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A B S T R A C T

This study evaluates the decarbonization potential within Brazilian maritime cabotage by comparing carbon dioxide 
equivalent emissions from conventional fuels - specifically, Very Low Sulfur Fuel Oil and Marine Diesel Oil - with those 
from Hydrogenated Vegetable Oil. Utilizing a life cycle assessment approach alongside a mathematical model based on 
operational schedules from four leading Brazilian maritime cabotage companies in the container sector, this research 
quantifies the environmental benefits of switching fuels. The results demonstrate that transitioning to Hydrogenated 
Vegetable Oil could significantly reduce annual emissions, from 1395,466 tons of carbon dioxide equivalent to 343,950 
tons, amounting to a 75.4 % decrease. This noticeable decrease underscores the critical importance and viability of 
incorporating hydrogenated vegetable oil into the maritime sector's fuel mix as part of Brazil's broader decarbonization 
strategy. This research highlights the need for strategic policy reforms and strengthened collaboration across sectors to 
advance Brazil's maritime sustainability efforts.

1. Introduction

1.1. Background on Brazilian cabotage container liner services

In Brazil, maritime cabotage is governed by Law 9432 from January 8, 
1997 (Brazil, 1997). This law establishes the regulatory framework for ca
botage navigation within Brazil, defining maritime cabotage as the trans
portation of goods or passengers between Brazilian ports or points within its 
territorial waters, including rivers and lakes. This legislation specifically 
reserves maritime cabotage operations for Brazilian shipping companies, 
mandating that only vessels registered under the Brazilian flag can engage 
in these activities. The law aims to protect and promote the national mar
itime industry by setting out registration, ownership, and crewing require
ments for vessels, thereby fostering the development and competitiveness of 
Brazil's maritime sector. Additionally, it underscores the importance of 
safety and environmental standards in cabotage operations, aligning with 
national and international regulations to ensure the well-being of the public 
and the preservation of the environment. Law No. 9.432 also empowers the 
Brazilian maritime authority with regulatory and oversight responsibilities, 
while encouraging the modernization of the cabotage fleet through 

incentives such as tax benefits and financing options, aiming to upgrade and 
renew vessels for improved efficiency and sustainability in maritime 
transport.

In 2022 the Brazilian government amended the regulatory framework 
for cabotage maritime transport after publishing the Law 14301, known as 
BR do Mar Law (Brazil, 2022). This law represents a significant update to 
Brazil’s regulatory framework for maritime transport, particularly enhan
cing the provisions related to cabotage. This law aims to modernize and 
streamline maritime cabotage operations in Brazil, introducing measures to 
boost efficiency, competitiveness, and sustainability within the sector. A key 
focus of the legislation is on facilitating the growth of the national maritime 
industry through the simplification of regulatory procedures and the pro
motion of investments in the cabotage fleet. The law encourages techno
logical innovation and the adoption of environmentally sustainable prac
tices by providing incentives for the use of cleaner fuels and more efficient 
vessels. It also seeks to expand the availability and reliability of cabotage 
services, aiming to make them a more attractive option for transporting 
goods and passengers across Brazil’s vast coastal and inland waterways. By 
doing so, Law 14301 seeks not only to strengthen the domestic shipping 
industry but also to contribute to the reduction of Brazil's overall transport 
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emissions, aligning with broader environmental goals and commitments. 
This legislation underscores the Brazilian government's commitment to 
enhancing the role of maritime transport in the national logistics chain, 
recognizing its potential for economic development and environmental 
sustainability.

In the Brazilian maritime cabotage sector, four shipping lines offer 
container liner services: Aliança, Log-In, Mercosul Line, and Norcoast. 
Established in 1950, Aliança operates under A.P. Moller – Maersk, the 
world's second-largest shipping company. Log-In, originally founded as 
Docenave in 1962, became part of MSC, the global shipping leader, in 2022. 
Mercosul Line, created in 1996, was acquired by CMA CGM, the third-lar
gest shipping company globally, in 2017. Lastly, Norcoast is a joint venture, 
with 50 % owned by Norsul, a Brazilian shipping company, and 50 % by 
Hapag Lloyd, the world's fifth-largest shipping company.

1.2. Importance of studying cabotage fuel consumption and carbon dioxide 
equivalent emissions

The study of fuel consumption and carbon dioxide equivalent 
emissions (CO2eq) emissions in maritime cabotage is essential for sev
eral reasons. First, it helps identify opportunities to reduce greenhouse 
gas (GHG) emissions and mitigate climate change impacts Maritime 
cabotage has been found to be more energy-efficient and en
vironmentally friendly compared to road transport, producing fewer 
CO2eq emissions per ton of cargo transported.

Second, understanding the environmental performance of different 
shipping modes can inform policy decisions and promote the adoption 
of cleaner technologies and practices in the maritime industry (Eyring 
et al., 2005). The International Transport Forum (ITF) report on 
“Decarbonisation of Coastal Shipping and Multimodal Transport” pro
vides several recommendations for decarbonizing maritime cabotage, 
including integrating it into national decarbonization strategies, sup
porting the sector’s decarbonization efforts by reducing investment 
uncertainty, harnessing the regional development potential of coastal 
shipping, and strengthening competition enforcement while leveraging 
maritime cabotage regulations (Decarbonisation, 2023).

Third, it contributes to the development of sustainable maritime trans
port strategies, addressing the economic, environmental, and social di
mensions of sustainability. Lastly, it supports the International Maritime 
Organization’s (IMO) goal of reducing GHG emissions from international 
shipping by at least 50 % by 2050 compared to 2008 levels (IMO., 2020).

