurrence of events in a system and therefore melpagers to take actions that may avert

the occurrence of undesirable events.

Indicators play an important role in the managenwrgystems. For example, Popova and
Sharpanskykh (2010) highlight the use of indicaiarsletermining whether the goals of an
organisation are being achieved. They further &dt thanagers are aware of the importance
to identify relevant indicators for the organisasothey manage. Reiman and Pietikainen
(2012) note that there is a growing interest innble that indicators can play in predicting
important events in systems. However, @aial (2009) and Popova and Sharpanskykh
(2010) indicate that the process of identifying asedecting appropriate indicators for a
system is not easy. This is a great concern comngglénat the credibility and the usefulness
of an indicator largely depend on whether it waprapriately selected for a given purpose
(Lin et al, 2009; Pererat al, 2012).

Several methods are used to identify indicatorsystems, such as the Balanced Score Cards,
Activity Based Accounting, (Liberatore and Millei998), Performance Measurement Matrix
and the performance pyramid (Neely, 2005). Limiiasi exist in these methods as partly
evidenced by the large volume of literature repgrtnew methods for identifying and
selecting indicators in systemg.§ Pannel and Glenn, 2000; Peris-Mat al, 2005;
Grabowskiet al, 2007; Caiet al, 2009; Linet al, 2009; Munier, 2011; Sano and Medina,
2012; Perereet al, 2012; Reiman and Pietikainen, 2012). It is obsgérby Popova and
Sharpanskykh (2010) that the identification of aadors in systems is mostly done in an
informal and ad-hoc way. They further argue thaitespatic approaches for identifying
indicators would be beneficial. Ritchie (2013) déses the General Morphological Analysis
(GMA) as one of the structured approaches thabeamsed by experts but also outlines some
of its weaknesses that include; the inevitable rfeedtrong and experienced facilitation and
the high time requirements. Peretaal (2012) observe the need to develop new methads fo
selecting robust indicators in healthcare. etnal (2009) argue that problems in ecological

indicators selection can best be resolved by enmuoyell-defined protocols with scientific
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vigour. Popova and Sharpanskykh (2010) also obghatethe set of indicators that can be
used to monitor a system can be very large, sughitimay not be practically feasible and
economically viable to monitor all of them. The Ibbiage therefore is to select a small
number of key indicators that can be measured amitored at a reasonable cost but at the
same time provide enough information about the al/@erformance of the system. Anon
(2012) suggests that four to ten indicators wouldice for most types of companies. Pannell
and Glenn (2000) emphasise that the benefits ofitoromg a set of indicators must far
exceed the costs. Cai al (2009) indicates that one of the major challerfgesnanagers in
supply chain management is how to determine thativel importance of performance
indicators. This is echoed by Neely (2005) whoestghat there are only a few systematic
methods for prioritising indicators. Some notalmel$ that have been used to weigh-up the
importance of indicators in supply chains include Analytical Hierarchy Process approach
(Liberatore and Miller, 1998; Huaet al, 2004) and grey relational analysis (Kung and Wen
2007). The Analytical Hierarchy Process has betitised for being subjective (Tiryaki and
Ahlatcioglu, 2009; Ozcaret al, 2011), while the grey relational analysis hasrbfound to

be unsuitable for use in a dynamic supply chainrenment (Cacet al., 2008).

4.2 Root Cause Analyses

Paradies and Busch (1988) define a root cause @C)the most basic cause that can
reasonably be identified and that management hatsotdo fix”. Several definitions of root
cause analysis (RCA) can be found in the literatarg Paradies and Busch, 1988; Reid and
Smyth-Renshaw, 2012; Simnet al, 2012). Slight variations in definitions existtiveen
different authors and disciplines. Similarly to icator analyses, RCAs are widely used in
commercial and non-commercial organisations, sushthe consumer product industry
(Kumar and Schmitz, 2011), healthcare (Woloshyndwstcal, 2005; Ubericet al, 2007,
ledemaet al, 2008; Nicoloniet al, 2011; Simmset al, 2012), computer network security
(Al-Mamory and Zang, 2009) and high risk industrsegh as nuclear power plants (Paradies
and Busch, 1988). For example, Paradies and Buk288] used RCA to evaluate safety
issues at a nuclear power reactor. Kumar and Szh@11) used RCA to identify the root
causes of recalls of a consumer product. Murugeiadl (2010) used RCA to eliminate the
problem of scrap loss in a lean manufacturing itrgu$Voloshynowyctet al (2005), Uberio

et al (2007), ledemat al (2008), Nicoloniet al (2011) and Simmet al (2012) used RCA
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to investigate various events in healthcare. Jalystval. (2011) developed a RCA approach
for assessing the sustainability of energy producprocesses. The popularity of RCA is
based on the conviction that the best way to salpeoblem is by eliminating its root causes
(Dogget, 2005; Reid and Smyth-Renshaw, 2012) rdtteer addressing the symptoms of the
problem.

Root cause analysis can be used in either reaotiygroactive modes. The former mode
identifies the underlying root causes of a problbat has already occurred (Jayswalal,
2011). The aim is either to solve the problem ord&velop mechanisms to prevent the
recurrence of the problem. The latter mode idestifpotential root causes of problems that
may take place in a system with the aim of develpgrevention strategies (Uberet al,
2007).

Several RCA tools are used to carry out RCAs, sisctihe Pareto charts (Jayswaal, 2005;
Murugaiahet al, 2010), the 5 Whys (Murugaiadt al, 2010) cause-and-effect diagrams,
interrelationship diagrams and the current redfiég (Doggeet al, 2005). It is reported by
Woloshynowychet al (2005) that there are more than 40 tools thatuaesl for root cause
analyses. Dogget (2005) argues that cause-and-dffegram CED, interrelationship diagram
ID and the current reality tree CRT are the mofgotive and popular RCA tools. A head-to-
head comparison of the CED, ID and CRT (Dogget52@@dicates that the CRT is superior
to the CED and ID. The comparison also revealedrtetable disadvantages of the CRiz

(a) more time is required to do a RCA using the GRd (b) the CRT is difficult to construct.

4.3 Summary

This short chapter has shown two prerequisite requents for the effective management of
systems. The first requirement is the need to naotisly monitor the performance of a
system relative to its goals. The second requirénsetie need to identify the root causes of
problems in a system. The former requirement iseaell using the indicator analysis, while
root cause analysis is used to achieve the |&ttes. review has shown that the tools that are
used for carrying out indicator and root cause ya®a in systems have some limitations and
that there is scope to further enhance their céipabiand efficiency. The tools that have

been discussed in this chapter can only be useshry out either root cause analysis or
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indicator analysis, but not both. Most of the todts not provide systematic methods for
prioritising root cause and indicator factors. Rarf most of the tools use manual methods
and are dependent on group work. The foregoingudgons suggest that there is a scope to

improve the effectiveness and objectivity of systeanalyses tools.
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5. DESCRIPTIONS OF THE SUGARCANE MILLING AREAS OF
THIS STUDY

A sugarcane milling area is described in this staslypeing made up of a sugar mill and the
sugarcane growing areas that supplies cane to itheThre network analysis approaches that
were developed in this study were tested in fogastane milling areas in South Africaz.

(1) Eston, (2) Felixton, (3) Komati and (4) UmfoloZ his represents four ISSPSs. This
chapter provides a description of these millingaaréAlthough every milling area is unique

and can be discussed in great detail, this chaites to briefly introduce each milling area

and discuss the main factors and issues in eaeh Hris important to note that these four
sugarcane milling areas were selected becauseiofrétatively diverse configurations, such

as different business models, management stylese ¢ operation, location and climatic

factors. Figure 5.1 shows the locations of the feugarcane milling areas and Table 5.1

reflects some of the statistics associated with eaid.

Figure 5.1 Locations of the four sugarcane milmgas used in this study (after the South

African Sugar Association, 2012)
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Table 5.1 Average mill performance variables oter2007-2008, 2008-2009, 2009-2010
milling seasons for Eston, Felixton, Komati and Qhoti (after Davis and Achary, 2008;
Daviset al, 2009, Smitlet al, 2010)

Mill Name
Performance Variable Eston Felixton | Komati Umfolozi
Cane crushed (tonnes) 1319851  1741p72 2307288 02482
Length of milling season (weeks) 38 B1 38 36
Overall time efficiency (%) 85.27 71.33 79.14 74]78
Scheduled stops (% gross available time) 4.34 B.23 2.53 2.62
Lack of cane (% gross available time) 6.89 14.19 947. 12.08
Other stops (% gross available time) 259 5.94 9.23 953
Foreign matter (% gross available time) 0/90 0.30 151 0.98
Lost time (% available crush time) 2.94 7.70 10142 11.31
Forced majeure stops (hours) 15/90 11.33 438.53 6018.
Sucrose % cane 14.18 13.08 14.1% 13.11
Pol % cane 14.12 13.06 14.06 13.04
Fibre % cane 14.34 15.08 13.61 14.44
Brix % cane 16.36 15.79 16.6% 15.51
Ash % cane 241 1.92 1.1% 241
Estimated recoverable crystal (ERC) % cane 12.39 .021 12.20 11.23
ERC % sucrose in cane 87.38 8424 8G.26 85.66
Recoverable value % cane 13.05 11(74 12.91 11.90
Modified Estimated recoverable crystal % cane 12.58 11.05 12.33 11.37

51 The Description of the Eston Sugarcane Millind\rea

Eston is the Southernmost and highest altitude suliveyed in this study. The Eston
sugarcane milling area is located in the midlarfdb® KwaZulu-Natal Province. The milling
area consists of the Eston mill (Figure 5.2) andastane growing areas that extend to a
radius of 50 km from the mill. The Eston mill wasnemissioned in the mid-nineties after
most of the equipment at the coastal Illovo mibth of Durban, was relocated to Eston. It is
the newest sugar mill in the KwaZulu-Natal Provind&e mill is owned by lllovo Sugar
Limited. The annual sugarcane crushing capacityhef mill is about 1.3 million tonnes.
Annual reviews of the milling season in southermi@sf (Davis and Achary, 2008; Dawt

al., 2009, Smitret al, 2010) indicate that the Eston mill had an aversggarcane crushing
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rate of about 1.3 million tonnes per season betvi2®&7/2008 to 2009/2010 milling seasons
(see Table 5.1). This shows that the Eston milvédl supplied with sugarcane. The mill
keeps a relatively small stockpile of sugarcandatsnyard, but prolonged disruptions in

sugarcane supply often result in a no-cane mip.sto

Figure 5.2 A photograph of the Eston sugar millui®e: Panoramio, 2012)

The Eston sugarcane milling area is relatively with an average annual rainfall of about
800 mm. The area is cold in the winter and sometigwperiences severe frost. Sugarcane
yields can be significantly reduced by frost coiodis. This is because the growers are forced
to harvest frost damaged sugarcane before it taised full maturity. On the other hand, the
cool weather is responsible for relatively highcpapurity (>85 %). Summers are misty and
cloudy. The sugarcane growing areas, particulany midlands, sometimes experience
excessive wet conditions during the harvest seddun.results in a high percentage of soil in
the sugarcane that is delivered to the Eston e high soil content directly or indirectly
causes certain problems at the Eston milt; (a) high incidences of diffuser flooding, (b)
more diffuser residence time, (c) slow diffuseotighput and (d) more wear of hammers and
shredders. Wet conditions can also inhibit the imgrof sugarcane for harvesting. The area
sometimes experiences windy conditions. Windy comas also inhibit burning prior to
harvesting. The following problems are experienaedhe mill when sugarcane cannot be
harvested due to wet and/or windy conditions; @)cane mill stops, (b) high cane supply

variability, (c) lower cane supply reliability, (digh crush rate variability and (e) reduced
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throughput of the mill. Cane growers may burn laageas of sugarcane when conditions are
favourable and leave it standing in the field iadi@ess for harvesting. This practice increases

the burn, harvest to crush delay (BHTCD) which ltssn deterioration of the sugarcane.

Sugarcane is predominantly grown under rain fedditimms in the Eston milling area.
However, a small amount of sugarcane is irrigaldgk mean sugarcane yield in the milling
area is about 60 t.Ha Cane is predominantly supplied to the Eston tmjil commercial
growers. The milling company also grows a small amoof cane on a nearby estate.
Sugarcane is normally harvested at an age of 24hwoihe prolonged cropping cycles make
the sugarcane stem borEtdana saccharinaa potential threat. This is because the sugarcane
stem borer mainly attacks old sugarcane partigulanider stress conditions. However, the
stem borer is not a currently widespread problerthenmilling area. Sugarcane is harvested
manually. The area sometimes faces serious ladoantages for harvesting cane. This is
claimed to be due to the availability of alternatand higher paying job opportunities in the
nearby cities, especially in the construction indusCane is transported to the mill solely by
road using a combination of large and small truekg tractors. The average haul distance is
approximately 22 km. The three largest sugarcandigna deliver about 30 % of the total
cane crushed at the mill. There is a significanmber of small hauliers who deliver
sugarcane to the mill. Sugarcane is sometimes tdivdo other lllovo owned mills (Sezela
and Noodsberg) on orders from management. Thistipeasometimes creates logistical

problems.

5.2  The Description of the Felixton Sugarcane Milig Area

The Felixton sugarcane milling area is locatedh@nfar North Coast of the KwaZulu-Natal
Province. The sugarcane milling area consists ef Relixton mill (see Figure 5.3) and
sugarcane growing areas extending as far westmkrhzand 210 km to the north of the mill.
The mill as it stands today was commissioned in rthé-eighties. The mill is owned by
Tongaat Hulett Limited. The mill has an estimatagascane crushing capacity of 3.3 million
tonnes per annum. Annual reviews of the millingsseain southern Africa (Davis and
Achary, 2008; Daviset al, 2009, Smithet al, 2010) indicate that the Felixton mill had an
average sugarcane crushing rate of 1.7 millioneésrper milling season between 2007/2008
to 2009/2010 milling seasons (see Table 5.1). Thieisrtherefore under supplied with cane.
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The mill has two independent lines. Inversion isignificant problem in the diffusers. The

area is also rocky, which causes problems whersrack delivered with the cane. The mill is
equipped with a rock removal system. The mill keeperge stockpile of cane in its yard. The
mill can therefore withstand relatively large fluations in cane supply. Felixton sells some
of its fibre (bagasse) to other industries.

Figure 5.3 A photograph of the Felixton sugar rgi®lburce: C.N. Bezuidenhout, 2011)

The Felixton sugarcane milling area receives atively high amount of rainfall of
approximately 1000 mm per annum. The milling asedumid in the summer. Sugarcane is
grown either under irrigation or rain fed condisonvith about 40 — 50 % of the area under
irrigation. The mean sugarcane yield at Felixto®@st.ha". All the sugarcane is grown by
independent growers, of which many are small sgedevers. Sugarcane is harvested at an
average age of 12 to 15 months. On average thethahes delivered to the mill during the
beginning of the season is older, while that de#detowards the end of the season is
younger. Cane lodging and infestations by pestgeaslly by the eldana are significant
problems in the area, especially towards the erthemilling season and in carry-over cane
in the next milling season. Although the ideal lesting age is 15 months, cane is harvested
early to avoid sever&ldana saccharinaincidences. Most of the sugarcane is harvested

manually. Harvesting is done by cane cutters wieceanployed by the growers. The Felixton
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milling area does not experience severe labourtapes for harvesting cane compared to
Eston. This is the case even-though Felixton iatkxt close to the Richards Bay/Empangeni
industrial area. Sugarcane is transported to thixtéie mill using both road and railway

transport modes. Logistically, the railway trangmystem is claimed to be less efficient but
cost effective from where it sources the cane. l@nrbad, a combination of large and small
trucks is used. The haul distance is excessivecantprise one of the longest distances in
South Africa, if not in the world. Haul distancefsup to 210 km exist and often cane travels
past other sugar mills on the way to Felixton.Tiisnainly due to the fact that the Felixton

mill is severely under-supplied and the milling quany is willing to subsidise transport in

order to secure cane supply. The top three biggesrcane hauliers deliver between 50 — 60

% of the sugarcane to the Felixton mill.

5.3  The Description of the Komati Sugarcane MillingArea

The Komati sugarcane milling area is situated inumMplanga Province and is the most
northern milling area in this study. The Komatiln(gee Figure 5.4) was commissioned in the
mid-nineties. The mill is currently the most sopicsted in South Africa. The mill is new,
well managed and experiences few operational pnodbldhe mill is owned by TSB Sugar

Company.

