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Abstract 

 

Brazil is the world leader in soybean exports. However, it has high internal costs for 

transporting the grain. This article used a Brazilian transportation network modeling and 

optimization model, based in linear programming and your transshipment model, considering 

7 origins in the main exporting Brazilian states, 2 final destinations - Shanghai and Hamburg 

Ports - and, 9 intermediate existing or projected ports. The objective of the model is global 

cost minimization of alternative routes to export the Brazilian soybean. Three scenarios were 

proposed ranging the capacity of the intermediate ports. Without restricting ports capacity, the 

scenario with best results presented a reduction in annual operating costs of US$ 236 million 

and US$ 926 million dollars respectively when compared to the other scenarios, reinforcing 

the need to export soybeans using ports of northern Brazil to increase the country 

competitiveness. In other scenarios, it was confirmed the current saturation of southern and 

southeastern Brazilian ports. 

 

Keywords: Soybeans, Optimization, Transportation routes, Logistics, Brazil 

 

 

1. Introduction 

 

In the latest years few countries have grown in international agribusiness trade like 

Brazil, being the country the world leader in production and exports of many agricultural 

products.  (Souza and Gomes, 2015). Transportation strategies, infrastructure improvements, 
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weaker currency, lower prices at farms and sea freight costs contributed to the record of 

soybean exports in 2014 in Brazil (Salin, 2015). Brazil became, in 2013, the largest exporter 

of soybean and since then has kept the global leadership position. In 2014, Brazil exported 

45.6 million metric tons of soybeans, a figure 6.5% higher than the 42.8 million metric tons 

exported in the previous year ANEC (2015), ALICEWEB (2015), SECEX (2015). Brazil 

plays a central role on the international agricultural market, especially for soybeans. 

According to ABIOVE (2015), it is expected that only in 2015 Brazil will export 48 million 

metric tons of soybeans. 

Andrade et al (2012) affirmed that the soybean is the main product in the agribusiness 

sector in Brazil. In this country, a noticeable bottleneck to export agricultural products is 

logistics. The precarious raw material transportation from production areas to Brazilian ports 

represents huge loss of money and thus, improving the roads and railways, having a better use 

of aquatic ways and, improving the ports and warehouses productivity is needed Ometto 

(2006), Friend and Lima (2011). In order to supply international food and energy industry 

endeavors, logistical hurdles need to be overcome for the Brazil to assume a position of 

leadership on the market. For producing areas further from the ports, Salin (2015) shows that 

the cost of transportation (road and sea) represents around 27% of the price of the Brazilian 

soybean arriving at their final destinations and, for internal transportation in Brazil, it is about 

20% of the price. Compared to the US, where the total logistics costs account for 8% of gross 

domestic product (GDP), in Brazil, it represents 15.4% of GDP (WORLD BANK, 2010). 

From the 37 existing ports in Brazil Brasil (2015), eight ports currently concentrate 

more than 95% of soybean exports CONAB (2015). Brazil is divided into five regions, South, 

Midwest, Southeast, Northeast and North, being the Midwest the main soybean producing 

area and the only region that does not have sea nor river ports. Salin, (2015) states that in 

2014 the soybean exports increased significantly in the Port of São Francisco do Sul (Santa 

Catarina State, in the South Region), Vitória (Espírito Santo State, in the Southeast Region), 

Salvador (Bahia State, in the Northeast Region), Manaus (Amazonas State, a river port in the 

North Region), Barcarena (Pará State, another river port in the North Region), Imbituba 

(Santa Catarina State) and Ilhéus (Bahia State). However, recently a shift in the Brazilian 

soybean exports has been taking place. The ports in the North Region (Manaus, Barcarena 

and Santarém) represented 7.5% of the Brazilian soybean total exports in 2014 compared to 

only 5.3% in the previous year (1). The search for logistics alternatives, the proximity to the 

final destinations and to escape from the existing bottlenecks in the more developed regions 
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of Brazil’s Southeast and South, all those factor have been contributing to that shift in 

exports. 

