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In Brazil, in particular, the states of the North Region themselves as new agricultural frontiers for
soybeans. However, they need to be competitive in transporting production. In this context, this
research performed an analysis of intermodal alternative routes using an optimization model
based on linear programming, to analyze the transport network, plan the infrastructure and
identify the best solution to flow production, in supporting of decision-making in the transport of
soybeans for export. The case study was in the region located between states of Para and
Tocantins, close to the Araguaia-Tocantins waterway. Within the categories of linear
programming models, the transport and transshipment problem cases were used. The model
aimed to minimize transport costs from the production centers to the exporting ports, through the
current infrastructure and, under scenarios of intermodal alternatives formed by the projects of
Paraense Railway and Araguaia-Tocantins Waterway. The results showed that the scenarios with
waterway transport bring greater benefit, achieving savings up to 23%, furthermore, the Vila do
Conde port complex expands its zone of influence; thus, obtain an increase in the exported
quantity in up to 1059.7%. Beyond that, the new routes reduce the flow in the main highways.
The conclusion is that the intermodal alternatives favor the development of the states.
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INTRODUCTION

The production of soy is growing in the states of the North Region of
Brazil, leading to the need to have transport for export in a
competitive way for this product. Among the soy-producing states is
Para, whose production is growing at a fast pace. In the period from
2010 to 2017, the planted area increased from 85.4 thousand to 500.4
thousand hectares, which is equivalent to 30% of the total tillage area
in the state in 2017, making it the largest crop cultivated (FAEPA,
2020). The increase of production raised up from 243,616.00 tons in
2010 to 1,781,672.00 in 2019 (IBGE, 2021). Another state in the
northern region that is on the way to expanding soy production is the
state of Tocantins. According to IBGE data, the region increased its
harvested area from 352.9 thousand hectares to 905.4 thousand
hectares; in addition, there was an increase in its production, going
from 875,428.00 tons in 2009 to 2,615,178.00 tons in 2019.

In Brazil, however, the sector still suffers from the lack of logistical
infrastructure for the flow of production, which increases its transport
costs, reaching then, the competitiveness in the international scenario.
The lack of good structural conditions for transport and storage
represents the main problems of agribusiness (KUSSANO and
BATALHA, 2012). According to Fioroni et al. (2015), soy
plantations are located in regions in the interior of Brazil, far from the
coast, which results in great difficulties to transport production.
Moreover, Rodrigue and Notteboom (2012) describe the transport
costs within inland of the continent, on average; compose 80% of the
total cost of international transport shipments, while transport within
the country covers only 10% of the total distance. Soliani (2015)
exemplifies those Inappropriate modes of transport produce high
operational costs, limiting the regional development. Furthermore,
Halim et al. (2016) indicate that improvements in the port-inland
distribution systems can positively affect competitiveness, beyond
performing an important role in the choice of the sender’s port and,
therefore, in the routing and volume of transported goods.
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The transport, from the south of the state of Para, is done by bulk
trucks with a net cargo capacity of 50 tons, until reaching the port
area in Vila do Conde, in the municipality of Barcarena in the state of
Pard. Meanwhile, in the state of Tocantins, soy production is
distributed throughout its regions, with the main corridors to transport
the production formed by the Belém-Brasilia and BR-226 highways,
as well as the intermodal option by the North-South railroad, using
transport points in locations in the municipalities of Porto Nacional -
TO, Palmeirante -TO and Porto Franco - MA. However, as a
possibility of a modal alternative for the state of Para and Tocantins,
two new possibilities of intermodal transport are presented: railway
modal and waterway modal. The Araguaia-Tocantins waterway is
identified by The National Department of Transport Infrastructure —
DNIT, as having the capacity to be one of the main transport routes in
the Center-North brazilian corridor, with the potential to become one
of the main navigable waterways of the country (DNIT, 2021).
Another alternative is the Paraense railroad SA project, which,
according to the State Secretariat for Economic Development, Mining
and Energy — SEDEME (2017), could have an extension of 1319 km,
connecting the south of Para to the Vila do Conde port complex. One
way to analyze the modal options to transport soybean production in
Brazil is by optimizing the cost of transport for export. Thus, Souza et
al. (2020), optimized current routes and proposals to transport
soybean production from the brazilian state of Mato Grosso. As well
as Oliveira, V. et al. (2021), uses linear programming to analyze a
new intermodal option to transport soybean production in the state of
Pard — Brazil. Thus, the transport problem and the transshipment
problem were adopted as a basis for the elaboration of the linear
programming model. Furthermore, to assess the green corridors for
brazilian soybean exports to China, the research by Péra et al. (2019),
elaborates a linear programming problem model.

