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ABSTRACT 

This article explores decision analysis regarding Drop and Hook (D&H) transportation 
operations at sugarcane mills. By means of a case study, a combination of a discrete event 
simulation model and multi-attribute utility theory was used to evaluate different 
configurations for sugarcane delivery systems using internal, external, or no D&H 
systems. A D&H strategy maximises truck utilisation, as semi-trailers can be handled 
independently of the traction unit of the trucks, which makes the transport system more 
agile. For internal D&H systems the semi-trailer detaching/attaching point is located 
inside the mill site while for external D&H systems it is located outside, before the trucks’ 
weighbridge. Each configuration requires different infrastructure which affects the supply 
of sugarcane for milling. The case study was applied to a sugarcane mill of a corporation 
located in São Paulo State. By means of discrete simulation, we determined that eighteen 
D&H configurations were feasible. By using the swing weighting multi-criteria decision 
analysis (MCDA) method, we identified fleet cost as the most important factor, while 
configurations with external D&H systems showed the best utility values. For this case 
study, the best configuration is to use the external D&H strategy with 28 road trains (truck 
and two semi-trailers), 12 additional semi-trailer sets, and 6 tractor units. 

 
INTRODUCTION 

The sugarcane supply chain aims to grow, harvest, 
transport, and process sugarcane from the field to the mill 
(Kadwa & Bezuidenhout, 2015). An important challenge is 
how to coordinate the discrete arrivals of the loaded trucks 
and the continuous processes of the mills, which is 
commonly resolved by keeping sugarcane stock. However, 
owing to the perishability, this stock should be processed as 
soon as possible to avoid quality loss (Iannoni & Morabito, 
2006; Higgins & Davies, 2005; Silva et al., 2011; Lamsal et 
al., 2017). 

As sugarcane that has been chopped into billets is not 
usually stocked on the floor for quality purposes, one 
alternative is to use stock on wheels, enabled by a Drop and 
Hook (D&H) strategy. This strategy can be implemented 
with a truck configuration consisting of a traction unit 
(truck) separate from the load units (semi-trailers), such as 
road trains (truck and two semi-trailers). A D&H system 
starts when the driver detaches (drops) one set of semi-
trailers and attaches (hooks) another set of semi-trailers. 
Semi-trailers loaded with sugarcane feed the mill while the 

empty ones are pulled by trucks to the farms to be loaded 
again. In general, the D&H trip duration is shorter than the 
regular operation without D&H, because for the latter the 
driver has to wait while the truck is unloaded. 
Consequently, to enable a D&H strategy there must be a 
number of semi-trailers sets in reserve and dedicated tractor 
units available to move them. 

At sugarcane mills, this strategy can be implemented 
in one of two ways: before or after the weighing and 
sampling processes, which we will call ‘external D&H’ 
(Figure 1a) or ‘internal D&H’ (Figure 1b) systems, 
respectively. The difference between these systems is that in 
the internal D&H system the driver goes through the 
weighing and sampling processes, drops the full semi-trailer 
set in the internal yard, hooks the empty set, goes through the 
tare weighing and then returns to the harvesting areas. In the 
external D&H system, the driver drops the full semi-trailer 
set and hooks the empty set in the yard before the weighing 
and sampling processes, leaving the remaining processes to 
the dedicated tractor units. As the truck driver goes through 
fewer processes, there is a need for additional dedicated 
tractor units inside the mill to perform the internal operations. 
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FIGURE 1. External and Internal Drop and Hook systems at sugar mills. 
 
Some applications of D&H systems have been 

reported for the steel industry (Cheng et al., 2010), biomass 
transport (Craige et al., 2016), and also for the sugar and 
alcohol industry (Iannoni & Morabito, 2006). 

The inbound logistics system at mills is critical for 
sugarcane milling and its planning, resulting in higher 
opportunity, labour and fuel costs when the system is idle 
owing to a shortage of sugarcane (Iannoni & Morabito, 
2006), and when the suppliers do not contribute to the 
production process efficiency (Soliani & Pizzinatto, 2015). 
Sugar mill transit officers often prefer to keep a queue of 
vehicles loaded with sugarcane near unloading points, to 
minimize the idle time of the mill (Higgins, 2006). 
Depending on how the D&H system has been designed, the 
infrastructure (trucks, semi-trailers and tractors) required to 
handle the sugarcane milling process varies substantially. 
Thus, harvesting and transportation are key steps in the 
sugarcane supply chain, determining the consistency of 
supply to the sugar mills (Junqueira & Morabito, 2017).  

