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Abstract— Waterway transportation is a very ancient mobility solution. 

Amazon region represents a good case study, where waterway transport 

played and is still playing a very important role. Nevertheless, passenger 

waterway transportation lacks economic models that help in designing and 

implementing strategies towards sustainability. In this work, a cost model of 

passenger waterway transportation was developed based on the 

assumptions of activity-based costing and used linear programming for cost 

optimization under demand and service level restrictions, with an objective-

function of profit maximization of service. The model was applied in a 

passenger waterway transportation company to three crossings in Belém 

city - Brazil, for passengers and cargo, and vehicle transportation, 

operating on trips between Belém and Marajó Island. Different simulations 

in order to explore the opportunities and conditions of operational cost 

reductions were made. The search was for the best relation between cost 

and profit, i. e., model parameters include variable cost, profit and 

maximum number of possible trips. On results, cost reduction alternatives 

were established in order to reach the maximum profit and number of trips. 

The model proved to be useful for the design of sustainable waterway 

transportation services through the analysis of feasible and effective cost 

reduction strategies.  

 

I. INTRODUCTION 

Waterway transportation services have been using 

notably seas and rivers, lakes and canals to transport 

people where the natural conditions are favorable or where 

no other alternatives are feasible or represent a better 

economic solution. Using the water to travel and to 

transport was the first type of transportation to employ an 

energy source other than human or animal power; i.e., 

wind [1]. More recently, the development of the steam 

engine revolutionized water transportation because the 

energy source resulted more constant and reliable. In 

certain regions, waterway transportation systems are still 
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fundamental but face many challenges to be sustainable 

from several perspectives.  

In general, a waterway transportation system is 

composed of a navigable channel, navigation equipment 

and an operational plan. Depending on the demand and 

planning and control restrictions, to which the service is 

subject, there is a defined operational arrangement, 

whether for passengers or cargo, and a specific price. 

Among its main characteristics and advantages, it is seen 

as a lower cost and less polluting alternative to other 

transportation systems, with the possibility of wide use in 

places of water potential. In addition, water has become a 

vector of penetration and occupation of regions, defining 

flows by settlement locations and influencing the supply 

and distribution of cargo, as well as passengers.  

Worldwide, cases of waterway transport are notable 

from various perspectives. In Asia, several studies show 

the social and economic importance of waterway 

transportation for the regional development highlighting 

also operational and service level difficulties. Such studies, 

typically, focus on descriptive analysis of historical data 

series [2]-[4]. In Europe, despite the existence of research 

on waterway passenger transport, approaching particularly 

modal integration and intermodality in metropolitan areas, 

studies are more comprehensive in the case of waterway 

cargo transport, exploring port infrastructure and 

operational issues. Likewise, the role of public policies and 

governments is strongly discussed, focusing on sustainable 

transport development. 

Methodologically, analytical methods are among the 

most used, as well as techniques of data analysis and 

simulation, which complement econometric methods and 

economic evaluation approaches [5]-[7]. In North 

America, characterized by great seaworthy rivers, several 

surveys studied waterway transportation of passengers and 

freight, with predominance in terms of modal integration 

and logistics analysis. Some studies use operational 

research techniques and descriptive data analysis, and also 

econometric models and investment appraisal approaches 

[8]-[10].   

Passenger waterway transportation should be 

understood considering economic but also political, 

environmental and social perspectives. Brazil can be 

viewed as a good case study. Indeed, all these perspectives 

should be considered to have a full understanding of this 

phenomenon. There are companies of passenger waterway 

transportation that operate under the regime of public 

concessions having, in the interstate and international 

sphere, activities and sales prices regulated by the National 

Agency of Water Transportation and, in the state sphere, 

by the Service Regulation Agencies of each State. 

Considering that, companies of this type can have little 

influence on the fares and the demand (number of 

passengers) that make up their passenger billing, due to the 

regulation, and excluding from this situation the revenues 

earned from the transport of parcels. Furthermore, due to 

requirements from the Brazilian Navy, they also have crew 

scale restrictions, which affect the desired results, and 

business sustainability. 

