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Abstract: The majority of emissions from aviation come from the combustion of the fuel required to
operate each flight. Keeping the fuel consumption required for a safe flight to the absolute minimum
is therefore the simplest and most effective way to ensure that emissions from that flight are kept
to a minimum. In practice, however, the fuel load is determined by each aircraft operator on the
basis of a number of criteria maximizing first cost efficiency, rather than fuel savings. In this context,
tankering is the practice of carrying more fuel than is necessary for the safe execution of the flight to
avoid or minimize refueling at the destination airport. It offers an economic advantage when there is
a significant difference in fuel prices between the departure and arrival airports, but considerably
increases the amount of emissions produced, because the more fuel an aircraft carries, the heavier it is,
and carrying this extra weight increases its fuel consumption. This paper presents the steps followed
by EUROCONTROL in conducting a first study to estimate the number of times this practice would
offer an economic benefit and the amount of extra CO;, emissions that would result. This study,
limited to flights up to 1500 and 2500 NM, corresponding mainly to short and medium-haul flights,
estimates that, in 2018, 21% of ECAC (In this paper, ECAC refers to the geographical region defined
by the 44 member states that signed the European Civil Aviation Conference) flights would perform
fuel tankering beneficially. This would represent a net saving of 265 M€ per year for the airlines,
but the burning of 286,000 tonnes of additional fuel (equivalent to 0.54% of ECAC jet fuel used), or
901,000 tonnes of CO, per year. At a time when aviation is challenged for its contribution to climate
change, the use of fuel tankering for economic reasons is therefore highly questionable.

Keywords: fuel tankering; CO, emissions; economic benefit; fuel price

1. Introduction

As aviation is a highly competitive market, airlines must do everything possible to
minimize their operating costs, in particular regarding fuel cost, which account for 17 to
25% of their operating expenses [1]; this goes even up to 50% for some low-cost carriers.
Furthermore, as the majority of aviation emissions come from the combustion of the fuel
needed to operate each flight, it would seem logical that keeping the fuel consumption
required for each flight to the absolute safe minimum is the simplest and most effective way
to ensure that both the emissions from that flight and the total cost of the fuel embarked
are minimized. This would mean carrying as little fuel as possible for the safe execution of
each flight. This is not the case.

In practice, safety and special considerations at the destination airport aside, the fuel
load is determined by each aircraft operator according to a number of criteria that maximize
cost savings rather than fuel savings.

Fuel tankering is a practice used in this context.
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2. What Is Fuel Tankering

Fuel tankering is a practice whereby an aircraft carries more fuel than required for its
safe flight in order to reduce or avoid refueling at the destination airport [2].
Fuel tankering can be done for two reasons:

e  When it is operationally not possible or desirable to refuel at the destination airport,
due to circumstances, such as the following;:

= social disruption;

» technical failures of the refueling installation;
» fuel shortages;

= contaminated fuel at destination airport;

« very short turnaround times;

» risks of delays.

e To achieve savings when the cost of fuel and associated services at the departure
airport is significantly lower than at the destination airport.

There are two types of fuel tankering:

e  Full (fuel) tankering, which consists in transporting all the fuel needed for the return
flight from the departure airport to avoid refueling at the destination airport, and

e  Partial (fuel) tankering, which consists in transporting only part of the fuel needed for
the return flight and performing only partial refueling at destination.

Under the European Union Aviation Safety Agency regulations (CAT.OP.MPA.150 Fuel
policy), before departure, the captain must ensure that every flight carries sufficient fuel
for the planned operation and reserves to cover deviations from the planned operation:

o Taxi fuel: The fuel necessary for taxi, which should not be less than the amount
expected to be used prior to take-off;

e  Trip fuel: The fuel required from the start of take-off, through climb, cruise, descent,
and approach to touchdown at destination;

e  Reserve fuel consisting of:

O Contingency fuel (3 to 5%): This fuel is carried to cover unforeseen variations
from the planned operation. For example, different winds or temperatures
from forecast, or air traffic control restrictions on levels and speed. It can be
used any time after dispatch (once aircraft moves under its own power). It
cannot be planned to use before. More likely, it is used for delays on departure
or arrival;

O Alternate fuel: The fuel to cover a possible “Go around” or a landing at an
alternate airport;
O Final reserve: For 30 min at International Standard Atmosphere 1500 feet above

the alternate airport;

O Discretionary fuel (or 15 min of holding fuel if the flight is planned with
no alternate (go-around at destination, climb, cruise, descent, approach, and
landing at the selected alternate airport);

O Extra fuel, which should be at the discretion of the commander.

