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1.0 Executive Summary 

The purpose of this study was to develop a statewide annual emission inventory for 
Texas airport activities for the calendar year 2011.  The 2011 annual inventory included 
all counties in the state of Texas with the exception of those in the Dallas-Fort Worth 
(DFW) Metropolitan Planning Organizations’ planning area.  Those counties include 
Collin, Dallas, Denton, Ellis, Henderson, Hood, Hunt, Johnson, Kaufman, Parker, 
Rockwall, and Tarrant counties.  Emissions were developed for all criteria pollutants 
and hazardous air pollutants (HAPs) where appropriate data were available.  Lead 
emissions were also developed for air taxis and general aviation activities associated 
with piston aircraft using aviation gasoline.   

The emissions associated with airport activities include: 

 Commercial aviation (SCC: 2275020000) 
 Air taxis 

— Piston driven (SCC: 2275060011) 
— Turbine driven (SCC: 2275060012) 

 General aviation 
— Piston driven (SCC: 2275050011) 
— Turbine driven (SCC: 2275050012) 

 Military (SCC: 2275001000) 
 Auxiliary Power Units (SCC: 2275070000) 
 Ground Support Equipment 

— CNG-fueled (SCC: 2268008005) 
— Diesel-fueled (SCC: 2270008005) 
— Gasoline-fueled (SCC: 2265008005) 
— LPG-fueled (SCC: 2267008005). 

In order to estimate emissions from these sources, 2011 activity data provided by local 
airports were compiled and supplemented with publically available 2011 activity data .  
Two approaches were used to estimate emissions from the compiled activity data.  If the 
activity data had aircraft specific data, the Federal Aviation Administration’s (FAA) 
Emissions and Dispersion Modeling System (EDMS) was employed.  If such detailed 
data were not available, then ERG applied a more general approach for different aircraft 
types (i.e., air taxis, general aviation, and military aircraft) using available generic 
emission estimating procedures. 

In 2011, general aviation aircraft outfitted with piston engines account for 27% of the 
total aircraft activities, including activity associated with auxiliary power units and 
ground support equipment. General aviation aircraft outfitted with jet engines, military 
aircraft, commercial aircraft, air taxi aircraft outfitted with jet engines, and air taxi 
aircraft outfitted with piston engines account for 21%, 8%, 7%, 6%, and 3% of the total 
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aircraft activities, respectively. Auxiliary power units and ground support equipment 
contribute 10% and 18% to the total aircraft activities, respectively.  Harris County has 
the highest activity with the airports located in Harris County, accounting for 20% of all 
Texas activity in scope for this project. 
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2.0 Introduction 

2.1 Purpose and Objectives 

The purpose of this study is to develop a statewide annual emissions inventory for Texas 
airport activities for the calendar year 2011.  The 2011 annual inventory includes all 
counties in the state of Texas with the exception of those in the DFW Metropolitan 
Planning Organizations’ planning area. Those counties include Collin, Dallas, Denton, 
Ellis, Henderson, Hood, Hunt, Johnson, Kaufman, Parker, Rockwall, and Tarrant 
counties. Emissions are developed for all criteria pollutants and hazardous air 
pollutants (HAPs) where appropriate data are available.  Lead emissions were also 
developed for air taxis and general aviation activities associated with piston aircraft 
using aviation gasoline. 

In order to develop the comprehensive inventories for the aircraft source category, the 
following objectives were met: 

 Compile 2011 activity data from available local and national data sources, 
 Calculate 2011 emissions estimates using EDMS 5.1.3 and generic emission 

factors, 
 Summarize activity and emissions data, and 
 Format activity and emissions data into XML. 

The methods used for this study comply with the United States Environmental 
Protection Agency (EPA) guidance on developing aircraft emissions inventories as 
stated in the Quality Assurance Project Plan for the Development of a Commercial 
Aircraft Hazardous Air Pollutants Emission Inventory Methodology1. It should be 
noted that the engine specific factors used in the model were derived from testing data 
used to certify the engines and as such these factors account for U.S. and international 
emission standards.  The inventories will be used to support the State Implementation 
Plan (SIP) and other airport related inquires.  

