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Abstract 
 
Historical efforts to understand the mechanisms of post-harvest deterioration of sugarcane 
and the factors influencing their rates have been under scientific investigation for at least 120 
years. The interaction between the various drivers is extremely complex, resulting in the vast 
majority of these investigations being site and methodology specific and carrying caveats 
related to the transferability of the findings to other sites and scenarios. The time from burning 
or cutting of a sugarcane crop, in the case of burnt and unburnt harvested sugarcane 
respectively, until its processing at a mill, is known as the burn harvest to crush (BHTC) time. 
Temperature and BHTC time are the most significant drivers of post-harvest deterioration of 
sugarcane. The financial impact of these on supply chain revenues at a mill scale has, 
however, yet to be published.  
 
Maidstone Mill in South Africa was the focus of the research and through extensive analyses 
of delivery data from the said mill for the 2015/16 and 2016/17 seasons, regressions with 
robust correlations were derived. These relationships were utilised in the development of a 
comprehensive spreadsheet-based model which enabled the impact of a change in BHTC 
time on total supply chain revenues to be calculated. The intention of this paper is to determine 
the quantum of opportunity which exists at Maidstone as a proxy for the total industry 
opportunity within South Africa: a 12-hour improvement in BHTC at Maidstone at a 2016/17 
tonnage of 865 230 tons would result in R9 694 352 additional stakeholder revenue. This 
translates to ±R191 million when extrapolated across the South African industry. 
 
 
Keywords: sugarcane, recoverable value, agricultural supply chain, post-harvest deterioration, burn 
harvest to crush delay 

 
Introduction 

 
The Maidstone sugar mill, which was the source of data for this paper, is situated in the town 
of Tongaat, approximately 37 km North East of Durban (29° 33.050'S; 31° 7.847'E). The mill 
has been affected by declining sugarcane production in South Africa, with yields having fallen 
from over two million tons of sugarcane crushed in 1998 to almost half that ten years later 
(Maharaj et al., 2008). Stainbank (2011) claims that with 80% of milling costs being fixed, 
profitability is severely eroded when mills are underutilised. This reality is being faced by all 
milling companies in the province of KwaZulu-Natal in South Africa. Figure 1 shows the 
location of Maidstone relative to other mills in the province, where 12 of South Africa’s 14 
sugar mills are located. Note that only nine are shown in Figure 1. 
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Figure 1. Locality map showing nine of South Africa’s 14 sugar mills 
(Harris, 2016). 

 
The upstream sugarcane supply chain consists of the growers and the millers, with the 
logistics component forming the pivotal linkage between the two. Sugarcane farming is 
primarily concerned with the production of a high quality sugarcane crop of maximum volume. 
The quality aspect is constituted under the current sugarcane payment system (Wynne et al., 
2009) by high sucrose and correspondingly low fibre and non-sucrose fractions. Sugar milling 
is primarily focussed on the extraction of sucrose from the sugarcane stalks. The overall 
recovery of sucrose, and ultimately the production of raw sugar, is significantly impacted by 
the quality of the delivered raw product (Lionnet, 1998). The logistics component, which can 
consist of multiple stages, transfers the sugarcane from the fields to a mill. This element in the 
supply chain is ideally focussed on minimising post-harvest deterioration losses. The 
mechanisms that control the rate of post-harvest deterioration are discussed in detail in the 
literature review. Essentially, sugarcane starts to deteriorate as soon as the harvest process 
commences. During the 2015/16 season, the Tongaat Hulett (TH) weighted average BHTC 
time for Maidstone mill was 77 hours.  
 

Research aim 
 
Historical efforts to understand the mechanisms of post-harvest deterioration of sugarcane 
and the factors influencing their rates have been exhaustive, and have been under scientific 
investigation for at least 120 years (Pellet, 1897). The interaction between the various drivers 
is extremely complex, resulting in the vast majority of these investigations being site and 
methodology specific and carrying caveats related to the transferability of the findings to other 
sites and scenarios. The link between BHTC time and its financial impact on grower and miller 
revenues at a mill scale has, however, yet to be determined. The aim of this research is 
therefore to develop an improved understanding of the relationship between BHTC time and 
post-harvest deterioration losses at a mill scale and the influence the resultant sugarcane 
quality has on total sugar production. 
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Literature review 
 
Factors affecting the rate of post-harvest deterioration of sugarcane 
 
Post-harvest deterioration, as with all fresh produce, is affected by handling related physical 
damage, continued physiological processes and the activities of proliferating microbial 
populations (Watt and Cramer, 2009). Smits and Blunt (1976) listed BHTC delay, delivering 
tops (sugarcane growth point) and climatic events such as drought and frost as being the main 
causes for low quality sugarcane. Wynne et al. (2009) refer to the influence of geographic 
location on the sucrose potential of a crop and list sugarcane maturity, appropriate topping 
and base cutting practices, the use of chemical ripeners, optimal variety selections and 
sugarcane freshness as being the main factors influencing the quality of sugarcane delivered. 
This section reviews the various forms of deterioration and the factors influencing the rate at 
which they occur.  
 
