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Abstract systems in different industries (Blanchard and Fabrycky, 
1-981; Hoekstra, 1975; Semenzato, 1995) and it was con- 

Reducing the between the harvesting and crushing of cluded that simulation modelling was the most appropriate for 
sugarcane can result in substantial reductions in the loss of the situation of sugarcane harvesting and transport and hence 
recoverable sugar caused by cane deterioration. The investi- the aims of the project ('unpublished seminar). The Arena 
gation of methods of reducing the harvest-to-crush delay simulation system (Pegden et al., 1995) was chosen as the 
requires the use of some form of coniputer model to evaluate software with which to develop the model. Simulation model- 
the effects of proposed changes to cane harvesting and ling as it is used in this project involves using time delays to 
port systems. describe various processes and combining them in a manner 
Simulation modelling has been identified as a highly effective which represents the way the various processes interact in the 
technique for sugarcane harvesting and transport real system. Entities (in this case, tons of cane) are passed 
Systems. The Use of Arena ~imulation software to develop a through the model and in this way the variability and 
model of the Sezela mill and its supply area is reported and interactions in a system can be analysed (Pegden et al., 1995). 
initial results from experiments conducted with the model are 

In this paper, the development of an initial model of harves- 
presented. The main output examined is overall harvest-to- 

ting and transport systems in the Sezela mill is presented, crush delay, but machinery requirements and utilisation are 
along with results from a sensitivity analysis conducted on also discussed. 
this model. 

Introduction 

The problem of excessive delays between the harvesting and 
crushing of sugarcane and the associated deterioration of cane 
has been recognised and investigated in the sugar industry for 
many years (Brokensha et al., 1975). The potential for sav- 
ings to the industry through delivery of better quality cane to 
the mills, particularly with the proposed introduction of the 
new cane payment system, has been estimated in the millions 
of rands per annum. According to Brokensha et al. (1975) the 
loss to the in dust^ due to a one-day delay in cane deliveries 
was approximately 3 1 cents per ton of cane. In current terms, 
and multiplied by the 20 million tons of cane that the industry 
currently produces per annum, this figure implies possible 
savings in the region of R58 million per annum if average 
harvest-to-crush delays can be reduced by 24 hours. The aim 
of this project, which is being conducted in conjunction with 
the SASA Experiment Station, is to develop a theoretical, 
computer based model of the various systems of harvesting, 
transport and handling of sugarcane that can be used to 
investigate proposed methods of reducing harvest-to-crush 
delays. 

The initial phase of the project-involved an extensive 
literature review of techniques that have been used in the past 
for modelling harvesting, transport and materials handling 

Model development 

The model was developed on the scale of a particular mill and 
the area supplying it with cane because it is very often the 
interactions of factors such as the time of day that loads from 
different farms are delivered to the mill, milling schedules 
and transport cycles that have the greatest influence on 
overall harvest-to-crush delays. The Sezela mill was chosen 
in particular because a simulation study of the millyard 
operations had already been conducted using the Arena 
package (2personal communication). 

As an initial estimate, the most common methods of harves- 
ting and transport were modelled and the percentage of cane 
processed or delivered to the mill by each of these methods 
was weighted according to the corresponding tonnage of cane 
delivered. Transport was modelled as a non-limiting resource. 
This assumption simplifies the situation and will cause the 
delays calculated by the model to be less than real delays. 

' ~ a r n e s ,  A (1997). Systems analysis techniques for sugarcane harvesting and 
transport. Unpublished Seminar, Department of Agricultural Engineering, 
University of  Natal, Pietermaritzburg, South Africa. 

2~ Simpson, Cane Supply Manager, Sezela Sugar Mill, KwaZulu-Natal, 
South Africa (1997). 
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Hence it is likely to underestimate the sensitivity of the sys- 
tem to parameter changes since no extra delays are incurred 
by transport not being available. However, it does provides a 
starting point from which the model can be developed and a 
framework from which an initial estimate of the sensitivity of 
the system to various parameters can be made. The model 
was also split into a harvesting and transport section and a 
millyard section to make debugging and verifying easier. This 
paper discusses the harvesting and transport section of the 
model. 

