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ABSTRACT

The growth of air travel in California is
becoming a concern for air quality planners. Air
travel throughourt the U. S. has grown more than
5% per year for the past decade and that growth
is expected to condnue. California has become
one of the fastest growing air transportaton links
to the Pacific Rim, pushing its average growth
even higher. This has resulted in airport-related
actviry becoming an increasing component of
the state’s emission inventcry.

This report is a reference guide to emission
mitgation techniques thar can be applied to air-

craft and their operations, the ground support
equipment that service aircraft ar airports, and
other airport on-road and off-road emission
sources such as maintenance, passenger, and
employee vehicles. Each measure is described
along with guidelines for its use and constraints
that may limit its effectiveness. The informa-
ton in the report can be used to quantify emis-
sion reductions that result from operational, pro-
cedural, or technological changes to these sources.
Projects and plans to reduce air pollution at U. S.
and Eurcpean airports are described. A detailed
description of procedures used to calculate air-
craft emissions is provided in an appendix.
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maintenance operations, air freight/
cargo companies, parking facilites,
federal, state, and local aviation
agencies, and construction projects,
which support the airport. The last
category also includes stationary
emission sources like boilers for
power and heat. Since stationary
sources generally are covered by
existing environmental reguladons,
which require permits and controls
for some sources, this report focus-
es on mobile sources at airports.
Because of the different operations
and emissions sources associated
with aircraft, GSE, and landside
vehicle acdviry it is useful o ana-
lyze them independentdy.

The report discusses the three
categories of airport activity and pos-
sible emission mitigatdon methods
for each. In general, this report is
organized as a reference document
for evaluating mitigation methods
that can be applied to the various
emissions sources. Section 2 of the
report discusses approaches for mit-
igating air emissions in general and
describes some sources of informa-
ton on these measures. Section 3
focuses on aircraft emissions, Section
4 on ground support equipment, and
Secdon 5 on the airport landside
operations. Section 6 describes
actions some airports already have
taken. Figure 1-1 summarizes the
mitigation measures covered by
Sections 3, 4, and 5 of the report.

Ficure 1-1
Mitigation Measures For
ort Sources
Mitigation Banafit Primary Responsibie
Measure Desired Pollutants Attected Party
Single/raduced Recuce
engine taxing enging idls tima =C. CC Airlines
Reduce reverse Reduce high power
thrust use engine cperation NCx Airlines
- Y —~ecuce Asrports/
Tew aircralt io runway engine icle time ~C. CO Airlines
Take passengers
to aircraft parked Aeduce =C, CO Airponts
near runway engine icle time
Recucs airport Reduce Airports/
airside congestion engine idle time HC. CC FAA
Medemize fleet Decreas flaet e
engine emissicns =C. CO Airlings
Establish new engine Reduca aircraft
emission standards engine emissions NCx EFA/FAA
Cecrease
[Oiratg engine emissions NOx Airlines
axeolt power at high power
. Fecuce
Use larger aircraft LT0s HC.CO.NOx  Airlines
- Hecuce
Increase load factor L7Cs HC.CO.NOx Airines
Limit number Reduca
of aperations LTOs HC, 8O NQx  FAA/ERPA
Increase :
Manage fleet saals per LTO HC. CO NCx  Airiines
Provide centrai Reduce aircraft Airports/
greund power and air engine idle time HC. CC Airlines
Altemative fuels Reduce Airoorts/
for GSE GSE emissions HC.CO. NQOyx  Airlines
Employee Recuce
VMT reduction TCM VMT HC,CC. NOx  Airpons
Passenger Recuce
VMT reauction TCM VMT HC. CO,NOx  Airparis
ldle and circulation Reduce )
management TCM venicie emissions HC, CO. NQyx  Airpons
Altemative fuels Recuce
for rantal cars vehicle emissians HC,CO NOx EPAJARS
Altemative fuels
for heavy duty Reduces ~
commercial venicles venicle emissions HC.CO.NCx EPAJARS
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When evaluating mitigation methods, there
are various approaches for reducing emissions.
They could include capruring or controlling emis-
sions direcdy, reducing the emissions rate, reduc-
ing actvity of the source, or improving the sys-
tem efficiency. Each of these approaches are con-
sidered and included in the measures discussed in
this report.

This sec=on discusses aircraft, GSE, and vehi-
cles as emission sources generally. Specific mea-
sures that apply to each source type are discussed
in more detail in subsequent secdons. The last
part of this section discusses some other sources
of information on mitigation methods.

2.1

Aircraft Emission
Sources And Pollutants

To decide the types of mitgadon measures to
consider, it is important to understand the source
or cause of emissions of different pollutants. This
section briefly describes the various emission sources
asscciated with aircraft and related activiry.

Air emission inventories for aircraft use a
landing and take off (LTO) cycle as their basis.
An 70 includes the aircraft operaton from the
time the aircraft starts its engines, taxis to the
runway, takes off, and climbs our toward cruise
altitude as weil as the approach, landing, and taxi
in to the gate where the engines are shut down.
HC and co emission indexes are very high dur-
ing the raxi/idle operadons when aircraft engines
are at low power and operate at less than opti-
mum efficiency. These emissions fall, on a per
pound of fuel basis, as the aircraft moves into the
higher power operating modes of the LTO cycle.

= y |
w - -
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Thus, operation in the taxi/idle mode, when air-
craftare on the ground at low power, is a signif-
icant factor for XC and CO emissions. When
considering mitigation methods for HC and CO,
the objective is to minimize the aircraft opera-
tion ar idle and low power taxi.

When calculating hydrocarbon emissions itis
preferable to quantify individual compounds
rather than total organics, however, little data on
organic speciaticn is available for aircraft engines.
Two potental sources for speciation profiles are
EPA’s Air Emissions Species Manual, Volume 1,
Volatile Organic Compound Species Profiles and
ARB’s Identification of Volatile Organic Compound
Species Profiles, 2nd Edition, August 1991. The
speciation profiles for aircraft engine exhaust in
current versions of these reports, however, are
not well developed. Addidonal research and test-
ing under realistic conditions will be required to
refine these profiles.

NOx emissions are low when engine power
and combuston temperature are low but increase
as the power level is increased and combustion
temperature rises. Therefore, the takeoff and
climbout modes have the highest NOx emission
rates.

Particulates form as a result of incomplere
combusdon. Pardculate emnission rates are some-
what higher at low power rates than at high power
rates since combusdon efficiency improves at
higher engine power. Particulate emissions are
highest during takeoff and climbout, however,
because the fuel flow rate also is high. Very lit-
tle is known quantradvely abour particulate emis-
sions from aircraft engines. As a result, particu-
late emissions from aircraft engines are not cov-
ered by this report.

In addition to knowing how pollutants are
emitted from aircraft, it is important to antici-
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—SECTION 1~

Air Pollution Mitigation Measures
For Airports And Associated Activity

1.1

Introduction

Growth in air travel in the U.S. has averaged
more than 5% per year for the past decade. The
growth in California has even been higher since it
is the U.S. gateway for travel to Asia, the fastest
growing segment of international air travel. And
the growth rate is not expected to diminish much
during the 1990s. To accommodate this growth
several California airports have plans to expand
their runways, their facilides, or both. San Fran-
cisco, Oakland, San Jose, LAX, Ontario, and
Palmdale all have major construction projects
either underway or in design. Robust growth of
this sort can lead to congestion on both the airport
airside and landside. Alircraft may wait in line to
take off and, upon arrival, wait for an empty gate.
During peak periods, passenger traffic to the air-
port can overload access roads and parking facil-
ities as well. Construction, congestion, and
increased activity all result from growth and the net
effect of this growth on air quality is that emissions
of hydrocarbons (HC), carbon monoxide (co),
nitrogen oxides (NOx), and particulates from activ-
ides on and adjacent to California airports are a
growing parr of the state’s emission inventory.

While airport activities and emissions are

AIR POLLUTION MITIGATION MEASURES
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increasing, California is limited in its ability to
mitigate the emissions. Pardcularly on the air-
side of the airport, the state has limited jurisdic-
tion to require technology standards or to set lim-
1ts on emission rates. As current programs to con-
trol emissions from smtionary and mobile sources
advance, airports may be left as one of the few
targets for further emissions reductions. This
report idendfies air polluton mitigation measures
that may apply to airports and describes their use
and the possible benefits derived from them.

1.2

Report Organization

There are three areas of activity at an airport
that are important from an emissions standpoin:
the aircraft operations, the ground support equip-
ment (GSE) that service the aircraft while it is at the
gate, and other activities that relate direcdy or indi-
rectly to the operation of an airport. The first two
categories of sources are considered part of the air-
port airside operations. The last category is the
airport landside operations including airport-relat-
ed activities. Included in this last category are the
acrvities of the airport tenants such as food service
providers and caterers, rental car agencies, airline

‘:‘;\ —_—
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have railpipe, evaporative, and crankcase hydro-
carbon emissions. NOx anc particulates also are
emirted from the wilpipe although the pardculate
emissions are minimal.
Alircraft ground suppor: equipment include

the following types of vehicles:

* baggage wracters

» aircraft ractors

¢ ground power uniis

* arr-condiicning urits

® air start uniis

* Daggage conveyors

cther secondary 388

Of these, the engine air start units utilize the
largest engines (350 to 460 HP), while all others
generally use engines rangirg from 30 t0 250 HP.
A significant percentage of the smaller engines are
gasoline powered; only the larger engines tend
to be diesel, and even these engines are some-
times run on Jet A (kerosere jet fuel). Arsome
California airports, notably LAX, the airlines have
begun to phase out the gasoline powered equip-
ment for LPG-fueled units.

The set of equipment that are certified to on-
highway standards are buses, cars, pickup trucks,
and vans. These vehicles may see operadon both
inside and outside airports. Firefighting equip-
ment usually is kept ready for service and gener-
ally use on-highway certified engines.

Another set of equipment are not related to
aircraft operations bur to airport operadons. Most
alrports maintain some construction equipment
for emergency repairs or normal runway main-
tenance. In addition, runway and apron sweep-
ers and airfield inspection carts often are used.
Cargo operations in major airports use cranes
and forklifts to manage and store cargo in air-

i y |
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port warehouses. In a few airports in California,
special snow clearance equipment (blowers, front-
end loaders) may be used.

Among the mitigation measures appropriats
for ground support equipment, AR3 is already acz-
ing on imposing emission standards on off-high-
way engines. Other mitigarion measures include:

* Installation of centraiized air and elacirical greunc

power at each gate area

» Electrificatien of ramg service (foeg, cargo,
waler/sewage) vehicies

* Use of alternative fuel engires cn airpon service
venicles such as sweerers, baggage, and traciors.

2.3

Emissions From

Airport Related Activity

Emissions from vehicular wraffic through the
airport and nearby areas are a very large conerib-
utor to airport HC and NOy emissions. Vehicle
actvity includes:

s Private vehicles dropping off anc cicking up pas-
sengers

Putlic ransit vehicles {tuses and vans) offering
conneclicns 0 downiewn and suturban locaticns

¢ Shutlle buses for car rental, ofi-airzort parking and
notel pickup

*» Cargo vehicles for Gelivery of luggage, express mail
and putk arr cargo

*» Constructon vehicles for supcering off-airport
building, commercial and incusiial development
Excepr for the last category, all of the vehicles

involved are cerdfied to on-highway standards. A
large number of mitigation actons can be taken
to address vehicular activity in each category.
The reduction of vehicle trips falls under the cat-




SECTION 2:

Approach To Mitigating Air Emissions

When considering approaches to mitigate
emissions at alrports it is important to understand
the relative sizes of the sources. Figure 2-1 sum-
marizes the 1990 emissicns of commercial and
general aviadon aircraft, GSE, and light duty vehi-
cles for a large, medium, and small commercial
airport in California: Los Angeles International

(LAX), Sacramento Metro (SMF), and Long Beach
(LGB) respectively. These emission summaries
were computed as reference values to evaluate the
potential benefits of various midgation measures.
They pormay a range of airport sizes and are used
illustratively. They are not intended to be con-
sidered baseline emissions for these airports.

FIiGuRE 2-1 l
Airport Reference Emissions — 1990

— Emissions In Tons PER YEAR —

5.000 35000 6.50¢
6500
4,50
30.000 5300
4,000 .
5000
3500 25,000 .
3,000 40
20.000
1,500
15.000
10,000
5,000
LIS,
LAX SMF LGB LAX LGB LAX SMF LG8
— R — —0C0— — NOx —
BASELINE EMISSICNS BASELINE EMISSIONS BASELINE TMISSIONS
N A 17209 . n . " Inciudes Air Taxi Aircraft Emissions
teceno  Wvenice Zese Z3canc (Ccommac e A O s
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Individual Airports

Airports themselves arz a valuable source of
information. Alrport manzagers and airport mas-
ter plans can provide information about expan-
sion plans, scope of constmuction projects, and
antcipated changes withiz the airport and air-
port vicinity. They typicaly are more familiar
with emission mitigation measures that affect
the airport as a whole, such as ground trans-
portation measures.

Open Literature

Open literature is a limited source of infor-
marion. General discussions of airside mea-
sures can be found in several magazines, such
as Aviation Week & Space Technology and AIR-
PORT Magazine. Literature also is available
that addresses transportation contuol measures
like carpooling and vanpooling, transit, park-
ing, and user fees.

2.5

Report Scope

This report includes a review of the miti-
garion measures that may apply to airporrt air-

e y |

side and landside emission sources. Itis orga-
nized as a reference manual for midgation mea-
sures. Section 3 describes measures that apply
to aircraft, Section 4 describes measures that
apply to ground supporr equipment, and
Section 5 describes measures that apply to the
airport landside and related activities.
Informadon provided for each measure includes
a definition, guidelines on how it should be
applied, data that is required to evaluate its
use, and when it can be most effective. Sample
calculations showing its use are provided where
helpful, and references for further information
are listed.

This is an overview report. As described in
the individual sections, data used for sample
calculations come from various sources, which
are believed to be reasonable but may not be
representative of actual operations art all
California airports. Also some calculations usc
EPA-defined default values, which are not ARB-
approved default values. The reader is cau-
tioned to use acrual data, specific to local con-
ditions and individual airports, when evaluat-
ing mitigation measures for a specific location.
Each section discusses sources of information
to guide the reader in locating the appropri-
ate data. Appendix F also references several
dara sources.

. AR POLLUTION MITIGATION MEASURES
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pate changes to the overall flest since newer air-
craft generally have lower HC and CO emissions
and higher NOx emissions. There are two primary
factors driving the changes to the fleer: noise
reguladons and growth. National noise regula-
dons cail for the phase ourt of older aircraft, which
rypically have old, loud engines, by the end of
this decade. These are known as Stage II air-
craft. The newer, Stage I1I aircraft have newer,
high-bvpass engines, which are not onlv quieter,
but emit less EC and CO. As Stage III aircraft
replace Srage 11, the average emissions of these
pollurants for the fleer declines. The one excep-
tion to this is when airlines buy “hushkits” which
muffle the noise from the low-bypass engines but
do nothing to affect emissions directly. These
kits enable the older, dirder engines to remain
in service longer. While the growth curve for air
trave! has flartened during the present recession
most analysts expect continued robust growth
throughourt the 1990s. This will stimulate con-
tinued modernization of the U.S. fleet, which
must be considered when evaluating alternative
emission mitgadon methods.