Figure 5.4 A photograph of the Komati sugar mibb&e: Panoramio, 2012)

The annual sugarcane crushing capacity for the Kiom#l is 2.6 million tonnes. Annual
reviews of the milling season in southern Africaaid and Achary, 2008; Davet al.,, 2009,
Smithet al, 2010) indicate that the mill crushed an averea®ge crop of 2.3 million tonnes
per milling season between 2007/2008 to 2009/201linghseasons (see Table 5.1). This
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mill is therefore slightly undersupplied with cafiéhe mill does not have a sugarcane yard
and does not stockpile any cane on site (Olwag@Q 2T his can be a problem when there are
disruptions in the cane supply. The Komati sugaaaiiling area is generally dry with cool
winters. The area receives an average rainfalB6fram per annum. All the sugarcane in the
area is grown under irrigation. Water scarcity dgrdroughts can significantly reduce cane
yields. The average cane vyield is 78 th@ihe TSB Sugar Company grows their own cane
and there are other relatively large private estate well. Cane lodging is a significant
problem in the area because of the high yieldsafage is prone to flowering due to the
climate of the area, which results in a high fipercentage and hence reduced cane quality.
Sugarcane is harvested manually by contractors atvarage age of 12 months. Labour for
cane harvesting is readily available in the areagé trucks are used to transport sugarcane
directly to the mill. This causes significant sddmage to cane fields. The average haulage
distance is generally short. The top three biggegarcane hauliers deliver approximately 60
% of cane to the mill. TSB owns a large fleet ofjaecane hauling trucks. This sometimes

creates logistical problems in cane supply pariduylduring shift changes of truck drivers.

5.4  The Description of the Umfolozi Sugarcane Millig Area

Umfolozi sugarcane milling area is located southLake St Lucia on the North coast of
KwaZulu-Natal Province. The milling area consisfstlee Umfolozi mill (Figure 5.5) and
surrounding sugarcane growing areas. The mill & @nthe oldest in the SA sugar industry
and has changed ownership several times. Duringrtfeeof the survey, the mill was prone to
breakdowns. The mill is owned by the Umfolozi Sulyéii (PTY) Limited. Cane growers
have a significant shareholding in the mill. Thellrhas a cane crushing capacity of 1.1
million tonnes per annum and it is relatively fuBypplied. Annual reviews of the milling
season in southern Africa (Davis and Achary, 20D8yis et al, 2009, Smithet al, 2010)
indicate that the mill had an average sugarcangharg rate of slightly more than 1 million
tonnes per season between 2007/2008 to 2009/20lAgnsieasons (see Table 5.1). The mill
keeps a relatively small stockpile of cane in iggdyand can experience problems with high
fibre content cane. The milling area is generalgt thhroughout the year. Summers are humid
and rainfall ranges from 700 mm in the irrigategl drgions to 1100 mm over the Umfolozi

flood plains. About 30 % of the sugarcane is grawmder irrigation. Sugarcane is grown by a
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combination of private estate type large and smeedlle growers. Some of the sugarcane
growers are third to fourth generation growers.eéhmajor shareholders of the Umfolozi mill
grow a substantial amount of sugarcane. Most oktlgarcane (about 70 %) is grown on the
flood plains of the Umfolozi river (Culverwell, 199 Sugarcane is first burned and then
harvested manually at an average age of 12 monheswet conditions on the flood plains
can result in low sugarcane burning efficiency artdgh percentage of trash in the sugarcane
is a significant problem at the mill. The soils dense and silty and may render harvesting of
sugarcane impossible during wet conditions. Theagee sugarcane yield at the Umfolozi
sugarcane milling area is 66 thaCane harvesting is done by manual labour who are
employed by the farmers themselves. Labour fordsimg is readily available. Most of the
sugarcane (70 %) is transported to the mill byamtvay system that operates on the flood
plains. The rest is transported by road. The raaddge distance is relatively long stretching
from Empangeni in the south to Mkuzi in the nottifield damage is relatively small on the
Umfolozi flood plains because of the use of snralit carriages.

Figure 5.5 A photograph of the Umfolozi sugar rfiburce: alltravels, 2012)
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6. DEVELOPMENT AND TESTING OF NETWORK THEORY
APPROACHES

This chapter contains a description of (a) the @sees that were followed to develop the
network theory approaches on which these analysedased, and (b) the procedures that
were followed to test these approaches on fourrsaga milling areas. The rationale behind
the use of the processes and procedures is provideEke approaches consist of three
analytical toolsyiz. (1) primary influence vertex analysis, (2) indaravertex analysis and

(3) root cause vertex analysis.

6.1 Development of a Generic Network for Integratedsugarcane Supply and

Processing Systems

A generic network is described in this study ag@vork that incorporates all the factors and
the relationships that may possibly exist in thetem that the network represents. Similarly, a
generic cause-and-effect network for ISSPSs isaark that incorporates all the factors and
the cause-and-effect relationships that may posskist in any ISSPSIi.é. a sugarcane
milling area). Such being the case, a sugarcanegidrea network would typically be a sub
network of the generic ISSPSs network. This is bseaot all the factors and the cause-and-
effect relationships in the generic ISSPSs netwookild be present in one specific milling
area. A generic cause-and-effect network for ISSE&8s also be viewed from the TOC
perspective as a network that incorporates alptigsible CRTs that may exist in a sugarcane

milling area at any given time.

The factors that negatively affect the performanicESSPSs€.g drought, pests, absenteeism
of workers, skills shortage, aged equipment and ¢toush rate of sugarcane mills) were
collated and their cause-and-effect relationshigsewestablished. This was done by using
information that was obtained from the literaturel after consultations with experts in the
SA sugar industry. The factors that were coverdtiisistudy were limited to those that affect
the following sectors of the sugar industry; (19 gfroduction of sugarcane, (2) the harvesting
of sugarcane, (3) the transportation of sugarcameilts, and (4) the processing of sugarcane

up to the raw sugar stage. The production of ragaswas chosen as the terminating point
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because of the following reasons; (1) raw sugaiakgically a relatively stable product that
is produced by all sugar mills in South Africa af&) the study focused on assessing the
biophysical drivers of the system, rather than rearklated drivers, which become part of the
system once raw sugar has been produced. Thedaatdrtheir cause-and-effect relationships
were used to construct a generic network for IS§BE6simply called the generic network).
The factors were represented by vertices and theeeand-effect relationships between these
factors were represented by arcs. The Pajek netevaakysis software tool (de No@y al,
2005) was used to construct the generic network. Stiitware was also used to construct the
other networks in this study. Wherever deemed macgsthe Kamada-Kawai algorithm in
the Pajek software was used to energise the networikacilitate their visualisation. It is
important to note that the generic network onlye@s on problems and problematic cause-
and-effect relationships. Figure 6.1 depicts thendda-Kawai energised generic network that
was constructed in this study. The network has\&t@ices and 643 arcs. Vertex labels have

been deliberately hidden from the network for ¢iari
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Figure 6.1 A generic cause-and-effect network itegrated sugarcane supply and processing

systems at a mill area scale

It can be deduced from the network that it may b#cdlt to analyse a complex system

without the aid of suitable analytical tools. Thesain the network have a weight of one,
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which is the default value. The basic statisticabperties of the generic network are
summarised in Table 6.1. The numbers of sourcesarkdvertices in the network are 103 and

43, respectively.

Table 6.1 Basic statistical properties of the genastwork

Name of network property Value of network property
Number of vertices 340
Number of arcs 643
Degree 1286
Average degree 4
Maximum degree 22
Minimum degree 1
Out-degree 643
Average out-degree 2
Maximum out-degree 18
Minimum out-degree 0
In-degree 643
Average in-degree 2
Maximum in-degree 15
Minimum in-degree 0

Populating Data for the Sugarcane Milling AreasNetworks

Interviews were conducted in 2010 and 2011 withresgntative stakeholders at the Eston,
Felixton, Komati and Umfolozi sugarcane milling aseThese interviews were not conducted
by the author as was explained in Section 1.Z #cknowledged that other techniques, such
as stakeholder workshops could also have been g for eliciting information from
stakeholders. However, information gathering teghes fall outside the scope of this study
and the expertise of the author. Future researcduldhaddress the issues involving
information gathering techniques. It must be mergw here that the four mills were studied
individually, one at a time. The stakeholders whareninterviewed included a representative
range of sugarcane growers, hauliers, millers amdice providers, such as extension and
grower support services personnel. The generic argtfsee Section 6.1) was used as a
blueprint during the interviews. Interviewees wgn@mpted to name a few problematic
factors in the milling area from their perspectiaad to weigh-up the cause-and-effect
relationships between the factors depending orséverity of the relationships between the
factors. A scale of 1 to 10 was used to weigh-gpdéwse-and-effect relationships. Table 6.2
contains a qualitative description of the scalés Hcknowledged that the method of assigning
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weights to the cause-and-effect relationships gestive and that the values probably need
further validation. Empirical values, such as clatien coefficients between measured parts
of the system may provide more objective weightghef relationships among the factors.
However, the aim of this study was to develop tlegmbstic network analyses techniques
and not necessarily to come up with the most datseei network or data gathering method
for each milling area. It is hoped that future sesl will address these issues in more detail.

Table 6.2 The scale that was used for assigninghieto arcs in sugarcane milling areas’

networks

Arc weight Meaning of weight
Default
Small impact
Identifiable impact
Mild impact
Established
Significant
Quite significant
Severe impact
Very severe
Critical/most severe

C'—D‘cooo\lovm.hool\np

Custom written software was used to automaticatigoiporate the weights that were
provided by the different stakeholders into theeggennetwork culminating in the production
of a specific milling area network. If more thaneostakeholder assigned a weight to a
specific arc, then the highest weight assigneditara among all the stakeholders was used in
the final milling area network. The author acknadges that other methods, such as average
or weighted average, could also have been useddsigning the weights to the arcs.
However, it was found out that this method was rin@st practical way to come up with
weighted cause-and-effect networks for the milliaggas. The method allowed for the
modelling of the worst possible cause-and-effeleti@ships between factors. To assist with
further explanations of the methodology, the Undolsugarcane milling area network is
shown in Figure 6.2 after the weights of the staka#drs were incorporated. The names of the
factors have been deliberately hidden for the tglaof the network. Unlike the generic
network in Figure 6.1, where all the arcs had agimeof one, the Umfolozi sugarcane milling
area network has some arcs with weights of mora three. The weights of the arcs are

reflected by their respective thicknesses.
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The factors that were provided by the stakeholdarsg the interviews (see Section 6.2) can
be viewed from the TOC perspective as the UDE&ensugarcane milling areas. Similarly,
the cause-and-effect relationships that were welgheby the stakeholders can be considered
as the initial causal connections between UDEs @eetion 3.2.2). Thus, stakeholder
interviews effectively mimic the first two stepsathare followed when constructing a CRT;
viz. (a) coming up with a list of UDEs, and (b) esisitihg cause-and-effect connections
between the UDEs. However, this method has two radgas over the traditional method of
constructing a CRTyiz. (1) it is computerised and (2) no further stakdéis involvement in

CRT construction is required.

Figure 6.2 The Kamada-Kawai energised Umfolozi steyge milling area network after

weights of arcs were adjusted based on stakehivipets

6.3 Identification of the Factors Perceived to Nedavely Affect the Performance of

the Sugarcane Milling Areas

The factors that were perceived by stakeholdensetmatively affect the performance of the

four sugarcane milling areas and their cause-afettefelationships were isolated from the
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milling areas’ networks using the following two jg¢e Firstly, all the arcs that had a weight of
one were removed from the milling areas’ netwoiKsis resulted in the creation of milling
areas’ sub networks whose arcs had a weight odaast ltwo. Secondly, all the vertices that
had a degree of zero were removed from the subank$wThe final sub networks consisted
of only those factors that were provided by the&ket@alders during the interviews and the
cause-and-effect relationships that the stakeh®Merghed-up.

6.3 Primary Influence Vertices

Primary influencePl is a statistical property of a vertex that wascepmlly devised for this
study to measure the power or authority that aexehias over other vertices in a weighted
directed network. It is acknowledged that thereadher statistics that are used to measure the
power of vertices in networks, such as degree akiytr as explained in Section 2.1.4.
Primary influence counts the number of verticea metwork over which a given vertgxhas
power, or authority. A vertey; has a power over other vertices; [G(v)], if and only if all

the highest weighted incoming arcswodriginate fromv;, or from another vertex over which

vi has power. Alternatively, it can be said that desehas power over other vertices when the
following four criteria are met: The four criterdae illustrated using Figure 6.3. The numbers

inside the vertices and on the arcs are vertex eusramd arc weights, respectively.

1. If there is only one arc that terminates into aeneer vertex, the sender vertex has
primary influence over the receiver vertex. For rapie (see Figure 6.3), one arc
(Vsvi2) terminates intav;o. Thereforevs has primary influence over..

2. If there are more than one arcs that terminate anteceiver vertex, then the sender
vertex of the arc with the highest weight has primmfluence over the receiver
vertex. Arcs fromvy, Vo andvs in Figure 6.3 terminate inte,. The respective weights
of the arcs are five, three and seven. In this eakas primary influence ove.

3. If v andv; are among the sender vertices of arcs that teteninto v wherew(viv) =
w(Vvivi), andviv andvivi have highest weights than the rest of the ardsténminate
into vi, then neithew; norv; has primary influence ovex. However, ifv; has primary
influence ovew;, thenv; will inherit primary influence over, as well. For example
(see Figure 6.3), vertexo receives arcs frondgg andvg. The two arcs have the same
weight and, hence, neithey norvg has primary influence oveso. However, vertexy

receives arcs frong andvy; with similar weights. Vertex;; has a primary influence
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overvg, and hence;; has primary influence over, as well, whilevs has no primary
influence over vertex;.

4. If v; has primary influence ovef andv; has primary influence ove, thenv; has
primary influence ovev,. For example (see Figure 6\3)has primary influence over
v4 andvy, has primary influence oves. Vertexvs in turn has primary influence over

vi2. Thereforevs has primary influence oves, vs andvi..

Figure 6.3 A network for illustrating the primamfiuence criteria

The primary influence vertex concept has its basishe TOC and network theory. The
Theory of Constraints indicates that a constrasnthie lowest performing component in a
system (see Chapter 3). If the TOC philosophy i®mded to an individual vertex in a
weighted cause-and-effect network, then the vdtakis sending the highest weighted arc to
vi would be the constraint to the performance&;oAlso, according to the TOC philosophy, if
two verticesv; andv; are among the sender vertices of arcs that teteniméo v, where
w(vivi) = W(Vviv), andvivi andvyvi have the highest weights compared to the othesr tuat
terminate intos, then neither; norv; would be the constraint to the performanceqofThis
would be so because by solving eitheor v;, the performance ofi would still remain the

same. Criterion number 4 is based on the concéjpeath” (see Section 4.1.5), which allows
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a vertex to extend its primary influence beyondfitst out-neighbour via heavily weighted

pathways.

The number of vertices over which a verigdhas a primary influence is called its primary
influence indexJpi(v}). The primary influence indices of the verticeghe network in Figure
6.3 are shown in Table 6.3. Custom written softmamses used to compute the primary

influence indices of the vertices.

Table 6.3 Primary influence indices for the netwirlEigure 6.3

Name of vertex Primary influence index
Vi
Vo
V3
\Z!
N
Ve
V7
Vg
Vo
Vig
V11
V12

ONO|O|O|0O |0 (NWw|IO|O

Four verticesvs, Vs, Vs andvy; have primary influence indices of at least onejlevthe
remainder have primary influence indices of zerbe Vertices that have primary influence
indices of at least one are called primary inflleeertices. Conversely, the vertices that have
primary influence indices of zero are called nomarry influence vertices. Primary influence
vertices of a network represent the driver factorthe system that the network represents.
The average primary influendg, for a network is calculated in this study as thetagnt of
the sum of all thdp(v)) in a network and the number of primary influeriaetors in the
network. It must be mentioned thia is calculated like this for practical reasons. Tinenber

of non-primary influence vertices.€. the vertices whosk, = 0) in a network can be large.
Thus, alp, that is calculated as the quotient of the sumllaha Ip (V) in a network and the
number of factors in the network could be too srilbe of significance for further analyses

(see Equation 6.1 in Section 6.5) Tlagvalue for the network in Figure 6.3 is two.

