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Abstract— Reducing fuel consumption is a unifying goal across 

the aviation industry. As such the aviation community is 

considering many initiatives in the form of policy, operational 

changes and technology deployment. One fuel-saving initiative 

for the air transportation system is the possibility of holding 

aircraft at the gate, or the spot, until the point at which they can 

taxi unimpeded to the departure runway. The extent to which 

gate holding strategies have financial and environmental benefits 

hinges on the quantity of fuel that is consumed during surface 

operations. Aircraft may execute the taxi procedure on a single 

engine or utilize different engine thrust rates; in addition an 

aircraft might change their fuel consumption rate during the taxi 

phase because of a delay. In the following study, we utilize airline 

fuel consumption data to distill the taxi fuel consumption rate 

both in nominal taxi time and in delayed taxi time for different 

aircraft types towards understanding the fuel consumption rate 

in taxi, both during nominal and delayed times. We find that the 

fuel consumption attributed to a minute of taxi out delay is less 

than the impact of a minute of nominal taxi time; for some 

aircraft types, the fuel consumption rate for a minute of taxi 

delay is half of that for nominal taxi. It is therefore not 

appropriate, even for rough calculations, to apply the nominal 

rates to convert delayed taxi out time into fuel burn. On average 

we find that eliminating taxi delay would reduce overall flight 

fuel consumption by about 1%. When we consider the savings on 

an airport-by-airport basis, we find that some airports could help 

the flights that operate at their airport reduce up to 2% of fuel 

consumption if delay were eliminated on their airfields. 

Keywords-Aviation; Fuel consumption; Taxi Delay Impact; 
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I.  INTRODUCTION  

Reducing fuel consumption is a unifying goal across the 
aviation industry, offering a way to reduce costs, mitigate 
environmental impact, and manage the risks related to fuel 
price fluctuations and uncertainty surrounding future 
environmental policy. As such the aviation community is 
considering many initiatives in the form of policy, operational 
changes, and technology deployment. One fuel-saving 
initiative for the air transportation system is the possibility of 
holding aircraft at the gate, or the spot, until the point at which 
they can taxi virtually unimpeded to the departure runway. The 
extent to which gate holding strategies have financial and 
environmental benefits hinges on the quantity of fuel that is 
consumed during surface operations. Estimating the possible 

fuel savings from gate holding is, however, a challenging task 
as the rate at which aircraft consume fuel in taxi is not well 
understood. Aircraft may execute the taxi procedure on a single 
engine or utilize different engine thrust rates; an aircraft might 
change their taxi fuel consumption rate during the taxi phase 
because of a delay. In the following study, we utilize airline 
fuel consumption data to estimate the taxi fuel consumption 
rate for both nominal taxi time and taxi delay for different 
aircraft types. This enables us to estimate the reduction in fuel 
consumption from adopting gate holding at airports throughout 
the National Airspace System (NAS). 

Delays on the ground are growing as a function of rising 
airport demands and airline mergers [1, 2]; as a result, fuel 
consumed from aircraft surface operations is growing. Saving 
fuel can improve the financial health of airlines, as fuel costs 
grew from 14% of operating costs to 33% percent of operating 
costs from 2003 to 2012 [3]. Reducing fuel consumption also 
provides predictability and financial stability, as airlines are 
better able to plan for the future when their dependency on a 
resource with a wildly fluctuating price is reduced [4]. Finally, 
reducing fuel consumption has significant environmental 
benefits, as ground-based environmental emissions can be 
particularly harmful. While Greenhouse Gas emissions at 
altitude can be particularly harmful in terms of an increased 
warming effect, local pollutants such as CO, NOx, and PM 
have their strongest impact on human health when emitted on 
the ground [5, 6]. In fact, in some metropolitan areas, airports 
are responsible for 10% of NOx emissions in the region [7].  

