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ABSTRACT

Considered one of the most significant costs to aviation, the identification of strategies for aircraft fueling can 
contribute to optimizing air transportation resources. Therefore, this study investigates the practice of fuel tankering, 
addressing a theoretical gap resulting from the lack of comprehensive, network-wide route assessments of fuel tankering 
practices, as current evaluations are predominantly conducted on a per-flight basis. This study employs descriptive 
analysis combined with regression methods to examine public data from Brazilian aviation, supplied by the Brazilian 
National Civil Aviation Agency. The data includes details such as origin, destination, aircraft type, and flight times. 
Additionally, it incorporates fuel price information from the Brazilian National Petroleum Agency, comparing data 
from 2019—before the pandemic—and from 2022 and 2023—after the pandemic. The findings show that a R$1.00 per 
liter increase in fuel price at the source is linked to a reduction of about 32,970 kg in the volume of refueled fuel. This 
suggests that fuel tankering can offer significant cost savings for airlines, especially on routes with high destination fuel 
prices. However, these benefits are balanced by increased CO2 emissions, highlighting a conflict between economic 
gains and environmental sustainability. This study recommends optimizing tankering strategies and aligning them with 
broader regulatory and environmental goals.
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1.	 Introduction
Fuel tankering refers to the practice whereby an air-

craft transports a greater amount of fuel than necessary for 
a single leg of its journey, specifically to circumvent the 
need for refueling at the destination airport. This approach 
increases the aircraft’s weight and the fuel expended 
during the flight. However, it is regarded as a cost-saving 
strategy adopted by many airlines globally, as it offers eco-
nomic advantages in terms of fuel expenses. 

The implementation of fuel tankering is chiefly mo-
tivated by economic considerations, stemming from sub-
stantial discrepancies in state-level aviation fuel taxes, 
which in this case study in Brazil can vary between 4% 
and 25%. Airlines typically evaluate each flight in isolation 
to ascertain whether tankering is advantageous, neglecting 
to consider the cumulative costs across their broader net-
work. Consequently, the practice is often oversimplified 
for execution when fuel prices are lower [1], which can 
even define the strategies adopted by airlines in operations 
at one airport or another [2], thereby increasing their com-
petitiveness by reducing fuel costs [3]. 

In this sense, this study examines the specific case of 
Brazil, owing to the significant market concentration held 
by only three companies: Latam, Azul, and Gol, which 
account for approximately 38%, 31%, and 30% of the 
market, respectively [4]. Airlines engage in tankering to 
mitigate fuel expenditures, given that 90% of tankering 
decisions in Brazil are predominantly influenced by fuel 
prices. This economic strategy enables airlines to maintain 
fiscal stability and competitiveness, particularly given the 
projected 5.1% annual growth in air travel over the next 
two decades, driven by the region’s economic advance-
ment. However, this practice contributes to heightened CO2 
emissions, which contradicts global sustainability initia-
tives. Brazil participates in international agreements, such 
as CORSIA, and has implemented policies, including the 
National Biofuels Policy (RenovaBio), to achieve emission 
reductions [5,6]. 

This study comprehensively evaluates fuel consump-
tion trends and tankering practices within the Brazilian 
commercial aviation sector by integrating descriptive 
analysis with regression methodologies. These analyses 
establish correlations among variables and assess the influ-
ence of critical factors on fuel consumption, facilitating in-
formed decision-making processes and policy formulation 

within the industry.

2.	 Background 
Fuel tankering refers to the practice of carrying an 

excess of fuel beyond what is necessary for a safe flight, 
thereby minimizing or eliminating the need for refueling at 
the destination airport. This practice may be motivated by 
operational necessities, such as the inability to refuel due 
to technical difficulties or fuel shortages, as well as by eco-
nomic factors, like capitalizing on lower fuel costs at the 
departure airport. Fuel tankering can be categorized into 
two types: full tankering, where the fuel required for the re-
turn flight is loaded at the departure airport, and partial tan-
kering, where only a portion of the return fuel is loaded [6]. 

As fuel prices continue to soar to unprecedented lev-
els, the tankering strategy has emerged as a significant op-
tion for airlines seeking financial savings [7]. Fuel tankering 
expenses account for nearly 23% of global airline expens-
es, underscoring the pressing need for more efficient and 
economical refueling strategies [5].

Many factors may influence fuel tankering rates, in-
cluding policies for the development of air transport and 
regional aviation [8,9], fuel prices, flight distances, govern-
ment taxes, and airline operational costs [3,5]. In this sense, 
regional airports are inducers of both regional and national 
economic development [10]. In Brazil, the economy is bur-
dened by considerable taxation on consumption, particu-
larly on fuels, resulting in a tax level that is notably higher 
than that of similar developing nations. These taxes con-
tribute to elevated fuel prices, affecting various economic 
sectors, including air transportation [11].