Midgation measures thar are targeted to HC
and CO emissions usually focus on relieving con-
gestion on the airside of the airports since con-
gestion causes aircraft to sit on raxi-ways with
engines running. Congeston relief measures dis-
cussed in the next section of the report include:

* imorovements (o the laycut of laxi-ways
on ne arpaort

¢ upgraced instumentation and air raffic cantrol pro-
cegures io minimize spacing betwesn incoming air-
craftand to temer coordinate lancings anc iakeoffs

* cenirelling aircraft depariures througn
gatehcid procecures

e lranscorung passengers o aircraft carked
cicse to runways.

AIR POLLUTION MITIGATION MEASURES
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HC and CO mitigaticn measures that do not
relate to airporr airside congeston include:

* single-engine or recuced engine taxing

tioned air so APU (Auxiliary Pawer Unit) 2zerancn is

unneceassary.

Mirigation measures that address NOx are
much more limited because takeoff and climbout
times are relatvely short and must take place ar
very narrow engine power ranges. Probably the
best midgation methods relate to engine design
changes, however, stares do not have the author-
iry to dicrate such changes. Other alternatives
include:

* derated takeoff
* limiting the numiger of cceraticns allowed

* encouraging the use cf larger aircrak, whicn move
more peopie inte anc out of the airport with sacn
LTO.

These and other mitigation measures are dis-
cussed in Section 3.

2.2

Aircraft Service E uipment
Emission Sources And
Pollutants

A wide variery of equipment are used in
ground support to aircraft operations and thev
are needed to move, service, load, fuel and power
the aircraft. Three distinct categories of equip-
ment for emissions purposes include: mobile
equipmenc with engines certified to on-road emus-
sions standards, mobile equipment that current-
ly are unregulated, and transportable equipment
that currenty are unregulated. These equipment

LY —
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3.1.1

Sources of Information on Emission
Mitigation Measures

Various informadion scurces are available on
aircraft mitdgadon measures. General informa-
tion on Mmitigation measures in use or proposed
for use at U.S. airports is available from govern-
ment documents (EAs, EiSs, and EIRs), airport
management, airlines, and open literature.
Airport and airline staff are responsible for imple-
menting most aircraft mitigation measures.
Airport actvity and operatonal data is available
from airport management, airlines, and govern-
ment documents, and publications. Alrport
management generally can provide airport spe-
cific information including the total number of

LTOs, aircraft landing weights and fees, and apron
and airfield procedures. Airline specific data such
as number of LTOs, ime-in-modes, load factors,
GSE population and use, aircraft/engine combi-
nations, and airline policies are tracked by indi-
vidual airlines. FAA publications, including
Atrpart Activity Statistics of Certificated Route Air
Carriers, B4 Atr Trqﬁi':/icrivity, and F14 Statistical
Handbook of Aviation, conrain dara on aircraft
models and number of LTOs for airports with
FAA control towers, which includes most U.S.
airports with commercial air taffic. Valuable
sources of current and planned airport projects
include EAs, EISs, EIRs, airport management, air-
lines, and magazines. Specific information
sources for evaluating some mitigation measures
are discussed later.

: TABLE 3-1 TasLE 3-2
Potential Measures for Use Basic Calculation Procedures
with Aircraft o For Aircraft Emissions
rirmary
jectr Measure Pellutants Affected

Obiective E;= £ (TIMjJ * (FF/1000) = (EL) * (NE)
Decreass e« Singie/reducad ET. =3 (E:)# (LTO.
Engine sngina taxing «=C. CO =2 (Eg) = ( 2
Operaucn . Reduceuse of W“Hé‘r'é.{““”""N."”“-“““-”“".l“-"“'"“"""““"“'""“"““""“".”"“

reversa thrust * NOx
et e e E; = total emissions of pollug:%m i, in pounds. pre-
Decrease ¢ Towaircraitto runway — » HC.CO duced by aircraft type | for cne LTO cycle
Times ¢ Take passengers ¢« HC,CO TIMk = time in mode for mode k. in minutes, for air-
in Mode to aircraft parked crafttype |

near runway FFw = fuel flow for mece k. in zeunds per minute, for

« Reduce airport 2ach engine usad on aircrait lype |
congestion » HC.CO Elix = emission index for poliutant i, in peunds of pol-
R S b e lutant per one thousand peunds of fusl, in
Decrease moce k for aircrait type |
Flest * Mocemize fleet * HC,CO NE =-number of angines usad c¢n aircraft type |
Average  » Establish new engine ET. = total emissions of gollutant i, in pounds, pro-
Engine emission standaras * HC.CO. NOy duced by all aircraft operating in the region or
Eg"éf:r'g” » Derate takeoft power * NOx airport of intarest
. LTC; = number of landing and takeoi cycles by air-
Qecreass  « Usa larger aircraft * HC, CO, NOx ) craft | for the time period "f interest.
LTOs » Increase load factor o HC.CO. NCyx i = hmy;dnrg)c‘:igfon. nitrogen oxices, or carbon
* Limit number of .
cperations directly » HC. CO, NGOy [ = A320.8757.MD11 for example
k = taxifidle cut, takeoff, climcout, approach,
increasa laxifidle in
. ! HC, . )
‘I;lfug:;bakesr Managa flet » HC. CO. NOx (For more information on this procecire, see Appencix A)
P y | i
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egory of Transporration Conmrol Measures (TCM).
Reduction of vehicle emissions can involve
switching to alternadve fuels or endrely replacing
vehicles with electrified light rail. TCM's reduce
vehicle mip actvity and the net reducdon in num-
ber of vehicles results in decreased congestion,
and this in turn reduces emissions of the vehi-
cles operadng in the airport. Private (non-com-
mercial) automobile waffic is a primary target for
TCMS, since other strategies such as conversion o
alternative fuel use is far more difficult to imple-
ment. Candidate strategies for vehicles include:

* ridesnaring (car and vangcoiing)

* transit encguragements

* remote arc ciose in park and rice

s telecommulting

* variable wark hours

* parking management and pricing.

2.4

Sources Of Information
On Mitigation Measures

This section sumrmnarizes some of the sources
of information that are available on the use of
ermissions mitigation measures and the data need-
ed to assess their benefits. Sources of information
include: government agencies and documents,
individual airports, and open literature. Addi-
tional information on some of these sources is
discussed under the specific measures in later sec-
tions of the report. Appendix F lists references
used in developing this report. A table cross-
referencing the sources and applicable miriga-
uon measures appears on page F-1.

AIR POLLUTION MITICATION MEASURES
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Government Agencies
and Documents

The Federal Aviation Administragon (FAS)
publishes numerous documenss on airport and air-
craft acdvity. One document that is required by
the FAA for conszruction of new airports as well as
major airport expansions is an Environmental
Assessment (EA). An EA is prepared by the orga-
nization advocating the construcdon project and
considers the potential environmental impacts. The
completed documnent is reviewed by local, state, and
federal government agencies. An Environmenzal
Impact Sratement (£15) is developed from an EA by
adding sections that cover specific steps in the plan-
ning process. Many EAs and EISs address air qual-
ity and emissions, listing background dam, air pol-
ludon mitgaton measures, and the effect of mea-
sures on air quality. Generally, an EA and EIS will
contain both airside and landside air pollution mit-
igadon measures. EISs recently have been prepared
for new airports in Dallas (Alliance Airport, dedi-
cated to cargo/ industrial actvity) and Denver, and
airport expansions at the Dallas/Ft. Worth, O'Hare,
and Pinsburgh International Airports.

The U.S. Environmental Protection Agency
(EPA) publishes guidance and data compilation doc-
uments such as Procedures for Emission Inventory
Preparation and Compilation of Air Pollutant Emission
Factors. These documents are an excellent source

"+ of emission factors and calculatdon methodology.

7

Many state and local government agendes pub-
lish documents and require reports similar to an
EIS. Environmental Impact Reporrs (EIR) are pre-
pared in accordance with California Environmenzl
Quality Act Statutes and Guidelines. Several EIRs
have been prepared for California airports with
expansion plans or active projects such as those for
Los Angeles, Ontario, Burbank, Palmdale, San
Jose, San Francisco, and Oakland Airports.

A —
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3.2
L

Measures

This section discusses air emission mitigation
measures that potendally can apply to aircrafr. A
description of each measure is followed by a dis-
cussion of constraints, applicadons, key inputs,
and sample calculations. Where feasible and
appropriate a calculadon procedure for determin-
ing emission reduction benefits and direct and
indirect implementation costs is described. The
emissions reduction benefit is supplied where pos-
sible. Costs are highly site-specific and are not cal-
culated here s6 as not to mislead the reader. Finally,
references for further informadon and variatons of
the measure are provided. Under the discussion of
implementaton feasibiliry, 2 responsible party is
identified. Generally, airlines are responsible for
aircraft operational issues, airports are responsi-
ble for airport facilities, FAA Is responsible for air-
craft procedural issues, and =PA is responsible for
environmental regulations, although responsibil-
ity is shared for some measures. This evaluation
does not constirute a legal opinion on the author-
ity of these partes to implement these measures.
Reference and variation information is not com-
prehensive, Also, the measures, discussed in the
report include those thar are believed 1o have a
significant impact on air quality. Emission bene-

fits may be obuined by other methods or proce- -

dures as well. For example, where aircraft can roll
onto a runway from the taxiway and takeoff with-
out stopping, emissions will be lower than they
would be if the aircraft came to a stop before ini-
uating its takeoff roll. This and other measures
generally will have smaller air quality benefits than
those discussed in the report and consequently
have not been analyzed in detil

o T— y |
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3.2.1
—_—_—————

Single/Reduced Engine Taxing

This measure reduces en gine
operating time at idle.

Large commercial aircraft have two, three,
or four engines. Since low thrust is needed 1o
taxi an aircraft, one or more engines can be shut-
down during taxi. Nor only does shutting down
an engine reduce the emissions from the engine(s)
shutdown, the remaining engine(s) operates at
higher RPM. This results in more efficient oper-
ation and lowers the HC and CO emissions per
pound of fuel consumed. It elso results in high-
er engine exhaust velocity. Single/reduced engine
taxting, which also is referred to as engine-out
taxiing, only affects the taxi mode emissions. In
addidon to emission reducdon benefis, this mea-
sure also may conserve fuel.

CONSTRAINTS

Some constraints such as the number and
placemnent of engines on an aircraft type, narrow
or contaminated ramps and taxiways, and bad
weather limit the use of single/reduced engine
tading. Also, immediately prior to takeoff, all
engines must run for at least two minutes to
achieve thermal stability. Two minutes opera-
tion at idle also is necessary for engine cool down.

Large commercial aircraft have two, three, or
four engines that can be mounted in various com-
binations on the wing of an aircraft or rear-fuse-
lage. The engine(s) that remains running during
single/reduced engine taxiing must enable the
pilot to operate the aircraft safely and with ade-
quate control. For some aircraft, reduced engine
taxiing results in power being supplied from only
one side of the aircraft. When the power is unbal-
anced, the pilot uses the brakes to control and




SECTION 3:

Measures For Mitigating Emissions
From Aircraft Operations

3.1

Introduction

Alrcrafr operating at commercial airpors include
large commercial jets, smaller commuter aircraft
powered by turboprop engines, piston-engined gen-
eral aviation aircraft, and other miscellaneous aircraft.
A variety of military aircraft also operate at some
commercial airports in addition to their operadons
at military airbases, This section primarily focuses
on measures that may apply to commerdal jets since
their emissions represent the largest pordon of the
total aircraft emissions inventory. Obtaining data
to assess the effect of these measures on smaller air-
craft, pardcularly general aviation aircraft, is more
difficult. Where measures are appropriate for mit-
igating emissions of other classes of aircraft, their rel-
evance is discussed.

Large aircraft have two sources of air emissions:
the engines and the awxdliary power unit (APU). The
engines are a much larger emissions source than the
APU. The rraditonal way to consider aircraft emnis-
sions is pounds of pollutant emitred per LTO (land-
ing and take off cycle). An emissions inventory
(pounds emitted) then is a funcdon of:

¢ number of engines in operation during each mece of
the LTO (taxi cut, take-off, climbeut, approach, taxi in),

* emission faciors ‘or the airzraft engines dunng each
mece,

* numeer of LTC cycles,
* emission facicrs ior the APU, and

* APU operatirg time during 2z¢h LTO cycle.

Since 2 commerdal airfine’s purpose is to tans-
port passengers {(and freight, o a lesser exent), how-
ever, another way to0 evaluate the emissions gene:-
ated ar an airport is 1o consider pounds of pollurant
emitted per passenger. In addidon to the factors
listed above, emissions per passenger is a functon of:

* number of seas on indivicual aircraft ang

¢ number of ac:ual passergers per arcraft
{passenger cac factor).

On this basis, there are several possible ap-
proaches to mirigating emissions from aircraft,
Table 3-1 summarizes mitigation measures that
address these specific factors. Table 3-2 shows
the equations used to calculare aircraft emissions.
Addidonal derails on quantfying emissions can be
found in a document called Procedures for Emission
Inventory Preparation, Chapter 5 - dircraft, which

is published by EPA and is included in Appendix

A: Dam Required to Evaluate Aircraft Measures.
Calculations of aircrafr emissions referenced in

- this section were based on the procedure outlined

in the EPA document.

LY —_
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CALCULATION PROCEDURE

Ej= X (TIMj) * (FF/1000)= (Ely) * (NE)

Emission Reduction Benefit
Assume for TIM: | o
All engines cperate for 5 minues gricr ¢ takeoff cr shut-
down (2 minutes minimum fer :emal siaziiity/coci down)

No change to average taxi tire

ASSUTIE FOrNE. et e e s e
A300 - 1engine B747 -3engimes LCC3MOCEO - 1 engine
A310-1engine B757-tengira DCiC-2engines
A320-1engine B767-1engine MLCit-2engres
B727 - t engine L1011 -2engnes
B737 - tengine DC8-2engirss

Frequency of Use:

70% of ail jaxi periods > 5 mir.tes

Emission Benefit: e e
Difference cetween emissiors calculated using tase-
line assumptions and those ca:culatec after applying
above assumptions

Implementation Costs
Direct:

(engine-cut taxi time) = {FFcie/1000) = (jet iuet cosl)

Indirect and Noneconomic: o

Pilot training costs

ASSUMPTIONS ]

The following assumptions were made in esg-
mating emissions for aircraft with single/reduced
engine taxiing for the sample calculadens. These
assumptuons allow for possible constraints limit-
ing the use of the measure. They are:

* this measure can be used 70% <f the the time,
s allengines must run for at least two minutes zelore tekect,

* allengines are run for five minutes during taxi-in and taxi-out,
* only cne (cr two) engine(s) is run for the remaining taxi time,
and

* atleastcne engine, but not more than two, are shut cown
during laxi fer aircraft not listed under the cziculation zroce-

Running all engines for five minures (instead
of two minutes) of the taxi time and using the
measure only 70% of the tme allows for limits due
10 narrow taxiways, bad weather, and other lim-

iting conditions. Airport specific data should be
used if available.

SAMPLE CALCULATIONS

This sample calculadon flusmrares the procedure
for determining the benefit of single engine taxing
on HC emissions for 8737-300 aircraft. A similar
procedure is followed to determine CO and NOy
ermussions. Fleet emissions without single engine
taxiing are compared to those while using the pro-
cedure for commercial aircraft ar LAX in 1990.

To calculate an emissions estimate, average
taxi-in and taxi-out times for the airport were
derermined from FAA data. Climbout and
approach times in mode were adjusted to reflect
the average summer morning mixing height for
LAX (1800 feet). As discussed more fully in
Appendix A, airport-specific mixing height
should be used to adjust climbout and approach
times for calculating emissions at any airport.