There is a growing body of research on procedures and 
technologies to reduce the time aircraft spend in surface 
operations and to reduce the fuel consumed during this time. 
Reference [8] investigates the potential of a surface 
management strategy which provide times and sequences for 
flights regarding their release into the aircraft movement area. 
The study finds that, during periods of high traffic, taxi fuel 
consumption from decreased movement and time was reduced 
up to 38 percent. Reference [9] investigates the potential of a 
rate to meter pushbacks from gate to prevent aircraft from 
queuing on the taxiways. In a field test at Boston Logan 
International Airport, the authors found that they were able to 
reduce fuel consumption from surface operations significantly.  
In estimating the fuel benefit, both studies utilize the ICAO 
Emissions Databank, a database capturing fuel flow rates for 
all engine types at different thrust settings, to calculate the taxi 



fuel consumption and savings. Reference [9] assumes two 
engines at a constant thrust to calculate fuel consumption 
during taxi. Reference [8], utilizing a model built by [10], 
assumes two engines at a thrust setting that varies with aircraft 
movement states (stopping, turning, accelerating, moving 
forward at a constant speed, or braking).  

Complimenting this research on surface management 
strategies is a growing movement among aviation stakeholders 
to promote the practice of single engine taxi. A report from the 
International Civil Aviation Organization (ICAO) [11] noted 
that the single engine taxi procedure should be the normal 
departure procedure unless it is precluded by conditions, 
because of a stated large potential for fuel savings [12]. The 
American Airlines (AA) FUEL SMART program suggests a 
company guideline of using one engine during taxi when safe 
and operationally feasible. American Airlines claims that the 
procedure saves more than 2 million gallons of jet fuel and 
eliminates about 42 million pounds of CO2 emissions annually 
[13]. Similar results are found in a study by Spanair which 
quantified the effects of single engine taxi on carbon dioxide 
(CO2) emissions by comparing it with two-engine taxi [14].  

Despite the fuel savings potential of taxiing on a single 
engine, such a procedure cannot always be executed as it is 
sensitive to numerous factors. Larger aircraft types, and aircraft 
with greater take-off weights, may have more difficulties 
taxiing on one engine because additional thrust may be 
necessary to propel the aircraft. The blast from turning on an 
engine can also be significant, and a larger aircraft must take 
care for the trailing aircraft when starting up an engine on the 
taxiway [15]. Because the incidence of single engine taxi is 
unknown, benefit pools from gate holding are not completely 
understood. In the absence of understanding the incidence of 
single engine taxi, researchers have considered the incidence of 
single engine taxi parametrically or avoided the topic all 
together. For example, reference [16] compares single engine 
taxi procedures to procedures with all engines running at two 
case study airports towards estimating the emissions savings 
due to delay reduction. Due to the uncertainty around single 
engine taxi procedures and the absence of airline data regarding 
such taxi procedures, reference [17] does not include ground-
based externalities in a study of the environmental impact of an 
airport closure. 

Uncertainty regarding taxi fuel consumption rates could 
lead to inaccurate fuel savings benefit pool estimates for 
ground-based initiatives, causing airports, governments, and 
ANSPs to make suboptimal investments. To address this 
problem, we utilize airline fuel consumption data to estimate 
the taxi fuel consumption rate both in nominal taxi time and in 
delayed taxi time for different aircraft types. We develop 
statistical models of fuel consumption based on actual airline 
data to isolate the taxi fuel consumption rate during nominal 
taxi time and taxi delay for specific aircraft. We find that the 
taxi fuel consumption rate during taxi delay is smaller – 
sometimes significantly smaller – than the rate for nominal 
taxi. We then employ our model to estimate a benefit pool for 
the reductions taxi delay that would result from implementing 
gate holding, on a per flight and a per airport basis.  

II. ESTABLISHING A GENERALIZED TAXI FUEL 

CONSUMPTION MODEL 

In the following section, we estimate a general (non-airport 

specific) taxi fuel consumption rate by aircraft type. This 

analysis will reveal the rate of fuel consumption during the taxi 

phase, both during nominal taxi time and delay taxi time.  