2.2 Report Organization 

Section 3.0 of this report identifies the national and local activity data sources included 
in this study. This section describes how each activity data source is employed in terms 
of compiling the 2011 activity dataset. This section also documents any assumptions or 
manipulations that had to be made to each data source to facilitate the compilation of 
the activity dataset. 

Section 4.0 summarizes the emission estimation methodology and the results of the 
2011 emissions inventory.  Summary emissions tables are provided on a statewide and 
county level basis for the criteria pollutants. 
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The criteria and hazardous air pollutant emissions associated with airport activities are 
included in the access database submitted with this report. 

2.3 Background 

This report covers airport activities as point sources.  The aircraft source category 
includes all aircraft types used for public, private, and military purposes. Aircraft tend to 
emit significant amounts of nitrogen oxides (NOx), volatile organic compounds (VOC), 
and carbon monoxide (CO); as well as smaller amounts of sulfur dioxide (SO2), and 
particulate matter (PM). Following are the four typical aircraft types and their Source 
Classification Codes (SCC): 

 Commercial aviation (SCC: 2275020000) 
 Air taxis 

— Piston driven (SCC: 2275060011) 
— Turbine driven (SCC: 2275060012) 

 General aviation 
— Piston driven (SCC: 2275050011) 
— Turbine driven (SCC: 2275050012) 

 Military (SCC: 2275001000) 

Commercial aircraft transport passengers, freight, or both. Commercial aircraft tend to 
be larger aircraft that are driven with jet engines. Air taxis (AT) which are also 
considered to be commercial aircraft are usually smaller (less than 60 passenger) 
aircraft that operate on a limited basis compared to larger commercial aircraft that 
which carry between 60 and 800 passengers. General aviation (GA) includes most other 
aircraft used for recreational flying and personal transportation. Aircraft that support 
business travel, usually on an unscheduled basis, are included in the GA category. 

The national AT and GA fleet includes both jet and propeller-driven aircraft. Most of the 
AT and GA fleet are made up of piston (or propeller) driven aircraft, though smaller 
business jets can also be found in these categories. The piston driven aircraft tend to 
have higher VOC, PM, and CO emissions and lower NOx emissions than larger jet-
powered aircraft. According the EPA, 72.1% of all GA activity are powered by propeller-
driven aircraft and 27.9% are jet (or turbine) driven; and 21.8% of all AT activity are 
powered by propeller-driven aircraft and 78.2% are jet (or turbine) driven.2 EPA has 
used this estimate as a national-scale default value in recently published studies 
investigating lead emissions from aviation sources. 

Military aircraft cover a wide range of aircraft types such as training aircraft, fighter jets, 
helicopters, and jet- and propeller-driven cargo planes of varying sizes. Because of a lack 
of information concerning the make-up of the military aircraft fleet, EPA has assumed 
that most military aircraft are jet-powered.  
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3.0 Data Sources of Texas Airport Activities Inventoried 

3.1 National Data Sources of Texas Airport Activities 

To estimate emissions from aircraft operating in Texas, ERG used the activity data 
compiled by EPA intended for use in the 2011 National Emissions Inventory (NEI). 
Activity data were compiled from the following sources: 

 Bureau of Transportation Statistics (BTS) T-100 segment dataset,3 
 FAA Terminal Area Forecast (TAF) dataset, and 4 
 FAA Airport Master Record (5010) dataset.5 

The compiled data are adjusted for duplicates associated with the three datasets, and 
supplemented with local data discussed further in Section 0.  This section discusses each 
data source investigated for this project summarizing the publically available data and 
noting any limitations or data gaps. 