REFERENCES

There is no universal policy on single/ reduced
engine taxiing. Some domestic airlines have a
policy of practicing single/reduced engine taxing,
yet leave it to the discretion of the pilot. Contact
airlines for individual practices. Some airports,
such as Heathrow in the U.K., encourage air-
craft to taxi with reduced engines for fuel econ-
omy reasons. Generally, however, reduced engine
taxiing is left up to the pilot’s discretion.

MEASURE VARIATIONS

No other variations {o this measure were

dure above. considered.
o~ i
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3.1.2

Reference Emissions

To evaluate the midgaton measures discussed
in this reporr, reference emissions estimates were
calculated for commercial aircraft operations.
These estimates were based on aircraft acdvity
during 1990 as reported in city of Los Angeles
Department of Airports’ {LADOA) LAX revenue
landing statsdcs report for periods 1/90 through
12/90 and FAA's dirporz Activity Statistics of
Certified Route Air Carriers. The estimates are
used as a basis for comparison with emission esti-
mates of select aircraft mitigation measures to
provide the measures’ emissions reduction bene-
fits. A quandirarive comparison is made for those
measures for which dara is available 1o calculate

resulting emissions. The commercial aircraft
emissions references are based on operations at
three California airports: Los Angeles Inter-
national Airport (LAX), Sacramento Metro
Alrport (SMF), or Long Beach Airport (LG3).
The 1990 reference estimates are:

Evsscas hiyn)
Paliutant LAX SMF LGa
HC......... 4697,7¢5 1118671 28,313
CO .. 11,672,818 434,428 172,216
NOx......... 6,939,500 346,952 248,515

The resuldng emissions also are displayed in
Figure 3-1 by pollutant and operatonal mode.
The following discussion identifies the key inputs
for calculating the emissions reduction benefit
for each measure.

Ficure 3-1
Commercial Aircraft Reference Emissions By Mode — 1990

Emissions (Tons Per Year)
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3.2.2

Reduce Use
OfReverse Thrust

This measure reduces engine aperating
time at full throttle.

Airport runways vary in length. If the run-
way is relatively short and engine power is need-
ed to reduce the aircraft’s speed quickly, thrust
reversers are used. A longer runway allows room
for an arriving aircraft to slow down after land-
ing using wheel brakes and withour the need
for reverse thrust from the aircrafr engines.
While all runways should be long enough for
approved aircraft to land using brakes only, heavy
braking significantly reduces the life of the
‘brakes and tires.

For reverse thrust, mechanical devices in the
engines deflect the engine exhaust forward. For
maximum breaking of the aircraft, the engines
are run at near full power with the thrust reversers
engaged. On a typical landing, the thrust is
reversed for approximately 15 seconds although
this varies depending on the aircraft and runway
length. The pilot in control of the aircraft makes
the decision on whether to use reverse thrust.
Because the engines are run at full throttle, thrust
reversal is a source of NOx emissions.

Aircraft size and weight also is a factor in
whether reverse thrust is needed. Larger, heav-
ier aircraft need more room to slow down than do
small aircraft. For a given runway length, some
aircraft typically may use reverse thrust while
others do not.

CONSTRAINTS

Space availability and construction capital
requirements are constraints to lengthening 2

e y |
M ~ -
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runway. To lengthen an existing runway, land
for the runway extension and space for changes to
the approach and departure patterns must be
available. This measure is not feasible for a space
constrained airport. Runway improvements also
are relatively high cost construction. Because an
airport is a place of almost continuous actdvity
there may be serious limits on when construc-
tion can take place.

Safety may be a factor in using reverse thrust.
Cerrain weather conditdons may dictate that the
pilot rely on reverse thrust rather than wheel
brakes. Airport design also is a factor. High-
speed murnouts enable an aircraft to exit the run-
way without coming to a near stop. Ninery-
degree, unbanked turns berween the runway and
taxiway require the aircraft to slow much more.
Also, if one tumnout is missed due to slower brak-
ing speed, taxi-in time may increase. As men-
toned, heavy braking increases maintenance costs
on brakes and dres.

Another constraint that is difficult to assess
objectively is the pilot’s desire to land the aircraft
smoothly. Since the landing is the last phase of
the flight, it is often the most memorable for pas-
sengers. As a consequence, many pilots will use
as much of the runway as possible to insure a
smooth landing rather than forcing the aircraft
down early. The further down the runway the
wheels touchdown, the more likely reverse thrust
will be required.

APPLICATIONS
Runway length is an important considera-
don in the design of new airports. Prospects for
extending a runway or building a new runway at
an existing airport may be more limited. Since
reducing the use of reverse thrust is one of the

AIR POLLUTION MITIGATION MEASURES
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Sample Calcuiation For. ..

Single Engine Taxiing
Emissions = Z(TIM) = (FF/100C) = (El) = (NE)
— HC Emissions —

NN e

RN e

N T e S

B737-300 Aircraft
CFM56-38 Enging

TAXIING IN USE

= Ne HC  No.
: Time In Fuel Emission Of N Time In “.& Emission Of
© Mode Moge Flow  Facior Enc. Emissions Moce Moce =ru Facior  Ena. Smissions
: N a/MN 21,0003 35 MIN ENN o 31,000a a5
" Taxi-out 15.00 17.20 1.28 2 0.6450 Taxi-out 5.00 1.25 2
Note: .. Taxx-ouf' 00
0.4 2 0.0115 Taxion Takeot 0.95
2 single engire Climnzeut 1.14
s only for part
. Approach 240 47.62 0.c8 2 G.0183 of &axi time. Apprcacn 2,40
o Taxi-in 8.8 17.20 1.25 2 0.3784 Taxi-in 5.00
: Tag-n  3.80
©3737-300 Emissions per LTO (Ibs/LTC) 1 0672
- Annual 3737-300 LTOs 39.184 _— Emissions Sersfi —
: farence detween [
. Towl Annual =C Emissions {Ibs) 41816 D:f‘emc:m ”m;:ls;r:r _;eu.':rz!ed
compared (o when the Mess ot .5 in use.
: HC emissions are calculated for afl aifcrant in te fleet and summed ta get lotl annual HC emissions. HC Emissions
Aeset Total Annual HC Emissions (lbs) 4,897,755 wia measure 4557 T35 0bs 3.684 834
; Fleel Avg Emissions per LTO (lbs/LTC) 1933 with measura 3,682 334 [bs 16.23
‘ HC Senefit = 1.23% 20 Ibs
: Percant Reduction = 22 %
{ €O emissions ars detemnined using similar c2iculatilons with appropriate smisston taciors, CO Emissions
¢ Fleat Total Annuai CO Emissions (lbs) 11672518 wio measura 11672318 ks 9.276.108
. Fleet Avg Emissions per LTO (bsA TC) 48.52 with measure 9.27%.:C8 Ibs 385
5 ' CO Benefil = 2,222 5.0 lbs
B Percent Raducticn = 21 %
i NOx emissions are dstermined using similar calculations with appropniate emission facters, NOx Emissions
Feet Total Annual NOx Emissions (Ibs) 8,939,500 w/0 measure 8.22: 30 Ibs §.744 166
: Fleet Avg Emissions par LTO (low/LTO) 28.84 with measure 5.7:2 255 Ibs 28¢C3
: NCx Zerefit = 162 23 s
Percant Aeduction = 3%

Implementation Feasibility

» This measure apparently can be implemented
under few constraints since it already is poli-
cy at some airports and for some airlines.

> Airlines are responsible for implementing this
measure. Airlines should work with airports
to determine any site-specific limitations for
this practice. FAA Advisory Circular No. 91-
41 (Appendix B) addresses this measure and

recommends that the practice not be made

mandatory at any time.

» Dara is available for taxi time from the Faa
for some airports, although it may be difficult
to obtain for all airpors of interest. Emission
factor dara is not availakle for the higher RPM
idle needed for single/reduced engine taxding,
burt available idle emissicn factors can be used
to provide a conservadve result.

» Significant emissions reduction is achicvable
at little or no cost (mayte even a cost savings).

s o o oo s o b

AIR POLLUTION MITIGATION MEASURES

FORAIRPORTS AND ASSOCIATED ACTIVITY

15

A




[ i et e b

* Sampie Calculation For...

: REVERSED THRUST IN USE

Reducing Reversed Thrust
Emissions = Z(TIM) = (FF/1CCQ) = (El} = (NE)
— HC Emissions —

VNS R R e 3 e Lt

NS RAMANAR s B e e N TR NG e Lt e 4w

8737-300 Aircrait
cFME6-38 Engine

REVERSED THRUST USE REDUCED

+C No, Nao.
Time In Fuel  Emissicn Of o Time in Fuei  Emission Of
Mode Mode Flow  Facizr Eng. Emissions Moce Mode Sow Factor Eng. Emissicrs
WM La/win 138/ 1,000 L3s MIN JIMN L38/1.000u8

Taxi-out .50 1720 125 2 04267 Now: Taxioul 990 1720 125 2

Takeof 085  150.79 0C¢ 2 0OMS Lower timein | Takeofl 070 13079 004 3
Gimeoa T Tk T ocs T2 sews T MEARA G )
' Approach  2.80 4762 0C8 2 00213 : : ] 2
. Taxdin 480 1720 125 2 o178 Yaxon | 480 1720 125 3
- 8737-300 Emissions per LTO (IbsA.TC) 06736
* Annual 2737-300 LTOs 5,459 ~ — Zmissions Benefif —

Total Annual HC Emissicns (lbs) 4,351 &ﬂ&:;?:: mm?giﬁg?;ﬁm
) cempaizd lo when ifie measwre is in use.

HC emissicns are calculated for all aircralt in Die feet and summed to get total annual HC emissicns. HC Emissions
. Fleel Total Annual HC Emissions (lbs) 28.313 wi0 measure 29,313 lbs 28,'5C
; Fleat Avg Emissions ger LTO (bs/LTC} 1.94 with measure 28,150 Ibs 133

HC Senefit = 163 lbs
: Percent Reduction = 1%
i CO emissions are determined using similar calculalions with appropriate emission faciors, CO Emissions
‘ Fleel Tow Annual CO Emissions (lbs) 172,216 wio measure 172.216 bs 171,397
_f Fieet Avg Emissians per LTO (bs/LTC) 11.81 with measure 171,397 Ibs 11.78
: CQ Benefit = 820 Ibs
. Percent Reduction = 0%
: NOx emissions are determined using similar caiculations with appropriate emission factors. NOx Emissions
; Fieet Total Annual NOx Emissions {Ibs) 244,515 w/o measure 248.515Ibs 225.878
! Pleat Avg Emissions per LTQ (IbsiL.TC) 17.04 with measure 225676 Ibs 15 47
: NQOx 8enefit = 22.839 Ibs
Percent Reduction = 9%
SAMPLE CALCULATIONS REFERENCES

An emission esdimate for lengthening run-
ways was made for Long Beach Airport based
on 1990 data. The charige in emissions resulting
from eliminating reverse thrust use on landing
was estimated.

To estimate the emissions, average taxi-in
and taxi-out times for Long Beach Airport were
taken from FAA dara. Climbout and approach
times were adjusted to reflect the 2100 foot mix-
ing height at Long Beach. The assumptions
reflected in the sample calculations represent a
best case for NOx emissions reductons.

L~ ¥ ]

There is no universal policy on the use of
reverse thrusters for landing. The decision to
use reverse thrust is made by the pilots on each
landing. Munich 2 Airport in Germany has owo
4000m (13,080 feet) runways, which are among
the longest found at commercial airports. The
airport management indicartes that these runways
allow any aircraft ro land safely withour using
revere thrust. San Francisco Bay Area Airporis:
Task Force Capacity Study af SFO, §/C, and GAX
International Airperts discusses reductions in air-
craft delay from several measures such as extend-

. AIR POLLUTION MITIGATION MEASURES
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few measures for reducing NOx emissions, it may
be an important consideration for some airports.

KEY INPUTS

Reverse thrust is not included in EPA’s stan-
dard LTO emission calculatdons, as described in
Appendix A. For this report, the reverse thrust
component of the LTO cycle has been added to
the calculations. Engine operating conditions
are similar to takeoff so additional time (15 sec-
onds) has been added to the takeoff mode as a
surrogate to evaluate the implications of reverse
thrust. Because of the constraints discussed
above, itis difficult to generalize about the need
for using reverse thrust. Data should represent
the site specific factors thar are important at a
given airport.

The key dara needed to assess lengthening a
runway is frequency and duration of the use of
reverse thrust. To evaluate this measure, emis-
sions should be calculated for aircraft using the
standard LTO cycle to represent the use of no
reverse thrust. 1o evaluate the use of reverse
thrust, 15 seconds should be added to the takeoff
time-in-mode (to represent tme in reverse thrust),
If reverse thrust is not used, the engine power is
reduced to idle while the aircraft slows dowr. EEA
is unaware of any sources of information on the
frequency of reverse thrust use by aircraft ar spe-
cific airports. Site specific data collection prob-
ably is necessary to refine this calculation.
However, using standard data on ime-in-mode
and 13 seconds of reverse thrust time, a conserv-
ative emissions estimate can be calculated.

CALCULATION PROCEDURE

E;= £ (TIM) * (FF/1000) = (EL) * (NE)

AIR POLLUTION MITICATION MEASURES
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Emission Reduction Benefit

Assume for TIM:

Use of reverse 1m.stis eliminatec reducing aigh
paower operaticr ‘21 ecuivalent ¢f akeoff thrust) by 15
secands.

No effect on de:ay 2r airport casacity.

Frequency of Use:

90% of all landirgs: all aircerts

Emission Benefit:
Difierence betwes~ emissions caiculated assuming
18 seconds reverse thrust use ¢n every lancing and
those calculatec 2ssuming 15 seconds reverse thrusi
use cn 10% af la~zings.

Imglementation Costs
Direct: ... .
Fuel cest/savings =
(0.90) * (15/8C) = (FF.o/10CC) = (et fuei cos?)

Capital cost =
site specific facicrs may be impertant and need to be
considered

Indirect and Nonecenemic: N
Reduced mainterance cost on engines

Adced maintenarce cost on wheel brakes

ASSUMPTIONS
The following assumptions were made in
the sample calculations for a lengthened run-
way that eliminates the need for reverse thrust
during landing. The assumptions are for an
exwerte situaton to evaluare the maximum ben-
efit. They are:

* every aircraft nesds 1o use reverse thrusters dunng
ali landings,

« the thrustis reversed during landing for 15 seconds,
and

* 90% of the use cf reverse thrus: use will be eliminat-
ed by a lengthened runway.

\‘:E A —
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parts replacement on the nosegear. Some new
tugs acrually lift the nosegear to tow the aircraft
and completely avoid towbars. These tugs may
not reduce the nosegear life appreciably.

The emissions from the tug and APU offset
some of the savings from towing an aircraft.
Section 4 describes, in some derail, the proce-
dure for calculating the rug’s emissions.

Safety also is an important consideradon for
extensive aircraft towing. Crosswinds, standing
water, and ice can be hazards to towing and may
limit the amount of time this can be practiced.

Conventonal towing is quite slow and more
tugs would be required to implement this measure
than are currendy used. There would be increased
ground traffic with rugs shurtling berween the
gate and runway, which most likely would increase
on-ground congestion. The slower ground move-
ment of aircraft could be a problem particularly
when weather conditions require deicing, At
some airports even towing aircraft to mainte-
nance using conventional tugs may cause a net
increase in emissions because of the time required
to cross active runways and the possibilicy of de-
laying arriving aircraft. New high-speed ugs are
available that can tow significantly faster than
conventional tugs or aircraft tax speed. However,
these high-speed tugs are quite expensive (approx-
imately $1 million per unit}. The inidal invest-
ment of a high-speed tug is offset in part by sav-
ings in ground support labor and fuel costs and
aircraft engine hours. Some airlines have found
high-speed tugs to be economical, with a three
year payback in specific applications such as tow-
ing to maintenance areas. An offsetting cost con-
sideration is cabin and cockpit labor costs. These
employees typically are paid for all time the air-
craft is away from the gate. If rowing takes longer
than taxiing, labor costs will increase.