A. Data Collected 

Data were collected from two sources: the fuel and flight 
statistics data from a major United States-based air carrier, and 
the flight level performance data from the Federal Aviation 
Administration (FAA) Aviation system Performance Metrics 
(ASPM) database. 

A major U.S.-based airline provided data for this study. 
This carrier operates an extensive domestic network. The 
dataset provided from the airline includes all U.S. domestic 
flights between April 2012 and May 2013, inclusive. There are 
altogether 810,227 flights during the 14 months for which data 
is collected. The airline dataset contains flight-by-flight data on 
planned and actual fuel consumption from gate-to-gate, 
planned and actual flight times (including out-off-on-in times), 
takeoff weight, airport origin and destination, distance flown, 
equipment used, and delay information.  

The FAA ASPM flight level database includes individual 
flight data for the 77 large airports in US. It contains the 
unimpeded taxi-out and taxi-in time, as well as the taxi-out and 
taxi-in delay, which is the positive difference between actual 
and unimpeded times. For airborne phase of the flight, the 
dataset provides the difference between the estimated enroute 
time and the actual airborne time, in minutes. 

We merged the ASPM dataset with our carrier dataset by 
flight number, origin airport and destination airport, and year, 
month, and day of the flight. As a result, the final merged 
dataset has, for each individual flight, the unimpeded time and 
delay for the taxi-out and taxi-in phase of flight.  

As we will use the dataset to model fuel consumption and 
the fuel burn rate of a flight varies greatly among aircraft types, 
we estimate separate models for different equipment specified 
in the dataset. The aircraft with sufficient observations in our 
dataset include the A319 (40762), A320 (71245), B757-200 
(104212), B757-300 (15724), DC-9(20929), MD-88(109729), 
and MD-90(50373) (with the number of observations for each 
aircraft type during the 13-month time period in parenthesis). 
These aircraft are commonly used by airlines in the US and 
abroad.   

B. Model Formulation and Estimation 

We seek to statistically estimate the contribution of 
different components of flight time to flight fuel burn. The 
dependent variable ),( acnF is the actual fuel burn in lbs for a 

realized individual flight n operated with equipment ac. Each 
individual flight is operated between a unique origin (o) and 
destination (d) airport, on a given year (y), month (m), and day 
(d).  

The independent variables will capture taxi times (nominal 
times and delayed times) and airborne times (nominal times 
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and delayed times). We note that while there may be other 
possible determinants of taxi fuel consumption beyond time, 
including the number of turns and acceleration patterns, these 
are confirmed to be either small or insignificant [18]. 

Our independent variables begin with a decomposition of 
taxi time. We seek the impact of different flight times and 
delays on actual flight fuel burn. Using the flight-level ASPM 
data which was merged with the airline data, we define 
variable )(_ ntonom  which is the nominal (unimpeded) taxi-out 

time of the fight. This variable indicates the minimum taxi-out 
time for this flight, without any surface disruptions. The 
nominal time is based on analysis of taxi times under low 
traffic conditions [19]. Variable )(_ ntodelay indicates taxi-out 

delay, calculated as the positive difference between unimpeded 
and actual taxi-out time of the flight. Similarly, 
variables )(_ ninnom  and )(_ nindelay  denote the unimpeded 

taxi-in time and taxi-in delay. Also include the squares of these 
delay variables in our models, since it is likely that very long 
delays will result in different fuel burn regimes than shorter 
delays.  

The airborne time and delay information in the ASPM 
dataset is also considered in our model. We calculate the 
unimpeded airborne time for the flight using the flight 
performance dataset. The calculated unimpeded airborne time 
captures the minimum time needed to complete the airborne 
phase of the flight without disruptions, similar to the concept of 
the nominal (unimpeded) taxi times in the ASPM dataset. To 
do this, flights are aggregated by month, OD pair and 
equipment type. The airborne times of the flights in the same 
month, between the same OD pair, and using the same aircraft 
type form a distribution. The 25th percentile of the distribution 
is defined as the unimpeded airborne time, denoted 
as )(_ nairnom . The unimpeded airborne time is merged to 

individual flights by month, OD pair and equipment type. This 
variable represents the airborne time for the flight without any 
disturbance. The positive difference between the actual 
airborne time of the flight and the sum of unimpeded airborne 
time and the difference between the estimated enroute time and 
the actual airborne time captures any en route delay. It is also 
included in our model and is denoted as ),(_ acnairnonholding . 