Particularly, in the Amazon region, companies of 

passenger waterway transportation performing their 

activities through public concessions present some 

economic difficulties. This fact can be verified through the 

existing competition between the activity of passenger 

waterway transportation and other modes, such as air 

transportation for longer distances, which is practicing 

prices closer and closer to the fares charged in such 

waterway transportation systems. In other cases, waterway 

transportation needs to compete also with road connections 

and the use of private vehicles, particularly in short 

journeys [11]. 

Political aspects and options of public policy are also 

important to understand the context of waterway 

transportation services. Similarly, to what happened in 

other towns of the Amazonia region in the middle of the 

20th century, the Metropolitan Region of Belém was 

populated in order to guarantee the political control of the 

region and waterway transport played a very important 

role in the social and economic development of the region. 

However, its importance has declined since the middle of 

the 20th century due to the advent of road transport, which 

is the current prevailing mode of transport in the region. 

As a result, the territorial occupation patterns in the region 

have changed as well. 

Furthermore, the environmental impacts of waterway 

transport systems might be felt at local level in three 

dimensions – physical, biological and human. These 

impacts can have short, medium- or long-term lasting 

effects that might start right after the new transport system 

is put into operation. Namely, it might contribute to ease 

heavy traffic congestion of road transport system and to 

intensify the socioeconomic activities that are dependent 

on urban waterway transport. Other benefits include 

opening of new markets, increased mobility of the 

islanders because of improved access to transport services, 

and changes in land use and occupation patterns in the 

planning areas. 

Nevertheless, passenger waterway transportation lacks 

economic models that help in designing and implementing 

strategies towards sustainability from both a financial and 

an economic perspective, i.e., considering both the 

investors and the society. All economic, social and 
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environmental issues should be taken into account, but 

such sustainability must begin to be financial, because 

without viable companies there is no service in free market 

conditions, public concessions or state-owned industries. 

Passenger waterway transportation is characterized by 

restrictions imposed by the market and by law, i.e., from 

one hand, intermodal competition and market demand in 

terms of service level; from the other hand, by the 

existence of a regulatory environment of public concession 

and institutional restrictions. 

In this context, a proper management of costs is of 

particular importance. However, traditionally, cost models 

and cost management practices have been focused only on 

reducing operations costs, in order to keep low prices and 

gain market competitiveness. Thus, strategic cost 

management emerges as one of the instruments that can be 

used to obtain, analyze and optimize the company's costs 

in accordance with its strategy, the optimized use of 

resources and the efficiency of activities performed [12]. 

Traditional costing systems also do not adequately 

translate the value creation process that relates resources 

consumed, activities developed and products or services 

produced for different categories of customers. This reality 

has motivated the emergence of new costing models, 

focused on the analysis of the activities that support 

businesses processes, e.g., such as Activity Based Costing 

– ABC [13]. 

Therefore, in this research project, a cost model was 

developed based on ABC principles namely; assigning 

resources to the activities and the later to the services 

provided using proper cost drivers. In an industry were 

revenues drivers (both number of passengers and price) are 

conditioned by laws, rules and regulations controlled by 

several agencies, a good cost management plays a very 

important role in the sustainability of the business. 

Indeed, facing demand and service levels restrictions, 

cost optimization is indispensable for the sustainability of 

the service. Such optimization can be supported on 

simulation models, cost optimization techniques, 

sensitiveness analyses and searching minimum costs. 

Different approaches can be undertaken, both deterministic 

and stochastic. In this exploratory work, a deterministic 

approach was followed, considering a stability in the 

system, highly regulated in terms of fares and passenger 

capacity per trip. The system objective is to maximize the 

profit and the sustainability of the service provided.  

Thus, a linear programming model [14] was developed 

where the objective-function maximizes the profitability of 

the waterway transportation services under revenues and 

cost restrictions, service level conditions and return on 

investment expectations. The optimization model relies on 

a cost model that relates resources-activities-services, i.e., 

resources are consumed by the activities and of later 

support the different crossings. The mathematical 

relationships established between these elements through 

appropriate cost drivers turn the model much more reliable 

and useful, particularly, for optimization purposes.  

This model can help companies and public agencies, in 

the analysis of the internal cost structure of waterway 

transportation, towards the design of effective cost 

reduction strategies, the analysis of potential new markets 

or new services, to establish new partnerships, to support 

investment decisions, or to recommend public policies. 