Thus, this work analyzes the effects of infrastructure investments in
reducing the cost and CO2 emissions that involve transport to
brazilian soy produced flow in the midwest. Another research is that
of Oliveira, A. et al. (2021), in which the transport routes for
soybeans in the region called MATOPIBA are optimized, so that the
model allows examining the configuration of the logistical chain of
exports through ports in the northeast and southeast of Brazil. Also, to
analyze the impact of investments in brazilian port infrastructure on
the flows of the fertilizer transport network, the study by Simdes et al.
(2018) uses a linear programming model based on the transport
problem. Another study is that by Lin ez al. (2019), which uses linear
programming to assess the flow of the food supply chain between US
counties. This article intent to analyze and identify the intermodal
alternatives for transporting soybeans of municipalities in the states of
Para and Tocantins, based on the minimization of operating costs, to
support planning in transport investments. In this way, contribute with
information to serve as guidelines for decision-making related to
soybean transport for export in the region, then analyzing the
intermodal alternatives by Paraense railroad and Araguaia-Tocantins
waterway to transport soybean production in the states of Para and
Tocantins. From regions that are close to the Araguaia and Tocantins
rivers, to the export ports, proposing different scenarios and using the
Linear Programming technique. Adopting, then, the linear
programming problem classes, the transport problem and the
transshipment problem, both are encompassed in network problems.
In order to mold the costs, considering the current routes and
proposing the new modes as an alternative, being then, the new routes
through the Araguaia-Tocantins waterway and the Paraense railroad
(FPA). The change in the transport network between the rated
scenarios will be analyzed, for the model calculations the General
Algebraic Modeling System - GAMS (2021) software will be used as
a computational tool.

Description: The propensity is for a significant increase of soybean
production in Brazil to continue, as indicated by agribusiness
projections until the 2029/2030 harvest, acquired by studies
performed by the Agricultural Policy Secretariat - SPA, of the
Ministry of Agriculture, Livestock and Supply (MAPA, 2020). The
2029/2030 harvest is projected at 156.5 million tons, but it could
reach 185.9 million tons. These numbers represent additions that vary

from 30.1% to 54.5%. The infrastructure for the transport of soy is
composed by ports, warchouses and specialized terminals, the
reduced infrastructure to support the transport of soy is considered a
bottleneck in the sector (DUBKE and PIZZOLATO, 2011). Made
explicit by CONAB (2017), the road modal, is still heavily used to
transport grains, contributing to an increase in the transportation
costs. Thereby, also, as reminds, the northern system alternative
requires urgent investments in infrastructure, since the biggest
attraction of national agricultural commodities will depend on new
and efficient transport corridors, as well as provide cost reductions.

Area Description: The region of the state of Para, for this study, had
a total of 181.7 thousand hectares of planted area in 2019, which
corresponds to 31.5% of the total planted area of the state of Para
(IBGE, 2021), and that the amount of soy produced in the
municipalities was 563,442.00 tons. The region of the state of
Tocantins had in 2019 a total of 833.1 thousand hectares of gathered
area, which is equivalent to 92% of the total gathered area of soybean
in the state, according to IBGE, the amount of soybean produced in
the municipalities was of 2,388,032.00 tons. According to the DNIT
(2018), the road connection between the municipalities in the south of
the state of Para and the Barcarena - PA ports can reach an extension
of over 1000 km by federal and state highways. Furthermore,
according to the road network in the state of Tocantins presented by
AGETO (2020), the Br-153 and the Br-223 total more than 800 km in
the state. The state of Tocantins also counts with the intermodal
option for the North-South Railroad, currently controlled by VLI
Logistica — VLI (2021), with a total extension of 720 km of railway
between Acailandia - MA and Porto Nacional - TO. From Agailandia,
the railroad connects with the Carajas railway, allowing access to the
Itaqui complex port.

Intermodal Routes Suggested: The Paraense railroad S.A is a
project that proposes the implementation of a railway in the state of
Para. As described by SEDEME (2017), consequently, as
transshipment points for agricultural bulk proposed for the first eight
years of operation, there will be transshipment stations in the
municipalities of Maraba and Santana do Araguaia. In this way, it will
cover a total railway distance of 596 km from Barcarena to Maraba,
in sequence, foreseen to the second stage, in the fifth year of
implementation, the connection of 560 km from Maraba to Santana
do Araguaia.