Also, the positive difference between the actual airborne time 
and the estimated enroute time , denoted as ),(_ acnairdelay  is 

included in the model as well.  

Lastly, the distance of an individual flight, )(ndist  is an 

independent variable in our model. For a given flight time, the 
distance captures the variation in ground speed, which in turn is 
a reflection of airspeed, which is directly related to fuel burn 
rate. The distance was obtained from the airline dataset, and as 
such is the distance from the final filed flight plan.  

As there exists substantial variation in fuel burn activity 
across airports, fixed effects for individual origin and 
destination airports are included in the model. Each flight has a 
specific origin airport ori, and destination airport dest, with the 

fixed effects captured in variables ori and dest . 

Using the variables defined above, we assume a linear 
specification for modeling the variables F(∙) and estimate fuel 
consumption using a fixed effects model. By defining the 
model in this way, the taxi fuel consumption rates will be the 
marginal fuel consumption rate, such that engine start-up will 
be captured by the constant term. We choose a linear form as 
the linear model can be viewed as a first order approximation 
of a more general model around the mean values in the data; 
since we are looking to compare the taxi fuel burn rate 
observed in practice to others used in research, the mean values 
are what we seek to estimate. As mentioned above, the model 
is estimated for different equipment types separately. The 
general model formulation is as below. In addition to parameter 
estimation, we also applied robust covariance estimator 
suggested by [20] to address potential heteroskedasticity, 
which might be expected given the diversity of operating 
environments among airports and in the en route airspace. 
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C. Estimation Results 

Estimation results regarding seven major aircraft types are 

presented in Table 1. The nominal taxi fuel consumption rates 

range from roughly 30 to 70 lbs/minute. These represent 

marginal fuel consumption rates, since effects such as engine 

start-up are captured by the constant term. We also see that 

taxi fuel consumption rates for taxi-out delay are consistently 

lower than the rates of fuel consumption during nominal taxi- 

out time. This reflects that taxi-out delays are associated with 

single engine operation or lower engine thrust, saving fuel. 

Table 1 also shows the fuel flow assuming 7% engine 

power for each (a common assumption for engine settings 

during the taxi phase as discussed by [18] assuming two 

engines are operating, as reported by ICAO [11]. We see that 

in general our nominal taxi fuel consumption rates reflect 

these ICAO rates. The rates estimated for taxi fuel 

consumption during delayed periods, however, are 10%-50% 

less than the ICAO two-engine rates. In short, a flight that 

experiences delay during taxi is expected to have a lower 

average taxi fuel consumption rate but a higher overall fuel 

consumption total compared to a similar, non-delayed flight. 

Table 1 also shows that the square of the taxi-out delay is 

negative and significant. Combined with the linear-taxi out 

delay term, this implies that the fuel burn caused by taxi-out 

delays is concave in delay-duration. This is probably because 

longer delays involve more extended periods of single engine 

operation.  