The primary influence concept can be used for adiagny problems in complex systems and

for devising strategies for improving the performamf such systems. The primary influence
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was specifically devised to address two phenomleatagenerally occur in complex systems.
The first phenomenon is multiple causalities. Tpenomenon occurs when a factor has
more than one cause. Examples of multiple causslitan readily be found in ISSPSs. For
example, under loading, aged equipment and leseptative maintenance may be some of
the causes of low transport efficiency. Howevemdy be difficult to determine which of the
factors drives low transport efficiency.

The second phenomenon that can be addressed B ttancept is the knock-on effect (or
ripple effect) of a causal factor. A vertex dirgaffects its1® out-neighbours. Additionally, a
vertex may indirectly affect higher order out-ndighrs €.g 2", 3, ...,n" through a series
of paths P,). Some vertices affect large parts of a netwokk heavily weighted pathways.
An example of knock-on effect in ISSPSs is a floBldbods may directly or indirectly cause
many problems in an ISSPS, such as the lodgingigdrsane, an increase in the percentage
of soil in sugarcane, road damage, low transpditieficy, low availability of sugarcane at

mills and low sugarcane quality.

The primary influence concept can be used to ifletiie factors on which interventions
aimed at improving the performance of the systeaukhbe targeted. The primary influence
concept may offer a method for identifying impottéerctors in complex systems and a way
for developing techniques that can be used to iigetite factors on which interventions
aimed at improving the performance of systems rhastargeted. This is well aligned with
the TOC philosophy.

6.4 Primary Influence Vertex Analysis

Primary influence vertex analysis was carried onttbe four sugarcane milling areas’
networks to calculate the relative importance etdes as the drivers of poor performance in
the respective areas. The analysis was carriedsmg the following procedure:

Step 1 The arcs with weights of one (default value) weeenoved from a milling area
network. This resulted in a sub network with ameights ranging from two to ten. This was
done to prevent non weighted arcs from having #oance on the results of the analyses. It
should be noted that this step only applies to agksvthat have been developed from a

generic perspective.
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Step 2 Primary influence indices were calculated forth# vertices in the sub network based
on the criteria outlined in Section 6.3. Customtten software (see Section 6.3) was used to
calculate the primary influence indices of the ioed.

Step 3 The results from the calculations were used toegae a primary influence network

and a primary influence report for a milling area.

As an illustration, the Felixton primary influenoeport is shown in Table 6.4. The primary
influence factors have been arranged in a descgratisher of magnitude based on thigir
values. Figure 6.4 is a Kamada-Kawai energised gsgnmfluence network for the Felixton
sugarcane milling area. The names of the primaftyence factors and their respectiie
have been deliberately hidden for the clarity &f ttetwork. The sizes of the vertices in the

network (also known as the vector of the gr&heflect on thdp, of the factors.

Table 6.4 Primary influence report for the Felixgugarcane milling area

1. Cihypajek'yprimary influence.vec (340)
Dimension: 340
The Towest walue: 0. 0000
The highest value: 14,0000
Highest wvalues:
F.ank vertex value Id
1 53 14. 0000 Drought
2 g 3.0000 ¥Yield decrease
3 109 &.0000 More Toreign material
4 242 7 . 0000 Mill throughput Reduction
5 103 &. 0000 Lower sucrose %
& 4z 5. 0000 Lower cane quality
7 4 5. 0000 Longer queue
=] 155 4.0000 Longer cycle time
g Z55 4.0000 Low stacking efficiency
10 7 3.0000 Harvest efficiency reduction
11 z48 3.0000 Poor communication infrastructure
1z 45 3.0000 Transport efficiency reduction
13 253 2.0000 Phosphate shortage
14 247 Z.0000 Behind allocation
1S 106 2.0000 More lodging
15 a5 2. 0000 Poor communication
i7 45 2. 0000 Cane excess at end of season
158 =15 2. 0000 Heat
13 253 Z.0000 More diffuser residence time
Z0 250 1.0000 Increase in weekly crush rate
Z1 120 1.0000 More grower /miller conflict
22 2z 1.0000 More underloading
23 4% 1.0000 Cane depletion end of season
z4 172 1.0000 More inversion in diffuser
25 &0 1.0000 More deterjoration
d 153 1.0000 Poor clarification
27 280 1.0000 More pests and diseases
ZE &5 1.0000 Extended length of milling season
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N7

Figure 6.4 Primary influence network for the Fadixtsugarcane milling area

6.5 Indicator Vertices

The concept of an indicator vertex was specificdlyised in this study to identify vertices
that can provide information about the performaate system represented by a weighted
cause-and-effect network or that can be used tdigirthe performance of the system. It is
acknowledged that there are other methods thatised to identify indicators in systems,
such as the Balanced Score Cards, as explainegctio® 4.1. Indicator vertex measures the
ability of a vertex to provide information abouttperformance of a system represented by a
weighted cause-and-effect network or to predictpgbgormance of the system. This study
considers the most significant indicator vertexainetwork to be the one that is reachable at
short distances by many primary influence vertwéh higher than average, values, while
simultaneously not reachable by many non-primafiuémce vertices at short distances. An
indicator index k) was devised in this study for quantifying theestith of a vertex’s ability

to act as an indicator or proxy of a system repriesk by a weighted cause-and-effect
network. Consider a vertex that is reachable bgn vertices, wheran < n = M(G)|. The
indicator Index fown; 1,(v;) is calculated using Equation 6.1. Three obsemnatican be made

from Equation 6.1yiz. (1) a vertex has a highvalue if it is reached by a primary influence
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vertex with a higher than averalye value at a short distance, (2) a vertex is pep@liSit is
reached by a non-primary influence vertex at atstistance, and (3) a vertex is penalised if

it located at a longer distance from primary infloe vertices.

Ip1w)-Tp; | IP1wp)-Tpp _,_+1P1(Vn)—m (6.1)
L(v1v;) L(vov;) L(wnvy) '

L(v) =
Figure 6.5 is used to illustrate how theof vertices are calculated. Three sub networks of
hypothetical network with an assumpg of two are shown in Figure 6.5. The values inside
the vertices represent vertex numbers, while thwgsbke square brackets represkntof the

primary influence vertices.

3 (9) 27

A /'J"'-\ Pt

(2)(8] (8)10] 26) [16]

()10 718 25) [0]
(@) (b) (©)

Figure 6.5 Sub networks from a hypothetical networkllustrating indicator index

calculations

Consider verticess andvg in Figures 6.5(a) and 6.5(b), respectively. Vergis reached by
one primary influence vertex and one non-primafjuance vertex, and so do&s Each
primary influence vertex in the two sub networks b#p, that equals eight (see the numbers
in square brackets). Vertax is reached by the primary influence vertex andnibyie-primary
influence vertex at distances of one and two, resmdy. Converselyyy is reached by the
primary influence vertex and the non-primary influae vertex at distances of two and one,
respectively. Vertex; has anl(v3) = 5, whilel,(vg) = 1. Vertexvs has six index points for

being reached by the primary influence vertex angenalised by one index point for being
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reached by a non-primary influence vertex. Conugrsg has only three index points for
being reached by the primary influence vertex anpgenalised two points for being reached
by the non-primary influence vertex. Vertices and v, are both reached by one primary
influence vertex and one non-primary influence exerfThe primary influence vertices are all
located at distances of one framandv,;. The primary influence vertex that reachgéas a

Ipr = 8, while the one that reaches has alp; = 16. Consequently(vs) = 5, whilel|(v27) =

13. Other statistics that are used to measurentiperiance of vertices, such as degree and
centrality, could also be used in Equation 6.1eadtoflp, but this falls outside the scope of

this study.

The technique of rewarding and penalising verticased on the relative distances of the
primary and non-primary influence vertices thatcreghem is consistent with an important
assumption on which the analyses of the shortesarttes between vertices in networks is
based (Opsatt al, 2010). The assumption has its roots in the pbpby of Simmel (1950).
The assumption states that information can berdgstdy intermediary vertices, such that the
higher the numbers of intermediary vertices. (the longer the distance between vertices),
then the higher are the chances that informationladvibe distorted before it reaches the target
vertex. Thus, a vertex is more likely to readilydaorrectly respond to signals from a vertex
that is located near it compared to a vertex th&dgated far away. A vertex that is reachable
by many non-primary influence vertices at relatyvehort distances may give a false signal
that something drastic may be taking place or ma&g place in a system represented by the
network. Thus, non-primary influence vertices maydonsidered as being synonymous to

sources ohoisein communication systems.

6.6 Indicator Vertex Analysis

Indicator vertex analysis was carried on the faigascane milling area networks to identify
the factors that could provide information about,poedict the overall performance of the
sugarcane milling areas represented by the netwdties analysis was carried out using the
following procedure:

Step 1 Using the in-neighbour facility in the Pajek sedre, the in-neighbours of every
vertex in a milling area network and the respectiistances of the in-neighbours from the

target vertex were identified.
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Step 2 The lp, of the in-neighbours, thé,; for the network and the distancesf the in-
neighbours from a target vertex were used to caleuthel, values for each vertex using
Equation 6.1 in Section 6.5. Microsoft Excel spresitbets were used to facilitate the
calculations.

Step 3 The vertices were ranked in a descending ordenagnitude according to theliy

values. The vertices that had higheralues were considered to be stronger indicatdices.

6.7 Root Cause Vertices

A root cause (RC) vertex is a vertex that is ahator of a causal chain of events that affects
the performance of a system or component(s) ofsifstem represented by a network. A
hypothetical cause-and-effect set of problematiené in a sugarcane hauling truck is

illustrated in Figure 6.6.

Vs
(

|

\,

Truck cannot start

The battery is dead
) Alternator is not functioning

Alternator is past its physical life

I
]

) The truck is not being maintained

Figure 6.6 A network depicting the causal pathwithe failure of a sugarcane haulage truck

to start

In this illustration the lack of truck maintenarzauses the failure of the truck to start through
three intermediary problems. The failure can bevgmeéed by addressing any of the
intermediary problems, such as replacing the dedtbdy or the alternator. However, those
solutions are less likely to provide a long ternfuson. It is apparent that the failure of the
truck to start and the three intermediary problesms all caused by the lack of truck
maintenance. Truck maintenance is therefore thé caose of the problem. Although this
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example may appear simple, these problems are eamylen many vertices are connected
via many arcs. This simple analysis bears one itapbresemblance to the CRT technique
for identifying root causes of problems in systeifise root cause of problems in a system is
typically located at the bottom of the CRT (seetf®ac3.2.2), just like is the case in this

simple analysis. It may therefore be argued thatdburce vertices of a cause-and-effect
network are the root causes of problems in theegyshat the network represents. It can also
be argued that the source vertices of a generisecand-effect network represent all the

possible root causes of problems that may exigtarsystem that the network represents.

It is hypothesized in this study that a strong R@ex in a weighted cause-and-effect network
is a source vertex that reaches most primary inflaevertices with higle, within relatively
short distances. A statistic called the root camsiex Irc was devised in this study for
guantifying the root cause characteristics for seurertices in a weighted cause-and-effect
network. For this study, the root cause index aferev; Irc(V;) is calculated as the sum of the
quotients of the primary influence index of eachmary influence vertex reachable from
and the distance of the respective primary infleewnertex fromv; (see Equation 6.2). Other
statistics that are used to measure the importaineertices, such as degree and centrality can
also be used instead Igf, but this falls outside the scope of this study.

Inc(v)) = Ip;(v1) n Ipr(v2) 4ot Ipr(vy) (6.2)

l(vjvq) l(vivy) l(vivy)

Figure 6.7 is used to provide an illustration omvhbe Irc calculated, while Table 6.5 shows
the respectivérc for the source vertices in Figure 6.7. The sulvosk in Figure 6.7(a) has
three source verticas, v, andvs. Additionally, the sub network has oR¢& vertex {5) with a
Ip; of 10 (depicted by the number in square brackédjticesv,, v, andvs reach thePl vertex
at distances of one, one and two, respectivelytidéerv,;, andv, have equalgrc values
because they are located at the same distancetlfi®Rl vertex. In contrasty; has a lower
Irc value than eithev; or v, (see Table 6.5) because it is located further afn@ym thePI
vertex. Vertexv; is a source vertex in the sub network in Figui®l). Vertexv; reaches one
primary influence vertexvgs) at a distance of one — similar ¥ or v,. However,v; has a
higherlrc value than eithew; or v,. This is becauses has a highelp, value tharvs. Vertex
Vs reaches twd| verticesvys andvgs, each of which has la, value of 10. Vertexs in Figure

6.7(c) has drc value of 20. This is becausg reaches mor®l vertices than eithear; or v,.
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This technique of calculatinkkc for source vertices also takes into account tlseiraption
that information can be distorted by intermediagytices as was explained in Section 6.5.

1\ (25)[15) [10] (85) 4_5 [10]
/ 5)[10) \ /
@ \4 (6)
1)
(3) (©)
(a) (b)

Figure 6.7 Hypothetical sub networks for illustngtiroot cause indices’ calculations

Table 6.5 Root cause indices of the source verteegcted in Figure 6.7

Name of source vertex Root cause indicator index
V1 10
\/) 10
V3 5
Ve 20
V7 15

6.8 Root Cause Vertex Analysis

Root cause vertex analysis was carried out on dbe $ugarcane milling area networks to
identify the factors that were possibly the roaiszs of the problems in the sugarcane milling
areas represented by the networks. The root caersexvanalyses of the sugarcane milling
areas networks were carried out using the followararedures:

Step 1 The source vertices in a milling area network evietentified using a facility in the
Pajek software called in-neighbour analysis. (vertices with zero in-neighbours are the
source vertices). Microsoft Excel spread sheetewsed to facilitate the calculations.

Step 2 The primary influence vertices that were reachdb} every source vertex and their
respective distances from the source vertex weeatiited using a facility in the Pajek

software called out-neighbour analysis.
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Step 3 The Ip of primary influence vertices and the distancesth& primary influence
vertices from a source vertéxvere used in Equation 6.2 (see Section 6.7) wutatke thdgc
values for the source vertices.

Step 4 The source vertices that hagk values of more than zero were identified as the
possible root causes of the problems in the sugarcuailling areas represented by the
networks.

Step 5 The possible source vertices were ranked in aeheling order of magnitude of their
respectivelgc values. The source vertices with higHge values were considered to be

stronger root causes of the problems in the sugancalling area represented by the network.

6.9 Summary

This chapter has discussed the processes that fekoered to develop network theory
approaches for analysing complex systems. The ehdyats also discussed the steps to be
followed when analysing systems using the appraachike approaches provide a suite of
analytical tools with the capability to identifygHollowing in a system as part of one data set;
viz. (a) the driver factors of poor performance inyatsm, (b) the factors that can provide
information about the performance of a system ahdhg root causes of poor performance in
a system. A combination of these tools provideslal $asis from which complex systems
can be approached. The approaches also provideamsnois that address some of the
limitations associated with some of the well knoamd established systems analyses tools.
These approaches do not require systems’ stakebdlmendergo long periods of training in
order to master their use. Most of the steps tmataipproaches use are computerised. This
effectively eliminates the long and arduous taskmanually constructing cause-and-effect
diagrams as is the case with most systems andlyskss such as the TOC. The time required
to identify and solve of problems in systems isdigantly reduced. The application of the
approaches is less reliant on group work. This i@ty reduces human bias in problem
identification and solving processes. Additionathe approaches provide systematic methods
for prioritising factors in systems. It should beted that the types and ranks of the factors
obtained from the analyses reflect on the perfooeasf a system at the time of the study.
Such being the case, the tools are designed tedxin the fashion of the TOC’s FFS for the

continuous improvement of systems performance.
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7. RESULTS AND DISCUSSIONS

7.1 Basic Properties of the SA Sugarcane Milling Agas’ Networks

The basic statistical properties of the generic @redfour sugarcane milling areas’ networks
are shown in Table 7.1. Each of the four millingaes’ networks ha¥(G)| = 340 andA(G)| =
643. The Y(G)| and A(G)| values of the networks are equal because theg developed
from the same blueprint.€. the generic network). The weighted degree vdioiethe generic
network (Table 7.1) are equivalent to its degreliesa This is because all the arcs in the

generic network have a default weight of one.

