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Abstract: The search for renewable energy has put ethanol on another level, making Brazil the second largest producer in the world. 
The aim of this study was to analyze ethanol transportation alternatives in the face of the current logistics in Brazil. It was proposed a 
partial equilibrium model analyzing three scenarios: the first concerned a base scenario (scenario 1), the second estimated a 15% 
decrease in railroad freight (scenario 2), and the third included new national pipeline projects (scenario 3). Scenario 3 showed the 
highest trading volumes with a 0.20% increase compared with the base scenario, indicating transport systems that prioritize 
multimodality. It was also highlighted that the multimodality assumptions of scenarios 2 and 3 resulted in competitiveness gains in 
the international market, because all the routes destined for foreign markets are multimodal. 
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1. Introduction 

The expansion of Brazilian agribusiness has been 

characterized by increasingly integrated production 

chains and the intensive use of capital in the various 

segments that comprise them. Agriculture in Brazil is 

still distinguished by its high share of GDP, ongoing 

trade surplus and contribution to controlling inflation 

[1]. Indeed, while Brazilian agro-industrial systems 

are highly developed and further growth is expected in 

this sector, new challenges, such as the domestic 

logistics system are rising to prominence. 

This study focuses on the use of ethanol. Brazil is 

the world’s second largest ethanol producer [2]. For 

2015/2016, the harvest in Brazil has been estimated to 

total 29.2 million cubic meters, only lagging behind 

the United States (50.4 million cubic meters) [3]. The 

increase in oil price, strong demand for clean and 

renewable sources of energy and intense 

commercialization of flex-fuel cars has created a 

favorable scenario for biofuel production. Ethanol also 
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has environmental advantages, as its combustion 

generates less carbon dioxide than gasoline. 

Transport managers are usually responsible for 

making decisions on whether to use own transport or 

an external company, while they are also responsible 

for the choice of the optimal route of transporting 

cargo [4]. Currently, Brazil operates with five modes 

of transport, namely road, railroad, waterway, pipeline 

and air, with most agricultural commodities 

transported by road. Plants are usually located in 

agricultural regions with difficult access to major 

transport routes and, owing to their production value, 

investment in non-road transport modes is unfeasible 

[5]. 

Railroads have high fixed costs and are slow 

despite offering a higher cargo transport capacity, 

which may generate economy of scale [6]; hence, rail 

is recommended for solid bulks, large quantities and 

longer travel distances. Nevertheless, the use of 

railroads for ethanol transport has increased in the past 

three years for a number of factors, such as lowering 

product costs, increasing competitiveness in foreign 

markets, reductions in traffic congestion on port 
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routes and environmental improvements from the 

reduction of carbon emissions [7]. Further, some 

investments in alcohol pipelines are planned to 

overcome the bottlenecks in the fuel transport market 

and improve competitiveness [5]. One example is the 

Logum project, an intermodal pipeline/railroad 

complex across five states: São Paulo, Rio de Janeiro, 

Goiás, Minas Gerais and Mato Grosso do Sul. 

According to the data, there are approximately 329 

fuel distribution bases in Brazil. Ethanol transport 

starts at one of the production units. Then, ethanol is 

transferred to collection centers for storage, or may be 

directly transferred to the distribution base. Later, the 

product is transported from these bases to the 

domestic market or to ports. Ethanol destined for the 

domestic market (fuel stations or retail resellers) is 

usually delivered by road [8]. 

Another alternative for the transport of ethanol is 

the use of a single load unit (e.g., a container) over 

multiple transport modes, which is called intermodal 

transport. Investment in new transhipment terminals 

can facilitate inland ship-rail-road combinations and 

save thousands of truck kilometers in 

congestion-sensitive areas, thus reducing the 

environmental impact. The downside of intermodal 

transport is that it requires more coordination than 

single mode transport, creating a need for the 

management of logistics systems. Intermodality has 

great importance for the development of nations by 

redistributing their internal transport systems in order 

to obtain a better position in the globalization process 

[9]. 

This study analyzed transport alternatives for 

different ethanol routes and compared them with the 

current logistics conditions in Brazil, by assessing the 

implications of transport infrastructure limits that 

aimed to increase ethanol competitiveness in national 

and international markets. A partial equilibrium model 

in the form of a mixed complementarity problem 

(MCP) applied to ethanol was proposed to assess three 

scenarios related to ethanol transport logistics in order 

to guide new transport projects capable of increasing 

the sector’s competitiveness.  

