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Presentation

This report describes, in an organized and accessible manner, the methodology

used to simulate and evaluate the transport flow of Brazilian soybean and corn
in light of the projects that comprise the South American Integration Routes. The

text gathers the conceptual framework underlying the work, the data sources

used, the modeling procedures and tools, the adopted criteria and assumptions,

the const ruction of scenarios, and the results obtained for each of them.

The core proposal is to treat infrastructure planning as an exercise that can be
tested prior to construction. Rather than relying solely on isolated estimates for
decision - making, this study builds a representation of the national logistics
network and "e xperiments" with each project on it, measuring its impacts on
routes, costs, distances, and port capacity. The goal of this document is to make
this process clear enough for the analysis to be understood, discussed, and

reproduced.

1 Intro duction

The growing demand for physical and economic integration among South
American countries has driven the formulation of international logistics routes
that directly involve Brazilian territory (SANTOS; FERREIRA, 2025). At the center of

= ‘ ‘ = ‘

this debate lies an en o L L
matrix has historically imposed severe constraints on agricultural development,
particularly within bulk commodity supply chains such as soybean and corn
(CASTRO, 2015). Under this arrangement, port saturation acts as the most
restrictive bottleneck in the logistics network, dictating the pace, cost, and strain

on the tributary transport grid.

In response to this scenario, Brazil has made considerable efforts to enhance its
internal and regional logistics infrastructure, with a special focus on connecting

to global markets 3 particularly Asia (MPO, 2024). It is within this context that rail
logist ics has gained prominence in national infrastructure debates,
accompanied by promises of robust investment and greater private sector
participation in concessions. Foreign interest in this process is notable,
particularly from Chinese and Arab companies th at have already signaled their
intent to participate in upcoming concession projects (GLOBO ECONOMIA, 2026;
CUSTODIO et al., 2026).

16



The implementation of the South American Integration Routes represents an
effort to reorganize the continent's transport infrastructure according to an
economic reality distinct from the one that historically guided Brazilian
settlement (MPO, 2024; BARROS et al., 2020) ( Figure 1). The initiative is organized
into five major corridors: the ~ Guiana Islands Route , the Amazon Route, the Rondon

Quadrant Route, the Capricorn Bioceanic Route, and the Porto Alegre bCoquimbo

Route ( Figure 2), with the stated objective of expanding regional trade and
reducing both the time and cost of connections with Asia (MPO, 2024).
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At first glance, the economic rationale is compelling. According to data from the
Confederation of Agriculture and Livestock of Brazil (CNA, 2023), logistics costs
can account for up to 30% of the total value of Brazilian exports. This reality is not
confi ned to agricultural production: the National Confederation of Industry (CNI,
2022) highlights that physical and logistical constraints, along with bottlenecks
across different modes of transport, inflate costs and undermine the
competitiveness of the produ ctive sector. Road transport @ which dominates the
Brazilian matrix 3is not only expensive and subject to seasonal variations, but
also exhibits lower energy efficiency and greater environmental impact. In this
sense, bringing Brazilian production centers clo ser to Pacific ports could shorten
part of the maritime journey to the Chinese coast, diversify export channels, and
reduce reliance on the ports of Santos, Paranagud, and the Northern Arc
(BARROS; CARNEIRO, 2024).

18



An important caveat, however, is that a shorter route on the map is not
necessarily a cheaper route. To reach the Pacific, freight must cross international
borders, Amazonian territories, and, in some cases, the Andes mountain range
(BARROS; CARNEIRO, 202% An example helps to illustrate the scale of this issue:
when transporting  soybean from Sorriso (MT) to the Port of Chancay in Peru, the
recommended vehicle capacity is around 30 metric tons per trip. This quantity is
suitable because Peru generally enforces a maximum gross vehicle weight limit

of 48 metric tons 3Jincluding truck, semitra iler, and cargo 3alongside specific
axle - load restrictions (PERU, 2003). Although certain vehicle combinations in
Brazil can reach up to 74 metric tons (CONTRAN, 2021), a heavier configuration
would create operational difficulties in Peruvian territory (PER U, 2003). Beyond
legal regulations, a configuration of approximately 30 metric tons is better suited

to the conditions of the Interoceanic Highway, especially when crossing the
Andes, where long steep inclines, steep descents, and sharp curves place higher
demands on braking, engine performance, and maneuverability (BARROS;
CARNEIRO, 2024; FHWA, 1995).

Among the corridors, the Rondon Quadrant Route emerges as one of the most
promising prospects for agribusiness (MPO, 2024; BARROS; CARNEIRO, 2024), as it
can link Acre, Rondbnia, and western Mato Grosso to Peru and the Port of
Chancay (MPO, 2024). The Braz ilian government estimates that this alternative
could shave roughly ten days off the maritime voyage to Shanghai. However,

these savings do not automatically apply to all national production (BARROS;
CARNEIRO, 2024). The corridor tends to be more competit ive for origins located in
western Brazil and for freight capable of absorbing overland transit costs. For
municipalities closer to Atlantic ports or already connected to established rail
networks, exporting via the Pacific may remain the more expensive op tion
(BARROS; CARNEIRO, 2024).

The Capricorn Bioceanic Route also holds potential for transporting soybean
corn, meats, and manufactured products from Mato Grosso do Sul, Parana, and
neighboring areas (MPO, 2024; BARROS et al., 2020). Its primary advantage lies in
crossing regions with consolidated agricultural production and reaching Chilean

ports via Paragu ay and Argentina (MPO, 2024; BARROS et al., 2020). Nevertheless,
overland road transit across the Andes Ocharacterized by high altitudes,
geometric constraints, landslide risks, and weather disruptions Qlimits the
continuous movement of large volumes (IDB, 2 008; BARROS; CARNEIRO, 2024). Its

viability would increase with intermodal terminals, customs harmonization, and
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rail connections, which would lessen reliance on long - distance trucking (IDB,
2023).

The Porto Alegre bCoquimbo Route can strengthen trade between Brazil,
Uruguay, Argentina, and Chile (MPO, 2024), but its advantage is less evident for
exports destined for China (BARROS; CARNEIRO, 2024). Southern Brazil already has
relatively close Atlantic ports and consolidated logistics supply chains; thus,
crossing Argentina and the Andes would only be competitive for specific
cargoes, periods, or destinations (BARROS; CARNEIRO, 2024). Its primary value
may reside in regional productive integration, intr a- South American trade, and
the creation of alternative routes (BARROS et al., 2020; MPO, 2024).

The Amazon and Guiana Islands Route s carry strategic significance of a different
nature (MPO, 2024). They can improve supply to border cities, expand access to

public services, foster the bioeconomy, and promote regional trade. The
predominantly fluvial Amazon Route faces constraints regard ing bulk volumes of
soybean and corn bound for China due to hydrological seasonality,
transshipment operations, and the distance separating Amazonian rivers from

Pacific ports (SANTOS DE LIMA et al., 2024; BARROS; CARNEIRO, 2024). Meanwhile,
the Guiana Islands Route is better suited for regional integration and connections

with the Caribbean and the Atlantic than for large - scale grain export flows
toward Asia (MPO, 2024; BARROS; CARNEIRO, 2024).

Also noteworthy is the Transoceanic (or Bioceanic) Railway, an ambitious
strategic project aimed at establishing a rail link between the Brazilian coast and

Pacific ports in Peru, creating an alternative route for trade with Asian markets.

The complete cor ridor remains in the feasibility study and international
coordination phase. Key benefits include reduced logistics costs, diversification

of export routes, decreased reliance on road transport, and economic
development across producing regions in the Cent er- West. Within Brazilian
territory, the project integrates the Center - West Integration Railway (FICO) 3
whose section between Mara Rosa (GO) and Agua Boa (MT) is under
construction 3and the West - East Integration Railway (FIOL), with ongoing works
between Ilh éus, Caetité, and Barreiras in Bahia, forming a major national freight
corridor alongside the North - South Railway (ANTT, 2025). Although not formally
part of the South American Integration Routes, the Transoceanic Railway would

be associated with the Rondo n Quadrant Route, connecting areas of western

Mato Grosso, Ronddnia, and Acre to Peru. Furthermore, integration with FIOL and
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FICO would enable regions in Matopiba, Goias, and Mato Grosso to utilize both

Atlantic ports and the Port of Chancay.
2 Conceptual Framework

2.1The Environmental Dimension

The environmental dimension represents the main constraint to the
indiscriminate implementation of these corridors (DCP, 2022; ARGUELHO et al.,

2023). In Amazonian routes, new roads do not merely generate impacts within

the area directly occupied by infras tructure (FEARNSIDE, 2015; LAURANCE et al.,
2009). They alter regional accessibility and can drive unplanned occupation,

land speculation, illegal logging, mining, wildfires, and agricultural expansion into

previously isolated areas (FEARNSIDE, 2015; KLEIN SCHROTH; HEALEY, 2017).

Indirect effects can far exceed the direct impacts of the construction project itself
(LAURANCE et al.,, 2009; KLEINSCHROTH; HEALEY, 2017). Habitat fragmentation,
wildlife roadkill, altered drainage systems, soil erosion, and river siltation
compound the pr  essure on conservation units, indigenous lands, and traditional
community territories (LAURANCE et al., 2009; KLEINSCHROTH; HEALEY, 2017). When
planned solely around export interests, Amazonian infrastructure can heighten

socio - environmental vulnerability (DCP, 2022; ARGUELHO et al., 2023).

This does not imply that all infrastructure development in the Amazon is unviable.
Properly planned waterways, the rehabilitation of existing roads, and railways
implemented along already modified corridors can reduce emissions and
consolidate freight flow s (VILLEN et al., 2025). Environmental viability, however,
hinges on assessing the cumulative impacts across the entire corridor rather

than relying on isolated licensing for individual bridges, ports, or highway
segments (IFC, 2013; DCP, 2022).

Along routes traversing the Pantanal, the Chaco, and the Andes, risks are equally
significant (SCHULZ et al., 2019; CALDAS et al., 2015; TOVAR et al., 2022). The
Pantanal relies on the hydrological connectivity of its system (SCHULZ et al., 2019);

the Chac o is undergoing rapid land - cover transformation (CALDAS et al., 2015);
and the Andes feature fragile ecosystems, steep elevation gradients, and
geotechnical risks (TOVAR et al., 2022; BARROS; CARNEIRO, 2024). Consequently,
the choice of route alignment and transport mode determines whether a corridor

will be environmentally manageable or territorially destructive (ARGUELHO et al.,
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2023; SEREBRISKY et al.,, 2018). Indeed, pressures driving deforestation have
intensified as a consequence of expansion plans for soybean plantations and

other export crops 3including biofuels 3alongside mining activities, dams, and

other anthropogenic interv  entions (PEREIRA et al., 2020; RONDINELLI; BERRY, 2000),
particularly in remote and environmentally sensitive areas surrounding

highways and railways (TISLER et al., 2022).

2.2 Conditional Viability

The South American Integration Routes are neither entirely viable nor entirely

unviable (ROBERTS et al., 2020; SEREBRISKY et al., 2018). Their viability depends on

the territory and the specific conditions of each segment. Certain sections can

yield strong economic returns, cause manageable environmental impacts, and

deliver social benefits; others may require substantial investment while

achieving only marginal transport cost reductions, alongside generating

significant environmental and social impacts (AL BERTI; PEREYRA, 2018; BARROS;
CARNEIRO, 2024).

For agribusiness, the greatest opportunities lie within the Rondon Quadrant and

the Capricorn Bioceanic Route, particularly for origin locations close to the
corridors and where efficient rail or waterway transport is available. For other
regions of the co untry, Atlantic ports will remain more competitive (BARROS;
CARNEIRO, 2024). Opening access to the Pacific should serve as a
complementary alternative rather than an automatic replacement for existing
logistics infrastructure (BARROS; CARNEIRO, 2024; MPO, 2024).

The commercial relationship with China strengthens the project's economic
rationale, yet it also underscores a strategic risk (MAPA, 2026; MPO, 2024).
Concentrating export flows toward a single market can leave infrastructure
investments overly dependent o n Chinese trade, sanitary, and geopolitical
policies (MARQUES; CAMPQS, 2020). Consequently, these routes must also
expand trade among South American nations and foster the export of value -
added processed products, preventing the continent from serving mere ly as a
supplier of raw materials (MARQUES; CAMPOS, 2020; BARROS et al., 2020).

Responsible implementation will require abandoning the notion that every
distance reduction equates to development (SEREBRISKY et al., 2018; DCP, 2022).
Success cannot be measured solely by the kilometers built or tons exported, but

rather by the capacity to reduce logistics costs without accelerating
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deforestation, integrate border regions without disrupting local communities,

and expand exports without deepening economic dependency (SEREBRISKY et

al., 2018; DCP, 2022). The initiative can be viable provided each intervention is
selected through multi - criteria analyses that combine logistics costs, effective
demand, port capacity, emissions, biodiversity, climate risks, and the equitable
distribution of social benefits (SEREBRISKY et al., 2018; ARGUELHO et al., 2023; IFC,
2013). Without these conditions,  the routes may shorten the distance goods travel

to China while widening the gap between economic growth, environmental
protection, and social development (ROBERTS et al., 2020; DCP, 2022).

2.3 The Need to Simulate Before Investing

To evaluate a viability so highly dependent on geography and territory, it is
necessary to deploy a system capable of simulating the implementation of
infrastructure projects 3both individually and in an integrated manner C)
considering their impacts on region al logistics dynamics and on the
performance of feeder routes connected to the new segments. Systematic
evaluation of infrastructure requires tools that allow for anticipating impacts and

examining different operational scenarios. In this context, computat ional
modeling applied to freight transport enables the prior identification of
operational bottlenecks and constraints before physical construction begins
(OLIVEIRA, 2021, p. 45). In turn, the capacity and performance of feeder routes
serve as decisive fa ctors for transport fluidity and the overall economic viability

of the regional logistics corridor (NOVAES, 2019, p. 112).

Simulating logistics infrastructure projects using optimization algorithms can
reduce the required time and capital investments while increasing the efficiency

of available resource utilization (CUNHA, 2022, p. 89). In territorially complex
projects 9such a s bioceanic routes 3 operational efficiency also hinges on
international cooperation across the planning, execution, and infrastructure
management stages. Such initiatives demand shared governance mechanisms
capable of aligning diverse institutions, streamlining bureaucr atic hurdles, and
harmonizing national interests to foster integrated regional development (ABREU,
2023, p. 77). Consequently, consolidating bioceanic corridors requires not only
physical infrastructure delivery, but also customs procedure harmonization,
investment timeline coordination, and ongoing cooperation mechanisms for
managing border facilities Okey elements to ensure operational continuity,

reduce inefficiencies, and strengthen economic and territorial integration
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among participating countries (IPEA, 2024, p. 15). Furthermore, simulation
modeling provides an essential tool to expand understanding of species
behavior and transport infrastructure impacts, enabling the quantification of
ecological effects on wildlife p opulations (DORNAS et al., 2019; BEAUDRY et al.,
2008; BORDA- DE- AGUA et al., 2014; JAEGER et al., 2005).