S A

APPLICATIONS

The longer the taxi time, the greater the po-
tental emission and time benefits from towing
aircraft. Taxi-out dme tends to be longer than
taxi-in time due to queuing for takeoff and on-
groeund congesdon. Therefore, a high-speed mg
would be most effective if used for towing depart-
ing aircraft to the runway.

KEy INPUTS

The key input to towing aircraft to the run-
way is the rug’s engine emission factor and the
APU’s emission factor. To evaluate the measure,
emissions from the tug and APU must be calcu-
lated. These emissions then would be compared
to the aircraft’s emissions to estimate possible
emission reductons. Engine dara needed includes
exhaust emission factors of HC, CO, and NO, for
the mug and APU, and crankcase HC, evaporative
HC, HP rating, and in-use load factor for the mg.
Engine data may be available only for cerrain air-
craft tugs. See discussion of ground support
equipment in Section 4.

CALCULATION PROCEDURE
E; = I (TIMjo) * (FFp/1000) = (ELy) = (NEy)

Emission Reduction Benafit
All engines ¢perate in taxifidle mede for 2 minutes
pnor 1o takeoff or shutdown for thermal stability/ccol
down

Other ASSUMOUONS: | | o
APU operaies while aircraft is being towed.
Using ccnventional tow vehicles: tow speed is 5 meh
average and will caver X miles (site specific - distance
from terminal 10 departure runway or from taxiway
near exit of end of arrival runway); tug engine is con-
ventional ciesel
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ed runways. Informarion on runway lengths for
individual airports is available from Airport
Master Plans, FaA Form 5010, and the airports
themselves.

MEASURE VARIATIONS

A variaton to lengthening a runway is to
build a new longer runway. Sen Francisco Bay
Area Airports: Task Force Capacity Study of SFG,
§JC, and 04X International Airpoerts estimates air-
craft delay reductions from construction of an
independent parallel runway. For SFO, a new par-
allel runway would reduce delay by 26%, or almost
37,000 hours per year out of 142,000 hours of
delay experienced. A variation on constructing a
new runway would be to convert a raxiway to a
runway.

Implementation Feasibility

» Data on default takeoff times and FAA airport
average taxi imes are available. Actual reverse
thrust ime and use frequency are not avail-
able, but thev can be estimated and used 1
provide a conservative result.

P Airports are responsible for lengthening run-
Wavs.

» Runways can de lengthened at airports if addi-
tional land is available.

» Reductdons of NOx may be possible if 2 runway
is lengthened.

o b b b b b
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3.2.3

Tow Aircraft to Runway

This measure reduces engine operating
time at idle.

Instead of raxiing, a departing aircraft can be
towed from the terminal gate to the runway. This
is known as disparch towing. Towing aircraft
could substandally decrease the ame the engines
idle. Aircraft taxi at inefficient power serdngs
and have reladvely high EC and CO emissions.
The tradeoff is berween aircraft engine exhaust
emissions and emissions from the tow tug and
the aircraft’s auwdliary power unit (APU). The
APU must be run while the aircraft is being towed
to provide electricity and interior ventiladon, as
well as compressed air to start the main engines
away from the gate.

Tow tugs with varying maximum towing
speeds are available. High-speed tugs tow aircraft
quickly through runway and raxiway intersec-
tions, alleviating the need for intermirtent stop-
ping and cutdng down the tme to reach the run-
way. As a result, HC and CO emissicns are reduced
further. In addidon to emission reduction ben-
efits, the measure also conserves fuel.

CONSTRAINTS

"Possible constraints to aircraft towing include
hook-up, emissions, safety, and speed. Tradidonal
tugs hook-up to and tow an aircraft by means of
a connecting bar or towbar. The towbar places a
horizontal stress on the nosegear as opposed to the
vertical stress the nosegear experiences during
landing. The nosegear is designed for infrequent
towing for pushback from the gate or towing to
a maintenance hangar rather than frequent, long-
distance towing for each LTO. The additonal
towing means more frequent maintenance and

LY —
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MEASURE VARIATIONS

The United Airlines’ tug at San Francisco
Internadonal Airport is used to ansport aircraft
to and from the maintenance facility. They have
not announced plans for dispatch towing of
departing aircraft.

It may be possible to tow arriving aircraft
from the runway to the gate. Since arniving taxi
times generally are shorter than departng taxi
tmes, this variation may not have as significant
an affect on taxi ime and emissions.

Implementation Feasibility

» Towing aircraft to the runway with high-speed,
towbarless tugs is technically feasible. How-
ever it may not be very practical due to safery
constraints, increased congestion, and added
maintenance requirements. '

» Airlines, in cooperation with airports, are
responsible for implementing this measure.

» Significant emissions reduction apparently is
possible, although the estimared benefit could
not be defined due to a lack of emissions dara
on the high-speed tugs. High costs related to
the inidal investment may be balanced by other

savings.

o o b b b b
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3.2.4
Take Passengers to Aircraft

This measure reduces aireraf? taxi time (or
reduces engine operating time at idle).

Typically, passengers board an aircraft while
itis parked ata rerminal gate. The aircraft then
taxis with the passengers for some distance to
the runway for akeoff. Instead of boarding the
aircrafr ar the gate, passengers could be gansport-
ed to the aircraft parked close to the runway.
Modifying procedures for aircraft servidng and/or

baggage handling may or may not be necessary.

This measure would decrease an aircraft’s taxi
time. Much like towing aircraft to the runway,
limiring the taxi dme decreases the aircraft’s HC
and CO emissions particularly. In addidon to
emission reduczon benefits, the measure also
may conserve fuel in most applications.

CONSTRAINTS ,

Original airport design, airfield space, hub-
bing, and cost are significant factors to consider
for transporting passengers to aircraft. For an
airport to accommodate this measure, sufficient
space must be available to park aircraft near the
runway without increasing congestion. This mea-
sure generally is not feasible as 4 retrofit measure
due to the space required near the runways. For
airports that serve as hubs, it is partcularly dif-
ficult to accommodate all the aircraft and required
passenger mansport vehicles. The emissions from
the passenger transport vehicle pardally offset
the reductions achieved from the reduced raxi
time. The inital investment in passenger trans-
port vehicles must be considered in additon to the
cost of the addidonal land use. The initial invest-
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Using cwearless tug: 10w sceed is 15 mph average
arc wiil cover same distance, tug engine is esther
eiectnic or hign afficiency ciesel

FrecuencycfUse:
1CC% of 2 LTOs

Emssion Senefit:
Cifierence cerween taxificle emissions calculated
using Saseiine assumpticns and tug, plus APU, plus
ergine warmug/cool dewn emissions (2 minutes out +
2 minutes .naticle)

Implementation Costs

F.el ccsusavings = {(baselineg taxi time - 4 minutes) =
(FFae/1CC0) = (jet fuei cast)] - [{tow time) = (FRyg) =
(Ciese!l fuelfelecticity cost] - [(tow time) = (FFapy) »
(jet fuei cost))

Lacer cests = (tow time - baseline taxi time) =
[(arrcraft crew laoer costs) + (additional labor cost of
lewing crew mace up of 3 crew per additional tug)]
Equipment cosis = annualized cost of 2.5 times the
numer of ugs currently in use {1.7 tugs per gate
neecec vs. 0.7 tugs per gate needed under current
oceraucns, in the expersience of one airline) + annual
venhicle mantenance cost + replacement parts for key
ncse gear cempanents {assume 25% reduction in
cermporent life)

Incirect and Noneconomic_:

APU eperating costs (exclucting fuel costs)

Increaseq complexity of on-ground operaticns and
¢communications

Value of cassenger time due ic increased on-ground
ocerarncrs

ASSUMPTIONS
If emissions data for the new high-speed tugs
and estimates of increased ground congestion
were available, the following assumptions could
be made in calculating an emissions estimate for
towing aircraft to the runway:

¢ assume the use of a nigh-speed towbarless tug

AIR POLLUTION MITIGATION MEASURES
FORAIRPORTS AND ASSOCIATED ACTIVITY

s the tug will tow at the max ~.~ ewing speed

* all aircral engines are ¢ z.~ng cwing anc the
APU is in operation at fuil 2o wer

* all air¢rait engires must .~ “2r at 'east twe minutes

Detore takect 10 reach s —a siasiliy

* engine cperatcn unger tax torciions is recuced
By the taxi-out 1me less w2 ~'rues.

SAMPLE CALCULATIONS
Insufficient data is avzlzble currently on the
potential high-speed tug emissions and increase
in ground congestion to czlculate the benefit

meaningfully.

REFERENCES
Two sizes of high-spesc towbarless tugs are
commercially available from Mercury GSE -Krauss

Maffei in El Segundo, CA. The tugs have the

capability of towing at speeds up to 20 mph. The
tugs have been tested at various airports around the
world including those in Munich, Frankfurt,
Zurich, Copenhagen, Stockholm, New York,
Chicago, San Frandsco, and Toronto. A Mercury
GSE tug currentdy is operatec by United Airlines
at San Francisco International Airport. Amster-
dam’s Schiphol Airport evaluated towing aircraft
to mitgate emissions. Since they have relatively
short taxi times they decicec not to tow aircraft
because it would be to expensive for the result-
ing benefit. ArSwizzerland’s Zurich Airporr, air-
craft are towed by a high-speed towbarless trac-
tor berween the terminal and maintenance facil-
ity. They decided this alternagve was not feasible
for towing aircraft from the gate to the runway
due to short taxiways and infrequent ground delays
thar result in average taxd dmes of 8.5-10 min-
utes. United Kingdom's Heathrow Airport inves-
tigated and rejected aircraft towing due to the
numerous runways and taxiways o Cross.

\: A —_
PE—— -_...:




cests) + (accinenal labor ces: of van ocerating crew NOx= 30 minutes = 6.88 =s fuel/minute « 5.95

mace up of 2 crew per van)] los NOx/1000 Ibs “.zi + 1000 = 1.23 Ibs
Ecuipment cests = annualized cost of accitcnal vans
equivaient 1 5 times the numoer of tugs currently in To calculate emissions from the passenger

use {2=1.7 LGS der gate neeced vs, 0.7 wgs per gate

: S e transport vehicle the following emission factors
needed urcer current operancns per one airling’s

excerience} + annual vehicle maintenarce cost are used: -
Emission Facior
Poitutant {G/BHP-HR)
Indirect and Noneconomic: HC o, 1.87
Increased complexity of on-ground operations and co 6.06
communicaiers 00 GO, .
Increased passenger time sgent enplaning and NOX-ovetsrrrriens 14.00
deslaning

The main engine emussiors Zor each trip are:

ASSUMPTIONS Emssons = AT - 35 (oo * ofto
The following assumpdons were made in cal- HC = 1.57~200 = C.21 = (8/60) = 21.35g
culating an emissions estmate for taking pas- CO = 6.08 =200 = C.3% = (8/60) = 82.42g
sengers to aircraft: NOx = 14.00 = 200 = C.31 = (8/60)=190.40g
¢ passenger lransport vehicle's primary engine is left
10 idle between transpert coerations The auxiliary engine emissions for each trip are;
* the vehicle hias 200 BHP primary and auxiliary HC = 1.57 =200 = Q.27 = (18/60) =48.04g

engines and an average lead factor of 51% CO = 6.06 =200 = 0.5° * (18/60)=185.44g

+ it takes eight minutes o go tetween the main termi- NOy= 14.00.200=0.5" = (18/60)= 428.40g
nal and a plane

* the average time the vehicle waits 10 cad or unload Therefore the total exhaust zmissions for two
passengers is 10 minutes vehicles making a sight tip are:

* two vehicles must each make one trip for each LTO HC = 2(21.35 + 48.C4)/454 g/lb= 0.31 ibs

¢ the average daily operation cycle is Sam 0 11pm CO = 2(82.42+185.42//454 g/lo= 1.18 Ibs
(eighteen heours) with twenty-eight trics zer day NOx = 2(190.40 + 428 2C)/454g/Ib= 2.73 10S

APU cperates fcr 30 minutes (o accommedate pas-
senger lcacing and main engine start.

This compares to average taxi-out emissions

SAMPLE CALCULATIONS for commercial aircraft per LTO ar LAX based on
To calculate emissions from the APU assume the FAA average taxi-out dme of 15 minutzes:
30 minurtes operating dme: Pollutant LBLTo
HC= 30 minutes * 6.88 Ibs fuel/minute = 0.16 HC 11.91
lbs HC/1000 1bs fuel + 1000 = 0.03 Ibs  HC e ,
CO= 30 minutes « 6.88 Ibs fuel/minute = 5.8 010 T 28.80
lbs CO/1000 Ibs fuel + 1000 = 1.22 Ibs NOX 2.49

o~ a
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ment is pardally offset by savings in fuel costs
and aircraft engine operating hours. Unless per-
marnent parking facilides are established, power
and air would have to be provided to the aircraft
by ground peower units and portable air com-
pressors or the APU, which would offset the ben-
efits somewhar.

APPLICATIONS

The longer: the aircraft taxi time, the greater
the potential emissions benefit from taking pas-
sengzss o alrcraft. Dulles Airport near Washing-
ton, DC was originally designed to operate this
way. This potentially could be a retrofit measure
for an airport if taxi times are long and a sufficient
amount of space is available near the runways for
an aircraft staging area. The likely application
for taking passengers to aircraft may be in the
design of a new large airport. Space could be
provided near the runways for parked aircraft and
passenger boarding.

KEy InvuUTS

The key dara needed to assess the benefit from
this measure is engine emission data for APUs and
the vehicles thar ransport passengers to aircraft.
To evaluate the measure, emissions from the APU
and passenger transport vehicle must be calculat-
ed. The emissions from all the vehicle’s trips and
the APU would then be compared to the aircraft’s
emissions to esdmate potental emission reduc-
tions. Vehicle engine datm needed includes emis-
sion factors for exhaust (EC, €O, and NOy),
crankcase HC, evaporative HC, HP rating, and in-
use load factor. APU data needed includes emis-
sion factors for exhaust (HC, €O, and NOY).

Other Assumpucns:

CALCULATION PROCEDURE

Alrcraft and APU

Passanger Transport Vehicle
Ej=Z (EF) » (BHP)) * (LF)) * (Use Hours;)

Emisslon Reductlon Beneilt

Assume for TIM:

All engines ocerale for 5 minuies gricr 0 takecff or
shutdown (minimal taxi time 2'us 2 mirutes minirmum
for thermal stazility/coc! dowr)

Special vans {similar o those used at Dulles Airper)
are used o transport passengers frem terminal gates
directly to the aircraft. Passerger ranscort vans will
be fueled by natural gas or etectric ergines. Vans
can accommecate 35 passergers.

On average, will nead wice as many vans per LTQO as
tugs needed 0 tow aircraft ic runway (2 vansftug = 1.7
tugs per gate)

A cencrete holding pad must te constructed acjacent
o each runway to accemmodate parked aircraft.
Centrally succlied air and pewer, as well as other sar-
vices, will be mace available tc the aircraft on the
holding pad.