2. Materials and Methods 

The pioneer showing the possibility of solving 

spatial equilibrium problems between different 

markets through mathematical programming proposed 

the problem of two spatially separated markets in a 

non-normative economy in a mathematical 

maximization program. This problem was formulated 

to maximize the area under all excess demand curves 

minus the area under all excess supply curves, minus 

total transportation costs, resulting in a competitive 

spatial equilibrium solution (i.e., based on the 

resulting intersection areas of the curves of these three 

variables) [10]. 

Using supply and demand functions is possible to 

obtain spatial and atemporal dimensions for price, 

production, utilization factors and consumption 

determined by means of a quadratic programming 

chart [11].  

In partial equilibrium models, the direct impacts of 

trade policy in a given market are analyzed. Because 

ethanol is an agricultural commodity, its trade goes 

through the origin and destination and is subject to 

elasticity effects; hence, partial (or spatial) 

equilibrium models best suit the purpose of this study 

[11].  

2.1 Model Data 

The ethanol transportation routes to be analyzed 

were initially defined based on ethanol supply and 

demand data. These regions were selected according 

to their relevance to the product’s commercial 

dynamics, by examining the behavior of the following 

variables in 2013: ethanol production, average output, 

planted area, exports, consumption and industrial 

capacity of sugar-alcohol plants. The regions included 

in the model were defined based on the relevance of 

these variables to them. The purpose was to 

characterize ethanol market dynamics in those regions, 
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where, as believed, the highest potential for the 

sugar-alcohol industry was concentrated. 

The central south region was selected because it is 

responsible for over 90% of ethanol production in 

Brazil. The states comprising the supply regions are 

São Paulo, Goiás and Mato Grosso do Sul, with the 

state of São Paulo responsible for more than 50% of 

total ethanol production. The states of Goiás and Mato 

Grosso do Sul combined produce approximately 22% 

of total Brazilian ethanol [12]. The state of São Paulo 

is divided into three subregions: subregion 1 

represents the northwest of the state, subregion 2 

represents the northeast of the state and subregion 3 

represents the southern part of the state. 

Excess supply (demand) regions are those in which 

ethanol production exceeds (is lower than) the volume 

consumed. Therefore, although the state of Minas 

Gerais is the third largest producer, it consumes about 

90% of its production and its flow is insufficient to be 

considered to be an excess supply region. The 

northeast and south regions and state of Rio de Janeiro 

are responsible for consuming the greatest proportion 

of surplus ethanol produced in the central south region, 

and therefore are considered to be destination regions. 

Regarding international demand, the following 

countries were selected: the United States, South 

Korea, the Netherlands and the rest of the world 

(ROW). The United States is the world’s leading 

ethanol producer and has the largest import share in 

this market. South Korea and the Netherlands, 

according to export data, are the second and third 

largest importers of Brazilian ethanol, respectively [2]. 

The following variables comprise the model: 

production, consumption, domestic and international 

trading prices, freight of different transport modes and 

price elasticity of supply/demand. The base year of the 

variables is 2013. The source of production data was 

the Brazilian Institute of Geography and Statistics 

(2013) [13]. The source of consumption and domestic 

and international trading prices data was the National 

Agency of Petroleum, Natural Gas and Biofuels [7]. 

Price elasticity of supply/demand was extracted from 

the studies carried out by Beiral [14], Boff [15] and 

Luchansky and Monks [16]. 

Scenario 1 is a base scenario where the fees on the 

road and road-railroad routes are equal to those 

currently charged. For scenario 2, a 15% decrease (the 

15% discount was adopted based on interviews with 

the main players in the ethanol industry) in railroad 

transportation freight is proposed, thus changing the 

transportation dynamics of the routes. Scenario 3 

represents a future situation where the use of railroads, 

road-railroads and road-pipeline multimodality is 

compared, assuming that the Logum project is already 

in operation. 