1.3. Biofuels production in Brazil

Brazil stands as a prominent figure in the global biofuels market, par
ticularly in the production of biodiesel. The country’s biodiesel sector has 
experienced substantial growth, propelled by its abundant feedstock re
sources, supportive government policies, and a strong agricultural industry. 
As of recent years, Brazil has solidified its position as one of the world's 
leading biodiesel producers, with production capacities expanding sig
nificantly to meet both domestic and international demand. According to 
Brazilian National Agency for Petroleum, Natural Gas and Biofuels data for 
February 2024, there are 60 biodiesel production plants with a capacity of 
40,501 m3 per day. In 2023, the total biodiesel production was 8 million m3 

(Nacional do Petróleo, 2023a).
The foundation of Brazil's biodiesel production lies in its vast agricultural 

sector, which provides a rich source of feedstocks. In 2023, Soy oil was the 
main feedstock (70,2 %) followed by Other Fatty Materials (15,7 %), Beef 
Fat (7,3 %), Others (5,4 %) and Palm/Dendê and Sunflower oils (1.4 %). 
Included in the Others are Chicken and Pork Fat, Cotton, Corn and 
Rapeseed/Canola Oils and Used Cooking Oil (Nacional do Petróleo, 2023a).

On September 18, 2023, the Brazilian President presented the “Fuel of 
the Future” bill, PL 4516/2023 to the National Congress (Brazil, 2023a). 
This bill signifies Brazil’s preliminary efforts to decarbonize its energy ma
trix by achieving set greenhouse gas reduction targets in the upcoming 
years. The legislation provides a thorough perspective on the sustainability 

strategies being evaluated. It’s commendable to see the pronounced em
phasis on promoting sustainable mobility with minimized carbon emissions. 
The proposed shift from fossil fuels to biofuels, given their organic attributes 
and diminished greenhouse gas emissions, stands out as a significant move. 
Highlighting initiatives like the National Program for Sustainable Aviation 
Fuel and the National Green Diesel Program indicates a deliberate approach 
to bolster sustainability in pivotal sectors.

Hydrotreated Vegetable Oil (HVO) is emerging as a promising al
ternative in the biofuel market. Compatible with existing systems and 
derived from renewable sources like Brazilian soybean oil, HVO offers a 
high-quality, carbon-reducing potential that aligns with the IMO 
greenhouse gas emission reduction goals for 2050 (Cavalcanti et al., 
2022; Cantarella et al., 2023; Müller-Casseres et al., 2021). Brazil’s 
commitment is further demonstrated through policies like RenovaBio, 
aiming to increase biofuel production and consumption to reduce the 
carbon intensity of transportation (Brazil, 2023b).

2. Objective of the study

The primary aim of this research is to conduct a detailed assessment of 
the carbon dioxide equivalent emissions associated with maritime cabotage 
in Brazil, specifically focusing on container services. This entails a com
parative analysis between the emissions resulting from the consumption of 
traditional maritime fuels—Very Low Sulphur Fuel Oil (VLSFO) and Marine 
Diesel Oil (MDO)—and the emissions potential of Hydrogenated Vegetable 
Oil as an alternative fuel source. The core of this analysis is based on a 
hypothetical scenario where there is a 100 % replacement of VLSFO and 
MDO with HVO for the entire container service fleet engaged in Brazilian 
maritime cabotage. This approach aims to fully explore the emissions re
duction capabilities of HVO in a direct comparison to the current standard 
maritime fuels. The decision to examine a complete substitution is driven by 
the need to understand the maximum potential impact of transitioning to a 
more sustainable fuel alternative on the maritime sector's carbon footprint. 
Derived from publicly available schedules disseminated by container ship
ping lines, this study's foundation enables a comprehensive evaluation of 
how a total shift to HVO could significantly alter CO2eq emissions within 
the context of Brazil’s maritime cabotage operations.

3. Literature review

3.1. Container liner services

Container Liner Services are specialized maritime entities that focus on 
the conveyance of containers between a vast network of global ports and 
shipping routes. Their overarching objective is to ensure the efficient and 
dependable transportation of goods for their customers (Ducruet and 
Notteboom, 2012). A pivotal role in achieving this objective is the emphasis 
on service quality. In addition to service quality, another significant aspect 
of Container Liner Services is the adoption of yield management techniques. 
This involves the strategic allocation of container space, considering vari
ables like perishability, fixed capacities, and unpredictable demand (Lin 
et al., 2020). Furthermore, liner shipping companies often forge strategic 
alliances and collaborations with fellow carriers. These alliances, which 
facilitate the sharing of ship capacities, allow companies to bolster their 
competitive stance in the market. Through the exchange of capacities and 
coordination of container routing, these entities can refine their network 
design, leading to heightened overall efficiency (Zheng et al., 2015). Merk 
et al (Merk et al., 2018). comment on the imperative of regular weekly 
services in liner shipping, driven by the industry’s high fixed-cost structure. 
Such regularity ensures a consistent flow of cargo, optimizing ship utiliza
tion and cost efficiency. Moreover, the reliability and frequency of such 
services have significant ramifications on supply chain management, in
fluencing inventory management and planning for shippers (Zhang and 
Lam, 2015).

A container liner service proforma, used in the shipping industry, or
ganizes data such as sailing schedules, vessel capacity, and cargo volume. 
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This proforma is foundational for the container liner schedule, which in
dicates planned vessel timings at various ports. The schedule, informed by 
the proforma, ensures efficient transportation, helping customers in ship
ment planning (Ducruet and Notteboom, 2012). The creation of the pro
forma and its schedules considers market needs, service quality, and op
erational constraints, and disruptions, such as port congestion, can affect 
schedules, necessitating recovery strategies (Notteboom, 2006). Collabora
tive agreements among shipping companies can further influence sche
duling (Zhao et al., 2022). By utilizing these schedules, shippers can en
hance supply chain efficiency (Lee et al., 2021). Overall, the development of 
a container liner service proforma and its relation to the published schedules 
involve considerations of market requirements, service quality, disruptions, 
collaborative agreements, and optimization, all aimed at providing efficient 
and reliable liner shipping services.

3.2. Use of alternative fuels for maritime decarbonization

The maritime sector is at the forefront of a sustainability revolution, 
with the exploration and integration of alternative fuels such as biofuels 
marking a significant step towards decarbonization. These alternative 
energy sources offer a viable pathway to reducing emissions, under
pinning the industry’s transition towards more environmentally re
sponsible operations (Moshood, 2022). This shift, however, has chal
lenges spanning economic, technological, and policy domains, 
necessitating a coordinated global approach to address marine en
vironmental risks and ensure the successful adoption of clean energy 
solutions (Wang et al., 2023; Wang and Wright, 2021). The adoption of 
renewable marine fuels is gaining traction, supported by comprehen
sive roadmaps that underscore the importance of strategic pathways 
and policy measures for their integration (Harahap et al., 2023).