 



TABLE 1 ESTIMATION RESULTS OF 8 AIRCRAFT TYPES’ FIXED EFFECTS MODELS (DEPENDENT VARIABLE: ACTUAL FUEL BURN IN LBS) 

 AC Type DC9 757-300 757-200 A320 A319 MD88 MD90 

 ICAO 2-engine taxi fuel 

consumption rate 

(lbs./minute) 

38.5 50.3 50.3 33.9 33.9 36.24 32.8 

Parameter 

Notation 
Variable Description Parameter estimates (P-value) 

1  
Nominal Taxi Out Time (in 

Minutes) 

38.40 

(<0.0001) 

46.76 

(0.0008) 

68.32 

(<0.0001) 

38.62 

(<0.0001) 

36.42 

(<0.0001) 

32.33 

(<0.0001) 

29.58 

(0.0002) 

2  Taxi Out Delay (in Minutes) 
34.23 

(<0.0001) 

27.49 

(<0.0001) 

29.50 

(<0.0001) 

27.76 

(<0.0001) 

25.53 

(<0.0001) 

32.22 

(<0.0001) 

28.35 

(<0.0001) 

3  
Taxi Out Delay Squared (in 

Minutes Squared) 

-0.19 

(<0.0001) 

-0.08 

(0.0100) 

-0.11 

(<0.0001) 

-0.13 

(<0.0001) 

-0.12 

(<0.0001) 

-0.16 

(<0.0001) 

-0.19 

(<0.0001) 

1  

25th Percentile of Actual 

Airborne Time (the 25th 

percentile of actual airborne 

time for flights in the same 

month, between same OD 

pair and with the same 

aircraft type, in Minutes) 

96.89 

(<0.0001) 

131.62 

(<0.0001) 

119.12 

(<0.0001) 

89.20 

(<0.0001) 

84.11 

(<0.0001) 

102.34 

(<0.0001) 

94.76 

(<0.0001) 

2  
Airborne Delay (the holding 

time portion of the actual 

airborne time, in Minutes)  

88.98 

(<0.0001) 

100.92 

(<0.0001) 

93.53 

(<0.0001) 

75.97 

(<0.0001) 

69.98 

(<0.0001) 

98.19 

(<0.0001) 

82.73 

(<0.0001) 

3  

Non-holding Airborne 

Time(the positive difference 

between actual airborne time 

minus airborne delay 

(holding time), and the 25th 

percentile of actual airborne 

time, in Minutes) 

139.99 

(<0.0001) 

164.35 

(<0.0001) 

136.65 

(<0.0001) 

120.46 

(<0.0001) 

117.47 

(<0.0001) 

138.48 

(<0.0001) 

145.59 

(<0.0001) 

  
Travel Distance (in Nautical 

Miles) 

3.17 

(<0.0001) 

1.29 

(<0.0001) 

0.68(<0.00

01) 

1.52 

(<0.0001) 

0.89 

(<0.0001) 

1.81 

(<0.0001) 

2.04 

(<0.0001) 

1  
Nominal Taxi In Time (in 

Minutes) 

81.24 

(<0.0001) 

98.66 

(<0.0001) 

174.51 

(<0.0001) 

175.87 

(<0.0001) 

133.07 

(<0.0001) 

155.45 

(<0.0001) 

200.73 

(<0.0001) 

2  Taxi In Delay (in Minutes) 
37.06 

(<0.0001) 

14.88 

(<0.0001) 

31.77 

(<0.0001) 

16.32 

(<0.0001) 

16.91 

(<0.0001) 

24.09 

(<0.0001) 

27.91 

(<0.0001) 

3  
Taxi In Delay Squared (in 

Minutes Squared) 

-0.35 

(<0.0001) 

0.27 

(<0.0001) 

-0.24 

(<0.0001) 

-0.02 

(0.7050) 

0.08 

(0.1286) 
-0.10 (0.0721) 

-0.28 

(0.0003) 

 Number of observations 20,929 15,724 104,212 71,245 40,762 109,729 50,373 

 Adjusted R-squared 0.958 0.983 0.985 0.981 0.975 0.965 0.965 
Note:  

1. To save space, origin and destination airports fixed effects estimates are not presented in this table. 

2. Breusch-Pagan test suggests rejecting the homoscedasticity assumption. Thus, robust standard error estimator is used to correct heteroskedasticity among error terms. 