3.1.1 T-100 Dataset 

The T-100 data is an activity dataset that includes information provided by domestic 
and international commercial air carriers. During the time period of this study, only 
January through August activity data were available for 2011.  In order to obtain the 
missing months from the 2011 activity dataset, data from September through December 
for 2010 were adjusted to reflect 2011 data using scale factors developed from the TAF 
dataset. This dataset had the most specific data of the three datasets.  The T-100 data 
included airport, aircraft make and model, and LTO cycle data. The engine information 
was incorporated into the dataset from the FAA’s Emissions and Dispersion Modeling 
System 5.1.3 (EDMS) default engine list.  The aircraft categories were assigned to each 
aircraft with the assumption that T-100 only includes commercial aircraft and air taxis.  
Aircraft were assigned the AT aircraft category, if the number of seats on the aircraft 
were less than or equal to 60, otherwise the aircraft was assigned to the commercial air 
carrier (AC) category Appendix A summarizes the T-100 data used for this study. 

3.1.2 TAF Dataset 

The TAF dataset is an FAA dataset derived from a variety of sources such as reported 
traffic at FAA towered facilities, data reported directly by airports and FAA derived 
estimates from historical information. This dataset includes airport, aircraft categories, 
and operations data. 

The aircraft categories included AC, AT, military (MIL), and GA.  As mentioned in 
Section 2.3, it can be assumed that 72.1% of all GA activity are powered by propeller-
driven aircraft and 27.9% are jet (or turbine) driven; and 21.8% of all AT activity are 
powered by propeller-driven aircraft and 78.2% are jet (or turbine) driven.  The aircraft 
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categories from AT and GA were broken out into piston and jet engines.  This breakout 
is important because piston engines have different emission factors than jet engines.   

For consistency between the other two datasets, the TAF operations data were converted 
into LTO cycles.  There was overlap between the TAF dataset and T-100 dataset.  The T­
100 activity had a higher priority than the TAF dataset because it had greater detail; 
consequently the duplicate data were removed from the TAF dataset.   

3.1.3 5010 dataset 

The 5010 dataset was EPA compiled data from the FAA’s airport 5010 master plan data 
and estimated activity levels based on statistical techniques described in greater detail in 
the EPA aviation lead report from December 20106. The 5010 data were provided to the 
states via the EPA’s National Emissions Inventory (NEI).  This data includes airport, 
aircraft categories, and LTO cycle data.   

The aircraft categories include AC, AT, MIL, and GA.  The aircraft categories provided 
by the EPA in the 5010 dataset were AT and GA broken out into piston and jet engines 
as they tend to include some of the smallest airports and landing strips.  Local Activity 
Data and Control Strategies for Medium and Large Airports 

3.1.4 Contacting Airports 

The medium to large airports were contacted in order to provide 2011 activity data and 

to identify and characterize control strategies used or planned at each airport.  The 

medium to large airports identified for contacting were based on estimated activity 

levels. Thirty five candidate airports were identified that had 19,000 LTO cycles or 

more in the previous 2008 inventory. These candidate airports accounted for 32% of 

the activity in Texas, not including airports included in the DFW Metropolitan Planning 

Organizations’ planning area. 


Once the medium to large candidate airports were identified, each airport was contacted 

by telephone and asked to provide the following. 


 2011 landing & take-off data for the airport,  

 Average taxi-in and taxi-out times for the airport, and 

 List emission control strategies (i.e. gate electrification, auxiliary power units,   


etc.) for 2011and the expected emission reduction. 

Of the airports contacted 40% of the airports submitted 2011 operations data, 26% 
submitted taxi time estimates, and 11% provided control strategies.  ERG located 2011 
operations data for 9% of the airports by conducting internet searches at each airport 
website. Table 3-1 summarizes the airports that ERG contacted and their responses.  
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4.0 Summary of 2011 Emissions 

4.1 Emission Estimation Methodology 

To develop the most accurate aircraft emission inventory possible, two different 
approaches were required. If aircraft-specific data were available, ERG used the FAA’s 
EDMS model in conjunction with detailed aircraft activity data from T-100 (Texas T-100 
data are provided in Appendix A). If such detailed data were not available, then ERG 
applied a more general approach for different aircraft types (i.e., air taxis, general 
aviation, and military aircraft) using available generic emission estimating procedures. 
Using these two complementary approaches provides the most accurate emission 
estimates for the larger commercial jets, which tend to be the most significant aircraft 
emission source, while still providing estimates for smaller aircraft. 