Information collection 

Information about the various systems of harvesting and 
transport currently in use in the sugar industry was compiled 
from background reading and discussion with Eddie Meyer of 
the SASA Experiment Station, as well as from interviews 
with various people working with Illovo Sugar at the Sezela 
mill, including Allan Simpson, the cane supply manager, Eric 
Arde, the miller-cum-planter field manager and Antony 
Domleo, the small growers field manager. Kevin Cole of 
Agri-Man, who is also a farmer in the Sezela mill supply area, 
was also consulted. A number of other farmers in the area are 
also to be interviewed to collect data on operation times for 

various field processes and tonnages of cane on various 
systems. The times representing the processes are therefore 
approximations at this stage, but are within reasonable limits. 

Model structure 

The basic structure of the model is shown in Figure 1. One 
ton entities of cane are modelled and tracked through the 
system. These entities are assigned attributes based on user 
defined percentages which determine by what systems the 
entities are processed. Such attributes are also used to keep 
track of the times at which entities pass through various 
points in the system. The entities are initially created at the 
burning or trash cutting processes according to defined 
schedules and at such a rate that the target tonnage of cane 
will be produced each week. The burning schedules are either 
six, three, two or one bums a week (bum schedules 1 to 4). 
The bumt cane is cut and thereafter all the cane then goes to 
the loading process. If the cane is to be delivered to the mill in 
bundle form or if it is to be delivered to the transloading 
zones in bundle form before being split up to create spiller 
loads, it then goes through the stacking process to form 
bundles. This process produces bundles of three, four, or five 
tons of cane. 

No 
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Figure l. Flow chart of initial harvesting and transport model structure. 
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If the cane is to be delivered directly to the mill the bundles 
are combined into loads of six, seven, eight or nine bundles or 
the one ton entities are combined into spiller loads of mass 
described by a triangular distribution with minimum 24, mode 
28 and maximum 35 tons. Cane delivered to the transloading 
zones is loaded onto trailers in individual bundles or basket 
trailers of mass four, five or six tons. The loading process can 
only start once transport is available. The cane is then routed 
to the mill or transloading zones with a route time described 
by a triangular distribution. 

Cane arriving at the transloading zones is offloaded and 
bundles are combined into loads as in the fields or else the 
loads from the fields are split up into one ton entities and 
combined into spiller loads as in the fields. Once again the 
reloading process can only proceed if transport is available. 
The cane is then routed to the mill with a route time similar to 
that from field to mill. 

Experimental factors and reports 

Experimental factors are those variables or inputs to a 
simu!~tirior, model that are a!tered to determine whether ar! 
improvement to the system can be obtained. Reports are those 
statistics or outputs that are used to determine whether one 
system is better than another. In the case of the initial 
harvesting and transport model dealt with in this paper, the 
experimental factors consist of: 

Operation schedules 
Percentage of cane on various bum schedules (Perburnl to 
Perbum4) 
Percentage of cane on direct transport (Perdirect) 
Percentage of cane delivered to the mill in bundles 
(Perbundle) 
Percentage of cane not delivered to mill in bundle form 
that is stacked in the fields but is split into loose cane on 
the zones (Persplit). 

The experimental reports consist of the time in system (or 
harvest-to-millgate delays) recorded for each ton of cane 
passing through the model and levels of various stockpiles in 
the model. 

Sensitivity analysis 

A sensitivity analysis was conducted on the initial harvesting 
and transport model to determine how accurately the input 
parameters of the model need to be measured and to identify 
areas of the model that need further development. When 
considering the results of the sensitivity analysis it should be 
borne in mind that the interactions and feedbacks between the 
various processes form a complex system. While usually only 
one variable at a time is changed in this analysis, in reality, 
several variables may be changed at one time, which may 
alter the sensitivity of the model to other variables. A 
comprehensive statistical analysis would be required to 
determine the probability of the variation in model output 
exceeding a specified value for any combination of changes 
in variable estimation. 