Generally in South Africa, and for more than three-quarters of the Maidstone supply region, 
the harvest process commences with the in situ burning of the crop to remove the dry brown 
leaves on the sugarcane stalk. Pre-harvest burning improves the productivity of manual cutters 
by 18-22% (Meyer and Fenwick, 2003). Rutherford (2015) recommends the practice as an 
essential component  in the control of Eldana saccharina Walker (Lepidoptera: Pyralidae) 
(eldana) control in fields with heavy infestations, especially in drought stressed cane. Eldana 
is a stalk boring grub which has a significantly negative financial impact on the South African 
sugar industry. Rutherford (2015) determined this to be in the order of R744 million 
(£43.5 million) per annum. However, evidence presented by van Antwerpen et al. (2006) 
indicates that pre-harvest burning can have a detrimental impact on subsequent harvests, 
depending on the temporal distribution and quantity of rainfall occurring in the first six months 
after harvest. Nxumalo et al. (2016) show that significant yield benefits associated with not 
burning can be expected in the coastal dryland sugarcane growing areas. These authors do, 
however, point out that there is a negative yield response in the midlands and northern 
irrigated regions due, primarily, to induced lower soil temperatures.  
 
Foster (1979) documented that pre-harvest burns severely affected the stalk rind which is 
exposed to temperatures from 98 to 400°C for several seconds, causing it to split and juice in 
the extremities of the stalk to boil. The damaged stalk rind enables microorganisms to enter 
into the stalk and proliferate in numbers (Foster, 1979; Watt and Cramer, 2009). Through 
controlled experiments Foster (1979) demonstrated that syrup colour produced from cleaned 
burnt stalks is significantly higher (a negative) than syrup produced by cleaned green (unburnt) 
stalks. However, in a commercial environment the additional leaf matter which is processed 
with unburnt sugarcane has a reductive effect on purity, RV% and sugar colour (Muir et al., 
2009). Foster and Neil (1980) proved that burnt sugarcane left uncut deteriorates faster than 
if it were cut shortly after harvest. The authors claim that the water uptake due to burning 
influences the rate of deterioration. This is an important fact to remember when considering 
sugarcane supply logistics.  
 
Enzymes and microorganisms affect the availability of recoverable sugar by inverting sugars 
into glucose which is then consumed with acids, gums and alcohols produced as waste 
products (Culverwell et al., 1996; Lionnet, 1986; Watt and Cramer, 2009). Lionnet (1986) 
states that indirect losses of sucrose occur when impurities are created as a result of microbial 
activity which hinders the extraction of sucrose in the milling process. Watt and Cramer (2009) 
explain that dextran, a by-product of the microbe Leuconostoc mesenteroides, reduces factory 
performance by influencing throughput and sugar recovery. The metabolic activities of 
microbes, whose populations expand exponentially with time, therefore have the effect of both 
reducing the quantity of sucrose available for extraction and reducing factory performance. 
The net result is a reduction in sugar production potential with increasing time between harvest 
and crush. Through a series of experiments Watt and Cramer (2009) were able to demonstrate 
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that the rate of deterioration due to microbial activity increased with increases in ambient 
temperature. This result confirmed numerous earlier studies on the subject (Bacic et al.,  1977; 
Lionnet, 1993; Wood and du Toit, 1972). Temperature is a critical factor influencing cane 
deterioration with Lionnet (1986) claiming that a 10°C increase in temperature could result in 
the rate of purity (Pol/brix%) drop increasing by a factor of between three and four. 
 