In other words, fuel tankering is the practice of adding more fuel than what is required
by the fuel policy for a safe flight.

3. Purpose of This Study

Until now, the very few studies on fuel tankering [3-9] have focused mainly on its
economic benefits for a single or a limited number of flight.

However, as illustrated on Figure 1, when a return flight between two airports A and
B, carry part or all of the fuel needed for its return flight (B-A), an “extra” amount of fuel is
burnt just to carry that additional fuel on the first leg (A-B). This is because the additional
fuel carried when doing fuel tankering increases the weight of the aircraft and thus its
fuel consumption, resulting in additional CO, emissions. ICAO Doc 10013 [2] indicates
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that “The extra fuel burn attributable to additional weight carried on board an aircraft is
typically on the order of 2.5 to 4.5% of the additional weight, per hour of flight, depending
on the characteristics of the aircraft.” Fuel tankering has therefore an environmental impact.

Fuel carried and burnt in case of no Fuel Tankering

Fuel burnt Arrival
fromAtoB airport

Departure
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Figure 1. Example of extra fuel burn for a return flight between two airports with and without

fuel tankering.

As the demand to accelerate the decarbonization of transport becomes more and more
pressing, it is relevant to estimate the extent of the environmental impact of fuel tankering.
The purpose of this paper is to present the results of a first study whose aim was to estimate
what the impact of fuel tankering would be at ECAC level in 2018 on the basis of the actual
collected data (i.e.,: fuel prices at airports in June 2018, and passenger load factor at that
time, etc.). In the future, it would be interesting to carry out sensitivity analyses to see the
economic limits of this practice by varying fuel prices and under different hypotheses of

passenger load factor, etc.

4. Study
The study was conducted with the following steps, data, and assumptions.

4.1. Steps of the Study

e  STEP 1: Verify that fuel tankering is a common practice that deserves to be studied
and that no regulatory instruments already exist to dissuade airlines from tankering

fuel or to compensate for its impact on the environment;
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STEP 2: Calculate the fuel tankering efficiency with EUROCONTROL Base of Aircraft
Data (BADA) models based on typical types of aircraft flying in ECAC airspace and
for all the possible distances flown;

STEP 3: Calculate the number of flights for which full or partial tankering is opera-
tionally possible;

STEP 4: Estimate the economic opportunity of tankering.

4.2. Data Used and Assumptions

The statistics required for the calculations were derived from June 2018 traffic in the
ECAC area;

The estimated tankering results for this month has been extrapolated to a year by
applying a linear extrapolation based on the number of flights for which fuel tankering
was feasible. However, the extrapolation made does not take account of any influence
of seasonal traffic patterns;

The study covered aircraft models representing 66% of flights in ECAC;

Aircraft performance was based on EUROCONTROL BADA model. BADA is the
international reference in aircraft performance modeling for trajectory prediction
and simulation. Based on the best available reference data on aircraft performance,
BADA reproduces realistically the geometric, kinematic and kinetic aspects of aircraft’s
behaviour over the entire operational flight envelope and in all phases of flight;

The optimal flight level calculated for performing full fuel tankering was used in
the model.