Notwithstanding environmental challenges, the fuel 
tankering strategy significantly enhances fuel and cost 
efficiency throughout the airline transportation network 
[12]. Airlines can effectively minimize operational costs by 
evaluating various refueling options between departure 
and destination airports [2]. The extension of the tankering 
issue to encompass different refueling locations along a 
route, in conjunction with the cost index flight concept, 
proves particularly advantageous for long-range private 
flights, freight transport, ferry flights, and military opera-
tions. The cost index methodology, which considers time 
and fuel-related expenses, frequently demonstrates that the 
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route characterized by the lowest fuel consumption does 
not inherently represent the most cost-effective option. 
This highlights the relevance of considering fuel and time 
expenses when developing flight plans [7].

3.	 Methods
Data collection included public flight information from 

the Brazilian National Civil Aviation Agency [Agência Na-
cional de Aviação Civil] – ANAC [13], detailing origin, des-
tination, aircraft type, and flight times for the years 2019—
pre-pandemic—and 2022 and 2023—post-pandemic 
period. Furthermore, the airlines included in this analysis 
account for 97% of the Brazilian domestic market share, as 
measured by Available Seat Kilometers (ASK) in 2019 [14]. 
This study also provided data on fuel tankering quantities 
(kg) and routes (origin and destination of flights operating 
under tankering strategies). Additionally, fuel price public 
data, in Brazilian Real per liter (R$/l), were sourced from 
the Brazilian National Petroleum Agency [Agência Nacio-
nal do Petróleo] – ANP from 2018 to 2023 [15].

To preserve airlines’ commercial strategies, all pro-
vided fuel tankering data have been aggregated, and the 
names of the airlines will not be disclosed. All rankings 
were generated using only the airports involved during 
2019, 2022, and 2023, with a focus solely on domestic 
flights for the analysis. Data from 2020 and 2021 were ex-
cluded due to the low volume of flights during that period, 
a consequence of the pandemic. 

A combination of descriptive statistics and regression 
analysis was employed. Initially, the mean and standard 
deviation of fuel tankering quantities were computed for 
each airport and route, providing an overview of fuel con-
sumption patterns. An index was established for each air-
port to account for the variation in the number of flights at 
each location, as some airports experience a significantly 
higher volume of flights. For each route, the index for the 
airport was calculated according to Equation 1, where X 
represents the number of flights for a specific route, Xmin is 
the minimum number of flights across all routes, and Xmax 
is the maximum number of flights across all routes.

(1)

To avoid considering airports that operate seasonally 

or account for occasional flights, only routes with a min-
imum of 48 operations per year, equivalent to at least one 
flight per week, were evaluated. Subsequently, simple 
linear regression models were employed to assess the rela-
tionship between fuel prices and the volume of fuel tanker-
ing at each airport. This methodology quantifies the impact 
of fuel price fluctuations on tankering practices. Equation 
2 was used to adjust the fuel tankering supplied (FTS) ac-
cording to flight frequency for each route. 

(2)

Furthermore, multiple linear regression analysis was 
employed to investigate the combined effects of factors, 
including airport size, flight frequency, fuel prices, and 
geographic location on fuel consumption and tankering 
strategies. In Brazil, fuel prices fluctuate considerably de-
pending on the state and the taxes applied in that location 
[7], which is considered a possible source of bias. This mul-
tivariate approach facilitated a more comprehensive under-
standing of the determinants influencing fuel consumption 
within the Brazilian aviation sector.

4.	 Results
Initially, a descriptive analysis of fuel tankering prac-

tices and fuel prices in Brazilian domestic flights was 
conducted for 2019, 2022, and 2023. Figures 1, 2, and 3 
illustrate the comparative evolution of aviation fuel prices 
in Brazil, based on the average distribution prices in the 
airport region, as published by the ANP for each year un-
der study [15]. This analysis considers state taxes and the 
Tax on the Circulation of Goods and Transportation and 
Communication Services (ICMS), which can be defined as 
a value-added tax applied at each stage of the fuel supply 
process whenever a sale occurs [16]. The color scale rep-
resents the variance in fuel prices, ranging from R$4.2 / 
liter to R$10.5 / liter, with locations exhibiting the lowest 
fuel prices depicted in green. In contrast, areas with higher 
prices are expressed in progressively redder hues.

Figure 1 shows that in 2019, the highest prices were 
in the southeastern region of the country, especially in São 
Paulo state, the most developed in the country. This is also 
clear in Figure 2 for 2022.
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Figure 1. Average Price (R$/l) of Aviation Fuel in 2019.
Note: The color scale in Figure 1 displays fuel prices from R$4.2 per liter (green, lowest) to R$6.3 per liter (red, highest).