4.1.1 Emissions and Dispersion Modeling System 

There are a total of 1,620 airports in Texas excluding those in the DFW Metropolitan 
Planning Organizations’ planning area; 44 are large airports for which detailed aircraft 
activity data were available. To estimate 2011 emissions for these large airports, ERG 
used local data, when available and T-100 segment data (summarized in Appendix A) in 
conjunction with the FAA EDMS model – version 5.1.3. 

EDMS is an emission estimating tool developed by the FAA. EDMS is capable of 
estimating criteria and HAP emissions from a variety of stationary and mobile sources. 
Stationary sources include fuel storage tanks, power and heat generation, surface 
coating, degreasing, and incineration. Mobile sources include aircraft, auxiliary power 
units (APUs), ground support equipment (GSE), road traffic (including shuttle bus 
services), and vehicle emissions from parking areas. 

For the 2011 emissions inventory, the EDMS analysis was limited to aircraft, APU, and 
GSE emissions. Note that emissions from APU and GSE are reported separately to the 
NEI and have their own SCC codes. The APU SCC code is 2275070000, and the GSE 
SCC codes are 2265008005, 2267008005, 2268008005, and 2270008005 for GSE 
fueled by gasoline, LPG, CNG, and diesel, respectively. 

EDMS allows users to customize time-in-mode and mixing height to provide greater 
precision of aircraft emissions. Time-in-mode is synonymous with the LTO cycle 
discussed above. For each large airport, ERG developed airport specific taxing and 
idling times and mixing height to adjust time-in-mode for approach and climb out 
modes. Taxing and idling times were collected from on-time performance reports 
submitted to BTS by certificated air carriers.7 Upper-air weather observations were 
collected by the National Climatic Data Center and published by the EPA Support 
Center for Regulatory Air Models.8 ERG identified the closest weather service station to 
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each large airport. The mixing height provides a vertical cutoff for EDMS modeling of 
aircraft emissions. 

For each individual aircraft make and model (e.g., Boeing 747-200 series), EPA has 
assigned an engine type and code, which can be linked to the engines in EDMS. EDMS 
incorporates the latest aircraft engine emission factors from the International Civil 
Aviation Organization Engine Exhaust Emissions Data Bank.9  

EDMS uses the following equation to estimate aircraft emissions: 

Eil = ∑ Tk × NEjl ×(FFjlk / 1000) × (EIjlk) × LTO jl 

Where: 
Eil = Emission of pollutant i in pounds produced by the aircraft make j 

and model l 
Tk = Operating time in mode k (min)  
NEjl = Number of engines associated with aircraft make j and model l 
FFjlk = Fuel flow for individual engine used on aircraft make type j and 

model l operating in mode k(lbs/min) 
EIilk = 	 Emission index for pollutant i for each engine associated with 

aircraft make j and model l operating in mode k (lbs of pollutant 
/1,000 lbs of fuel) 

i = Pollutant (i.e., HC, VOC, CO, NOx SO2) 
j = Aircraft make (e.g. Boeing, McDonald Douglas, Airbus) 
l = Aircraft model (e.g., B-737 300 series) 
k = Mode (approach, taxi, climbout). 

APUs are most often on-board generators that provide electrical power to the aircraft 
while its main engines are shut down and to provide startup power form the main 
engines. The APU is, in effect, a small jet engine and the calculations for the emissions 
generated by it are similar to that of an aircraft engine operating in one optimal power 
setting only. APU emissions are generated per LTO cycle. 

Emissions from APUs are estimated using the following equation: 

Eij = T × (FFj/1,000) × (EIij) 

Where: 
Eij = Emission of pollutant i in pounds produced by the auxiliary power 

unit installed on aircraft type j for one LTO cycle 
T = Operating time per LTO cycle (min)  
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FFj = Fuel flow for each auxiliary power unit used on aircraft type j 
(lbs/min) 

EIij = Emission index for pollutant i for each auxiliary power unit used on 
aircraft type j (lbs of pollutant /1,000 lbs of fuel) 

i = Pollutant (i.e., VOC, HC, CO, NOx SO2) 
j = Aircraft type (e.g., B-737, MD-11) 

APU emissions can be reduced by using electricity and pretreated ventilation air from 

the terminals, where local data indicated that such activities are part of the facilities 

emission reduction strategy, ERG reduced APU emissions by 90% based on EPA 

guidance for the following airports: 


 George Bush Intercontinental (IAH) 

 Austin-Bergstrom Intl. (AUS)
 
 William P Hobby (HOU) 

 San Antonio Intl. (SAT) 

 El Paso Intl (ELP) 

 Lubbock Preston Smith Intl. (LBB) 

 Valley Intl. (HRL). 