Academic research plays a crucial role in mapping the trajectory of 
alternative fuels in shipping, with studies highlighting both the tech
nical and economic aspects of this transition. Public perception and 
international collaboration are pivotal, with countries like Brazil posi
tioned to make substantial contributions to the global maritime dec
arbonization movement, thanks to its potential in producing alternative 
marine fuels (Zhang and Lam, 2015; Kołakowski et al., 2022).

Analytically, the shift towards alternative fuels presents both opportu
nities and challenges. Economically, it could lead to long-term cost savings, 
especially against the backdrop of fluctuating oil prices and the potential 
implementation of carbon pricing mechanisms (Wang and Wright, 2021). 
Technologically, it spurs the development of optimized engines and fuel 
systems, enhancing the sector’s resilience by diversifying its energy mix 
(Müller-Casseres et al., 2021; Harahap et al., 2023). However, the en
vironmental implications of alternative fuel spills, the need for substantial 
infrastructural investments to accommodate new fuel types, and the eco
nomic viability across their supply chains remain areas of active debate 
(Wang et al., 2023; Kouzelis et al., 2022).

In conclusion, the maritime sector’s endeavor towards sustainable op
erations through alternative fuels is a complex interplay of opportunities 
and challenges. Brazil’s potential for HVO production and its incorporation 
into maritime transportation exemplifies a model for sustainable maritime 
operations, highlighting the need for a comprehensive, collaborative ap
proach to realize the sector's sustainability goals.

3.3. Well-to-wake emissions framework

In the context of maritime transportation, the assessment of CO2eq 
emissions provides a holistic view of the environmental impact of shipping 
activities. CO2eq emissions encompass not only carbon dioxide (CO2) but 
also other greenhouse gases such as methane (CH4) and nitrous oxide (N2O), 
alongside particles like black carbon (BC), which have varying global 
warming potentials (GWPs). This comprehensive approach is crucial for 
accurately evaluating the climate implications of maritime transport and 
guiding policy decisions towards achieving global warming mitigation tar
gets, such as those outlined in the Paris Agreement (Byahut et al., 2021).

The well-to-wake (WTW) emissions framework divides the life cycle 
of maritime fuels into two main phases: upstream (well-to-tank) and 
downstream (tank-to-wake). The upstream phase encompasses the ex
traction, production, and transportation of marine fuels to the point of 
use, while the downstream phase covers the combustion of these fuels 
in ship engines. By accounting for CO2eq emissions across both phases, 
this framework ensures a complete assessment of the climate impact of 
maritime fuels, from their origin to their end use (Byahut et al., 2021; 
Comer and Osipova, 2021; Kramel et al., 2021).

The inclusion of methane and nitrous oxide in CO2eq emissions is 
critical due to their potent global warming effects. Methane, for in
stance, has a GWP more than 25 times greater than CO2 over a 100-year 
period, while nitrous oxide’s GWP is about 298 times that of CO2. Black 
carbon (BC), although not a greenhouse gas, significantly contributes to 
climate warming and is thus considered in the well-to-wake analysis. 
This approach ensures that all relevant climate pollutants are accounted 
for, providing a more accurate representation of the environmental 
impact of maritime transportation (Byahut et al., 2021).

The comprehensive assessment of well-to-wake CO2eq emissions is 
crucial for shaping effective maritime transportation climate policies. 
This approach, which encompasses a broad spectrum of GHGs and 
particulates, enables policymakers to devise strategies that significantly 
reduce the shipping industry’s climate impact. Key strategies include 
opting for less carbon-intensive fuels and adopting technologies and 
practices that lower emissions across the fuel life cycle. Such measures 
are essential for aligning the maritime sector with global climate ob
jectives and promoting its sustainable development.

The well-to-wake framework is highlighted as a robust method for 
evaluating the climate impact of maritime transportation, offering a detailed 
understanding of the environmental effects of maritime fuels. This insight is 
fundamental for crafting policies and strategies aimed at the maritime 
sector’s decarbonization and fulfilling international climate goals (Byahut 
et al., 2021; Comer and Osipova, 2021; Kramel et al., 2021).

The WTW methodology incorporates the assessment of indirect land 
use change (ILUC) to evaluate the environmental impacts of biofuels 
and other renewable energy sources comprehensively. ILUC is a critical 
factor in Brazil’s efforts to manage the environmental footprint of bio
fuel production. When agricultural land is diverted to biofuel crops, it 
can prompt the conversion of other land areas, potentially leading to 
significant ecological consequences, including biodiversity loss, soil 
degradation, water resource strain, and increased greenhouse gas 
emissions. For example, converting tropical forests into soy plantations 
for biofuel can release substantial amounts of carbon previously se
questered in the ecosystem.

Recognizing the challenges in quantifying and modeling ILUC due to the 
intricate nature of ecological systems and land use dynamics, Brazil has 
implemented RenovaBio, a targeted program to bolster biofuel production 
while mitigating its environmental impact. RenovaBio is a proactive mea
sure that integrates ILUC considerations into national biofuel policy, setting 
forth certification standards for biofuel producers to ensure their operations 
do not inflict adverse environmental effects. The program mandates that 
producers demonstrate adherence to environmental criteria, thereby 
aligning biofuel production with broader climate objectives (Brazil, 2023b).

Additionally, RenovaBio strategically promotes the utilization of land 
that is already degraded or underused for biomass cultivation, thereby 
curtailing the likelihood of deforestation and environmental degradation 
linked to new biofuel crop areas. This approach exemplifies Brazil’s com
mitment to reducing greenhouse gas emissions and enhancing the sustain
ability of its energy portfolio while addressing the potential indirect effects 
of land use change associated with biofuel production.