The following limits have been taken into account: Maximum take-off weight, Maxi-
mum landing weight, Maximum fuel load of each aircraft type;

An average 20 min was used for the taxi-out; This value was calculated using average
taxi-out times provided by EUROCONTROL Central Office of Delay Analysis for the
busiest European airports;

The CO, emission factor used is 3.15 kg CO; per kg of fuel burn;

Fuel prices negotiated at 140 airports in ECAC from 2 major airlines were used;

The payload was calculated with a load factor of 80.3% [10] and 124 kg /passenger;
A profit threshold of €30 was used as a pivotal point in the decision to go into
fuel tankering; but this is a very cautious assumption as some airlines use €15 as
a pivotal point;

A cost of €20/tonne has been set for a tonne of CO, allowances; this is also a very
conservative assumption because not every tonne of CO, requires the purchase of
CO, allowances;

In the tables presented in our study “Trip fuel” is composed of the following elements:
Taxi + Climb Cruise Descent + Approach to Touchdown. The “Reserve fuel” is
composed of the following elements: Contingency + Alternate + Final reserve;
When, for a round trip, both full and partial fuel tankering were possible, our model
always privileged full fuel tankering.

4.3. Flights Excluded from the Study

Military flights performed by military aircraft and customs and police flights; search
and rescue; state flights;
Flights not performed under instrument flight rules (IFR) only.

4.4. Study Limitations

Due to the coverage of airline negotiated fuel price data we were able to access,
the study was limited to flights up to 1500 (Full tankering) and 2500 NM (Partial
tankering). As a result, the aircraft models considered are mainly operated on short
and medium-haul.

Furthermore, due to the physical fuel capability of the aircraft models considered:

O For full tankering, flight legs of more than 1500 NM were not considered,
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O For partial tankering, flight legs of more than 2500 NM were not considered.

e  The impact of fuel tankering for reasons other than fuel price differences at airports
was not considered (e.g., shorten turnaround or fuel shortage).

e  The possibility of tankering fuel for more than one leg, which the software of some
airlines is able to calculate, has not been estimated.

4.5. STEP 1: Verify That Fuel Tankering Is a Common Practice That Deserves to Be Studied and
That No Regulatory Instruments Already Exist to Dissuade Airlines from Tankering Fuel or to
Compensate for Its Impact on the Environment

We started by conducting a series of interviews of pilots from airlines, business
aviation dispatchers and handling agents. They confirmed that fuel tankering was a
practice commonly used by airlines. They reported that 15% of the time they are performing
full fuel tankering, and another 15% for partial fuel tankering. They also reported that
fuel tankering is done in 90% of cases for fuel price reasons, and only in 10% of cases for
social disruption, technical failures at the refueling facility, fuel shortages, risks of delays,
or contaminated fuel at destination airports.

In fact, this practice is so common that, to assist the captain in calculating the optimum
tankering, most airlines use operations centre software (e.g., Lido and Sabre) that ensures
compliance with fuel policy but also takes into account the cost of fuel that the airline has
negotiated at the airports it serves to determine the maximum amount of fuel that could be
added on top if cost-effective. A patent has recently been published by Honeywell for a tool
to further enhance fuel tankering and fully exploit its economic benefits [11]. Unexpectedly,
in ICAO Doc. 10013 [2], which deals with “Operational Opportunities to Reduce Fuel Burn
and Emissions”, the recommendation to reduce the use of fuel tankering is presented as
a measure to reduce cost rather than highlighting the amount of additional emissions it
generates, particularly CO, emissions.

Then, we investigated whether instruments already exist to limit its practice or com-
pensate for its environmental impact. The only instrument currently in place that could
have had this effect is the European Union Emissions Trading Scheme (EU ETS).

However, the inclusion of aviation in the CO, European EU ETS currently in place is
not sufficient to limit the practice of tankering for economic reasons. First of all, Aviation
EU ETS only covers flights within the European Union and therefore excludes flights for
which one of the two airports served is located outside this area. For example, flights from
Africa, America, Asia, China, Middle East, or Russia, are not subject to the EU ETS. In
addition, as of today, 85% of the CO, emission quotas of the aviation EU ETS, determined
when the baseline was established, are still free of charge.