 The model was applied considering the cost structure 

of a typical passenger transportation company located in 

the Amazon River in Belém, State of Pará, Brazil, and 

three different crossings. From this case study, it was 

possible to understand the cost structure that support the 

waterway transportation, namely, the costs of the main 

activities and of the most relevant cost objects. In order to 

compute profitability margins, identify cost reduction 

opportunities and the conditions of competitive advantage 

related to the different strategic options that can be 

pursued namely, cost leadership, differentiation or 

segmentation [15].  

The paper is structured as follows. Section 2 presents 

and discusses the main concepts that supported the 

development of the cost model and the optimization 

approach. The case study is presented in Section 3 and the 

results are presented and discussed in Section 4. The main 

conclusions, final remarks and opportunities for further 

research are presented in the last section 

   

II. MATERIAL AND METHODS 

The current business environment, which is based on 

information, requires adequate management tools to 

manage and measure accurately costs, revenues and 

performance. In this context, strategic cost management is 

fundamental to obtain, analyze and optimize the company's 

costs in accordance with its strategy, the optimized use of 

resources and the efficiency of activities performed [16]. 

Strategic cost management consists of the use of cost 

information to develop and identify superior strategies that 

will produce a competitive advantage [17].  

The use of cost models based on activities proved to be 

more useful than traditional costing models for the 

understanding of cause-effect relationships that explain the 

costs of products and services. The Activity-Based Costing 

(ABC) method considers that to produce a product or 

service it is necessary to perform certain activities that, in 

turn, consume resources. Thus, in an ABC costing system 
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resource costs are assigned to activities, firstly, and such 

costs are allocated to cost objects using appropriate cost 

drivers [18].  

Cost drivers are fundamental in this approach because 

they represent the cause-effect relationship between 

resource use, activity performance and cost objects [19]. 

The information extracted from the ABC model allows us 

to identify activities that add value and those that do not 

the latter could be reduced or eliminated; without 

compromising, the value created from the customer 

perspective [20]. 

The ABC method seeks to answer which activities are 

being executed by the organization; how much does it 

costs to be executed; and, how much of each activity is 

necessary for the products and services, considered as cost 

objects. In short, in ABC, the cost of a product or service 

results from the sum of the direct costs and the cost of all 

the activities necessary to produce the product or service 

[21]. The ABC is applied through two main steps: the first, 

in which the costs of resources consumed are allocated to 

the various activities of the organization.  

In this step, resource drivers are used to distribute the 

costs consumed over more than one activity. Second, the 

costs of the activities are allocated to the cost objects based 

on their consumption of the activities. This allocation is 

done using activity cost drivers. Finally, direct costs are 

added to the cost objects in order to compute the total cost 

of the product or service. The use of ABC provides 

relevant information for both operational and strategic cost 

analysis, identifying what generate costs, and helping in 

the design of plans towards reducing total costs in a 

sustainable manner. 

There are just a few works on cost and economic 

models and economic analysis in waterway transportation, 

and some a literature review on waterway transportation 

modelling through case studies [22]. In some studies, 

environmental, social, economic, financial, operational and 

technical aspects were considered. Waterway 

transportation has been analyzed using the cost-benefit 

analysis method and the Analytic Hierarchy Process [23]-

[24], and Monte Carlo simulation, using dynamic and 

linear programming [25].  

Some studies made the evaluation of investments 

considering the cash flow and sensitivity analysis [26]-

[27]. The use of these different methods depends on the 

reliability of the data available and of the independent and 

dependent variables used. In this work, the passenger 

waterway service cost model was structured as it is 

presented in TABLE 1.  

 

Table.1: Key-elements of the activity-based costing model 

Resources 

Cost accounting information was 

obtained from a typical waterway 

company for the years 2017, 2018 and 

2019, in a monthly basis; namely, 

equipment depreciation, salaries, 

cleaning and security, electricity, fuel, 

maintenance, etc.; some resources were 

assigned directly to the respective 

activity and other were allocated to 

several activities, according to the 

consumption relationship resource-

activity, having as main resource cost 

driver the fuel consumption, because this 

one is highly correlated to the number of 

journeys, nautical miles traveled, 

maintenance expenses, etc. 