Table 7.1 Basic statistical properties of the S@ftitan sugarcane milling areas’ networks

Network Name
Statistical Property Generic | Eston | Felixton | Komati | Umfolozi
Number of vertices 340 | 340 340 340 340
Number of arcs 643 | 643 643 643 643
Average weight of arcs 1.00 1.96 1.67 15 1.82
Total weighted degree 1286 2526 2152 1936 2336
Maximum weighted degree 22 102 122 74 65
Minimum weighted degree 1 1 1 1 1
Average weighted degree 4 7 6 6 7
Total weighted out-degree 643 1263 1076 968 1168
Maximum weighted out-degree 18 54 64 36 38
Minimum weighted out-degree 0 0 0 0 0
Average weighted out-degree 2 4 3 3 3
Total weighted in-degree 643 1263 1076 968 1168
Maximum weighted in-degree 15 70 58 55 50
Minimum weighted in-degree 0 0 0 0 0
Average weighted in-degree 2 4 3 3 3

The average weighted degrees are seven for the BetbUmfolozi networks and six for the
Felixton and Komati (see Table 7.1). Figure 7.1wshthat about 60 % of the vertices in the
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networks have weighted degrees of five or as depicted by the dotted I. It appears as if
the weighted degrees’ distributions in the netwagkkibit scale-freebehaviour. Albert and
Barabasi (2002) indicate thscale-freenetworks have few vertices withigh degrees, whil
the rest have low degrees. This behaviour is ctamisvith the findings fronseveral other
studiesof complex networks(e.g Barratet al, 2004; Barthélemyet al., 2005; Jeewski,
2005; Zanget al, 2010).The scale-freenature of thesgeighted networkmay support the
notionthat sugarcane production and processing systeensoanplex systen (e.g Lissonet

al., 2000).
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Figure 7.1The distribution of \eighted degrees in South African sugarcane milirgas’

networks

7.2 Properties of Mill-specificSub Networks

Figure 7.2 depicts the sutetworks ofthe four sugarcane milling areas’ networks. 1
vertices in the sub networks represent the factioas were perceived by stakeholders

negatively affect the performance of the four sagae milling areas, while the arcs repre:
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the causal relationships between the factors (segoB 6.3). The names of the factors have
deliberately been hidden in the sub networks farityl. The basic statistical properties of the
sub networks are shown in Table 7.2.

Q
)
N ! "’éﬁ
@)
(b) Felixton

(c) Komati (d) Umfolozi

Figure 7.2 Sub networks of the South African sugaecmilling areas’ networks

The numbers of vertices in the sub networks express a percentage of the vertices in the
generic network ranged from 20 % to 35%. The nusb®Er arcs in the sub networks
expressed as a percentage of the arcs in the gerawork ranged from 12 % to 23 %. This
indicates that the generic network incorporates emdactors and cause-and-effect
relationships than what would be present at ana@essugarcane milling area. It can therefore
be argued that the generic network is compreheremigh to be used as a blueprint for
developing ISSPSs networks in South Africa and reagien beyond.
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Table 7.2 Basic statistical properties of Southasin sugarcane milling areas’ sub networks

o Name of milling area sub network
Statistical property : : :
Eston Felixton Komati Umfolozi
Number of vertices 109 82 68 119
Number of arcs 150 91 75 112
Average degree 2.75 2.22 2.21 1.88
Average weight of arcs 5.13 5.76 5.33 5.67
Number of source vertices 40 16 16 26

7.3 Factors that Negatively Affect the Performancef the Sugarcane Milling Areas

This section discusses the factors that were pexddiy the stakeholders to negatively affect

the performance of four sugarcane milling aregSdunth Africa.

7.3.1 Type of factors that negatively affect the pformance of the milling areas

The number of factors that were perceived by stalkielns to negatively affect the
performance of the four milling areas ranged fro8nt® 119 (see Table 7.2). Umfolozi had
the highest number of factors followed by EstonilevKomati had the lowest. The variations
in the number of factors can be attributed to thkatively diverse configurations of the
milling areas. For example, Komati mill is new, ehthe Umfolozi mill is quite old. Based
on the ages of the two mills alone, it may be etguethat Umfolozi milling area would have
more factors that negatively affect its performati@e Komati. The foregoing argument does
not necessarily imply that the number of factorsceeed to negatively affect the

performance of a sugarcane milling area corresptmntie age of a mill.

7.3.2 Thematic areas of the factors in the millingreas

The common factors that were perceived by the btdkers to negatively affect the

performance in all the four milling areas can beugeed into eight thematic areas. Table 7.3
depicts the categorisation of the factors into ehteematic areas. Additionally, Table 7.3
shows the colour codes that were used to représerthematic areas. These codes will be
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used throughout the discussions unless statedvafieerlt is apparent from Table 7.3 that a
majority of factors fall under the cane transpartl supply themes. This may suggest that a
majority of factors that negatively affect sugareanilling areas relate to transport and supply
of cane to mills. It is also apparent that at |€8506 of the factors fall under three thematic
areas;viz. (1) cane production and harvesting, (2) canespart and supply and (3) cane
milling. Incidentally, the three thematic areas sttnte the core operations of a sugarcane
production and processing system. It can therdberargued that a majority of factors that
negatively affect the sugarcane milling areas aeectly related to sugarcane production and
processing. There are yet other factors that fatlen thematic areas that are not directly
related to sugarcane production and processingseltieematic areas include; cane quality,
economics, environment, labour and cross cuttisges. The presence of the other thematic
areas suggests that the SA sugarcane milling alea®t operate in isolation. The milling
areas are also affected by factors that are netttlyr related to sugarcane production and
processing.

Table 7.3 Thematic areas of the factors that negjgtaffect the performance of the South

African sugarcane milling areas

Percentage of factors
Thematic area Colour code
Eston Felixton Komati | Umfolozi

Cane production and harvesting 19 23 21 22
Cane transport and supply 22 27 25 28
Cane milling 17 15 21 18
Environment 6 5 6 7
Cane quality 8 12 16 12
Economics 12 4 1 7
Labour 10 2 3 4
Cross cutting 6 12 7 3

7.3.3 Common, shared and unique factors across tinlling areas

The factors that were perceived to negatively affiee performance of the sugarcane milling
areas can be categorised into thrée; (1) the factors that were common to all the four
milling areas, (2) the factors that were share@tigast two milling areas (3) the factors that
were unique to a milling area. The first, second #mrd categories are termed common,
shared and unique factors, respectively. Figuresiiddvs the categories of factors in the four

milling areas.
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Figure 7.3 Categories of factors that negativelgdafthe performance of the South African

sugarcane milling areas

It is evident from Figure 7.3 that 31 factors we@mmon to all the four milling areas.
Common and shared factors constitute more than &9 factors in the milling areas. This
suggests that a majority of factors that negatiadfect the performance of the sugarcane
milling areas are similar. This can be attributedhte following;viz. (a) most of the processes
in sugarcane production and processing are sirildr(b) the milling areas under study are
located in one country and are therefore subjetieshany similar conditions, such as the
same laws and cane payment system. Figure 7.3latses that there were 42, 15, 4 and 45
unique factors in the Eston, Felixton, Komati anehfolozi milling areas, respectively. The
presence of the unique factors is a manifestatidheorelatively diverse configurations of the

four milling areas.

Common factors across milling areas
Table 7.4 depicts the factors that were commonsactioe four sugarcane milling areas. The

factors are grouped into eight thematic areas ushgur codesyiz. (1) cane production and
harvesting (2) transport and supply of cane togn{{B) cane milling, (4) environment, (5)

cane quality, (6) economics, (7) labour, and (8fsrcutting factors.

65



Table 7.4 Common factors that negatively affectgbédormance of South African sugarcane

milling areas

Behind allocation Harvest efficiency reduction | Higher non sucrose %
Less logistics transparency Lower cutter productivity Lower cane density
Longer cycle time More field damage Lower cane quality
Longer queue More lodging Lower sucrose %
Lower cane supply reliability Poor variety More deterioration
More times no-cane at zone on arrivé Shorter crop cycles More foreign material
More under loading Yield decrease Aged equipment
Not meeting daily rateable delivery | Yield increase More mechanical breakdowns
Transport efficiency reduction More mechanical mill stops | Less spending on inputs
Drought Mill throughput reduction
Wind Fewer cutters

Cane production and harvesting Cane transport and supply, Cane milling Environment

Cane quality Economics Labour Cross cutting

It is evident from Table 7.4 that most of the fastthat were common across the four milling
areas fall under three thematic areag; (a) cane transport and supply to sugarcane mills

(=29 %), (b) cane production and harvestmBf %) and (c) cane quality19 %).

Shared factors across milling areas

Table 7.5 contains a list of shared factors in fthe milling areas. The factors have been
grouped into eight thematic areas using colour sggee Table 7.3). It is apparent from Table
7.5 that approximately 65 % of the shared factalisuhder three thematic areasz. (1) cane
production and harvesting, (2) cane transport amgly and (3) cane milling. This finding
reinforces the argument that a majority of factbeg negatively affect the performance of the

SA sugarcane milling areas are directly relatesuigarcane production and processing.
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Table 7.5 Shared factors that negatively affecpgrdéormance of South African sugarcane

milling areas
No. Vertex label Eston Felixton Komati Umfolozi
1 Extended LOMS v v v
2 Higher harvest rate variability v 4
3 Higher topping v v v
4 Less replanting v v
5 More carry-over v v
6 More mechanical harvesting v v
7 More trashing v v v
8 Over irrigation v v
9 Reduced LOMS v v
10 Poor burn efficiency v v v
11 Low stacking efficiency v v
12 More in-field loading v v
13 Few load sensors v v
14 Fewer trucks v v
15 Less knowledge of stock at loading point v v
16 Less stock stored at loading point v v v
17 Less stockpile v v
18 Longer BHTCD) v v v
19 Low loading efficiency v v
20 More no cane stops v v v
21 Ahead of estimate v v v
22 Cane depletion end of season v v
23 More road damage v v v
24 More stock stored at loading point v v
25 More trucks v v v
26 RTMS implemented v v
27 A-pan saturation v v
28 High viscosity v v
29 Higher crush rate variability v v v
30 Higher energy requirements v v
31 Incomplete crystallisation v v
32 Low factory capital utilisation v v
33 Lower diffuser percolation v v
34 Lower exhaustion v 4
35 Lower extraction v v v
36 Lower sugar recovery v v
37 More diffuser flooding v v v
38 More diffuser residence time 4 v
39 More inversion in diffuser v v
40 More mill chokes v v v
41 Poor clarification v v
42 Heat v v v
43 High moisture content v v
44 More pests and di v 4
45 Rain v v v
46 Higher fibre % v v v
47 More silica % cane v v
48 More soil % cane v v
49 More ash % cane v v v
50 Cane supply area shrinkage v v v
51 Less income v v
52 More spending on input costs v v
53 Operating cost increase v v
54 HIV/Aids v v
55 Lower Cutter availability v v
56 Pay days 4 v
57 Poor Nutrition v v
58 Strikes v v v
59 Lack of skills v v
60 Less preventative maintenance v v v
61 Poor communication 4 v
62 Poor stakeholder trust v v
63 Breakdowns and accidents v v v
Cane production and harvesting Cane transport and supply Cane milling Environment
Quality Economics Labour Cross cutting

Unique factors across milling areas

Table 7.6 shows the unique factors in the fouringllareas. The numbers of unique factors

correspond with the numbers of factors that werecgieed to negatively affect the

performance of the milling arease( the higher the number of factors in a millingagrthe
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higher is the number of unique factors). Some efuthique factors suggest that the analyses
that were done in this study can bring forth acurasults.

Table 7.6 Unique factors that negatively affectgeeformance of South African sugarcane

milling areas
13. Poor
Eston 28. Less profit communication 20. Less cane volume
infrastructure
1. Harvesting of immature 14. Unsynchronisation | 21. Vehicle schedule
29. More expenses . .
cane of operations implemented
2. Less land use plans 30. Higher fixed cost 15. More_ grower/miller | 22. Transport efficiency
component conflict increase
3. Less seed cane 31. High labour cost Komati 23. Longer hauls
4. Incorrect time for 1. Bullwhipin 24. Fewer times no-cane at zore
T 32. Less farmers .
applying inputs transport on arrival
5. More runaway fires 33. Land bond repayments e gllcgl?angvaporator 25. Shorter BHTCD
o 34. Alternative - 26. Lower heat transfer
6. Inability to burn industries/crops . More mud recycling coefficient
7. Stool death 35. Other industries 4.  More pulping 27. More heater scaling
. 28. Higher evaporation
8. Lower cane supply 36. Labour problems Umfolozi requirements
S MO e UeiEe i 37. Absenteeism 1. Crop damage 29. More coal utilisation

load

2. More reluctance to

10. Cane supply variability | 38. Social grants 30. High evaporation rate

burn/harvest
11. Overestimates 39. Legal cutters 3. Less burning s Wl encrustation in
crystalliser
12. Cane diversions 40. Poor knowledge 4. Less ripening 32. More imbibition water
13. Standing trucks 41. Skills shortage 2 ::ilr'\ézzteeﬁlmency 33. Higher sugar recovery
14. Low milling efficiency 42. Poor training and 6. More hgrvest 34. !ncreased environmental
management scheduling impacts

15. Slower diffuser . . . .

throughput Felixton 7. Lower topping 35. High rainfall
16. Lower front-end 8. Incorrect harvesting

efficiency 1. Less carry-over time 36. More upstream floods
17. Low crush rate (not 2. Cane excess at end of . 37. Lower environmental

9. More cane rolling L

stops) season priority
18. More operational mill = ngr_ler eltmis e 10. Poor ratoonability | 38. Lower non sucrose %

stops cutting

19. More wear on hammers
and shredders
20. Lower dewater milling 5. Impact on haulage

4. More burning 11. Shorter queue 39. Low quality syrup

12. Shorter cycle time | 40. Higher sugar quality

efficiency capacity
21. Low boiler efficiency 6. More consignments 13. Slow response 41. More silt on leaves
22. More undetermined 14. Fewer - .
losses Phosphate shortage consignments 42. Less willingness to invest
23. Lower back-end 8. Increase in weekly crush | 15. Low infield » 43. More income
efficiency rate transport efficiency
24. Lower boiler capacity 9.  High humidity 2e Legs vl 44. More land claims
maintenance neede
17. Increase logistics " n
25. Frost 10. Poor VHP transparency 45. Higher sugar price
. L . 18. Poor road
26. Hail 11. Low juice purity e
19. Less in-field
27. Cold 12. Lower pol factor loading
Cane production and harvesting Cane transport and supply Cane milling Environment
Cane quality Economics Labour Cross cutting

For example, Table 7.6 shows that frost and highitlity are some of the unique factors that

negatively affect the performance of the Eston aglikton milling areas, respectively. These
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findings match the milling areas’ descriptions ihapter 5. The factors in Table 7.6 have
been grouped into thematic areas using colour c(kes Table 7.3). It is evident that the
unique factors in the Eston, Felixton, Komati anahfolozi milling areas fall under seven,

six, two and six thematic areas, respectively.

7.4  Cause-and-Effect Relationships between the Facs that Negatively Affect the

Performance of Sugarcane Milling Areas

This section discusses the cause-and-effect rekdtips between the factors that were
perceived by the stakeholders to negatively affieetperformance of four sugarcane milling
areas in South Africa.

7.4.1 Number of cause-and-effect relationships imé milling areas

The numbers of cause-and-effect relationshipsemifiling areas’ sub networks ranged from
75 to 150 (see Table 7.2). Apparently, the numlberaase-and-effect relationships does not
necessarily correspond with the number of factioas were perceived to negatively affect the
performance of a milling area. For example, the dlo#i area has a higher number of factors
than Eston. However, the Eston area has a highmbeawuof cause-and-effect relationships
than Umfolozi. This indicates that there are vaoia in the connectivity of factors between

milling areas.

The connectivity of factors in the milling areasndae explained by the average degrees of
vertices in their sub networks. The average degoéegrtices (see Table 7.2) range from
1.88 in the Umfolozi sub network to 2.75 in thedsstApparently, the Eston milling area has
the highest connectivity among its factors followleg Felixton and then Komati, while
Umfolozi has the lowest. The differences in conivagtof factors between the milling areas
are also reflected in Figure 7.2. The Eston sulvort has all its vertices connected as one
unit. Conversely, the Umfolozi sub network consistsl8 sub units that are detached from

each other. A high number of detached sub unitsatsflow connectivity of factors.
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7.4.2 Strength of cause-and-effect relationships the milling areas

There are variations in the strengths of the camskeffect relationships between factors in
the four sugarcane milling areas. The strengththefrelationships in the milling areas are
reflected in the average weights of arcs in thely setworks. Table 7.2 shows the average
weights of arcs in the four milling areas’ sub netks. The Felixton milling area has the

strongest cause-and-effect relationships amorfgatsrs, while Eston has the weakest.