When decision makers (DMs) face a complex 
problem regarding the delivery of sugarcane to the mill, it 
may be difficult to analyse each variable separately, in 
which case a discrete simulation model could be beneficial. 
According to Law (2007), if the mathematical logic of the 
simulation respects the behaviour of the system studied, it 
is possible to develop theories and hypotheses based on the 
analysed events and evaluate the different results generated 
by changes in the system, thus aiding the decision-making 
processes, as highlighted by Ram & Montibeller (2013). 

Simulation models have been used to study many 
aspects of the sugar and alcohol industry, such as fleet 
sizing (Higgins & Davies, 2005), work shift scheduling 
(Silva et al., 2011), and the unloading process inside the 
sugar mill (Iannoni & Morabito, 2006). Combining other 
methodologies with a discrete event simulation model can 
enhance its capacity of supporting decision-making. In this 
way, multi-criteria decision analysis (MCDA) can be used 

to evaluate the results of discrete event simulation and 
analyse the trade-offs between the decision-making criteria 
(Saravanan & Thakkar, 2018; Brito et al., 2012). Ishizaka & 
Siraj (2018) evaluated the benefits of using a variety of 
MCDA tools with an incentive-based experiment in which 
participants were asked to compare five coffee shops. 
Although the benefits of different MCDA tools varied, all 
the tools were found to be beneficial in the sense that, when 
DMs decided to change their ranking, they followed the 
recommendation of the MCDA tool. Anojkumar et al. 
(2014) evaluated different multi-criteria methods based on 
the fuzzy analytical hierarchy process (FAHP), e.g. FAHP-
TOPSIS, FAHP-VIKOR, FAHP-ELECTRE, and FAHP-
PROMETHEE, for selecting pipe material in the sugarcane 
industry, considering five alternatives and seven criteria.  

Brito et al. (2012) used a simulation model to 
support strategic decisions related to planning and sizing of 
logistics and production facilities in a Brazilian steel plant. 
Based on the results of the simulation model, MCDA was 
used to rank ten feasible scenarios. As pointed out by the 
authors, discrete event simulation analysis is usually based 
on a single criterion, such as minimum total cost or 
maximum profit margin. Therefore, MCDA provides an 
effective option for complementing the simulation 
approach. 

This study aims to combine the use of MCDA based 
on Goodwin & Wright (2004) procedures with discrete 
simulation to assist DMs in evaluating which D&H 
transport system, as specified by its location and set of 
criteria, will best meet the logistics requirements of 
supplying sugarcane to the mills. The combined use of 
MCDA and discrete simulation may reduce the effort to find 
feasible alternatives (Brito et al., 2012), considering that the 
concept of simultaneously changing a set of parameters is 
difficult for some DMs to interpret. 
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The decision-making process regarding the use of a 
D&H system is verified by considering a set of performance 
indicators reported in literature as criteria: fleet costs 
(Iannoni & Morabito, 2006; Silva et al., 2011), time spent 
by vehicles in transit (Iannoni & Morabito, 2006; Higgins 
& Davies, 2005; Silva et al., 2011; Lamsal et al., 2017), and 
the risk associated with a shortage of sugarcane to supply 
the mill (Junqueira & Morabito, 2017). Even though a small 
number of criteria is analysed, their impact on the continuity 
of the system is of extreme importance as competitiveness 
in the commodities sector is driven by price. 

 
MATERIAL AND METHODS 

The discrete simulation model was built using the 
logistic processes of a sugarcane mill of a corporation 
located in São Paulo State. This mill operates 200 days per 
year with 4 mechanised harvesting fronts and currently uses 
the internal D&H strategy with 31 road trains, 10 reserve 
semi-trailer sets, and 3 dedicated tractor units. The 
sugarcane processing target is 11,000 Mg·day-1. The 

simulation model was built using the Arena Software v.14.7 
(student version). Through the simulation model a set of 
feasible alternatives for evaluation by the DMs was 
determined. 