Some authors have developed studies for characterization, modeling and optimization 

of the Brazilian soybean supply chain network in order to improve many of these practices. In 

one recent study, Almeida (2013) use a mathematical model and a computer simulation to 

optimize the flow of the Brazilian soybean exported to China. Reis and Leal (2015) propose a 

mathematical model that optimize the logistics planning of the soybean supply chain. Silva 

and D’Agosto (2013), propose a model to estimate the origin-destination matrix for the 

exports of the Brazilian soybean based on a constrained gravity model. Assis et al (2014) 

presented an analysis of alternative routes used for the transportation of soybean from 

Rondonópolis (one of the most soybean-producing municipalities in the country) to the main 

Brazilian exporting ports using eco-efficiency measures with economic and environmental 

approaches. 

Vera-Diaz et al (2009) state that, historically, transportation networks have played a 

key role in the expansion of grain production worldwide. The main producing countries, such 

as the United States, have an extensive transportation system in order to seek cost savings. 

Therefore, this article proposes a mathematical model and optimized route alternatives to 

Brazilian soybean exports. The model’s goal is to minimize the total transportation costs. It 

presents the best soybean routes according to the load allocation starting from the main 

Brazilian producing states to Brazilian exporting ports and after, to their final destination 

(Shanghai or Hamburg). 

 

2. The Current Brazilian Logistics used to Export Soybeans  

 

The Brazilian soybean planting areas are located mainly in the South and in the 

Midwest Regions. The last one, however, is more promising considering its planted area 

expansion and productivity per hectare. This expansion enhances even more the need to 

improve the Brazilian logistics structure, as the biggest growth in agriculture is occurring 

deeper into the country, into remote locations further from the exporting ports currently used 

(HIJJAR, 2004). 

As Fajardo (2006) state, in Brazil, currently used railways and waterways are not 

enough to export the amount of grains produced. This fact is forcing producers to rent and use 

trucks to transport more than half of Brazilian soybean production, even for long-distance 
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runs or big soybean volumes, lowering their productivity in general. Almeida et al (2013a) 

emphasize that the slow advance of alternatives for transporting the Brazilian crop makes the 

logistics costs in Brazil significantly higher than its main competitors (US and Argentina). 

While American carriers operate mostly by waterway mode using barges, Argentines use road 

transportation, however, differently than what happens in Brazil, the distances between the 

production areas to Argentinean ports are much shorter. Ripoll (2012) presented a logistics 

analysis in agribusiness for the distribution and marketing of soybeans in Mato Grosso until 

the exporting ports. 

In his research, Ojima (2006) states that intermodality is one of the solutions to reduce 

the costs of transporting Brazilian agriculture products, since waterways and railways have 

lower operating costs than roadways for long-distance runs. Considering that the Brazilian 

soybean is mostly produced inland in the country, intermodality could reduce the long-

distance transportation costs inherent to trucks, avoiding tolls costs and the poor conditions of 

many Brazilian roads (ALMEIDA et al, 2013). Therefore, the logistics applied to agribusiness 

cannot be seen only as an activity aimed at maximizing profits, but as an opportunity to 

reduce and optimize costs from an efficient and coordinated management (RIPOLL, 2012) 

 

3. Objective Function and Constraints 

 

According to Goldbarg and Luna (2005), a model is not the same as the reality, but, it 

is sufficiently similar so that the conclusions obtained through its analysis can be extended to 

reality. Problems involving the distance between origins and destinations are usually solved 

using a transportation or transshipment model. The transportation model aims to minimize the 

total cost required to supply n consumer centers (destinations) from m suppliers (sources).  

The model incorporates intermediate locations (transshipment locations), who are 

neither production nor consumer centers. What is transported from the intermediate locations 

to consumers can not exceed the amount that comes from production centers to the 

intermediate locations. The model constraints are made based on amounts of available 

products, based on the production of each origin point or based on each destination demands 

(PUCCINI AND PIZZOLATO, 1981). 