7.5 Primary Influence Factors in the Sugarcane Miihg Areas

It was explained in Section 6.3 that primary influe is a measure of the potential knock-on
effect of a vertex in a weighted network. It wasoaéxplained that a vertex with a primary
influence index of at least one is termed a primarfjuence vertex. A factor that is
represented by a primary influence vertex is caflegrimary influence factor. The primary

influence factors are the drivers of systems.

7.5.1 Number of primary influence factors in the mlling areas

Figures 7.4 to 7.7 show the primary influence fexia the four sugarcane milling areas. It is
evident that there are variations in the numbergrohary influence factors between the
milling areas. The Umfolozi milling area has thghest number of primary influence factors,
while Komati has the lowest. It is also appareotrfrFigure 7.8 that the number of primary
influence factors tend to correspond with the numdbie factors that were perceived to
negatively affect the performance of a milling areathe higher the number of factors that
affect a milling area, the higher is the numbepminary influence factors andce versaThe
number of primary influence factors expressed asgm¢ages of factors that were perceived
to negatively affect the performance of the millangas were 34 %, 34 %, 26 % and 45 % in
the Eston, Felixton, Komati and Umfolozi millingeass, respectively. This indicates that the
number of factors that drive sugarcane milling srean be high.
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7.5.2 Strengths of primary influence factors in themilling areas

It evident from Figures 7.4 to 7.7 that there aagations in the strengths of primary influence
factors between the milling areas. These variatiares reflected in the primary influence
indices of the factors. For example, the primafiuence indices of rain in the Eston, Komati
and Umfolozi milling areas are eight, three and ,tw&spectively. The average primary
influence indices for the Eston, Felixton, KomatdaJmfolozi milling areas’ networks are

2.2, 3.5, 1.4 and 1.9, respectively. This indicdtest the primary influence factors in the
Felixton milling area are on average stronger thawse in the other milling areas. An
intervention targeted at one primary influence daan the Felixton milling area would

therefore affect more other factors than wouldHeedase in the rest of the milling areas.
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Figure 7.4 Primary influence factors in the Estogagcane milling area
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Figure 7.5 Primary influence factors in the Felixgugarcane milling area
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7.5.4 Thematic areas of primary influence factorsn the milling areas

The primary influence factors in the four sugarcamking areas can be categorised into the
eight thematic areas outlined in Table 7.3. Tahlé §hows the percentages of primary
influence factors that fall under each of the theenareas. It is apparent that at least 56 % of
the primary influence factors fall under three tla¢ic areasyiz. (1) cane production and
harvesting, (2) cane transport and supply and §8g anilling. This may be because at least
58 % of the factors that were perceived to neghtiaéect the performance of the milling
areas fall under the three thematic areas (se@8et8.2). It can therefore be assumed that a
majority of factors that have a knock-on effecttie SA sugar industry may be directly
related to the core operations of sugarcane praduand processing. It can also be seen from
Table 7.7 that a substantial percentage of prinvaiyence factors in the Felixton (14 %),
Komati (39 %) and Umfolozi (17 %) milling areaslfahder the quality thematic area. On the
other hand, only 3 % of the primary influence fastm the Eston milling area fall under the
quality thematic area. This is in agreement witidss €.g Davis and Achary, 2008; Davis
et al, 2009, Smittet al,, 2010) that indicate that the Eston milling anea better cane quality
than the rest of the SA milling areas.

Table 7.7 Thematic areas of primary influence fescto South African sugarcane milling

areas
Primary influence factors in a sugarcane milling aeas (%)
Thematic area
Eston Felixton Komati Umfolozi

Cane production and harvestin 22 18 6 20
Cane transport and supply 24 29 33 26
Cane milling 24 21 17 20
Environment 8 7 6 4
Quality 3 14 39 17
Economics 14 0 0 7
Labour 0 0 0 2
Cross cutting 5 11 0 4

7.5.5 Common, shared and unique primary influenceafctors in the milling areas
The primary influence factors in the four sugarcarlting areas can be grouped into three;

viz. (1) the factors that are common to all the foulimy areas, (2) the factors that are shared
by at least two milling areas and (3) the factdrat tare unique to a specific milling area.
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Figure 7.9 is a categorisation of the primary ieflae factors based on whether they are

common, shared or unique.
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Figure 7.9 Categories of primary influence faciarSouth African sugarcane milling areas

Common primary influence factors in the milling ase

It is evident from Figure 7.9 that no primary irdhce factor is common to the four milling
areas. This is despite the fact that 26 to 46 ¥heffactors that were perceived to negatively
affect the performance of the milling areas are romm (see Figure 7.3). This result indicates
that the commonality of factors among systems amgsnecessarily imply that the systems
would have common primary influence factors.(the factors that drive the performance of

the systems may vary).

Shared primary influence factors in the milling ase

The shared primary influence factors in the fouyasaane milling areas are shown in Table
7.8. It can be seen that 60 % of the shared prinmdéityence factors fall under three thematic

areas that represent the core operations of acamgaproduction and processing system. This
may be because at least 60 % of primary influeacefs at the four milling areas fall under

the thematic areas of cane production and harggstiane transport and supply and cane
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milling. It can also be seen that 30 % of the sthgmemary influence factors fall under the
quality thematic area. This may be because a suimtgercentage of primary influence
factors at three of the four milling areas fall endhe quality thematic area (see Section
7.5.4).

Table 7.8 Shared primary influence factors in S@ftican sugarcane milling areas

No. | Common Eston Felixton Komati Umfolozi
1 More lodging v v
2 Extended length of milling season 4 v
3 Harvest efficiency reduction v v
4 Poor variety v v
5 Yield decrease v v v
6 Yield increase 4 4
7 Behind allocation v v
8 Lower cane supply reliability 4 v
9 Longer queue v v
10 | More times no-cane at zone on arrival 4 v
11 More trucks v v
12 | More under loading v v v
13 | Transport efficiency reduction v v
14 | Mill throughput reduction v 4 v
15 | More diffuser residence time v v
16 | More mechanical mill stops v v
17 | More no cane stops 4 v
18 | Poor clarification 4 v
19 | Drought v v
20 | Rain v v v
21 | High moisture content v v
22 | More ash % cane 4 v
23 | More silica % cane v v
24 | More soil % cane 4 v
25 | More foreign material v v
26 | Lower cane density v v
27 | Lower cane quality v v
28 | Lower sucrose % 4 v
39 More deterioration v v
30 | Paydays 4 v

Cane production and harvesting Cane transport and supply, Cane milling Environment
Quality Economics Labour Cross cutting

Unique primary influence factors in the milling ase

The primary influence factors that were unique pec#fic milling areas are listed in Table

7.9. Apparently the number of unique primary influae factors tends to correspond with the
number of primary influence factors in a millingear The Umfolozi milling area has the

highest number of unique primary influence factotlowed by the Eston, while Komati has

the lowest.

76



Table 7.9 Unique primary influence factors in Soéfhican sugarcane milling areas

Eston Felixton Umfolozi Umfolozi (Continued)
1. Inability to burn 1. More pests and diseases| 1. Less burning 25. Higher sugar quality
2. More runaway fires 2. Low stacking efficiency | 2. Lower topping | 26. Cane supply area shrinkage
3. Incorrect time for applying 3. More field
inputs 3. Longer cycle time damage 27. Less willingness to invest
4. Cane depletion end of 4. More harvest
4. Less land use plans season scheduling 28. More land claims
5. More
5. Cane excess at end of mechanical
5. Lower cutter productivity season harvesting 29. Fewer cutters
6. Increase in weekly crush| 6. Reduced
6. Cane diversions rate LOMS 30. Aged equipment
7. Fewer
7. Cane supply variability 7. More inversion in diffuser consignments | 31. More mechanical breakdown|
8. Fewer times
no-cane at zone
8. Overestimates 8. Phosphate shortage on arrival
9. Less knowledge of stock at
loading point 9. Heat 9. Longer hauls
10. More stock
10. More grower/miller stored at
10. RTMS implemented conflict loading point
11. Poor road
11. Higher crush rate variability 11. Poor communication maintenance
12. Poor communication 12. Shorter cycle
12. Lower boiler capacity infrastructure time
13. Transport
13. Lower dewater milling efficiency
efficiency Komati increase
14. Vehicle
schedule
14. More diffuser flooding 1. Bullwhip in transport implemented
15. A-pan
15. More operational mill stops 2. Fewer trucks saturation
16. High
16. More wear on hammers and evaporation
shredders 3. Low loading efficiency rate
17. Slower diffuser throughput 4. More evaporator scaling | 17. High viscosity
18. Higher energy
18. Wind 5. More pulping requirements
19. Higher sugar
19. Alternative industries/crops 6. Higher fibre % recovery
20. Lower heat
transfer
20. Land bond repayments coefficient
21. More coal
21. Less profit utilisation
22. More heater
22. High labour cost scaling
23. Poor knowledge 23. High rainfall
24. More silt on
24. Poor training and management leaves
Cane production and harvesting Cane transport and supply, Cane milling Environment
Quality Economics Labour Cross cutting
7.6 Indicator Factors in the Sugarcane Milling Area

This section provides and discusses the results thee indicator vertex analyses that were

carried out on the four sugarcane milling areas.
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7.6.1 Type and strength of indicator factors in themilling areas

Tables 7.10 to 7.13 show the factors that weretifileth as indicators in the four sugarcane
milling areas. The factors are ranked in a descgndrder of their indicator indices. The
number of indicator factors range from 148 in theixton milling area to 165 in Eston
milling area. This result suggests that there aamynrfactors that can possibly be used as

performance indicators in sugarcane milling areas.

There are variations in the strengths of the indiceactor between the four milling areas. The
variations are reflected in the rankings of thedatbr factors (see Tables 7.10 to 7.13). For
example, crush rate variability is rankey 35", 57" and 1%' in the Eston, Felixton, Komati

and Umfolozi milling areas, respectively. Furthermo crush rate variability, cutter

productivity, deviation from allocation and openaficosts are the strongest indicator factors
in the Eston, Felixton, Komati and Umfolozi millirayeas, respectively. This indicates that
what may be a strong indicator in one milling angay not necessarily be strong in another
milling area. Hence, it may not always be apprdpria use the same set of indicators for all

milling areas.

Some of the factors that were identified in thisgdgtare already used as indicators in the SA
sugar industry. Information about some of the iathics that are already in use can be
obtained from literaturee(g Davis and Achary, 2008; Dawet al, 2009; Smitket al, 2010).

It is acknowledged that the author is unaware ef ritethods that were used to select the
indicators that are already in use. The factors @@ not highlighted in Tables 7.10 to 7.13
are directly or indirectly used as indicators ie tihdustry. It is evident that a majority of
indicators that are used by the industry relateane milling and quality issues. It is also
evident that there is a substantial number of autdit factors that the industry can use as
indicators. The factors relate mainly to in-fieldne condition, cane harvesting, cane
transport, economics, environment, stakeholdetatioms and labour issues. It is also evident
from Tables 7.10 to 7.13 that some of the factbed the industry does not currently use as
indicators are ranked as important. For example, liflghest ranking factors that were
identified in the Felixton, Komati and Umfolozi niilg areas are not currently used as

indicators. It is hoped that future research mayiole answers to the foregoing.
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Table 7.10 Indicator factors in the Eston sugarcailieng area

1. Crush rate variability 43. Leuconostoc infections 85.Sugar quality 127Washing
86. Problems with mixing
2. Cane lodging 44. Exhaustion efficiency drives 128. Poor communication
3. Deviation from
allocation 45. Income 87. Sugar colour 129Crystalliser maintenance
88. Crystallisation
4. Length of milling season| 46. Cane supply area shrinkage efficiency 130.Boiling rates
89. Reluctance to 131. Drying efficiency of raw
5. Sucrose % 47. Weekly crush rate burn/harvest sugar
48. Cane excess/depletion at end 132. Heat transfer in
6. BHTCD of season 90. Transport efficiency massucuites
7. Diffuser residence time 49.Foreign material in cane 91Dextran 133.Bagasse combustion
8. Milling efficiency 50. Deviation from estimates 92 .Mannitol 134. Scheduled mill stops
9. Juice purity 51. Cycle time 93. Boiler efficiency 135.Wash water requirements
10. Cane deterioration 52.Heat 94. Diffuser percolation 136Amount of burning
11. Harvest efficiency 53. Cane supply variability 95. Mill mechanical wear 137Mill crash stops
96. Encrustation in
12. Crush rate 54. Cane carry-over crystalliser 138. Stool death
13. Cane supply reliability | 55. Length of crop cycles 97.Amount of starch 139Pulping
98. Impact on haulage 140. Cost of enzyme in boiler
14. Cane quality 56. Road maintenance capacity house
15. Inversion in diffuser 57. Diffuser flooding 99. Mill mechanical damagg 14X rystal colour
16. Cutter productivity 58. Energy requirements 10®reparation efficiency | 142. Environmental impacts
143. Synchronisation of
17. Fibre % 59. Fixed cost component 10Boiler corrosion operations
102. Amount of ash in syrup
18. Diffuser throughput 60. Evaporator scaling & molasses 144Heat transfer coefficient
19. Over cooling of cooling
crystallisers 61. Blinding of centrifugal screen 103Byrup quality 145. Packaging quality
62. Wear on hammers and
20. Non sucrose % shredders 104Bagacillo in clear juice 146Trashing
147. Knowledge of stock at
21. Extraction efficiency 63. Clarification 105.VHP loading point
22. Burn efficiency 64. pH 106. Mill maintenance 148Evaporation requirements
23. Front-end efficiency 65. Amount of misshapen crystalg 10Corrosion 149. Ratoonability
24. Soil % cane 66. Pol factor 108.Lime requirements 150. Pests and diseases
25. Factory capital
utilisation 67. Phosphate shortage 108uice colour 151. Fertilizer efficiency
110. Crystal loss through
26. Mechanical mill stops 68. Dehydration of sugarcane centrifuge 152. Aluminium tolerance
111. Number of
27. Juice spillage 69. Evaporation rates consignments 153Turbidity
70. Number of times no-cane at 154. Pesticide & fertiliser
28. Physical losses zone on arrival 112. Vehicle maintenance efficiency
29. Operational mill stops 71. Field damage 113. Profit 155. Variety
30. No-cane stops 72. In-field loading 114.Silica in clear juice 156Cutter availability
31. Sucrose loss in mollassgs73. Length of queues 115. Expenses 157. Absenteeism
158. Availability of PBS
32. Yield 74. Mechanical breakdowns 116.0ss in sugarcane mass vehicles
33. Amount of trash in load | 75. Over/under loading 117. Operating costs 159nability to burn
34. Road damage 76. Harvest rate variability 118. Logistics transparency 16@ane supply
119. Mill yard double
35. Coal utilisation 77. Grower/miller conflicts handling 161. Land ownership stability
36. Viscosity 78. Mill chokes 120. Cane replanting 162. Shortage of cutters
37. Mill throughput 79. Stakeholder trust 121. Return on investment | 163. Topping height
38. Cane density 80. Silica % cane 122. Cash flow 164. Cane harvesting age
123. In-field transport
39. Ash % cane 81. Ash % bagasse efficiency 165. Number of load sensors
40. Suspended solids in juice  82Permeability 124 Heater scaling
41. Deviation from DRD 83. Sugar recovery 125. Sugar price
42. Spending on inputs 84.Filterability 126. Number of trucks

Not used in SA sugar industryfjUnique indicator factor
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Table 7.11 Indicator factors in the Felixton sugaee milling area