To validate the simulation model, its performance 
indicators were compared with the actual system and the 
results were presented to the DMs to verify if the simulation 
model accurately represents the actual system. The 
corresponding durations of operations at the mill site are 
provided in Table 1. The DM group comprised one 
production manager and two supervisors, responsible for 
the supply of sugarcane to the mill. After model validation, 
we developed and conducted interviews based on multi-
attribute utility theory (MAUT) literature. With the 
interview data, we generated the utility functions and 
probabilities required for constructing a model of decision 
analysis coherent with the actual system. The preferential 
D&H system scenario was analysed following the MAUT 
approach, as this theory effectively supports the preference 
of DMs in relation to decisions involving risk. 

 
TABLE 1. Duration of operations at the mill site (Triangular distribution) 

Operation 
Minimum 
(minutes) 

Mode 
(minutes) 

Maximum 
(minutes) 

Weighting 2.0 3.0 4.0 
Sampling 2.0 3.0 4.0 

Detaching/Attaching trailers 1.5 2.0 3.0 
Unloading (per trailer) 2.0 2.5 3.0 

 
The simulation model was built following the six steps proposed by Faria & Silva (2015), based on Law (2007) and Banks 

(1998), and represented in Figure 2. 
 

 

FIGURE 2. Steps of a simulation study (Faria & Silva, 2015). 
 

Step 1. Objectives Setting: Defines the scope and the 
questions to be answered by the model, the performance 
measures to evaluate the different system configurations, 
and the time frame for the study. 

Step 2. Preliminary Modelling: Creates a simple 
model to start the study while the data are being collected 
and then increases its complexity as needed. 

Step 3. Data Collection: Collects information about 
the system to be studied and data to specify the input 
probability distributions. 

Step 4. Final Modelling: Translates the information 
collected so far into the final model that will be used to 
simulate the real-world problem. 

Step 5. Model Validation: Compares the simulation 
results with the actual system and makes adjustments until 
the model accuracy is considered acceptable. 

Step 6. Experimentation: Defines the alternatives to 
be simulated, runs the simulation, and collects the outputs 
of the model, enabling analysis and recommendations. 
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Despite the many alternatives provided by a 
decision-making tool such as a discrete simulation model, a 
poor alternative can sometimes be chosen because it excels 
on a single criterion, just as a good alternative could be 
rejected because it is not considered adequate on a specific 
criterion. According to Goodwin & Wright (2004), this is 
due to the limited processing capacity of the DM when 
dealing with complex or extensive problems. To address 
this issue, the multiple criteria approach using MAUT is of 
interest, as this technique is applicable to complex multi-
objective decisions that include risk (Meirelles & Gomes, 
2009). To perform the analysis we followed the steps 

explained in Meirelles & Gomes (2009) and Goodwin & 
Wright (2004). 

The initial interviews with DMs were conducted to 
establish and validate the criteria related to the 18 feasible 
alternatives generated by the simulation model. The 
alternatives included options with internal, external, and 
without D&H systems as well as variations in equipment 
infrastructure (number of road trains, reserve semi-trailers 
sets and dedicated tractor units).  

Figure 3 displays the resultant hierarchical tree 
obtained from the interviews, while Table 2 lists the 
descriptions and measurement units of the criteria. 

 

 

 

FIGURE 3. Hierarchical tree of criteria that influence D&H configuration. 
 

TABLE 2. Description of criteria and their measurement units. 

Criterion Description Unit 

Fleet cost The combined cost of road trains, semi-trailer sets, and dedicated tractor units Monetary (R$) 

Risk of idleness 
Fraction of time when sugarcane stock is below  

100 Mg 
Percentage (%) 

Time spent by road 
trains at mill 

Average total time spent by road trains during operations at the mill, such as 
attachment/detachment, weighing, sampling, etc. 

Time (minutes) 

 
To determine the criteria weights, we applied the swing weighting method based on the DMs’ evaluation, according to 

Goodwin & Wright (2004) recommendations. Once the comparison among criteria had been completed, the weights were 
normalised. The most important criterion, fleet cost, was assigned a weight of 0.5, while the other two criteria were assigned 
equal weights of 0.25 each, totalling one. Table 3 shows the DMs’ scores and their normalised weights. 
 
TABLE 3. Scores and weights determined by the DMs for each criterion. 

