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Abstract

Sugarcane supply chain stakeholders can benefit substantially where operations are
successfully orchestrated. Computer models have been used to improve supply chains,
especially in forestry, and are expected to play an increasingly important role in future
planning and management. Management of sugar supply chains has previously focused on
generating competitive individual supply chain components. Inter-component optimisation
generally disregards many important intra-component interactions, hence efficiency
improvements may be significantly limited. Integrated supply chain modelling provides a
suitable approach for supply chain management and planning. The aim of this paper is to
demonstrate an integrated sugar supply chain model framework stretching from field to mill
back-end. The research involved two primary objectives. Firstly, to develop an integrated
sugar supply chain analytical framework, named CAPCONN, and secondly, to demonstrate
CAPCONN during a mechanisation case study.
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Introduction

Supply chains describe the physical flow of resources between enterprises. Harvesting and
transport comprise a significant portion of total production cost, and sugar milling is a
capital-intensive operation. Management of the sugar supply chain has previously focused on
generating competitive individual supply chain components (Gaucher et al, 2004). Therefore,
industry stakeholders need to find new ways to meet the challenges of rapid change in sugar
industry operations. Inter-component optimisation of processes does not consider all intra-
component interactions, and efficiency improvements may hence remain limited (Gigler et al,
2002).

Integrated modelling is a well recognised management and planning support approach for
supply chain improvements (Gaucher et al, 2004; Ronnqvist, 2003). In agriculture, integrated
supply chain models have been used most widely for the harvest and transport sectors,
especially in timber (e.g. Rénngvist, 2003). This short communication aims to report on (i)
the development of an integrated sugar supply chain model framework, viz CAPCONN, and
(if) demonstrating CAPCONN within a mechanisation context.
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Methods

CAPCONN stands for Capacity Constricted Conveyance and represents a mathematical
model and visualisation methodology used to analyse the physical flow of a commodity
within a supply chain. In this study, CAPCONN was configured to represent one week’s
supply of sugarcane from field to mill back-end. This can be replicated to represent a full
milling season. Different supply lines can be represented by different cohorts that converge at
the mill. The model holistically quantifies the supply chain’s capacity and capital utilisation,
product transfer efficiency and fixed and variable cost components. The framework also
includes the effects of harvest to crush delay (HTCD) using a cane deterioration model.
Figure 1 illustrates the visualisation component of CAPCONN, which provides the user with
an easy to use, though powerful diagnostic framework. Ideally, several supply lines (cohorts)
need to be modelled to represent the diversity of a single mill area.

7300) | e Manual cutting, mid season week ___________|
E «Total transport capacity = 500 t.hr
= " ~Achievable transport capacity = 450 t.hr-
2 800H-d------emmem - L M S —
o ‘0 o
> — ¥
= 400Q-1------F~----
g = S 5
‘SU 5 § 2 IS 5 5 [ =
= sl Bl E| &£ | §| E| 2| &| &
O oLl = = @) a N - < @)

48 168 138 150 150 150 150 150 150

Hours per week

Figure 1. The CAPCONN visualisation technique where each supply chain component is
represented by a surface of capacity x duration (t/h x h/wk = t/wk). All highlighted areas
have the same surface and depict the achievable weekly production.

Relationships between different supply chain variables were obtained from the literature,
consultation and, where necessary, theoretical assumptions. Specific inputs with regard to
capacities, working time, rate of work and efficiency are required for each supply chain
component (e.g. Harvest: number of cane cutters, daily cane cutter rate, cost per cutter per
day). A mathematical procedure then constricts the weekly throughput in each supply chain
component. Constriction is regulated by the single component (such as Preparation) that can
not handle higher throughputs as a result of cane quality (e.g. high fibre contents). Other
supply chain components such as Transport will thus have a limited throughput even when
their capacities are under-utilised. The overall efficiency and cost implication as a result of
constriction is calculated and summarised. Ideally, CAPCONN is simulated for each week in
the milling season, which will effectively indicate different constrictors (bottlenecks) during
different times of the year.

Case study

CAPCONN was applied in the Komati mill area, where an exercise was carried out to
compare a burnt manual harvesting system with a green cane mechanical harvesting system.
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Three weeks (early, mid and late) within the milling season were simulated. Cane quality for
each week was adjusted according to historic records. A weekly crush of 60 000 tons was
assumed. The manual system had 1429 harvesters, a relatively long HTCD (45 hours) and
low amounts of sand (1.3%). The mechanical harvesting system had 12 chopper harvesters
and a short HTCD (3 hours), with fast deterioration of billets and high sand contents (6.5%).
The existing truck fleet was reduced by 25 trucks as it was significantly under-utilised in the
mechanical harvesting scenario. A trash removal system was installed at the mill prior to
preparation. Analyses include cost comparisons, efficiency comparisons and throughput
comparisons.