Furthermore, as pointed out by Daley and Preston, in [12], care should be taken to
ensure that the introduction of new policies does not amplify the practice of tankering. [12]
quotes: “if fuel taxes were not introduced globally, economic distortions could occur,
creating an incentive for airlines to uplift cheaper fuel—by tinkering—in countries where
the tax did not apply, with the net effect that aviation emissions could increase—hereby
negating the original purpose of the tax (Wit et al., 2004, p. 43)”. However, as we observed
in STEP 2, even in this case, this phenomenon would be limited by the physical capability
of the aircraft to perform tankering and the possibility for airlines to adapt their business
model to this new tax and the new possible traffic patterns. The purpose of this study is
not to address the influence that new policies could have on the practice of tankering.

4.6. STEP 2: Identify When Fuel Tankering Is Operationally Feasible in ECAC

The capacity of aircraft to transport fuel is not infinite. Multiple factors influence the
amount of fuel an aircraft can carry for a specific flight. It depends on the aircraft model,
the type of engines it is equipped with, the size and options of the fuel tank fitted, its
maximum take-off and landing weight, the distance flown, the specific conditions and
situation at each airport and, most importantly, its payload.
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% Extra fuel burnt
compared with one trip fuel burnt

The first step is therefore to estimate, for each type of aircraft, its capacity to carry
different amounts of additional fuel (the amount of tankering in % of the fuel necessary
for the return flight) over different distances, for different flight levels, and the amount of
extra fuel burn due to the transport of this additional fuel. This was established with the
help of BADA.

Figure 2 is an example of the “extra” fuel burn for one of the most representative
aircraft models flying in ECAC for several distances and flight levels over which it can be
operated. It can be seen that the % of extra fuel burnt on the first leg A to B, while carrying
the full fuel required for the return leg B to A, varies a lot depending on the flight level,
distance flown, and the % of tankering carried (due to the additional weight).

55 T T T T T T I T
sl FL 290 )
FL 300
FL 310 i B
45k FL 320 : E |
FL 330 ' '
FL 340 B e R
4+ FL 350 . o o8 o .
FL 360 g : ~
FL 370 :
35 |
3+ —~
25 1
2+ ~
15 .
1 | 1 1 || || | | |
200 250 300 350 400 450 500 550 600 650

Flight distance (NM)

Figure 2. % of extra fuel burnt for full fuel tankering on various flight distances for a specific aircraft model.

Figure 2 also helps to determine the % of extra fuel burnt at a flight level by a specific
aircraft model.

Each aircraft weight has its own optimum flight level for a given distance. This is
what is consider here, we determine the optimal flight level taking into account the new
aircraft weight when performing full fuel tankering.

However, when reading it, it should not be concluded that the lower % of “extra” fuel
burnt at the lowest flight levels (e.g., FL 290) translates into lower overall fuel consumption
compared to higher flight levels (e.g., FL 350). Indeed, at these flight levels, the aircraft is
well below its optimum cruising level, and will therefore consume much more fuel than at
flight levels closer to this optimum. It is therefore necessary to convert to absolute kg of
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Total fuel burnt for a round trip of 600NM each leg
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(carrying fuel for total return flight in the first leg)

total fuel burnt to determine the optimum flight level to be used for carrying the “extra”
fuel tankered.

Figure 3 shows that for a 600 NM flight of this aircraft model, the absolute minimum
fuel burnt for carrying all the fuel required for the return flight (“full fuel tankering”) will
be obtained if the flight is cruising at 36,000 ft (FL 360). The percentage of extra fuel burn
compared to the fuel burn for one trip at its optimum flight level (36,000 ft or FL 360)
compared to other possible flight levels is highlighted in Figure 4. This percentage of
additional fuel burn is useful in determining the threshold at which it will be cost effective
to tanker fuel, as explained below.

1

7300
320

325 330 335 340 345 350 355 360 365 370
FL

Figure 3. Total fuel burnt (kg) for full fuel tankering at various flight levels (hundreds of feet).

In this study, it was assumed that all flights would fly at their optimum flight level, but
in reality, this is not always possible due to limited en route capacity or flight level capping
between two city pairs (e.g., Between Paris and Frankfurt, flights are capped at 23,000 ft
(FL 230) in one direction and 24,000 ft (FL 240) in the other direction, and are therefore
burning even more fuel to carry the extra fuel compared to flying closer to 36,000 ft (FL 360)
for this distance and weight. Consequently, in this study the extra fuel burn estimates due
to tankering are very conservative.