2.2 MCP for Brazilian Ethanol 

An MCP consists of a simultaneous equations 

system (that could be linear or non-linear), which is 

described as inequalities, whose inputs are the supply 

and demand functions [1]. The MCP proposed to 

analyze the Brazilian ethanol market is presented next: 

Contents: 

i: ethanol supply regions (i = 1, 2, 3, ..., 5); j: 

ethanol domestic consumption regions (j = 1, 2, 3); k: 

ethanol international demand regions (k = 1, 2, 3); r: 

ethanol transportation routes (r = 1, 2, …, 18). 

Variables: 

pi: offer price; pj: domestic consumption price; pk: 

international demand price; xi: quantity offered; yj: 

domestic consumption; yk: international demand 

consumption; ߠ௜௝: domestic volume transported; ߠ௜௞: 

international volume transported. 

Parameters: 
 ௜௞: internationalݐ ;௜௝: domestic transportation costݐ

transportation cost; 
i : shadow price in supply region 

i (for ethanol); φj: shadow price in consumption region 
j; φk: shadow price in consumption region k. 

Observing the equations below, it is noted that the 

symbol “  ” means that at least one of adjacent 

inequalities should be satisfied as a strict inequality. 

Eqs. (4) and (5) are thus described because of a 
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complementarity formality to satisfy the 

Karush-Kuhn-Tucker conditions. In this case, scenario 

2 proposes a discount to the railroad freight fee. 

0
J K

i ij ik i
j k

x                (1) 

0
I

j j ij
i

y                   (2)

0
I

k k ik
i

y                   (3) 

0 ij i ij jp t p      ,i j          (4) 

0 ik i ik kp t p      ,i k         (5) 

The taxik and taxij fees represent a 15% discount on 

the rail freight rate and were already added following 

the zero profit condition presented in Eqs. (6) and (7), 

where a new parameter is incorporated. The fee has 

implications only for the flows destined for the 

international market, preventing the zero profit 

condition [17]. In the current proposal, this fee 

represents the transportation variation cost and thus: 

(pi + tik) × (1 + taxik) ≥ pk   
,i k        (6) 

(pi + tij) × (1 + taxij) ≥ pj   
,i j        (7) 

The MCP developed for this study was processed 

by using the General Algebraic Modeling System 

computational program [18].  

3. Results  

Table 1 showed the ethanol trading flows destined 

for the domestic market for each transportation route. 

Routes R1, R3, R4, R5 and R6 have the optimum 

transportation cost: R1, R3 and R5 are direct road 

routes, whereas R4 and R6 are road-railroad 

transportation routes. According to the flow, for 

scenario 1’s transportation destined for the domestic 

market, 46% of routes are transported through the 

road mode, whereas 54% use multimodality.  

Table 2 showed the routes destined for the 

international market. 

Regarding the volumes destined for the 

international market in scenario 1, most routes are 

transported by using multimodality (78%), whereas 

the direct road mode is responsible for 22% of the 

transported volume. In scenario 2, taxik and taxij fees 

were added, representing a discount of 15% in road 

freight amount, to analyze the extent to which a 

discount would affect the choice for multimodality. 

Table 3 showed the ethanol trading flows destined for 

the domestic market for each transportation route. 

Regarding the volumes transported destined for the 

domestic market in scenario 2, 23% are transported 

via the direct road mode, whereas 77% is multimodal. 

For flows destined for the northeast region, the 

optimum transportation mode is still road (100%), 

originating from the state of Goiás; however, for 

routes destined for the south region and the state of 

Rio de Janeiro, the optimum result is an enhanced use 

of multimodal routes. Table 4 showed the results for 

scenario 2 for the international market.  
 

Table 1  Scenario 1: ethanol trading flows destined for the domestic market per transportation route in thousands of cubic 
meters. 

Origin Destination 
Routes (m3)* 

R1 R3 R4 R5 R6 

Subregion 1 South   945.72   

Subregion 1 Rio de Janeiro    53.20  

Subregion 2 Rio de Janeiro     148.18 

Subregion 3 South  810.00    

Goias Northeast 822.15     

Goias Rio de Janeiro     845.18 

Total 822.15 810.00 945.72 53.20 993.36 
* Routes R1, R3 and R5 are road routes, whereas routes R4 and R6 are multimodal routes. 
Source: research data (2016).  
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Table 2  Scenario 1: ethanol trading flows destined for the international market per transportation route in thousands of 
cubic meters. 