Figure 2. Average Price (R$/l) of Aviation Fuel in 2022.
Note: The color scale in Figure 2 displays fuel prices ranging from R$7.7 per liter (green, lowest) to R$10.5 per liter (red, highest).
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Although Figure 3 shows more uniformity in the pric-
es charged across different regions of Brazil, it is evident 
that the prices for a liter of fuel are relatively higher in 
less economically developed areas such as the North and 
Northeast. The average price (R$/l) of aviation fuel dis-
tribution per airport, as shown in Figures 1–3, exhibits 
significant fluctuations between 2019 and 2023, mainly 
due to the COVID-19 pandemic [17]. Prices were generally 
significantly higher in the southeastern states, as most air-
line hub airports are concentrated there. In 2023, a notable 
increase in fuel prices was observed across all states, with 
elevated values in the northeast, a region typically highly 
touristic for travelers in Brazil, as noted in literature from 
the study of Raeder [18]. 

To evaluate the relationship between fuel prices and 
supplied fuel tankering, linear regression was employed, 
considering the fuel prices at the departure airports and the 
quantities of fuel tankering refueled. Figures 4, 5, and 6 
illustrate the volume of fuel tankering supplied per origin 
airport and the average fuel price at each analyzed location 
for 2019, 2022, and 2023.

Analyzing Figure 4 shows that in 2019, Aracaju In-
ternational Airport (SBAR) in the Northeast had the low-
est relative fuel price, but it also had a low tankering rate. 
Conversely, airports in the Southeast, such as São Paulo/
Congonhas Airport (SBSP) and São Paulo/Guarulhos In-
ternational Airport (SBGR), both serving São Paulo, dis-
play the opposite trend, as shown in Figure 5 for 2022.

Figure 3. Average Price (R$/l) of Aviation Fuel in 2023.
Note: The color scale in Figure 3 displays fuel prices ranging from R$6.8 per liter (green, lowest) to R$10.4 per liter (red, highest).



67

Transportation Development Research | Volume 03 | Issue 01 | May 2025

Figure 4. Fuel Price at Departure Station (R$/l) and Amount of Fuel Tankering Supplied (Kg) in 2019.

Figure 5. Fuel Price at Departure Station (R$/l) and Amount of Fuel Tankering Supplied (Kg) in 2022.

Figure 6. Fuel Price at Departure Station (R$/l) and Amount of Fuel Tankering Supplied (Kg) in 2023.
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What stands out in Figure 6 is that, even with the high 
fuel price at Maceió International Airport (SBMO), which 
is R$10.4 per liter, a significant amount of fuel tanker-
ing was supplied in 2023. Although not considered in this 
study, this may be related to airport infrastructure issues or 

specific strategies adopted by airlines at this airport.
In summary, the amount of supplied tankering tends to 

be higher at airports with lower fuel prices. Table 1 high-
lights the 20 routes with the highest tankering volumes for 
2019, 2022, and 2023.

Table 1. Top 20 Most Representative Fuel Tankering Routes by Supplied Quantity (Kg) in 2019, 2022, and 2023.

Route Tankering (Kg) 2019 Tankering (Kg) 2022 Tankering (Kg) 2023 Total Tankering (Kg)

SBCF/SBGR 10,229,628 5,534 842,721 11,077,883

SBGL/SBGR 4,750,325 1,800,502 3,771,082 10,321,909

SBPA/SBSP 4,811,510 3,737,631 439,041 8,988,182

SBCF/SBSP 8,356,921 4,260 14,178 8,375,359

SBBR/SBGR 7,660,365 3,351 6,867 7,670,583

SBBR/SBSP 7,615,687 13,695 13,461 7,642,843

SBCT/SBSP 6,585,851 819,189 9,132 7,414,172

SBCT/SBGR 6,910,432 8,669 3,913 6,923,014

SBSP/SBNF 2,163,273 1,344,921 3,319,468 6,827,662

SBPA/SBGR 5,650,233 601,556 170,868 6,422,657

SBRF/SBGR 6,399,639 4,613 4,886 6,409,138

SBSP/SBVT 1,899,941 2,243,270 1,924,063 6,067,274

SBGR/SBVT 2,214,247 1,496,753 1,925,515 5,636,515

SBFL/SBGR 5,405,846 6,410 3,460 5,415,716

SBBR/SBKP 4,581,437 290,365 381,275 5,253,077

SBRF/SBFZ 4,192,546 766,006 183,044 5,141,596

SBBR/SBTE 2,742,370 1,153,810 1,022,170 4,918,350

SBGR/SBCY 893,594 2,439,702 1,522,779 4,856,075

SBGR/SBNF 1,027,726 1,841,146 1,901,821 4,770,693

SBBE/SBMQ 2,706,954 979,807 804,631 4,491,392

Table 1 demonstrates that tanker decisions have a 
significant impact on fuel prices at destination airports. 
Among the 20 routes exhibiting the highest tankering de-
mand, 60% lead to airports in São Paulo (SBGR, SBSP, or 
SBKP), where fuel prices are comparatively elevated. This 
trend highlights the need for meticulous analysis of eco-
nomic and operational conditions to maximize the finan-
cial benefits of this strategy.