Legend:
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Figure 1. Paraense Railroad

Figure 1 shows the railway layout formed. According to the DNIT
(2021), the waterway Araguaia-Tocantins has a navigable potential of
approximately 3,000 km. Hence, there are government planning and
projects for the Araguaia-Tocantins waterway that aim to define the
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works and services to be executed on the waterway in order to
guarantee commercial, safe and continuous navigation, among them
is the National Waterway Integration Plan prepared by ANTAQ
(2013). Additionally, there is the Pedral do Lourenco destruction
project, which are demolition and dredging works between Maraba —
PA e Baido — PA, that aims to make navigation possible throughout
the year on the stretch, and according to the Investment Partnerships
Program (BRASIL, 2020) the project is in the environmental
licensing stage and the work completion is scheduled for 2022. Given
the possibility of making the waterway viable, a modal alternative
that may present itself as alternative for the flow of soy production in
the state of Para and Tocantins is envisaged.

MATERIALS AND METHODS

Production centers: In 2019, the exported soy, having Para as the
origin of the product, was of 1,508,827.76 tons, which is equivalent to
85% of the 2019 production in the state of Pard. In 2020,
2,226,511.63 tons were exported, which is equivalent to 25% above
the production in 2019, which was 1,781,672.00. Exports, having
Tocantins as their origin, were of 2,213,290.72 tons in 2019 and
2,553,876.22 tons in 2020, which is equivalent to 85% and 98% of
the 2019 production, respectively.! The region, in this study, had
about 1,014,800 hectares of soy harvested area in 2019, which
corresponded to the sum of 31.5% and 92% of the total area
cultivated with soy in the state of Para and Tocantins (IBGE, 2021),
with the amount of soy produced in the municipalities of
2,951,474.00 tons. The most updated production data released by the
IBGE refer to the year 2019. However, it is likely that in 2021 the
exports of soy production in the states of Para and Tocantins will
exceed the amount produced in 2019. Ergo, based on projections for
growth in production and exports of soy, it was considered in this
work that the entire annual production of 2019 of the municipalities
will be destined for export, with the production data for each
municipality taken from the survey performed by the IBGE (2021).
The area of the municipal headquarters was considered as the point of
origin of transport. Figure 2 shows the producing municipalities that
will be considered in this research.

Economic values: The data on transshipment values from the road
modal to the waterway modal (Road-Waterway) used in this work
were obtained from two references. The work by Cruz (2019), who
obtained the value experienced by the market in 2018, which was
US$? 5.00 per ton, the tariff of the company Hidrovias do Brasil. The
second reference is the standard average transshipment tariff provided
and experienced by the company Unitapajos (2021), at its Miritituba
Cargo Transshipment Station in the municipality of Itaituba — PA,
with the same value being US$ 5.00 per ton. Thus, the value
considered for the road-waterway intermodal transshipment will be
US$ 5.00 per ton. For the railway mode, the values considered will be
those charged by the Norte Sul railroad concessionaire. Which is the
company VLI (2021a), as disclosed by the company, the values
charged on the railroad were 0.0152 US$/ton.km plus a fixed
installment of US$ 4.83 per ton in the year of 2018, already including
the transshipment of the soybean cargo, this value will also be
considered for the Paraense railroad. The transport costs of the
waterway modal were obtained through the Transport Cost Simulator
tool, developed and made available by the Planning and Logistics
Company S.A. — EPL. The tool was designed to give support to the
elaboration of the National Logistics Plan (EPL, 2021). The available
values refer to the average cost for waterway transport of agricultural
solid bulk in the year 2018. The EPL (2021a) considers three types of
waterway costs, the values are divided for navigation on roads with
low, medium and high restriction. The parameters for choosing the
type of road consider the limitations of the waterway. For road

'The data were released by COMEX STAT (2021), a government system that
publishes data on brazilian foreign trade statement-based byexporters.