In recent years, there has been a growing interest in the application of optimization 

techniques in Brazilian production systems. One of the possible reasons for this is that 

managers are concerned with operational efficacy, due to the effects of strong, professional 
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competition (Kawamura et al, 2006). Optimization models are used when there is an interest 

in finding the solution that best meets a predetermined goal. These models are formulated to 

determine values for a set of decision variables that will maximize or minimize an objective 

function, subject to constraints. Almeida et al (2013b) presented a mathematical model, based 

on the transportation and transshipment problem for the Brazilian soybean logistics network 

optimization. In that study, the authors analyzed the costs to export soybeans using Peruvian 

and Chilean ports. 

In this article it will be applied the transshipment problem, based on the methodology 

proposed by Arenales et al (2012), incorporating specific variables from the system studied. 

Thus, the mathematical model is formulated according to equations (1) to (8): 

      (1) 

Subject to the following constraints: 

a) Costs Composition: 

For cij: 

         (2) 

where        cr : road transportation cost, in US$/mt.mi; 

      cf : rail transportation cost, in US$/mt.mi; 

      cw : water transportation cost, in US$/mt.mi; and 

      ct : transshipment cost, in US$/mt, in case more than one transport            

mode is used.  

Considering that for equation (2): 

                                                                   (3) 

                                                         (4) 

where         t : number of transshipment for xij; 

: transshipment unitary cost, in US$/mt.mi. 

Considering that for cjk: 

                                                           (5) 

where         cs : sea transportation costs, in US$/mt.km. 

 

b) Ports Capacity: 

        (6) 

c) Production Origins: 
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         (7) 

d) Non-negativity conditions: 

       (8) 

where         n: number of soybean production origins; 

m: number of exporting ports; 

o: number of importing ports; 

Kj: capacity j of ports used to export the production;  

Di: amount produced in each i origin; 

cij: cost of logistics between i producing origin to the exporting port j; 

dij: distance between the producing origin i to the exporting port j;  

cjk: logistics cost between the exporting port i to importing port j; 

djk: distance between the exporting port j to importing port k; 

xijk: volume shipped from producing origin i, with transshipment in 

exporter port j and sent to the importer port k; and 

Z: total cost of logistics operation.  

To perform the analysis based on the mathematical model presented, EXCEL® 

software was used to build the model and to input data and, its SOLVER tool was used for the 

optimization of scenarios proposed. 

 

4. Origins, Destinations and Points of Transshipment 

 

In Brazil, six states export more than 80% of the soybean: Mato Grosso (28.7%), Rio 

Grande do Sul (18.4%), Paraná (17.6%), Goiás (7.4%), Mato Grosso do Sul (5.3%) and São 

Paulo (4.9%). Mato Grosso, Goiás and Mato Grosso do Sul are in the Midwest Region far 

from ports, Rio Grande do Sul and Paraná are in the South Region and, São Paulo, although 

located in the Southeast, its producing areas are near the Midwest region as well ANEC 

(2015), ALICEWEB (2015). These are the states considered for the proposed model. The 

available data refers to the year of 2013. For modeling, in each state it is considered as the 

origin point the municipality that presents the biggest soybean production. The exception is 

the state of Mato Grosso, which given its territorial extension (twice the size of any of the 

other five considered states) and given its future prospects for future soybean planted area, it 

is divided into two systems, North and South. In that way, the cities considered for each state 

are: 
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 Mato Grosso, North System (MT-N) – Sorriso municipality (IMEA, 2015); 

 Mato Grosso, South System (MT-S) – Itiquira municipality (IMEA, 2015); 

 Rio Grande do Sul (RS) – Cruz alta municipality (Revista Rural, 2015); 

 Paraná (PR) – Ponta Grossa municipality (Paraná ,2015); 

 Goiás (GO) – Rio Verde municipality (Revista Rural, 2015); 

 Mato Grosso do Sul (MS) – Maracaju municipality (Canal Rural, 2015); 

 São Paulo (SP) – Itapeva municipality (Canal Rural, 2015). 