The analysis indicates that an increase of R$1.00 per 
liter in the fuel price at the origin correlates with a reduc-
tion of approximately 32,970 kg in the volume of refueled 
fuel. The negative and statistically significant coefficient 
(p < 0.05) implies that airlines are likely to refuel less 
when prices at the origin are heightened. Nonetheless, the 
R-squared value (0.018) suggests that only 1.8% of the 
variation in the refueled fuel quantity can be attributed to 

the price at the origin.
Likewise, an increase of R$1.00 in the fuel price at the 

destination is associated with a decline of approximately 
44,540 kg in the volume of refueled fuel. The coefficient 
remains statistically significant and negative, reinforcing 
the observed trend. The R-squared value (0.022) is margin-
ally higher, indicating a weak correlation.

Considering the prices at both the origin and destina-
tion, both coefficients stay negative and statistically signif-
icant. A R$ 1 increase in fuel prices at either location leads 
to a reduction of about 23,260 kg and 35,260 kg in refueled 
fuel volumes, respectively. The R-squared value (0.030) 
indicates that fuel prices explain 3.0% of the variation in 
fuel quantity. This confirms that although the relationship 
is statistically significant, it is weak, implying that other 
factors also influence the decision to engage in tankering.



69

Transportation Development Research | Volume 03 | Issue 01 | May 2025

In addition to affecting the financial competitiveness 
of airlines, decisions about tankering can also influence 
greenhouse gas (GHG) emission reduction targets [12], es-
pecially when using Sustainable Aviation Fuel (SAF) [19], 
because even if refueling at a lower cost, the extra fuel 
consumption can undermine the sector’s environmental 
goals [20, 21]. This can also guide efforts in the aeronautical 
industry to develop alternative aviation fuels, such as those 
extracted from forest residues [22], hydrogen-based fuels [23, 

24, 25], or even power-to-liquid fuel [26].
To sustain a competitive aviation market across diverse 

regions and to mitigate the costs associated with trans-
porting fuel in aircraft tanks to areas with higher prices—
thereby increasing weight and aircraft consumption [7]—
regulatory agencies might formulate public policies aimed 
at standardizing pricing throughout the country’s various 
regions through the implementation of legal taxation mea-
sures, primarily aimed at reducing taxes in the sector. Fur-
thermore, enhanced monitoring of the prices charged could 
serve to prevent opportunistic behaviors within the fuel 
supply sector.

5.	 Conclusions
This study has explored the economic potential and 

operational impacts of fuel tankering in the Brazilian com-
mercial aviation industry, providing valuable insights into 
its feasibility and effects. By analyzing fuel prices, opera-
tional costs, and regulatory policies, the study pinpointed 
the conditions where fuel tankering can provide economic 
benefits for airlines.

The findings show that while fuel tankering offers 
significant cost-saving opportunities, especially due to the 
differences in state-level aviation fuel taxes, it also poses 
challenges because of increased CO2 emissions. The anal-
ysis demonstrated that higher fuel prices at both departure 
and destination airports greatly reduce the amount of fuel 
tankered, indicating that airlines respond to price chang-
es while balancing economic benefits with environmental 
concerns.

Moreover, the study emphasizes the relevance of 
thorough planning and a comprehensive evaluation of 
network-wide impacts instead of relying only on isolated 
flight-by-flight decision-making. This approach can en-

hance operational efficiency and cost-effectiveness, es-
pecially in a competitive and growing market like Brazil. 
The contributions of this research cover both theoretical 
and practical aspects. Theoretically, it enhances the under-
standing of the dynamics of fuel tankering and its econom-
ic effects. It offers practical insights for airlines aiming to 
optimize their fuel strategies and for policymakers trying 
to regulate practices that balance economic interests with 
environmental goals. 

Future research should focus on detailed modeling of 
environmental impacts and explore alternative strategies 
that balance cost savings with sustainability. Such efforts 
could also include comparative analyses across different 
countries. Additionally, investigating the long-term ef-
fects of regulatory changes on fuel tankering practices and 
broader industry trends will be essential in guiding policy 
and strategic decisions within the aviation sector.
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