Selection of variables for sensitivity analysis 

In addition to the experimental factors outlined above, the 
following parameters which would not be varied in normal 
experimentation with the simulation model were varied in the 
sensitivity analysis: 

Cutting, stacking, loading and unloading times all con- 
trolled by equations of the form: 

TA * Mass 
P T =  

% * TMass * rf 
Where 
PT = Process time for entity 
TA = Time available in one week for an operation 

(whole supply area) 
Mass = Mass of entity 
% = Percentage of total weekly supply area crush in- 

volved in operation 
Tmass = Mass of total weekly supply area crush 
rf = rate factor used to adjust the process time. 

Mass of spiller loads, adjusted with the mass factor mass$ 

Procedure and method of analysis 

Runs of 20 weeks were executed for each case investigated. 
The first week of results was truncated from the observations 
to decrease the effect of the initial transient phase in the 
model in which the various stockpiles, which were empty to 
begin with, are filling up. The remaining observations were 
batched to calculate independent means that could be used to 
determine a confidence interval on the overall mean of the 
harvest-to-millgate delay using the student-t distribution for 
each case investigated. 

The first parameter that was investigated was different 
percentages of cane on various burn schedules. The parameter 
values used are shown in Table 1. Case 2 in Table 1 was used 
as the standard case with which to compare all other cases. 

Tab le  1 .  Parameter values for d i f ferent  percentages o f  cane on 
various burn schedules. 
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In other analyses, Perdirect, Perbundle and Persplit were 
varied between 0 and 100% in different increments, r f  was 
varied from 1,00 to 1 , l0  and massf was varied from 0,80 to 
1,20. Parameters not varied were kept at the values for the 
standard case. The rate factor was not varied below one as 
this would cause cane stocks to build up in the system which 
would never decrease, contrary to the original assumption that 
the process rates be set at values sufficient to ensure that the 
target tonnage of cane is processed each week. 

Results and Discussion 

Results of the sensitivity analysis are presented in Figure 2. 
The error bars shown indicate the size of the 0,950 confidence 
interval half-width within which the estimates of the mean 
harvest-to-millgate delays fall. These half-widths are small 
relative to the magnitude of the delays and the results can 
therefore be taken as sufficiently accurate estimations of the 
true mean. 

Percentages of cane on various burn schedules 

Case 1 would represent a mill where only 40% of the cane is 
burnt before being cut. This is a fairly unusual situation, but 
shows how total percentage of cane being burnt affects the 
harvest-to-millgate delay when compared with the second two 
cases, where total cane burnt is 80%. The greater the per- 
centage of cane that is burnt, the greater the delay. In case 3 
the proportion of cane on the various bum schedules is the 
same as for case 1 and the increase in the estimate of delay 
for the 100% increase in total percentage of cane burnt is 
5,2 h or about 24% of the origi~al estimate of delay. 

Case 2 (the standard case) is an estimate of the type of 
situation that is likely to be found at the Sezela mill, based on 
discussion with experienced personnel in the industry. The 
total percentage of cane that is not bumt before cutting is 
small as most farmers bum as a rule. Unbumt cane is cut only 
when conditions do not permit burning. The majority of cane 
is on a schedule that involves burning every second or third 
day because the management effort involved in burning every 
day is high. Case 3 represents a situation in which the 
management of the burning process is very good with at least 
half of the burnt cane being burnt on a daily basis and the 
remainder every second or third day when conditions make 
daily burning impossible. It can be seen that good manage- 
ment of burning produces significant decreases in harvest-to- 
millgate delays of 8,3 h or about 23% of the larger value. The 
magnitude of these delays is consistent with figures discussed 
with experienced personnel which were about 16 to 30 hours 
for cane where good burning management is practised and 40 
to 80 hours where burning management is not as good. These 
real life estimates are obviously subject to much greater 
variation due to factors such as weather, breakdowns and the 
influence of millyard operations, but they do serve to demon- 
strate that the model is producing delays that are within 
reason. 