112. Foreign material in

i

1. Cutter productivity 38. Yield 75. Leuconostoc infections cane
39. Problems with mixing
2. Cane quality drives 76. Energy requirements 11%cheduled mill stops
3. Cane supply reliability 40. Weekly crush rate 77.Crystalliser maintenance 11&takeholder trust
78. Reluctance to
4. Non sucrose % 41. Length of crop cycles burn/harvest 115Corrosion
5. Length of milling season 42 .Mill mechanical wear 79. Diffuser residence time 116.ime requirements
117. Crystal loss through
6. Sucrose % 43. Number of trucks 80. Crush rate centrifuge
7. Cane excess/depletion at end pf#44. Encrustation in
season crystalliser 81. Pol factor 118.Diffuser percolation
82. Blinding of centrifugal
8. Cane supply area shrinkage 49Mill chokes screen 119Extraction efficiency
9. Income 46. Fibre % 83. Sucrose loss in mollasses  12llica in clear juice
121. Cane supply
10. Viscosity 47. Crystallisation efficiency | 84. Mechanical mill stops variability
11. Phosphate shortage 48. Spending on inputs 85.pH 122. Silica % cane
12. Exhaustion efficiency 49. Grower/miller conflicts 86. Environmental impacts 123Ash % bagasse
87. Amount of misshapen
13. BHTCD 50. Juice purity crystals 124 Permeability
51. Amount of ash in syrup &
14. Deviation from DRD molasses 88. Cane lodging 125. Road damage
126. Amount of trash in
15. Factory capital utilisation 52.Syrup quality 89. Mill crash stops load
16. Harvest efficiency 53. Bagacillo in clear juice 90. Crystal colour 127 Boiling rates
91. Synchronisation of 128. Drying efficiency of
17. Stool death 54. VHP operations raw sugar
129. Suspended solids in
18. Length of queues 55. Fixed cost component 92 Washing juice
130. Heat transfer in
19. Deviation from allocation 56. Deviation from estimates| 93. Poor communication massucuites
20. Number of times no-cane at
zone on arrival 57. Juice colour 94. Sugar price 131Trashing
132. Evaporation
21. Mill yard double handling 58. Mechanical breakdowns 95Cane density requirements
96. Knowledge of stock at
22. No-cane stops 59.Sugar quality loading point 133.Ash % cane
134. Number of
23. Operating costs 60.Sugar colour 97. Burn efficiency consignments
24. Milling efficiency 61. Expenses 98. Soil % cane 135Heater scaling
99. In-field transport
25. Mill mechanical damage 62.Filterability efficiency 136.Amount of starch
63. Impact on haulage
26. Preparation efficiency capacity 100.Pulping 137.Turbidity
27. Clarification 64. Dehydration of sugarcang  10Operational mill stops 138. Packaging quality
65. Over cooling of cooling 139. Pesticide & fertiliser
28. Diffuser throughput crystallisers 102Wash water requirements efficiency
29. Mill throughput 66. Inversion in diffuser 103Juice spillage 140. Vehicle maintenance
30. Boiler corrosion 67. Road maintenance 104.0ss in sugarcane mass 1/4agasse combustion
31. Mill maintenance 68. Diffuser flooding 105.Physical losses 142. Over/under loading
143. Wear on hammers an
32. Profit 69. Logistics transparency 10 vaporation rates shredders
33. Cane deterioration 70. Cane replanting 107Dextran 144.Evaporator scaling
145. Heat transfer
34. Boiler efficiency 71. Return on investment 1084annitol coefficient
146. Cost of enzyme in
35. Crush rate variability 72. Cash flow 109.Front-end efficiency boiler house
36. Cane carry-over 73.Heat 110.Amount of burning 147. Cycle time
148. Land ownership
37. Transport efficiency 74. Sugar recovery 111Coal utilisation stability

Not used in SA sugar industry
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Table 7.12 Indicator factors in the Komati sugaecanlling area

1. Deviation from allocation 1. Clarification 77. Front-end efficiency 115Washing
78. Wear on hammers and
2. BHTCD 2. Coal utilisation shredders 116Mill throughput
3. Dehydration of
3. Crystallisation efficiency sugarcane 79. Encrustation in crystalliser 117. Income
4. Length of milling season 4.  Length of queues 80.Mill chokes 118.Crystalliser maintenance
5. Inversion in 81. Over cooling of cooling
5. Crush rate diffuser crystallisers 119Boiler corrosion
6. Extraction efficiency 6. Sugar recovery 82. Over/under loading 120Mill maintenance
7.  Mechanical
7. Cane lodging breakdowns 83. Amount of starch 121Evaporation requirements
84. Number of times no-cane at
8. Burn efficiency 8. Ash % bagasse zone on arrival 122Boiler efficiency
9. Ash % cane 9. Permeability 85. Dextran 123.Pulping
10. Evaporator scaling 10. Cutter productivity | 86. Transport efficiency 124Mechanical mill stops
11. Heater scaling 11. Sugar quality 87. Mannitol 125. Boiling rates
126. Drying efficiency of raw
12. Scheduled mill stops 12.In-field loading 88. Stakeholder trust sugar
13. Sucrose loss in 127. Heat transfer in
13. Viscosity mollasses 89. Cane density massucuites
128. Cost of enzyme in boiler
14. Cane quality 14. Cane carry-over 90. Number of trucks house
15. Fixed cost component 15Weekly crush rate 91.Reluctance to burn/harvest 129. Cane supply variability
16. Harvest rate 92. Amount of ash in syrup &
16. Factory capital utilisation variability molasses 130Amount of burning
17. Amount of trash in load 17.Evaporation rates 93.Syrup quality 131 Crystal colour
18. Suspended solids i
18. Fibre % juice 94. Bagacillo in clear juice 132. Cane replanting
19. Crush rate
19. Sucrose % variability 95. VHP 133. Return on investment
20. Cane deterioration 20.Heat 96. Deviation from estimates 134. Cash flow
21. Mill yard double
21. Harvest efficiency handling 97. Operational mill stops 135. Number of consignments
22. Vehicle
22. Energy requirements maintenance 98. Juice spillage 136. Poor communication
23. Diffuser residence
23. Yield time 99. Physical losses 137Corrosion
24. Operating costs 24. Expenses 100Pol factor 138.Lime requirements
25. Mill mechanical 139. Crystal loss through
25. Road damage wear 101.Juice colour centrifuge
26. Length of crop
26. Leuconostoc infections cycles 102.Loss in sugarcane mass 148lica in clear juice
27. Diffuser percolation 27. Road maintenance | 103. Profit 141. Wash water requirements
28. Soil % cane 28. Diffuser flooding 104.Milling efficiency 142. Mill crash stops
29. Exhaustion efficiency 29. No-cane stops 108Blinding of centrifugal screen 143 rashing
30. Cycle time 30. Spending on inputs| 106. In-field transport efficiency 144. Packaging quality
145. Synchronisation of
31. Grower/miller conflicts 31. Non sucrose % 107. Impact on haulage capacity operations
32. Cane excess/depletion at 146. Knowledge of stock at
end of season 32. Field damage 108. Sugar price loading point
33. Logistics
33. Cane supply reliability transparency 109pH 147. Turbidity
34. Foreign material in 148. Pesticide & fertiliser
34. Juice purity cane 110.Amount of misshapen crystals efficiency
35. Problems with 149. Cane supply area
35. Phosphate shortage mixing drives 111.Bagasse combustion shrinkage
36. Environmental impacts 36.Sugar colour 112Mill mechanical damage 150. Land ownership stability
37. Heat transfer
37. Diffuser throughput coefficient 113. Deviation from DRD
38. Filterability 38. Silica % cane 114Preparation efficiency

Not used in SA sugar industry
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Table 7.13 Indicator factors in the Umfolozi sugeare milling area

1. Operating costs 42.Diffuser flooding 83. pH 124. Maintenance costs
2. Deviation from allocation 43. Milling efficiency 84. Diffuser throughput 125. Loading efficiency
3. Coal utilisation 44. Fibre % 85. No-cane stops 126. Sugar price
86. Amount of misshapen
4.  Cutter productivity 45. Expenses crystals 127 Silica in clear juice
87. Problems with mixing
5. Ash % cane 46. Leuconostoc infections drives 128. Logistics transparency
6. Energy requirements 47. Cane lodging 88. Sugar quality 129Boiling rates
130. Drying efficiency of raw
7. Cane deterioration 48. Cycle time 89. Boiler efficiency sugar
90. Cane supply area 131. Heat transfer in
8.  Mill throughput 49. Length of queues shrinkage massucuites
9. Ash % bagasse 50.Soil % cane 91. Fixed cost component 13Mill crash stops
10. Permeability 51. Sucrose loss in mollassgs ~ 9Dextran 133.Evaporation rates
93. Cane excess/depletion at
11. Mill mechanical wear 52. Heat end of season 134Nashing
12. Burn efficiency 53. Inversion in diffuser 94. Mannitol 135. Cane supply variability
54. Wear on hammers and 136. Cost of enzyme in boiler
13. BHTCD shredders 95. Mill yard double handling house
14. Number of times no-cane at
zone on arrival 55. Stakeholder trust 96. Vehicle maintenance 13%Wash water requirements
15. Suspended solids in juice 56Scheduled mill stops 97. Number of trucks 138Crystal colour
16. Filterability 57. Length of crop cycles 98.Clarification 139.Trashing
17. In-field transport efficiency | 58. Profit 99. Cane replanting 140Evaporation requirements|
141. Synchronisation of
18. Evaporator scaling 59. Road damage 100. Return on investment operations
142. Knowledge of stock at
19. Diffuser percolation 60. Crystallisation efficiency| 101. Cash flow loading point
20. Silica % cane 61. Exhaustion efficiency 102. Income 143.Amount of burning
21. Spending on inputs 62.Amount of starch 103Sugar recovery 144. Environmental impacts
22. Juice purity 63. Cane carry-over 104Sugar colour 145. Packaging guality
105. Amount of ash in syrup &
23. Mechanical breakdowns 64 Viscosity molasses 146Turbidity
147. Pesticide & fertiliser
24. Crush rate variability 65. Yield 106. Syrup guality efficiency
25. Length of milling season 66.Mechanical mill stops 107Bagacillo in clear juice 148. In-field loading
26. Weekly crush rate 67. Deviation from estimates  108/HP 149. Willingness to invest
27. Heater scaling 68. Grower/miller conflicts 109 Operational mill stops 150. Ratoonability
28. Cane quality 69. Front-end efficiency 110Pol factor 151. Pests and diseases
29. Over cooling of cooling 70. Dehydration of
crystallisers sugarcane 111Juice spillage 152. Cane harvesting age
30. Harvest efficiency 71. Mill chokes 112.Physical losses 153. Fertilizer efficiency
72. Impact on haulage
31. Sucrose % capacity 113.Juice colour 154. Aluminium tolerance
32. Heat transfer coefficient 73.Mill mechanical damage| 114. Number of consignments| 155. Environmental priority
33. Non sucrose % 74.Bagasse combustion 115. Poor communication 156. Field damage
34. Cane density 75. Preparation efficiency 116.0ss in sugarcane mass | 157. Land ownership stability
76. Blinding of centrifugal
35. Cane supply reliability screen 117 Crush rate 158. Harvest rate variability
118. Reluctance to
36. Deviation from DRD 77. Pulping burn/harvest 159Cane moisture content
37. Foreign material in cane 78Phosphate shortage 11DBiffuser residence time 16@Cane volume
38. Extraction efficiency 79. Over/under loading 120Crystalliser maintenance | 161. VVehicle response time
39. Transport efficiency 80. Boiler corrosion 121 Corrosion 162. Cutter availability
40. Factory capital utilisation 81. Mill maintenance 122Lime requirements 163Amount of trash in load
82. Encrustation in 123. Crystal loss through
41. Road maintenance crystalliser centrifuge

Not used in SA sugar industryjUnique indicator factor

7.6.2 Thematic areas of indicator factors in the nlling areas

Because of the wide range and large number of anolis, this section approaches the
indicator vertex analyses results from a thematrsjpective to attempt to make more sense of
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the results. Table 7.14 depicts the categorisaifandicator factors in the four milling areas

into thematic areas. It is evident that at leas¥@36f indicator factors in each milling area fall

under the cane milling thematic area. Indicatorat tlall under cane milling and quality

thematic areas constitute at least 57 % of thecatdr factors in each milling area. This may
explain why most of the indicator factors that ased in the SA sugar industry relate to cane
milling and quality as was earlier explained. Asgugrthat objective methods were used for
selecting the indicators that are used in the Sfasindustry, it can be argued that indicator

vertex analysis is a credible technique for idgmi indicator factors in complex systems.

Table 7.14 Thematic areas of indicator factorsantB African sugarcane milling areas

Thematic area Percenta_ge of indicator_factors _
Eston Felixton | Komati | Umfolozi

Cane production and harvesting 16 10 11 13
Cane transport and supply 15 14 15 15
Cane milling 35 39 38 35
Environment 1 1 1 2
Quality 22 25 25 24
Economics 6 7 7 7
Labour 2 0 0 1
Cross-cutting 4 4 4 4

7.6.3 Common, shared and unique indicator factorsithe milling areas

Some of the indicator factors were common to alirfmilling areas. Others were shared
among some milling areas, while the rest were umiguspecific milling areas. Figure 7.10
shows the percentages of common, shared and umdieator factors in the four milling
areas. It is evident that at least 90 % of indic#ators in each milling area are common to
all the milling areas. Common and shared indic&ators constitute at least 95 % of the
indicator factors in each milling area. The foregpresults indicate that the factors that can
be used as indicators in SA sugarcane milling aseagyenerally the same. It was stated in
Section 4.1 that at most ten indicators would Hécsent to monitor the performance of most
companies. Hence, the top ten factors in the faliingnareas were compared for similarities.
It was found out that no indicator factor was comnto the four milling areas. This further

reinforces the argument against the use of the sat@f indicators for all milling areas.
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The Eston and Umfolozi milling areas have some umiqdicator factors, while Felixton and

Komati have none. It can, however, be seen in Bable0 and 7.13 that the unique indicator
factors are generally weak. The highest rankingyumifactors at the Eston and Umfolozi
milling areas fall outside of the top 93 % and 7®®Pindicators, respectively.
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Figure 7.10 Categories of indicator factors in &olfrican sugarcane milling areas

7.7 Root Causes of Problems in the Sugarcane MiltpAreas

It was explained in Section 6.7 that a root cadse mroblem is a factor that initiates a causal
chain of events that leads to the poor performaficesystem. It was also explained that the
source vertices of a cause-and-effect network laepbssible root causes of problems in the

system that the network represents.

7.7.1 Preliminary root problems in the milling areas

Some of the factors that were perceived by theesialklers to negatively affect the
performance of the four sugarcane milling areassangrce vertices in the milling areas’
networks. These factors may be considered as #lengrary root problems in the milling
areas. These factors may provide an idea of howymaot problems can be identified from
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stakeholders’ interviews alone. The percentageshef preliminary root problems to the

factors that were perceived by the stakeholdensegatively affect the performance of the

four milling areas are 37%, 20 %, 24 % and 22 %th@ Eston, Felixton, Komati and

Umfolozi, respectively. This indicates that a mayjorof factors that were perceived as

problems by the stakeholders were not root prohldrms finding is in agreement with the

assertion by Goldratt and Fox (1986) that most batwwpeople perceive as problems are

merely symptoms of problems.

Table 7.15 Preliminary root problems in South Adrnicsugarcane milling areas

il

11. More mechanical
Eston 26. Frost harvesting 3. Higher sugar quality
12. More stock stored at
1. Poor knowledge 27. Wind loading point 4.  Over irrigation
13. Poor communication
2. Less farmers infrastructure
14. Less preventative
3. Less seed cane maintenance 6. Vehicle schedule implemente
4. Alternative 15. Breakdowns and
industries/crops 30. More undetermined losse:! accidents 7. More cane rolling
31. Less spending on input
costs 16. Drought 8. Less ripening
6. Less stock stored at
loading point 32. Aged equipment Komati 9. More silt on leaves
7. Rain 33. Drought 1. A-pan saturation 10. Drought
34. Lower back-end
8. Lower boiler capacity efficiency 2. Wind
9. Standing trucks 35. More in-field loading 3. Lack of skills 12. Less stockpile
10. Less land use plans 36. Breakdowns and acciden 4. Rain 13. Less spending on input costs
37. Less preventative 5. Less stock stored at
11. More runaway fires maintenance loading point
12. Cane diversions 38. High labour cost 6. More in-field loading
13. Lower dewater milling . More stock stored at loading
efficiency 7. Bullwhip in transport point
8. Breakdowns and
14. RTMS implemented 40. Hail accidents . _A-pan saturation
15. Incorrect time for
applying inputs Felixton . _More upstream floods
10. Less spending on input
16. Land bond repayments | 1.  Wind costs 19. Aged equipment
17. Cold 11. Drought 20. More land claims
3. Aged equipment 12. Over irrigation 21. High rainfall
19. Poor training and
management 4.  Lack of skills 13. Low stacking efficiency| 22. High evaporation rate
5. Less stock stored at
20. Less stockpile loading point 14. Aged equipment 23. Lower topping
15. Less preventative
21. Few load sensors 6. High humidity maintenance 24. More mechanical harvesting
22. Other industries 7. RTMS implemented 16. More mud recycling 25. Longer hauls
8. Less spending on input
_ costs Umfolozi 26. Crop damage
24. Skills shortage 9. Low stacking efficiency 1. Rain
25. Overestimates 10. Few load sensors 2. More imbibition water

[ ] cane production and harvestin{___| Cane transport and supph[._] Cane miling [[_] Environment

[ ] Quality

[ ] Economics

[ Labour

[ ] cross cutting

The percentage of factors that were perceived gatheely affect the performance of the four

milling areas that were not reachable by the priekamy root problems were 13 %, 42 %, 63
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% and 42 % for Eston, Felixton, Komati and UmfoJa&aspectively. This indicates that the

stakeholders’ interviews did not reveal all the trpooblems in the milling areas. It can

therefore be argued that stakeholders’ interviewag not always reveal all the root causes of
problems in a system unless the interviews are detgiled. The foregoing argument justifies
the use of a generic network for developing netwddk systems. Subsequent sections will
show that more root problems can be identified feometwork that has been developed from
a generic perspective compared to the one thatbbas developed from stakeholders’

interviews alone.