From the total of 42,796 millions of metric tons of the exported Brazilian soybean in 

2013, China appeared as the main importing country (75.4%), followed by the Netherlands 

(4.6%) and Spain (3.7%). A prevailing influence on soybean trade will be the consistently 

growing demand generated by China. Rapid population and income growth are expected to 

spur domestic demand to outpace supply. Both Brazil’s soybean boom and China’s growing 

agricultural import demands are cited as two of the three major structural shifts in 

international grain trade in recent and coming years, along with U.S. ethanol production (27). 

Salin (1) also presents reports from the exported Brazilian soybean to the Ports of Shanghai 

(SNG), China, and Hamburg (HMB), Germany, showing that these ports are the main 

destinations for the Brazilian grain. Thus, in this article, in order to build the model it was 

considered in the same way the Shanghai and Hamburg Ports as the final soybean 

destinations. 

In the built model, Brazilian ports will be considered intermediate (transshipping) 

points between the producing areas (previously listed as the biggest soybean producing 

municipalities in each state) and the final destination ports, called in this article importing 

ports. Eight Brazilian ports export over 95% of the soybean, they are : Santos in São Paulo 

State (SP), Paranaguá in Paraná State (PR), Rio Grande in Rio Grande do Sul State (RS), 

Vitória in Espírito Santo State (ES), São Francisco do Sul in Santa Catarina State (SC), São 

Luís in Maranhão State (MA), Itacoatiara in Amazonas State (AM) and, Santarém in Pará 

State (PA). Table 1 shows the export of Brazilian soybeans by port, using thousands of metric 

tons in the year of 2013: 

 

Table 1: Exports of Brazilian soybeans by port in 2013, in millions of metric tons. (Data 

source: ANEC, 2015). 

Santos 

(SP) 

Paranaguá 

(PR) 

Rio 

Grande 

(RS) 

Vitória 

(ES) 

São 

Francisco 

do Sul (SC) 

São 

Luis 

(MA) 

Itacoatiara 

(AM) 

Santarém 

(PA) 

Ilhéus 

(BA) Others Total 
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12,893  

                      

7,735  

        

8,206  

             

2,823  

                                  

4,032  

         

2,975  

                         

1,279  

                        

997  

              

71  

         

1,785         

42,796  30.1% 18.1% 19.2% 6.6% 9.4% 7.0% 3.0% 2.3% 0.2% 4.2% 

 

It is worth noting that when building the model not all ports shown in table 1 were 

considered, given their geographical vicinity in the country. On the other hand, other ports 

were inserted seeking a better spatial distribution of the model in Brazil’s territory. Therefore, 

the ports considered in this study, the state in which they are located and their acronyms are: 

Santos - SP (SNT), Rio Grande - RS (RGD), Vitória - ES (VIT), Itacoatiara - AM (ITA), 

Santarém - PA (STM), Barcarena - PA (BAR), Ilheus - BA (ILH), Paranaguá - PR (PRG) and 

Ilo - Peru (ILO). The spatial distribution of those ports can be seen in figure 1. It is 

noteworthy that despite the soybean shipments being held mainly by the Southeast Region 

ports, highlights that a shift in soybean exports is happening in recent years in some ports of 

the Brazil’s North Region (Itacoatiara, Santarém and Barcarena) and Northeast (Ilhéus), and 

thus these ports were also included in the model (Salin, 2015). The inclusion of the Port of 

Ilos in Peru is an exception to the rule of considering only Brazilian ports in this article. This 

inclusion is due to a treaty of cooperation between Brazil and China that was signed in 2015 

for the construction by 2021 of a railway linking the producing regions of Brazil’s Midwest to 

the Port of Ilos, seeking a greater Latin American logistics integration (Agencia Brasil, 2015). 

Due to the built model be static, standardization of parameters aiming to help 

implementing the use of multimodality is needed. Thus, operational constraints are 

considered, and, they are also shown in figure 1. For the following routes those constraints 

are: 

 Whenever using the Port of Itacoatiara in the North: there is the need to use road 

transport from the Midwest producing areas to the city of Porto Velho (Rondônia 

State) and then there is a transshipment point to Madeira River waterway. That 

happens because there are no highways from Porto Velho to Itacoatiara, the 

Amazon Forest is in between. 