2.4 Ex- Ante Modeling: Simulating Reality to Evaluate New Projects

In logistics infrastructure projects 3such as highways, railways, ports, terminals,
and distribution centers 3decisions are expensive and difficult, or even
impossible, to undo. It is therefore crucial to understand, prior to investing, what

is likely to occ ur. This is the role of ex - ante modeling 3 a Latin expression meaning
"before the event" 3 which refers to the analysis conducted before a project is
implemented, simulating its effects to inform the decision of whether to proceed

(DE RUS, 2021). It differs from ex - post evaluation, which is conducted after the
infrastructure is built and fully operational. While ex - post evaluation measures
actual outcomes, ex - ante modeling works with forecasts and scenarios. The two
approaches complement each other, as comparin g predicted versus actual
results helps refine models and correct the optimism bias common in initial
estimates (FLYVBJERG, 2009).

The core of this approach lies in constructing a model that accurately represents

L ‘ ‘ =

current reality and its evolution over time 3, _, L, ..
useful life, which can reach twenty to thirty years (EUROPEAN COMMISSION, 2014).
Rather than t aking a static "snapshot" of today, the model must function like a
"moving picture," capable of replicating how goods and freight move across the

network: origins, destinations, volumes, chosen routes, travel times, and costs. In
transport analysis, this r epresentation typically follows the classic four - step
model: trip generation, trip distribution, modal split, and network assignment
(ORTUZAR; WILLUMSEN, 2011), ensuring that the simulated system behaves like the

real - world network.

An essential step is defining the baseline scenario Qalso termed the "without
project” or do - nothing scenario 3 which describes what would happen if no new
interventions were undertaken, accounting for natural demand growth and
already contracted works. This baseline serves as the benchmark for
comparison: without it, there is no way to measure the true extent to which a new

project alters existing conditions (CASCETTA, 2009). Once current reality is
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simulated and the baseline scenario established, the model acts as a virtual
laboratory. At this point, a new project is introduced or an existing one modified C)
such as adding a railway line, duplicating a highway, or expanding a port Qand
the simulation is  re-run to generate the "with project” scenario. The evaluation
derives precisely from comparing the two scenarios. The difference between

them represents the true net effect of the investment Othe counterfactual 3since
only the changes directly caused by the project should be attributed to it (DE RUS,
2021).

Among the key metrics typically evaluated are reductions in transport times and

costs, shifts in freight volumes and routing, modal shifts (among road, rail, and
waterway), and gains in network efficiency, reliability, and capacity, along with

broader econ omic, social, and environmental impacts such as carbon emissions

and accidents. These effects can be monetized and weighed against capital and

operating costs; indicators such as Net Present Value (NPV) and Internal Rate of

Return (IRR) synthesize whether the project is viable and allow for side - by - side
comparison of competing alternatives (EUROPEAN COMMISSION, 2014). Because
every forecast entails uncertainty, it is good practice to test variations in key
assumptions using sensitivity analyses, verifying w hether conclusions hold under
more or less favorable conditions. In summary, ex -ante modeling allows
infrastructure projects to be "tested" in a computational environment before
committing resources in the physical world. By following a consistent sequence IC)
simulating baseline conditions across a defined time horizon, defining the

"without project" scenario, introducing or modifying projects, and comparing
outcomes 3 investment decisions move away from guesswork toward evidence -
based planning, mitigating the r isk of costly infrastructure delivering fewer

benefits than promised.
3 Objectives

3.1General Objective

The use of simulation models serves as a methodology for addressing real - world
problems, applied to describe and analyze system behavior and to test
interventions that support the planning and design of systems representing real -
world dynamics (PRITSKER, 1998). In line with this approach, the primary objective

of this study is to develop a model capable of simulating and evaluating
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continental logistics dynamics in response to new infrastructure projects,

measuring their economic efficiency and capacity to reduce transport costs.
3.2 Specific Objectives

In greater detalil, the study aims to simulate and evaluate each proposed corridor
under the South American Integration Routes initiative, both individually and in
combination. The Current Scenario represents the existing and operational
logistics infrastru cture. Each proposed scenario incorporates a specific project
into this baseline, assuming it to be fully implemented and operational. These

scenarios comprise:
1. Current Scenario
2. Guiana Islands Route
3. Amazon Route
4. Rondon Quadrant Route
5. Capricorn Bioceanic Route
6. Porto Alegre bCoquimbo Route
7. Transoceanic (Bioceanic) Railway

In addition to these scenarios, the projects comprising the South American
Integration Routes were simulated under an assumed 20% (twenty percent)
reduction in freight costs per project, associated with road paving and geometric

improvement works.

4 Scope of the Study

The subject of study is the transport flow of soybean and corn 3the two main
staple grains in Brazil's agricultural portfolio, harvested in alternating seasons C)
across the logistics network connecting producing regions to export ports. In

practice, grain logistics in Brazil operates as a single system shared b y both
commodities rather than as two parallel supply chains. The same ports, arterial
highways, and much of the same producing regions serve both crops, with the
agricultural calendar determining network usage across different times of the

year.
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The study area is continental in scale, encompassing Brazilian territory and its
connections with neighboring countries and Atlantic and Pacific ports included

in the South American Integration Routes. For each commaodity, the study utilizes

the transport d emand represented in the origin - destination matrix and assigns
it across the transport network, evaluating routes, costs, distances, and port
capacity utilization under each scenario. Beyond the seven baseline scenarios,

the scope includes a suite of scena rios projecting a 2035 horizon, which
evaluates the expansion of port loading capacities alongside scenarios
combining investment packages, thereby allowing for a comparison between

the individual effects of each isolated project and their joint implementa tion.

5 Data Sources and Processing

The geographic database serves as the primary dataset for input, processing,
and output of spatial and tabular information, providing the framework for the
system to retrieve and transform raw data into routing information (BURROUGH,
1989). A simple, struc tured, well - defined, connected, and documented spatial
database unlocks numerous applications for Geographic Information Systems
(GIS) and spatial databases (NAZARIO et al., 2000).

The database from the National Logistics Plan 2050 (PNL 2050), published by the
Ministry of Transport, provided a robust starting point for scenario modeling and
simulation. In addition to information such as municipal seats and boundaries,

port locations, and agricultural production areas obtained from IBGE, three
datasets were particularly valuable: the baseline origin - destination matrix, the

representation of transport infrastructure, and the portfolio of future projects.

The origin - destination (OD) matrix describes freight volumes and flow directions
between different regions. It serves as the primary input feeding the demand
model, translating economic activity into tangible network flows. By adopting the

OD matrices from  PNL 2050, the study utilizes consolidated volume data, ensuring
that the simulation replicates movement patterns consistent with national

realities.

The transport infrastructure database represents existing highways, railways,
waterways, ports, and terminals, alongside their respective capacities, lengths,
and operational conditions. The OD matrix flows are assigned onto this network,
enabling the iden tification of routes, travel times, costs, and, crucially,

bottlenecks and saturated corridors. This network representation forms the
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baseline or "without project" scenario against which proposed interventions are

compared.

Finally, the portfolio of future projects aggregates planned infrastructure
interventions 3 such as new rail corridors and port expansions Jto be integrated
into the model individually or in combinations to form alternative scenarios.
Notable project inclusio  ns are the FICO, FIOL, and RUMO Malha Norte railways. By
incorporating each project into the network and re - running the simulation, it
becomes possible to quantify its effects on transport demand, modal shift, and

logistics performance relative to the base line scenario. Thus, the PNL 2050
databases ensure consistency and standardization throughout the analysis,
aligning this ex- ante evaluation with official national planning guidelines.

6 Methodology

6.1 Overview of the Approach

The methodology follows the logic of ex - ante evaluation described in the
conceptual framework. First, current logistics conditions are represented on a
georeferenced network. Next, the "without project” baseline scenario is
established. Finally, individual projects are added or modified to generate "with
project” scenarios, whose outputs are evaluated against the baseline. Each
commodity is modeled independently but over the same shared physical
infrastructure, reflecting the fact that soybean and corn share ports, highways,

and producing regions.
6.2 Models, systems, and tools used

The operational core of the study is Otimizalnfra, a route modeling and
simulation platform that integrates, for each product, the origin - destination
matrix, existing and projected transport infrastructure, current or forecasted

cargo demand, and port capa city. The objective is to support decision - making
in strategic transport planning. Instead of examining each element in isolation,

the platform brings them together into a single model and shows, in concrete

terms, where freight would pass, how much it wou Id cost, and where bottlenecks

would arise.

Otimizalnfra operates based on four databases that jointly represent transport

supply and demand. The infrastructure network describes highway, railway,
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waterway, and maritime segments, along with their costs, distances, and status.
The origin - destination matrix details how much of each product moves from
each origin to each destination, month by month. The port database provides
throughput capacity by pro duct, which functions as a physical constraint to be
respected. And the municipal seats supply the origin and destination points that
connect demand to the network. The user also selects the product to be analyzed
and the output file.

The core component of the platform is the calculation of the best routes between

cargo origin and destination. For each flow, the minimum - cost path across the
network is sought, obtained through optimization over the graph representing

the transport infras  tructure, treating ports as transshipment points subject to
capacity constraints. Demand is allocated month by month, also via
optimization: when a port reaches its limit, the surplus is automatically rerouted

to the viable, lowest - cost port that still has  available capacity, and any volume
that cannot be served is explicitly logged. Thus, the model not only charts routes,

but also reveals where installed capacity is insufficient.

Consequently, it becomes possible to evaluate the impact of new projects on
territorial logistics dynamics. Corridor studies, macrologistics, and spatial
planning gain transparency, comparability, and clarity in strategic
communication. The platform projec ts future scenarios and evaluates
agricultural output flow dynamics; by inserting projects under study, trunk
railways, new highways, bioceanic corridors, or draft and port terminal
expansions, it is possible to assess their systemic impact even before

con struction begins. The tool addresses critical questions ( Table 1), such as
cargo diversion, bottleneck relief, and the viability of new segments. It is this
capability to transform data into scenarios that makes it a decision - support
instrument, bringing investment choices closer to evidence and mitigating the

risk of co stly, hard - to - reverse decisions.

The results are exported in formats ready for analysis and presentation: CSV
tables containing the routes, monthly port throughput summaries, problem
audits, and unallocated volumes; a geographic file (GeoPackage) with effective
flows per segment, month by month and cumulatively for the year, ready to open
in mapping software like QGIS; an animated map in which particles travel the
routes from origin to destination, with colors distinguishing domestic freight from

export freight; and a report with charts of monthly demand, port capacity
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utilization, and route alignment maps. The following table summarizes the main

capabilities of the platform.

Tablel 5 Key capabilities of the Otimizalnfra platform.

Scenario Simulation

Compares infrastructure alternatives, route
shifts, and flow redistributions across different

logistics configurations.

Bottleneck Identification

Highlights critical segments, freight
concentrations, and operational constraints

associated with port throughput capacities.

Geospatial Products

Generates layers, tables, and auditable
records for integration with GIS, technical
reports, and institutional presentations.

Public Decision Support

Translates logistics modeling into actionable
information for spatial planning, transport

policies, and investment analysis.

6.3 Methodological steps

The analysis of each scenario follows a well

- defined sequence. First, the

infrastructure network corresponding to the scenario is assembled by selecting

its constituent existing or projected segments. Next, the commodity's origin

destination matrix and por

t capacities are loaded. The minimum

- cost routes

between origins and destinations are then calculated, and demand is allocated

month by month, respecting the limits of each port and redistributing any surplus

to the lowest - cost viable port with available c

apacity. Finally, the results are

consolidated into tables, geographic layers, and charts, which feed the

comparative analysis across scenarios and between the two commaodities.

6.4 Parameters, Assumptions, and Adopted Criteria

Cargo allocation is governed by the criterion of minimum transport cost, subject

to the shipping capacity of each port, which is treated as a physical monthly

ceiling. In the reference scenarios, this capacity reflects the current terminal

infrastructure a nd is generally the same for both commaodities, as it derives from

the physical infrastructure of the terminal for the crop. What changes dand

changes significantly  3is the pressure that each harvest exerts on this shared

capacity. In the scenarios with a 203

5 horizon, an assumption of investments is

adopted that raises the shipping capacity of all ports to 15 million metric tons per

month for each commaodity. There is also a variation in which a 20% reduction in

freight values is considered, associated with ge

paving, among others. In all cases,

ometric improvements, road

future projects are introduced as

infrastructure already implemented and operational, so that the measured
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effect corresponds to the contrast between the scenario with the project and the

baseline scenario.
6.5 Scenario Construction

Scenarios were constructed incrementally based on the Current Scenario. Each

route or railway from the South American Integration Routes is added individually

to the network, allowing its isolated effect to be determined. Ultimately,
combinations encompass ing the entire investment package are also evaluated.

The suite of scenarios projecting a 2035 horizon repeats this logic under the
assumption of expanded port capacity. Furthermore, the "all investments
implemented" scenarios  3both with and without the com plete Transoceanic
Railway Qallow for observing systemic behavior when interventions operate
concurrently. This incremental construction is what makes comparisons
between scenarios informative: because only one variable changes at a time,

any observed diffe  rence can be directly attributed to the corresponding project.
6.6 Evaluation Indicators

The evaluation of each scenario is supported by a set of indicators that
summarize logistics performance and enable side - by - side comparisons
between soybean and corn, as well as among the scenarios themselves. Key
metrics include the total transported volume per commodity and the proportion

handled by ports; the number of ports actively utilized; the average distance
weighted by transported volume; the averag e transport cost per ton; throughput
volume; transshipment share and costs per port; and the average and maximum

capacity utilization rates for each terminal, highlighting seasonal pressure on the
network. These indicators are supplemented by the identific ation of overland
export corridors operating without port usage and an assessment of the socio

environmental impacts associated with each route.

7 Result s

For each scenario, a Consolidated Report was generated to provide a
comparative analysis between the two commodities. The soybean and corn
networks feature distinct spatial designs, geographic ranges, and corridors. For

this reason, each commodity is prese nted on its own map, where line thickness

indicates flow intensity for each segment, accompanied by route tables, port
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movement data, GeoPackage layers, and maps that can be integrated into

Geographic Information Systems (GIS).

In practice, grain logistics in Brazil operates as a single system shared by
soybean and corn rather than as two parallel supply chains. The same ports,
arterial highways, and much of the same producing regions serve both crops,
with the agricultural calendar determining network usage across different times

of the year.

Within its network, each commodity may reveal a logistics corridor that crosses
international borders without being associated with any formally monitored port.
These corridors differ from one another, indicating that the choice of alternative
routes respo nds to the specific geography of each crop rather than to a single

transport pattern. In this study, these routes are designated as orphan corridors.

The soybean and corn networks have distinct layouts, geographic reaches, and
orphan corridors. Consequently, each commodity is mapped individually, with
line thickness representing segment flow intensity.