2All monetary values in this work were obtained initially in Brazilian Real
currency, later converted to the year 2021, released by the Institute of Applied
Economic Research (IPEA, 2021). Exchange rate - R$/US$: 5.0016.

freight, the values were calculated based on the mathematical
formulation of the table of minimum prices for road freight transport,
stipulated by the National Land Transport Agency (ANTT, 2018).
Freights were calculated for nine-axle trucks, having a total weight of
seventy-four tons and a net load of fifty tons. Besides, as the
economic values for rail and waterway transport refer to those
practiced in 2018, in order to maintain all economic values obtained
for the same year, the freight table used is the one formulated and
practiced in 2018.
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Figure 2. Main ways to transport production from the
municipalities
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For the flow of soy production from the municipalities, several
alternative locations for the transshipment of cargo along the
waterway were stipulated. The purpose of this distribution of
waterway terminal options along the way is to provide several
possible transshipment points to compose the production flow routes.
The proposed intermodal terminal points (see Figure 2) were
established in accordance with their existing logistical infrastructure
and the quality of accesses, then, are in spaces available in
proximities of crossings already established between the two states,
bridges and municipalities and districts. In addition, as a criterion to
maintain the transshipment terminal, motion values were sought in
the published statistical yearbook of ANTAQ (2021), with the
smallest movement of soybean shipped for inland navigation in 2020,
considering the movement of cargo in the terminal exclusively for
inland navigation. Thus, it was observed that, for example, the ETC -
Porto Murtinho waterway terminal handled 52,932.00 tons of soy in
2020. Based on this value, it was considered to adopt the terminal
with a minimum movement of 52,932.00 tons for the model. Some
scenarios were considered for the analysis of this work, these
scenarios were based on the production data for the year 2019. As
well as the current infrastructure, which is composed by road
corridors that go to the ports, as well as the option for the North South
railroad, with three transshipment stations. Subsequently, the
proposed routes formed by Paraense railroad and the Araguaia-
Tocantins waterway were added as alternatives for intermodal
transport. In consequence, fifteen scenarios were elaborated. In the
base 2019.1scenario, only the routes used by the road modal and the
rail modal by the North South railroad were considered. In the 2019.2
scenario, in addition to the existing routes, the Paraense Railroad SA
project was included as a proposed intermodal alternative, with the
locations planned for transshipment located in the municipalities of
Maraba — PA and Santana do Araguaia — PA. According to the details
of inland navigation route described by ANTAQ (2013) and
according to the examples cited by EPL (2021b), this work
considered the hypothesis that the waterway has medium or high
restriction. For 2019.3 scenario, the waterway to Araguaia-Tocantins
a with medium restriction is included, as a proposed intermodal
alternative merely in the path that will be possible only with the
destruction of Pedral do Lourengo (as quoted in the Description). In
other words, until the district of Santa Isabel - PA from this point the
upstream only will be possible to maintain commercial navigation if a
hydroelectric dam with a lock is installed, as commented by ANTAQ
(2013).



51915

Vitor Hugo Pereira de Oliveira et al. Optimization method for the analysis of intermodal alternatives to transport soybean

production in the states of Pard and Tocantins, Brazil

Table 1. Proposed scenario analysis

Scenarios Corridors Production (t)
2019.1 Highway + railway (North-South) 2019
2019.2 Include Paraense railroad 2019
20193 Include waterway (until Sta. Isabel) 2019
2019.4 Include waterway (total extension) 2019
2019.5 Consider high restriction partially in the waterway 2019
2029.1 2 2029.5 Same modal options from 2019.1 to 2019.5 2029

