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ABSTRACT

Brazil is the world’s largest sugarcane producer destined for mills producing alcohol, sugar,
and electricity cogeneration. Sugarcane transport to the mills is carried out by trucks with
trailers and tractors with semi-trailers, which transport the raw material harvested in the
field to the mill. The modal road system of sugarcane transport uses this equipment to meet
the continuous demand of the harveste draw material, with punctuality in the transport
execution and generating a minimum cost. This study aimed to analyze the influence of
availability efficiency on the operational and economic performance of different sugarcane
transport equipment. A computational model called TransporteCana was developed in a
spreadsheet due to the difficulty in meeting the objective under field conditions. The model
was checked for possible routine errors, validated, and used in the analysis of variables and
generation of results. The results showed that increasing availability efficiency reduces the
operational cost of producing the equipment. Large managerial investments for the means of
execution are required for high availability efficiencies.

INTRODUCTION

The estimated area cultivated with sugarcane in
Brazil reached 8.42 million hectares and a total production
forecast of 628.10 million tons in the 2021/2022 growing
season (CONAB, 2021).

The road transport system is essential to meet the
demand for raw material harvested in the field and deliver
sugarcane to the mill on time to avoid direct and indirect
damage to the raw material quality. According to Santos et
al. (2014b), the demand for the production of processed
raw materials depends on the operational performance of
the mechanized system. In this sense, operational
performance comprises the managerial conditions for the
equipment to operate and considers, among the various
means of execution, the operational times of service
(Santos et al., 2014a).

According to Mialhe (1974), operational times
occur through setup, interruption, and production time.
Setup time refers to the preparation of the equipment to
operate. Interruption time stems from the work of the
equipment in operation, such as adjustments and refueling.

2Universidade Federal do Ceara - UFC/Fortaleza - CE, Brasil.

Production time is exclusively for productive work, that is,
when the equipment is effectively performing the
agricultural operation. In this context, according to
Alizadeh (2011), Araldi et al. (2013), Griffel et al. (2020),
Grisso et al. (2002), Linhares et al. (2012), Mohamed et al.
(2011), Oduma et al. (2019), Pitla et al. (2014), Santos et
al. (2018b), Shamshiri & Ismail (2013), and Zhou et al.
(2015), the operational times of service result in the field
efficiency (Eff), which corresponds, in this study, to the
availability efficiency (Efa) of the equipment of the
sugarcane transport system. Efa comprises the worked
hours that the equipment effectively performs its productive
function, the auxiliary hours that are required according to
the operation that the equipment necessarily needs for its
full use (Banchi & Lopez, 2007). Furthermore, according to
these authors, the lost hours correspond to the period that the
equipment is ready to operate but is not used due to
managerial or climate conditions,which are independent of
the equipment, and maintenance hours, which correspond to
the time taken to carry out the routine maintenance that the
operation requires.
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The operational performance of equipment in the
management of mechanized agricultural systems has a
direct influence on economic performance (Santos, 2018a).
According to Santos (2019), it occurs because the
operational and economic performance variables are
systemically interrelated. Thus, this study aimed to analyze
the availability efficiency in the operational and economic
performance of different sugarcane transport equipment.

MATERIAL AND METHODS

Amill, called Hypothetical Mill, with its sugarcane
transport system (truck with trailers and tractor with semi-
trailers), was considered in this study. The predominance

of the operation of the transport system in this study, as in
any mill in Brazil, occurs with the equipment going to the
field and back from the field to it, thus completing the
entire loading and unloading cycle, with no restrictions on
the form of coupling/uncoupling during the cycle between
the truck with trailers and the tractor with semi-trailers.

The Hypothetical Mill has distant plots with an
average radius that varies from 10 to 50 km and will be
covered by the equipment during the loading and
unloading cycle. An Elaborated Scenario, which comprises
the description of the economic, technical, managerial, and
operational characteristics of the equipment was created to
generate the results (Table 1).

TABLE 1. Economic, technical, managerial, and operational variables of equipment for the Elaborated Scenario.