Each Consolidated Report aggregates the following information:
1. Overall Transport Overview;
2. Transport Route Maps ( soybean , corn, and port volume/cost);
3. Port Dynamics and Shipping Capacity;
4. Transport Seasonality (  soybean and corn);
5. Orphan Corridors;
6. Socio - Environmental Impacts (  soybean and corn);
7. Final Remarks.

The following sections present the reports for each scenario.
Consolidated Report b Current Baseline Scenario

1.Overall Transport Overview

Soybean moved 142 million metric tons during the analyzed cycle, of which 103

million metric tons (72%) passed through one of the 14 mapped ports.



On average, soybean travel 15,734.86 km (weighted by transported volume),
compared to 12,143.34 km for corn, and cost proportionally more per metric ton
(R$ 908.93 vs. R$ 757.79) Ja difference that reflects the relative weight of each
commodity on long - distance export routes  (Table 2).

Table2¢ Baseline ScenaripGeneral comparative dashboard betwesaybearand corn.

Indicator Soybean Corn
Total volume transported 142 Mt 87 Mt
Volume via ports 103 Mt (72%) 58 Mt (67%)
No. of mapped ports 14 N/D
Top origin state (UF) Mato Grosso (~38 Mt) N/D
Weighted average distance 15734 .86 km 1214334 km
Weighted average cost R$ 908 .93/t R$ 757.79/t

2. Transport Route Maps

The soybean and corn networks feature distinct spatial layouts, geographic
reaches, and overland export corridors operating independently of ports.
Consequently, each commodity is mapped individually, with line thickness

representing segment flow intensity
2.1Soybean

The following figure ( Figure 3) was built from the geospatial database and
illustrates the layout of the soybean transport network. A remarkably dense
network is evident in the Center - South region of the country, reflecting the
proximity between production areas, highways, and the ports of Santos,
Paranagud, and Rio Grande. In contrast, transport flows heading toward Belém

and S&o Luis in the Northern Arc appear as longer, less branched corridors linking

the Center - West directly to the northern coast via long - distance routes that

continu e to gain importance as alternatives to Southern and Southeastern ports.
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Figure3 ¢ Baseline ScenaripSoybean transport routes to ports.
2.2 Corn

The following map  (Figure 4) illustrates the transport network for corn.
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2.3 Volume and Cost by Port

The following table (Table 3) aggregates, for the main ports of each commodity,
the total annual volume handled, the share of total exports handled through the
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port network, and the average transport cost per metric ton, displaying soybean

and corn side by side. The symbol * 3" indicates that the port does not appear
individually in the source table for that commadity, being included under "Other

ports."

Table3 ¢ Baseline Scenarid/olume, share, and average transport cost by Ewmybearand

corn.
Soybean Corn
Port
Vol. (Mt) Share Cost (R$/t) Vol. (Mt) Share Cost (R$/t)
Santos 40.9 39.7% 577 30,6 52,5% 631
Belém 168 163% 860 15,0 25,6% 631
Rio Grande 160 156% 695 0,9 1,5% 916
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Soybean Corn
Port Vol. (Mt) Share Cost (R$/) Vol. (Mt) Share Cost (R$/t)
Paranagua 134 130% 852 7,0 12,0% 733
Salvador 6.2 6.0% 718 0,4 0,8% 392
Séo Luis 39 3.8% 740 17 3.0% 394
Vitéria 3.7 3.6% 654 19 3.3% 428
Other ports 30 2.0% 700 to 1170 0.8 14% ic}

Santos leads the transport flow for both commodities, though with varying
degrees of concentration: it handles 39.7% of all soybean and 52.5% of all corn.

By itself, Santos concentrates nearly 40% of total port -bound volume,
consolidating its status as the nation's primary export outlet. It offers the lowest
average transport cost among major terminals, reflecting both its proximity to

Center - South producing regions and the robust highway infrastructure serving

it. Conversely, while Belém and Paranagu& handle high volumes, they present
higher average costs per metric ton Jan expected result given that they draw
from more distant origin points and routes combin ing longer overland and

maritime legs.
3. Port Dynamics and Shipping Capacity

Monthly shipping capacity at each port is identical for both commodities. It is the

physical structure of the terminal that imposes the ceiling, not the crop being
transported. What changes  32and changes significantly  Qis the pressure that
each harvest exerts  on this shared capacity  (Table 4).

Table4 ¢ Baseline Scenariplnstalled (shared) capacity and monthly utilization by port and

commodity.
Soybean Corn
Port Capacity (Mt/m onth ) | Average ) Average ]
Ut Max Util. Uil Max Util.

Santos 7137 47.7% 813% 35.8% 78.9%
Belém 2,928 47 8% 83.9% 42 6% 93.7%
Paranagua 2,843 39.4% 66 .2% 20.5% 45 8%
Rio Grande 2,456 54 4% 92 .8% 2.9% 6.7%
Sao Luis 2,157 149% 25.5% 6.7% 150%
Salvador 747 69 .4% 100% 4.9% 15%
Vitoria 720 43.2% 73.2% 22.3% 49.7%
Imbituba 202 48 6% 82.7% 3 3

S&o Francisco do Sul 946 C] C] 15% 3.4%
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Belém represents the clearest case of a port under dual pressure: it reaches
83.9% of its capacity at the peak of the soybean harvest and 93.7% at the peak of
the corn harvest 3 making it the most critical terminal in the network for both
crops, albeit durin g different windows of the year. Salvador operates, in practice,
as a dedicated single -commodity port: reaching 100% utilization during the
soybean peak while barely exceeding 12% for corn. Santos and Paranagua, two
of the largest terminals in absolute cap acity, maintain relative operational buffer
across both commodities and serve as safety valves for the national system.

For soybean , the picture reveals a network with significant average annual buffer,
yet with highly contrasting behaviors among individual ports. Santos, despite
being the largest in absolute volume, operates with a comfortable margin
relative to its capacity, reflect ing infrastructure sized for throughput levels even
higher than those observed. Rio Grande, on the other hand, operates above 92%
of capacity during peak months, indicating a much narrower operational margin

and heightened sensitivity to delays or concentr ated shipments. Salvador,

despite handling a comparatively small volume, hits 100% capacity in certain
months, signaling that its facilities operate at their limit when regional demand

spikes. Smaller ports, such as Itajai, Rio de Janeiro, and Recife, appe ar technically

saturated throughout most of the year. This condition, however, stems from their
low capacity and marginal handling volumes, causing them to function as

complementary or spot routes rather than central links in the export chain.
4. Transport Seasonality

The charts below illustrate, for each commaodity, the total monthly volume
handled across all ports (left) and the evolution of capacity utilization rates at

the primary terminals throughout the year (right).
4.1 Soybean

The total volume handled across the port network follows a highly pronounced
seasonal pattern linked to the soybean harvest calendar. The charts below
(Figure 5) illustrate, on the left, total monthly volume handled across all ports
and, on the right, the evolution of capacity utilization rates at primary terminals

throughout the year.
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Figureb ¢ Baseline Scenaridl otal monthly volume of soybean exported and capacity utilization
of main ports.

Total volume surges from around 1 million metric tons in January to a peak of 14.5
million metric tons in April 3 the timeframe that concentrates the harvest across
major producing regions 32 before gradually tapering off through December. Port
capacity utiliza tion tracks this movement precisely: between March and July,
directly within the peak harvest window, Salvador operates practically at full
capacity, while Rio Grande, Belém, and Santos hit their highest occupancy levels
of the year.

This pattern demonstrates that pressure on port infrastructure is not uniform
throughout the year, but concentrated within a tight multi - month window. This
concentration tends to trigger truck queues, extended vessel wait times, and
heightened competition for storage capacity precisely when the overall network
faces its highest load. Santos, boasting the largest absolute capacity among
analyzed ports, functions as a systemic safety valve Jabsorbing seasonal spikes

without approaching its operational ceiling.

4.2 Corn
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Because harvest peaks rarely overlap between the two commaodities, the same
ports generally serve both crops throughout the year without pressure
accumulating in a single period 3 one of the key hidden strengths of the current

infrastructure from a network pl anner's perspective.
5. Orphan Corridors

The orphan corridors identified in this analysis warrant additional attention, as
they generally represent international routes spanning multiple countries. Their
eventual future expansion could alter the total distance traveled by freight and,
consequentl vy, transport's overall environmental footprint. These impacts could
prove positive if they yield shorter routes to final destination markets, or negative

if they entail constructing new highways through environmentally sensitive
areas 9such as Amazon rainfo rest tracts or indigenous territories that these

routes may cross.
6. Social and Environmental Impacts

Each product was evaluated separately regarding its social and environmental
impacts in the original reports. The summaries below preserve this level of detail
by crop, as the affected routes, peak months, and most sensitive ports differ

between soy bean and corn.
6.1 Soybean

The way soy bean is transported to ports has relevant environmental
implications, which warrant attention alongside the logistics analysis. The
transport network connecting the producing regions of the Midwest to the ports

in the South and Southeast is predominantly road -based 3a mode that
consumes more fuel and emits more greenhouse gases per ton transported than

rail or waterway alternatives, especially over distances as long as those observed

in the data. In this regard, strengthening routes such as those of the Northern

Arch ( Arco Norte ), which combine shorter road stretches with river transport to
Belém and S&o Luis, represents a potentially more environmentally efficient
alternative by reducing the road distance traveled from farms in northern Mato

Grosso and Para.

The seasonal concentration of outflow between March and July also has
environmental and social ramifications in port cities. The significant increase in

truck traffic during this period elevates local pollutant emissions, intensifies wear
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and tear on urban road infrastructure, and increases pressure on areas
surrounding terminals 3 many of which are located in ecologically sensitive
estuarine or coastal regions, such as Santos, Paranagua, and Belém. The
operation of ports near their maximum c apacity during certain months, as
observed in Rio Grande and Salvador, reinforces the importance of logistics
planning that better distributes flows throughout the year and across different
corridors, thereby mitigating congestion peaks and their associate
environmental impacts. Overall, the scenario depicted by the data suggests that
environmental efficiency gains in the soybean supply chain are likely to stem less
from the simple expansion of port capacity and more from modal diversification

and a better temporal and spatial distribution of transport flows.

7. Final Considerations

An integrated reading of the tables and maps for soybean and corn makes it

possible to identify the extent to which both products share the same port
infrastructure and where each exerts distinct pressure on the network. Ports
showing high utilization for both commaodities, when featured in Table 4, warrant
inve stment priority, as they concentrate operational risk throughout virtually the
entire year. Conversely, ports with high utilization in only one of the two products

indicate terminals that are more dedicated to a single crop, offering relative

capacity buff er outside their respective peak window. Orphan corridors, where

present, require continuous monitoring as regional infrastructure advances
both for their potential to relieve traditional terminals and for the social and

environmental impacts that their eventual consolidation may entail.

Consolidated Report b Amazon Route
1.Overall Transport Overview

Soybean moved 142 million metric tons in the analyzed cycle, of which 103 million
metric tons (72%) passed through one of the 14 mapped ports. Corn moved 87.4
million metric tons, of which 58.3 million metric tons (67%) went through one of

the 18 ports in its net work 314 Brazilian ports plus 4 international terminals
(Cartagena (Colombia), Callao (Peru), San Antonio (Chile), and Bahia Blanca
(Argentina)) 3which have already been incorporated into the grain's export

routes.

C)
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Mato Grosso is the dominant origin for both commodities, accounting for
approximately 38 million metric tons of soybean and 37 million metric tons of
corn, making the state the most critical starting point of the continental network.

Soybean travels an average weighted distance of 15,734.86 km based on the
volume transported, compared to 12,143.35 km for corn, and costs proportionally
more per metric ton (BRL 908.93 vs. BRL 757.79). This difference reflects the

relative weight of each product in long - distance export routes ( Table 5).

Table5 ¢ Amazon RouteGeneral comparative dashboard between soybean and corn.

Indicator Soybean Corn
Total volume transported 142 Mt 87.4 Mt
Volume via ports 103 Mt (72%) 58.3 Mt (67%)
No. of mapped ports 14 18
Top origin state (UF) Mato Grosso (~38 Mt) Mato Grosso (~37 Mt)
Weighted average distance 15734.86 km 1214335 km
Weighted average cost R$ 908 .93/t R$ 757.79/t

2. Transport Route Maps
2.1Soybean

The following figure  (Figure 7) was constructed from the geospatial database

and illustrates the design of the soybean transport network, with line thickness
representing the flow intensity of each stretch. An extremely dense network can

be observed in the Center - South region of the country, reflecting the proximity
among producing areas, highways, and the ports of Santos , Paranagua, and Rio
Grande. Meanwhile, flows heading toward Belém and S&o Luis, in the so - called
Northern Arch ( Arco Norte ), appear as longer and less branched corridors,
directly connecting the Midwest to the northern coast via long - distance routes
that have been gaining relevance as an alternative to Southern and

Southeastern ports.
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Figure7 ¢ Amazon Route Soybean shipment routes to ports.
2.2 Corn

The following figure  (Figure 8) was constructed from the geospatial database

and illustrates the design of the corn transport network. As with soybean , adense

network is observed in the Center -South converging toward Santos and
Paranagud, along with a longer corridor heading toward Belém in the Northern

Arch ( Arco Norte ). Routes extending beyond Brazil's borders also appear,
reaching ports on the Pacific (Callao in Peru and San Antonio in Chile), in the
Colombian Caribbean (Cartagena), and on the Argentine coast (Bahia Blanca).
Although they move small volumes compared t 0 major Brazilian ports, these
routes highlight the existence of international logistics corridors already in
operation, connecting the Brazilian Midwest to alternative export outlets in other

South American countries.
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Figure8 ¢ Amazon RouteCorn shipment routes to ports.
2.3 Volume and Cost by Port

The following table ( Table 6) brings together, for the main ports of each product,

the total volume moved during the year, the share of the total exported by the

port network, and the average transport cost per metric ton, with soybean and
comn side by side. .38, .6 7" ..t oL, L.
individually in the source table for that product, being included in the total for

6 S . B

o ko~ - °

Table6 ¢ Amazon RouteVolume, share, and average transport cost by port, soybean and corn.

Soybean Corn
Port
Vol. (Mt) Share | Custo (R$/t) Vol. (Mt) Share | Custo (R$/t)
Santos 409 39.7% | 577 30.6 525% | 631
Belém 168 16.3% 861 150 25.6% | 631
Rio Grande 160 156% 695 0.9 15% 916
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Soybean Corn

Port Vol. (Mt) Share | Custo (R$/t) Vol. (Mt) Share | Custo (R$/t)
Paranagua 134 131% 851 70 120% 733
Salvador 6.2 6.0% 718 3 3 C)
Séo Luis 39 3.8% 735 17 3.0% 394
Vitéria 37 3.6% 655 19 3.3% 428
International ports c} 2 3 0.21 0.4% 453 to 806
Other ports 2.0 2.0% 424 to 1172 0.9 17% 88 to 949

Santos leads the outflow for both products, though with different weights: it
accounts for 39.7% of soybean and 52.5% of corn. Salvador appears only in the

soybean network, whereas international ports appear only in the corn network.

