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Abstract

Route planning involves the determination of a gatween any two or numerous points in
space, based on design objectives, such as minicamatruction cost, maximum travel
speed, safety and minimum environmental impact.aBse of the significant costs of
transport in the sugar industry, a model, namedTiFask, was developed to investigate route
planning opportunities in this industry. FastTraetegrates vehicle performance and spatial
information to derive optimal pathways for high lbwgricultural transportation in terms of
efficiency and economics. The model mathematicallgorporates road construction and
maintenance costs, topographical terrain, land-ushicle performance specifications and
annual sugarcane volumes to determine the mosetfestive route from a production region
to a mill. A small portion of the Noodsberg millgien was selected as a case study area. In
this area, approximately 70 000 tons of cane ctigréravels along the 9 km main road to the
mill. A shorter 7 km route that cuts through thareat farming landscape, may present a
more economical alternative. This case study shaeul@iciently test and demonstrate the
capabilities of the FastTrack model.
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Introduction

Route planning involves the determination of a gatween any two or numerous points in
space. Based on a certain set of design objectivesaight line between two points may not
necessarily be the most efficient path. Typicaliglesobjectives may include minimum
construction cost, maximum travel speed, safetyramimum environmental impact (Sadek
et al., 1999). Route planning has been used successtullyptimally design,nter alia,
highways (e.g. Sade& al., 1999), pipelines (e.g. Feldma al., 1995) and canals (e.g.
Collischonn and Pilar, 2000). Because of its abilib overlay and manipulate spatial
information, Geographical Information Systems (GI&)e extensively used for route
planning.

In South Africa, a large portion of total sugar guotion cost (20 - 25%) can be attributed to
transporting cane (Gilest al., 2007). Bezuidenhoudt al. (2004) demonstrated successfully
how road construction costs could be offset agatremisport costs to improve overall
economicsThe aim of this research was to use route planagg tool to develop a model,
named FastTrack, which could integrate spatialrmédion and derive optimal pathways for
high bulk agricultural transportation in terms @ficency and economics. This was done not
only by assessing a mill supply landscape, but bis@tting the path’s design objectives to

430



Proc S Afr Sug Technol Ass (2008) 81: 430 - 433

specific vehicle configurations. This short comnuation introduces a methodological
framework for the FastTrack model and proposestatda case study area.

Route optimisation framework

The FastTrack model mathematically incorporatesl rmanstruction and maintenance costs,
topographical terrain, land-use, vehicle perforneamspecifications and annual sugarcane
volumes to determine the most cost effective réwdm a production region to the mill. The
alignment of existing roads and the potential fewnspecialised roads are simultaneously
considered.

Input variables are used to construct a GIS rdbtdrreflects the total cost of transportation,
including running costs, infrastructural improverteemand annual road maintenance. The
capital expenditure repayment period (CERP) isnguti variable. A value of five years will
be assumed for CERP to support conservative decmm@king under high market volatility.
The constructed cost raster (R/pixel) is used toutate a least cost path (LCP) based on the
optimisation algorithms embedded in GIS. The fimatlput is a road vector that considers not
only cost, but also vehicle-specific turning lintitens. Figure 1 depicts the model's
conceptual framework. Inputs include a digital elean model (DEM), road construction and
maintenance costs, a land use map and vehiclefispons. Several data transformations
and calculations are necessary before a final neeteor can be produced.
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Figure 1. Simplified data flow diagram for the FastTrack model.

Due to the number of variables affecting constaorctcosts, such as soil type, slope,
availability and quality of gravel and distanceth® quarry, tenders are often made using
average road construction costs (personal commiimica These include average cut and fill
volumes, which would vary only on particularly flar steep terrain where excessive
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earthworks and culverts are required. The FastTracklel makes use of these general
figures, which can be modified according to reglaneerages.

Proposed study area

A relatively small portion of the Noodsberg millgien was selected as a study area. Data
capture is a tedious task and involves digitisimg tany land use features and farm roads in
the study area. Figure 2 depicts a land use mépeddelected area, showing all main, district
and farm roads. The route’s starting poamtd terminal point at the Noodsberg mill are
indicated by a circle and a square, respectivelgpréximately 140 000 tons of cane is
produced south of the study area over a two yedpgbavith approximately half of this
flowing over the starting point, annually. This uole may justify a more cost effective
alternative route through the study area as opptiseding the existing main road. A direct
route from the starting point to the mill would Be&km long, whereas travelling on existing
main roads the distance is approximately 9 km. @rea has a wide variety of land uses
through which a potential new road would have tocbastructed. This case study should
sufficiently test and demonstrate the capabilitEthe FastTrack model.
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Figure 2. Land use map of the selected study area served by the Noodsberg mill.
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