Lionnet (1993) stated that it was a well-established fact that cut sugarcane loses mass over 
time and that, in general, this process is linear in nature. Lyne et al. (2005) showed that mass 
loss due to dehydration made up only one third of the mass loss recorded, with the balance 
being attributed to continued respiratory process. The latter mechanism consists of both water 
and carbon dioxide losses. This was an important finding as it ruled out moisture loss as an 
accurate indicator for mass loss of harvested cane. It was suggested that fibre would be a 
more accurate constant to compare quality parameters, rather than the mass of cane delivered 
(personal commumication1). Table 1 includes a range of mass loss deterioration rates as 
observed in a number of published trials. It must be noted that the trials were all executed 
under different conditions and carried out over differing lengths of time and at different ambient 
temperatures, humidities and altitudes within the South African sugar industry. The rates of 
mass loss observed, however, all appear to be within a relatively narrow range.  
 

Table 1. Observed post-harvest mass loss for sugarcane  
deterioration trials conducted in South Africa. 

Published mass loss 
(% per day) 

Reference 

0.48 % Smith and Sahadeo, 1993 

0.75-1.55% de Robillard et al., 1990 

0.58-1.28% Lyne and Meyer, 2005 

1.07% Wood, 1978 

0.6-0.9% Lionnet, 1993 

 
Smith and Sahadeo (1993) carried out a trial in the Maidstone supply catchment on the 
deterioration characteristics of unburnt cane, with particular reference to the formation of 
ethanol and the suitability of ethanol testing as a means of assessing cane freshness. Unburnt 
cane is often referred to as ‘green’ or ‘trashed’ cane. Smith and Sahadeo (1993) found that 
harvested sugarcane lost mass at a rate of 0.48% per day during the period of the trial, which 
was in October with temperatures ranging from 14-37°C. A total of 64 mm of rain fell during 
the 24-day trial period, which added some weight gain but had the effect on the overall gradient 
of the mass loss plot which had a correlation coefficient of 94%. It was noted that despite the 
ethanol levels of the trashed sugarcane being in the order of two-and-a-half times that of the 
burnt sugarcane, sucrose losses were practically the same (Smith and Sahadeo, 1993). The 
quality of BHTC information in South Africa is generally erratic and requires in-depth analysis 
to retrieve statistically reliable data, if that is at all possible. In the general absence of accurate 
BHTC information at a mill scale the testing of ethanol levels in the routine direct analysis of 
cane (DAC) samples, therefore, appears to be the most practical form of assessing the level 
of deterioration (Lionnet, 1986).  
 
Bhatia et al. (2009) reviewed the impact that differing environmental conditions had on the 
rate of deterioration of harvested sugarcane in India. The research is particularly applicable to 
India where Bhatia et al. (2009) claim that BHTC times range, on average, from three to ten 
days. Bhatia et al. (2009) expressed their frustrations that despite the widely publicised losses 
in the industry as a result of extended BHTC periods, there have been no changes  to its 
logistics practice to address this loss. It was noted that deterioration rates were fastest across 
all sugarcane varieties in the hotter, latter part of the milling season, attributed to the 
correlation between temperature and microorganism population growth (Bhatia et al., 2009). 
Bhatia et al. (2009) postulated that the rate of deterioration between sugarcane varieties 

                                                
1Dr Peter Lyne, South African Sugarcane Research Institute, Mount Edgecombe, South Africa. 
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harvested at different periods within the season was more a factor of natural maturity than the 
influence of genetic differences. Verma et al. (2012), however, contradicted this by stating that 
significant differences in the rate of deterioration between sugarcane varieties did exist. This 
is not to say that Bhatia et al. (2009) were incorrect, but rather that sufficient distinction 
between the varieties was observed to isolate varietal difference as a factor effecting the rate 
of post-harvest deterioration of sugarcane. Other studies also observed the influence of variety 
on the rate of deterioration as being statistically significant (Long, 1976; Bacci and Guichard, 
1994; Raja Rajeswari et al., 2009; Solomon, 2009).  
 
Foster (1979) argues that, with the wealth of literature related to the post-harvest deterioration 
of sugarcane, technologists should no longer concern themselves with deterioration 
mechanisms or their effects for BHTC delays longer than 24 hours. He continues by stating 
unequivocally that all sugarcane should be crushed within one day of harvest. This statement 
is an ominous warning for the South African sugar industry, which in 2016 still receives the 
bulk of its sugarcane within three to five days after harvest. Reducing the BHTC time remains 
the most practical approach to minimising losses regardless of the time of season, the variety 
being harvested, geographical location and harvest methodology. 
 