Variable Abbreviation Unit Truck Trailer Tractor Semi-trailer
Initial value v US$ 140,196 16,667 116,667 37,255
Rated engine power REP kW/CV 368/500 - 368/500 -
Body load BL Mg 20 18 - 35
Number of bodies NB Number - 3 - 2
Number of tires NT Number 12 24 10 24
Working time WT h 24
Availability efficiency Efa Decimal 0.70
Average working speed AWS km h™! 40 40
New tire service life NTSL km 80,000 80,000
Retread tire service life RTSL km 75,000 75,000
Number of tire retreads NTR km 2 2
Average distance radius ADR km 30 30
Loading time LT min 55 50
Unloading time uT min 55 50

Efa,which determines the useful life, in kilometers,
of the equipment, agreed with Banchi & Lopes (2007).
The loading and unloading time values were based on data
from the study conducted by Carreira (2010).

A computational model, called TransporteCana,
which enables the basic characteristics of the sugarcane
transport system in the Brazilian mills, was developed to
meet the study objective. The model is based on the
flowchart shown in Figure 1, prepared according to the
features proposed by Oakland (2007).

“The numbers in parentheses refer to the flowchart in Figure 1.

TransporteCana was developed in an Excel®
spreadsheet. The model starts its operation (1)* with the
entry of data referring to the crop (2), such as the
sugarcane production to be transported and the price of the
ton of sugarcane delivered to the mill. Item (3) refers to the
climate data entry: number of days to conduct the
transport, number of Sundays and holidays, and number of
inappropriate working days for transport to define the
available time in days.
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2)
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(5)
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Material and Methods/Literature

(6)

Data Entry
Economic

A

FIGURE 1. General flowchart of the computational model.

Data entry @) refers to the
technical/management/operational characteristics of the
transport: rated engine power, body loads, number of
bodies, number of tires, average working speed, working
time, new tire service life, retread tire service life, number
of tire retreads, average distance radius, loading time, and
unloading time.

The association between items (2), (3), and (4)
determined the operational performance of the truck with
trailer and tractor with semi-trailer set (5): total loading
and unloading cycle time, number of loading and
unloading in the day, month, and growing season, the total
load of the set, the total production capacity of the set,
production transported in the day, month, and growing
season, distance traveled in the day, month, and growing
season, operational fuel consumption in the growing
season, production rate, and number of required sets.

The results of operational performance associated
with the entry of the economic data of machinery (6) initial
value, final value, service life in years and hours, interest
per year, storage, insurance, and fees (SIF), licensing, fuel
consumption, and repair and maintenance determined the
calculation of economic performance (7), which refers to
the cost of fuel, repair and maintenance, repair and
maintenance of the new tire, repair and maintenance of the
retreaded tire, per kilometer and ton, and gross and net
gain of the mill with the transported production.

(7)

Economic Performance

Cost per Kilometer and Ton

(8)

Results

Yes(10)

The model results (8) allow the user to evaluate the
operational and economic performance of the transport and
decide (9) as to the feasibility (10) or not. New data must
be inserted in the model in case the transport with the
considered equipment is not feasible for the user (11) or
the user chooses to evaluate another scenario.

Climate

The local climate determines the available time in
growing season days (TAd) to transport the harvested raw
material, based on Mialhe (1974), with adjustments. The
available time in growing season days (TAd) was
calculated based on the number of days (Nd), number of
Sundays and holidays (Nsh), and number of unsuitable
working days for transport (Nuwdt), according to [eq.(1)].

TAd=[Nd - (Nsh + Nuwdt)] (1)
In which:

TAd is the available time (days);

Nd is the number of days;

Nsh is the number of Sundays and holidays, and

Nuwdt is the number of unsuitable working days

for transport.
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Operational performance

The total loading and unloading cycle time
(TLUCT), the number of loading and unloading in the day
(NLUD), production transported in the day (PTD),
production transported in the growing season (PTGS),
distance traveled in the day (DTD), and distance traveled
in the growing season (DTGS) were based on Carreira
(2010). This proposal was adopted because it meets the
operationalization of the logistic process (transport) of the
sugarcane to a Mill.

The total loading and unloading cycle time
(TLUCT) was calculated based on the average distance
radius (ADR), average working speed (AWS), loading
time (LT), and unloading time (UT) (Carreira, 2010),
according to [eq.(2)].

ADR * 2) N (LT + UT)]

2
AWS 60 @

TLUCT = [(

In where:

TLUCT is the total loading and unloading cycle
time (h);

ADR is the average distance radius (km);

2 is the constant to determine the round-trip
distance traveled in the loading and unloading
cycle;

AWS is the average working speed (km h™");
LT is the loading time (min);
UT is the unloading time (min), and

60 is a constant.