Activities 

Activities were classified as primary, 

directly assigned to the cost objects and 

secondary or support activities, which 

were allocated to the other activities. 

Activities’ costs were allocated to the 

crossings considering the number of 

journeys made. 

Cost 

objects 

Documents analysis, on-site observations 

and interviews allowed to identify the 

most relevant costs and respective cost 

drivers; only the crossings were 

considered cost objects; direct resources 

(e.g., fuel consumption was allocated 

directly to the cost objects) and indirect 

costs were allocated through the 

activities. 

 Source: authors (collected from the company). 

Thus, the cost model us built on the principles of ABC 

turning it more sophisticated, accurate and relevant for 

decision making, than previous models used in this 

context. The deterministic use of the cost model allowed 

us to compute the costs and margins by cost object, overall 

profitability, return on investment and to analyze the cost 

structure and value creation process relating resources, 

activities and cost objects. An optimization model can be 

used for cost optimization purposes and profit 

maximization through the analysis of cost reduction 

opportunities and potential strategies as well as the global 

impact of such changes in the service under certain 

constraints. The use of ABC allows an effective strategic 

cost analysis of the business processes, identifying the 

relevant cost drivers and the cause-effect relationships, 

which help decision makers to know where and how much 

can be reduced in total costs in a sustainable manner.  
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On the other hand, Linear Programming (LP) provides 

the simulation of scenarios under certain restrictions, in 

order to seek the best use of resources. Some studies on 

transportation were found using Linear Programming (LP): 

to optimize operational arrangements of transport system 

components [28]; in multi-objective routing problems of 

vehicles [29] and in the analysis of performance 

improvement opportunities [30]. Recently, in urban 

transport networks studies [31] and for exploring 

challenges and opportunities of sustainable development of 

logistics networks [32]. 

Linear programming model belongs to the 

mathematical programming field that supports the 

optimization (maximization or minimization) of one or 

multiple objectives, which can be linear or non-linear [33]-

[35]. Linear programming, in general, is the simplest case 

to solve in mathematical programming. A linear 

programming problem is described by linear functions of 

decision variables. Nonlinear programming is very 

common in practical cases, being composed of an 

objective function, general restrictions and variables, 

where at least one function is nonlinear, which can be the 

objective function or one of the restrictions.  

 

                                                              (1) 

                       

Where A is a matriz m x n, (all linearly independent 

lines). Wet can decompose vector c into its basic and non-

basic components, , assuming that the existing 

viable basic solution is represented by a vector  , 

whose associated value is given by the: 

                 (2) 

We can present the vector x, depending on the basic 

and non-basic variables, as follows: 

                            (3) 

Multiplying by  the expression of  is given by  

 

                                                 (4) 

In this way, we can rewrite the expression.  , as 

follows: 

       

          

   

                                                   (5) 

Where    for each non-basic variable.   

The convergence criterion considered for the model is:  

                                 (6)  

                  (7) 

 

III. CASE STUDY 

The case study was developed in a company with three 

crossing services by waterway transportation in the 

Metropolitan Region of Belém, for passengers and cargo, 

and vehicle transportation. The services are the following: 

1. Belém-Camará crossing: daily frequency passengers´ 

service, authorized by state entity. The crossing is of 30 

nautical miles long and it can be used two different 

equipment: a ship for 600 passengers and a boat for 

137 passengers. There is a competitor company with 

similar equipment and, another one, which operates in 

this crossing with a ferryboat.  

2. Belém-Arapari crossing: daily frequency, transport of 

passengers’ vehicles and cargo, authorized by state 

entity. The journey begins in the south bank terminal of 

Belem and ends at the Arapari terminal, in the 

southeast of the State of Pará. The crossing is 10 

nautical miles long and it can be done using two types 

of equipment: a pusher and a ferry, which adds up to an 

average of 50 standard capacity vehicles. There are 

three companies competing in this crossing. 

3. Belém-Cotijuba crossing: daily frequency, for the 

transportation of both passengers and cargo, through a 

concession contract with the Belém City Hall. The 

crossing is 10 nautical miles long with one equipment: 

a ship for 350 passengers. 