Frequency of Use:

100% of alt LTOs

Emission Benefit:

Differerce terween taxi/idle emissicrs calculated
using baseline assumgtions ard emissions from the
transport vars and apu plus ergine warmup/cocl
gdown emissicrs (10 minutes at icle total)

Implementatlon Costs

Direct:

Fuel cost/savings = [(baseline axi in cius taxi out
time - 10 minctas) = {FF e/ 10CC) = (jet fuel cost)]

- [{passenger transport time) = (FF.a,) = (natural gas/
electricity cosi]

Labor costs = [passenger transcort time - (baseline
taxi time - 10 minutes taxi time)} = {(aircraft crew labor

N —_
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ing taxi dmes considerably compared 1o the for-
mer design where the terminal was located some
distance from the runways. This design includes
a central terminal with ticketing and baggage
claim adjacent to public parking. This terminal
can be accessed by ground waffic. An under-
ground people-mover rail system then transports
up to 13,200 passengers per hour to the mid-
field terminal located berween the runways.
Alrcraft park at gates art this terminal.

Some airports can use this design in modify-
ing an existing facility. Dulles Airport added its
mid-tield tecmninal abour ten years after the air-
port was built to accommodare airline hub oper-
aton. Operating as a hub typically increases the
total number of flights, which arrive and depart
ona coordinated schedule. The increased activ-
ity at Dulles would have caused severe congestion
due to the number of lounges required to service
the aircraft. The approach taken was to con-
struct the new mid-field terminal. Mobile
lounges now transport passengers from the main
terminal to the mid-field termiral for approxi-
mately seventy-five to eighty percent of the
flights.

Other airports have constructed terminals
close to the runways for similar reasons. The
Unired Kingdom’s Heathrow Airport near
London has four terminals, three of which are
located in the area between the runways. An
underground tunnel connects to the central ter-
minal area. A third terminal is planned at Charles
de Gaulle Airpor, outside of Paris, France along
with a shurtle between terminals.

S "’/
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Implementation Feasibility

» Space requirements for parking aircraft and
operatng passenger wansport vehicles or con-
structng a rerminal adjacent to exdsdng run-
ways limit the Ekelihood of this measure being
adopred as a retrofit. New airports can easily
include this approach into their original design.
The most practical variation appears to be
building a mid-field terminal near the runway
connected underground to another terminal
that provides access to the surface transporta-
tion nerwork.

» Airport owners have the responsibility for
implementing this measure.

bbb bbb
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3.2.5

Congestion —

On-Ground and In-Air

This measure reduces aircraft tax: time.

Delays at airports are a major cause of exces-
sive aircraft idling. Some of the causes of delay
include weather, airports design limitations, air-
craft operating procedures, gatehold procedures,
and air traffic control procedures. The majority
of delays are relared to runway constraints, This
section discusses various ways to reduce airside
delays.

On-ground congestion extends taxi dme and
can be a significant cause of aircraft sicting with
engines running. Taxiing and idling primarily
are sources of HC and CO emissions. Examples
of on-ground congesdon include arriving aircraft
waiting for a gate to become available or depart-
ing aircraft waiting to get to the runway for mke-
off. Various techniques are available for relieving
on-ground congesdon such as:

¢ Gatencid Procedures
* Taxiway Improvements
¢ Hignh-Sceed Taxi Turnouts

+ Intersection Deparure

Gatehold Procedures

Different airports manage air traffic con-
trol (ATC) delays differently. In some cases, air-
craft begin rading to the runway as soon as they
are ready. If ATC delays prevent them from
being cleared for takeoff, they idle on the raxi-
way until they receive clearance. Other air-
ports hold the aircrafr at the gate uncil thev are
ready to depart and have received clearance to
takeoff. This minimizes the delay while taxi-
ing to the runway.

Taxiway Improvements

Various approaches can make taxiways more
efficient for moving aircraft quickly berween
the gate and runway. Depending on site-spe-
cific factors and original airport design, improve-
ments may include widening, extending, or
building new taxiways. A double-width taxiway
allows aircraft to pass side-by-side, reducing
intermittent stops and allowing aircraft cleared
for takeoff to pass aircraft that may be experi-
encing ATC delays. Exrending taxiways may
allow access to other taxiways and runwavs.
New taxiways may be necessarv to allow aircraft
to taxd more directly to runways or to decrease
Intermitrent stopping to cross runways and taxi-
ways or to pass other aircrafr.

High-Speed Taxi Turnouts

Some turnouts from runways to taxiways are
constructed at a 90" angle and aircraft must near-
ly stop to make the turn. A high-speed tumnout
is curved or angled and banked to allow an arriv-
ing aircraft o enter the taxiway from the runway
much faster. This clears the runway much more
quickly to allow for other landings or takeoffs,
thereby reducing delays.

Intersection Departure

Under most conditions aircraft do not need
the full length of the runway to takeoff. Some air-
ports allow aircraft, pardcularly smaller aircrafr,
to access the runway ar the intersection of a taxi-
way and the runway rather than taxiing all the
way to the end of the runway. At some airports
this can cut taxi dme substandally. While inrer-
section departures are possible most often by
commuter and general aviation aircraft, they also
are feasible for smaller narrow-body aircraft such
as B-737s and MD-80s at some airports.

LY o=
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Aircraft holding areas and additional noise
barriers also may contribute to reducing aircraft
taxi delays.

In-air congesdon also can cause delays on the
ground because arriving aircraft have priority over
departing aircratt. Reducing in-air congestion
can reduce on-ground delays by allowing aircraft
to be cleared for tkeoff more quickly. Techniques

to reduce in-air congestion include:
¢ Reduce Aircraft Spacing
e Separate Runrways

¢ Peak-Pencd Pricing

Reduce Aircraft Spacing

Reducing the longitudinal separation between
inbound or outbound aircraft while in the air can
increase the capacity of some airports by gerring
more aircraft to or away from the airport. For
many airports this can be accomplished by up-
grading ATC instrumentation or revising approach
or departure procedures.

Separate Runways

Many airports use the same runway for com-
mercial and commuter/general aviation aircraft.
Commercial aircraft operate at higher speeds on
approach or climbout than the smaller aircraft. By
using separate runways, air traffic can be managed
more efficiendy with reduced spacing and fewer
delays required to prevent one aircraft from over-
running another.

Peak-Period Pricing

Peak-period pricing for landing fees may
induce airlines to schedule more flights during
off-peak periods. Curting the number of flights
scheduled for peak periods would reduce delays

due to congestion.

e y J

These measures have the potental to reduce
in-air and runway congeston resulting in reduced
taxi delays.

CONSTRANTS
Various constraints must be considered when
implementing and evaluating on-ground and in-
air congestion reducing measures. Some of the
constraints on the measures discussed include:

e Garenold Prccedures
* Taxiway Improvements
¢ [ntersection Decanure
¢ Secarate Runways

¢ Peax-Period Pricing

Gatehold Procedures

Gatehold procedures can cause departing air-
craft o be held at gates thar arriving aircraft need
causing congestion on the taxiways.

Taxiway Improvements

Taxiway improvements require additional
space and considerable construction time. The
airport design may not accommodate the addi-
tional space needed on the airfield to widen or
build a taxiway. Also the level of activity at many
airports limits the hours available for construczon
to take place without interfering with airfield
operations.

Intersection Departure

An intersection departure may present a safc-
ty concern. LAX allowed intersection deparrurc
until a landing air carrier aircraft collided with 2
commuter aircraft that was moving into positon
to takeoff from an intersecdon on the same run-
way. ATC procedures no longer allow intersec-
tion departure at LAX.

- AIR POLLUTION MITICGATION MEASURES
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Separate Runways

Airport layour and rerminal design may make
it infeasible for commercial and commuter/gen-
eral aviaden aircraft to operate from separate run-

ways.

Peak-Period Pricing

Peak-period pricing for landing fees is intend-
ed to deter activity during peak-periods. Due to
business faczors, such as scheduling and market-
ing considerations, airlines may continue peak-
period operadons in spite of the higher landing
fees. Landing fees are a small component of an
airline’s toral airport costs, which typically are
about 5% of the airline’s total variable cost. Sub-
standal increases in peak-period landing fees may
be required to influence flight schedules.

APPLICATIONS
Where airports experience long taxi times
due to delay, there is a potential emissions ben-
efit from recucing on-ground or in-air congeston.
Mest of the actions that can be taken to reduce
delay are influenced largely by site-specific factors
and should be considered individually.

Key INvpUTS

The key information needed to evaluate
potential benefits due to delay reduction is aver-
age txi dme during periods of congestion as well
as periods frec of congestion. To evaluate this
measure, emussions are calculated using an aver-
age taxi time-in-mode thart includes periods of
congestion and comparing the total emissions to
those calculated using an average taxi tme-in-
mode without congestion.

CALCULATION PROCEDURE
Ej= X (TIM; = (FF:/2000) * (El) * (NE}

Emission Recuciion Benefit

Assume for TlM

Minimum taxi ime is the averzge of e Iowes 10 per-
centile of all 1axi umes. Tax: »Tes :nat exceec n
minimum are a result of cc~gesian, iccal and remote
weather, and mecharical ‘z ginienance celay.
Delay resulting from congestcr 2ssumed to te 75%
of all delay.

Target of Measure:

through a compination ¢f —
specific.

Em:ssxon Benef 5

Maximum "*er'eflt 18 tr‘e difz-z~ce cetween emissicns
calcuiated using basaiire zssu~suens ang those
asSUMINg na congesticn--~S.ted &

Implementation Cests

" Direct:

Fuel cost/savings = (average 1zxi tme - average cf
lowest 10%ile tax imes) = [Fr ../ 1CC0) = (jet fus: cosy)

Capital cost = cost of congas:icn reiief measures ana
equipment neeced to imgigmen:, which will be site
specific

Labor cost = (average taxi .—e - average of lowes:
%ile {axt imes) = (aIrcra® crew |abor costs)

Probably minimal or no acces ‘azer cost for mest cor-
gestion relief measures. Cverall orozaoly a lacer ¢cs?
savings due to aircralt crew savings.

Indirect and Noneconomic:

Possibiy tower staff raining cosis

ASSUMPTIONS
Congestdon reduction opportunites are high-
ly site specific. The potential emission reduc-
tions are based on the potential to reduce the
average taxi ime. A reasonable assumption for
the minimum taxi ime is the average of the low-
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est 10 percentle of all taxi tmes for the airport or
for an individual carrier, depending on the level
of disaggregation of the raxi ime-in-mode data.

SAMPLE CALCULATIONS

To evaluate the potendal benefit of reducing
congestion, the average ot the lowest 10 per-
centile of all taxi-out times for three airlines was
assumed to be the average taxi-out ume. This
resulted in an overall reduction in taxi time of
25.36%. This percentage reduction in taxi time
was applied to FAA’s data on airport average taxd
time. This was applied to all LTOs to represent
the maximum benefit.

Dara for actual taxd dmes for three airlines was
used to determine the reduced taxi-our tSmes that
may be feasible as a result of reduced congesdon.

REFERENCES

Many airports have tested or implemented
congestion reduction measures. There is no uni-
versal set of measures appropriate for all airporrs.
The United Kingdom’s Manchester Airport is
planning to revise gatehold procedures to reduce
congestion. Swirzerland’s Zurich Airport is plan-
ning to construct double taxiways and holding
bays that will enable aircraft to pass in case of
changed departure sequences. At Sacramento

. Sample Calculation For...

?; CONGESTED CONDITIONS

Congestion Relief
Emissicns = T({TIM) = (FF/1C00Q) = (El) = (NE)
— HC Emissions —

8737-300 Aircraft
CFMS6-38 Zngine

CONGESTION REDUCED

=C No. HC No.
: Time In Fuel Emission Of o Time In Fuel  Emission Of
© Moce Mode Fow _ Facter Eng Emissions Moce Moce Fiow _ Facicr Eng. Emissiens
MIN “WAMING L3 1,000 35 MIN Lwin 13/1.00C 3 w38
© Taxi-out 15.00 1720 125 2 06480 Note: Taxi-cut 896 1,25
e [PSPTr LOWE[ Tan_out : cornne
[sR=1 18Q.79 0.cs 2 Q.0115 time. Takeoff 0.88
. Climooul 1.14 123.02 ofe-] 2 Q.0140 Climeout  1.14
: Approach 2.40 47,62 0.ca 2 0.0183 Apgreach 2,40
© Taxi-in 8.80 17.20 1.28 2 0.3784 Taxi-in 8.80
3737-300 Emissions oer LTC {IbsL.TC) 10672
Annual 3737-300 LTCs 39,184 — Emissicns Senefit —
lifferance ¢ neraied |
Total Annuai HC Emissicns (Ibs) 41816 & ew’gec: gveenvﬂeenm_er;:?ﬁ;s‘gizwd
corrcared to when the measure is in use.
HC emissions are caicuiated for aif aircraft ;n e feet and summed 10 get totaf annual HC emissions. HC Emissions
. Fleet Total Annual =C Emissions (Ibs) 46397755 wio measure 4897755 bs 3.544 279
Fleet Avg Emissions per LTO (Ibs/LTC) 19.583 wilh measure 3.544 279 los 1473
HC Benefit = 1,153,475 ibs
Percant Redustion = 5%
CO emissions are determined using simifar calculalions with apprognarte emission 1aCors. CO Emissions
Feet Total Annual CO Emissions (Ibs) 11,672,618 wio measure 11,672.618 ibs 8,882.268
. Aget Avg Emissions per LTO (bs/LTO) 4852 with measure 3.882,368 bs 36.92
CO Benefil = 2.790.250 bs
Percent Reduction = 24 %
NOx emissions are determined using similar cajcuialions with appropriate emission factors. NOx Emissions
Fieet Total Annual NOx Emissions {Ibs) 6.939,500 wio measure 6,939,500 bs 5,628.0C6
i Feet Avg Emissions per LTO (lbs/LTQ) 28.84 with measure 6,698.006 bs 27 .84
NOx 2enelit = 241,495 ibs
Percant Recuction = 3%
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Mewopolitan Airport, high-speed tumouts and
paralle] runways have resulred in reduced taxi
tdmes. During peak periods, Sacramento tries
to limit general aviation acgviry to the secondary
runway. This separation of general aviation air-
craft from jet aircrar: helps to reduce peak con-
gestion delays. LAX is planning to add to their
existing high-speed raxiway exits.

The San Francisco Bay drea Airports: Task Force
Capacity Study of SFC, SJC, and 04K International
Airports proposes several measures for reducing
delays at the area’s thrze major airporss. The report
evaluates potential aircraft delay reduczons from
several measures such as high-speed taxi rumouts,
extended taxiways, and new taxiways.

- MEASURE VARIATIONS

- There are several possible variatons of the
congestion reducing measures mentioned above.
For example, Greater Pittsburgh International
Airport installed a Norden Systems’ Airport Sur-
face Detection Radar. The radar aids controllers
in direcring traffic on taxiways, runways, and
aprons during low-visibility weather and on
obstructed areas of the airfield. Frankfurt Airporr
in Germany operates Sieman’s Departure Coor-
dination System {Depcos), which replaces paper
flight strips with a computerized system. Con-
trollers enter requests and clearances (e.g. start-
up, push-back, and raxi) for departing aircraft
into the system. The system reduces the tme
needed to coordinate aircraft for departures.
Three systems are in place at Germany's Munich
2 Airport. Sieman’s Compurer-Contolled Run-
way System improves aircraft flow and safety for
movements on the taxiway. The Apron Control
System is directed by a special team of controllers
in the tower who are responsible for aircrafr as
they enter the apron area from the taxiways.

When a taxiing aircraft approaches a gate, a con-
troller identifies the aircraft tvpe and model for
the Aircraft Docking Guidance Systemm. At Swit-
zerland’s Zurich Airporr, slot coordinated engine
startup is planned in which the clearance to saart
an aircraft’s engines will not be given berore the
assigned slot for the aircraft is acrually approved.