Let us take the example of one of the most representative short-medium haul European
aircraft on a 600 NM round trip flight, a distance close to the average distance of 585 NM for
ECAC flight, between two airports A and B (Figure 5). The total weight of the aircraft model
chosen consists of 43.7 tonnes of empty operating weight, plus 17.6 tonnes of payload,
and 4.5 tonnes of fuel consisting of 3.6 tonnes for the flight and 0.9 tonnes of reserve and
taxi. This model has a maximum fuel load capacity of 23.5 tonnes of fuel, and a maximum
take-off weight of 77 tonnes.
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% Extra fuel burnt
compared with one trip fuel burnt
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Figure 4. % of extra fuel burnt for various flight distances for a specific aircraft mode with optimum flight cruise level deter-

mined.

Maximum
Fuel Load
23.5 tonnes

Trip a-b fuel 3.6 ton
Reserve + Taxi 0.9 ton

Maximum

Takeoff Weight No tankering _
77 tonnes Maximum

Landing Weight
66 tonnes

Trip fuel Reserve
4.5 tonnes 0.7 tonnes
] A-B trip fuel burnt Payload
17_% (e 3.59 tonnes 17.6 tonnes
Operational Operational
empty weight - empty weight

43.7 tonnes T 43.7 tonnes
600 NM

Figure 5. Example for a 600 NM flight with no tankering.

When not doing tankering (Figure 5), the fuel consumption of this aircraft model over
this distance is 3.59 tonnes. On arrival at airport B, there is 0.7 tonnes of reserve fuel left,
and the total weight of the aircraft does not exceed 66 tonnes certified maximum landing
weight for a safe landing.

By tankering all the fuel needed for the return leg (B-A) from airport A over a 600 NM
flight (Figure 6), this flight burns 167 kg of fuel on top of the 3.59 tonnes of fuel burnt when
not doing tankering. This represents 4.66% more fuel burnt. Consequently, if the fuel price
negotiated by its airline operator at the destination airport B is 4.66% more expensive than
at the departure airport A, and that the potential cost saving is above the profit threshold, it
might be worthwhile for this operator, from an economic point of view, to decide to tanker
all the fuel necessary for the return flight (B-A) from the departure airport A.
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Maximum
Fuel Load
23.5 tonnes

Trip a-b fuel 3.6 tonnes
Trip b-a fuel 3.6 tonnes

Extra fuel due to full

tankering 0.17 tonnes
Reserve + taxi 0.9 tonne:

No tankering
Maximum
Fuel Load

23.5 tonnes

Trip a-b fuel 5.2 ton
Reserve + Taxi 1.2 ton

Maximum
Fuel Load
23.5 tonnes

Maximum . Maximum Landing
Takeoff Weight Full tankerlng Weight
77 tonnes 66 tonnes

Trip b-a fuel 3.6 tonnes

Round Trip fuel A-B trip fuel burnt Reserve + taxi 0.9 tonnes

8.2 tonnes 3.76 tonnes Payload
Payload (167kg extra fuel and 17.6 tonnes
17.6 tonnes 528kgC(;2,.4.?6%ofA- Operational
Operational e empty weight
empty weight 43.7 tonnes
43.7 tonnes

S

600 NM :

Figure 6. Example for a 600 NM flight performing a full (100%) tankering.

However, above 600 NV, it is no longer possible for this aircraft model to do full
tankering, only partial tankering could be envisaged.

Let us take the example of a 900 NM flight with the same aircraft model as before,
same empty operating weight of 43.7 tonnes, same payload of 17.6 tonnes, same maximum
fuel load capacity of 23.5 tonnes of fuel, and same maximum take-off weight of 77 tonnes.
It will need 6.4 tonnes of fuel to perform this flight, consisting of 5.2 tonnes for the trip and
1.2 tonnes of reserve. When not doing tankering (Figure 7), the fuel consumption of this
aircraft model over this distance is now 5.19 tonnes. On arrival at airport B, there is 1 tonne
of reserve fuel left, and the total weight of the aircraft does not exceed 66 tonnes certified
maximum landing weight for a safe landing.