4. Methodology

The methodology to assess emissions from container liner services 
operated by Brazilian shipping companies is methodically outlined in 
five sequential phases: 
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a) Schedule Retrieval: Initially, the schedules of container liner ser
vices are sourced from the official websites of the Brazilian shipping 
companies. This step guarantees the utilization of up-to-date op
erational data for a comprehensive emission analysis.

b) Service Classification: Services are then classified, recognizing that 
operations may involve collaborations between several companies.

c) Fuel Consumption Calculations: The third phase involves calculating 
the total consumption of VLSFO and MDO. This calculation is based 
on actual navigational data between ports for VLSFO and MDO, 
along with the duration of stays in ports for estimating MDO usage.

d) CO2eq Emissions Estimations for VLSFO and MDO: The carbon di
oxide equivalent emissions for VLSFO and MDO are estimated using 
their WTW parameters.

e) CO2eq Emissions Estimation for HVO: Similarly, CO2eq emissions 
for HVO are estimated using its specific WTW parameters, allowing 
for a direct comparison of its environmental impact against tradi
tional maritime fuels.

It’s important to note that the analysis concentrates on emissions from 
vessel navigation and port stays, excluding emissions from container 
handling within port facilities. Given the limitations of publicly available 
schedules, which lack detailed operational data for precise fuel consumption 
estimates, the study employs certain assumptions to bridge these gaps: 

• Considering the variability of currents that could either aid or ob
struct vessel navigation in rivers and maritime routes, this metho
dology assumes that since services operate in a closed circuit, the 
effects of currents neutralize over a complete round voyage.

• As the distances between ports are based on the distances between Pilot 
Stations, not between container terminals, this study assumes a standard 
navigation duration of two hours at a speed of 10 knots for calculating 
VLSFO consumption during vessels’ entry and exit through a port’s ac
cess channels and during berthing and unberthing operations.

These methodological assumptions are critical for compensating the lack 
of detailed operational data and ensuring that the study's emission estimates 
remain both robust and reflective of actual maritime operations.

4.1. Data collection

The cabotage services names listed on the Brazilian shipping com
panies operating in the container liner services’ websites are as follows: 

(1) Aliança’s service (Aliança, 2024) offerings showcase a clear align
ment with certain Log-In services. Specifically, the ALCT 1 service is 
mirrored by Log-In’s Manaus (SMN), while ALCT 3 and ALCT 4 find 
their counterparts in Log-In’s Expresso Manaus - (SEA) and Shuttle 
Rio (SSR) respectively. It’s noteworthy that ALCT 2 and ALCT 5 
stand distinct without any direct equivalents in the other lines.

(2) Diving deeper into Log-In’s portfolio (Services Schedule, 2024), the 
Atlântico Sul (SAS) stands out, as it finds a parallel in Mercosul 
Line's PLATA service. This connection underscores a shared service 
approach between the two lines. Additionally, Log-In’s Feeder 
Shuttle (FSS) adds to its diverse service range.

(3) Mercosul Line’s BRACO (Mercosul Line, 2024) emerges as a unique 
offering, standing independently without a direct match in Aliança 
or Log-In.

(4) Lastly, Norcoast Amazon service (Norcoast, 2024) also emerges as a 
unique offering, standing independently without a direct match in 
Aliança, Log-In or Mercosul Line.

Their published schedules provide data on ETA (Estimated Time 
of Arrival), ETB (Estimated Time of Berthing), and ETS (Estimated 
Time of Departure) for each port in the schedules and clearly indicate 
that all their routes adopt a circular pattern. In these routes, the 

journey begins and concludes at the same port, forming a complete 
loop (Kingsley, 2019). Some services have multiple calls in Santos and Rio 
de Janeiro to manage the feeder volume from long haul container services. 
Fig. 1 displays the cabotage map, highlighting the port names and codes 
referenced in this study and schedule data is presented in Annex I.

4.2. Calculation methods

There are two primary methodologies for measuring ship emissions: 
the fuel-based (top-down) approach and the activity-based (bottom-up) 
approach. The fuel-based method utilizes marine fuel consumption data 
combined with fuel-related emission factors, making it ideal when de
tailed ship movement information is lacking. On the other hand, the 
activity-based method demands comprehensive data on individual 
vessels’ technical features and operations. Using this data, emissions 
from each ship can be determined and then combined to estimate the 
entire fleet’s emissions (Czermański et al., 2021). This study uses the 
top-down reference method, considering both fuel consumption and 
specific emission rates for each fuel type.

The maritime industry has long recognized the critical importance of 
accurately estimating fuel consumption for operational efficiency and en
vironmental sustainability. A pivotal aspect of this estimation lies in un
derstanding the relationship between the power required by a ship to 
maintain a certain speed and the speed itself. This relationship, often de
scribed as cubic, significantly influences fuel consumption rates and, by 
extension, the operational costs and environmental impact of maritime 
operations. The cubic relationship between power and speed in ships is 
rooted in the principles of fluid dynamics and the resistance encountered by 
a vessel as it moves through water. As a ship increases its speed, the re
sistance it faces due to water friction, wave formation, and other factors 
increases exponentially. This resistance, particularly wave-making re
sistance, grows at a rate that is not linear but cubic with respect to the ship's 
speed. Consequently, the power required to overcome this resistance and 
maintain a higher speed increases in a cubic manner.

This study uses the VLSFO consumption calculation based on the 
work of Yao, Ng and Lee (Yao et al., 2012) that explored the correlation 
between bunker fuel consumption rate (F) and ship speed (V) across 
various container ship sizes based on real data obtained from a shipping 
company. They established an empirical model, F = k1V3 + k2 to re
present this relationship. In their model, ‘F’ represents the bunker fuel 
consumption rate in tons/day, ‘V’ indicates the ship speed in knots, and 
‘k1’ and ‘k2’ are coefficients.

The coefficients ‘k1’ and ‘k2’ are derived from regression analysis of 
empirical data on fuel consumption and ship speed. The value of ‘k1’ 
reflects the rate at which fuel consumption increases with speed, which 
is influenced by the type of engine, the hydrodynamic properties of the 
vessel, and other design factors. ‘k2’, on the other hand, represents a 
baseline consumption rate that accounts for the fuel used at lower 
speeds or when the vessel is idling.