Two measures have been implemented at
Germany's Munich 2 airport to cope with cold
weather. The water mble was lowered at the air-
port to ensure frost-free runways, taxiwavs, and
aprons, which delay taxiing aircraft. The airport
also has purchased a deicing system that is about
4 times faster than standard deicers. Both measures
reduce congestion during inclement weather.

Gatehold procedures keep departing aircraft
at their gates until a takeoff space is available. If
all gates are occupied with departng aircraft wait-
ing for clearance, an arriving aircraft may have
to wait in a taxiway or in the terminal area. Using
holding areas as a variation of a gatehold helps
alleviate this problem, however, it may increase
engine idle ime. A holding area would be built
near the runway for aircraft thar had departed
the gare and were waiting for a takeoff space. By
freeing up gates, the congestion created by arriv-
ing aircraft stopped in taxiways and the termi-
nal area would be relieved. Arriving aircraft also
could stop in the holding area if no terminal gates
were available. Another gatehold variadon is to
have a staging pad near the departure end of a
runway to allow aircraft to pass each other in case
any problems arise.

To minimize on-ground congestion at the Derver
Intermatonal Airport, scheduled to open in March
1994, service tunnels will connect the terminals to
transfer baggace. These tunnels will reduce ground
support equipment traffic on the runways and taways,
a common source of congestion at airports.
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Separate runways for commercial and com-
muter/general aviation aircraft improves the flow
of aircraft into and out of an airport. A varia-
tion on using separate runways is to divert small-
er aircraft to other airpors or ban them com-
pletely during peak-periods of acivity. All run-
ways then could be used for larger and faster com-
mercial aircraft. Other approaches would be to
distribure rraffic more evenly at one airport to
minirnize peaks or among area airports to reduce
operations at congested airports.

One way to encourage fewer operatons dur-
ing peak periods is to charge commuter/ gener-
al aviaton aircraft higher landing fees (either
during peak periods or all of the dme) to deter
actvity. Higher fees are more likely to deter the
acyvity of commuters and smaller aircraft used for
personal trips.

Implementation Feasibility

» Daa is available for taxi time from the FAA or
from the airlines. Data on aircraft delays for
select measures (calculated as toral hours of
delay) ar particular airports is provided in the
San Francisco Bay Area Airports: Task Force
Capacity Study of SFO, SJC, and QK International
Airports. Many techniques are very difficulr to
evaluare, especially in-air techniques. Exisdng
data can be used to estimare emissions reduc-
dons for a few measures.

» Congestion reducing measures that do not
involve construction apparenty can be imple-
mented at existing and new airports under few
constraints. Those measures that require con-
strucdon may be limited because of a lack of
space; at new airports they can be incorporat-

ed in the original design.
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» Emissions reduction is achievable but highly
site specific for most congestdon reducing mea-
sures.

» Airports and the FAA would be responsibie for
implementing these measures.
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3.2.6

Fleet Modernization

This measure reduces the fleet average HC
and CO emission factors (fleet average
NOy emission factors increase as the flest
modernizzs).

Large commercial airlines’ fleets tend to
change every vear as new aircraft are purchased or
leased and older aircraft are leased our, sold, or
retred. The aircraft 10 be added to the flests of
major domestic commercial airlines within the
next several years already are on order. Newer
aircraft typically have cleaner engines than the
aircraft they replace. Therefore, the acquisitions
will lower the airline’s average emissions of HC
and CO per passenger.

CONSTRALNTS

Fleet modernization occurs continually
although the rate of modemization varies accord-
ing to numerous factors such as airline financial
health, forecasts of demand for air travel, changes
in marketing strategy, and cost of capimal Because
of the high annual growth rate and forecass of
future growth experienced in the 1980s, many
airlines aggressively modernized their flesrs.
While this aggressive modernization has dimin-
ished somewhat due to the recent financial prob-
lems experienced by the airlines, noise reduction
legislation is acting to sustain or increase the rate.
The noise legislation requires the phase out or
conversion of older Stage 11 aircraft. When the
Stage 11 aircraft are retired in favor of Stage 111
aircraft, the newer aircraft typically have engines
with lower HC and CO emission factors.
Converting Srage II aircraft to Stage 111 can be
done by re-engining or by adding hushkirs to
muffle the noise. Re-engining usuaily replaces
older engines with newer ones with lower EC and

CO emission factors. Hushkitting has no direct
effect on engine emissions. It does increase the
total aircrafr weight, however, which then caus-
es a slight increase in engine emissions.

APPLICATIONS
Enforced aircraft fleer modernization is an
extreme measure to take for mitigating air emis-
sions. It is discussed in this report to illustrate the
change to emissions that come about as a result
of the turnover in the aircraft fleet.

KEY INPUTS

To determine the effect of fleet modemiza-
tion on the total fleet emissions, it is necessary o
know the current fleet make-up and have infor-
mation on furure aircraft purchases, retirements,
sales, and leases. If detailed furure aircraft infor-
mation is not available, a forecast of the furure
fleet based on this information is suffident. Given
an airline’s current fleet mix, the future mix is
esumated by adding aircraft purchases and sub-
tracting aircraft redremnents, sales, and leases. To
evaluate the benefit, emissions chen must be cal-
culated for both the current and furure fleet mix.
A specific airline’s current fleet and some plans for
furure fleet changes are presented in its annual
report. Generally, the report lists aircraft firm

orders by aircraft model and vear of delivery.
Alrcraft irm order data by airline, aircraft model,

- and delivery year also is available from aircraft

manufacturers. Specific informadon is not read-
ily available on an airline’s aircraft retirements,
sales, and leases. Some informed judgement will
have to be applied in estimating these factors.
A similar approach can be taken for estimat-
ing historic emissions. For example, this approach
could be used to adjust a baseline estimate. U.S.
airline jer airplane inventories for past years is avail-
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able from aircraft manufacmurers, such as Boeing They are:
and McDonnell Douglas. Aircraft model and

» all current aircraft orcers anc cclicrs will be exar-

populations are contained in: the Boerng Jet Airplane cised by 2010
Inventory, a yearly publicacon. Fleerand LTO data * aircraft are retired when they reacn 3C years cld

by airport and airfine for past years are contained L ‘
. , e L o * Stage Il arrcraft suil in service wiil Rave teen "hush-
in that year’s publication of FAA’s Airporz Activity kittec" rather than re-enginec.

Statistics of Certificated Rouzz Air Carriers.

SAMPLE CALCULATIONS
ASSUMPTIONS Based on the procedure and assumptions
The following assumpzons were made in cal- described above, the change in fleet makeup for
culating an emissions estmate for future fleet LAX was forecast. Table 3-3 summarizes the LT'Os
modernization as it would affect LAX. by aircraft type for 1990 and 2010 (including the
TABLE 3-3
Forecast Of Aircraft Fleet Changes At LAX
— LTO By AIRCRAFT TYPE —
1990 2010 1990 2010 1990 2010
Airbus 0 i Other
A-300-800 ........... 484 8.313 56884 | ATRA4Z..coon.. 0 2118
A-3008 ...corvvrrrrrre 4818 1960 6.153 | BAC 111400....... 1 )
A-310-200 ..o 410 133 | S-767-200EA...... se 178 . BAE 146-2C0........ 15035 577
A-310-300 ..ovrvcce. 265 645 | E-7E7-300......... 2484 29879 : geech18 ... 25 0
A-320-100 .o 59 8421 ; BTTT-X0..... ¢ 8280 | C-208 ., 384 13,43C
A-320-200 .......... o 8,503 | { DASHT e, 0 a8
AB21 e 0 2150 ; MeDonneil Dougias | OHCH/C0..... O 169
A330 oo 0 9mz i CCI0-0 . 14,041 866 | DHCB..oe. O 593
A340 e 0 5041 ¢ CCI0-30 3.301 6885 | EMB-110....... 5312 c
CC10~0 .. 2,159 2.458 i EMB-i20... 2353 4,406
Boeing PoDC8-ECF L 485 Q EMB-145 0 2542
B-707-3C0 ... 208 0 | CC860 o, 0 143 | .27 SERIES c 1313
B-727-100 ... 24820 0 | OC882. .. 52 O ! F28...... ¢ 793
B-727-200 .....cc...... 33.070 6414 | OCB8465F ... 762 O ' F100-10C. ... o 16.575
B-737-100 ............. 28.480 0 i OC870 0 3870 | Jalstream 31 ... 10278 1,440
B-737-200 ....cveee.. 1.085 3.963 CC871 . 2.058 0 LACC..o oo 287 0
B-737-300 ............. 39.523 83.295 CC&-73 ... . 520 ) L-1011-1CC . .. 9057 2.005
B-7374C0 ... .. 2,504 5333 | OGIISF . 1113 0 i L1011-50 ... a 4057
B-737-800 ... 480 10882 | 0C9-30 ... 1,208 . 17655 | 4011500 ... 184 1.981
B-747-100 ... 2,707 123 | £C90 ... 36 432 . SAZ27 ) 468
B-747-200 ............ 10.454 1493 | ©C950 .cooconnnn. 0 721 0 SE3AOA . 0 5338
8.747-300......... 1.520 500 i CC9-80 ... 16.731 48321 i sHT380 . .. 0 42
B-7474C0 ........... 1.763 21431 § MDT1-11......... 0 14830 | syper Jetstream 31 ) 890
Total ............ 240,580 434,248
R Y )
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expected growth in air tzavel). The resulting
change in emissions per LTO are:

199G 201C
Faliutant Fiee: Flee:
(LanL-o) {Lai-c,
HC s 19.83 7.4C €2%
CO......... 48.82 30.30 8%
NOx...ooi. 28.85 31.25 -8%%
REFERENCES

Airlines change their deets annually as they
make dedsions on purchases, leases, sales, and
redrements. Contact airlines and aircraft manu-
facturers for information on individual flest plans.

MEASURE VARIATIONS

Some airports use a fee-based mechanism,
such as charging higher landing fees for aircraft
with higher emissions, as a way to encourage air-
lines to operate a more modem fleet mix ar thar
specific airport. As discussed under the conges-
tion reduction measure, landing fees are a small
component of an airline’s total airport costs, which
typically are about 5% of the airline’s total vari-
able cost. Substantial fee increases may be
required to influence airline behavior. At Munich
2 Airport, the basic fee is paid by ICAO licensed
aircraft in accordance with Annex 16, Chaprer
3 (known as Stage ITI in the U.S.). The modern
Chaprer 3 aircraft rend to be lower emitting air-
craft. Higher fees must be paid by older, pollut-
ing aircraft. At Stockholm’s Arlanda Airport in
Sweden, higher landing fees may be charged for
aircraft with higher emirtring engines. Ar United
Kingdom's Manchester Airport, increased emis-
sion taxes and cerdficates (permits} for high emit-
ting aircraft are measures under consideration.

35

Implementation Fe:xsibility

» Current flest data and aircraft firm order data
by delivery year is available from airlines and
aircraft manufacrurers. Aircraft lease, sale,
and retirement dara Zor furure vears is not
available and must be estimated. Simply
adding the firm order daca to the existing fleet
mix will give a conservative result when cal-
culating average fleet emissions for specific
airlines. (Historic inventory data is available
for U.S. airline jet airplanes. Past years inven-
tory data and LTOs are available for airports
and the individual airlines that operated there
from FAA reports.)

» Fleet turnover occurs as airlines make cheir
yearly purchases, leases, sales, and redrements.
Furure fleer modifications depend on many

factors including trave! demand forecasts and
the financial situation of individual airlines.

» The emission reduction benefit of fleer
turnover is expected to be significant over dme.

th o oo o oo b o
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3.2.7

New Engine Standards

This measure reduces the atreraft engine
emission factars.

The U.S. EPA has the authority to establish
emission standards for aircrart and aircraft engines
in consultation with the FAA. HC emission stan-
dards for new aircraft gas turbine engines (greater
than 6,000 lbs-thrust) weze serin 1984, No co
and NOx emission standards for new jet engines
have been set. It may be feasible to establish
tighter HC standards and new standards for CO
and NOx, although NOy likely would be the tar-
get of new standards since the 1984 standards
had the effect of significantly lowering HC and CO
emnissions. If new standards are set, future engines
will be lower emitting than they would be oth-
erwise. As new aircraft are added to the fleet,
the average fleet emissions per passenger will
decrease. New standards could reduce future
emissions substantially.

CONSTRAINTS

Manufacturing a lower emitting engine must
be demonstrated as technically feasible before
new standards can be established. While EPA
has the aurthoriry to establish new standards they
apparently do not have any immediate plans for
doing so. The tme required to establish the tech-
nical feasibility and set standards can be quite
lengthy. As a result, new standards can not be
applied as a short term measure. Also, since new
standards would only apply to new jet engines,
significant fleet turnover is required before the
effect of the new standards is appreciable.

APPLICATIONS
New engine emission standards likely would

Lo~ A

apply to all new engines above a cerrain size,
which would depend on the technology required
to achieve the lower emission levels. The HC
standard applied to all engines greater than 6,000
lbs-thrust, which covers most jet engines used
by commercial airlines. Compliance with the
new standards would have to be demonstrated
by the engine manufacrurers to receive certfica-
ton by the FaA.

Key InPUTS

To evaluate the effect of new standards, emis-
sions would be calculated for an aircraft fleet with
its existing engines and compared to the same
fleer using new standards. That would give the
maximum benefit, which would be achieved over
time as the fleet turns over and the new engines
achieve full market penetration.

ASSUMPTIONS
No quantitative information was available on
the emissions levels technically achievable by jet
engines. As such, no credible assumptions for
calculating an emissions estimate were made.

SAMPLE CALCULATIONS
The calculadon procedure to evaluate the
effect of new standards is straight forward, as
described above. However, since there was no
basis to assume a specific value for new standards,
no sample calculations are provided.

REFERENCES
The HC emission standards for jet engines
set by EPA in 1984 are codified at 40 CFR Part 87
- Control of Air Pollution from Aircraft and
Aircraft Engines. A copy is provided in Appendix
C. They also cover the limitations on fuel vent-
ing and smoke standards. The International Civil
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Aviatdon Organizadon (ICAQ) is reviewing air-
craft engine NOx emissions and considering estab-
lishing a standard. While ICAO standards do not
have force of law in the U.S,, they would have
the same effect since the major engine manufac-
turers need a single standard for all major markers
and likely would comply with all engines manu-
factured. However, one source said the level
being considered by ICAO is the level now
achieved by the major manufacturers, which is
below the current certified level, so no “uture
benefit would be realized {nor would the emission
levels get worse).

MEASURE VARIATIONS
Since no assumptions were made abour spe-
cific standards, a discussion of variations is not

applicable.

Implementation Feasibility :

» No dara is available on likely new standards,
therefore, potendal emission reduction bene-
fits are uncermin.

» EPA has the authority, established by the Clean
Alr Act, to set new standards.

» Significant emissions reduction may be possi-
ble in the future if new standards bring new
lower-emitting engines inco a significant share
of the market.

b o o o b b b

3.2.8
Derated Takeoff

This measure reduces
engine power at takesf;

Aircraft are designed to mkeoff fully loaded on
a hot day with enough of 2 safety factor w ensure safe
operadon. Full engine thrustis needed only under

extreme condidons. The maxdimum thrust is not

needed under more typical operadons when the air-
craft is not fully loaded and weather conditions are
normal. With a derared takeoff, the engine thrust
can be reduced from maximum thrust to the mini-
mum safe level necessary given the aircraft weight and
ammospheric condidons. As an aircraft’s thrust is
reduced, the NOx emissions are reduced. Therefore,
derared takeoff can reduce the total NOy emissions
during takeoff. As an added benefir, derated rtake-
off can reduce fuel consumpdon. For this reason,
many airlines routinely practice derated takeoff.

