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Abstract

The Eston Mill, which was established in 1994, is the youngest in the KwaZulu-Natal sugar
belt. As with other sugar mills, daily crush fluctuations occur because of various types of
disruptions. This research involved two core objectives. First, to develop, validate and verify
a model to predict and quantify the factors that influence daily crush rate fluctuations at
Eston. Secondly, to estimate the trends and impacts of cutter absenteeism over a number of
years. Local weather station and milling data for nine seasons were collated. Four seasons
were utilised for the model development and validation, while the other five seasons were
used for verification purposes. Fibre was assumed to be the limiting factor for maximum
daily mill crushing capacity and was used to predict the achievable daily crush rate, before
the consideration of mill disruptions. The model involved the calibration of parameters for
mill maintenance and operational stops and rainfall events. The model captures
approximately 64% of the variation observed in daily crush rates. Subsequent to model
development, additional cane supply disruptions caused by cutter absenteeism were further
investigated. Cutter absenteeism was previously estimated to cost the Eston milling area
approximately R1.3 million per annum (Kadwa et al., 2012). A gradual increase in
absenteeism is observed over the period 2007 to 2010, with a decline since.
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Introduction

Previous research conducted in the Eston sugarcane supply chain (Kadwa et al., 2012;
Bezuidenhout et al.,, 2013; Kadwa and Bezuidenhout, 2013) found that there are
inconsistencies in daily crush rates. This is due to various factors, including pay-weekend
related cutter absenteeism. The costs of cutter absenteeism were conservatively estimated to
be in the region of R1.3 million, on average, for five seasons analysed (Kadwa and
Bezuidenhout, 2013).

Other factors, such as rainfall and mill breakdowns, also impact on crush rates. It was,
therefore, proposed to expand the research and consider the impacts of these disruption
factors. This was conducted based on a model that was used to optimally predict and quantify
the factors that influence daily crush rate fluctuations to the Eston sugarcane supply chain. In
addition, an application of the model allowed for estimation of a labour absenteeism index for
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each season. To the authors’ knowledge, the model will be the first of its kind to predict
sugarcane supply consistency at a mill scale.

This short paper focuses on the understanding of the predictive model, as well as the
estimation and evaluation of the labour index for each of the five seasons (2006-2010)
analysed.

Materials and Methods

Model development

Fibre loading at the mill was used as the primary daily capacity limiter, as the diffuser tends
to flood when cane with high levels of fibre is processed. Fibre % cane was found to range
between 13 and 19%, with maximum daily crush rates (MDCR) restricted to 7000 and 5000
tons, respectively. A crush gap was then determined by subtracting the actual daily crush rate
(ADCR) from the MDCR, before considering other disruption factors.

Mill breakdowns and maintenance stops were considered as secondary disruption factors in
the model. It was assumed that stops and breakdowns have a pro rata impact on daily crush
rates, i.e. for each breakdown hour, a 4-5% reduction in daily achievable crush rate (DACR)
would occur. This was tested by regression analysis against the actual crush rate and was
found to fit the profile well.

The next crush rate disruption factor was rainfall. Average rainfall (across six different
homogenous climatic zones in Eston) for each day was calculated and related to additional
crush rate reductions. It should be noted that rainfall usually causes increased levels of fibre
in cane. It is, therefore, likely that some of the impacts of rainfall may already have been
considered by the primary daily capacity limiter.

Model calibration and verification

Four milling seasons (2004, 2005, 2011, 2012) were utilised to calibrate, refine and validate
the model, while five other seasons (2006-2010) were reserved for verification purposes. The
Microsoft Excel Solver add-in optimisation technique was used for calibration. This was
conducted by changing the coefficients to allow the model data to optimally fit the actual data
on a 1:1 line. The R statistic was used to estimate the fit of the model.

Model residual and estimation of cutter absenteeism

After the model was developed, calibrated and verified, a residual remained between the
estimated modelled daily crush rates and the actual. Residual values were analysed to
optimally estimate the impacts of cutter absenteeism over five seasons. Only residuals
associated with pay-weekends were inspected. Pay-days were assumed to occur on the first
Saturday of each month (Kadwa et al. 2012). During the week after pay, crush rates were
analysed to detect systematic residual deviations assumingly caused by cutter absenteeism.
Therefore, only eight or nine weeks were analysed for each season.

Results and Discussion
Figure 1 illustrates the comparison between the actual and the modelled daily crush rates for
the 2007 season. The model accuracy is moderate, with an overall R? of 64%. Fibre % cane

and mill breakdowns collectively capture 59% of the variation in daily crush rates. Rainfall
explains 6% of the daily crush rate variation. It is estimated that for every 5 mm of rain, a
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crush rate is reduced by approximately 1000 tons, spread over four days, with 49% of the
impacts experienced on the first day after a rainfall event. About 36% of the overall variation
in daily crush rates is unexplained. This could be due to various factors, including cutter
absenteeism.
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Figure 1. Comparison between actual and modelled daily crush rates,
2007 milling season, Eston Mill.

Figure 2 illustrates the statistically optimal estimated impacts of cutter absenteeism for the
first Sunday, Monday and Tuesday of each season. The cutter absenteeism rate for each
season is estimated to be different. It appears that there was an increasing trend from 2007
onwards, especially on Sundays. In 2010, however, Mondays and Tuesdays had a reduction
in cutter absenteeism. This confirms the problem of cutter absenteeism at Eston, as
previously highlighted (Kadwa et al., 2012; Kadwa and Bezuidenhout, 2013). Since 2010,
there has been a decreasing trend in cutter absenteeism.
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Figure 2. The estimated impact of cutter absenteeism on the first Sunday,
Monday and Tuesday of each month, 2004-2012 milling seasons, Eston Mill.
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The model developed can be utilized to critically evaluate different sugarcane milling areas.
The model allows for the daily crush rates, mill breakdowns and rainfall events to be
stochastically simulated for future seasons, with the same calibrated coefficients being used
to analyse the data. In addition, the specific innovative labour absenteeism indexes for each
season can be investigated in other industries and comparisons can be drawn.
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