Santos alone accounts for nearly 40% of the total volume passing through ports,
establishing itself as the country's main export channel with the lowest average
transport cost among major terminals D a reflection of its proximity to producing
regions in the Center - South and the more consolidated road infrastructure
servicing it. On the other hand, Belém and Paranagua, despite moving high
volumes, present a higher average cost per metric ton, which is expected given

that they serve more distant origins and rou tes that combine longer land and

maritime segments.

Together, Santos and Belém account for roughly 78% of all corn exported through

ports, an even higher concentration than that observed for soybean . The
proportional weight of Belém in corn exports is noteworthy. While the port
represents about 16% of the exported volume for soybean , its share rises to over
25% for corn. This suggests that the Northern Arch ( Arco Norte ) plays an
especially critical role in exporting the second corn crop ( safrinha ), which is
grown predominantly in northern Mato Grosso Da region closer to the Amazon

basin than to the ports in the South and Southeast.
3. Port Dynamics and Shipping Capacity

A port's monthly shipping capacity is generally the same regardless of the
product. It is the terminal's physical infrastructure that imposes the ceiling, not
the crop being transported. What changes 9and changes significantly  3Jis the

pressure that each crop  exerts on this shared capacity ( Table 7).
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Table7 ¢ Amazon Routelnstalled (shared) capacity and monthly utilization by port and by

product.
Soybean Corn
Port Capacity ( Mt/month) Average ) Average ]

Uil Max Util. Uil Max Util.
Santos 7,137 47.7% 812% 35.8% 78.9%
Belém 2928 47 8% 83.9% 42 6% 93.7%
Paranagua 2,843 39.4% 66 .4% 20.5% 45 8%
Rio Grande 2,456 54 4% 92.8% 2.9% 6.7%
Séao Luis 2,157 149% 25.5% 6.7% 150%
Salvador 747 69 .4% 100% 4.9% 15%
Vitéria 720 43.2% 73.3% 22.3% 49.7%
Imbituba 202 48 .6% 82.6% 161% 36.2%

Belém is the most obvious case of a port under dual pressure, as it reaches 83.9%

of its capacity during the soybean peak and 93.7% during the corn peak 3 making
it the most critical terminal in the network for both crops, albeit during different

windows of the year. In practice, Salvador functions as a single - product port: it
reaches 100% utilization during the soybean peak and barely exceeds 12% for
corn. Santos and Paranagud, two of the largest terminals in absolute capacity,
maintain a relative capacity buffer across both products and act as safety valves

for the system.

For soybean , the picture shows a network with significant capacity headroom on

an annual average, but with very different behaviors across ports. Santos, despite
being the largest in absolute volume, operates with a comfortable margin
relative to its capacity  3Jreflect ing an infrastructure sized for an even higher
handling threshold than observed. Rio Grande, on the other hand, operates
above 92% of capacity during its peak months, indicating a much narrower
operational margin and greater vulnerability to any delays or shipment
concentrations. Salvador, despite its comparatively small volume, reaches 100%
capacity in some months, signaling that its infrastructure is already operating at

its limit when regional demand intensifies. Smaller ports, such as Itajai, Rio de
Jan eiro, and Recife, appear technically saturated for most of the year. This
condition, however, stems from their low capacity and marginal operational
volumes, causing them to function more as complementary or ad hoc routes

rather than central links in the e xport chain.

For corn, average capacity utilization is considerably lower than that recorded

for soybean across virtually all ports 3a direct result of the outflow being
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concentrated into a shorter window of the year. Even so, at the peak of the
season, Belém reaches nearly 94% of its monthly capacity, the highest level

among the major ports analyzed, indicating that the Northern Arch ( Arco Norte )
infrastructure operates very close to its limit precisely at the time of highest

demand. Santos, despite handling a larger absolute volume, reaches a more
moderate peak utilization (79%), supported by its considerably larger installed

capacity. Rio Grand e and Sao Luis, which play prominent roles in soybean
exports, show low utilization for corn, reinforcing that port choice is linked both to

the location of crops and to the time of year when each grain becomes available

for export.
4. Transport Seasonality

The charts below show, for each product, the total volume exported per month
across all ports (on the left) and the evolution of the capacity utilization rate at

the main terminals throughout the year (on the right).
4.1 Soybean

The total volume handled by the port network follows a highly distinct seasonal
pattern associated with the soybean harvest calendar. The charts below ( Figure
9) show, on the left, the total volume exported per month across all ports and, on
the right, the evolution of the capacity utilization rate at the main terminals

throughout the year.
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Figure9 ¢ Amazon Route Total monthly volume of soybean exported and capacity utilization of
main ports.

Total volume surges from around 1 million metric tons in January to a peak of 14.5

million metric tons in April 3 a period that concentrates the harvest across major
producing regions 3and gradually declines through December. Port capacity
utilization follows this movement precisely. Between March and July, right in the

peak harvest window, Salvador operates practically at its capacity limit, while Rio
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Grande, Belém, and Santos reach their highest occupancy levels of the year. This
behavior demonstrates that pressure on port infrastructure is not constant
throughout the year, but rather concentrated into a window of a few months. This
tends to generate t ruck queues, longer wait times, and greater competition for
storage space precisely when the system as a whole is most strained. Santos,
having the highest absolute capacity among the analyzed ports, acts as a sort

of safety valve for the system, absorbing part of the seasonal pressure without
approaching its operational ceiling.

4.2 Corn

The seasonal pattern for corn is markedly different from that observed for
soybean . The charts below ( Figure 10) show, on the left, the total volume exported
per month across all ports and, on the right, the evolution of the capacity

utilization rate at the main terminals throughout the year.
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Figurel0¢ Amazon RouteTotal monthly volume of corn exported and capacity utilization of
main ports.

While soybean exports are concentrated between March and July, corn exports
experience their weakest period during precisely these months. Between April
and June, the volume moved is nearly zero, before intensifying sharply between
August and December, peaking in Septe mber. This behavior is a direct reflection
of the second crop ( safrinha ) calendar. Planted following the soybean harvest
early in the year and harvested between June and August, its availability for
export materializes only in the second half of the year. As a consequence, the
pressure exerted by the two grains on port infrastructure occurs in virtually
complementar y windows throughout the year. This helps explain why the same
ports (such as Santos and Belém) are able to serve both crops without their peak
periods fully overlapping, even though a partial overlap exists between the end

of the soybean cycle and the beginning of the corn peak.
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Because peaks rarely coincide between the two commodities, the same ports
typically serve both crops over the course of the year without pressure
accumulating into a single period 3 one of the key hidden strengths of the current

infrastructure from a network planning perspective.
5. Orphan Corridors

Each product can reveal within its network a logistics corridor that crosses
international borders without being associated with any formally monitored port.
These corridors differ from one another, indicating that the choice of alternative
routes responds to the specific geography of each crop rather than a single

export pattern.

An additional finding of this scenario is a corridor originating in the extreme south
of Rio Grande do Sul and continuing to the vicinity of Montevideo, in Uruguayan
territory, accounting for nearly 45,000 metric tons of cumulative annual flow.

An overland corridor traverses the entire continent: originating at the border

between Mato Grosso do Sul and Paraguay, it crosses Paraguayan territory and

northern Argentina to reach the Chilean coast around Antofagasta, totaling
approximately 450 metric tons of flow per year. This route broadly corresponds

to the so - called Bioceanic Highway Corridor ( Corredor Rodoviario Bioceanico ),
an integration project connecting the Brazilian Midwest to Chilean Pacific ports

without crossing the Bolivian Andes. Unlike the four international ports already
cataloged in the tabular database, this corridor is not linked to any specific port,

sugges ting an incipient flow that aligns with a real infrastructure corridor widely

discussed in the debate on Brazilian agribusiness export logistics.

Neither corridor appears in the network of the other product, reinforcing that the
final destination 3Uruguay for soybean , Chile for corn 3depends on the
geographic origin of each shipment. In terms of volume, the soybean corridor is
significantly more substantial than that for corn (45,000 tonnes compared to 450

tonnes), suggesting distinct stages of maturity between the two routes.
6. Social and Environmental Impacts
6.1 Soybean

The way soybean is transported to ports has relevant environmental
implications, which warrant attention alongside the logistics analysis. The

transport network connecting the producing regions of the Midwest to the ports
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in the South and Southeast is predominantly road -based 3a mode that
consumes more fuel and emits more greenhouse gases per ton transported than

rail or waterway alternatives, especially over distances as long as those observed

in the data. In this regard, s trengthening routes such as those of the Northern
Arch ( Arco Norte ), which combine shorter road stretches with river transport to
Belém and S&o Luis, represents a potentially more environmentally efficient
alternative by reducing the road distance traveled from farms in northern Mato

Grosso and Para. The corridor identif  ied leading toward Uruguay reinforces this
same logic on a different scale: for producers in the extreme south of Rio Grande

do Sul, exporting production through a nearby Uruguayan port can represent a
shorter distance traveled than the route to Brazilian terminals in the South,

offering potential gains in logistics and environmental efficiency.

The seasonal concentration of outflow between March and July also has
environmental and social ramifications in port cities. The significant increase in

truck traffic during this period elevates local pollutant emissions, intensifies wear

and tear on urban road infrastructure, and increases pressure on areas
surrounding terminals 3 many of which are located in ecologically sensitive
estuarine or coastal regions, such as Santos, Paranagua, and Belém. The
operation of ports near their maximum capacity during ce rtain months, as
observed in Rio Grande and Salvador, reinforces the importance of logistics
planning that better distributes flows throughout the year and across different
corridors, thereby mitigating congestion peaks and their associated
environmentali mpacts. Overall, the scenario depicted by the data suggests that
environmental efficiency gains in the soybean supply chain are likely to stem less
from the simple expansion of port capacity and more from modal diversification

and a better temporal and spatial distribution of transport flows.
6.2 Corn

Just as with soybean , corn transport to ports relies heavily on highways over very

long stretches between the Midwest and the coast. This translates into higher fuel
consumption and greater greenhouse gas emissions per metric ton transported

when compared to rail or waterway alternatives. The prominent role of the port

of Belém in corn export flows reinforces the relevance of the Northern Arch ( Arco
Norte ) as a route that combines shorter road segments with river transport along
Amazonian rivers. This reduces the total distance traveled by truck from farms in

northern Mato Grosso and Pard, yielding significant potential environmental
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gains compared to traditional routes to the South and Southeast. The corridor
identified leading toward Antofagasta adds another dimension to this
discussion: by shortening the distance between the Brazilian Midwest and the
Pacific Ocean, a fully consolida  ted bioceanic corridor could significantly reduce
total transport distance to Asian markets, with potential economic and

environmental gains relative to the traditional route via Santos.

The concentration of outflow between August and December tends to generate,
during this period, a significant increase in truck traffic on access highways to
ports and greater pressure on port operations in cities such as Belém and Santos,
impacting local  pollutant emissions and urban infrastructure wear and tear. The
existence of international routes to Pacific and Argentine ports, combined with
the bioceanic corridor identified in the geospatial mapping, signals a trend
toward logistics corridor diversifi cation. If consolidated, this trend can contribute
to a better distribution of environmental and operational pressure across
different regions and countries, rather than concentrating it exclusively in
traditional Brazilian ports. Overall, just as observed for soybean , the most
consistent environmental gains tend to arise from modal diversification and a
more balanced distribution of flows throughout the year, rather than solely from

expanding installed port capacity.

In common, both diagnostics point toward the same strategic direction: road

reliance over long distances is the main driver of environmental pressure in the

supply chain; the Northern Arch emerges as the currently available alternative

with lower relative  impact; and the seasonal concentration of outflow D occurring
in distinct windows for each crop Orequires tailored traffic planning and

mitigation during each peak, rather than investment in port capacity alone.
7. Final Considerations

An integrated reading of the tables and maps for soybean and corn makes it
possible to identify the extent to which both products share the same port
infrastructure and where each exerts distinct pressure on the network. Ports
showing high utilization for both commodities, when featured in Table 5, warrant

inve stment priority, as they concentrate operational risk throughout virtually the

entire year. Conversely, ports with high utilization in only one of the two products
indicate terminals that are more dedicated to a single crop, offering relative
capacity buff er outside their respective peak window. Orphan corridors, where

present, require continuous monitoring as regional infrastructure advances iC)
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both for their potential to relieve traditional terminals and for the social and

environmental impacts that their eventual consolidation may entail.
Consolidated Report b Capricorn Route

1.Overall Transport Overview

Soybean moved 142 million metric tons in the analyzed cycle, of which 103 million
metric tons (73%) passed through one of the 14 mapped ports. Corn moved 87.4
million metric tons, of which 58.5 million metric tons (67%) went through one of
the 18 ports in its net work.

Mato Grosso is the dominant origin for both commodities, accounting for
approximately 38 million metric tons of soybean and 37 million metric tons of

corn, making the state the most critical starting point of the continental network.

Soybean travels an average weighted distance of 15,726.29 km based on the
volume transported, compared to 12,137.18 km for corn, and costs proportionally
more per metric ton (BRL 906.15 vs. BRL 755.43). This difference reflects the relative

weight of each product in long - distance export routes (  Table 8).

Table8 ¢ Capricorn RouteGeneral comparative dashboard between soybean and corn.

Indicator Soybean Corn
Total volume transported 142 Mt 87.4 Mt
Volume via ports 103 Mt (73%) 58.5 Mt (67%)
No. of mapped ports 14 18
Top origin state (UF) Mato Grosso (~38 Mt) Mato Grosso (~37 Mt)
Weighted average distance 15726.29 km 1213718 km
Weighted average cost R$ 906 .15/t R$ 755.43/t

2. Transport Route Maps

The soybean and corn networks have distinct layouts, geographic reaches, and
orphan corridors. For this reason, each product is presented on its own map, with

line thickness indicating the flow intensity of each stretch.
2.1Soybean

The following figure ( Figure 1] was constructed from the geospatial database
and illustrates the design of the soybean transport network, with line thickness
representing the flow intensity of each stretch and the size of the red dots

representing the total volume handled at each port. An extremely dense network
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can be observed in the Center - South region of the country, reflecting the
proximity among producing areas, highways, and the ports of Santos,
Paranagud, and Rio Grande. Meanwhile, flows heading toward Belém and S&o
Luis, in the so - called Northern Arch ( Arco Norte ), appear as longer and less
branched corridors, directly connecting the Midwest to the northern coast via
longer - distance routes.