III. INDIVUDAL FLIGHT AND SYSTEM WIDE BENEFITS 

ASSESSMENT  

The results of the previous section yield estimates of the 

relationship between taxi out delay, among other factors, and 

fuel consumption. In this section, we use those results to 

estimate the reduction in fuel consumption that could be 

obtained from gate holding. It follows that the taxi out delay 

should be zero in the ideal scenario. As a result, fuel 

consumption before and after gate holding would vary by a 

factor of the taxi out delay term ( 2 ) and squared taxi out 

delay term ( 3 ) from Eq. 1. For each of the 412,974 realized 

flights in our 13-month airline dataset, we 

calculate )(_)()(_)( 2
32  todelayactodelayac   as the 

reduction in fuel consumption that would result from gate 

holding. This represents the maximum saving that can be 

gained from reduced delay that could result from gate holding. 

We calculate this value at the individual flight level and then 

aggregate and extrapolate to obtain airline and national level 

estimates. The results are shown in Table 2. For the aircraft 

types included in our dataset, in a scenario where taxi out 

delay does not exist, the fuel consumption would be reduced 

by around 80-160 pounds per flight, ranging across different 

aircraft types. As a percentage of total flight fuel consumption, 

this savings ranges from 0.7% to 1.6% of total flight fuel 

consumption. It is notable that these values are comparable to 

the savings estimated from use a continuous decent approach 

as compared to a conventional step-down approach. Another 

way to interpret the fuel saving is in the form of savings in 

CO2 emissions. The last column in Table 2 shows the saving 

of fuel translated into CO2 emissions in the unit of kg. To 

convert excess fuel consumption into kgs of CO2, we utilize 

the U.S. Environmental Protection Agency conversion factor 

for Jet Fuel [21]. The per flight saving of CO2 emission ranges 

from 120 to 230 kg. 

The annual total savings in fuel consumption across our 

study airline is shown in the second to last row of Table 2. The 

airline-wide total saving weighted by aircraft type is 50 

million pounds of fuel, translating into 7.4 million gallons of 

fuel (applying a conversion rate of 6.79 lbs/gallon for jet fuel). 



And on average the saving accounts for 0.89% of the total 

flight fuel consumption. 

In an effort to see the impact of reduced taxi out delay on 

the entire domestic aviation system, we expand our results 

from the aircraft types and the specific airline we studied to all 

aircraft types and all domestic airline flights in the national 

aviation system. This assumes that the flights considered in 

our models represent a reasonably representative sample of the 

larger domestic airline flight population. In the last row, these 

savings are presented. In total, the annual saving of fuel burn 

is 959 million pounds of fuel, translating into 141.2 million 

gallons. At $2 per gallon fuel price and $0.05/kg for the social 

cost of carbon emissions [22] this translates into a potential 

benefit pool of about $350 million per year. 
 

TABLE 2 BENEFIT ANALYSIS RESULTS 

Aircraft Type No. of Flights Fuel Saving per Flight (lbs) 
Total Fuel Consumption 

per Flight (lbs) 

Percentage of 

Fuel Saving 

CO2 Emissions 

Saving per Flight 

(kg) 

A319 40,762 81.72 10185.51 0.80% 117.35 

A320 71,245 90.13 12274.86 0.73% 129.43 

B757-300 15,724 131.02 18856.71 0.69% 188.14 

B757-200 104,212 129.47 15962.20 0.81% 185.92 

DC9 20,929 161.93 10104.89 1.60% 232.53 

MD88 109,729 134.65 13400.29 1.00% 193.36 

MD90 50,373 127.82 13246.10 0.96% 183.55 

Annual Total Flights No. of Flights Total Fuel Savings (lbs) Fuel Consumption 
Percentage 

Fuel Saving 

Total CO2  

Emissions Saving 

Study Airline (Selected 

Aircraft Types) 
412,974 49,907,145 5,599,000,000 0.89% 71,666,661 

National Aviation System 

(All Aircraft Type) 
7,935,194 958,953,536 107,583,000,000 0.89% 1,377,057,293 

 