The company also has a replacement equipment, a ship 

for 238 passengers and, shares a ferryboat as replacement 

equipment with three other companies that operate in the 

Belém-Arapari crossing. The three crossings have some 

specific resources and share some operational and 

administrative resources, too. The mission of the company 

is to meet the needs of the demand efficiently, at the 

lowest possible cost. Fig. 1 shows the different crossings. 

The empirical study was made in three different 

phases. A documental analysis phase was carried out for 

the general characterization of the company and the 

services offered, and data about the cost structure was 

obtained to identify the value chain of the service and the 

resources employed. At this stage, empirical observations 

of the service were made, notes were taken of the activities 
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developed in the various sectors and several interviews 

were conducted at the company. It was also possible to 

identify the drivers of the activities and the structure of the 

value chain. A reasonable level of aggregation was also 

sought, considering the difficulties that defining each 

activity would bring to the information system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Map of waterway routes 

Fig. 1 Caption: map of Belém metropolitan region and 

Marajó Island, both in Brazil, at the mouth of Amazon 

River with the Atlantic Ocean. The legend identifies six 

ports: number 1 – Port of Icoaraci; number 2 - Port of 

Cotijuba; number 3 - Port of Camará; number 4 - Port of 

Arapari; number 5 - Port of Belém and; number 6 - Belém 

waterway terminal. The figure shows the waterway 

transport routes from Belém (from port number 1) to the 

Port of Camará at Marajó Island (port number 3), with 

interconnection with another waterway transport route 

from the Port of Cotijuba, number 2. It also depicts the 

waterway transport route connecting number 4 and 5 ports. 

The empirical study was made in three different 

phases. A documental analysis phase was carried out for 

the general characterization of the company and the 

services offered, and data about the cost structure was 

obtained to identify the value chain of the service and the 

resources employed. At this stage, empirical observations 

of the service were made, notes were taken of the activities 

developed in the various sectors and several interviews 

were conducted at the company. It was also possible to 

identify the drivers of the activities and the structure of the 

value chain. A reasonable level of aggregation was also 

sought, considering the difficulties that defining each 

activity would bring to the information system. 

In sequence, there was a second phase, composed by 

interviews conducted with the company's employees, since 

the experience acquired can provide reasonable estimates 

of the consumption of resources by the different activities, 

as well as to establish the cause-effect relationship 

between the consumption of resources and their activities. 

Finally, defined the activities, the resources that each 

activity consumed were allocated to them. 

In an interview with the company's board of directors, 

the following main challenges were identified: 

− The out-of-date tariff for the Belém-Camará and 

Belém-Arapari crossings, in the last 20 years, and 

without any perspective of adjustment by the 

regulatory agency; 

− The high rate of seasonality of the service, where 

only in two months of the year it is possible to have 

the capacity filled; 

− The large number of equipment of competitors in the 

Belem-Camará and Belém-Arapari crossings and, in 

the Belem-Cotijuba crossing, and the competition 

from informal transport; 

− Shortage of skilled labor; 

− Conflicts of operational nature and financial 

adjustment with competing companies;  

− Inefficiencies resulting from predominantly family-

based management models without professional 

management. 

Indeed, it is challenging for companies operating in this 

context. There is a revenue growth restriction, because the 

government regulates the tariff and, costs are committed 

by the seasonality of the demand – the company in only 

two months of the year operates at full capacity. Cost 

drivers are miles travelled and the type of equipment used, 

both impact in the fuel consumption, the main variable 

cost. Labor costs are also important but are mainly fixed 

costs.  

The optimization of both fixed and variable costs asks 

for continuous improvement, conversion of some fixed 

costs in variable ones, and expense reduction; as well as, 

optimization of the number of journeys and the reduction 

of idle capacity, sharing resources or using such available 

capacity (e.g., in terms of maintenance) to perform other 

activities that can result in additional revenues. The 

restrictions in terms of demand (both quantity and price) 

does not allows increasing revenues, thus profit 

maximization implies a cost optimization approach. 
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IV. RESULTS AND DISCUSSION 

The analysis of the case study was initially done by 

modeling the cost structure, following the principles of 

ABC. Subsequently, a cost optimization analysis was 

made using a linear programming model. A sensitivity 

analysis and several simulations were carried out for the 

three crossings. There are two companies operating in the 

Camará crossing, four companies in the Arapari crossing 

and only one company operates the Cotijuba crossing.  