Based on their work and considering the average maritime cabotage 
fleet size in TEU, this study adopts the values of k1 = 0.006754 and 
k2 = 37.23.

The MDO consumption is based on data from a prominent Brazilian 
shipping company operating the cabotage container liner market, 
which states an average consumption of 3.5 tons/day during sea 
voyages and 5.0 tons/day while docked at ports.

The CO2eq emission calculation uses the WTW parameters for 
VLSFO, MDO and HVO presented in Table 1.

4.3. Mathematical model for emission calculation

The weekly CO2eq emissions based published schedules by the 
Brazilian shipping company operating in the maritime cabotage con
tainer liner market are calculated using a Python code for the following 
math model that considers the calculation method presented before:
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Sets and Indices
S Set of cabotage services, indexed by s.
T Set of container terminals in the service loop for all cabotage 

service, indexed by t .
Ts Set of container terminals included in the service loop of each 

cabotage s, indexed by t (T Ts ). It is assumed that Ts lists the terminals 
in the order they are visited during the service loop. The last element in 
Ts, where the service ends, is a copy of the first terminal. This element 
will be referred to as es.

Variables
ETAs t, Estimated Time of Arrival at terminal t for service s.
ETBs t, Estimated Time of Berthing at terminal t for service s.
ETSs t, Estimated Time of Sailing from terminal t for service s.

+Ds t t, , 1 Distance between terminal t and terminal +t 1 for service s, 
measured in nautical miles (nm).

TPs t, Time spent in port at terminal t for service s, measured in days.
+TVs t t, , 1 Time spent in voyage between terminal t and terminal +t 1

for service s, measured in days.

+Ss t t, , 1: Vessel speed between terminal t and terminal +t 1 for ser
vice s, measured in knots (kn).

+VLSFOs t t, , 1VLSFO consumption between terminal t and terminal 
+t 1 for service s, measured in tons.

MDOs t, : MDO consumption at terminal t for service s, measured in tons.
+MDOs t t, , 1MDO consumption between terminal t and terminal +t 1

for service s, measured in tons.
Parameters
WTWVLSFOWell-to-Wheel emission factor for fuel VLSFO, measured 

in gCO2eq/MJ.
PCIVLSFOLower Heating Value for fuel VLSFO, measured in MJ/kg.
WTWMDOWell-to-Wheel emission factor for fuel MDO, measured in g 

CO2eq/MJ.
PCIMDOLower Heating Value for fuel MDO, measured in MJ/kg.
WTWHVOWell-to-Wheel emission factor for fuel HVO, measured in g 

CO2eq/MJ.
PCIHVOLower Heating Value for fuel HVO, measured in MJ/kg.
SCVessel speed in port for channel navigation, measured in kn.

Fig. 1. Maritime Cabotage Map. 
Authors.

Table 1 
WTW and energy content parameters. Source: Authors. 

Fuel WTW  
(gCO2e/MJ)

Energy Content 
(MJ/kg)

Source

HVO 23.7 37.68 EPE. 2023. Decarbonization of the Road Transport Sector - Carbon intensity of energy sources. Available in https://www.epe.gov. 
br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-708/NT-EPE-DPG-SDB-2022–03_Intensidade_ 
de_carbono_Transporte_Rodoviario.pdf
GREET. 2023. GREET® model: The Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model. Argonne 
National Laboratory. Available in https://greet.es.anl.gov/index.php.

VLSFO 96.7 42.2 IMO. 2020. Fourth IMO GHG Study 2020. Available in https://wwwcdn.imo.org/localresources/en/OurWork/Environment/ 
Documents/Fourth%20IMO%20GHG%20Study%202020%20-%20Full%20report%20and%20annexes.pdf.

MDO 93.8 42.7 IMO. 2020. Fourth IMO GHG Study 2020. Available in https://wwwcdn.imo.org/localresources/en/OurWork/Environment/ 
Documents/Fourth%20IMO%20GHG%20Study%202020%20-%20Full%20report%20and%20annexes.pdf.
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TC Time spent in port for channel navigation, measured in hours.
Model equations
1. Time in Port (days)

= +TP ETS ETA s t T e, \{ }s t s t s t s s, , , 1 (1) 

2. Time in Voyage (days)

=+ +TV ETA ETS s t T e, \{ }s t t s t s t s s, , 1 , 1 , (2) 

3. Speed (kn)

=
×+

+

+
S

D
TV

s t T e
24

, \{ }s t t
s t t

s t t
s s, , 1

, , 1

, , 1 (3) 

4. VLSFO Consumption (tons)

= × + ×

+ × + ×

+ + +VLSFO S TV
SC TC s t T e

((0.006754 37.23) )
0.006754 37.23

24
, \{ }

s t t s t t s t t

s s

, , 1 , , 1
3

, , 1
3

(4) 

5. MDO Consumption in Port (tons)

= ×MDO TP s t T e5 , \{ }s t
P

s t s s, , (5) 

6. MDO Consumption in Voyage (tons)

= ×+ +MDO TV s t T e3. 5 , \{ }s t t
V

s t t s s, , 1 , , 1 (6) 

7. VLSFO Emission (t CO2eq)

=
× ×

+
+Emissions

VLSFO WTW PCI

s t T e
1000

, \{ }

VLSFO s t t
s t t VLSFO VLSFO

s s

, , , 1
, , 1

(7) 

8. MDO Emission at port (t CO2eq)

=
× ×

Emissions
MDO WTW PCI

s t T e
1000

, \{ }MDO s t
P s t

P
MDO MDO

s s, ,
,

(8) 

9. MDO Emission in voyage (t CO2eq)

=
× ×

+
+Emissions

MDO WTW PCI

s t T e
1000

, \{ }

MDO s t t
V s t t

V
MDO MDO

s s

, , , 1
, , 1

(9) 