Methodology 
 
The delivery data from five seasons (2011/12 to 2015/16) was initially acquired through the 
independent Cane Testing Service (CTS) with permission from the Maidstone Mill Group 
Board (MGB). Unfortunately, for the first four seasons, BHTC data had only been captured by 
the burn or cut day with the times having been defaulted to 12.00 pm for the said activities. 
After consulting with a number of farm managers some basic rules were applied to the data to 
attempt to better estimate the actual burn or harvest times. The anticipated relationships 
between BHTC and the set quality parameters were, in general, evident but not without large 
variances and low correlations. The 2011/12 to 2014/15 data were therefore excluded from 
further analyses. 
 
The 2015/16 season was the first season where actual BHTC times had been captured as per 
the consignment notes. From this data all deliveries that had both complete BHTC data and 
measured quality parameters were selected for analysis. Descriptive statistics were then 
produced using the Microsoft Excel® ‘Data Analysis’ add-in for the five main measured quality 
parameters: pol, brix, fibre, moisture and purity.  
 
With the mean BHTC time for all deliveries with both BHTC and associated quality data being 
76 hours (the mean of all deliveries with BHTC data was 77 hours), it was decided that all data 
over 240 hours (10 days) would be excluded as the relevance in forecasting improvements 
under the said mean, would be minimal. A total of 242 of 13 295 data points were therefore 
excluded above this threshold.  
 
Again using the Microsoft Excel® ‘Data Analysis’ add-in, the correlations between the above-
mentioned quality parameters, including BHTC and RV% sugarcane were determined. The 
correlations initially appeared inconclusive but, in an attempt to reduce the noise, which is 
created by changes in the many factors influencing post-harvest deterioration (PHD), the data 
was grouped by BHTC day. Very strong correlations, both positive and negative, then 
appeared in the data which allowed for linear regressions to be plotted with high R-squared 
values for each of the parameters against BHTC time (day). As fibre mass remains constant 
over the time period considered (0-10 days), the rate of mass loss as a percentage of original 
mass could therefore be determined. This was plotted along with the other quality parameters 
described above. By knowing the rate of mass loss, the original mass of a delivery of 
sugarcane could be accurately estimated if the BHTC time was known. The regressions of the 
quality parameters above could therefore be adjusted to account for this change in mass such 
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that the mass of each measured parameter could be divided by the estimated original mass 
rather than the actual delivered mass to show the true rate of deterioration.  
 
Without years of accurate BHTC data the regressions from the 2015/16 season could only be 
compared with data from the 2016/17 season. The gradients of the various quality parameter 
regressions were similarly compared to trial results of published literature in terms of their 
respective positive or negative correlations with BHTC including their relative magnitudes. The 
rates used are shown Table 2. 
 

Table 2. Average deterioration rates of various quality parameters from published trials. 
 

Δ 
Mass 

Reference 
Δ Pol-

Sucrose 
Reference 

Δ 
Purity 

Reference 
Δ RV-
ERS 

Reference 

-1.05 Wood, 1978 -1.27 Lionnet, 1993 -1.9 Wood, 1978 -0.47 
(ERS) 

Wood, 1978 

-0.74 Lionnet, 1993 -0.17 Anon, 1971 -0.90 Anon, 1971 -0.23 
(ERS) 

Anon, 1971 

-0.37 Anon, 1971 -0.25 Anon, 1971 -1.01 Anon, 1971 -0.29 
(ERS) 

Anon, 1971 

-0.66 Anon, 1971 -0.32 
Bacci & 

Guichard, 1994 
-2.13 

Bacci & 
Guichard, 1994 

0.13 
(RV) Lyne & 
Meyer, 2005 

-0.93 
Lyne & Meyer, 

2005 
-0.12 

Verma et al., 
2012 

0.43 
Lionnet, 1986 

@19°C 
-0.17 

(ERS) 
Pillay, 1988 

-0.75 
Cox & 

Sahadeo, 1991 
  0.60 

Lionnet, 1986 
@25°C 

  

-1.15 
de Robillard  
et al., 1990 

  2.99 
Lionnet, 1986 

@34°C 
  

 
 
Note: As the trials referenced ranged in both duration and methodology, and in some cases more than 
one rate was quoted, some assumptions were made to allow the results from the data analysis phase 
to be compared with the published trials. These include: 
 

 A rate determined over a 35 day trial was allowed to be compared with a rate determined from a 
four or five day trial. 

 Where more than one rate was quoted, say for different varieties or harvest method, the average 
of the two rates was assumed. 

 Some trials used a timescale of hours whereas most used days. All rates were converted to 
represent a rate of change per BHTC day. 