IV. AIRPORTS BENEFITS ASSESSMENT  

In the final section, we consider the possible fuel savings 

from reducing taxi out delay on a per airport basis. There is 

high policy relevance for looking at this issue on an airport-

by-airport basis. The U.S. Federal Aviation Administration is 

currently investing in and implementing a large-scale airspace 

modernization initiative titled the Next Generation Air 

Transportation System (NextGen). NextGen has both air and 

ground components. Improved surface operations, enabled by 

enhanced communication, improved situational awareness, 

and technologies to optimize traffic flow are a major 

component of NextGen [23]. Airports are taking part in 

NextGen in a highly contextual way; as the FAA seeks to 

maximize their investments, each airport is evaluated for the 

possible benefits from different NextGen procedures and 

technologies. For example, a recent airport-specific project 

includes the continuous descent approach procedures coupled 

with precise navigation and other new procedures at Seattle-

Tacoma International Airport, which are estimated to save 

Alaska Airlines 2.1 million gallons of jet fuel annually [24]. 

As airports individually will be the focus of NextGen 

technologies and procedures, understanding the value of 

reducing taxi delay from a fuel perspective on an airport-by-

airport basis produces a value input into NextGen benefits 

assessment.  

To understand the airport-by-airport benefit we study the 

potential flight fuel consumptions savings on an individual 

airport basis. To do so, we cluster flights in our dataset by 

origin airport. Then, for each flight, we again calculate the fuel 

saving from reduced delay per 

flight: )(_)()(_)( 2
32  todelayactodelayac  . We then 

average the values for each airport across the total number of 

operations for that airport in our dataset. Fig. 1 presents the 

average per-flight taxi out delay fuel savings (in lbs) for the 

top 20 airports with the largest possible taxi out delay fuel 

savings and the top 20 airports with the smallest possible taxi 

out delay fuel savings. (Note that the axes are on different 

scales.) These are airports for which our study airline had at 

least 1,000 operations over the 13 month period.  



  

Top 20 Airports with the Largest Possible Taxi Out Delay Fuel 

Savings 

Top 20 Airports with the Smallest Possible Taxi Out Delay 

Fuel Savings 

  
Average per flight pounds of fuel saved Average per flight pounds of fuel saved 

Figure 1 Airport-by-Airport Taxi Out Fuel Savings 

 

We can see from Fig. 1 that the highest possible savings 

from reducing taxi out delay are from the airports known for 

high levels of surface congestion: the New York Metropolitan 

Area Airports (LaGuardia (LGA), Newark (EWR), and 

Kennedy (JFK)), and the major hub airports such as Atlanta 

(ATL), Houston (IAH), Chicago (O’Hare, ORD), Philadelphia 

(PHL), Washington Dulles (IAD), Minneapolis-St. Paul 

(MSP), and Washington National (DCA). At these airports, an 

average flight could save 100-150 lbs of fuel, and up to 270 

lbs at LGA.  

For the 20 airports with the smallest possible fuel savings 

from reducing taxi out delay, the savings are on the order of 

60-80 lbs of fuel per flight, with some airports such as 

Portland OR (PDX) and Sacramento (SMF) in the 20-40 lbs 

range.  

Fig. 1 also shows the percentage fuel consumption due to 

taxi delay at each airport. We find that, for about the 10 

airports with the highest overall savings from reducing taxi 

delay, the average flight consumes about 1% of its fuel in taxi 

delay, with LGA and EWR having percentages greater than 

1%. While some airports in the “bottom 20” are close to 1% 

possible savings, most are around 0.5-0.6%. These 

percentages show us that, at the airports with high levels of 

surface congestion, initiatives that greatly reduce taxi delay 

are commensurate with other existing NextGen initiatives.   

V. CONCLUSIONS 

This analysis shows the possibility to reduce fuel 

consumption through taxi delay reductions from gate holding 

strategies. We find the average potential fuel consumption 

reduction from eliminating taxi delay to be about 1% of total 

fuel consumption. When we consider the savings on an 

airport-by-airport basis, we find that some airports could help 

the flights that operate at their airport reduce up to 2% of fuel 

consumption if delay were eliminated on their airfields.  