The number of loading and unloading in the day
(NLUD) was determined based on the working time (WT),
total loading and unloading cycle time (TLUCT), and
availability efficiency (Efa), based on Carreira (2010).

The number of loading and unloading in the month
(NLUM) was defined by the association between the
number of loading and unloading in the day (NLUD) and
the total number of days in a month (NDM).

The number of loading and unloading in the
growing season (NLUGS) was calculated by the
association between the number of loading and unloading
in the day (NLUD) and the time available in growing
season days (TAd).

The total load of the set (TLS) was determined by
the association between the body load (BL) and the
number of bodies (NB).

The total production capacity of the set (TPCS) was
defined by the ratio between the total load of the set (TLS)
and the total loading and unloading cycle time (TLUCT).

The production transported in the day (PTD) was
calculated by the association between the number of
loading and unloading in the day (NLUD) and the total
load of the set (TLS), according to Carreira (2010).

The production transported in the month (PTM)
was determined by the association between the production
transported in the day (PTD) and the total number of days
in a month (NDM).

The production transported in the growing season
(PTGS) was defined by the association between the
production transported in the day (PTD) and the time

available in growing season days (TAd), according to
Carreira (2010).

The total distance traveled in the loading and
unloading cycle (TDTLUC) was calculated based on the
average distance radius (ADR), according to [eq. (3)].

TDTLUC = ADR * 2 3)
In which:

TDTLUC 1is the total distance traveled in the
loading and unloading cycle (km).

The distance traveled in the day (DTD) was
determined based on the total distance traveled in the
loading and unloading cycle (TDTLUC) and the number of
loading and unloading in the day (NLUD) (Carreira,
2010), according to [eq. (4)].

DTD = TDTLUC * NLUD 4
Where:
DTD is the distance traveled in the day (km day ™).

The distance traveled in the month (DTM) was
defined by the association between the distance traveled in
the day (DTD) and the total number of days in a month
(NDM).

The distance traveled in the growing season
(DTGS) was calculated by the association between the
distance traveled in the day (DTD) and the time available in
growing season days (TAd), according to Carreira (2010).

The operational fuel consumption in the growing
season (OFCGS) of the set truck with trailer and tractor
with semi-trailer was determined based on the distance
traveled in the growing season (DTGS), fuel consumption
(FC), and production transported in the growing season
(PTGS).

The production rate (PR) was defined by the ratio
between the mill production in the growing season
(MPGS) and the time available in growing season days
(TAQ).

The number of required sets (NRS) was calculated
by the ratio between the production rate (PR) and the
production transported in the day (PTD).

Economic performance

The fixed cost (FC) of the equipment was
calculated based on the adjusted proposal of ASABE
(2011), defined by the ratio between annual depreciation
(AD), annual interest (Al), storage, insurance, and fees
(SIF), licensing (LIC), and distance traveled in the
growing season (DTGS), according to [eq.(5)].

* [(LEY LHEVY
oo |({IV (55 + (DTsz i+sIF|} +LIC)| o

In which:
FC is the fixed cost of the equipment (US$ km™);
IV is the initial value of the equipment (US$);
FV is the final value of the equipment (decimal);
ESL is the equipment service life (years);

i1s the interest rate per year (decimal);
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SIF is the storage, insurance, and rates per year
(decimal);

LIC is the licensing (US$ year '), and

DTGS is the distance traveled in the growing
season (km year').

The variable cost (VC) of the equipment was
defined as the sum of the cost of fuel (CF), cost of repair
and maintenance (CRM), cost of repair and maintenance
of the new tire (CRMNT), and cost of repair and
maintenance of the retreaded tire (CRMRT), based on
Mialhe (1974) and Balastreire (1990) with adjustments.

Fuel consumption (FCP) of the truck and tractor
can be estimated or averaged. The estimated value must be
provided when choosing the estimated consumption. The
average consumption option is in accordance with the
proposal by Banchi et al. (2008). This proposal provides
average values of fuel consumption of sugarcane trucks by
the rated power range of the equipment’s engine.