Categories of preliminary root problems in SA mijiareas

The preliminary root problems in the four millingeas can be grouped into thresz. (1)
those that were common to all the four milling are@) those that were shared by at least
two milling areas and (3) those that were uniqueatmilling area. Figure 7.11 shows a
categorisation of the preliminary root problemsha four milling areas.
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Number of source vertices

Name of sugarcane milling area

Figure 7.11 Categories of preliminary root problamSouth African sugarcane milling areas

Common preliminary root problems in the milling ase

Four preliminary root problems were common to thiéimy areas;viz. (1) drought, (2) wind,

(3) aged equipment and (4) less spending on agrralilinputs. Apparently, drought and
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wind are environmental factors that mainly affeahe production. On the other hand, aged
equipment and less spending on agricultural inpudy be indicative of a high degree of
uncertainty concerning the future of the sugar stiu Businesses are less willing to invest in

equipment and production inputs when there is b degree of uncertainty in an industry.

Shared preliminary root problems in the milling ase

Table 7.16 shows the shared preliminary root prablén the four milling areas. It is evident

that most of the shared preliminary root problerab @inder cane transport and supply
thematic area. This may suggest that transportcand supply factors may be some of the
major root causes of poor performance in the SAasuglustry. However, these results must

be treated with caution because the preliminary poablems are not yet ranked.

Table 7.16 Shared preliminary root problems in Bdftican sugarcane milling areas

No. Name of vertex Eston Felixton Komati Umfolozi
1 Over irrigation v v
2 More mechanical harvesting v v
3 Low stacking efficiency v v
4 Few load sensors v v
5 Less stock stored at loading point v v v
6 More stock stored at loading point v v
7 More in-field loading v v
8 RTMS implemented v v
9 Less stockpile v v
10 A-pan saturation v v
11 Rain v v v
12 Strikes v v v
13 Poor nutrition v v
14 HIV/Aids v v
15 Pay days v 4
16 Lack of skills v 4
17 Breakdowns and accidents v v v
18 Less preventative maintenance v v v

[ ] cane production and harvestin{ | Cane transport and supply[___| Cane milling [_] Environment

[ ] Quality [ ] Economics [ Labour [ ] cross cutting

Unique preliminary root problems in SA milling asea

Table 7.17 shows the unique preliminary root protden the four milling areas. In general,
these results tend to agree with the milling arescriptions in Chapter 6. For example,
frost, high humidity, bullwhip in transport and aigmam floods are some of the unique
preliminary root problems at the Eston, Felixtonpnkati and Umfolozi milling areas,

respectively.

87



Table 7.17 Unique preliminary root problems in $oéfrican sugarcane milling areas

Eston Eston (Continued) Felixton Umfolozi
1. Less seed cane 14. Hail 1. High humidity 1. Crop damage
2. Poor
communication
2. Lessland use plans | 15. Other industries infrastructure 2. More cane rolling
3. Incorrect time for Komati
applying inputs 16. Less farmers 3. Less ripening
1. Bullwhip in
4. More runaway fires | 17. Alternative industries/crops transport 4. Lower topping
2. More mud | 5. Vehicle schedule
5. Overestimates 18. Land bond repayments recycling implemented
6. Cane diversions 19. High labour cost 6. Longer hauls
7. Standing trucks 20. Saocial grants 7. More imbibition water
8. Lower boiler capacity| 21. Legal cutters 8. High evaporation rate
9. Lower dewater
milling efficiency 22. Poor knowledge 9. More upstream floods
10. More undetermined
losses 23. Poor training and management 10. High rainfall
11. Lower back-end
efficiency 24. Skills shortage 11. More silt on leaves
12. Cold 12. Higher sugar quality
13. Frost 13. More land claims

[ ] cane production and harvestin{___| Cane transport and supph[_] Cane miling [[__] Environment

[ ] Quality [ ] Economics [ Labour [ ] cross cutting

7.7.2 Possible root causes of problems in the millj areas

Preliminary root problems in SA sugarcane millingas were identified in Section 7.7.1.
Though useful, the analytical technique has twokwessesyiz. (1) the technique does not
always identify all the root problems in a systend 2) the technique does not provide a
means of determining the relative strengths ofitleatified root problems. Such being the
case RC vertex analysis was used to identify all the gassioot problems in the sugarcane
milling areas. Additionally, the analysis was usedietermine the strengths of the identified
root problems. It must be stated that the term Siids” root problem is deliberately used here
because not all the factors that are identifieanfi®C vertex analysis may qualify as root
problems. There are two reasons for this. The feason is that the milling areas’ networks
that were analysed in this study were developenh feogeneric perspective. Such being the
case, some of the root causes identified may nthdé&ue root causes of the problems in the
milling areas represented by the networks. For g@nover-irrigation may be highlighted as
a possible root cause in an area where no irrigasoapplied. The second reason is that
management may not have control to fix some offdélotors (see the definition of root cause
in Section 4.3). Examples of such factors may ideluain and drought. Caution must
therefore be exercised when interpreting ligeresults. Consultations with the stakeholders
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and experts of the systems represented by the retveme required when interpreting the
results. Once again this is outside the scopeeostindy.

The number of possible root problems in the fougascane milling areas were 94 for the
Eston, Felixton and Komati. The Umfolozi millingearhad 96 possible root problems. These
results indicate that the number of factors that passibly be the root causes of poor
performance in SA sugarcane milling areas is higie possible root problems in the four
milling areas are listed in Tables 7.18 to 7.21e Pobssible root problems have been arranged
in the descending order of thdigc values. It can be observed that a majority of the
preliminary root problems that were identified iecBon 7.7.1 are ranked highly. For
example, rain is ranked first among the possib® problems in the Eston, Komati and
Umfolozi milling areas, while wind is ranked thind the Felixton milling areas. The
foregoing observation further reinforces the arguoimntleat the approaches that were developed
in this study can bring forth accurate results.

Figure 7.12 indicates that the Eston, Felixton Eodhati milling areas have 100 % of their
possible root problems common to all the four mgliareas. The Umfolozi milling area has
98 % of its possible root problems common to a#l tbur milling areas. This observation
suggests that the factors that can possibly bedbecauses of problems in SA sugarcane
milling areas are generally the same. However ram&ings would determine which factors
are the major root causes of problems in specifiing areas. The TOC philosophy (see
Section 3.1) asserts that there are only a fewt@inss in any given system; usually just one.
Going by the philosophy, it can be said that raithie root problem in the four milling areas.
However, rain may not qualify as a root cause adbfgms because, to the author’s
knowledge, it cannot be fixed. Mechanisms can, hvawnebe put in place to deal with the
deleterious effects of rain. A comparison of thp tiwe root cause factors in Tables 7.18 to
7.21 indicates that only rain is common acrossfaéle milling areas. This indicates that root
problems may vary across milling areas even whemesof the symptoms of poor
performance in the milling areas are similar. Theefoing discussions indicate that RC
vertex analysis provides a relatively fast and esysttic way for identifying and ranking the
possible root problems in systems. However, redoitsm RC vertex analysis need to be

validated by the stakeholders or experts of théegys being analysed.
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Table 7.18 Possible root causes of problems ifE#ften sugarcane milling area

49. More sucrose in boiler

73. Vehicle schedule

1. Rain 25. Strikes water implemented
26. Breakdowns and
2. More in-field loading accidents 50. Overestimates 74.Lower lime quality
3. Aged equipment 27. RTMS implemented 51. More sand % bagasse 75Wrong yield estimates
4. More mechanical 28. More alternative 76. More Consignments from
harvesting products 52. Longer hauls small growers
5. Poor communication
infrastructure 29. High humidity 53. Less farmers 77. High labour cost
78. Lower dewater milling
6. Lower boiler capacity 30. More sugarcane injury | 54. Alternative industries/crops efficiency
79. Poor training and
7. More land claims 31. Poor nutrition 55. More water % bagasse management
56. Diversion from cane
8. More upstream floods 32.Lack of skills growing operation 80. Lower diffuser temperature
9. Halil 33. More cane shortage 57Less ripening 81. High colour variety
10. Less land use plans 34. Standing trucks 58. Poor pan boiling 82. Higher milling capacity
59. Incorrect time for applying
11. Drought 35. Cane diversions inputs 83. Poor labour practices
12. Pay days 36. High pith to fibre ratio 60. More mud recycling 84. Land bond repayments
37. Less stock stored at
13. HIV/Aids loading point 61. More air quality pressure 85.Poor flashing
86. Poor determination of
14. More runaway fires 38. Bullwhip in transport 62. High rainfall phosphate levels
15. Low stacking efficiency| 39. More cane rolling 63. Cold 87. Reduction in purity
16. Less spending on input
costs 40. More silt on leaves 64.Less coal 88. Lower imbibition water
89. More lime preparation
17. OQver irrigation 41. Legal cutters 65. Less bagasse problems
90. More lime dosing pump
18. Less stockpile 42. Other industries 66. Low mill hygiene problems
19. Frost 43. Skills shortage 67. Shorter fibre length 91. More imbibition water
20. Less seed cane 44. Poor knowledge 68. A-pan saturation 92. Higher diffuser temperature
21. Few load sensors 45RTMS not implemented 69.High juice purity 93. More stakeholder trust
22. Little harvest
scheduling 46. Social grants 70. High evaporation rate 94.Fewer harvest groups
47. More stock stored at
23. Wind loading point 71. High super saturated syrup
24. Less preventative
maintenance 48. More manual harvesting 72 Crop damage

Preliminary root cause
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Table 7.19 Possible root causes of problems ifr#ti@ton sugarcane milling area

73. More stock stored at loading

1. Rain 25. Strikes 49. Poor Nutrition point
26. Breakdowns and 50. Poor communication
2. Poor knowledge accidents infrastructure 74. Cold
27. Low stacking
3. Wind efficiency 51. Bullwhip in transport 75. RTMS not implemented
4.  More alternative products 28Less land use plans| 52Longer hauls 76. High juice purity
53. Poor training and
5. More cane shortage 29Less coal management 77.High evaporation rate
6. Cane diversions 30.Less bagasse 54More silt on leaves 78. High super saturated syrup
31. Wrong yield
7. Standing trucks estimates 55. Less farmers 79. More air quality pressure
32. More mechanical 56. Alternative
8. Aged equipment harvesting industries/crops 80. Poor flashing
81. Poor determination of
9. More in-field loading 33. Frost 57. Lower boiler capacity phosphate levels
34. Vehicle schedule
10. Little harvest scheduling implemented 58. More cane rolling 82. A-pan saturation
35. Less spendingon | 59. Lower dewater milling 83. More consignments from
11. Poor pan boiling inputs efficiency small growers
12. Overestimates 36. Drought 60. Legal cutters 84. Lower imbibition water
85. More lime preparation
13. Diversion from cane growing  37.HIV/Aids 61. Other industries problems
86. More lime dosing pump
14. Less stockpile 38. More mud recycling| 62. Skills shortage problems
63. Lower diffuser
15. More upstream floods 39.More runaway fires temperature 87. High labour cost
64. More sucrose in boiler
16. Lack of skills 40. Over irrigation water 88. Higher milling capacity
17. High pith to fibre ratio 41. Less ripening 65. High humidity 89. Land bond repayments
18. Hail 42. Crop damage 66. More sugarcane injury 90.Reduction in purity
19. Incorrect time for applying
inputs 43. Less seed cane 67More sand % bagasse 91More imbibition water
20. RTMS implemented 44. Pay days 68. Shorter fibre length 92. More stakeholder trust
21. Few load sensors 45More land claims 69. Low mill hygiene 93. Fewer harvest groups
22. Less stock stored at loading
point 46. Social grants 70. Poor labour practices 94 Higher diffuser temperature
47. More manual
23. More water % bagasse harvesting 71. High rainfall
24. Less preventative

maintenance

48. Lower lime quality

72. High colour variety

Preliminary root cause

91




Table 7.20 Possible root causes of problems ifKtmati sugarcane milling area

1. Rain 25. Over irrigation 49. Less coal 73. High super saturated syrup
26. More stock stored at
2. Aged equipment loading point 50. Less bagasse 74 More air quality pressure
3. More alternative products | 27. Low stacking efficiency | 51. High rainfall 75. Crop damage
28. Incorrect time for
4. More in-field loading applying inputs 52. More mud recycling 76. Lower lime quality
29. Vehicle schedule
5. Wind implemented 53. Wrong yield estimates 77.Lower diffuser temperature
6. Cane diversions 30.Less stockpile 54. Poor nutrition 78. Cold
7. Less preventative 55. Lower dewater milling | 79. More consignments from
maintenance 31. More runaway fires efficiency small growers
56. Less spending on inpu
8. Strikes 32. Less ripening costs 80. Poor labour practices
9. Breakdowns and accidents 3RTMS not implemented| 57. A-pan saturation 81. High colour variety
34. More sucrose in boiler | 58. Poor training &
10. Lack of skills water management 82.Poor flashing
83. Poor determination of
11. Few load sensors 35More sand % bagasse 5%More silt on leaves phosphate levels
12. More mechanical harvestin 36Hail 60. Frost 84. High labour cost
13. More upstream floods 37.Less land use plans 61Less seed cane 85Lower imbibition water
86. More lime preparation
14. RTMS implemented 38. More land claims 62. Legal cutters problems
87. More lime dosing pump
15. Little harvest scheduling 39.Shorter fibre length 63. Other industries problems
16. More cane shortage 40High humidity 64. Skills shortage 88. Higher milling capacity
17. Poor knowledge 41. More sugarcane injury 65.Social grants 89. Land bond repayments
18. Diversion from cane 42. Poor communication 66. More manual
growing operation infrastructure harvesting 90. More stakeholder trust
19. Standing trucks 43. Pay days 67. Longer hauls 91. Fewer harvest groups
20. Lower boiler capacity 44. Drought 68. Less farmers 92. Reduction in purity
21. Less stock stored at loading 69. Alternative
point 45. HIV/Aids industries/crops 93. More imbibition water
22. Bullwhip in transport 46. More water % bagasse 70High juice purity 94. Higher diffuser temperature
23. More cane rolling 47. Overestimates 71.Low mill hygiene
24. High pith to fibre ratio 48. Poor pan boiling 72. High evaporation rate
*Rank,  Preliminary root cause
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Table 7.21 Possible root causes of problems itJthélozi sugarcane milling area

1. Rain 25. More cane shortage 491 ess farmers 73. High juice purity
2. More mechanical 50. Alternative
harvesting 26. More upstream floods industries/crops 74. Shorter fibre length
3. More in-field loading 27. Lower boiler capacity 51. A-pan saturation 75. High evaporation rate
4. Halil 28. RTMS not implemented 52. More silt on leaves 76.High super saturated syrup
53. Poor communication
5. Poor knowledge 29. Paydays infrastructure 77. Lower diffuser temperature
6. Less land use plans 30. More land claims 54. Poor nutrition 78. Lower lime quality
55. More sucrose in boiler | 79. More consignments from
7. More runaway fires 31. HIV/Aids water small growers
8. Frost 32. Lack of skills 56. Overestimates 80.High labour cost
9. Little harvest
scheduling 33. Low stacking efficiency 57. More sand % bagasse 81Poor labour practices
10. Drought 34. High humidity 58. Cold 82. Poor flashing
83. Poor determination of
11. Aged equipment 35. More sugarcane injury 59.More water % bagasse phosphate levels
12. RTMS implemented 36. Less stockpile 60. Poor pan boiling 84. High colour variety
13. Over irrigation 37. Legal cutters 61. Low mill hygiene 85. Fewer harvest groups
14. Few load sensors 38.Other industries 62. Social grants 86. Higher milling capacity
15. Less spending on input
costs 39. Skills shortage 63. More manual harvesting  87.Land bond repayments
40. Less stock stored at loading
16. Wind point 64. More mud recycling 88. Lower imbibition water
41. Diversion from cane 65. More air quality 89. More lime preparation
17. Less seed cane growing operation pressure problems
18. Vehicle schedule 90. More lime dosing pump
implemented 42. Standing trucks 66. Longer hauls problems
19. More stock stored at
loading point 43. Bullwhip in transport 67. Less coal 91. Reduction in purity
20. More alternative
products 44. More cane rolling 68. Less bagasse 92More stakeholder trust
21. Cane diversions 45.Less ripening 69. Wrong yield estimates 93.More imbibition water
22. Less preventative 46. Incorrect time for applying | 70. Lower dewater milling
maintenance inputs efficiency 94. Higher diffuser temperature
23. Strikes 47. High pith to fibre ratio 71. Crop damage 95. Higher labour availability
24. Breakdowns and 72. Poor training &
accidents 48. High rainfall management 96.Cane supply area expansior]

Preliminary cause.
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Figure 7.12 Categories of possible root causesaiflpms in South African sugarcane

milling areas

7.8  Summary of Milling Areas’ Results

This section provides a brief summary of the rasthiat were obtained after analysing the

four sugarcane milling areas.