Origin Destination 
Routes (m3)* 

R8 R9 R11 R13 

Subregion 1 The United States 406.90    

Subregion 2 The Netherlands  169.11   

Subregion 2 South Korea   371.45  

Subregion 2 ROW    53.99 

Mato Grosso do Sul The United States 1,697.66    

Total 2,104.56 169.11 371.45 53.99 
* Routes R9, R11 and R13 are road routes, whereas the route R8 is multimodal route.  
Source: research data (2016).  
 

Table 3  Scenario 2: ethanol trading flows destined for the domestic market per transportation route in thousands of cubic 
meters. 

Origin Destination 
Routes (m3)* 

R1 R4 R6 

Subregion 1 South  781.14  

Subregion 2 South  166.05  

Subregion 2 Rio de Janeiro   199.95 

Subregion 3 South  809.94  

Goias Northeast 819.83   

Goias Rio de Janeiro   849.03 

Total 819.83 1,757.13 1,048.98 
* Route R1 is road route, whereas routes R4 and R6 are multimodal routes. 
Source: research data (2016). 
 

Regarding the routes destined for the international 

market, for all optimum routes, the model found that 

the best transporting option is multimodality. Therefore, 

R8, R10, R12 and R14 are competitive routes. 

Compared with scenario 1, it is thus observed a 

disproportion regarding the distribution of transport 

modes. In this scenario, only 13% of routes are 

transported via direct roads, whereas 36% used 

highways as the main transportation mode in   

scenario 1.  

Table 5 showed the results for scenario 3, where 

four transportation routes were added (R15, R16, R17 

and R18) for the international market through the 

pipeline mode. For the road-railroad routes, the 

railroad freight prices used were equal to those 

currently charged, as in scenario 1. The purpose of 

this scenario was to examine the effect of 

implementing pipelines on multimodality. 

Scenario 3 shows five competitive routes for the 

flows destined for the domestic market. Of these, three 

are by highways and two are multimodal; hence, 

according to the volume transported, 50% of scenario 

3’s routes destined for the domestic market use the 

road mode and 50% use multimodality. The domestic 

transportation in scenario 3 is therefore similar to that 

in scenario 1, because the 15% discount on railroad 

freight fee is not applied in either case. Therefore, it 

can be concluded that lacking these fees makes the 

road mode more competitive for ethanol transportation 

to the domestic market. 

Table 6 showed the results for scenario 3 regarding 

transportation for the international market. Here, four 

routes were added, namely R15, R16, R17 and R18, 

destined for the United States, the Netherlands, South 

Korea and ROW, respectively, using the road-pipeline 

multimodal option. 

Regarding the competitive routes identified in 

scenario 3 for the international market, of the three 

options, the road mode is not competitive; thus, in this 

scenario, only multimodal routes for the international  
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Table 4  Scenario 2: ethanol trading flows destined for the international market per transportation route in thousands of 
cubic meters. 

Origin Destination 
Routes (m3)* 

R8 R10 R12 R14 

Subregion 1 The United States 402.07    

Subregion 1 The Netherlands  168.80   

Subregion 1 ROW    55.97 

Subregion 2 Korea   377.25  

Mato Grosso do Sul The United States 1,702.16    

Total 2,104.23 168.80 377.25 55.97 
* Routes R8, R10, R12 and R14 are multimodal routes. 
Source: research data (2016).  
 

Table 5  Scenario 3: ethanol trading flows destined for the domestic market per transportation route in thousands of cubic 
meters. 

Origin Destination 
Routes (m3)* 

R1 R3 R4 R5 R6 

Subregion 1 South   929.90   

Subregion 1 Rio de Janeiro    180.99  

Subregion 3 South  812.40    

Goias Northeast 814.68     

Goias Rio de Janeiro     857.60 

Total 814.68 812.40 929.90 180.99 857.60 
* Routes R1, R3 and R5 are road routes, whereas routes R4 and R6 are multimodal routes. 
Source: research data (2016). 
 

Table 6  Scenario 3: ethanol trading flows destined for the international market per transportation route in thousands of 
cubic meters. 