2029s.1 a 2029s.5

Same modal options from 2019.1 to 2019.5

2029 — Upper limit

Table 2. Soy shipment (in tons) to transshipment stations

Type Intermodal Terminal 2019.1 2019.2 2019.3 2019.4 2019.5
Waterway Maraba 429,705.00 123,280.00 165,240.00
Waterway Santa Isabel 756,421.00 317,849.00 60,948.00
Waterway Santa F¢ do Araguaia 63,135.00
Waterway Floresta do Araguaia 76,267.00
Waterway Conceigdo do Araguaia 440,441.00 316,638.00
Waterway Santa Maria das Barreiras 325,868.00 308,815.00
Waterway Santana do Araguaia 1,680,901.00 1,037,228.00
Railway (FPA) Maraba - PA 96,923.00
Railway (FPA) Santana do Araguaia — PA 598,881.00 379,281.00
Railway (FNS) Porto Franco — MA 388,254.00 388,254.00 377,955.00 262,140.00
Railway (FNS) Palmeirante — TO 679,163.50 356,249.00 56,958.00
Railway (FNS) Porto Nacional — TO 1,490,797.58  1,406,167.00 1,386,067.00 667,240.00
Table 3. Soy export by complex port
Vila do Conde Itaqui
Scenario  Tons % Tons %
2019.1 393,260.00 13.3 2,558,214.00 86.7
2019.2 800,804.00 27.1 2,150,670.00 72.9
2019.3 1,565,407.00 53.0 1,386,067.00 47.0
2019.4 2,951,474.00  100.0 0.0
2019.5 1,965,136.00  66.6 986,338.00 33.4
Table 4. Determined waterway terminals: 2029 — 2029s
Terminals 2029.3  2029S.3 20294 2029s4  2029.5 2029s.5
Maraba X X X X X
Araguatins X X
Santa Isabel X X X X X
Sdo Geraldo do Araguaia X
Santa fé do Araguaia X X
Floresta do Araguaia X X X
Conceigdo do Araguaia X X X X
Santa Maria das Barreiras X X X X
Santana do Araguaia X X X X
Table 5. Determined waterway terminals: 2029 — 2029s
Vila do Conde Itaqui
Scenario Production (t) % Production (t) %
2029.1 511,473.96 133 3,327,213.13 86.7
2029.2 1,041,525.68 27.1 2,797,161.40 72.9
2029.3 2,035,598.34 53.0 1,802,718.74 47.0
2029.4 3,838,687.08 100.0 - 0.0
2029.5 2,555,855.88 66.6 1,282,831.20 33.4
2029s.1 607,665.35 133 3,952,952.27 86.7
2029s.2 1,237,402.34 27.1 3,323,215.28 72.9
2029s.3 2,418,866.90 53.0 2,141,750.73 47.0
2029s.4 4,560,617.63 100.0 - 0.0
2029s.5 3,057,623.22 67.0 1,502,994.41 33.0

Figure 2, shows the main road corridors used to transport production
in the region, as well as the main rivers that compose the discussed
waterway, in addition to the route and stations of the North-South
railroad. In 2019.4 scenario, in addition to the options that create the
other scenarios, the alternative for inland navigation was added,
considering the waterway with medium restriction implemented and
fully viable up to the border between Para and Mato Grosso. In
addition to these alternatives, based on the EPL waterway restriction
criteria and the ANTAQ (2013) report, which characterizes the work
necessary to minimize the restriction on the road, for the preparation

of the 2019.5 scenario, the hypothesis was accepted that upstream of
Maraba the waterway will be highly restricted. In resume, in addition
to the intermodal transport options to the port, for all scenarios, you
have the option of transporting to the port only by road mode.
Furthermore, based on export growth projections, scenarios with an
increase of about 30.1% for the year 2029 and 54.5% as the upper
limit for 2029s scenarios were considered, Table 1 presents the
analyzed scenarios.

Proposed transport model: The transport network for the flow of
soybean exportation will start at producing municipalities (production
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centers), transshipment points at the proposed intermodal terminals
and the end point at the export port, with modal alternatives to
connect the knots of the logistics network. As described by Kazemi
and Szmerekovs (2015), the storage at transshipment locations is
done in a short period, the operation aims to transfer the cargo to
another modal, thus, transshipment locations are defined as zero stock
points. The model was elaborated based on the optimization
technique using linear programming as a tool, thus, the concepts of
the linear programming were applied to transport problems and
transshipment problems (ARENALES ez al., 2011; FAVERO and
BELFIORE, 2013; HILLER and LIEBERMAN, 2006). The linear
optimization model will have the objective of minimizing the overall
transport cost, in consequence, it is composed by transport costs in the
road modal to the exporting port or to the intermodal terminal, the
intermodal transshipment costs and the costs in the waterway modal
performed from the terminal to the port. Below (eq. 1) is the objective
function Z:

1
i=1j=1
I K
+ Z Z SMTik * DMTik * CTik
i=1 k=1
I K
+ Z Z SMTik * TRk
i=1 k=1
K ]
k=1j=1
Subject to:
ZLISMPU + ¥K_, SMTy = PRO;, forall I )
i1 SMP;j + YX_; STy = EXP;, forall ] 3)
YRo1 SMTy — K. STy = 0, forall K )
Where:

i : Soybean producing municipalities, i € I.

Jj : Soybean exporting port j € J.

k : Soybean intermodal transshipment terminals, k € K.

I : Set associated with origins (producing municipalities).

J : Set associated with the export port.

K : Set associated with intermodal transfer terminals.