Criterion Score Normalised Weight 

Fleet cost 20 0.50 

Risk of idleness 10 0.25 

Time spent by road trains at mill 10 0.25 

Total 40 1.00 

 
 
 
 

 
 

Increase logistics 
efficiency in mills 

Time spent by road 
trains at mill 

Risk of idleness Fleet cost 

 

Uses external drop-
and-hook system 

Does not use drop-
and-hook system 

Uses internal drop-
and-hook system 
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Once the weights had been determined, the utility 
function for each criterion was plotted. Interviews were 
conducted to specify the preferences of the DMs by 
sketching their behaviour in situations involving risk 
(monetary or non-monetary), using successive lottery 
questions and a five-point scale for the utility functions 
(Table 4). For this, we used the certainty-equivalence 
approach as illustrated by the following example for fleet 
cost. The current annual fleet cost is R$ 10,852.71. 
According to the DM’s preference, the best and worst 
annual cost expenditures would be at most R$ 7,750,000 
and R$ 23,250,000, respectively. Suppose it is a lottery and 
the DM pays R$ 7,750,000 or R$ 23,250,000, each with a 

probability of 0.5. Would the DM prefer the current cost of 
$10,852.71 to the lottery? If the answer is ‘No’, the next 
question is if the current costs were R$ 16,000,000, would 
the DM prefer this cost to the lottery? If the answer to the 
first question is ‘Yes’, the next question is if the costs were 
R$ 10,000,000, would the DM prefer this cost to the lottery? 
When the DM is indifferent between the options, we 
continue with the questions close to the plotted curve. Note 
that, a variation in fleet cost from R$ 7.75×106 to 
R$ 11.63×106 generates a loss of utility of 25 units (from 
100 to 75), whereas a variation from R$ 11.63×106 to 
R$ 23.25×106 generates a loss of 75 units. Therefore, this 
behaviour demonstrates the risk aversion of the DMs. 

 
TABLE 4. Utility functions for each criterion. 

Utility 
𝑓(𝑋) 

 Criterion  
Fleet cost (x) 

(·106 R$) 
Risk of idleness (x) 

(%) 
Time spent by road trains at mill (x) 

(min) 
0 𝑥 ≥ 23.25 𝑥 ≥ 6.3 x ≥ 72 
25 19.37 5.25 60 
50 15.5  4.2 48 
75 11.63  3.15  36 

100 𝑥 ≤  7.75  𝑥 ≤  2.1   x ≤  24   

Utility functions: 𝑓(𝑋) = −6.45𝑥 + 150 𝑓(𝑋) = −23.8 𝑥 + 150 𝑓(𝑋) = −2.08 𝑥 + 150 
Approximated function (0 ≤ f(x) ≤ 100) 

 
Using the utility functions, the alternatives’ 

performance on all criteria was compared with V.I.S.A. 
(Visual Interactive Sensitivity Analysis) software. V.I.S.A. 
is a decision support software developed by SIMUL8 
Corporation. This software assists in the modelling of 
discrete choice problems by applying value measures to 
multiple subcriteria, where decisions are modelled using a 
hierarchy of functions (criteria); i.e. as a decision tree. The 
software allowed us to check the consistency of the multi-
attribute utility function, and a sensitivity analysis was 
performed to examine the effect of changes in the weights. 

An important feature of this software is its 
interactive interface that allows real-time scanning and 
verification (through trial and error) of the different 

priorities, values and weights of subcriteria and criteria 
during the robustness and sensitivity analysis. This made it 
possible to verify which criteria affects the selection of each 
of the eighteen alternatives. 

 
RESULTS AND DISCUSSION 

In this study, two sets of results were obtained. The 
first is the set of 18 alternatives obtained from the discrete 
simulation model, which was used as input to the decision 
analysis model. Table 5 shows all the feasible alternatives 
evaluated by the simulation model. The second set is the 
MAUT results. Table 6 and Figure 4 summarise the results 
obtained with V.I.S.A.

 
TABLE 5. Configuration of equipment used for each alternative. 