4.1 Cost model 

Considering the passenger waterway transportation 

cost structure presented in Section 2, it was collected 

information on the costs of the resources that support the 

crossings, as well as, the cost drivers for each activity. 

Finally, once the costs of the activities were computed, 

they were allocated to the cost objects (i.e., the three 

crossings), for the years 2017, 2018 and 2019. The activity 

costs, which were assigned to the crossings, were 

computed in a monthly basis and on average per year, as 

shown in TABLE 1. TABLE 2 shows that fleet 

maintenance and equipment operation activities are the 

main primary activities and, the maintenance of the 

company headquarters the secondary activity that 

consumes more resources. Fleet maintenance and the 

maintenance of the company headquarters are activities 

explained mainly by labor costs and costs related to the 

equipment operation, being fuel consumption costs the 

most significant one. Camará crossing has higher costs in 

all activities as shown in TABLE 3. 

It is important to point out that transportation services 

ask for a considerable amount of resources and direct 

costs, particularly fuel and labor, and the main cost driver 

for these activities is nautical miles. Likewise, maximum 

revenues were obtained considering the number of 

journeys established by the State Regulation Agency, 

which regulates the service. Furthermore, demand 

seasonality turned possible to calculate the revenues per 

month. TABLE 4 shows the status quo, highlighting the 

average monthly profit. Notice that Camará crossing 

presents a negative profit. This situation leads the 

company to have losses of US$ 508,30 per month. Since 

revenues cannot be increased and the number of journeys 

cannot be reduced significantly, there is a need to reduce 

costs and increase the profit margin to achieve the 

desirable return on investment, which is considered in the 

industry to be around 10% of the revenues. This situation 

leads to an optimization model of profit maximization 

through cost reduction strategies. 

4.2 Optimization model 

A scenario of 10% overall and by journey profitability 

over the total revenues was set up and the maximum 

allowed average costs for each crossing was established. 

Fuel costs, which are variable and dependent on the 

number of journeys, were also considered. The results are 

presented in TABLE 5. Camará and Arapari crossings 

have similar costs, excepting depreciation costs, since the 

company operates with ships in the Camará crossing and 

with a ferryboat in the Arapari crossing.  

     

 Table 2: Activities costs per crossing on average per month (values in US$) 

Operational 
Primary Activities Costs  

       (1)                     (2)                      (3) 

1 Administrative support at the port 4,904.42  3,433.10   1,471.33 

2 Ticket Sales (ticket manufacture/refund/distribution and card costs) 5,005.99  5,074.76   3,113.41 

3 Release of the fleet and crew (equipment preparation and crew scale) 1,337.72    192.67        79.89 

4 Fleet maintenance (personnel/storage and equipment) 7,374.20  6,052.13   2,669.43 

5 Equipment operation (inputs and crew)   45,555.70 24,501.62 10,093.89 

6 Equipment operation (depreciation) 4,468.20   3,025.79      745.03 

 Non-operational    

1 Advertising and marketing   269.01        63.32       40.47 

  Secondary Activities Costs 

1 Maintenance of the company headquarters 6,022.59 4,618.17 2,176.50 

2 Administrative Activities 3,351.18 2,345.83 1,001.28 

3 Accounting and Finance Services    103.85   103.85    103.85 

4 Other Activities* 7,480.72 4,815.02 2,202.63 

 *Other Activities: pro-labore board, company advertising, bank/loan charges/employer's union monthly fee. 

 Crossing (1) – Belém – Camará; Crossing (2) – Belém – Arapari; Crossing (3) – Belém – Cotijuba. 

 Source: authors (collected from the Company). 
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Table 3: Current scenario - monthly financial results (values in US$) 

Crossings 
(average by month) 

Revenues       Journeys          Costs             Profit 

Camará 71,258.14 112   85,873.59 14,615.45 

Arapari 67,891.36 231   54,226.25 13,665.11 

Cotijuba 24,139.74 123   23,697.70      442,04 

Total  163,289.25  163,797.50     -508,30 

                            Source: authors (collected from the Company).  