CR;; : Cost of road transport in US$ per ton from producing
municipality i to exporting j port.

CTy, : Cost of road transport in US$ per ton originated in the
producing municipalityiand destined for the intermodal transshipment
kterminal.

Clyj : Cost of intermodal waterway transport in US$ per ton with
origin at the intermodal transshipment terminal k and destined for the
exportingjport.

DMP;; : Distance in kilometers between producing municipalityiand
exporting jport.

DMT;j;, : Distance in kilometers between producer municipalityiand
intermodal transshipment kterminal.

DTy : Distance in kilometers between the intermodal transshipment
terminal k and exporting jport.

EXP; : Total grain export from exporting jport in tons per year.

PRO; : Total production of soybeans for export by producing
municipalitiesiin tons per year.

SMP;; : Grain flow in tons in the road modal, originating in producer
municipalityiand destined for export jport.

SMT;y : Grain flow in tons in the road modal originated in producer
municipalityiand destined for the intermodal transshipment
kterminal.

STyj : Grain flow in tons in the road modal, originated in the
intermodal transshipment k terminal and destined for the exporting j
port.

TRy : Cost for transshipment operation at the intermodal road-
waterway terminal & in USS$ per ton.

RESULTS AND DISCUSSION

In this chapter are the results of the developed modeling. It is
noteworthy that the monetary data were updated according to the
Extended National Consumer Price Index - IPCA (IBGE, 2021a),
whose accumulated correction of 13% for the year 2021. In the
formation of the transport network, in the scenario which uses the
waterway modal, were determined waterway terminals are the best
contribute to the flow of agricultural production, considering the
criterion of minimum annual movement. In the optimization process,
it was admitted that the offer of available waterway terminals is
modified until all available road-waterway terminals reach the
minimum movement, with the lowest total cost. These waterway
terminals are determined as a result of the optimization of the total
cost, obtaining the best route configuration for the various
municipalities studied. To verify the results obtained after the
reduction of the waterway terminals, the model was again optimized,
containing as a road-waterway transshipment option only the
waterway terminals determined for the configuration of the routes.
Once done, the results of the optimal solution were maintained, as it
can be deduced as satisfactory the result of the model for choosing the
terminals.

The results are presented and discussed by state and then for the
transport network, regardless of geographic location, and by the
scenario type. In order to transport 563,442.00 tons of soy from the
state of Para, the scenario with waterway transport to Santana do
Araguaia with medium restriction, a reduction of 42% was obtained
in relation to the costs of the 2019.1 base-scenario. The total savings
was of US$ 7,807,548.95 in the total cost of shipping the soybean
production of the state. The results for the state of Para were in
2019.1 scenario the total freight cost of US$ 18,430,459.68 and the
total cost related to the movement of soybean, that is, the value for
transporting one ton of soybean was 32.71 US$/t. In 2019.2 scenario,
US$ 16,562,262.24 and 29.39 US$/t. In 2019.3 scenario, US$
15,654,423.95 and 27.78 US$/t. In 20194 scenario, US$
10,622,910.73 and 18.85 US$/t. In 2019.5 scenario, it was US$
12,996,414.95 and 23.07 US$/t. In 2019.1scenario, 30.4% of the
production was transported by North South railroad. In 2019.2
scenario, 98.32% of the production of the state of Para started to be
exported by the state port itself and only one municipality sent by
road. In the other scenarios, all municipalities use intermodal
transport. Furthermore, considering the values of each route, the
average freight per ton of municipalities to transport soybeans to the
port in 2019.1 scenario was 28.57 US$/t; in 2019.2 scenario was
26.95 USS$/t; in 2019,3 scenario resulted in  23.19 US$/t; in 2019.4
scenario of 19.79 US$/t and, in 2019.5 scenario, the average was
21.66 USS$/t. The production center that presented the smallest
difference in value in the scenario with the best performance,
2019.4scenario, compared to the baseline 2019.1scenario, was in
Tucuma with 20.08%. However, Rondon do Para has the second
shortest road distance until the port in 2019.1scenario, with Tucuma
and Sdo Felix do Xingu being far from the banks of the waterway.
The biggest difference between the freight values for transport in the
scenarios occurred in Santana do Araguaia and Santa Maria das
Barreiras, with decreases of 49% and 51% in transport costs,
respectively. The two municipalities have a predominance of the
waterway mode in 2019.4scenario, and are close to the waterway, as
well as being the most distant production centers from the port. For
the state of Tocantins, 2019.4 scenario presented a reduction of 18.6%
in relation to the costs of the 2019.1 scenario. Thus, obtaining a total
savings of US$ 15,152,800.32 to transport the state's soy production.
The results for the state of Tocantins were US$ 81,314,747.59 and
34.05 US$/t, in 2019.1 scenario; US$ 80,562,262.24 and 33.81 US$/t,
in 2019.2scenario; US$ 78,929,079.40 and 33.05 USS$/, in 2019.3