The cost of fuel (CF) of the equipment was
calculated by the ratio between the price of a liter of fuel
(PL) and fuel consumption (FCP). The price of a liter of fuel
(PL) was 0.92 US$ L', which was based on the average
price of gas stations in the city of Uberaba-MG in 2021.

The cost of repair and maintenance of the truck and
tractor (CRMTT) was defined based on ASABE (2011)
with adjustments.

The cost of repair and maintenance of the trailer
(CRMT) and semi-trailer (CRMST) was calculated
according to Banchi et al. (2009).

The cost of repair and maintenance of the new tire
(CRMNT) and retreaded tire (CRMRT) of the equipment
were based on Goodyear (2017) and Rosa (2017). The cost
of repair and maintenance of the new tire (CRMNT) was
defined based on the price of a new tire (PNT), number of
tires (NT), and the new tire service life (NTSL), according
to Goodyear (2017) and Rosa (2017) (Equation 6).

PNT * NT)

NTSL ©

CRMNT = (

Where:

CRMNT is the cost of repair and maintenance of
the new tire (US$ km™);

PNT is the price of a new tire (US$);
NT is the number of tires, and
NTSL is the new tire service life (km).

The cost of repair and maintenance of the retreaded
tire (CRMRT) of the equipment was determined based on
the price of the retreaded tire (PRT), number of tire
retreads (NTR), number of tires (NT), and retread tire
service life (RTSL), according to Goodyear (2017) and
Rosa (2017) (Equation 7).

PRT * NTR * NT)

RTSL M

CRMRT = (

Where:

CRMRT is the cost of repair and maintenance of
the retreaded tire (US$km™),

PRT is the price of the retreaded tire (US$),

NTR is the number of tire retreads, number of tires
(NT), and

RTSL is theretread tire service life (km).

The equipment operational cost (EOC) was
calculated by the sum between the fixed cost (FC) and
variable cost (VC), based on Mialhe (1974) and Balastreire
(1990) with adjustments.

The operational cost of the truck and trailer set
(OCTTS) was determined by the sum between the
operational cost of the truck (OCTk) and the operational
cost of the trailer (OCTr).

The operational cost of the tractor and semi-trailer
set (OCTSTS) was defined by the sum between the
operational cost of the tractor (OCT) and the operational
cost of the semi-trailer (OCST).

The operational cost of production of the truck and
tractor (OCPTT) was calculated based on the equipment
operational cost (EOC), distance traveled in the growing
season (DTGS), and production transported in the growing
season (PTGS), based on Carreira (2010) and Rosa (2017)
with adjustments, according to [eq.(8)].

DTGS)]

PTGS ®

OCPTT = [EOC * (

in which:

OCPTT is the operational cost of production of the
truck and tractor (US$ t™1);

EOC is the equipment operational cost (US$ km™);

DTGS is the distance traveled in the growing
season (km year '), and

PTGS is the production transported in the growing
season (Mg year ).

The operational cost of production of the trailer and
semi-trailer (OCPTST) was determined similarly to the
operational cost of production of the truck and tractor
(OCPTT), according to Carreira (2010) and Rosa (2017)
with adjustments. The operational cost of production of the
truck and trailer set (OCPTTS) was defined by the sum
between the operational cost of production of the truck
(OCPTk) and the operational cost of production of the
trailer (OCPTr). The operational cost of production of the
tractor and semi-trailer set (OCPTSTS) was calculated by
the sum between the operational cost of production of the
tractor (OCPT) and the operational cost of production of
the semi-trailer (OCPST). The total cost of the set (TCS)
was determined by the sum of the operational cost of
production of the set (OCPS) and production transported in
the growing season (PTGS).

Economic gains of the mill

The mill gross (MGGPTGS) and net (MNGPTGS)
gain with the production transported in the growing season
were based on Santos et al. (2014a), Santos et al. (2015),
and Santos et al. (2017), with modifications. In this case,
the mill gross gain with the production transported in the
growing secason (MGGPTGS) was calculated by the
association between the estimated price per ton of
sugarcane delivered to the mill (PTSDM) and the
production transported in the growing season (PTGS). In
contrast, the mill net gain with the production transported
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in the growing season (MNGPTGS) was determined by the
difference between the mill gross gain with the production
transported in the growing season (MGGPTGS) and the
total cost of the set (TCS). The estimated price per ton of
sugarcane delivered to the mill was 14.69 US$ Mg},
according to UDOP (2019).