 
 

After comparing the regressions with current season data and those quoted in the literature, 
a residual analysis was also carried out for the RV% cane regression formula comparing 
output against actual measured data to check for bias (Figure 2).  
 
The results appeared to be well balanced, especially within five days after start of harvest, 
which enabled the formulae to be confidently utilised in the financial model. It is worth noting 
that this appears to be the first time that a regression of RV% cane against BHTC time has 
been presented at a mill scale. 
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Figure 2. Residual plot of actual versus forecast recoverable value % (RV%)  
sugarcane grouped by burn harvest to crush (BHTC) day - Maidstone Mill 2015. 

 
Milling factors 
 
RV% cane, as previously described, is a theoretical approximation of the potential sugar 
production from a ton of sugarcane, based on certain measured quality parameters. It was 
anticipated and later observed by mill management that, during the 2016/17 season, factory 
performance would improve as a result of the average BHTC time being lower than in recent 
seasons. Fresher sugarcane allows for higher boiling house recoveries (BHRs) and pol 
extraction, and ultimately higher sugar production, potentially above that accounted for by the 
RV formula (Anon, 2005). Sugarcane freshness is a slightly abstract concept that is perhaps 
best described by purity. The difference in sugar production and RV tonnage, as forecast in 
the RV formula, represents the relative improvement in factory performance as a result of the 
‘fresher’ sugarcane.  
 
Corrected boiling house recovery (CRB) is a benchmarking index designed to allow for inter-
mill comparisons independent of sugarcane quality as shown in Equation 1 (Anon, 2005). The 
impact of BHTC on BHR can be determined by rearranging the formula to solve for BHR while 
keeping all other variables constant, but allowing mixed juice purity (J) to vary according to 
the regression formula that was determined for Maidstone’s 2015/16 data set.  
 

𝐶𝑅𝐵 = 𝐵𝐻𝑅 − 100 ×
𝑆×(𝐽−𝑀)

𝐽×(𝑆−𝑀)
+

49.8−𝑇𝑃𝐷

0.5493−0.00843×𝑇𝑃𝐷
          1 

 
Where BHR = Actual sucrose BHR obtained 
 S = Actual sugar purity 
 J = Actual mixed juice purity (gravity purity) 
 M = Actual final molasses gravity purity 
 TPD = The target purity difference given by the difference between the actual 

molasses purity and a target molasses purity as calculated by the target 
purity formula, but using the mixed juice reducing sugars to ash ratio. 

 
Corrected reduced extraction (CRE), as with CRB, is an index which allows for inter-factory 
comparison (Equation 2). CRE works on the premise of constant sugarcane quality. However, 
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should sugarcane quality be allowed to vary with BHTC time and the CRE index held constant 
then the effect on pol extraction (E) can be determined.  
 

𝐶𝑅𝐸 = 100 − 0.03936 ×
(100−𝐸)×(100−𝐹)×𝑃0.6

𝐹
          2 

 
Where, E = Pol extraction 
 F = Fibre % sugarcane 
 P = Pol % sugarcane 
 
The sugar production component of the model developed around equations 1 and 2. The RV 
and sugar production components of the model were then combined and the financial impact 
of Maidstone’s target improvement of 12 hours determined. As the last three seasons have 
been low yielding due to drought conditions, a sensitivity analysis was conducted to assess 
the financial impact of reduced BHTC times under a range of different crop sizes from 5% 
below to 15% above the 2016/17 season tonnage of 865 230.92 tons (not including 
diversions). 
 

Model development 
 
This section includes some of the key research outputs from the data analysis, in the form of 
equations describing the relationship of BHTC time and various key quality parameters, at a 
mill scale. These formed the basis for the model development.  
 
The following equations and their respective R-squared values represent the regressions 
determined for the 2015/16 season at Maidstone.  
 

𝐹𝑖𝑏𝑟𝑒% 𝐶𝑎𝑛𝑒 = 0.218 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 16.848 

R2 = 0.858 
3 

𝑃𝑢𝑟𝑖𝑡𝑦 (%) = −0.484 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 84.796 

R2 = 0.946 
4 

𝐵𝑟𝑖𝑥% 𝐶𝑎𝑛𝑒 = 0.005 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠
2 − 0.079 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 15.341 

R2 = 0.457 
5 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒% 𝐶𝑎𝑛𝑒 = −0.192 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 67.916 

R2 = 0.902 
6 

𝑃𝑜𝑙% 𝐶𝑎𝑛𝑒 = −0.090 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 12.922 

R2 = 0.843 
7 

𝑅𝑉% 𝐶𝑎𝑛𝑒 = −0.123 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 11.709 

R2 = 0.885 
8 

 
Figure 3is a plot of Equation 8 (labelled, 2015 – RV% of delivered cane mass). Also included 
is the plot for the equivalent equation derived from the 2016/17 season. In addition, if both of 
these equations are expanded to include their relative mass losses (a percentage calculated 
using the estimated relative change in mass using Equation 3; for example, 100 x (16.848 / 
(0.218 x BHTCDays +16.848))) then the following equations are produced.  
 