51917

Vitor Hugo Pereira de Oliveira et al. Optimization method for the analysis of intermodal alternatives to transport soybean

production in the states of Pard and Tocantins, Brazil

scenario; US$ 66,161,947.28 and 27.71 US$/t, in 2019.4 scenario
and, US$ 76,505,679.78 and 32.04 US$/tin 2019.5 scenario. In
2019.1scenario, only one municipality sent only by road. In the other
scenarios, all municipalities use intermodal transport. Afterwards, in
2019. 2 scenario, only one municipality sends soybean to Maraba.
Furthermore, considering the values of each route, the average freight
per ton of municipalities to transport soybeans to the port in 2019.1
scenario was 32.45 US$/t; in 2019.2 scenario was 32.36 US$/t; in
2019,3 scenario resulted in 30.47 US$/t; in 2019.4 scenario, 25.78
US$/t and; finally, in 2019.5scenario, the average was 30.26 US$/t.
Regarding the general results of the scenarios, for the entire
geographic region of this study. The 2019.4 scenario, presented a
reduction of 23% compared to the costs of 2019.1scenario. The
proposed intermodal alternatives, Paraense railroad and Araguaia-
Tocantins waterway, have a 53% share in 2019.3 scenario until the
waterway reaches 100% of the total soy transported in 2019.4
scenario. However, the FNS only does not hold part of the movement
in 2019.4 scenario, when considering an average restriction for the
waterway cost. Table 2 shows the motion in the terminals.

Table 3 shows the variation of cargo exported by the Vila do Conde -
VLC and Itaqui port complexes. It is verified that soy exports were
redirected to Vila do Conde. Thereby, due to the inclusion of
intermodal alternatives, most of the soy is exported by state of Para.
Consequently, when the infrastructure is modified, the area of
influence of Vila do Conde port complex expands, with an increase in
the amount of soy exported by up to 650%. In the 2029 scenarios the
results were US$ 129,728,616.58 in 2029.1scenario; US$
126,546,442.99 in 2029.2 scenario; US$ 123,015,304.46 in 2029.3
scenario; US$ 99,866,386.33 in 2029.4 scenario and US$
116,406,424.40 in 2029.5 scenario. In the 2029s scenarios the results
were US$ 154,126,294.28 in 2029s.1scenario; US$ 150,345,658.70 in
2029s.2 scenario; US$ 146,083,234.82 in 2029s.3 scenario; US$
118,513,138.36 in 2029s.4 scenario and US$ 138,292,676.62 in
2029s.5 scenario. Thus, for the projection at the upper limit, 2029s.4
scenario presented a total savings of US$ 35,613,155.92 and 2029s.5
scenario had savings of US$ 15,833,617.66 in the whole value of total
cost to transport the production of soybeans. In this way, the increase
in costs is identified as soybean production grows. As well as, if a
new infrastructure is built with the new intermodal transport
alternatives proposed, over ten years hundreds of millions of dollars
can be saved, just to transport this product. Furthermore, analyzing
the total cost per ton of soybean transported, changes occurred in the
scenarios 2029s.3, 2029s.4 and 2029s.5, which the values for the
transport of one ton of soybean were 32.03 US$/t, 25.99 USS$/t and
30.323 USS$/, respectively. Therefore, it is observed a reduction in
the cost per ton between 2019 and 2029s scenarios, due to the
changes in routes. The costs per ton moved are maintained in the
other 2029 scenarios, as there is no change in the routes. Table 4
shows the waterway terminals in each scenario and Table 5 shows the
variation in exported cargo by the Vila do Conde port complexes -
VLC and Itaqui. It appears that as there is a supply of a terminal close
to the production center, the cost per ton handled is reduced. It
happens that in the projections of 2029s.3, 2029s.4 and 2029s.5
scenarios the municipalities that used to flow through other terminals
started to use the routes formed by the waterway terminals of
Araguatins, Floresta do Araguaia and S3o Geraldo do Araguaia. In
this way, municipalities close to these terminals reduce the freight
price per ton to export production.