7.8.1 The Eston milling area results

One hundred and nine factors were perceived bysthieeholders to negatively affect the
performance of the Eston sugarcane milling area. fahtors fell under eight thematic areas.
Figure 7.13 is a graphic representation of thegreege of factors that fell under the thematic
areas. About fifty eight percent of the factord telder three thematic areasz. (a) transport

and supply of cane to mills, (b) cane productiod harvesting and (c) cane milling.

94



Cane production and harvesti  Cane transport and supp

Cane milling Environment
Cane qualit Economics
= | abour Cross cutting

o

Figure 7.13Thematic areas of the factors that negatively atfee performance of the Est

sugarcane milling area.

Thirty seven factors were identified as the driverpoor performance in the Eston milli

area. The five top ranked driver factors were réom diffuser throughput, unreliable ca

supply, drought and nocane mill stops. One hundred and sixty five factoese identified a
possible indicators of poor performance in the &shoilling area. Thetop ten ranked
indicator factors were crush rate vbility, lodging of cane, deviation from allocatic
LOMS, sucrose percentage in ¢, BHTCD, diffuser residence time, milling efficignquice

purity and cane deterioratioNinety four factors were identified as the poksimot cause

of poor performace in the Eston milling area. Rain-field loading of cane, aged equipme

mechanical harvesting and poor communication itruature were the five top rank
possible root causes of poor performance in therGsiilling aree

7.8.2 The Felixton millingarea results

Eighty two factors were perceived by the stakelhrslde negatively affect the performance
the Felixton sugarcane milling area. The factolisuieder eight thematic areas. Fig 7.14 is
a graphic representation of the percentage of fachat fell under the thematic areas. Ak
sixty five percent of the factors fell under thteematic areasviz. (a) transport and supply

cane to mills, (b) cane production and harvestimdy(c) cane milling.
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Figure 7.14Thematic areas of the factors that negatively atfez performance of tr

Felixton sugarcane milling area.

Twenty eight factors were identified as the drivefspoor performance in the Felin
milling area. The five top ranked driver factorsrevelrought, low yield, foreign material
cane, a reduction in mill throughput and low petage of sucrose in cane. One hundred
forty eight factors were identified as possibleigadors of poor erformance in the Felixtc
milling area. The top temanked indicator factors were cutter productivitgne quality
reliability of cane supplynor-sucrose percentage in can€®MS, sucrose % in cane, ce
excess/depletion at end of season, cane sujrea shrinkage, income and visco. Ninety
four factors were identified as the possible ramises of poor performance in the Felix
milling area. Rain, poor knowledge, wind, more ral&tive products and cane shortage v

the five top ranked possibteot causes of poor performance in the Felixtorimgilarea

7.8.3 The Komati milling area results

Sixty eight factors were perceived by the stakefisldo negatively affect the performance
the Komati sugarcane milling area. The factorsdallier eight thematic areas. Figi7.15 is
a graphic representation of the percentage of fadtat fell uider the thematic areas. Si
seven percent of the factors fell under three thiensaeas,viz. (a) transport and supply
cane to mills, (b) cane production and harvestimg @) cane milling
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Figure 7.15Thematic areas ithe factors that negatively affect the performanicthe Komati

sugarcane milling area.

Eighteen factors were identified as the drivergobr performance in the Komati millir
area. The five top ranked driver factors were rhigh percentage of <sca in cane, high
percentage of fibre in cane, a large number of tauding trucks and evaporator scaling. (
hundred and fiftyfactors were identified as possible indicators obmpperformance in th
Komati milling area. The tojten ranked indicator factors wedeviation from allocatior
BHTCD, crystallisation efficiency, LOMS, mill crushate, extraction efficiency, cal
lodging, burn efficiency, percentage of ash in cane evaporator scali. Ninety four factor:
were identified as the possible r causes of poor performance in the Komati millingaa
Rain, aged equipmentore alternative produy, in-field loading of cane and wil were the

five to ranked possible root causes of poor peréoree in the Komati milling are

7.8.4 The Umfolozi miling area results

One hundred and nineteen factors were perceivatiedbgtakeholders to negatively affect
performance of the Umfolozi sugarcane milling ar€he factors fell under eight thema
areas. Figure 7.18 a graphic representation of thercentage of factors that fell under
thematic areas. About Sixty eight percent of tletdies fell under three thematic areviz. (a)
transport and supply of cane to mills, (b) canedpobion and harvesting and (c) cane mill
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Figure 7.16Thematic areas of the factors that negatively atfez performance of tr

Umfolozi sugarcane milling area.

Fifty four factors were identified as the driverfspmor performance in the Umfolozi millir
area. The five top ranked driver factors were hsgii content in cane, aged equipme
lodging of cane, high silica content in cane andearscaling of heatel One hundred and
sixty three factors were identified as possiblaaatbrs of poor performance in the Umfol
milling area. The tertop ranked indicator factors were operating codeyiation from
allocation, coal utilisation, cutter productiy, perceitage of ash in ca, energy
requirements, cane deterioration, mill throughppgrcentage of ash in bagasse
permeability. Ninety six factors were identified as the possilbt causes of poc
performance in the Umfolozi milling area. Ramechanical harvestingp-field loading, halil
and poor knowledge were the five top ranked possilabt causes of poor performance in

Umfolozi milling area.

7.9  Synthesis of Results and Discussic

There are variations in the number of factors twere perceived by stakeholders

negatively affect the performancethe four sugarcane milling areas. $heariations can be
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attributed to the relatively diverse configuratiasfsthe milling areas. It was observed that a
majority of the factors were either common to &k tmilling areas or shared among some
milling areas. However, there were other factoett there unique to specific milling areas.
Most of the factors that were perceived to negjtiadfect the performance of the milling

areas relate to cane production, harvesting, taatefpon and milling.

There are variations in the number of factors thiate the performance of sugarcane milling
areas. The number of driver factors in a millingaatends to correspond with the number of
factors that were perceived to negatively affestpgerformance. A majority of the driver
factors relate to cane production, harvesting,sppart and milling. It was revealed that there
are differences in the type of factors that drikke performance of different milling areas.

Furthermore, it was revealed that the strengthdriveer factors varied across milling areas.

The study revealed that the factors that can bel tsemonitor the performance of the
sugarcane milling areas are generally the sameadt also found out that the number of
factors that can possibly be used as indicatorsugarcane milling areas is high. It was
further found out that the number of factors thert practically and economically be used as
indicators varied across milling areas. Some irtdickactors that were identified in this study
are already used in the SA sugar industry. Howehere are other factors that were ranked

highly in this study that are not yet used in tiestigar industry.

It was revealed that the factors that can posdiblyhe root causes of problems in sugarcane
milling areas are generally the same. It was adsealed that the number of factors that can
possibly be the root causes of poor performansigarcane milling areas is high. However,
the strength of the factors as root problems vaa@dss milling areas. It was further revealed
that a majority of factors that were perceived taksholders as problems in the milling areas
were symptoms of deeper root problems. Additionatlyvas revealed that the information
that was obtained from stakeholders’ interviews ad show all the root causes of poor
performance in the milling areas. Furthermore,aswevealed that some of the root problems

that were identified were not relevant to the mdliareas.

Although it was not the objective to provide acteraystems analyses of the milling areas,
the results generally agree with the issues thag¢ werceived by stakeholders on the ground.

This may suggest that the approaches seem to waltk w

99



8. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE
RESEARCH

This chapter contains a discussion of the conahssicom the study. Recommendations for

future research have also been made.

8.1 Conclusions

This study has developed comprehensive approadreanfilysing complex systems. The
approaches comprise a suite of three analyticals;tadz. (1) primary influence vertex
analysis for identifying the key factors that drithee performance of systems (2) indicator
vertex analysis for identifying the factors thahdae used to provide information about the
performance of systems (3) root cause vertex aisalgs identifying the deeper factors that
often cause poor performance in systems. A combimatf these tools provides a solid basis
from which complex systems can be analysed. Thegeoaches conform to the TOC
philosophy for the continuous improvement of systggarformance in that they allow their
users to continuously identify the root causes mbfems in the systems, come up with
interventions to solve the problems, monitor thefgrenance of the systems and repeat the
process. A unique attribute with the approachésasunlike the CRT and other tools that can
do either the RCA or indicator analysis, the apphes can do both as part of one data
structure. This attribute is, to the author's knedge, not available in the existing and well
established systems analysis methods. The andlytiols are equipped with computational
capabilities to automatically measure the relaswtengths of the factors and rank them.
These capabilities provide a more objective metloogrioritising factors. Most of the well
established systems analysis methods are notetautnor’'s knowledge, equipped with such
capabilities. The approaches provide a way foralising the results of the analyses. This
attribute, to the author’'s knowledge, is also nagspnt in most of the existing systems

analysis tools.

This study has demonstrated the various rolesnitatork theory can play in the analysis of
complex systems. A generic network provides a nmketttomodel all the factors and the
cause-and-effect relationships that may possibigtern a complex system. Similarly, a
generic network can be viewed as incorporatinghedl cause-and-effect diagrams, the root
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causes of problems and indicator factors that nesgiply exist in a system at any given time.
Thus, network theory effectively eliminates thedcemd arduous task of constructing cause-
and-effect diagrams in a manual fashion. This reda) the time that is required to analyse a
system and (b) the problems that are associatdd lmihging people together to construct
cause-and-effect diagrams, such as human bias lendetency effectphenomenon cf.
Glenberget al, 1983; Baddeley and Hitch, 1993; Logan and Fisamn2011). Network
theory also provides a way to reduce subjectivitthie analysis of systems. For example, the
development of a generic network is done separditety the analysis of specific systems.
The people involved in the development of the genetwork may not be aware of what the
network would be used for and hence human bias Imeaseduced. Furthermore, a generic
network acts as a central repository of knowleddgene new finding of scientists could be
captured and maintained. Additionally, a generitmoek is computerised and can therefore
be easily updated. Thus, researchers do not hastattiofrom a scratch every time they want

to analyse a system.

The study has demonstrated several advantage® aofetivork approaches over the existing
and well established systems analysis tools, sa¢heaTOC. The approaches can either fast
track or eliminate some of the steps that are Wald when analysing systems using the
existing systems analysis tools. For example, @ngeneric network has been developed, the
approaches only require the stakeholders to nafee g@roblematic factors in their systems

and weigh-up the cause-and-effect relationshipsdxst the factors. The stakeholders are not
required to carry out the whole process of consittigcause-and-effect diagrams, such as the
CRTs, CEDs and IDs. This reduces the time thatarebers have to engage with

stakeholders. A generic network is computerisedlartte can be interfaced with data entry
and analysis software. This makes it possible rieastline data collection and analysis and

thereby reduce the time required to analyse amsyste

The approaches provide mechanisms for addressimg &6 the limitations associated with
the TOC and other well established systems analyggds. The approaches do not require
systems’ stakeholders to undergo long periodsanfitrg in order to master their use. Most of
the steps that the approaches use are computengbdre therefore fast. This may make
stakeholders in systems, especially top level marsagnore willing to use the approaches.
The application of the approaches is less reliangmup work. This can potentially reduce

human bias in the analysis of systems.
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The aim of this study was not to provide an aceueatd comprehensive mapping of the four
sugarcane milling areas. Rather, the aim was teeldpvcomprehensive network theory
approaches for analysing complex systems. Nevedhdhe results from the analyses of the
milling areas show that rain, crush rate variapiind rain were the highest ranked driver,
indicator and root cause factors of poor perforreamcthe Eston sugarcane milling area,
respectively (Figure 7.4, Tables 7.10 and 7.18)e lighest ranked driver, indicator and root
cause factors of poor performance at the Felixtotingy area were drought, cutter
productivity and rain, respectively (Figure 7.5bles 7.11 and 7.19). Rain, deviation from
allocation and rain were the highest ranked drivadicator and root cause factors of poor
performance in the Komati milling area (Figure 7T@ples 7.12 and 7.20). Finally, high soil
content in cane, operating costs and rain werdiftahas the highest ranked driver, indicator
and root cause factors of poor performance in thefdlbzi sugarcane milling area,
respectively (Figure 7.7, Tables 7.13 and 7.21 f@sults of the analyses were found to be
generally consistent with the description of theirfeugarcane milling areas. This may
suggest that the approaches are effective for simglycomplex systems. Since ISSPSs are
complex systems as was explained in Chapter 1s itikely that the approaches can
successfully be used to analyse other complex mgstédhe approaches have never, to the
author's knowledge, been used in any agro-indusjpialication before.

There are, however, some factors that may limit éffectiveness of the approaches. A
network model of a system to be analysed is alwagsired in order to use the approaches.
This makes the approaches susceptible to the twblgms that are encountered when
developing models for complex systemig, (a) how to accurately define the boundaries of a
system and (b) how to determine the factors thastnime included and excluded in the

models. Some important factors, such as the roosesaof problems, may therefore be
omitted from the network. A network that has beeualoped from a generic perspective may
incorporate factors that are not relevant to a ifipexystem. The results from the analyses
must therefore be verified by the stakeholders specific system to ensure that they really
apply to the system. The approaches are not eqilippth an intelligence system to

determine whether the factors identified as indiabr root causes are realistic or not. For
example, some of the factors that may be identdiedhe best indicators of the performance
of a system may not be easily or economically medde. Similarly, some of the factors that

may be identified as the root causes of problemyg mad be directly solvable. For example
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drought may be identified as a root cause of prablén an ISSPS. Drought can only be
solved by bringing in capabilities that addres®ftscts.

8.2 Recommendations for Future Research

The network theory approaches were tested on fogarsane milling areas in South Africa.
The tests may not be enough for assessing thetieéfieess of the approaches. It is therefore
recommended that the approaches be tested on amimgiex systems other than ISSPSs to
further validate their effectiveness and perhapd thore advanced or sophisticated data
collection techniques are considered. This study mbt compare the accuracy of the
approaches with those of the existing and wellbdistaed systems analysis tools as was
explained in Section 1.2. It is therefore recomnaehtihat the accuracy of the approaches that
were developed in this study be compared with tlodsxisting and established methods that
are currently used for analysing complex systenige @nalyses used networks that were
weighed-up in somewhat a subjective way. It is meo@nded that these approaches should
be tested on networks where the weights of aragsept empirical values. Primary influence
vertex analysis must be compared with the methdds are used for measuring the
importance of factors in complex systems. Indicatntex analysis must be compared with
established indicator analysis tools, while roatsgavertex analysis needs to be compared
with well-established root cause analysis toolss litecommended that a systematic method
for determining the factors that should be inclugdedetworks should be developed. It is also
recommended that a systematic method for weighmtita cause-and-effect relationships in

networks be developed.
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