 Whenever using the Port of Barcarena in the North: the use of road to the city of 

Nova Xavantina (Mato Grosso State) and a transshipment point to Tocantins-

Araguaia waterway is needed. This route is still in planning stages as it is trying to 

transpose natural obstacles in the Araguaia River. 
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 Whenever using the Port of Vitória in the Southeast: road transport to the city of 

Araguari (Minas Gerais State) should be done and then there is a transshipment 

point to the Central Atlantic Railway, a railway that ends in the city of Vitória, in 

Espírito Santo State. 

 Whenever using the Port of Paranaguá in the South Region: whenever coming 

from Brazil’s Midwest producing areas there is the road use to the city of Maringá 

(Paraná State) and a transshipment point to a railway that leads to the Port of 

Paranaguá. This constraint does not apply, however, to the producing areas in Rio 

Grande do Sul and Paraná States, where the soybean is transported using only 

roads, given their geographical vicinity. 

 Whenever using the projected Port of Ilos (Peru): road transport from any 

Midwest state to the city of Campo Grande (Mato Grosso do Sul State) and then a 

transshipment point to the projected future railway linking Brazil to Peru. 

The other considered routes will all be done in roadways. Distances were all consulted 

using GoogleMaps®. Distances between exporting and importing ports were calculated using 

the application available on Vesseldistance (2015), always opting for the shortest route 

possible. 

 

Figure 1: Considered ports that export the Brazilian soybean and operational 

constraints for some routes. (Data source: Elaborated by paper’s authors). 
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5. The Brazilian Soybean Transport Network 

 

As previously stated, the soybean transport network considered in this model features 

seven origins, two destinations and nine transshipment points, representing 126 different 

flows for the soybean exporting routes. The schematic representation of the different flows 

are in figure 2. 

 

 

figure 2: Soybean transport network considered in this study. (Data Source: Elaborated 

by paper’s authors). 

 

Table 2 presents the whole network used for this study, with stipulated distances for 

each mode of transport: road, waterways, rail and sea. For the waterway and sea transport 

nautical miles are used and, for road and rail, statute miles are used. This table is required for 

the study of the flows used to export the Brazilian soybean. 

 

Table 2: Mode of transport and distances for the used routes, in statute miles or nautical 

miles. (Data Source: Elaborated by paper’s authors). 
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6. Proposed Scenarios 

 

In order to build the scenarios, the cost per mt.mi (metric ton. mile) for each 

transportation route was established. The average costs used are values considered in Salin, 

(2015), IMEA (2015) and Assis et al (2014). Available data to rail and waterway 

transportation costs were obtained in IMEA (2015) and Assis et al (2014), from the year of 

2013. Thus, a parameterization of costs in US dollars (US$) for that related year was adopted, 

quoted in R$ 2.345 (BCB, 2015). Road transportation costs were also quoted in US dollars. 

Table 3 shows the average cost, in dollars per mt.mi for each mode of transport used in the 

routes to export the Brazilian soybean. For the transshipment related to the domestic use of 

multimodal transportation, a value proposed in (BNDES, 2015) at US$ 3.65 per ton 

transshipped was used. It wasn’t considered in the model the transshipment costs in Brazilian 

ports, given that this operation necessarily occurs in all routes possibilities. 

 

Table 3: Costs for each mode of transport used, in dollars per mt.mile. (Data Source: 

IMEA (2015) and Assis, et al (2015)). 
Mode of transport Costs (US$/mt.mi) 

Road 0.0987 

Rail 0.0468 

Waterway 0.0213 

Sea 0.0032 
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The forecast of the Brazilian Association for Vegetable Oil Industries ABIOVE (2015) 

is that, in 2015, 48 million metric tons of soybeans will be exported. As already mentioned, 

the origins, destinations and transshipment points considered represent at least 80% of the 

soybeans exported from Brazil. In that way, the scenarios generated will be parameterized to 

38.4 million metric tons of soybeans then. 