 

Table 4: 10% Profit scenario (values in US$) 

                                   Operational 
       Primary Activities Costs (on average per month) 

      (1)                    (2)                (3)   Resource Costs  

1 Administrative support at the port 14,84 11,96 43,72 9,808.85 

2 Ticket Sales (ticket manufacture/refund/distribution 

and card costs) 

21,94 25,32 44,63 13,194.16 

3 Release of the fleet and crew (equipment preparation 

and crew scale) 

  0,83   0,65 11,92   1,610.28 

4 Fleet maintenance (personnel/storage and equipment) 26,16 21,71 65,74 16,095.76 

5 Equipment operation (inputs and crew) 43,05 60,81 137,54 32,865.50 

6 Equipment operation (depreciation) 13,08 6,06 39,83   8,239.02 

 Non-operational     

1 Advertising and marketing 0,27 0,33 2,40 372,80 

  Secondary Activities Costs (on average per month) 

1 Maintenance of the company headquarters 19,96 17,70 53,69   12,817.27 

2 Administrative Activities 10,14 8,14 29,88     6,698.29 

3 Accounting and Finance Services 0,45 0,84 0,93       311,56 

4 Other Activities 20,81 17,91 66,69   14,498.37 

 Maximum Cost 234,41 192,71 765,59 146,960.32 

 Fuel  62,86  21,27 268,60   47,285.71 

Crossing (1) – Belém – Camará; Crossing (2) – Belém – Arapari; Crossing (3) – Belém – Cotijuba  

Source: Authors (collected from Company under study). 

 

Table 5:  Optimization scenarios, maximum profit and number of journeys 

 

Simulations Constraints  
Maximum Profit  

(US$) 

               Journeys 

Camara   Arapari     Cotijuba 

1 
With 10% profit, considering information presented in 

Table 4 date and the PL model. 
14,931.77    90       231  120  

2 
Considering the sensitiveness analysis made in the first 

simulation, and a cost reduction in Camara crossing, 

based on the resources available for each activity. 

16,269.41  110        231  120  

3 
Cost reductions in all crossings, proportional to the 

weight of activity costs in each crossing. 
16,161.44 110        231  123  

4 
No cost reductions, sharing the costs of Administrative 

support at the port and Fleet maintenance in the Camara 

Crossing (with two companies) and Arapari Crossing 

(with four companies). 

16,008.62 107        231  120  

5 

Cost reductions in the Camara Crossing and sharing the 

costs of Administrative support at the port and Fleet 

maintenance in the Camara crossing (with two 

companies) and Arapari Crossing (with four companies). 

16,266.66  111        231  123  
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Cotijuba crossing, with the highest monthly costs, is 

made with only one ship, having a low frequency of 

journeys (only two journeys per day). The service is still 

subsidized and operated by just one company.  

The LP model used in this work was defined as 

follows: the objective-function (z) considers the 

maximization of the profit of the company; the decision 

variables  are the number of journeys of the 

three crossings: Camará, Cotijuba and Arapari, 

respectively. The restrictions consider the costs of the 

different activities and direct costs (i.e., fuel consumption); 

 represents the profit coefficients vector for each 

journey;  the coefficients´ matrix and  the vector of 

the coefficients available for each restriction. The 

resources available for each activity are presented in the 

last column. From these results, it was developed a linear 

programming model presented in Eq. (8). 

            

        

           

          

           

                

           

             

          

           

            

           

            

                                                                      

                                                                      

After this initial round of cost optimization, five 

optimization scenarios were simulated (TABLE 6).  In 

order to find these reductions, several simulations were 

made seeking the best relationship between cost and profit.  

Parameters include variable costs, profit and maximum 

number of possible trips.The simulations 2, 3 and 5 

resulted in the best relations between the maximum profit 

and the largest number of trips. It was possible to establish 

cost reduction alternatives, keeping values very close to 

the maximum profit and the number of trips, so that the 

company could assess which of these would be better, or 

easier to be carried out. Since Camará crossing is the one 

that presents the highest costs, it received most of the 

attention of the cost reduction analysis. From Table 6, we 

can observe that Simulation 5 is the one that fits better the 

required level of service, defined by the Regulatory 

Agency. It also offers the best level of profitability.