Validation

TransporteCana was validated by comparing
simulation results with data from the literature (secondary
data). Validation, sensitivity analysis, and consistency of
the computational model were performed using the
operational cost of production.

RESULTS AND DISCUSSION

The climate planning of the Elaborated Scenario of
the Hypothetical Mill considered the pluviometric
conditions of the Tridngulo Mineiro region, in the State of

2,70 ~
2.60 -
2.50 A
2.40 -
2.30 -
2.20 -
2.10 -
2.00 -
1.90 -
1.80 ~
1.70 -
1.60
1.50
1.40 -
1.30 ~
1.20
1.10 -
1.00 ~
0.90 -
0.80 -
0.70 -
0.60 -

Operational Cost of Production (US$ Mg1)

Minas Gerais, between 1980 and 2010, according to the
pluviometric data presented by Rolddo & Assuncgéo (2012)
apud ANA (2012), and clayey soil. The climate planning
of the considered region resulted in atime available in
growing season days (TAd) of 235.

Availability efficiency (Efa) is a management
variable that represents the time worked, adjustments, and
equipment availability. Figure 2 shows the operational cost
of production of the sets under two management
conditions of availability efficiency, that is, 70 (Elaborated
Scenario) and 100%, as a function of the average distance
radius between the mill and the production plot. Increasing
the average distance radius results in linear growth in cost
but higher availability efficiency reduces the cost of the
sets. The cost of the truck and trailer set within a radius of
10 km with efficiencies of 70 and 100% was 0.70 and 0.62
US$ Mg !, respectively, while the tractor and semi-trailer
set had a cost of 0.67 and 0.60 US$ Mg ', respectively.

2,64

0.50
10 20

30 40 50

Average Distance Radius (km)

—Truck and Trailer Set (100% Availability Efficiency)

""" Truck and Trailer Set (70% Availability Efficiency) (Elaborated Scenario)

""""" Tractor and Semi-trailer Set (100% Availability Efficiency)

— —Tractor and Semi-trailer Set (70% Availability Efficiency) (Elaborated Scenario)

FIGURE 2. Operational cost of production and availability efficiency as a function of the average distance radius.

The cost of the truck and trailer set within a radius
of 30 km (Elaborated Scenario) was 1.67 and 1.55 US$
Mg ! with efficiencies of 70 and 100%, respectively.
Moreover, the tractor and semi-trailer set reached the cost of
1.62 and 1.51 US$ Mg! for these efficiencies, respectively.

The cost of the truck and trailer set was 2.64 and
2.48 US$ Mg ! within a radius of 50 km with efficiencies of
70 and 100%, respectively, while the tractor and semi-trailer
set reached the cost of 2.57 and 2.42 US$ Mg !, respectively.

The difference between the costs of the truck and
trailer set regarding the radius of 10 km and a 70%
efficiency showed an increase of 0.97 and 1.94 US$ Mg!
or 138.55 and 277.11% compared to radii of 30 and 50 km,
respectively. The 100% efficiency led to an increase of
0.93 and 1.87 US$ Mg!' or 151.27 and 302.54%,
respectively. In contrast, the difference in cost for the
tractor and semi-trailer set relative to the 10 km radius
with an efficiency of 70% showed an increase of 0.95 and

Engenharia Agricola, Jaboticabal, v.42, n.3, e20210085, 2022



Simulation of efficiency in availability for different sugarcane (Saccharum spp.) transport equipment

1.90 US$ Mg ! or 140.47 and 280.94% compared to radii
of 30 and 50 km, respectively. The 100% efficiency led to
an increase of 0.91 and 1.82 US$ Mg or 152.86 and
305.71%, respectively.

Therefore, it is recommended to transport the
sugarcane from production plots located up to, on average,
a radius of 30 km from the mill, otherwise, the operational
cost of production of the equipment will be very high, thus
reducing the gains of the mill.

CONCLUSIONS

The increase in availability efficiency is
advantageous for the operational cost of production of the
equipment.

The tractor and semi-trailer set 1is more
advantageous than the truck and trailer set.

Mills should adopt an excellent management
method to facilitate the means of conducting the operation
and, therefore, achieve high availability efficiency with the
equipment.
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