Along this route, the corridor identified in previous rounds reappears, originating

in the extreme south of Rio Grande do Sul and continuing to the vicinity of
Montevideo, in Uruguayan territory, accounting for nearly 45,000 metric tons of
cumulative annua | flow 3 practically the same volume observed previously. The
recurrence of this route, with the same geographical extent and flow magnitude,
reinforces the hypothesis that this is a real export corridor.
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2.2 Corn

Figure 12shows a dense network in the Center - South converging toward Santos
and Paranagud, alongside a longer corridor heading toward Belém in the
Northern Arch ( Arco Norte ). Routes extending beyond Brazil's borders also
appear, reaching ports on the Pacific (Callao in Peru and San Antonio in Chile),

in the Colombian Caribbean (Cartagena), and on the Argentine coast (Bahia
Blanca). Although they move small volumes compared t 0 major Brazilian ports,
these routes highlight the existence of international logistics corridors already in
operation, connecting the Brazilian Midwest to alternative export outlets in other

South American countries.
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2.3 Volume and Cost by Port



The following table (Table 9) brings together, for the main ports of each product,

the total volume moved during the year, the share of the total exported by the

port network, and the average transport cost per metric ton, with soybean and
< - e

individually in the source table for that product, being included in the total for

6 B X

J - .

Table9 -¢ Capricorn RouteVolume, share, and average transport cost by port, soybean and corn.

Soybean Corn

Port Vol. (Mt) Share | Cost (R$/t) Vol. (Mt) Share | Cost (R$/)
Santos 447 43.4% | 530 312 53.3% | 627
Belém 168 163% | 855 150 256% | 629
Rio Grande 158 153% | 893 09 15% 919
Paranagua 95 9.2% 810 6.5 1P% 693
Salvador 6.2 6.0% 701 3 3 3
Séo Luis 39 3.8% 727 17 3.0% 393
Vitéria 3.7 3.6% 645 19 3.3% 425
International ports i) C] C] 021 0.4% 453 to 801
Other ports 14 14% 424 to 1149 0.7 12% 88 to 931

Santos leads the outflow of both products, but with a different weight between
them: it concentrates 43.4% of soybeans and 53.3% of corn. Salvador appears
only in the soybean network, while international ports appear only in the corn

network.

In this round, Santos concentrates 43% of all volume passing through ports, an

even higher share than observed in previous analyses, when the port accounted

for about 40% of the total. The counterpoint is Paranagu a, whose share drops to
9.2%, practically half of what had been previously recorded. This flow reallocation
between the two Southeast and South ports, while keeping the other terminals
relatively stable, suggests a change in how the logistics network is dir ecting
cargo in this version of the data, possibly reflecting cost differences, capacity

availability, or routing criteria among the terminals.

Santos and Bel ém together concentrate about 79% of all corn shipped via ports,
an even higher concentration than observed for soybeans. The proportional

weight of Bel ém in corn is noteworthy. While in soybeans the port accounts for
about 16% of the exported volume, in corn this share rises to over 25%, suggesting

that the Northern Arc plays an especially relevant role in shipping the second

54



crop ( safrinha ), grown mostly in northern Mato Grosso, a region closer to the

Amazon basin than to the Southern and Southeastern ports
3. Port Dynamics and Shipping Capacity

A port's monthly shipping capacity is generally the same regardless of the

product. It is the terminal's physical infrastructure that imposes the ceiling, not

the crop being transported. What changes 9and changes significantly  3Jis the
pressure that each crop  exerts on this shared capacity ( Table 10).

Tablel0 ¢ Capricorn Routelnstalled (shared) capacity and monthly utilization by port and by

product.
Soybean Corn
Capacity
Port Average ) Average .
(Mt/m onth ) _ Max Util. . Max Util.

Util. Util.
Santos 7137 52.1% 88.7% 36.4% 80.3%
Belém 2,928 47 8% 83.9% 42 .6% 93.7%
Paranagua 2,843 27.8% 47 2% 192% 43.0%
Rio Grande 2,456 53.5% 90.8% 2.9% 6.7%
S&o Luis 2,157 150% 25.5% 6.7% 150%
Salvador 747 69 .4% 100% 4.9% 15%
Vitoria 720 43 2% 73.3% 22.2% 49 4%
Imbituba 202 43.6% 74.0% 172% 38.4%

Belém is the most obvious case of a port under dual pressure. It reaches 83.9% of

its capacity during the soybean peak and 93.7% during the corn peak 39 making it
the most critical terminal in the network for both crops, albeit during different
windows of the year. In practice, Salvador functions as a single - product port: it
reaches 100% utilization during the soybean peak and barely exceeds 12% for
corn. Santos and Paranagud, two of the largest terminals in absolute capacity,
maintain a relative capacity buffer across both products and act as safety valves

for the system.

For soybean , Table 9 confirms the pattern identified in the previous section, where
Santos now operates with an average utilization of 52% and reaches 88.7% of its
capacity during its peak month Jthe highest level recorded for this port across
allrounds analyzed thus  far. Paranagua, by contrast, operates with a much larger
buffer, utilizing on average less than 28% of its monthly capacity. Rio Grande
maintains a tighter operational pattern, exceeding 90% capacity at the peak of

the harvest. Salvador continues to reach 100% capacity in certain months, while
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Imbituba, despite its small size, now operates with an average utilization above

43%, higher than observed in previous rounds.

For corn, average capacity utilization is considerably lower than that recorded

for soybean across virtually all ports 3a direct result of the outflow being
concentrated into a shorter window of the year. Even so, at the peak of the
season, Belém reaches nearly 94% of its monthly capacity, the highest level
among the major ports analyzed, indicat ing that the Northern Arch ( Arco Norte )
infrastructure operates very close to its limit precisely at the time of highest
demand. Santos, despite handling a larger absolute volume, reaches a more
moderate peak utilization (80%), supported by its considerably larger installed
capacity. Rio Grand e and S&o Luis, which play prominent roles in soybean
exports, show low utilization for corn, reinforcing that port choice is linked both to

the location of crops and to the time of year when each grain becomes available

for export.

4. Transport Seasonality

The charts below show, for each product, the total volume exported per month
across all ports (on the left) and the evolution of the capacity utilization rate at

the main terminals throughout the year (on the right).
4.1 Soybean

The total volume handled by the port network follows a highly distinct seasonal
pattern associated with the soybean harvest calendar. The charts below ( Figure
13 show, on the left, the total volume exported per month across all ports and, on
the right, the evolution of the capacity utilization rate at the main terminals

throughout the year.
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Figurel3 ¢ Capricorn RouteTotal monthly volume of soybean exported and capacity utilization
of main ports.
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Total volume surges from around 1 million metric tons in January to a peak of

approximately 14.5 million metric tons in April Oa period that concentrates the
harvest across major producing regions Oand gradually declines through
December. Port capacity utili ~ zation follows this movement, but now with Santos

assuming a more pronounced role. Between March and July, the port
consistently operates above 70% capacity, approaching Rio Grande as one of the

most strained terminals during the peak harvest. This behavio r indicates that,
under this data configuration, Santos no longer functions merely as a system

safety valve as observed in previous rounds, but instead operates with a
narrower margin during peak months, though without reaching critical

saturation levels.
4.2 Corn

The seasonal pattern for corn is markedly different from that observed for
soybean . The charts below ( Figure 14) show, on the left, the total volume exported
per month across all ports and, on the right, the evolution of the capacity

utilization rate at the main terminals throughout the year.
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Figurel4 ¢ Capricorn RouteTotal monthly volume of corn exported and capacity utilization of
main ports.

While soybean exports are concentrated between March and July, corn exports
experience their weakest period during precisely these months. Between April

and June, the volume moved is nearly zero, before intensifying sharply between

August and December, peaking in Septe mber. This behavior is a direct reflection

of the second crop ( safrinha ) calendar. Planted following the soybean harvest
early in the year and harvested between June and August, its availability for

export materializes only in the second half of the year. As a consequence, the
pressure exerted by the two grains on port infrastructure occurs in virtually
complementar y windows throughout the year. This helps explain why the same

ports (such as Santos and Belém) are able to serve both crops without their peak
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periods fully overlapping, even though a partial overlap exists between the end

of the soybean cycle and the beginning of the corn peak.

Because peaks rarely coincide between the two commodities, the same ports
typically serve both crops over the course of the year without pressure
accumulating into a single period 2 one of the key hidden strengths of the current

infrastructure from a network planning perspective.
5. Orphan Corridors

Each product can reveal within its network a logistics corridor that crosses
international borders without being associated with any formally monitored port.
These corridors differ from one another, indicating that the choice of alternative
routes responds to the specific geography of each crop rather than a single
export pattern.

The methodology consisted of cross - referencing each port code across the
three databases to standardize names, calculating each port's monthly capacity
utilization rate (the ratio between volume moved and available capacity in a
given month), and aggregati ng volumes by port, month, and state of origin
based on the municipality code (IBGE) reported for each route. During this
verification, the same uncataloged corridor identified in previous rounds was re
encountered, extending from southern Rio Grande do Su | to the vicinity of
Montevideo, Uruguay, without being associated with any port. It is also worth
noting that the distance traveled associated with export routes reflects the
complete logistics journey to the destination market, including the inland
trans port segment to the port and the subsequent international maritime

segment.

The methodology followed the same procedure applied in previous analyses:

cross - referencing each port code across the three databases, calculating the
monthly capacity utilization rate (the ratio between volume moved and
available capacity in a given month ), and aggregating volumes by port, month,
and state of origin based on the municipality code (IBGE) for each route. As usual,

the database includes four cataloged ports outside Brazil: Cartagena
(Colombia), Callao (Peru), San Antonio (Chile), and Bahia Bl anca (Argentina). In
this round, detailed inspection of the geospatial network revealed no additional

orphan corridors beyond the international stretches already included in the
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tabular database, reinforcing consistency between the geographic mapping

and the capacity records used in the remainder of the report.

Neither corridor appears in the network of the other product, reinforcing that the
final destination 3Uruguay for soybean , Chile for corn 2depends on the

geographic origin of each shipment.
6. Social and Environmental Impacts
6.1 Soybean

The way soybean is transported to ports has relevant environmental
implications, which warrant attention alongside the logistics analysis. The road
network connecting producing regions in the Midwest to ports in the South and
Southeast is predominantly highway -based 3a mo de that consumes more fuel
and emits more greenhouse gases per metric ton transported than rail or
waterway alternatives. The higher concentration of flow through Santos in this
round reinforces the importance of monitoring access infrastructure to the por t
highways, terminals, and storage facilities in the Baixada Santista, an
ecologically sensitive estuarine region that is likely to experience growing
environmental pressure as its share of exports increases. The corridor identified
toward Uruguay maintain s the same interpretation as in previous rounds: for
producers in extreme southern Rio Grande do Sul, exporting production through

a nearby Uruguayan port may represent a shorter travel distance than the
journey to Brazilian terminals in the South, offerin g potential gains in logistics and

environmental efficiency.

The seasonal concentration of outflow between March and July also has
environmental and social ramifications in port cities. The significant increase in

truck traffic during this period elevates local pollutant emissions and intensifies

wear and tear on ur ban road infrastructure  3Jparticularly in Santos, which
receives an even larger share of total flow in this round. Conversely, the reduced
share for Paranagua suggests a potential easing of environmental and
operational pressure on that terminal and its estu arine region, the Paranagua
Bay. Overall, the scenario depicted by the data suggests that environmental
efficiency gains in the  soybean supply chain are likely to stem less from the
simple expansion of port capacity and more from modal diversification and a

more balanced distribution of flows among available terminals.

6.2 Corn

iC)

59



Just as with soybean , corn transport to ports relies heavily on highways over very

long stretches between the Midwest and the coast. This translates into higher fuel
consumption and greater greenhouse gas emissions per metric ton transported

when compared to rail or waterway alternatives. The prominent role of the port

of Belém in corn export flows reinforces the relevance of the Northern Arch ( Arco
Norte ) as a route that combines shorter road segments with river transport along
Amazonian rivers, reducing the total distance traveled by truck from farms in

northern Mato Grosso and Para, with significant potential environmental gains
compared to traditional routes to the South and Southeast.

The concentration of outflow between August and December tends to generate,
during this period, a significant increase in truck traffic on access highways to
ports and greater pressure on port operations in cities such as Belém and Santos,
impacting local  pollutant emissions and urban infrastructure wear and tear. The
existence of consolidated international routes to Pacific and Argentine ports
signals a diversification of logistics corridors that, if expanded, can contribute to

a better distribution of env  ironmental and operational pressure across different
regions, rather than concentrating it exclusively in traditional Brazilian ports.
Overall, just as observed for  soybean , the most consistent environmental gains
tend to arise from modal diversification and a more balanced distribution of
flows throughout the year, rather than solely from expanding installed port

capacity.

In common, both diagnostics point toward the same strategic direction: road

reliance over long distances is the main driver of environmental pressure in the

supply chain; the Northern Arch emerges as the currently available alternative

with lower relative  impact; and the seasonal concentration of outflow 3 occurring
in distinct windows for each crop Jrequires tailored traffic planning and

mitigation during each peak, rather than investment in port capacity alone.
7. Final Considerations

An integrated reading of the tables and maps for soybean and corn makes it
possible to identify the extent to which both products share the same port
infrastructure and where each exerts distinct pressure on the network. Ports
showing high utilization for both commodities warrant investment priority, as

they co ncentrate operational risk throughout virtually the entire year. Conversely,

ports with high utilization in only one of the two products indicate terminals that

are more dedicated to a single crop, offering a relative capacity buffer outside
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their respective peak window. Orphan corridors, where present, require
continuous monitoring as regional infrastructure advances Oboth for their
potential to relieve traditional terminals and for the social and environmental

impacts that their eventual cons olidation may entail
Consolidated Report b Porto Alegre bCoquimbo Route

1.Overall Transport Overview

Soybean moved 142 million metric tons in the analyzed cycle, of which 103 million
metric tons (73%) passed through one of the 14 mapped ports. Corn moved 87.4
million metric tons, of which 58.3 million metric tons (67%) went through one of
the 18 ports in its net work.

Mato Grosso is the dominant origin for both commodities, accounting for
approximately 38 million metric tons of soybean and 37 million metric tons of
corn, making the state the most critical starting point of the continental network.

Soybean travels an average weighted distance of 15,735.49 km based on the
volume transported, compared to 12,142.63 km for corn, and costs proportionally
more per metric ton (BRL 908.76 vs. BRL 757.73). This difference reflects the relative
weight of each product in long - distance export routes ( Table 1).

Tablell ¢ Porto AlegreCoquimbo RouteGeneral comparative dashboard between soybean and

corn.

Indicator Soybean Corn
Total volume transported 142 Mt 87.4 Mt
Volume via ports 103 Mt (73%) 58.3 Mt (67%)
No. of mapped ports 14 18
Top origin state (UF) Mato Grosso (~38 Mt) Mato Grosso (~37 Mt)
Weighted average distance 15735 .49 km 1214263 km
Indicator R$ 908 .76/t R$ 757.73/t

2. Transport Route Maps

The soybean and corn networks have distinct layouts, geographic reaches, and

orphan corridors; for this reason, each product is presented on its own map.