10. Total Emissions for All Services (t CO2eq)

=

+ +

+

+

Total Emissions Emissions

Emissions Emissions

s t T e, \{ }

s S t Ts
VLSFO s t t

s S t Ts
MDO s t
P

t Ts
MDO s t t
V

s s

, , , 1

, , , , , 1

(10) 

11. Energy Generated by MDO at Port (MJ)

= × ×Energy MDO PCI s t T e1000 , \{ }MDO s t
P

s t
P

MDO s s, , , (11) 

12. Energy Generated by MDO in Voyage (MJ)

= × ×+ +Energy MDO PCI s t T e1000 , \{ }MDO s t t
V

s t t
V

MDO s s, , , 1 , , 1

(12) 

13. Energy Generated by VLSFO (MJ)

= × ×+ +Energy VLSFO PCI s t T e1000 , \{ }VLSFO s t t s t t VLSFO s s, , , 1 , , 1

(13) 

14. Total Energy Generated (MJ)

=

+ +

+

+

Total Energy Energy

Energy Energy

s S t T e
VLSFO s t t

s S t T e
MDO s t
P

t T e
MDO s t t
V

\ { }
, , , 1

\ { }
, ,

\ { }
, , , 1

s s

s s s s

(14) 

15. HVO Emissions (t CO2eq)

= ×Emissions Total Energy WTW
1000000HVO

HVO
(15) 

In essence, the model calculates the energy consumption for VLSFO 
and MDO based on projected consumptions in tons. Using their re
spective WTW emission factors, it then determines their CO2eq emis
sions. For the transition to HVO, the model combines the energy con
sumptions of VLSFO and MDO and applies the HVO WTW emission 
factor to estimate its emissions. The schedules data is presented in 
Annex 1.

5. Results

In the domain of Brazilian maritime cabotage, container liner services 
that include the Port of Manaus within their operational itineraries exhibit 
the most substantial CO2eq emissions when utilizing VLSFO and MDO. 
Specifically, the service LG SEA - AL ALCT 3 is responsible for emissions 
amounting to 5668.9 tons, constituting 17.4 % of the total, followed by NC 
Manaus with emissions of 5339.0 tons (16.4 %), ML Braco with 5322.9 tons 
(16.3 %), and AL ALCT 1 - LG SMN at 5224.4 tons (16 %).

A second echelon comprises services traversing routes from the 
South to the Northeast of Brazil; LG SAS - ML Plata and AL ALCT 2, 
emitting 4629.7 tons (14.2 %) and 3755.1 tons (11.5 %) respectively. 
The final category includes what are commonly referred to as “Feeder 
Services”, such as AL ALCT 5 with 1089.2 tons (3.3 %), LG SSR- AL 
ALCT 4 with 942.9 tons (2.9 %), and LG FSS with 628.0 tons (1.9 %).

In aggregate, Brazilian maritime cabotage container liner services con
sume 7288.1 tons of VLSFO and 713.9 tons of MDO per week, resulting on 
an emission of 32,600.2 t CO2eq per week, or 1695,211 t CO2eq per year.

The environmental implications of such emissions are profound. 
However, the introduction of HVO as an alternative fuel led to a 75,4 % 
reduction in annual emissions, from 1695,211 to 416,602 t CO2eq, under
scoring the potential of sustainable fuels in reshaping the maritime cabotage 
footprint. A table of the calculation result by service can be found in Annex 
II, while Fig. 2 illustrates the emission results for the maritime cabotage 
services. This transition not only signifies a move towards greener cabotage 
operations but also emphasizes the industry's commitment to combating 
climate change and reducing its carbon footprint.

The annual energy produced through the consumption of VLSFO 
and MDO is calculated at 17,578,156,936 Megajoules (MJ). Utilizing 
the energy content of HVO, which is 37.68 MJ/kg as indicated in 
Table 1, the yearly demand for HVO is estimated to be 467,504,174 kg. 
Given HVO's density of 778 kg per liter (Hydrogenated vegetable oil 
HVO, 2020), this translates to a requirement of approximately 
599,364,325 liters of HVO annually.

6. Discussion

In a broader view, the maritime cabotage services in Brazil have con
tributed to a decline in GHG emissions by promoting the modal shift from 
road transportation to maritime cabotage. This transition is underscored by 
the steady increase in container throughput observed over the last 15 years 
(Brazilian Association of Cabotage Shipowners,). The potential for even 
greater emission reductions exists, particularly by substituting VLSFO and 
MDO with HVO, a fuel already being produced in Brazil. Considering that 
HVO can be produced from Used Cooking Oil (UCO), it emerges as a pro
mising sustainable alternative fuel, effectively contributing to the energy 
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transition. With cooking oil consumption estimated at 3 billion liters in 
Brazil (Descarte, 2023) and according to the National Agency for Petroleum, 
Natural Gas and Biofuels, 127 million liters of UCO was used to produce 
biodiesel (Nacional do Petróleo, 2023a), representing less than 5 % of re
cycling in 2023. Utilizing UCO for HVO production addresses both the 
demand for cleaner fuels and the issue of waste management. A demand for 
600 million liters of HVO, capable of replacing conventional maritime ca
botage fuels MDO and VLSFO in Brazil, can be met by recycling 20 % of 
UCO. This strategy notably mitigates the indirect land use change impacts 
by repurposing waste, thus reducing deforestation and carbon emissions 
associated with new agricultural land. Moreover, it exemplifies the princi
ples of the circular economy by transforming waste into energy, enhancing 
resource efficiency, and minimizing environmental pollution.

Given this, it’s crucial to examine the Brazilian Government’s stra
tegies aimed at reducing GHG emissions in domestic transportation.

7. Conclusion

During the webinar "Recommendations to Develop a Brazilian Maritime 
National Action Plan" organized by the Instituto Clima e Sociedade in 
August 2022, stakeholders from the maritime sector concurred on several 
critical actions for decarbonizing maritime activities in Brazil. These actions 
include incentivizing the use of alternative fuels, setting energy efficiency 
standards for the fleet, and enhancing infrastructure for emerging fuel 
technologies (Carvalho, 2023). The discussion underscored the urgent need 
for national policies to establish a clear direction for maritime dec
arbonization. Although various initiatives are underway that contribute to 
emissions reduction, a firm commitment from the government remains pi
votal for delineating a comprehensive decarbonization path for the mar
itime industry. Successful decarbonization requires collective action from 
government bodies, the private sector, civil society, and academia 
(Carvalho, 2023).