CONSTRAINTS
Some aircraft medels have been supplied with
two or more engine models. For example B737-
200s are certified for the JT8D-7, JT8D-9/94,
JT8D-15/154, and JT8D-17/17A/17R. The thrust
of these engines range from a low of 13,900 lbs-
thrust for the -7 to a high of 17,400 Ibs-thrust for
the -17R. The excess thrust therefore can vary
greatly over all of the B737s in the U.S. fleet.
This measure is much more practical for the high-
er thrust engines than for the lower thrust engines.
The higher an aircraft’s thrust, the faster it
clears the runway and local air space. During a
period of high activity use of derated takeoff may
be undesirable because it would increase conges-
tion around the airport. Also, noise reduction
requirements may not permit low power takeoff
because the flight path may take the aircraft over

residences at a lower altrude.
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APPLICATIONS

The lower the thrust can be reduced, the
greater the emission benefit from derated akeoff.
There is a minimum safe level to which the thrust
can be reduced. However, to a greater or lesser
degree, derated takeoff can be practiced on most
operations and even a slight reducton in take-
off thrust can reduce NOx emissions.

KEyY INpPUTS

The key dara needed to evaluate the emis-
sions reduction benefit of derated takeoff are
emission factors for normal takeoff and derated
thrust power. To evaluate this measure, emissions
first should be calculated for normal rakeoff.
The derated thrust emission factors then should
be used to calculate the alternative emissions.
The difference berween the total emissions for
normal takeoff and the alternative is equivalent
to the benefit. However, emission factors are
available for only one high power thrust level,
If the rakeoff thrust is reduced only slightly, the
emission benefit can not be quantified.

In some circumstances, takeoff thrust reduc-
tions may be as low as the normal climbout
thrust, for which emission factors are available.
In such 2 case, the normal takeoff and climbout
emission factors, available from sources includ-
ing EPA’s Compilation of Air Pollutant Emission
Factors (AP-42), can be used to evaluarte derared
takeoff.

CALCULATION PROCEDURE
Ej= X (TIMj) * (FF/1000) # (EL;) * (NE)

Emission Reduction Benefit
ASSUMB fOr TIM: e
Takecff time-in-mode is reduced to ¢ and ciimbeut
time-in-made is increased by 10% as a way ¢ calcu-

2 e
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late the effect of deratec 1akeaff.

Ne effect on delay or airsent capaciy.

Frequency of Use:
25% of all flights can apziy Cerated takeof 90% of the
time

Emission Benefit:
Difference between emissicrs calculated using tase-
line assumptions and these calculated after acolying
above assumptions

Implementation Costs
OleeCt e
Fuel cost/savings = (frecuency of use) ={ (TIMy) =
(FFo/1000) - (ATIMeo) = (FFoo/1C00) ] = (jet fuei casi)
Indirect and Noneconomic:

Paossibly pitot training casis

ASSUMPTIONS
The following assumptions were made in cal-
culatng an emissions esdmate for derated take-
off. The assumptions are for a situation in which
derared takeoff thrust is as low as normal climbour
thrust,
They are:

* derated takeoff will not aifec: airport congestion

¢ apilotwill apply deratec takecff only 90% of the
time due to aircraft weight limits

* 25% cf the airpont’s flights are zble to takeoff using
nermail climbout thrust

* the time-in-made for tzkeoff recduced to 0 and the
climbout time-in-mode is increased by 20% as a
calculational short cut.

SAMPLE CALCULATIONS
An emissions estimate for derated rakeot?
was calculated for commercial aircraft at Lax
in 1990. The estimate is valid only if takeotf
thrust reductions are as low as the normal
climbour thrust.
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Sample Calculation For... Derated Takeotf

Emissioris = Z(TiM) = (FF/100C) = (E!} » {NE) 8737-300 Aircra:
— HC Emissions — cFM 56-38 Engine
DERATED TAKEOFF NOT IN USE DERATED TAKEOFF IN USE
HC Mo HC o Ne.
Time In Fuei  Emission Of Time In Fue:  Zmussion Cf
Mode Mcge Few  Facior Eng. Emissicns Moce Moce Fea  Facier Erc Smissicrs
WiN L3iwN 13/1.00003 L35 N v 20 0003 35
Al . T
Taxi-out 15.00 1720 125 2 08450 Note: Takeart ume Taxkcul  15.00 125 2 08450
....4.....4:.......,..w..............‘...“”:...‘.....‘...“u-..»........--.....»-...4.>.,,........ r&um [u re\;efse . ......‘ e EM AR e hakeiaaeeacaan e ne
Taeoft ...095..18078 004 2000 | mwstumeony, Takeort 028 A el
cimee 114 123.02 0. Ciimeout increased 3e5 2 0022%
Appreach | 240 4782 008 2 00183 ° ”°rt‘?r:e' kot 83
Tax-in 8.80 1720 128 2 0.3784
3737-300 Emissions ger LTC 1bsATC) 1.0672 £873
Anrual 3737.300 LTOs 39,162 18s
Total Apnual =~C Zmissions {I&s) 41816 , 823
COMgares o amen the Measwrs 5 5 use
HC emissions are calculated for aif aircraft in the fleet and summed (0 ger (craf annual HC emissions. HC Emissions
Feet Total Annyai HC Emissiens (Ibs) 4,897,752 wio measure 4,697 ":2 &g 4§37 437
Fleet Avg Emissicns ger LTC [bs/LTO) 19.33 wmilh rmeasure 4897 237 =g 19 53
HC Zerefit = kRN
Percer: Secuction = %
CO emissions are determined using similar caicufatfons with appropnate emission factors. €O Emiasions
" Fleet Tewal Annual €O Emissicns {Ibs} 1167258 wio mezsire 11672272 25 11,673 164
Fleet Avg Emissions per LTQ [15s/LT0O) 48.32 with mezasure 11,673 "= 25 48.52
CO Berafit = -3"2 o3
Percent Secuction = :%
. NOx emissions are determined using similar calculations with agpicoriate emissicn faciors. NOx Emissions
Fieet Tatal Annual NCx Emissions (Ibs) 6,939,500 wio measure 8,935 5% bs 8.757.017
Fieet Avg Emissions per LTO (2s/LTO) 28.84 with measure B.757.2°7 =s 23C9
NOx Zereiit s 182,453 s
Percant Sgcuction = 3%
REFERENCES is spent operating at takeoff tarust. The less time
Some airlines encourage derated takeoff as a the engines orerate at full power, the lower the
policy to save fuel, but leave it to the pilots’ dis- NOx emissions. Some noise reduction takeoff
cretion to implement. Contacr airlines for indi- profiles call for low aldtude thrust reductdon, par-
vidual practces. ticularly when residental areas are quite close to

the end of the runway.
MEASURE VARIATIONS

A variation of this measure is to takeoff at Implementation Feasibility
full thrust but to cur back power at a lower ala- C .- . .

. A » Emission factor data is not available at two
tude than otherwise. After takeoff, the pilot hioh- thrust levels. Dara only is avail-
reduces from takeoff thrust to climbout thrust. As 1ghrpower tru L :

able for normal takeoff and climbour thrusts.

thrust decreases, the NOx emissions are reduced. i .
) ’ X ; ) Awvailable dam can be used to calculare an emis-
If thrust is reduced at a lower altirude, less time
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sions estimate if derated rakeoff thrust is as
low as normal climbour thrust.

» Implementing this measure is the responsi-
bility of the airlines, working with the airports
and FAA to insure the resulting flight path is

safe and consistent with noise reducdon plans.

» The measure apparendy can be implemented
under few constraints.

» The NOx emission reductions are expected to
be smmall, however, they are realized at no cost
or evern a Cost savings.

b o b o b b b

[ y

Y T~———————— FORAJRPORTS AND ASSOCIATED ACTIVITY

40

3.2.9
Use Larger Aircraft

Tiis measure increases the rz;zméer of, £as-

sengers per LT O, thus reducing total LT Os

Jor a given number of passengers.

The U.S. aircraft fleet includes aircraft of var-
ious sizes. The same number of passengers can
be serviced with fewer LTOs if larger aircraft are
substituted where smaller aircraft currently are
in use. For example, a Boeing 737-200C has
approximately 110 seats and a Boeing 767-300
has approximately 220 seats. One 767 LTO can
replace two 737 LTOs. Depending on the engines
used, the pollutants emitred per seat may be lower
for one 767 LTO than for two 737 LTOs. The
measure has the potendal of lowering both the
number of LTOs and total emissions.

CONSTRAINTS

Fleet mix and flight schedules are the pri-
mary constraints in using larger aircraft as replace-
ments for smaller aircraft. Matching available
aircraft to the service the airlines want to pro-
vide can be very complex. Projected demand for
a pardcular route, availability of specific aircrafr,
opportunites for alternative uses for an aircraft,
and potendal load factor all must be considered.
To make a larger aircraft available to replace the
service being provided by smaller aircraft, the
service provided by the larger aircraft must be
replaced. This change in turn may affect con-
necting flight schedules and aircraft requirements.
Business factors, such as scheduling and mar-
keting consideratons, also may be serious imped-
iments for airlines trying to substitute aircrafton
an existing route. These considerations drive air-
lines’ decisions on where specific aircraft should
operate and what type of aircraft to operate ona
given route. For example, an airline that operates
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a B737-200 berween two cities each hour may
loose market share if it changes to a B767-300
operating every other hour because potential pas-
sengers may feel a loss in schedule convenience.
This schedule also may be an inefficient way to
deploy the B767-300 because its daily utilization
(block hours per day) may decrease.

In some cases, emissions from one large air-
craft may be higher than from two small aircraft.
Therefore, substituting the larger aircraft may
have reduced the number of operatons, but not
the total emissions.

Finally, while it may be a modest factor, it
may cost an airline more to land one large aircraft
than two small aircraft. Aircraft landing fees are
established and administered by individual air-
ports. Various facrors, such as airport mainte-
nance and operating expenses, are considered in
calculating a fee. Landing fees are administered
based on the aircraft’s Maximum Gross Approved
Landing Weight, a universally applied weight for
an airline’s aircraft model. For example, LAX's
landing fee for a signatory airline’s aircraft weigh-
ing more than 25,000 pounds is $0.51/10001bs.
The fee charged at LAX for landing two Boeing
737-200 Advanced, each with a landing weight
of approximately 107,000 pounds would be $109.
Conversely, the fee for landing one Boeing 767-
300eR with a landing weight of approximately
320,000 pounds would be $163. Therefore, it
would be slightly less expensive for the airline to
land two 737s than one 767. This difference is
more pronounced where landing fees are higher.

APPLICATIONS
The most likely application for using larger
aircraft is substituting two small aircraft with one
large aircraft that has lower emissions. Individual
airlines would be responsible for implementing

this measure where feasible considering fleet,
scheduling, and marketing issues.

An airport could possibly implement this mea-
sure by using a fee-based mechanism such as charg-
ing higher landing fees according to the number of
aircraft seats or amount of emissions. Fees per
landing could increase as the number of aircraft
seats decreased or as aircraft emissions increased.
Both approaches would encourage airlines to use
larger aircrafr and reduce LTOs, bur the seat-relac-
ed fee would not necessarily reduce emissions.
Landing fees also would have to be substantiaily
higher than they are at present to induce a change
thar may have significant costs in other areas.

KEY INPUTS

The key data needed for comparing emissions
of large aircraft versus small aircraft is the number
of seats by aircraft type. The number of seats on
an aircraft varies by aircraft model, as well as with-
ina pardcular model. Airlines choose the desired
model configuradon, which affects the number of
seats. Seardara is available in the North American
Edidon of Official Airline Guides (0AG) Desétop
Flight Guidz, which displays most airlines’ aircraft
configurations by model. More detailed infor-
maton is available from individual airlines, some-
times in their annual reports.

To the extent it is needed, aircraft landing
weight is the key inpur for comparing fees paid for
large aircraft versus small aircrafr. Airlines and
aircraft manufacturers calculate Madmum Gross
Approved Landing Weights for all aircraft mod-
els according to FAA approved procedures.
Aircraft weights are recorded by airports for every
landing, usually for accoundng purposes. Data is
available from all three sources, depending on
whether airline specific dara is needed. Since an
aircraft model’s weight generally does not vary
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ular airport. The results of these changes are very
difficult to anticipate. Emissions reductions can
be calculated, but will not take into considera-
tion possible changes to the makeup of the fleet
servicing the airport.

APPLICATIONS

The higher an aircraft’s load factor, the lower
the pollutants emitted per person. Load factors
may vary among airports depending on the type
of airport, such as hub versus primarily origina-
dor/desdnaton. An incentve to raise load fac-
tor may be feasible at both types, however, the
particular incentive may be different.

KEy INpUTS

The key inputs for evaluating increased load
factor are current load factor and furure fleet
mix for a specific airport. To evaluate the mea-
sure, emissions must be calculated for an air-
port’s expected fleet mix and load factor. Given
an airport’s current fleet mix and load facror,
the emissions benefit is calculated as the dif-
ference berween the baseline or current level
and the future level. Sources for airport total
and peak-period load factor data were not iden-
tified. Air Transport World magazine publish-
es national load factor data by airline for all
major airlines based on Department of
Transporrtation statistcs. Current annual fleet
mix dara by airline and airport is available from
FAA's Airport Activity Statistics of Certificated
Route Air Carriers. The changes in the fleet
servicing a particular airport due to the load
facror limit must be forecast.

ASSUMPTIONS
The following assumptions would have to be
made in calculating a very rough emissions esti-
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mate for increasing load factor. The assump-
tions allow for the unknown load factor and fleet
mix data.
They are:
¢ there will be no change in makeup of the fleet using

the aircon

* the average of ail airlings’ ciarnuai system traffic
load fzctor on 2 natonai level that cperate at the air-
portis an adecuate estimaie cf :he load factor ara
particular airper.

(Calculating an emissions estimate using these
assumptions is not recommended as the results
may be misleading. Itshould only be considered
as a rough guide to the potendal effect of changes
in load factor.)

SAMPLE CALCULATIONS
A meaningful emission estimare cannot be
calculated due to the lack of informaton for a
single airport. Generally, however, emissions will
be reduced to the same extent average load fac-
tor improves, all else being equal.

REFERENCES

Currently, no airport has applied a load fac-
tor limir as a way to control emissions. Contact
airlines for individual load factor data. Some
airports may collect this same data. Amsterdam’s
Schiphol Airport currently is involved in a large
environmental impact study locking ar air pol-
lution measures related to airport activity. One
phase of the study focuses on increasing load
facrors.

MEASURE VARIATIONS
No variations to simply increasing the load
factor were determined.
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Implementation Feasibility

» Current fleet mix dara by airport is available.
Alrport total and peak-period load factor data
is unavailable. Natonal airline load factors
can be obrained and used to provide a rough
estimate. The future fleet mix that resulrs
from a load factor limit is 2 key factor in cal-
culaung emission reductons from the mea-
sure. Although current fleet mix data is avail-
able, future fleetr mix must be forecast.
Therefore, there is not enough dara readily
available by airport to credibly evaluate air-
port specific emission reductions.

» This measure would be the responsibility of
the airlines working in conjuncton with the

airports.

» It appears difficult to implement the measure.
Airlines may be limited in their ability to
increase load factors during peak-periods
because they already may be high.

» An emissions reduction would occur from
increasing average load factor, but it is difficult
to quantify the benefir.
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3.2.11
Limit Aircraft Operations

This measure

limits the total number of LT0s,
which limits the total emissisns.