2015/16 Season 
𝑅𝑉% 𝐶𝑎𝑛𝑒(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑚𝑎𝑠𝑠) = −0.244 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 11.717 

R2 = 0.972 
 

9 

2016/17 Season 
𝑅𝑉% 𝐶𝑎𝑛𝑒(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑚𝑎𝑠𝑠) = −0.261 × 𝐵𝐻𝑇𝐶𝐷𝑎𝑦𝑠 + 11.748 

R2 = 0.939 

10 
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Equations 9 and 10 are included in Figure 3. It is evident that once mass loss is accounted for 
that the correlation between BHTC time and RV%, represented by the R2 values, is improved.  
  
 

 

Figure 3. Recoverable value % (RV%) cane to burn, harvest to crush (BHTC) 
delay considering both delivered and estimated original cane masses. 

 
 
With a formula to forecast RV deterioration and a means of estimating relative mass loss per 
day, the first component of the model was created which could be used to determine the 
difference, financially, between two BHTC times. This component of the greater model is 
included in Figure 4 in the shaded ‘RV production’ zone. The output in this zone is in the form 
of a differential RV tonnage, the proceeds of which are distributed between the millers and 
growers according to the RV price based on the current division of proceeds (DOP). 
 
Note that the prevailing climate, soils, agricultural methods and sugarcane variety are among 
the many inputs that result in a crop being at a specific mass and quality at time of harvest. 
Once harvest commences, however, BHTC time and temperature are the most critical drivers 
influencing the rate of PHD. As this model considers the entire season as a whole, temperature 
fluctuations are averaged out, leaving BHTC time as the key input into the model.  
 
The model’s focus was on the upstream supply side of the factory and did not initially consider 
any of the benefits such as improved pol extraction and BHR as observed in the mill as a result 
of reduced BHTC delays. With reference to Equations 1 and 2, as described in the paper’s 
Metholodogy and included in Figure 4, the impact of a potential 12-hour improvement in BHTC 
time was determined according to the following steps: 
 

 Equation 7 was used to derive the change in Pol% sugarcane. 

 By applying the season average Pol/Sucrose ratio the change in Sucrose% sugarcane 
could be determined. 
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Figure 4. BHTC model structure (Author, 2016). 

 
 

 Equation 3 was utilised to derive the mass loss differential between the two BHTC times. 
This was then multiplied by the Sucrose% sugarcane calculated in the previous step to 
determine a change in total sucrose tons available.  

 By applying the resultant Pol% and Fibre% values from Equations 7 and 3, respectively, 
E could be determined using Equation 2 assuming a constant CRE index. 

 Similarly, by using Equation 4 to determine a change in juice purity, the resultant change 
in BHR could be determined assuming a constant CRB value in accordance with 
Equation  1. 

 Utilising the resultant E and BHR values, the change in total sugar production was then 
determined by multiplying the change in sucrose tons by the E and BHR values in 
succession. 

 
The revenue generated through the differential of tons sugar produced with the differential of 
tons RV produced represents additional miller revenue as a direct result of improved BHTC 
times.  
 

Financial results 
 

To highlight the opportunity that exists at a mill scale, the model was utilised to determine the 
benefit that accrued to Maidstone mill stakeholders during the 2016/17 season using the 
2015/16 season as a base. Through a number of initiatives, focussed primarily on on-farm 
activities, the Maidstone mill reduced their mean BHTC time from a gross figure of 77 hours 
to 72 hours from 2015/16 to 2016/17 respectively. This was despite an additional 263 mm of 
rain that fell during the 2016/17 season (675 mm) as opposed to the 2015/16 season 
(412 mm). 
 
Following the steps included in Figure 4, the following results were determined for the five 
hour improvement on a crop of 865 230.92 tons (Table 3). 
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Table 3. Model results. 
 