 

Table 6: Reduced cost per activity for Camará, Arapari and Cotijuba crossings (in %) 

    Crossing (1) – Belém – Camará; Crossing (2) – Belém – Arapari; Crossing (3) – Belém – Cotijuba 

 

                (8) 

Operational 

Primary Activities  

  Simulation 2            Simulation 3        Simulation 5  

                              (1)       (2)        (3) 

1 Administrative support at the port   9 %      14 %    9 %     4 %       4 % 

2 Ticket Sales (ticket manufacture/refund/distribution 

and card costs) 

  8 %        8 %    8 %     5 %       4 % 

3 Release of the fleet and crew (equipment preparation 

and crew scale) 

35 %      38 %    6 %     2 % 9 % 

4 Fleet maintenance (personnel/storage and equipment) 22 %      12 %    9 %     4 %       4 % 

5 Equipment operation (inputs and crew) 20 %      11 %    8 %     5 % 4 % 

6 Equipment operation (depreciation)   1 %     17 %   12 %    2 %  4 % 

  Secondary Activities  

1 Maintenance of the company headquarters 21 %     12 %     9 %    5 %   4 % 

2 Administrative Activities 25 %     14 %     9 %    3 %   4 % 

3 Accounting and Finance Services 17 %        6 %    6 %     6 %    3 % 

4 Other Activities 25 %        5 %    9 %     5 %    4 % 
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Cost reductions can be reached by sharing some 

activities with other companies eventually, competitors. 

Cost reduction strategies should do not compromise the 

service level as well as maximizes the profit and the 

company’s return on the investment, globally and by 

crossing. 

 

V. CONCLUSION 

In Amazon region, passenger of waterway 

transportation companies working under public 

concessions present some economic difficulties, as the 

case study presented here. The transportation system is 

regulated by the government (e.g., tariff and service level 

in terms of number of passengers per crossing) and the 

Navy sets some significant costs, such as salaries. Thus, 

profit maximization is constrained in terms of revenues, 

what implies a strong optimization of the resources used. 

Such optimization asks first for an accurate allocation of 

the costs to the activities because are these which can be 

optimized through efficient strategies such as, for example, 

sharing equipment and infrastructure. 

The cost structure of the service, namely the relevant 

activities and resources, and respective cost drivers was 

analyzed considering three years of operation. Fuel and 

labour are the most significant resources and nautical miles 

the cost drivers of most activities. There is a cross-subsidy 

between crossings. However, some facts interfere in this 

regularity; whether punctual or derived from demand 

characteristics. For example, due to the seasonality of 

demand, which only peaks in two months of the year (July 

and December), implying that equipment are fully used in 

only two months of the year. 

The seasonality of the service is a problem that might 

be mitigated with more passengers in high season periods, 

in order to cover the low season. In addition to seasonality, 

the company faces competition, which further contributes 

to an over-supply of the service, and to the existence of an 

operational deficit. In addition, this deficit is also due to 

the tariff gap, because fares have not been updated in the 

last years. 

In order to explore the opportunities and conditions of 

operational cost reductions, simulations were made. It was 

applied a linear programming model followed the premise 

of a deterministic approach, considering the stability of the 

system, highly regulated in terms of fares and passenger 

capacity per trip. Some aspects can be highlighted: the 

current business model can be optimized through effective 

and sustainable cost reductions such as partnerships and 

collaboration among competing companies, e.g., sharing 

costs of some activities. Indeed, several costs can be 

reduced if the infrastructure and land labor (port and 

maintenance) are shared. Furthermore, there are economies 

of scale to be explored in the acquisition of resources, 

particularly, fuel; in which supports Scenario 5. 

Finally, there are some research opportunities, which 

could be explored, e.g., the model and optimization 

approach developed can be replicated in other similar 

waterway transportation companies. Further studies could 

be to developed to extend this research, including the 

impact of seasonality, risk and uncertainty, or assuming 

demand seasonality and the analysis of the breakeven 

point. Operational characteristics as speed and capacity of 

the boats, which can reduce significantly fuel 

consumption. Furthermore, it is imperative to study the 

design of tariff models, which, for example, include the 

impact of services free-of-charge granted for seniors and 

students. 

The model and approach proposed here extends the 

previous literature on cost and economic models and 

economic analysis in waterway transportation and offers a 

basis for further developments with practical and 

theoretical relevance. In addition to unveiling a reality 

present in the Amazon region and other regions worldwide 

where waterway transportation is important. 
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