In performing this analysis, we decomposed surface 

operations into nominal and delayed taxi time to establish the 

relationship of both quantities of time on fuel burn. Notably, 

we find that the fuel consumption attributed to a minute of taxi 

out delay is less than the impact of a minute of nominal taxi 

time; for some aircraft types, this effect is up to one-half as 

great. It is therefore not appropriate, even for rough 

calculations, to apply the nominal rates to convert delayed taxi 

out time into fuel burn. As taxi delays grow, the rate of fuel 

consumption for a minute spent in taxi decreases even further, 

and the likelihood that an aircraft is employing fuel saving 

measures during taxi such as taxiing on a single engine is 

greatly increased.  

This study demonstrates the power of an airline data set in 

improving and deepening our understanding of how fuel is 

consumed in practice. From this conclusion, we propose that a 



publicly available repository of airline fuel consumption data 

could greatly enhance fuel consumption research and 

modeling. There is strong precedent for such a database. The 

Bureau of Transportation Statistics collects vast amounts of 

aviation data through numerous databases including the 

Airline Origin and Destination Survey (DB1B) Market 

database which collects a 10% sample of all tickets purchased 

on reporting US carriers; Form 41, which contains monthly 

data on costs and operating statistics on an airline-aircraft 

basis; the Airline On-Time Performance Data, which includes 

operational statistics for individual flights; and many others. 

There is significant experience with this data in the research 

and government community, and, in the absence of individual 

flight fuel consumption data, researchers have worked to 

model fuel consumption in an aggregate manner with this data 

(there are numerous examples, such as [25] and [26]. A 

database that captures a 10% sample of airline fuel 

consumption data without capturing identifying flight 

characteristics (as in flight number) could greatly contribute to 

the ability to model operational fuel consumption and provide 

tools to government decision-making teams towards 

improving and refining their modeling capabilities.  
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APPENDIX: AIRPORT ABBREVIATIONS  

LGA -- LaGuardia Airport 

EWR -- Newark Liberty International Airport 

JFK -- John F. Kennedy International Airport 

ATL -- Hartsfield-Jackson Atlanta International Airport 

IAH -- George Bush Intercontinental Airport 

BOS -- Gen. Edward Lawrence Logan International Airport 

FLL -- Fort Lauderdale–Hollywood International Airport 

ORD -- Chicago O'Hare International Airport 

DTW -- Detroit Metropolitan Wayne County Airport 

PHL -- Philadelphia International Airport 

IAD -- Washington Dulles International Airport 

CLT -- Charlotte/Douglas International Airport 

MSP -- Minneapolis–St. Paul International Airport 

BNA -- Nashville International Airport 

MIA -- Miami International Airport 

SNA -- John Wayne Airport 

DCA -- Ronald Reagan Washington National Airport 

SFO -- San Francisco International Airport 

LAX -- Los Angeles International Airport 

LAS -- McCarran International Airport 

MEM -- Memphis International Airport 

DEN -- Denver International Airport 

PHX -- Phoenix Sky Harbor International Airport 

MCO -- Orlando International Airport 

PBI -- Palm Beach International Airport 

AUS -- Austin-Bergstrom International Airport 

BUF -- Buffalo Niagara International Airport 

IND -- Indianapolis International Airport 

JAX -- Jacksonville International Airport 

MCI -- Kansas City International Airport 

BDL -- Bradley International Airport 

SAT -- San Antonio International Airport 

PIT -- Pittsburgh International Airport 

SEA -- Seattle–Tacoma International Airport 

CLE -- Cleveland-Hopkins International Airport 

TPA -- Tampa International Airport 

RSW -- Southwest Florida International Airport 

DFW -- Dallas/Fort Worth International Airport 

STL -- Lambert-St. Louis International Airport 

PDX -- Portland International Airport 

SMF -- Sacramento International Airport 

 