Model component 
Incremental 

improvement 
(t) 

Price* 
(R/t) 

Total 
revenue 

(R) 

Sugar production 469 8 679.75 4 072 843 

RV production 458 7 669.42 3 509 294 

Revenue derived directly from Improved BHR and E 1 169 702 

*RV and average sugar price taken as of 16/03/2017 (Peter Naidoo, CTS-SASA) 
 (Naidoo, 2016)(Naidoo, 2016)(Naidoo, 2016)(Naidoo, 2016)(Naidoo, 2016)(Naidoo, 2016) 

 
The five hour reduction in BHTC delay caused an increase in total sugar production revenue 
of R4 072 843. Of this figure, R3 509 294 can be attributed to minimising post-harvest losses, 
while R1 169 702 can be attributed to improved factory performance through improvements 
in extraction andBHR.  
 

A sensitivity analysis was carried out for an average BHTC time of up to 40 hours across a 
range of crop sizes starting at 5% below and up to 15% above the 2016/17 season estimate 
of 865 230 tons. Results are presented graphically in Figure 5.  
 

 

Figure 5. Sensitivity analysis of BHTC incremental industry  
revenue at differing total yield scenarios. 

 
Figure 5 highlights the potential revenue which could be unlocked within the supply chain 
when sugarcane deliveries average BHTC times as low as 40 hours. This graph provides 
supply chain stakeholders with the necessary data required to consider the financial return of 
any related process improvement projects that may require capital investment. 
 
 

Discussion and Conclusions 
 
Implications for TH and the South African Sugar Industry 
 
This section considers some of the wider implications for TH operations, particularly in South 
Africa, and the general South African sugar industry.  
 
Despite published trial work on the subject of PHD in sugarcane having spanned at least 120 
years, the South African industry and others such as the Indian industry (Bhatia et al., 2009; 
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Solomon, 2009) continue to have extended average BHTC delays of 3-5 days thus losing 
significant revenue through PHD processes. Through the data analysis in this paper the 
abovementioned PHD relationships have, for the first time, been determined at a mill scale. 
Two obstacles typically prevent this type of analysis from being carried out at a mill scale, 
including consignment note accuracy and the fact that the quality-BHTC relationships are not 
likely to be evident at the individual delivery to delivery level due to the variability that exists 
within a single day. TH staff at Maidstone have, over a number of years, worked with the 
growers to encourage consignment note accuracy. These efforts bore fruit for the first time in 
the 2015/16 season, allowing for the analyses conducted for this paper to occur. By grouping 
the delivery data by BHTC day rather than considering individual deliveries, allowed the 
physical relationships to be revealed.  
 
It is hoped that the results presented in this paper will allow for an acknowledgement of the 
quantum of total season PHD losses regardless of the known hourly fluctuations in actual 
deterioration rates, based on ambient temperature, altitude and slope, among many other 
factors. Having confidence in the value of the total season revenue loss at a mill scale should 
allow supply chain stakeholders (millers, growers and hauliers) to agree on process changes 
and some possible capital expenditure, if required, to minimise these losses significantly. 
 
In order to gauge the magnitude of a potential and realistic 12-hour improvement in BHTC 
across all mills in South Africa and with temperature being the main driver of PHD in 
sugarcane, Figure 6 was produced.  
 

 

Figure 6. Long term mean temperatures at each of South Africa’s 14 sugar mills2  
(Maidstone is highlighted in green). 

 
The purpose of the above graph is to provide justification for applying the RV% to BHTC 
gradient determined at Maidstone to all mill regions as an approximation of the potential 
benefit of a 12-hour improvement in BHTC. With Maidstone (green) having the ninth coolest 
long term mean temperature the gradient of ±0.25% RV loss per BHTC day (Equations 9 and 
10) is likely to be a conservative approximation of the potential benefit to the South African 
industry. Considering an average South African production of 20 million tons of sugarcane, 
and assuming the above stated RV% to BHTC gradient, a 12-hour improvement in BHTC 

                                                
2 KM Komati;  UF umfolozi;  ML Malelane;  FX Felixton;  PG Pongola;  DL Darnall;  AK Amatikulu;  GD Gledhow;  
MS Maidstone;  SZ Sezela;  UM Umzimkulu;  ES Eston;  NB Noodsberg;  UC Union Co-op 

Harris AJ Proc S Afr Sug Technol Ass (2017) 90: 200-215

211



 

 

 

would release an additional ±R191 million into the industry. Most sugar mills in South Africa 
could realistically improve by far greater than 12 hours. The potential improvement in revenue 
through BHTC reduction initiatives across the industry is therefore significant and has the 
potential to markedly improve the industry’s global competitiveness and consequently its 
sustainability.  
 