However, despite Brazil’s engagement with the International 
Transport Forum and its pledge towards sustainable transport, the "Fuel 
of the Future" bill notably lacks provisions for the decarbonization of 
maritime transport, including maritime cabotage. This gap is particu
larly striking given the recognized potential of maritime cabotage in 
mitigating GHG emissions using alternative fuels as HVO. The absence 
of targeted strategies or measures for maritime decarbonization in this 
legislation points to a significant oversight. It reflects a disconnect in 
Brazil’s efforts to integrate and capitalize on maritime transportation’s 
contribution to the country's overarching goals for reducing its trans
portation sector’s environmental impact, despite international re
commendations and sustainability goals.

Future work

Building upon the findings of this study, two key areas are outlined 
for future research that promise to deepen the understanding of sus
tainable transport solutions and the potential of alternative fuels in 
mitigating environmental impacts: 

• Advocating for Maritime Cabotage through Emission Assessments: 
Future research should focus on evaluating maritime cabotage’s emis
sions compared to road transport, encompassing not only direct ship 
emissions but also those from port operations and the entire maritime 
cabotage logistics chain. This comprehensive analysis aims to highlight 
maritime cabotage's environmental benefits over road transport, pro
viding strong evidence to support its promotion. Such findings are cru
cial for guiding policy and infrastructure decisions to prioritize maritime 
cabotage as a sustainable transport solution, effectively contributing to 
the sector's overall reduction in environmental impact.

• Potential of UCO in HVO Production for Maritime Cabotage: There 
is a significant opportunity to explore the feasibility of utilizing UCO 
as a primary feedstock for HVO production, specifically tailored for 
the maritime cabotage sector in Brazil. Investigating UCO’s avail
ability, scalability of processing technologies, and the environ
mental and economic impacts of such a production pathway could 
uncover valuable data. This research could validate UCO’s role in 
promoting a circular economy while assessing its capability to meet 
the fuel demands of Brazil's maritime cabotage industry sustainably.
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ANNEX I Schedule Data

Service Port Terminal ETA ETB ETS Distance (nm)

AL ALCT 1 - LG SMN BRSSZ Santos Brasil 02/02/2024 13:00 02/02/2024 13:00 02/03/2024 19:00 5.0
AL ALCT 1 - LG SMN BRSSZ BTP 02/04/2024 00:01 02/04/2024 00:01 02/04/2024 18:00 191
AL ALCT 1 - LG SMN BRIGI Sepetiba Tecon 02/05/2024 06:00 02/05/2024 06:00 02/05/2024 18:00 813
AL ALCT 1 - LG SMN BRSSA Tecon Salvador 02/08/2024 04:00 02/08/2024 04:00 02/08/2024 19:00 375
AL ALCT 1 - LG SMN BRSUA Tecon Suape 02/10/2024 05:00 02/10/2024 05:00 02/10/2024 21:00 478
AL ALCT 1 - LG SMN BRPEC APM Terminals 02/12/2024 06:00 02/12/2024 06:00 02/12/2024 19:00 1569
AL ALCT 1 - LG SMN BRMAO Porto Chibatão 02/17/2024 12:00 02/17/2024 12:00 02/20/2024 16:00 1569
AL ALCT 1 - LG SMN BRPEC APM Terminals 02/24/2024 15:00 02/24/2024 15:00 02/25/2024 02:00 478
AL ALCT 1 - LG SMN BRSUA Tecon Suape 02/26/2024 07:00 02/26/2024 07:00 02/26/2024 19:00 1259
AL ALCT 1 - LG SMN BRSSZ Santos Brasil 03/01/2024 13:00 03/01/2024 13:00 03/02/2024 19:00
AL ALCT 2 BRIOA Itapoa Terminais 02/09/2024 13:00 02/09/2024 13:00 02/10/2024 07:00 461
AL ALCT 2 BRRIG Tecon Rio Grande 02/11/2024 17:00 02/11/2024 17:00 02/12/2024 12:00 321
AL ALCT 2 BRIBI Tecon Imbituba 02/14/2024 07:00 02/14/2024 07:00 02/16/2024 03:00 1496
AL ALCT 2 BRSUA Tecon Suape 02/20/2024 15:00 02/20/2024 15:00 02/21/2024 05:00 478
AL ALCT 2 BRPEC APM Terminals 02/22/2024 10:00 02/22/2024 10:00 02/23/2024 09:00 853
AL ALCT 2 BRSSA Tecon Salvador 02/25/2024 14:00 02/25/2024 14:00 02/26/2024 07:00 942
AL ALCT 2 BRSSZ Santos Brasil 02/29/2024 01:00 02/29/2024 01:00 02/29/2024 19:00 192
AL ALCT 2 BRIOA Itapoa Terminais 01/03/2024 13:00 01/03/2024 13:00 02/03/2024 07:00
LG SEA - AL ALCT 3 BRSSZ DPW Santos 02/02/2024 13:00 02/03/2024 14:00 02/04/2024 07:00 5
LG SEA - AL ALCT 3 BRSSZ Santos Brasil 02/04/2024 13:00 02/04/2024 13:00 02/04/2024 23:00 226
LG SEA - AL ALCT 3 BRNVT Portonave 02/05/2024 19:00 02/05/2024 20:00 02/06/2024 10:00 104
LG SEA - AL ALCT 3 BRPNG TCP 02/06/2024 20:00 02/06/2024 20:00 02/07/2024 06:00 1072
LG SEA - AL ALCT 3 BRSSA Tecon Salvador 02/10/2024 16:00 02/10/2024 17:00 02/10/2024 23:00 375
LG SEA - AL ALCT 3 BRSUA Tecon Suape 02/12/2024 18:00 02/12/2024 19:00 02/13/2024 03:00 478
LG SEA - AL ALCT 3 BRPEC APM Terminals 02/15/2024 01:00 02/15/2024 02:00 02/15/2024 09:00 1569
LG SEA - AL ALCT 3 BRMAO Porto Chibatão 02/20/2024 18:00 02/20/2024 19:00 02/22/2024 20:00 3300
LG SEA - AL ALCT 3 BRSSZ DPW Santos 01/03/2024 13:00 02/03/2024 14:00 03/03/2024 07:00
LG SSR- AL ALCT 4 BRSSZ DPW Santos 02/14/2024 08:00 02/14/2024 08:00 02/14/2024 16:00 5
LG SSR- AL ALCT 4 BRSSZ Santos Brasil 02/14/2024 19:00 02/14/2024 19:00 02/15/2024 11:00 219
LG SSR- AL ALCT 4 BRRIO ICSTI 02/16/2024 07:00 02/16/2024 07:00 02/16/2024 15:00 1
LG SSR- AL ALCT 4 BRRIO Multi 02/16/2024 18:00 02/16/2024 18:00 02/17/2024 01:00 281
LG SSR- AL ALCT 4 BRVIX TVV 02/18/2024 02:00 02/18/2024 02:00 02/19/2024 08:00 480
LG SSR- AL ALCT 4 BRSSZ DPW Santos 02/21/2024 08:00 02/21/2024 08:00 02/21/2024 16:00