Results and Discussion

Table 1 summarises the results of the Komati case study. Figure 1 illustrates the manual
harvesting scenario. The supply chain is generally under-utilised as a result of the limited
area under cane. Transport, off-loading and preparation requirements are significantly lower
in the mechanised system. Higher sand contents in billeted cane, however, increased demands
on the extraction and boiler processes. The mill back-end was reasonably similar in both
cases. Marginally more sugar could be produced from manually harvested cane. On average,
the cost of producing sugar was 20% higher under mechanical harvesting. It should also be
noted that the influences of (i) soil compaction over a prolonged period, (ii) trash during
extraction and (iii) field inaccessibility by chopper harvesters under wet conditions were
probably underestimated in this study. It may also be interesting to compare a green cane
manual harvesting scenario against the above-mentioned mechanical harvesting system.

Table 1. Summaries from CAPCONN of three weeks in the Komati milling season under a
manual burnt cane and a mechanical green cane harvesting strategy, respectively.

Manual burnt cane harvesting Mechanical green cane harvesting
Parameter Early Mid Late Early Mid Late
season season season season season season
Capacity utilisation (%)
Harvest 100 100 100 100 100 100
Load 54 54 54 N/A N/A N/A
Transport 86 86 86 88 88 88
Offloading 61 61 61 51 51 51
Preparation 65 65 65 54 54 54
Extraction 74 63 74 81 71 73
Boiler 17 17 17 87 87 86
A Pan 61 89 68 60 87 67
C Pan 85 80 88 83 79 86
Costs (R/week)
Total cost
(fixed + variable + 4,629,005 | 4,630,226 | 4,631,491 | 5,522,993 | 5,524,540 | 5,525,497
stock)
Average 4,630,241 (100%) 5,524,343 (119%)
Efficiency

(onot)'mat‘ad diffuserE 1 9562 98.76 98.62 98.21 98.34 98.21
Estimated sugar 87.96 87.97 87.96 87.97 87.97 87.96
recovery (%)
Estimated sugar 37.83 55.22 42.07 37.32 54.25 41.60
recovery (t/h)
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Conclusion

Although not yet developed to its full potential, the CAPCONN model provides a suitable
diagnostic framework to analyse and investigate sugarcane supply chains. Bottlenecks are
highlighted and the model facilitates capacity manipulation for efficiency improvements
under different harvesting methods. The system requires more development, but could
already be used to caution against an overall mechanisation strategy in a mill area.
Conservative production costs are estimated to be 20% higher under a mechanical harvesting
system than a manual system. A relatively large number of technical inputs are required to
run the model.

Acknowledgements

The National Department of Transport and SASRI provided funding for this research. Dr A
Wynne and Mr S Davis (SMRI) assisted generously during model development. Mr R Venter
(Tsb Sugar), staff at Komati mill and Mrs L van Staden provided valuable information during
the case study.

REFERENCES

Gaucher S, Le Gal P-Y and Soler L-G (2004). Modelling supply chain management in the sugar
industry. Sugar Cane International 22(2): 8-16.

Gigler JK, Hendrix EMT, Heesen RA, Van Den Hazelkamp VGW and Meerdink G (2002). On
optimisation of agri chains by dynamic programming. European Journal of Operational Research
139: 613-625.

Ronngvist M (2003). Optimisation in forestry. Mathematical Programming Journal 97: 267-284.

Proc SAfr Sug Technol Ass (2006) 80, page 65



	Plenary Sessions
	Eighty-First Annual Review of the Milling Season in Southern
	Fuel Cells, Fuels and Future Energy
	A Survey of Value Addition in the Sugar Industry
	CAPCONN, An Integrated Supply Chain Model Framework: Develop
	The Complexities of Introducing the FREDD Vehicle Scheduling
	Incorporation of Sugarcane Harvesting and Transport Variable
	Performance of Onboard Weighing Systems on Sugarcane Transpo
	Evaluation of the Illovo Mechanical Cane Cutter
	Soil Compaction Decision Support
	An Approach towards the Derivation of a Reference Traffic Se
	Simulation Model to Reduce the Impact of Rain Stops and Brea

	Agriculture Sessions
	Session 1: General Agriculture and Breeding
	Selection and Management of Varieties through the Felixton S
	The Impact of Trashing on Yield Response in the South Africa
	Preliminary Observations on Sugar Beet (Beta vulgaris saccha

	Session 2: Crop Physiology and Modelling
	The Effect of Row Spacing on Inter-Row Competition in Sugarc
	An Investigation on the Utility of the Sunscan Ceptometer in
	A Quantitative Study of Water Stress Effect on Sugarcane Pho
	Modelling Trash Management and its Impacts: Model Performanc