Percentage of cane delivered directly to the mill 

There is a general trend of delay decreasing with increasing 
Perdirect. This is to be expected, as cane that is transported 
directly from the fields to the mill does not have to go through 
the transloading processes and stockpile waits associated with 

Figure 2. Comparison of harvest-to-millgate delays for various cases. 
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these processes. Furthermore, as can be seen in Figure 3, the 
overall decrease in delay caused by a change in Perdirect 
from 0 to 100% of about 45% of the standard case mean is 
approximately three times that caused by chgging the total 
percentage of cane that is burnt from 80% (Case 3) to 40% 
(Case l), these cases having the same ratios of cane on the 
various bum schedules. This decrease in delay indicates that 
the advantages of increasing Perdirect could be significant, 
especially considering the low levels of cane currently on 
direct transport to mills such as Sezela (estimated around 
5%). Nevertheless, these advantages have to be weighed 
against the costs and practical considerations of introducing 
higher levels of direct transport. 

Percentage of cane delivered to the mill in bundle form 

The analysis showed that harvest-to-millgate delays are 
insensitive to Perbundle and this can be explained by 
considering the fact that the only significant time delay 
difference up to the millgate between cane that is delivered in 
bundles and cane that is delivered on spiller is the extra 
stacking process that the bundled cane goes through. Provided 
the stacking occurs at the correct rate to cope with the amount 
of cane that has to be processed (which is how it is 
represented in this model) this additional time delay will be 
small. Significant differences will occur when, for some 
reason, stacking is delayed or occurs at a slower rate than that 
required to process all the cane to be stacked in a week and, 
as a result, stockpiles of cane waiting to be stacked build up. 
The maximum tonnage that occurred in this stockpile for any 

of the values of Perbundle investigated was 15 1 tons, with a 
corresponding average tonnage in the stockpile of 11 tons. 
This stockpile therefore did not build up to any great extent 
and there was thus little additional time delay involved in 
cane being stacked. 

Percentage of transloaded, spiller cane delivered to the 
transloading zones in bundles 

This model was also insensitive to Persplit and the reasons are 
the same as for the insensitivity to Perbundle, since Persplit 
also only affects the amount of cane that is stacked and, as 
discussed previously, the stacking process has little effect on 
overall delays provided there is little stockpiling of cane prior 
to stacking. 

Rate ofprocesses and mass of spiller loads 

The general trend here is a decrease in harvest-to-millgate 
delays with increasing rf: This is to be expected, as increased 
process rates mean that each ton of cane spends less time in 
processes such as cutting and loading and there is also less 
stockpiling because the resources necesszry for processing 
become available more quickly. Harvest-to-millgate delays 
are highly sensitive to process rates with a 5% change in r -  
from 1,00 to 1,05, producing a change in delay of more than 
15%, as shown in Figure 3. The model becomes less sen- 
sitive to changes in process rates as the process rates increase, 
because less queueing of cane waiting to be processed occurs. 

Figure 3. Harvest-to-millgate delays relative to standard cases 
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A change in rf from 1,05 to 1,10 produced only a 10% change 
in delays. The model proved to be insensitive to mass of 
spiller loads. 

Conclusions 

The results of the sensitivity analysis indicate that the most 
significant decreases in harvest-to-millgate delays can be 
achieved by addressing burning schedules and the amount of 
total crush of cane that is delivered directly to the mill. This is 
a fairly obvious conclusion, but the results serve to sub- 
stantiate the assumption that these are important areas to 
investigate. This also indicates that these are areas that will 
have to be given particular attention in further development of 
the model. 

The results also indicate the high sensitivity of the model to 
the process rates for operations such as cutting and loading. 
This means that particular attention will also have to be paid 
to determining the values for such process rates and the man- 
ner in which such processes are represented in future versions 
of a model of sugarcane harvesting and transport systems. 

Finally, it needs to be stressed that the model presented here 
addresses only half the system. The interaction of harvesting 
and transport systems with millyard operations is likely to 
produce further complexities in the model and could have a 
significant impact on overall harvest-to-crush delay, which is 
the most important cause of cane deterioration. Furthermore, 
restrictions on the availability of transport vehicles, which 
was not modelled in this exercise, will also have an effect on 
overall harvest-to-crush delays and therefore needs to be 
examined further. 
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