Maximum
Takeoff Weight )
77 tonnes Maximum
Landing Weight
. 66 tonnes

Trip fuel Reserve
6.4 tonnes . 1 tonne
Payload A-B trip fuel burnt Payload
17.6 tonnes 5.19 tonnes 17.6 tonnes
Operational Operational
empty weight - empty weight
43.7 tonnes 43.7 tonnes

\T

900 NM
Figure 7. Example for a 900 NM flight with no tankering.

Under the same operational assumptions mentioned above, this type of aircraft cannot
do 100% fuel tankering on a 900 NM flight but only a maximum of 50%, otherwise it would
exceed its authorized landing weight at airport B. At 50% fuel tankering (Figure 8), this
flight burns 3.66% more fuel than if it had not carried that “extra” fuel. Consequently, if
the fuel price negotiated by its airline operator at the destination airport B is 3.66% more
expensive than at the departure airport A, it might be worthwhile for this operator, from an
economic point of view, to decide to tanker 50% of the fuel necessary for the return flight
(B-A) from the departure airport A.

Maximum Maximum Landing
Takeoff Weight Weight
77 tonnes 66 tonnes

Trip b-a fuel 2.6 ton

Trip a-b + 50% trip b-a fuel Reserve + taxi 1.2 ton

9.2 tonnes Payload
Payload 17.6 tonnes
17.6 tonnes .

Trip a-b fuel 5.2 tonnes Gl A-B trip fuel burnt Sﬂ:’)g?lﬁ;@m

Trip b-a fuel 2.6 tonnes 5.38 tonnes

Extra fuel due to i??%‘x&m - B s

tankering 0.2 tonnes
Reserve + taxi 1.2 tonnes

7

50% tankering 900 NM

Figure 8. Example for a 900 NM flight performing a 50% partial fuel tankering.
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4.7. STEP 3: Calculate the Number of Flights for Which Full or Partial Tankering Is
Operationally Possible

After having determined the tankering capability for each aircraft model, it is necessary
to estimate how many aircraft of the same model operated in ECAC could potentially do
tankering and at what percentage level. This is illustrated in Figure 9, which shows for one
specific aircraft model the percentage of fuel tankering possible as a function of the flight
distance in NM and the percentage of additional fuel burnt.

5.5 T

T
5 Full
r . 0, 1 .
tankering 80%, Partial 609, Partial . )
tankering  tankeri 40%, Partial
2Bl ankering ) |
tankering
=
T af
.
L35 /
=
=
5 3t _—
3 / 20%, Partial
S o5 P4 tankering
e~ /
g /
g€ o 7
o
k)
15F
X
1k
05
0 1 ! "
200 400 600 800 1000 1200 1400 1600 1800

Flight distance (NM)

Figure 9. % of extra fuel burn as a function of % of tankering and distance flown for a specific
aircraft model.

Once the percentage of tankering capacity for this aircraft model for several theoretical
distance flown are obtained, they have been applied to the real traffic in ECAC grouped by
distance flown as illustrated in Figure 10.

% of flight and % of feasible tankering per distance
SR T T T T T T T 1100

g .- 80% fights could do up to 40% partial tankering | 80 -

15 s £

: 74 68% flights could do up to 60% of partial tankering o

Zi =

£ ¢ 58% flights could do up to 80% partial tankering | 60 @

| -

= 50% flights could do full tankering ©

& 1 g
o

B 4 3

(&}

@

0.5 X

20

0 500 1000 1500 2000 2500 3000 3500 4000 4500
flight distance (NM)

Figure 10. % of flight and % of feasible tankering per distance.

4.8. STEP 4: Estimate the Economic Opportunity of Tankering

The fact that it is “technically possible” for a flight to make a full or partial tankering,
does not mean that the airline operating that aircraft will decide to do so. Putting aside
safety and special considerations at the destination airport (B), it was assumed in our
model that this decision will be based on the cost savings that can be made, thanks to the
difference in fuel prices negotiated at airports A and B.