Origin Destination 
Routes (m3)* 

R8 R15 R16 R17 R18 

Subregion 1 South Korea    299.12  

Subregion 2 The United States  431.60    

Subregion 2 The Netherlands   174.77   

Subregion 2 South Korea    84.14  

Subregion 2 ROW     54.71 

Mato Grosso do Sul The United States 1,696.22     

Total 1,696.22 431.60 174.77 383.26 54.71 
* Route R8 is road-railroad multimodal route, whereas R15, R16, R17 and R18 routes are road-pipeline multimodal routes. 
Source: research data (2016). 
 

market are competitive. Therefore, the result for  

scenario 3 is  similar to  that for  scenario 2 in that 

competitive routes destined for the foreign market are 

100% multimodal. Finally, scenario 3 points out that, 

as in scenario 2, multimodal routes could be more 

competitive than road routes; in this scenario, 71% of 

competitive routes are multimodal, whereas only 29% 

are road routes. 

The results for scenario 1 point out the higher use 

of multimodality (64%) compared with direct road 

transportation (36%) for ethanol handling. However, 

when a 15% discount is applied to railroad freight fees 

(scenario 2), multimodality becomes more competitive 

(87%) and thus the most efficient option. Note that in 

scenario 2, a major change in the means of 

transportation occurs in routes destined for exports. In 

scenario 1, approximately 78% of the routes destined 

for the international market were transported by using 
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multimodality compared with 100% of routes in 

scenario 2. Hence, transportation for Santos port via 

direct roads is less competitive. Further, in scenario 3, 

when pipelines are added for the foreign market, 

multimodal routes are also more competitive than the 

use of highways. 

The major difference observed in the three 

scenarios between adopting multimodality and using 

only the road mode can be seen in the transportation 

destined for Santos port, where in scenario 2, 100% of 

routes indicate that multimodality is more competitive 

for this destination. Regarding the domestic market, 

when the three scenarios are compared, 40% of routes 

are more competitive when using the direct road mode 

compared with 60% for multimodality. This finding 

indicates that multimodality is more competitive for 

domestic flows, meaning that new investment in 

multimodal infrastructure is needed to increase the use 

of multimodality on domestic consumption routes. 

4. Discussion 

From these results, it is possible to identify what is 

actually practiced in the current scenario of Brazilian 

ethanol and what could be proposed with the intention 

of intensifying the market of a fuel considered as a 

source of clean energy and thereby take advantage of 

all possible environmental gains that this would entail. 

In addition to this, the results show how to optimize 

ethanol flows, since in 2017 the supply of ethanol in 

Brazil was compromised; this could be considered 

absurd given that Brazil is the second largest producer 

of ethanol in the world. 

The literature shows that an effective logistical 

planning can generate economies of scale, but in 

addition, Brazil is beginning a problem with shortages 

of this biofuel, generating dependence on imports 

from other producing countries, which implies a series 

of payments of extra taxes that increase the product in 

the country. 

This work was important in predicting the optimal 

transportation and commercialization flows. It is 

evident that current Brazil faces a very divergent 

reality from what would be considered ideal, so that 

the agents and promoters of politics should be aware 

of future adversities that may arise. 

5. Conclusions 

Agricultural cargo transportation is a costly activity 

because the products have low added value. This 

means that the transportation cost comprises a large 

proportion of total cost, affecting competitiveness. 

Brazil currently faces the risk of a logistics blackout, 

as well as challenges regarding storage and 

transportation capacity. For ethanol in particular, 

although Brazil is the world’s second largest producer, 

the shortcomings of its logistics system is making the 

country lose competitiveness compared with major 

global players. 

Investment is thus necessary, not only in 

transportation infrastructure, but also in the entire 

logistics chain, given the importance of the logistics 

factor for agricultural cargo. Moreover, new public 

policies that promote the use of multimodality as a 

means to obtain competitive edge must be adopted by 

the main players of the industry. Multimodality is 

more competitive, as it reduces the cost of railroad 

transportation and encourages implementing a new 

pipeline system to increase transportation flows. 

This study is novel in applying a partial equilibrium 

model to test the multimodal transportation of ethanol. 

However, future studies could build a spatial 

equilibrium model whose scope is only the domestic 

market or a second product, such as gasoline, the main 

competitor to ethanol in Brazil. 

One of the limitations of the model is that it 

disregards US ethanol subsidies; as the study analyzed 

domestic market flows, US subsidies were not 

included in the model. Note that Brazilian ethanol 

could be more competitive if US subsidies were not 

applied; therefore, future analysis could be carried on 

to examine the effect of subsidies on Brazilian 

ethanol. 
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