CONCLUSION

The suggested model of linear programming, enabled to reach
satisfactory results, which allow analyzing the modal alternatives of
transport for the flow of soybeans in the region. The state of Para
production, in 2019.1 scenario, shows the lack of influence on Vila do
Conde port complex, related to the municipalities studied, even those
located in the state port itself. However, in the 2019.1 scenario, with
the new intermodal alternative, it increases its exports, besides
obtaining a reduction of 10.1% in the cost. It was verified that the
great positive impact caused by a new intermodal alternative for the

state of Para. Furthermore, in 2019.3scenario, compared to 2019.2,
indicates some competition between waterway transport and Paraense
railroad, in terminals of Maraba city, despite the fact that the
waterway option proved to be more competitive. In addition, the
2019.4 and 2019.5 scenarios showed greater savings scenarios.
Therefore, it is concluded that the waterway will bring greater
economic benefits to the state of Para. The state of Tocantins obtained
the best savings in 2019.4 and 2019.5 scenarios. Furthermore, in
2019.3 scenario, Santa Isabel waterway terminal is the one that
receives the most soy to transport the state production, so an
intermodal alternative starts to be really beneficial from Santa Isabel
to the state. In 2019.5 scenario, even though the Santana do Araguaia
FPA terminal was competitive, the preference was for Santana do
Araguaia waterway terminal to To cantinsmunicipalities. Therefore,
the waterway is the most beneficial to the state, both as far as Santa
Isabel and as far as Santana do Araguaia, even when there is a high
restriction on the waterway. Between North-South railroad, Paraense
railroad and the waterway transport, the lowest costs per ton
transported occurred in the waterway mode. Another important aspect
is that municipalities far from ports and close to the waterway had
greater savings, as is the case of Santana do Araguaia — PA and
Caseara — TO, reaching a reduction of 49% and 53.9%, respectively.
In the 2029 scenarios projections, assuming that transport through the
terminals of Araguatins, S0 Geraldo do Araguaia and Floresta do
Araguaia becomes viable, the municipalities that are close may obtain
greater savings than 2019 scenarios, and with this distribution of
intermodal terminals along the waterway will provide the best route
arrangement. Thus, it is concluded that there is a need to seek to
implement waterway terminals with less annual movement, in order
to increase the supply of terminals on the waterway and obtain greater
economy and competitiveness.

According to the results obtained, if the waterway is implemented, the
Vila de Conde complex port may have an increase up to 650% in the
amount of exported soy, which may reach an increase up to 1059.7%,
in the projections, compared to 2019.1 scenario. Thus, for the state of
Para, modal alternatives, in addition to offer greater savings, also
directed exports to the Vila do Conde complex port, which should
bring economic advantage to the state, as investments in the complex
port. State of Para, based on the analysis accomplished, it would be
the biggest beneficiary with a new intermodal alternative, with the
implementation of the waterway being more opportune. The
differences between the scenarios, with the proposed modal option
and the results obtained in the municipalities that are close to the
North-South railroad, indicate that the locations that do not yet have
an intermodal alternative are the ones that will obtain the greatest
benefit and the greatest increase in competitiveness. Therefore, it can
be concluded that upstream of Maraba, the implantation preference
should be the Araguaia river, as the river would bring greater
competitive gains in its region of influence, related to the Tocantins
river, in the municipalities close to it; where the North-South railroad
option is already available, in addition to the fact that the Araguaia
river has half of the cost per km to be implemented.

Furthermore, evaluating the differences between the results with
medium restriction on the waterway and partially high restricted, it is
concluded that all the planned works need to be implemented to
minimize navigation restrictions on the waterway. Finally,
considering the results of the scenarios to transport soybean
production in the states of Pard and Tocantins, if nothing is done, if
no intermodal alternative is implemented, the trend will be an
increase in the cost over the years, only for outflow the soy
production. Reinforcing the urgency to implement an intermodal
alternative for the states of Para and Tocantins, in order to not
compromise the country's competitiveness on the world stage. In
conclusion, the results indicated the waterway as the best option to be
implemented, reducing the heavy traffic of trucks on the road
corridor, contributing to the sustainable development of the region.
Besides the environmental impacts reduction in the cities, that are
along the route from the highway to the exporting port; as well as the
generation of wealth, regional development and the consolidation of
the states as great grain producers and exporters.
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