	Session 3: Water Management
	Australian Sugar Industry Response to Water Price Increases
	Estimates of Regional Scale Water Use for Sugarcane in South
	Application of a Catchment-Scale Irrigation Systems Model
	The Effect of Plant Residue Layers on Water Use and Growth o
	Drying off Sugarcane on Soils with Low Water Holding Capacit

	Session 4: Poster Session
	A Successful Methodology for the Establishment of an Extensi
	Modelling Trash Management and its Impacts: Methodology
	Use of Laptops and PDAs in the Field Collection of Survey D
	Attraction of Eldana saccharina (Lepidoptera: Pyralidea) to 
	Incidence of Fulmekiola serrata (Thysanoptera: Thripidae) in

	Session 5: Special Focus on Eldana
	First Records of the Stem Borer Complex (Lepidoptera: Noctui
	Impact on Yield Due to Early and Late Phase Infestation by E
	Differences in Mitochondrial DNA and Fertility of Crosses Be
	Habitat Management using Melinis minutiflora (Poaceae) to De
	Progress in the use of Aerially Applied Fastac® (Alpha-Cyper

	Session 6: Sugarcane Pests and Nematodes
	A New Association: Trichogramma bournieri Pintureau and Baba
	Response of Goniozus indicus (Hymenoptera: Bethylidae) to Su
	Recent Developments in the Control of Idaecamenta eugeniae (
	Molecular Identification of South African Sugarcane White Gr
	Green Manure Crops: Agronomic Characteristics and Effect on 
	Effect of Variety Combinations on Yield of Sugarcane

	Session 7: Special Focus on Silicon
	Silicon use for Pest Control in Agriculture: A Review
	An Assessment of Soil Extraction Methods for Predicting the 
	Silicon and Water Stress Synergy in Resistance of Sugarcane 

	Session 8: Diseases of Sugarcane
	Fungicide Trials to Determine the Effect of Brown Rust on th
	Fungicide Sprays to Control Brown Rust (Puccinia melanocepha
	Evaluating the Inhibitory Activity of Synthetic Anti-Microbi


	Factory Sessions
	Session 1: Engineering: Diffusers
	A Review of Cane Diffusion at Sezela and Umzimkulu Sugar Fac
	The Effect of Clay Type Soil in the Diffuser at Umfolozi Mil
	First Impressions of ADI Chain Installed in the Amatikulu Di

	Session 2: Energy and Electrical
	Load Flow Study for Nchalo Mill
	Power Factor Correction used to Release System Capacity for 
	Why do we Continue to Burn so Much Coal?

	Session 3: Factory Posters
	Evaluation of the Berthold Technologies Microwave Probe
	Survey on the use of Starch Hydrolysing Enzymes in South Afr

	Commercial Session
	Session 4: Processing : Raw House Operations
	Applications of Capillary Viscometry in Cane Sugar Factories
	Numerical Study of the Flow in Air Flotation Syrup Clarifier
	Experiences of Massecuite Pipeline Explosions Caused by the 

	Session 5: Processing : Crystallisation and Centrifugation
	Automatic Measurement of Crystal Size Distribution using Ima
	Testing of Wash Water Equipment in A-Centrifugals at Felixto
	Centrifugal Control with Automatic Colour Measurement
	Some Comments on the Elongation Ratio of Crystals in C-Masse

	Session 6: Processing : Maximising Sucrose Recovery
	The Effect of some Impurities on the Target Purity Formula
	Practical Steps taken at Tongaat-Hulett Sugar Factories to A
	Crystal Recovery Efficiency: Three Years on

	Session 7: Colloquium on Crystallisation Not available at ti

	Colloquium: Sugar Drying and Conditioning
	Theory of sugar drying and conditioning
	Dryer Modelling
	Operation and control of rotary sugar dryers
	A 23 year review of fluidised bed drying at Sezela

	Workshop: Transport Systems
	Cane Transport Costs and Benchmarking
	Experience with Central Tyre Inflation Systems
	Experience with On-Board Weighing Systems
	Overloading and PBS
	Scheduling Vehicles (A Sezela case study with ASICAM)
	Scheduling Vehicles (JPT)
	Introducing Scheduling to a South African Sugar Mill (Fredd)
	Wrap Up and Way Forward

	Workshop: Conservation Production Systems
	Research Initiatives to Improve Soil Health in SA Sugar Industry
	No Till, the Concept and Experiences
	Trashing as a Proven Conservation Practice
	Application of CMS, a Grower’s Experience
	Intercropping and Fallow Cropping
	Infield Compaction due to Vehicles
	Precision Agriculture as a Potential Conservation Aid
	Panel Discussion

	Search Current Proceedings
	Keyword and Author Index 1924 - 2005
	SASTA
	Editors and Reviewers
	Instructions for Authors
	Officers 
	Award Winners

	Sponsors
	Disclaimer and Copyright
	Support & Assistance
	Exit