Strategy Alternative 
Number of  
road trains 

Number of 
reserve semi-trailer sets 

Number of  
dedicated tractor units 

Internal 
D&H 

system 

1 31 10 3 
2 30 10 3 
3 31 8 3 
4 31 12 3 

External 
D&H 

system 

5 28 10 6 
6 27 10 7 
7 27 10 6 
8 28 8 6 
9 28 12 6 

Without 
D&H 

system 

10 30 0 0 
11 31 0 0 
12 32 0 0 
13 33 0 0 
14 34 0 0 
15 35 0 0 
16 36 0 0 
17 37 0 0 
18 38 0 0 

 



Danilo A. F. de Faria, Márcia L. da S. Frazão, José G. V. Vieira 253 

 

 
Engenharia Agrícola, Jaboticabal, v.39, n.2, p.248-256, mar./apr. 2019 

 

The first four alternatives were generated to simulate 
the internal D&H system. The first one is the alternative 
currently used by the sugar mill (reference alternative), 
while the second and third alternatives were used to 
evaluate the effect of reducing the number of road trains and 
reserve semi-trailer sets, respectively. The last alternative 
for the internal D&H system was created to analyse the 
benefit of using additional reserve semi-trailer sets. 

Alternatives 5 to 9 were used to simulate the external 
D&H system. These alternatives were designed to produce 
an equivalent quantity of sugarcane milled per day as the 
first alternative (reference alternative), but with a different 
number of resources, owing to the D&H system 
modification. In comparison to alternatives 1 to 4, the 
number of dedicated tractor units increased owing to the 
longer distance covered by them to move the semi-trailers 
with sugarcane to the unloading point in comparison to the 

internal D&H system. On the other hand, the requirement 
for road trains was reduced. 

The last nine alternatives, from 10 to 18, were 
generated to simulate the operations without a D&H system. 
As with previous alternatives, we aimed to produce an 
equivalent quantity of milled sugarcane as the reference 
alternative, by varying the number of resources. 

The results for the first alternative were 11,112 Mg 
of milled sugarcane, 3.07% risk of idleness, and on average 
51.72 minutes spent by the road trains either in processes or 
during idle times at the mill. The same performance 
indicators were evaluated for the other 17 alternatives and 
used as input for the utility functions to find their utility 
scores for the three criteria: fleet cost, risk of idleness, and 
time spent by trucks at the mill. The best alternatives are those 
that obtain the highest criteria scores. Table 6 summarises the 
resultant scores for each alternative and criterion. 

 
TABLE 6. Utility scores. 

Strategy Alternative 
Utility score 

Fleet cost Risk of idleness Time Spent 

Internal D&H 

1 42.61 76.93 42.42 
2 45.51 69.56 50.72 
3 44.54 11.25 42.26 
4 40.67 100.00 51.32 

External D&H 

5 43.58 59.08 92.47 
6 43.90 0.00 100.00 
7 46.48 54.09 96.17 
8 45.51 38.85 82.13 
9 41.64 89,79 91.70 

Without D&H 

10 62.93 0.00 44.94 
11 60.02 0.00 42.01 
12 57.12 0.00 36.41 
13 54.22 0.00 29.42 
14 51.32 0.00 27.61 
15 48.41 0.00 20.12 
16 45.51 0.00 14.68 
17 42.61 0.00 12.49 
18 39.71 0.00 6.79 

 
Analysing the fleet cost criterion, we observe that the 

best scores (for a 0-100 ranking, where 0 is the worst and 
100 the best score) are obtained by alternatives that do not 
use the D&H system. This is because this system does not 
use any reserve semi-trailer sets or tractor units. On the 
other hand, considering the risk of idleness criterion, the 
alternatives without a D&H system obtain the worst scores, 
as there is no stock on wheels available to be kept near the 
unloading point. 

Regarding the time spent by trucks at the mills, it can 
be seen that the external D&H alternatives perform better 
than the others, because this system prevents the trucks from 
wasting time on weighing and sampling activities and in the 
queue to unload sugarcane. Furthermore, comparing the 
time spent by road trains at the mill in the systems without 
D&H using fewer than 32 road trains (alternatives 10 and 
11) with internal D&H systems (alternatives 1 to 4), it can 

be observed that the scores for this criterion are very similar. 
This can be explained by the low incidence of queues in the 
unloading process for alternatives 10 and 11 as a result of 
the reduced number of trucks in the transport system. In 
these alternatives without D&H systems, trucks unload and 
quickly return to the farms to be loaded, but the risk of a 
shortage of cane is increased. 