2.1Soybean
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In Figure 15 an extremely dense network can be observed in the Center - South

region of the country, reflecting the proximity among producing areas, highways,
and the ports of Santos, Paranagua, and Rio Grande. Meanwhile, flows heading
toward Belém and Sé&o Luis, inthe  so- called Northern Arch (Arco Norte), appear

as longer and less branched corridors
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Figurel5 ¢ Porto AlegreCoquimbo RouteSoybean shipment routes to ports.
2.2 Corn

The following figure ( Figure 16) was constructed from the geospatial database
and illustrates the design of the corn transport network. A dense network can be

observed in the Center - South region, converging toward Santos and Paranagua,

alongside a longer corridor heading toward Belém in the Northern Arch ( Arco

Norte ). Routes extending beyond Brazil's borders also appear, reaching ports on
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the Pacific (Callao in Peru and San Antonio in Chile), in the Colombian Caribbean

(Cartagena), and on the Argentine coast (Bahia Blanca).
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Figurel6 ¢ Porto AlegreCoquimbo RouteCorn shipment routes to ports.
2.3 Volume and Cost by Port

The following table (  Table 12 brings together, for the main ports of each product,
the total volume moved during the year, the share of the total exported by the

port network, and the average transport cost per metric ton, with soybean and
e - R «
individually in the source table for that product, being included in the total for

6 .. .. L_. ..B~%
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Tablel2 ¢ Porto AlegreCoquimbo RouteVolume, share, and average transport cost by port,
soybean and corn.

Soybean Corn
Port

Vol. (Mt) Share Cost (R$/t) Vol. (Mt) Share Cost (R$/t)
Santos 411 39.9% | 496 30.7 52.7% | 613
Belém 168 163% | 861 150 257% | 629
Rio Grande 157 153% 946 0.9 15% 813
Paranagua 135 131% 837 70 120% 711
Salvador 6.2 6.0% 602 iC) iC) iC)
Séao Luis 39 3.8% 736 17 3.0% 394
Vitéria 3.7 3.6% 653 19 3.3% 428
International ports 3 iC] iC] 0.15 0.3% 483 to 805
Other ports 21 2.0% 424 10 1131 | 0.7 12% 88 to 930

Santos leads the export of both commodities, but with different relative weight
between them: it accounts for 39.9% of soybean and 52.7% of corn. Salvador
appears only inthe  soybean network, whereas international ports appear only in

the corn network.

In this round, the distribution of volumes among major ports returns to the
pattern observed in initial analyses: Santos accounts for approximately 40% of

the total exported, and Paranagua regains a share of around 13%, well above the

9% observed in the pr evious round. This oscillation between different versions of

the database 3 attimes with Santos dominating even more heavily, and at times

with a more balanced split between Santos and Paranagua 3Jsuggests that the
data may represent distinct scenarios or par ameterizations of the same logistics

system, rather than a single linear trend toward concentration.

Together, Santos and Belém account for approximately 78% of all corn exported

by port, maintaining the pattern observed in previous rounds. Bahia Blanca in
Argentina stands out for moving only about 30,000 metric tons in this round C)
considerably less than t he values between 80,000 and 105,000 metric tons
recorded in earlier analyses  3Jindicating some variation in the attractiveness of

this Argentine port from one round to another, without altering its marginal

position within the overall network.
3. Port Dynamics and Shipping Capacity

A port's monthly shipping capacity is generally the same regardless of the

product. It is the terminal's physical infrastructure that imposes the ceiling, not
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the crop being transported. What changes 9and changes significantly  3Jis the

pressure that each crop exerts on this shared capacity ( Table 13.

Tablel3 ¢ Porto AlegreCoquimbo Routelnstalled (shared) capacity and monthly utilization by
port and by product.

Soybean Corn
Port Capacity (Mt/m onth ) Average Average
Uil Max Util. Uil Max Util.

Santos 7.137 48,0% 81,6% 35,9% 78,9%
Belém 2.928 47,8% 83,9% 42,6% 93,7%
Paranagua 2.843 39,4% 67,1% 20,5% 45,8%
Rio Grande 2.456 53,4% 90,6% 3,0% 6,6%

Séo Luis 2.157 14,9% 25,5% 6,7% 15,0%
Salvador 747 69,4% 100% 4,9% 11,5%
Vitéria 720 43,2% 73,2% 22,3% 49,7%
Imbituba 202 36,0% 61,0% 11,1% 32,6%

Belém is the most obvious case of a port under dual pressure: it reaches 83.9% of

its capacity during the soybean peak and 93.7% during the corn peak 3 making it
the most critical terminal in the network for both crops, albeit during different
windows of the year. In practice, Salvador functions as a single - product port: it
reaches 100% utilization during the soybean peak and barely exceeds 12% for
corn. Santos and Paranagua, two of the largest terminals in absolute capacity,
maintain a relative capacity buffer across both products and act as safety valves

for the system.

For soybean , the picture confirms a return to a more balanced pattern between

Santos and Paranagud. Santos operates at an average utilization of 48% Dan
intermediate level between the values observed in the two previous rounds
(between 47.7% and 52.1%) 3D while Paranagua recovers an average utilization of
39.4%, very close to the initial analysis. Rio Grande maintains the tightest
operational pattern among the major ports, exceeding 90% capacity at the peak

of the harvest, while Salvador continues to reach 100% capacity i n certain
months. Taken together with previous rounds, these results suggest that the
network possesses a structural capacity buffer at Paranagua that can be
mobilized with relative flexibility, depending on the routing conditions adopted in

each scenario.

For corn, average capacity utilization remains considerably lower than that

recorded for soybean across virtually all ports 3 a direct reflection of the outflow
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being concentrated into a shorter window of the year. At the peak of the season,

Belém remains the most strained port, operating at nearly 94% of its monthly
capacity, the highest level among the major terminals. Santos, despite handling

a larger absolute  volume, reaches a more moderate peak utilization (79%),
supported by its considerably larger installed capacity. Imbituba shows a lower

average utilization than in previous rounds (11% compared to values around 16 b
17%), reinforcing that the fine distributi  on of volumes among smaller ports can

vary from one round to another without altering the overall network picture.
4. Transport Seasonality

The charts below show, for each product, the total volume exported per month
across all ports (on the left) and the evolution of the capacity utilization rate at

the main terminals throughout the year (on the right).
4.1 Soybean

The total volume handled by the port network follows a highly distinct seasonal
pattern associated with the soybean harvest calendar. The charts below ( Figure
17 show, on the left, the total volume exported per month across all ports and, on

the right, the evolution of the capacity utilization rate at the main terminals

throughout the year.
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Figurel7 ¢ Porto AlegreCoquimbo RouteTotal monthly volume of soybean exported and
capacity utilization of main ports.

Total volume surges from around 1 million metric tons in January to a peak of

approximately 14.5 million metric tons in April Ja period that concentrates the
harvest across major producing regions Qand gradually declines through
December. Port capacity utili zation follows this movement, with Salvador, Rio

Grande, and Belém among the most strained terminals during the peak harvest.
Santos, with its large installed capacity, returns to functioning as a system safety

valve in this round, absorbing a significant share of the seasonal pressure without

66



approaching its operational ceiling as closely as it did in the previous version of

the database
4.2 Corn

The seasonal pattern for corn is markedly different from that observed for
soybean . The charts below (  Figure 18 show, on the left, the total volume exported
per month across all ports and, on the right, the evolution of the capacity
utilization rate at the main terminals throughout the year
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Figurel8¢ Porto AlegreCoquimbo RouteTotal monthly volume of corn exported and capacity
utilization of main ports.

While soybean exports are concentrated between March and July, corn exports
experience their weakest period during precisely these months. Between April
and June, the volume moved is nearly zero, before intensifying sharply between
August and December, peaking in Septe mber. This behavior is a direct reflection
of the second crop ( safrinha ) calendar. Planted following the soybean harvest
early in the year and harvested between June and August, its availability for
export materializes only in the second half of the year. As a consequence, the
pressure exerted by the two grains on port infrastructure occurs in virtually
complementar y windows throughout the year. This helps explain why the same
ports (such as Santos and Belém) are able to serve both crops without their peak
periods fully overlapping.

Because peaks rarely coincide between the two commodities, the same ports
typically serve both crops over the course of the year without pressure
accumulating into a single period 3 one of the key hidden strengths of the current

infrastructure from a network planning perspective.

5. Orphan Corridors
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Each product can reveal within its network a logistics corridor that crosses
international borders without being associated with any formally monitored port.
These corridors differ from one another, indicating that the choice of alternative
routes responds to the specific geography of each crop rather than a single
export pattern.

The combined analysis of transport routes, network geographic design, and port
operational capacity allows for an integrated view of soybean logistics in the
country. Compared to the immediately preceding round, this version of the data
shows a return to a more balanced distribution between Santos and Paranagua,
while Rio Grande and Belém maintain stable roles as key complementary
terminals ac ross all versions analyzed thus far. Harvest seasonality continues to
translate into port occupancy peaks, and the recurrence of the orphan corridor
toward Uruguay 3 now observed for the third time with virtually identical routing
and magnitude O3reinforces th e importance of considering this route as an
effective part of the regional logistics network, alongside established
diversification strategies such as the Northern Arch ( Arco Norte ).

The methodology followed the same procedure applied in previous analyses:

cross - referencing each port code across the three databases, calculating the
monthly capacity utilization rate (the ratio between volume moved and
available capacity in a given month ), and aggregating volumes by port, month,

and state of origin based on the municipality code (IBGE) for each route. The
database includes the four international ports observed in previous rounds:
Cartagena (Colombia), Callao (Peru), San Antonio (Chile), a nd Bahia Blanca
(Argentina). During this verification, the overland orphan corridor was also re -
encountered 3 crossing the Brazilian Midwest, Paraguay, and northern Argentina

to the Chilean coast near Antofagasta Qwith routing and volume virtually
identical t o those identified in the previous round, a finding consistent with the

Bioceanic Road Corridor (  Corredor Rodoviario Bioceédnico ).
6. Social and Environmental Impacts

Each product was evaluated separately regarding its social and environmental
impacts in the source reports. The summaries below preserve this level of detail
by crop, as the routes, peak months, and most sensitive ports differ between

soybean and corn.

6.1 Soybean
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The way soybean is transported to ports has relevant environmental
implications, which warrant attention alongside the logistics analysis. The road

network connecting producing regions in the Midwest to ports in the South and
Southeast is predominantly highway - based 3a mo de that consumes more fuel
and emits more greenhouse gases per metric ton transported than rail or
waterway alternatives. The return of Paranagua to a more balanced share
relative to Santos in this round suggests a more even distribution of
environmental a nd operational pressure between the two major terminals in the

South and Southeast, which tends to be positive from the perspective of overall

system resilience. The reconfirmation of the corridor identified toward Uruguay C)
now for the third time with the e xact same routing and volume Jreinforces the
interpretation that this corridor represents a viable export alternative for
producers in extreme southern Rio Grande do Sul, potentially shorter and more

efficient than the journey to Brazilian terminals in the South.

The seasonal concentration of outflow between March and July also has
environmental and social ramifications in port cities: the significant increase in
truck traffic during this period elevates local pollutant emissions and intensifies
wear and tear on ur ban road infrastructure, particularly at terminals operating
close to their maximum capacity, such as Rio Grande and Salvador. Overall, the
scenario depicted by the data suggests that environmental efficiency gains in
the soybean supply chain are likely to stem less from the simple expansion of

port capacity and more from modal diversification and a more balanced

distribution of flows among available terminals 3 a distribution that, in this round,
appears closer to what was observed in the initial analyses.
6.2 Corn

Just as with soybean , corn transport to ports relies heavily on highways over very

long stretches between the Midwest and the coast. This translates into higher fuel
consumption and greater greenhouse gas emissions per metric ton transported

when compared to rail or waterway alternatives. The prominent role of the port

of Belém in corn export flows reinforces the relevance of the Northern Arch ( Arco
Norte ) as a route that combines shorter road segments with river transport along
Amazonian rivers, reducing the total distance traveled by truck from farms in

northern Mato Grosso and Para. The reconfirmation of the Bioceanic Corridor to
Antofagasta 3Dwith routing virtually identical to that of previous rounds C)

reinforces the interpretation that this corridor represents a real and potentially
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growing alternative to reduce transport distance between the Brazilian Midwest
and Pacific markets, yielding environmental gains associated with lower total
distance traveled.

The concentration of outflow between August and December tends to generate,
during this period, a significant increase in truck traffic on access highways to
ports and greater pressure on port operations in cities such as Belém and Santos,
impacting local  pollutant emissions and urban infrastructure wear and tear. The
existence of consolidated international routes, combined with the reconfirmation

of the Bioceanic Corridor, signals a trend toward logistics corridor diversification
that, if expanded, can contribute to a better distribution of environmental and
operational pressure across different regions and countries, rather than

concentrating it exclusively in trad itional Brazilian ports.

In common, both diagnostics point toward the same strategic direction: road

reliance over long distances is the main driver of environmental pressure in the

supply chain; the Northern Arch emerges as the currently available alternative

with lower relative  impact; and the seasonal concentration of outflow Joccurring
in distinct windows for each crop Drequires tailored traffic planning and

mitigation during each peak, rather than investment in port capacity alone
7. Final Considerations

An integrated reading of the tables and maps for soybean and corn makes it
possible to identify the extent to which both products share the same port
infrastructure and where each exerts distinct pressure on the network. Ports
showing high utilization for both commodities warrant investment priority, as

they co ncentrate operational risk throughout virtually the entire year. Conversely,

ports with high utilization in only one of the two products indicate terminals that

are more dedicated to a single crop, offering a relative capacity buffer outside

their respecti ve peak window. Orphan corridors, where present, require
continuous monitoring as regional infrastructure advances Oboth for their
potential to relieve traditional terminals and for the social and environmental

impacts that their eventual consolidation may entail .
Consolidated Report b Guiana Islands Route

1.Overall Transport Overview

70



Soybean moved 142 million metric tons in the analyzed cycle, of which 103 million
metric tons (73%) passed through one of the 14 mapped ports. Corn moved 87.4
million metric tons, of which 58.3 million metric tons (67%) went through one of
the 18 ports in its net work.

Soybean travels an average weighted distance of 15,738.11 km based on the
volume transported, compared to 12,144.06 km for corn, and costs proportionally
more per metric ton (BRL 908.51 vs. BRL 756.93). This difference reflects the relative

weight of each product in long - distance export routes (  Table 14).

Tablel4 ¢ Guianas RouteGeneral comparative dashboard between soybean and corn.

Indicator Soybean Corn
Total volume transported 142 Mt 87.4 Mt
Volume via ports 103 Mt (73%) 58.3 Mt (67%)
No. of mapped ports 14 18
Top origin state (UF) N/D N/D
Weighted average distance 15738.11 km 12144.06 km
Weighted average cost R$ 908 51/t R$ 756.93/t

2. Transport Route Maps

The soybean and corn networks have distinct layouts, geographic reaches, and
orphan corridors; for this reason, each product is presented on its own map, with

line thickness indicating flow intensity along each segment.
2.1Soybean

Figure 19 was constructed from the geospatial database and illustrates the
design of the soybean transport network, with line thickness representing flow
intensity along each segment. An extremely dense network can be observed in

the Center -South region of the country, reflecting the proximity among
producing areas, highways, and the ports of Santos, Paranagua, and Rio Grande.
Meanwhile, flows heading toward Belém and S&o Luis, in the so - called Northern

Arch ( Arco Norte ), appear as longer and less branched corridors.