For this study three scenarios are compared using different configurations, varying the 

capacity of exporting ports. The capacities of origins and final destinations were stipulated 

using  proportionate values to the ones obtained from 2013 data. Producing origins and final 

destinations, (the importing ports of Shanghai and Hamburg) kept the same capacity 

constraints, and those values are shown in table 4. 

 

Table 4: Capacity constraints for origins and final destinations. (Data Source: ABIOVE, 

2015) 

Origins Considered Supply (mt) Final Destinations Considered Demand (mt) 

Mato Grosso – North System 6,912,000 Shanghai 34,176,000 

Mato Grosso -  South System 6,912,000 Hamburg 4,224,000 

Mato Grosso do Sul 2,304,000 

  Goiás 3,456,000 

  Paraná 8,064,000 

  Rio Grande do Sul 8,448,000 

  São Paulo 2,304,000 

  TOTAL 38,400,000 TOTAL 38,400,000 

 

From the exporting ports considered in the model, two are undergoing some 

adjustments in order to help the Brazilian soybeans to be exported in the future: Ilos and 

Barcarena Ports. Despite the need to cross three countries to achieve Ilos (Brazil, Bolivia and 

Peru), this port intends to considerably reduce the travel time for the Brazilian soybeans to 

reach China, as it reduces sea navigation. The Port of Barcarena has already been exporting 

soybeans, however in order to reach it Brazilian producers are not using the Araguaia-

Tocantins waterway yet. The soybean is transported in a road stretch to the city of Itaituba, in 

Pará State, and from there, following the Tapajós-Amazonas waterway to the port of 

Barcarena. This is an alternative way for Brazil's Midwest producers to reach the Barcarena 

Port if they want to export the grain. 
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In the first scenario the Ports of Ilos and Barcarena were not considered, making their 

capacities equal to zero. The scenario’s objective is to check the behavior of the Brazilian 

transport network as a whole and the cargo allocation in those ports considered in this study. 

In the second scenario these two ports were inserted, capacity limits were not considered for 

any port. When removing the ports capacity, the model can show the transportation routes 

with lower total cost and thus, the possibility of infrastructure investments in some regions 

can be better visualized. Scenario 3 was built based on the short term and current capacity 

limits for Ports of Santos, Vitória and Paranaguá, and that is because according to ABIOVE 

(2015), since 2013 these ports are at their capacity limits. The used scenarios’ constraints are 

shown in table 5. 

 

Table 5: Capacity constraints for scenarios 1, 2 and 3. (Data Source: Elaborated by 

paper’s authors). 

Scenario 1 Scenario 2 Scenario 3 

Exporting 

Ports 

Considered 

Capacity 

(mt) 

Exporting 

Ports 

Considered 

Capacity 

 (mt) 

Exporting 

Ports 

Considered  

Capacity 

 (mt) 

Santos No constraints Santos No constraints Santos 12,893,000 

Rio Grande No constraints Rio Grande No constraints Rio Grande No constraints 

Vitória No constraints Vitória No constraints Vitória 2,823,000 

Itacoatiara No constraints Itacoatiara No constraints Itacoatiara No constraints 

Santarém No constraints Santarém No constraints Santarém No constraints 

Barcarena 0 Barcarena No constraints Barcarena No constraints 

Ilhéus No constraints Ilhéus No constraints Ilhéus No constraints 

Paranaguá No constraints Paranaguá No constraints Paranaguá 7,735,000 

Ilos 0 Ilos No constraints Ilos No constraints 

 

7. Scenarios Optimization 

 

Overall, given the conditions proposed in the model, the scenarios pointed to an 

alternative direction for the soybean transportation routes, the use of ports of northern Brazil 

crossing the Amazon. These alternatives, besides having lower operating costs because of the 

use of waterways, may also reduce significantly the social and environmental impacts of 

transportation in Brazil, since the use of waterways can contribute to a reduction of trucks on 
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the roads, reduce emissions and pollutants per transported ton. Environmental impacts as a 

whole in the Amazon needs also to be further investigated. 