ANNEX I – Schedule Data – continuation

Service Port Terminal ETA ETB ETS Distance (nm)

AL ALCT 5 BRPEC APM Terminals 02/07/2024 01:00 02/07/2024 01:00 02/08/2024 00:01 696
AL ALCT 5 BRSSZ Santos Brasil 02/10/2024 01:00 02/10/2024 01:00 02/12/2024 01:00 696
AL ALCT 5 BRPEC APM Terminals 02/14/2024 01:00 02/14/2024 01:00 02/15/2024 00:01
LG FSS BRRIO Multi 02/02/2024 13:00 02/02/2024 13:00 02/04/2024 13:00 281
LG FSS BRVIX TVV 02/05/2024 07:00 02/06/2024 07:00 02/07/2024 19:00 281
LG FSS BRRIO Multi 02/09/2024 13:00 02/09/2024 13:00 02/11/2043 13:00
LG SAS - ML Plata ARBUE DPW Buenos Aires 02/11/2024 11:00 02/11/2024 23:00 02/13/2024 01:00 129
LG SAS - ML Plata UYMVD Montecon 02/13/2024 18:00 02/13/2024 19:30 02/14/2024 06:30 332
LG SAS - ML Plata BRRIG Tecon Rio Grande 02/15/2024 17:00 02/15/2024 19:00 02/16/2024 09:00 410
LG SAS - ML Plata BRNVT Portonave 02/18/2024 12:00 02/18/2024 13:00 02/19/2024 06:00 226
LG SAS - ML Plata BRSSZ DPW Santos 02/20/2024 00:01 02/20/2024 01:00 02/20/2024 10:00 1259
LG SAS - ML Plata BRSUA Tecon Suape 02/24/2024 21:00 02/24/2024 22:00 02/25/2024 16:00 478
LG SAS - ML Plata BRPEC APM Terminals 02/27/2024 06:00 02/27/2024 08:00 02/27/2024 21:00 853
LG SAS - ML Plata BRSSA Tecon Salvador 03/01/2024 05:00 03/01/2024 06:00 03/02/2024 01:00 942
LG SAS - ML Plata BRSSZ DPW Santos 03/05/2024 09:00 03/05/2024 11:00 03/06/2024 01:00 226
LG SAS - ML Plata BRNVT Portonave 03/06/2024 23:00 03/07/2024 01:00 03/07/2024 13:00 782
LG SAS - ML Plata ARBUE DPW Buenos Aires 03/10/2024 11:00 03/10/2024 23:00 03/12/2024 01:00
ML Braco BRSSZ DPW Santos 02/14/2024 06:00 02/14/2024 06:00 02/15/2024 08:00 192
ML Braco BRIOA Itapoa Terminais 02/16/2024 06:00 02/16/2024 06:00 02/16/2024 20:00 380
ML Braco BRRIO ICSTI 02/18/2024 06:00 02/18/2024 06:00 02/18/2024 16:00 1061
ML Braco BRSUA Tecon Suape 02/22/2024 02:00 02/22/2024 02:00 02/22/2024 17:00 478
ML Braco BRPEC APM Terminals 02/24/2024 06:00 02/24/2024 06:00 02/24/2024 14:00 1569
ML Braco BRMAO Porto Chibatão 02/29/2024 19:00 02/29/2024 19:00 03/02/2024 23:00 2045
ML Braco BRSUA Tecon Suape 03/08/2024 19:00 03/08/2024 19:00 03/09/2024 09:00 1259
ML Braco BRSSZ DPW Santos 03/13/2024 06:00 03/13/2024 06:00 03/14/2024 08:00
NC Manaus BRSSZ Santos Brasil 05/02/2024 23:00 06/02/2024 01:00 07/02/2024 01:00 167
NC Manaus BRPNG TCP 07/02/2024 16:00 07/02/2024 23:00 08/02/2024 12:00 1388
NC Manaus BRSUA Tecon Suape 12/02/2024 06:00 12/02/2024 08:00 12/02/2024 21:00 478
NC Manaus BRPEC APM Terminals 14/02/2024 06:00 14/02/2024 08:00 14/02/2024 21:00 1569
NC Manaus BRMAO Super Terminais 19/02/2024 07:00 19/02/2024 19:00 21/02/2024 08:00 1569
NC Manaus BRPEC APM Terminals 25/02/2024 15:00 25/02/2024 17:00 26/02/2024 04:00 478
NC Manaus BRSUA Tecon Suape 28/02/2024 06:00 28/02/2024 08:00 29/02/2024 02:00 1259
NC Manaus BRSSZ Santos Brasil 04/03/2024 23:00 05/03/2024 01:00 06/03/2024 01:00
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