Upon arrival at a gate, aircraft are met by GSE to unload baggage and service the 

lavatory and cabin. Prior to aircraft departure, GSE are present to load baggage, food, 

and fuel. When an aircraft departs from a gate, a tug may be used to push or tow the 

aircraft away from the gate and to the taxiway. GSE emission factors used by EDMS 

were derived from EPA’s NONROAD2005 model and are based on the following 

variables: fuel, brake horsepower, and load factor.
 

GSE emissions are estimated by applying activity data to an appropriate emission factor 

as noted in the following equation: 


EE = A × EF × (1-CE/100) 

Where: 
EE = Emission estimate (tons per year) 
A = Annual activity level 
EF = Emission factor (tons/activity) 
CE = Anticipated emission reduction (percentage) 

GSE activity level (minutes per arrival, minutes per departure) is assigned based on the 
type of service. For example, a fuel truck servicing a large commercial aircraft has a 
different operating time than the same fuel truck servicing a smaller aircraft.  
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EDMS provides emission estimates for NOx, HC, VOC, CO, SO2, PM10, PM2.5, and 
HAPs. 

4.1.2 Generic Emission Estimating Procedures 

EDMS can provide emission estimates if the aircraft make and model are known. Often 
this is not the case for air taxis, general aviation, and military aircraft activity in the TAF 
and 5010 datasets. For 1,611 smaller airports operating in Texas with the exception of 
those in the DFW Metropolitan Planning Organizations’ planning area, ERG used the 
generic approach that relies upon representative criteria emission factors provided by 
EPA. The following equation was used: 

Eixj = LTOi  × FRpro-i × EFij 

Where: 
Eixj = Emission estimate for aircraft type i equipped with engine type x 

and pollutant j (lbs/year) 
LTOi = Annual count of LTO cycles for aircraft type i 
FRx = Fraction of LTOs equipped with engine type x 
EFij = Generic emission factor for aircraft type i equipped with engine type 

x and pollutant j (lbs/LTO) 
i = Aircraft type (i.e., air taxi, general aviation, and military) 
x = Engine type (i.e., jet or turboprop, and piston engine) 
j = Criteria pollutant j 

Critical to the calculation is the application of representative emission factors that 
account for the different aircraft in the national fleet. Table 4-1 lists the generic emission 
factors for criteria pollutants by aircraft type.10 U.S. EPA OTAQ staff have recently 
review the generic criteria emission factors used for this Texas inventory and 
recommended the use of new VOC/HC conversion factors (1.15)11; this correction was 
made to the files used for this project.  

As discussed above, EPA has assumed that 72.1% of all GA activity are powered by 
propeller-driven aircraft and 27.9% are jet (or turbine) driven; and 21.8% of all AT 
activity are powered by propeller-driven aircraft and 78.2% are jet (or turbine) driven, 
with the exception of the 5010 data where the piston and jet engines were already 
disaggregated; and that commercial and military aircraft are jet driven. For this 
emissions inventory, ERG has used EPA’s engine fleet assumptions to be consistent with 
data submittals provided by other states. 
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Appendix A 

T-100 Data Used in EDMS Model 




































































 

 

 

 

 

Appendix B 

Communication Log – Comprehensive Log of Communication 


Between ERG and Each Airport
 



















 

 

 

Appendix C 

Houston Area Airports: 2011 Activity Submittal 










































 

 

 

Appendix D 

2011 Operations Data: Lonestar Executive Airport 


Submitted as Annual Totals by Specific Aircraft Type Categories 
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