Alternative 6 has one additional dedicated tractor 
unit in comparison to the other alternatives, which reduces 
the time that trucks spend at mill in the external D&H 
system. However, as alternative 6 has the smallest number 
of trucks but the number of reserve semi-trailer sets is 
maintained at 10 units, the risk of idleness increases and 
results in a zero score. 

Figure 4 shows the final utility values for each 
alternative after assigning the weights for each criterion, 
using the scores from Table 6 and the weights from Table 3. 
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FIGURE 4. Utility values for each alternative on all criteria. 
  

The three alternatives that show the best results are 

alternatives 9, 7 and 5, in descending order, as the sums of 

their criteria utility values are the highest. It is worth noting 

that all of them use the external D&H system. The three 

worst results are obtained by alternatives 18, 17 and 16, 

which do not use the D&H system. These last three 

scenarios have a 0 utility score for the risk of idleness. 

As alternative 1 is the current alternative used by the 

mill, we suggest the adoption of alternative 4 as a 

transitional option. This would increase the utility value by 

approximately 7 points for acquiring 2 additional semi-

trailer sets and would not require any changes in the current 

processes. Despite the increased cost of alternative 4, it 

obtains the maximum score for the risk of idleness, as extra 

semi-trailers increase the sugarcane stock. Then, when the 

DMs feel comfortable to modify the process, they could 

exchange 3 road trains for 3 dedicated tractor units and 

adopt the external D&H system, using alternative 9, which 

increases the utility value by another 8 points. In terms of 

cost, estimating that a dedicated tractor unit is equivalent to 

half a road train, there would be a saving of 1.5 road trains 

if alternative 9 was selected in comparison to the current 

alternative.  
Concerning the sensitivity analysis, Figure 5 shows 

the results for the 18 alternatives where each bar represents 

a scenario where the weight of one of the criteria is set to 

zero while the black bar represents the utility value for the 

original weights determined by the DMs. In the sensitivity 

analysis, while one of the criteria had its value annulled, the 

other criteria had their weights increased proportionally.  
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FIGURE 5. Utility values for each alternative considering different weights. 
 

The sensitivity analysis results show that, for most 
of the alternatives, the utility values obtained with the 
original weights and those with the criterion ‘Time Spent’ 
annulled are very similar. However, for alternatives with 
External D&H systems (5 to 9), the utility value with 
criterion ‘Time Spent’ annulled is considerably smaller 
when compared with the original utility value. Note the 
significant influence of the criterion related to the time spent 
at the mill on the results, given the difficult trade-off 
between ‘Risk of Idleness’ and ‘Fleet Cost’, even with the 
significant difference between the weights. 

When the comparison is related to the criterion ‘Risk 
of Idleness’, the utility values of the alternatives without the 
use of D&H systems increase largely. These results show 
that when idleness is not important, not using D&H systems 
may be an advantage owing to the saving in purchase and 
maintenance costs of the smaller fleet size. Even when the 
risk of idleness is not considered, the alternatives with 
External D&H systems are the best options because of their 
savings in time spent at the mills, as the truck does not go 
through the weighing and sampling processes and probable 
queuing points. 

The ‘Fleet Cost’ is the most discrepant criterion. As 
the DMs initially assigned a large weight to it, its 
redistribution affects the results differently. We observe that 
when the mills need supply at any cost, the alternatives with 
better results in terms of time and low risk are the ones with 
higher utility values. Therefore, the alternatives with the 
most vehicles (alternatives 9, 5 and 4) are the ones with the 
highest utility values in spite of the high investment in the 
fleet, given the weights chosen by the DMs. 

 
CONCLUSIONS 

This study combines MCDA and discrete event 
simulation to assist DMs to evaluate D&H transport system 
configurations at a sugarcane mill. The best alternative 
corresponds to an external D&H system with 28 road trains, 
12 reverse semi-trailers sets, and 6 dedicated tractor units 
(alternative 9). 

The fleet cost criterion has the largest impact on the 
results, followed by the risk of idleness criterion. According 
to the DMs, the cost of acquiring and maintaining the fleet 
is the criterion that has the largest impact on their decisions. 

All alternatives using D&H systems showed 
superior results in comparison with those without D&H 
systems, as the D&H systems optimize the time that trucks 
spend at the mill and this agility is reflected in the three 
criteria considered. 
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