In this scenario, the corridor identified in previous rounds reemerges, originating
from the extreme south of Rio Grande do Sul and continuing to the vicinity of
Montevideo, in Uruguayan territory, totaling approximately 45,000 metric tons of
cumulative an nual flow 3the exact same volume and routing observed across

all previously analyzed versions of the soybean database. This marks the fourth
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time this corridor has been identified identically, virtually eliminating the
hypothesis that it represents a point - in-time data inconsistency. It is also worth
noting that the bioceanic corridor to Antofagasta and the corridor to French

Guiana, both ident ified in the corn analyses, do not appear in any of the soybean

database versions verified thus far. This cross - consistency between the two

crops suggests that each alternative corridor is associated with a specific
commodity: Uruguay for ~ soybean from extreme southern Rio Grande do Sul, and
the Chilean Pacific and French Guiana for corn from the Midwest and Amapa.
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Figurel9 ¢ Guianas RouteSoybean shipment routes to ports.
2.2 Corn

Figure 20 was constructed from the geospatial database and illustrates the
design of the corn transport network. A dense network can be observed in the

Center - South region, converging toward Santos and Paranagua, alongside a

Asia
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longer corridor heading toward Belém in the Northern Arch ( Arco Norte ). Routes
extending beyond Brazil's borders also appear, reaching ports on the Pacific

(Callao in Peru and San Antonio in Chile), in the Colombian Caribbean
(Cartagena), and on the Argentine coast (Bahia Blanca)
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Figure20 ¢ Rota da GuianasCorn shipment routes to ports.

2.3 Volume and Cost by Port

The following table ( Table 15 brings together, for the main ports of each product,

the total volume moved during the year, the share of the total exported by the

port network, and the average transport cost per metric ton, with soybean and
e - o -
individually in the source table for that product, being included in the total for

6 .... ... ..B"%
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Tablel5 ¢ Guianas RouteVolume, share, and average transport cost by port, soybean and corn.

Soybean Corn
Port

Vol. (Mt) Share Cost (R$/t) Vol. (Mt) Share Cost (R$/t)
Santos 40.7 395% | 577 30.6 525% | 631
Belém 170 165% 861 150 25.7% | 629
Rio Grande 160 156% 696 0.9 15% 916
Paranagua 135 131% 850 70 120% 733
Salvador 6.2 6.0% 706 3 C] C]
Séo Luis 39 3.8% 734 17 3.0% 393
Vitéria 37 3.6% 655 19 3.3% 428
International ports c} 2 iC) 0.21 0.4% 453 to 805
Other ports 2.0 2.0% 424 to 1172 0.7 12% 88 to 949

Santos leads the export of both commodities, but with different relative weight
between them: it accounts for 39.5% of soybean and 52.5% of corn. Salvador
appears only inthe  soybean network, whereas international ports appear only in

the corn network.

In this round, the distribution of volumes among ports returns to the pattern
observed in initial analyses: Santos holds approximately a 39.5% share and
Paranaguad around 13% 3Ja considerably more balanced relationship than
recorded in the round where Santos concentrated over 50% of the flow. This
reinforces the interpretation that different versions of the database represent
distinct scenarios or parameterizations of the same logistics system, rather than

a single trend of growing concentration at a single po rt.

Together, Santos and Belém account for approximately 78% of all corn exported
by port, maintaining the pattern observed in previous rounds. The distribution
among remaining ports also remains stable, reinforcing that the basic structure

of the corn port ne twork is consistent across the different versions of the

database analyzed thus far
3. Port Dynamics and Shipping Capacity

A port's monthly shipping capacity is generally the same regardless of the
product. It is the terminal's physical infrastructure that imposes the ceiling, not
the crop being transported. What changes 9and changes significantly  3Jis the

pressure that each crop  exerts on this shared capacity ( Table 16).
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Tablel6 ¢ Guianas Routelnstalled (shared) capacity and monthly utilization by port and by

product.
Soybean Corn
Capacity
Port Average ) Average ]
(Mt/m onth ) ) Max Util. ) Max Util.

Util. Util.
Santos 7137 47 5% 80.8% 35.8% 78.8%
Belém 2,928 48 4% 84 9% 42 6% 93.9%
Paranagua 2,843 39.4% 66.5% 20.5% 45 8%
Rio Grande 2,456 54 3% 92.8% 2.9% 6.7%
Séao Luis 2,157 149% 25.5% 6.7% 150%
Salvador 747 69 .4% 100% 4.9% 15%
Vitéria 720 43 .2% 73.2% 22.3% 49.7%
Imbituba 202 48.7% 82.9% 161% 36.2%

Belém is the most obvious case of a port under dual pressure: it reaches 84.9% of

its capacity during the soybean peak and 93.9% during the corn peak 39 making it
the most critical terminal in the network for both crops, albeit during different
windows of the year. In practice, Salvador functions as a single - product port: it
reaches 100% utilization during the soybean peak and barely exceeds 12% for
corn. Santos and Paranagud, two of the largest terminals in absolute capacity,
maintain a relative capacity buffer across both products and act as safety valves

for the system.

For soybean , the picture confirms a return to a network with a more balanced
buffer among major ports. Santos operates at an average utilization of 47.5%,
very close to the values from initial analyses. Rio Grande maintains the tightest
operational pattern among the major ports, exceeding 92% capacity at the peak
of the harvest, while Salvador continues to reach 100% capacity in certain
months, as do the smaller ports of Itajai, Rio de Janeiro, and Recife, whose limited

capacity renders them technically saturated with marginal volumes.

For corn, average capacity utilization remains considerably lower than that
recorded for soybean across virtually all ports 3 a direct reflection of the outflow
being concentrated into a shorter window of the year. At the peak of the season,
Belém remains the most strained port, operating at nearly 94% of its monthly
capacity, the highest level among t he major terminals. Santos, despite handling
a larger absolute volume, reaches a more moderate peak utilization (79%),

supported by its considerably larger installed capacity.

4. Transport Seasonality
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The charts below show, for each product, the total volume exported per month
across all ports (on the left) and the evolution of the capacity utilization rate at
the main terminals throughout the year (on the right).

4.1 Soybean

The total volume handled by the port network follows a highly distinct seasonal

pattern associated with the soybean harvest calendar. The charts below ( Figure
27 show, on the left, the total volume exported per month across all ports and, on

the right, the evolution of the capacity utilization rate at the main terminals
throughout the year
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Figure21 ¢ Guianas RouteTotal monthly volume of soybean exported and capacity utilization of
main ports.

Total volume surges from around 1 million metric tons in January to a peak of

approximately 14.5 million metric tons in April Ja period that concentrates the
harvest across major producing regions Qand gradually declines through
December. Port capacity utili zation follows this movement, with Salvador, Rio

Grande, and Belém among the most strained terminals during the peak harvest,
while Santos, with its large installed capacity, returns to functioning as a system
safety valve, absorbing a significant share of the seasonal pressure without

approaching its operational ceiling
4.2 Corn

The seasonal pattern for corn is markedly different from that observed for
soybean . The charts below ( Figure 22) show, on the left, the total volume exported
per month across all ports and, on the right, the evolution of the capacity

utilization rate at the main terminals throughout the year
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Figure22 ¢ Guianas RouteTotal monthly volume of corn exported and capacity utilization of
main ports.

While soybean exports are concentrated between March and July, corn exports
experience their weakest period during precisely these months. Between April

and June, the volume moved is nearly zero, before intensifying sharply between

August and December, peaking in Septe mber. This behavior is a direct reflection

of the second crop ( safrinha ) calendar. Planted following the soybean harvest
early in the year and harvested between June and August, its availability for

export materializes only in the second half of the year.

Because peaks rarely coincide between the two commodities, the same ports
typically serve both crops over the course of the year without pressure
accumulating into a single period 3 one of the key hidden strengths of the current

infrastructure from a network planning perspective.
5. Orphan Corridors

Each product can reveal within its network a logistics corridor that crosses
international borders without being associated with any formally monitored port.
These corridors differ from one another, indicating that the choice of alternative
routes responds to the specific geography of each crop rather than a single
export pattern.

The combined analysis of transport routes, network geographic design, and port
operational capacity allows for an integrated view of soybean logistics in the
country. This round confirms a return to a more balanced distribution between

Santos and Paranagud as observed in initial analyses, and the fourth
consecutive reconfirmation of the orphan corridor toward Uruguay strongly
reinforces the hy pothesis that this is a real and stable route within the regional
logistics network. The cross - absence of corn's exclusive corridors 3 Antofagasta

and French Guiana 3in the soybean data reinforces the interpretation that
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different agricultural crops tend to access distinct alternative corridors
according to the location of producing regions and their relative proximity to
each international border.

Highlighted in blue, the overland corridor reemerges D previously identified in a
prior round 3 crossing the Brazilian Midwest, Paraguay, and northern Argentina to

the Chilean coast near Antofagasta, with the same volume of approximately 450

metric tons, reinf orcing the interpretation that it corresponds to a real
infrastructure consistent with the Bioceanic Road Corridor ( Corredor Rodoviério
Bioceanico ). A second uncataloged corridor also appears, observed here for the

first time: a segment originating in Amapd, in extreme northern Brazil, and
continuing overland to the vicinity of the border with French Guiana, with an
annual cumulative flow on the ord er of a few hundred metric tons. This routing is
consistent with outflow directed toward the port of Dégrad des Cannes in French
Guiana. The combination of these two findings suggests that the geospatial
network systematically contains nascent internationa | corridors that have not

yet been fully incorporated into the capacity tracking system.

Neither corridor appears in the other product's network, reinforcing that the final
destination 3Uruguay for soybean , Chile for corn 3depends on the geographic

origin of each shipment.
6. Social and Environmental Impacts

Each product was evaluated separately regarding its social and environmental
impacts in the source reports. The summaries below preserve this level of detail
by crop, as the routes, peak months, and most sensitive ports differ between

soybean and corn.
6.1 Soybean

The way soybean is transported to ports has relevant environmental
implications, which warrant attention alongside the logistics analysis. The road
network connecting producing regions in the Midwest to ports in the South and
Southeast is predominantly highway - based 3a mo de that consumes more fuel
and emits more greenhouse gases per metric ton transported than rail or
waterway alternatives. The fourth consecutive reconfirmation of the corridor
toward Uruguay reinforces the interpretation that this route represents a viable

and stable export alternative for producers in extreme southern Rio Grande do

Sul, potentially shorter and more efficient than the journey to Brazilian terminals
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in the South, with the corresponding benefit of lower greenhouse gas emissions

per metric ton transported.

The seasonal concentration of outflow between March and July also has
environmental and social ramifications in port cities: the significant increase in
truck traffic during this period elevates local pollutant emissions and intensifies
wear and tear on ur ban road infrastructure, particularly in Santos, Paranagud,
and Belém 3ecologically sensitive estuarine regions. Overall, the scenario
depicted by the data suggests that environmental efficiency gains in the
soybean supply chain are likely to stem less from the simple expansion of port
capacity and more from modal diversification and a more balanced distribution

of flows among available terminals, including alternative routes such as the one

identified toward Uruguay
6.2 Corn

Just as with soybean , corn transport to ports relies heavily on highways over very
long stretches between the Midwest and the coast. This translates into higher fuel
consumption and greater greenhouse gas emissions per metric ton transported

when compared to rail or waterway alternatives. The prominent role of the port
of Belém in corn export flows reinforces the relevance of the Northern Arch ( Arco
Norte ) as a route that combines shorter road segments with river transport along
Amazonian rivers. The reconfirmation of the bioceanic corridor to Antofagasta
reinforces the potential to reduce transport distance to Pacific markets.
Meanwhile, the corridor iden tified toward French Guiana adds a new dimension
to this discussion. Because it traverses a region of preserved Amazon rainforest
and Indigenous territories in extreme northern Amapa, any future expansion of

this corridor will warrant heightened attention regarding impacts on forest cover
and local populations, given the historical precedent of deforestation pressure

associated with opening new road routes in the Amazon.

The concentration of outflow between August and December tends to generate,

during this period, a significant increase in truck traffic on access highways to

ports and greater pressure on port operations in cities such as Belém and Santos.

The existence of multiple international corridors Osome already consolidated,
such as Cartagena, Callao, San Antonio, and Bahia Blanca, and others still in early

stages, such as those identified to Antofagasta and French Guiana Osignals a

trend toward route diversification that, if managed with proper environmental
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care, can contribute to a better distribution of logistics pressure across different

regions and countries.

In common, both diagnostics point toward the same strategic direction: road

reliance over long distances is the main driver of environmental pressure in the

supply chain; the Northern Arch emerges as the currently available alternative

with lower relative  impact; and the seasonal concentration of outflow Joccurring
in distinct windows for each crop Drequires tailored traffic planning and

mitigation during each peak, rather than investment in port capacity alone
7. Final Considerations

An integrated reading of the tables and maps for soybean and corn makes it
possible to identify the extent to which both products share the same port
infrastructure and where each exerts distinct pressure on the network. Ports
showing high utilization for both commodities warrant investment priority, as

they co ncentrate operational risk throughout virtually the entire year. Conversely,

ports with high utilization in only one of the two products indicate terminals that

are more dedicated to a single crop, offering a relative capacity buffer outside

their respecti ve peak window. Orphan corridors, where present, require
continuous monitoring as regional infrastructure advances dboth for their
potential to relieve traditional terminals and for the social and environmental

impacts that their eventual consolidation may entail .

Consolidated Report b Rondon Quadrant Route
1.Overall Transport Overview

Soybean moved 142 million metric tons in the analyzed cycle, of which 103 million
metric tons (73%) passed through one of the 14 mapped ports. Corn moved 87.4
million metric tons, of which 58.4 million metric tons (67%) went through one of

the 18 ports in its net work.

Soybean travels an average weighted distance of 15,739.33 km based on the
volume transported, compared to 12,140.78 km for corn, and costs proportionally
more per metric ton (BRL 905.04 vs. BRL 750.04). This difference reflects the

relative weight of each product in long - distance export routes ( Table 17.

Tablel7 ¢ Rondon Quadrant Routgseneral comparative dashboard between soybean and corn.

Indicator Soybean Corn

Total volume transported 142 Mt 87.4 Mt
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Indicator

Soybean

Corn

Volume via ports

103 Mt (73%)

58 .4 Mt (67%)

No. of mapped ports

14

18

Top origin state (UF) N/D N/D
Weighted average distance 15739.33 km 12140.78 km
Weighted average cost R$ 905 .04/t R$ 750.04/t

2. Transport Route Maps
2.1Soybean

Figure 23 was constructed from the geospatial database and illustrates the
design of the soybean transport network, with line thickness representing flow
intensity along each segment. An extremely dense network can be observed in
the Center - South region of the country, reflecting the proximity among

producing areas, highways, and the ports of Santos, Paranagua, and Rio Grande.