As can be seen in Figure 11, the average worldwide price of jet fuel is not constant. It
is largely influenced by the crude oil price.
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Figure 11. Average world
economics/fuel-monitor/).

price of crude Oil and Jet Fuel (IATA index Platts; https://www.iata.org/en/publications/

In addition, the following factors influence also the price of jet fuel in each airport:
Country;

Taxes (Fuel taxes in some ECAC country only for domestic flights), and refining costs;
Negotiation period;

Profit, quantities, and supply competition at airports;

Distribution technique;

Purchasing power and size of the aircraft operator’s fleet.

Generally, each airline negotiates, with a fuel provider, a fuel price at each airport it
serves for an agreed duration.

In addition, most airlines protect themselves against major fluctuations in fuel prices
for the next six months to two years by using various hedging strategies and instruments.
However, “hedging” has no significant effect on existing fuel price differences between
airports, and could only marginally reduce the benefit of tankering [13,14].

Airlines negotiated fuel prices are commercially sensitive data and must remain
confidential. For this reason, the values presented on the map (Figure 12) are averaged
values calculated from the fuel prices negotiated by the airlines for which we were able to
obtain this information. Nevertheless, it shows that there are large differences between fuel
prices at airports, e.g., Fuel price at Amsterdam (purple dot, so 0%) is among the cheapest
in Europe. Fuel price at Ibiza and Hamburg or Oslo (yellow dots) is 30% more expensive
than the cheapest airports, such as Amsterdam. Fuel price at Heathrow (light cyan dot) is
20%more expensive than the cheapest airports, such as Amsterdam, but 20% cheaper than
Glasgow (red dot, 40%).

In this study, we considered that each tonne of CO, emitted required the purchase of
CO; allowances, which, as explained in STEP 1, is not the case. This cost is deducted from
the benefit of doing tankering.


https://www.iata.org/en/publications/economics/fuel-monitor/
https://www.iata.org/en/publications/economics/fuel-monitor/
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Figure 12. Illustrative fuel price difference at airports.

Figure 13 shows the net savings that could be achieved according to different percent-

ages of fuel tankering and different fuel price for a 600 NM flight. It must be noted that this
figure is simplified while in the real processing there was a 10% step for every partial fuel
tankering and real fuel price difference from some airlines. In the figure, it can be seen that
the economic advantage of fuel tankering is not always possible. For differences in fuel
prices between airports (A and B) of 2 and 5% the benefits do not reach the 30€ threshold.
For a fuel price difference of 10% and for tankering from 40 to 100% the cost savings range
from 44.4 to 94.9€. At a fuel price difference of 20% and tankering from 20 to 100% the cost
savings range from 66.5 to 292.5€.

Practice

20% tankering
40% tankering
60% tankering
80% tankering
Full tankering

F v ¥

600 NM

@

'} ] L} [}
Fuel 2% Fuel 5% Fuel 10% Fuel 20%
cheaper in cheaper in cheaper in cheaper in
& f Kport A airport A airport A
Extra fuel  Extra CO» K =\ Na_at se_lving eI
e | Cmrenas | erfiesiior (considerifig extra  (conSide 1g ¢xtra (considering extra  (considering extra
trip A-B trip fuel\and fuel and COz fuel and CO-
allowance's allowances) allowances)
20.4 kg 64.1 kg 27.0€ 66.5 €
56.5 kg 177.3 kg 444 € 123.5€
93.6 kg 293.9kg 61.2€ 179.7 €
130.7 kg 410.5kg 779€ 236.0 €
167.5 kg 526.0 kg 94.9€ 2925 €

(LTI

Figure 13. Net saving and airport fuel price difference vs % of fuel tankering for a 600 NM flight.

Finally, by applying the Steps 2, 3, and 4 described above to all ECAC flights and

aircraft models considered in the simulations, the following results were obtained:

As indicated in the Table 1 fuel tankering could result in a net saving of 265 M€ per

year for the airlines, but would generate 286,000 additional tonnes of fuel burnt (equivalent
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to 0.54% of ECAC jet fuel used) and 901,000 tonnes of CO; emissions in the ECAC area
per year.