For Maidstone and the individual mills alike, the means of achieving a realistic 12-hour 
improvement is likely to be a combination of a number of initiatives. It is recommended, 
however, that the starting point for any mill wanting to minimise PHD losses through a 
reduction in BHTC would be to focus on consignment note accuracy and consistency in order 
to develop mill specific regressions with similarly high correlations as determined for 
Maidstone.   
 
Research limitations and general observations 
 
There are two main limitations with the data available for the study. Firstly, by virtue of there 
only being two complete season’s worth of reliable data means that the accuracy of the 
regression formulae in predicting the magnitude of losses may reduce during seasons with 
different prevailing weather conditions. However, in considering the comparisons of the early, 
mid and late season data (not detailed in this paper) of both the 2015/16 and 2016/17 seasons, 
it appears that although the absolute value of any one parameter may change, the gradients 
of each set of regressions being compared appeared to be relatively constant. The model 
utilises the differential in the relevant quality parameters between two BHTC time inputs. Thus, 
the gradient is the critical component of the model rather than the absolute value of any 
specific parameter. Although this partially mitigates against the lack of multiple seasons’ worth 
of data, it does not reduce the need for comparison and the possibility of combining the current 
data sets with those of future seasons. 
 
The second limitation is that only a single mill’s data was reviewed and compared to the 
findings of published trials. It was never an objective to compare the data of one mill against 
that of another, but it would have added an additional layer of confidence in the model’s output. 
With a mill approximately 26 km north of Maidstone and equidistant from the coast (5-6 km), 
it was hoped that model validation could be achieved by following the same steps as for 
Maidstone and comparing formulae and model output. Permission was obtained from the MGB 
to access their data. However, it was immediately evident that there were inconsistencies with 
the BHTC data and no correlations existed between the key quality parameters. A comparison 
was unfortunately, therefore, not possible. 
 

Conclusions 
 
The objective of the research was to create a model to assess the financial impact to both 
millers and growers from changes in BHTC time at a mill scale. This was completed through 
analyses of sound mill scale empirical data to forecast the impact of changes in BHTC time 
on Maidstone stakeholder revenues. This model developed into three clear sections. In the 
first component the impact of BHTC time on RV tonnage was calculated. The second part of 
the model allowed for the total sugar tonnage which could be produced based on different 
quality inputs, for two differing BHTC times, to be determined. Finally, RV based revenue as 
compared with that derived from actual sugar production thus allowed the improvement in 
factory performance, as a result of reduced BHTC times, to be determined. RV and sugar 
derived revenues should essentially be equivalent, as RV or relative value is supposed to 
estimate the value inherent in the sugarcane by virtue of the amount of sugar that should be 
possible to recover, considering a predetermined level of factory performance. The increase 
in sugar related revenue under a scenario of reduced BHTC is therefore attributed to an 
improvement in milling performance as a result of the fresher sugarcane.  
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In the presented scenario Maidstone stakeholders realised an additional R4 072 843 through 
the five hour improvement in BHTC time. The model developed can be utilised to test a range 
of BHTC scenarios and assess the forecast benefits against the potential costs of making a 
system change to realise each specific BHTC target.  
 

Recommendation 
 
In response to the research limitations discussed in the previous section, it is recommended 
that data sets from future seasons be combined with current data sets and revised regressions 
established and assessed against those from the individual seasons. When data from three 
to five seasons have been combined and plotted separately, two outcomes will be possible. 
Firstly, a minimum and maximum response to a change in BHTC time can be established, 
which will assist with sensitivity analyses for any proposed BHTC related initiatives which may 
require capital expenditure. Secondly, should the regressions derived from the multi-season 
data sets return high R-squared values with minimal bias, these could replace the current 
formulae within the model.  
 
The key recommendation from this paper is for the South African sugar industry to take heed 
of the findings. The ideal response would be two-fold; the first being an acknowledgement that 
accurate BHTC data is essential, and creative strategies to ensure that this is achieved should 
be developed and deployed with urgency. It is hoped that the second response will be that 
there is no longer any debate as to what impact the BHTC delay may or may not have on all 
stakeholders, but rather a focus on the implementation of initiatives based on data visibility 
and supply chain wide collaboration to reduce delays as far as possible.  
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