Highlighted in blue in the figure, the corridor identified in previous rounds
reemerges, originating from the extreme south of Rio Grande do Sul and
continuing to the vicinity of Montevideo, in Uruguayan territory, totaling
approximately 45,000 metric tons of cumulative annual flow  3Jthe exact same
volume and routing observed across all previous rounds of the soybean
database. This marks the fifth consecutive time this corridor has been identified
identically, making it practically certain that it represents a real and stable

infrastructure within the regional logistics network.
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Figure23 ¢ Rondon Quadrant RouteSoybean shipment routes to ports.

2.2 Corn

Figure 24 was constructed from the geospatial database and illustrates the
design of the corn transport network. A dense network can be observed in the
Center - South region, converging toward Santos and Paranagua, alongside a
longer corridor heading toward Belém in t he Northern Arch ( Arco Norte ),
addition to previously known routes reaching international ports such as
Cartagena, Callao, San Antonio, and Bahia Blanca.

in
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Figure24 ¢ Rondon Quadrant RouteCorn shipment routes to ports.
2.3 Volume and Cost by Port

The following table ( Table 18) brings together, for the main ports of each product,

the total volume moved during the year, the share of the total exported by the

port network, and the average transport cost per metric ton, with soybean and
e - <

individually in the source table for that product, being included in the total for

6 S . B

o ko~ - °

Table1l8 ¢ Rondon Quadrant Routé/olume, share, and average transport cost by port, soybean

and corn.
Soybean Corn
Port
Vol. (Mt) Share Cost (R$/t) Vol. (Mt) Share Cost (R$/t)
Santos 36.1 35.1% 570 27.3 46 .7% 638
Belém 214 20.8% 869 182 312% 621
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Soybean Corn
Port Vol. (Mt) Share Cost (R$/t) Vol. (Mt) Share Cost (R$/t)
Rio Grande 160 156% 697 0.9 15% 872
Paranagua 134 131% 850 70 120% 731
Salvador 6.2 6.0% 703 3 3 C)
Séo Luis 4.0 3.9% 738 17 2.8% 392
Vitéria 3.7 3.6% 654 19 3.3% 430
Cartagena 3 3 3 0.21 0.4% 798
Other ports 2.0 2.0% 424 to 1184 0.9 19% 88 to 949

Santos leads the export of both commodities, but with different relative weight

between them: it accounts for 35.1% of soybean and 46.7% of corn. Salvador

appears only in the  soybean network, whereas Cartagena appears only in the

corn network.

As observed in the equivalent corn analysis for this round, Belém surges to a

20.8% share of soybean exports (21.4 Mt) 3the highest value ever recorded across

all analyses conducted to date, surpassing the 16 b16.5% typical of previous

rounds. Santos, by contrast, retreats to 35.1%, the lowest share ever observed for

this port in the soybean analysis series. This coincidence between soybean and

corn patterns in this same round, both exhibiting a flow shift toward Belém,
strongly suggests that the database represents a specific scenario of greater
utilization of the Northern Arch ( Arco Norte ) for both crops simultaneously, rather

than random variation between versions.

In this round, the distribution of volumes between Santos and Belém changes
significantly. Belém surges to a 31.2% share (18.2 Mt)  3the highest value observed
in corn analyses conducted to date D while Santos retreats to 46.7%. Cartagena
also draws attention,  with a volume approximately double that observed in
previous rounds (207.6 thousand metric tons, compared to values around 105
thousand metric tons). This flow shift toward the Northern Arch and Cartagena
suggests a scenario in which the logistics network directs proportionally more
corn to northern corridors, possibly reflecting different cost assumptions or

capacity availability in this version of the data.
3. Port Dynamics and Shipping Capacity

A port's monthly shipping capacity is generally the same regardless of the

product. It is the terminal's physical infrastructure that imposes the ceiling, not
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the crop being transported. What changes 9and changes significantly  3Jis the

pressure that each crop exerts on this shared capacity ( Table 19).

Tablel9 ¢ Rondon Quadrant Routdnstalled (shared) capacity and monthly utilization by port
and by product.

Soybean Corn
Capacity
Port Average ) Average )
(Mt/m onth ) ) Max Util. ) Max Util.
util. util.
Santos 7,137 42 2% 73.1% 319% 76.1%
Belém 2,928 610% 100% 518% 100%
Paranagua 2,843 39.4% 66 .4% 20.5% 45 8%
Rio Grande 2,456 54 3% 92.7% 3.0% 6.7%
Séo Luis 2,157 155% 30.6% 6.4% 156%
Salvador 747 69 .4% 100% 5.2% 120%
Vitéria 720 43 .2% 73.3% 22.3% 49.7%
Imbituba 202 48.7% 82.7% 177% 36.2%

Belém is the most evident case of a port under dual pressure: it reaches 100% of

its capacity during the soybean peak and 100% during the corn peak 3 making it
the most critical terminal in the network for both crops, albeit during different
windows of the year. In practice, Salvador functions as a single - product port: it
reaches 100% utilization during the soybean peak and barely exceeds 12% for
corn. Santos and Paranagua, two of the largest terminals in absolute capacity,
maintain a relative capacity buffer across both products and act as safety valves

for the system.

For soybean , the highlight of this round is Belém, which reaches 100% of its
installed capacity during its peak month Othe first recorded instance of full
saturation for this port in the soybean analyses conducted to date, with an
average utilization of 61% throughout the year, well above the 47 b48% typical of
previous rounds. This result is directly consistent with what was observed in the

corn analysis for this same round, in which Belém also r eaches 100% capacity
during the peak of the second crop ( safrinha ). Santos, in turn, begins operating
with a wider buffer than usual, peaking at just 73.1% of its capacity Jthe lowest
value ever recorded for this port in the analysis series. Rio Grande maintains the

tightest operational pattern among southern ports, exce eding 92% capacity at

the peak of the harvest.

For corn, the highlight of this round is likewise Belém, which reaches 100% of its

installed capacity during its peak month Othe first instance of full saturation
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recorded for a major port in the corn analyses conducted to date, surpassing the
93b94% observed in previous rounds. With an average utilization of 51.8%
throughout the year, Belém operates with a considerably tighter margin than
Santos, whose average util ization drops to 31.9% in this version of the data. This
reversal of roles, with the Northern Arch under greater pressure than the
traditional Southeast corridor, represents an unprecedented configuration
among the analyzed corn rounds and warrants attenti on as a potential signal of

a scenario with greater reliance on northern port infrastructure.
4. Transport Seasonality

The charts below show, for each product, the total volume exported per month
across all ports (on the left) and the evolution of the capacity utilization rate at

the main terminals throughout the year (on the right).
4.1 Soybean

The total volume handled by the port network follows a highly distinct seasonal
pattern associated with the soybean harvest calendar. The charts below ( Figure
25) show, on the left, the total volume exported per month across all ports and,

on the right, the evolution of the capacity utilization rate at the main terminals

throughout the year.
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Figure25 ¢ Rondon Quadrant Routelotal monthly volume of soybean exported and capacity
utilization of main ports.

Total volume surges from around 1 million metric tons in January to a peak of
approximately 14.5 million metric tons in April, and then gradually declines
through December. In this round, however, the pressure on Belém during the peak
harvest is noticeably  higher than observed in previous versions, with the port
approaching or reaching its maximum capacity during the exact period of

heaviest movement. This represents a reversal of the usual pattern, in which
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Santos typically concentrates the greatest relative pressure among the major

ports .
4.2 Corn

The seasonal pattern for corn is markedly different from that observed for
soybean . The charts in Figure 26 show, on the left, the total volume exported per
month across all ports and, on the right, the evolution of the capacity utilization

rate at the main terminals throughout the year.
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Figure26 ¢ Rondon Quadrant Routel otal monthly volume of corn exported and capacity
utilization of main ports.

Corn export flows remain concentrated between August and December, peaking

in September, reflecting the second crop ( safrinha ) calendar 3 -cultivated in
succession to  soybean and harvested between June and August. In this round,
however, the pressure on Belém during the peak harvest is noticeably higher than
observed in previous versions, with the port reaching its maximum capacity

during the exact period of heaviest movement. This indicates that, should this
scenario of greater concentration in the Northern Arch ( Arco Norte ) be
confirmed, Belém's infrastructure would operate without a safety margin during

critical months.

Because peaks rarely coincide between the two commodities, the same ports
typically serve both crops over the course of the year without pressure
accumulating into a single period 3 one of the key hidden strengths of the current

infrastructure from a network planning perspective
5. Orphan Corridors

The higher concentration of flow through Belém in this round, for both soybean
and corn, reinforces an environmental red flag already highlighted in the

equivalent corn analysis. Operating an Amazonian port near its maximum

87



capacity limit tends to intensify truck and vessel traffic in the region, creating
potential pressure on Belém's urban infrastructure and surrounding estuarine
ecosystems. The reconfirmation, for the fifth consecutive time, of the orphan
corridor toward Ur uguay maintains the interpretation previously recorded in
earlier rounds. For producers in extreme southern Rio Grande do Sul, this route
can represent a shorter travel distance than the journey to southern Brazilian
terminals, yielding potential gains in both logistics and environmental efficiency.

The bioceanic corridor to Antofagasta, Chile 2crossing the Brazilian Midwest,
Paraguay, and northern Argentina Dis reconfirmed with the same volume of
approximately 450 metric tons observed in the previous round. The corridor to

French Guiana, originating in Amapa4, is also reconfirmed with the exact same
routing. A third corridor, identified for the first time in this round, features a
segment traversing interior Bolivia, passing near Cochabamba, and extending to

the vicinity of the port of llo on Peru's sout hern coast, accounting for nearly 12,000
metric tons of cumulative annual flow. This routing is consistent with the Southern
Interoceanic Highway ( Corredor Rodoviario Interoceanico Sul ), an integration
project connecting western Brazil (including Rondobnia, as suggested by the file

name) to the Peruvian Pacific coast through Bolivian territory. It is the highest -
volume orphan corridor identified to date across all analyses performed, eas ily

surpassing both Antofagasta and French Guiana
6. Social and Environmental Impacts

Each product was evaluated separately regarding its social and environmental
impacts in the source reports. The summaries below preserve this level of detail
by crop, as the routes, peak months, and most sensitive ports differ between

soybean and corn.
6.1 Soybean

The higher concentration of flow through Belém in this round, for both soybean
and corn, reinforces an environmental red flag already highlighted in the
equivalent corn analysis. Operating an Amazonian port near its maximum
capacity limit tends to intensify truck and vessel traffic in the region, creating

potential pressure on Belém 's urban infrastructure and surrounding estuarine
ecosystems. The reconfirmation, for the fifth consecutive time, of the
uncataloged corridor toward Uruguay maintains the interpretation previously

recorded in earlier rounds: for producers in extreme southe rn Rio Grande do Sul,
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this route can represent a shorter travel distance than the journey to southern
Brazilian terminals, yielding potential gains in both logistics and environmental

efficiency.

The seasonal concentration of outflow between March and July continues to
generate, during this period, a significant increase in truck traffic on access
highways to ports. In this round, this effect combines with an additional pressure
on Belém, which bec omes the most operationally critical port in the network for
both soybean and corn 3a pattern that, if persistent, would warrant heightened
attention to infrastructure planning and environmental mitigation in the Northern

Arch ( Arco Norte ) region.
6.2 Corn

The higher concentration of flow through Belém in this round reinforces the
relevance of the Northern Arch ( Arco Norte ) as a logistics corridor, but also raises
an environmental red flag. Operating an Amazonian port near its maximum
capacity limit tends to intensify truck and vessel traffic in the region, creating
potential pressure on Belém's urban infrastructure and sur rounding estuarine
ecosystems. The corridor identified through Bolivia to the port of llo adds a new

potential export route to Pacific markets; however, its path traverses Bolivian

territory and transition zones between the Cerrado and the Amazon Dregions

that warrant heightened attention regarding the impacts of any potential road
infrastructure expansion on vegetation cover and local communities on both the

Brazilian and Bolivian sides.

The reconfirmation of the corridors to Antofagasta and French Guiana, coupled

with the identification of the new corridor via Bolivia, reinforces a recurring
pattern across the analyses conducted. The geospatial network consistently
documents multiple inte  rnational routes at varying stages of maturity, distinct
from the four international ports already consolidated in the tabular database.

From an environmental perspective, route diversification can be positive if
managed in a planned manner by distributing logistics pressure across different
regions. However, it can also expand the impact frontier if the growth of these
routes is not accompanied by adequate environmental safeguards, particularly

in the Amazonian and Andean portions of the identified corrido rs.

In common, both diagnostics point toward the same strategic direction: road

reliance over long distances is the main driver of environmental pressure in the
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supply chain; the Northern Arch emerges as the currently available alternative

with lower relative impact; and the seasonal concentration of outflow 3 occurring
in distinct windows for each crop Orequires tailored traffic planning and
mitigation during each p  eak, rather than investment in port capacity alone

7. Final Considerations

An integrated reading of the tables and maps for soybean and corn makes it
possible to identify the extent to which both products share the same port
infrastructure and where each exerts distinct pressure on the network. Ports
showing high utilization for both commodities warrant investment priority, as

they co ncentrate operational risk throughout virtually the entire year. Conversely,

ports with high utilization in only one of the two products indicate terminals that

are more dedicated to a single crop, offering a relative capacity buffer outside

their respecti ve peak window. Orphan corridors, where present, require
continuous monitoring as regional infrastructure advances dboth for their
potential to relieve traditional terminals and for the social and environmental

impacts that their eventual consolidation may entail .

Consolidated Report b Transoceanic (Bioceanic) Railway
1.Overall Transport Overview

Soybean moved 142 million metric tons in the analyzed cycle, of which 103 million
metric tons (73%) passed through one of the 16 mapped ports. Corn moved 87.4
million metric tons, of which 58.3 million metric tons (67%) went through one of

the 19 ports in its net work.

Soybean travels an average weighted distance of 12,093.63 km based on the
volume transported, compared to 12,140.78 km for corn, and costs proportionally
more per metric ton (BRL 756.91 vs. BRL 750.04). This difference reflects the relative

weight of each product in long - distance export routes ( Table 20).

Table20 ¢ Transoceanic (Bioceanic) Railw&@yeneral comparative dashboard between soybean

and corn.
Indicator Soybean Corn
Total volume transported 142 Mt 87.4 Mt
Volume via ports 103 Mt (73%) 58.3 Mt (67%)
No. of mapped ports 16 19
Top origin state (UF) N/D N/D
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Indicator Soybean Corn

Weighted average distance 12093 .63 km 12140.78 km

Weighted average cost R$ 756 .91/t R$ 750.04/t

2. Transport Route Maps

The soybean and corn networks have distinct layouts, geographic reaches, and
orphan corridors. For this reason, each product is presented on its own map, with

line thickness indicating the flow intensity along each segment
2.1Soybean

Figure 27 shows the soybean export network, with line thickness proportional to

the flow intensity along each segment

Figure27 ¢ Transoceanic (Bioceanic) Railw&oybean shipment routes to ports.

2.2 Corn
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