Table 1. Evaluated Net savings due to tankering versus Extra CO, emitted.

Cost of Net Saving =
Extra Fuel Burnt Cost to Transport Extre} CO, Purchasing CO, Tankering Saving
(tonnes/year) Extra Fuel Emitted Allowances — [Extra Fuel +

y (M¢€/year) (tonnes/year) (Mé€/year) CO; Cost]

y (M¢€/year)
Full tankering 160,000 88 504,000 10 217
Partial tankering 126,000 69 397,000 8 48
Total tankering 286,000 157 901,000 18 265

8%
7%
6%
5%
4%
3%
2%

% flights doing tankering

1%
0%

Figure 14 shows that on the short and medium-haul fleet, the percentage of flights that
could perform full fuel tankering decreases with the distance to be flown. This is mainly
due to the fact that as the distance to be flown increases, the aircraft has to carry much more
fuel from the departure airport (Airport A), therefore increasing its landing weight at the
destination airport (Airport B). When this landing weight exceeds the certified Maximum
Landing Weight, full fuel tankering is not possible anymore. Partial tankering in turn takes
over until itself reaches its operational limit, for the same reasons, at more than 1500 NM.
Besides, it is obvious that the difference in fuel price has also a certain influence.

——full tankering  —e—partial tankering

0-300 300-600 600-900 1,500-2,500

Flight Distance

900-1,500

Figure 14. % of flights which could exercise fuel tankering (and save money by doing so), per distance flown.

Figure 15 shows that distance matters, the longer the distance to be covered, the more
fuel needs to be tankered, leading to an increase in extra fuel burn. It should be noted that
doubling the distance travelled results in more than doubling the fuel needed to carry this
extra fuel, and thus the resulting emissions.

Figure 16 shows the distribution of the 160,000 tonnes of additional fuel burnt
(505,000 tonnes of CO,) due to full fuel tankering and the 126,000 tonnes of additional fuel
burnt (397,000 tonnes of CO,) due to partial tankering per distance flown. It clearly shows
that the partial tankering is mainly performed over long distances in ECAC and represents
a significant part of the extra fuel burnt. Although only 4.5% of flights perform partial
tankering, they account for nearly half of the CO, emissions (44%) due to this practice.
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Figure 15. Extra fuel burn per distance flown.

——full tankering  —e—partial tankering
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Figure 16. Tonnes of extra fuel burn per distance flown.

5. Conclusions

As aviation is a very competitive market, airlines must do everything possible to
minimize their operating costs, in particular regarding fuel cost, which represents 17 to
25% of their operating expenses [1]; this goes even up to 50% for some low-cost carriers.
Consequently, airlines are using tools for identifying the value of performing fuel tankering,
a practice whereby an aircraft carries more fuel than required for its flight in order to save
costs. However, fuel tankering is not without environmental consequences, as the more
fuel an aircraft carries, the more fuel it burns and the more CO; it emits. The use of fuel
tankering by long-haul flights will be the subject of a future study. This study is limited to
flights up to 1500 and 2500 NM, corresponding mainly to short and medium-haul flights.
It is estimated that fuel tankering could result in a net saving of 265 M€ per year for the
airlines, but would generate 286,000 additional tonnes of fuel burnt (equivalent to 0.54% of
ECAC jet fuel used) and 901,000 tonnes of CO, emissions in the ECAC area per year. This is
equivalent to about 2800 round-trips between Paris and New York or the annual emissions
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of a European city of 100,000 inhabitants. This is a substantial economic benefit but also
a significant environmental impact. Consequently, fuel tankering could offset the benefit
of initiatives to save fuel and reduce aviation CO, emissions. At a time when aviation
is challenged for its contribution to climate change, a practice, such as fuel tankering,
that generates significant additional CO, emissions is questionable. Unfortunately, the
COVID19 crisis has created such economic pressure that airlines have intensified the
practice of fuel tankering since then, as reported by some pilots.
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