Scenario 1 indicates that soybean exports should happen in the Ports of Santos, Rio 

Grande, Paranaguá, Santarém and Vitória, in order to minimize costs. For this scenario, the 

total cost of logistics operations would be US$ 3,108,425,235.0. Scenario 2 points to the 

soybean exports through the port of Barcarena, using the projected Araguaia-Tocantins 

waterway, which could account for up to 45% (approximately 17 million metric tons) of 

soybeans exported from Brazil (of the 38.4 million metric tons considered in the model). The 

optimized scenario 2 demonstrates the total cost of US$ 2,912,648,677.4, a figure 6.3% lower 

compared to the first scenario. In absolute terms, it represents savings of approximately US$ 

196 millions per year. The development of this waterway would allow the reduction of cargo 

allocated in the Ports of Santos and Vitória and consequently, reduce the number of trucks on 

the roads and the possibility for other products to be exported in those ports. 

For scenario 3, the total cost was US$ 3,838,914,003.9, a considerably higher cost 

(24% higher) when compared to scenario 2 (least cost scenario). In cenario 3, the 

transportation routes again are directed to the port of Barcarena and Rio Grande, and with 

those constraints considered, the Port of Paranaguá has its operations at full capacity but, the 

Port of Santos, one of the biggest in Brazil, is not with overcapacity. The results of the 

optimization scenarios are presented in table 6. 

 

Table 6: Optimization results for the three scenarios, figures in mt. (Data source: 

Elaborated by paper’s authors). 
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According to the scenarios’ optimizations, some part of the Brazilian soybean 

produced in Mato Grosso State should be exported to Europe (Mato Grosso North Systen in 

scenario 1 and Mato Grosso South System in scenarios 2 and 3) and the rest of the Brazilian 

production, should be sent to China. It was found in scenario 1 that the export of soybeans 

from the Midwest should happen in the Port of Santarém in case the Araguaia-Tocantins 

waterway is not completed or the Port of Barcarena better used. Paranaguá and Santarém vary 

widely when considering the exports in 2013. Paranaguá, which operates currently in its limit, 

this port needs to export even 34% more soybeans compared to the year 2013. Santarém, on 
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the other hand, despite not operating at its limit, that port would need to increase its capacity 

by 593% (about 6 million more metric tons of soybeans). 

 

8. Conclusions and Recommendations 

 

This study aimed to use modeling and optimization to analyze transportation routes 

scenarios for the Brazilian soybean exported to China and Europe. The scenario that presented 

the best  result regarding minimizing costs was scenario 2, where capacity constraints on 

existing and projected ports were removed. Besides presenting annual operating costs 6% to 

25% lower than other scenarios - a reduction in absolute terms of approximately US$ 236 

million and US$ 926 million dollars in scenario 1 and 3 respectively - scenario 2 indicates the 

need of investing and focusing exports of the Brazilian soybean using ports in northern Brazil, 

in order to increase the country competitiveness. Ports like Santarém and Barcarena should be 

more explored and their access routes from the major producing areas more structured. 

Scenarios 1 and 3 reinforced the overcapacity of ports in South and Southeast Regions and 

therefore indicate as well the need of alternative transport routes to export soybean in Brazil. 

Based on the costs obtained in this article, alternative routes that might use the 

projected Ilos Port in Peru are not competitive compared to the routes using Brazil’s North 

Region ports. The Ports of Ilhéus and Itacoatiara, in Bahia and Amazonas States respectively, 

also did not perform as efficient alternatives, even though these ports are currently operating 

to export Brazilian soybeans. Other states in Brazil with little soybean production which are 

not included in this study also use those ports to export their production. 

Relating production and consumer markets, the soybean exported to the port of 

Hamburg should be produced in Mato Grosso State for a better spatial configuration based on 

costs in Brazil. The country has several alternatives to reduce logistics costs, but investments 

for the medium and long term need to be done, integrating other grains in this transport 

network and including return freights in future models. As a way of continuing this study, 

economic viability of logistics investments and integration with other networks as well as 

including environmental impacts should be considered. A stochastic model based on 

simulation and optimization is provided by the authors in the continuity of this research. 
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