Currendly, four U.S. airpors have federal lim-
its on the number of aircraft operations allowed
(OHare, Washington Naticnal, Kennedy, and
La Guardia). For these airperss, the number of
landing slots is established by 7aa to limir air-
space congestion. The slot limit s determined by
the airport’s capacity. Limits on the number of
operations per hour are se: for three operator
types: air carrier, commuter, and other (general
aviadon). In general, an airpert’s aircraft emis-
sions increase with every addicional LTO. There-
fore, setting a limit on the number of aircraft
operations allowed ar a particula- airport can limit
the total aircraft emissions.

CONSTRAINTS

Constraints in applying an operations limit
include methods for establishing a limir and
estimating emissions reductions and fleet
changes. The FAA procedure for setting slot
limits is a long process. Limirs have only been
established for four airports, with no other air-
ports being considered at this dme. As of now,
the FAA is the only federal agency authorized to
impose operation limits and only for reasons of
aviation safery. If a limir on operatons is set, it
is difficult to estimate the emission reduction
because the emissions change as the fleet
changes and the fleet will change to make the
most economic use of available slots. An airline’s
fleet and emissions also change as aircraft are
bought, sold, leased or retired. Modifications
in the fleet may include subsdruting larger air-
craft for smaller aircraft in order to move more
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passengers with less operations. Depending on
the aircraft that fill the slots, emissions per LTO
could increase.

APPLICATIONS

A likely target for this measure would be lim-
iting the number of aircraft operations at an air-
port where the number of LTOs is increasing past
the airport’s design capaciry, since FAA's author-
ity only covers siruations of aviation safery. This
measure may be most appropriarte for reducing
emissions at general aviation airports.

Key InPUTS

The key inputs are LTOs and fleet mix for
calculating emissions reducrions from the lim-
itation of aircraft operations. To evaluate the
measure, emissions must be calculated for a
future fleet mix and 2 given LTO limit. Future
fleet mix must be forecast. The emissions est-
mate is compared to emissions from current LTO
and fleet mix data, which is available. This data
can be used to estimate emission reductions, but
would assume no change in makeup of the fleet
using the airport.

ASSUMPTIONS
Several assumptions were made in calculadng
an emissions estimate for limiting aircraft oper-
ations atan airport. The first assumpdon address-
es the primary constraint of future fleet changes.
They are:
+ there will be no change in makeup of the flest using

the airpont

« the limit on aircraft operations recuces the total
number of LTOs by 5%

¢ total pollutant emissicons will reduce the same per-
cent as the LTO reduction.

B y
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SAMPLE CALCULATIONS
An emissions estimate for limiang aircraft
operations was calculated for commercial aircraft
at LAX 1n 1990. The emissions estimate does not
consider future fleer changes, which affect emis-
sions. The calculated emission reduction bene-
fit is:

Heference Limited
Emissicns  Emissions! LT0s
240.58C 228,551 Emission
Follutant LTCs L7Cs Heduchons
(Ibiyr) {Iesyn) {Iyr)
HC ... 4837755 4,482,887 234,888 (3%)
CO.s 11,672,618 11,088 986 383,631(5%)
NCX.. 6,339,200 6,592,525 346,275 (5%)

1. The annual LTCs are recuced 5%.

REFERENCES
The four airports with FAA established slot
limits are Kennedy, La Guardia, National, and
O'Hare (see Appendix D - 14CFR 93.121 High
Density Traffic Airports). At this tume, no other
airports are being considered for slot limits.

MEASURE VARIATIONS
One measure variation is to limit another
variable that is a surrogate for operations, such
as total emissions, total passengers, or the type ot
aircraft allowed to use a specific airport.

IMPLEMENTATION FEASIBILITY

» While emission reductons can be calculated
assuming no change in makeup of the fleet
using the airport, fleet changes are likely and
the nature of those changes must be carefully
forecast.

» Limiting operations is the responsibility of
the FAA.
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» It may be difficult to implement this measure
in the near future or zt all. FAA currentdy is
not considering any additional airports for
slot limits. Even if slot limirs were established,
an accurate emission reductions estimate
would be difficult to calculate due to the lack
of furure fleet mix dazz based on the opera-
dons limirations.

b eb b ob b b b

3.2.12
—_————————

Manage Fleet
To Minimize Emissions
This measure is infended to increase the

number of seats per LTO and minimize
the emissions per seat

Most airlines’ fleszs are comprised of a vari-
ety of aircraft and engines. Some aircrart have
much lower emissicns than others due o the
engine model and vintage. Airlines also have
different designs for the aircraft interiors that
accommodate more or fewer seats. Airlines man-
age their fleets according to related business fac-
tors, such as scheduling and marketing consid-
eradons. It may be possible for an airline to man-
age its fleet 50 only the cleanest aircraft operate
into particular airports or, more likely, geographic
regions. If the fleet is managed so that only the
cleanest aircraft operate with the highest feasible
load factor at a given airport {or all airports in a
given region), the airport’s emissions would be
reduced.

CONSTRAINTS

Constraints to implementing this measure
include current fleet mix, competitive business
factors, and the possible illegality of imposing
fleet mix requirements. An airline’s exisdng fleet
may, not accomrnodate the efficient substitution
of aircraft due to varying sizes and populatons of
aircraft models. Fleet managementalso depends
on many business factors, such as scheduling and
marketing consideratons. These factors drive
airlines’ decisions on where specific aircraft should
operate and whar type of aircraft to operate on 2
given rourte. Finally, it may be illegal to impose
this type of constraint on airlines.
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APPLICATIONS
The older, larger, and ‘more diverse an air-
line’s fleer, the greater the potential emissions
reducdon benefit from airline fleet management.
It may be illegal to impose this measure on air-
lines.

KEY INPUTS

The key dara needed to evaluate manage-
ment of the fleet are current fleet mix and engine
model by aircraft type. The measure is evaluat-
ed by calculating emissions for a potendal air-
port fleet that is made up of the cleanest aircraft
in the total fleer. Given an airport’s current and
possible fleet, emissions would be calculated for
the cleanest potential fleer. An airport’s current
fleet by airline is available in FAA's dirpors Activity
Statistics of Certificated Route Air Carriers. An
airline’s current total domestic aircraft fleet is
available from its annual report. Information on
the engines operating on the aircraft is not read-
ily available.

ASSUMPTIONS
This measure was not assessed because the
feasibility of an airline placing its cleanest air-
craft into a single markert is unknown. No data
is available to formulaze the necessary assumptons
for calculating an emissions estimare.

SAMPLE CALCULATIONS
No data is available to provide sample calcu-
latons for managing fleet to minimize emissions.

REFERENCES
No attempt by airlines to manage their fleet
to place their cleanest (or newest) aircraft into a
single market has been identified. Contact air-
lines for individual policies and capability.

o~ l',:——’
pe y N ——————

FORAIRPORTS AND ASSOCIATED ACTIVITY

43

MEASURE VARIATIONS

No variations to this measure were consid-
ered.

Implementation Feasibility

» An airport’s current flee: by airline and an air-
line’s current toral fleer ar= available. Data on

the engines operating on the aircraft are not
readily available.

» Implementing this measure would be the
esponsibility of the airlines.

» It may be illegal to impese this measure on
airlines.

el R X R K )
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Conclusions

Several operadonal, procedural, and techno-
logical measures that can reduce emissions from
aircraft operations are possible. Table 3-4 sum-
marizes those measures and shows the relative
emussion reducton potental. Many of these can
be implemented at little or no cost and may even
result in cost savings while for many others the

costs are indeterminate withc:r much =ore infor-
mation than is available gezerally. Pardiculariy
for those measures that relv on charges to the
make up of an airlines’ flees 3r the mix of aircrass
that operate ara given airpers. itis exemely dif-
ficult o quantify the costs. Iz all likelhood, the
costs would vary widely becween indi+idual air-
lines and airporss. For praczcallv all of che list-
ed measures, addidonal datz would be very help-
ful, if not essential, for quantifving
reductions and implementazion costs crecisely.

smission

TABLE 3-4

Aircraft Emission Mirigation Measures

Responsible Srmissicn
Mitigazen Measura Senelit Zesired Pollutanis Affecieq Party Fecucion Polenta Fearvz Zost
Single/Recucec  Racduce Zngine Idle HC, CO Airlines Maoderate Low
Eﬂg.re |axung Time
eguce Reverse Pecuce =igh Power NCy Airiines Small [afots
Tnrust Use —ﬂg.ne C..eranon
Tow Air -aﬂ ol r-"e"uc:e Engine ldle HC, CO Airfines, Large - Mece-ate
Aunway Time A|rports
Taka Passangers :c nacuce ;ﬂgme Id!e HC, CO Alrpons Incdeterminate Indgis ™ rate
Airzraft v
C-rgestncn Recuce Engine Idle HC. CC Airoonts, Large L: CRe)
Secucticn Time EAA Meccsrate
~ eet _Decrease Flget HC.CO Alrllnes Large =gn
,\.‘cye'*‘:zaucn —~g1ne Ermissions ?
.\ew v-ﬁgms -educe -'*glne HC. CC. NOy ERA Large Mccsrate
Siancargs Emss cns
erated gecrease -qgme o
Takeoff High Power NCy Airlines Small Low
Cperaticn
Lse rger Fieduce LTOs HC, CC. NCx Airlines Large Incete—nate
Aireran
lncraase Loac Reduce LTQs HC, CO. NCx Airlines Inceterminate Inceterminate
Faclor
Lmit Aircraft Reduce LTOs HC, CC.NOx FAA EPA Large Inceterminate
Creratons
Marage Fleet Increase , ‘
te Minimize Seats per HC. CC. NGCx Airlines Incteterminate Inceterminale
Emissicns LTQ
A\ P
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— SECTION 4 —

Ground Support Equipment

4.1

Introduction

Emissions from ground support equipment
(GSE) range from 2-6% of total emissions at com-
mercial airpors. This section describes measures
to reduce these emissions in ways thar would have
lirrle impact on the services they provide.

A variety of equipment is used at airports to
service aircraft. Several types of equipment are
common at most commercial airports.

+ Baggage Tractors haui baggage trailers
bentween the erminal and the aircrait,

Alrcraft Tractors ow aircraft from the taxiway o
the terminal and push tack the aircraft from the ter-
minai i¢ e taxiway. They aisc are used 1o tow air-
craft to hangers for maintenance.

* Ground Power Units (GPU) are ground based
motiie generator sets. They supply elecinicity 1o air-
craft while they are parked at the airport,

Air-conditioning Units crovice conditicned air
to ventlaie, ccol, and heat parked airgraft,

*

Alr Start Units provice large veiumes of com-
pressed air thatis used by the aircraft o start the
main engines (jet twrbine).

- Baggage Conveyoars are mobile conveyar
belts used t¢ lift baggage from the tarmac to the
aircraft's heic.

* Other Secondary GSE irciuces items such s ‘ork-
lits, deicing trucks, lavatery Tucis. fuel trucks, mis-
cellaneous lead handling ecuicment carts, liks, man-
tenance rucks, and cther misceilarecus equigment.

Auxiliary Power Units (~FUs) are small ‘uroine
engines cn-beard the aircraft casigned to succly the
electrical, ventilation, and arr siaring needs cf re
aircraft withcut using GSE. Aitheugh this equicment
is on the plane, APU use wiil Ze analyzed with tre
GSE tecause they are usec i~ e agsence ¢f GSE.

The majority of GSE have engines that burn
gasoline, diesel, or LPG, while APUs burn jet fuel
(Jer A), although there are electric versions of
most types of GSE on the marker.

In order to analyze the benefis of eliminating
or altering any specific type of GSE, it is first neces-
sary to estimate the emissions generated by the cur-
rent fleet of GSE; i.e., determine the “reference”
ermissions generared in grotind support. The emis-
sions reductions from a given measure is determined
by comparing the new emissions generared o the
“reference” emissions. The emissions generated by
GSE and APU operadons can be determined by first
estimating the populaton of each type of equip-
ment. Combined with the engine and usage char-
acteristics (BHP and load factor), usage tme, and
the emission factors, an estimate of operational
emissions can be calculated. Total emissions from
GSE are calculared with the following formula:

A\ —_

AIR POLLUTION MITICATION MEASURES ”

FORAIRPORTS AND ASSOCIATED ACTIVITY -

51




E = Z(P, « Brpj» LF, = Use Hours, <EF;;)

Wnere:
E, = ‘otal mass of emissions of pollutanti
{CC, HC, NCy, PM)
P, = ccpulatien of ground sugport equicment
of rype;

BrF, = e rated horse power of equipment

YPe|
LF = theload fecr of equipment type
Use Hours, = he operaling ime of ecuipment type, in
~ours per cday.

EF; = ne emission rate of pellutantiin
gm/Bwp-hr frem ground support equip-
ment of type ;

4.2

Population Estimation

The population of GSE at an airport can be
determined by cbaining detailed counts or by esd-
mation. Detailed populaton data was difficult or
impossible to obeain for all airports in california,
Thus populatons were estimated by calculating
the reladonship between the known population of
GSE at a subset of California airports to the com-
merdal aircraft actvity at the airpors. GSE inven-
tories were provided in confidence by several air
carriers for their GSE operadons in California. The
operational actvity of air carriers is docunented
in the annual FAA publication, Airport Activity
Statistics of Certificated Route Air Carriers. The rela-
donship berween GSE inventories and several mea-
sures of aircraft activity was analyzed. Aircraft
actvity is represented by the total number of depar-
tures, the number of departures by body type (nar-
row v. wide), and by the number of seats. Given the
limited available data, the best sttisdcal correladon
was found between the total GSE populations and
the total departures. The regression was applied to

= y J

each California airport’s towl departures yielding
estimates of the total populadon of GSE in California
(See Table 4-1). The toral GSE populations were
broken down to equipment type using the average
percent of equipment by type to towl populadon.
The averages were calculated from dam provided by
somne air carriers for California airports. The equip-
ment ratios are conmained in Table 4-2.

The other inpus to the emissions calculation
are engine usage characreristics, brake horsepow-
er (BHP), equipment usage time, operation load
factors, and emissions factors. This information
was provided by two air carriers and was supple-
mented with information from a variety of equip-
ment manufacturers and from Jane's Airporz &
ATC Eguipment, 1992-93.1 This dara is shown in
Table 4-3. The final input to the emissions equa-
don, emissions factors, are drawn from two CARB

L Rider, David F. ed, “Janc’s Arport & ATC Equipment 1992-93."
Jane’s Data Divisien, 1992.

TASLE 4-1
California GSE Population Estimates

Airgart De:.:r::‘:res ngﬂf::;cen?
Hellywood - Surbank................... 30,444 73
Ingic/Palm Sprngs oo 9,270 25
LengBeach i 14,443 37
Lcs Angeles Internationat............ 240,579 1.233
QOakland Metregaiitan.................. 45386 112
Cntario International..................... 40,925 g
Crange County/John Wayne ... 37275 28
Sacramento Metrepolitan............ 38.723 G
Salinas/Montarey . .......ovceeieienens 5276 3
San Diego - Lincbergh.............. 70.158 {1
San Francisco Intemational......... 172,007 358
San Josa Munic:pal4,;..4..............“ 49,173 119
Santa Barbara ......occooceerniiinn. 9,999 27
TOTAL 765,258 2,486
“ Popuialions are reunded lo nearest wnolg number.
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Souioment Tyce

TABLE 4-2

Breakdown Of GSEs

— By EQuipMENT TyPE —

Ratio

BaGCACe TUG oo
Buses. Cars, Pickuzs, and Vars

Beit Locader ...

Equipment Type

Service Truck ..............

Alr Start Unit oo
Lav Truck ..
Air-cgnditicning Unit............... . .

Beicer i .

Total

TABLE 4-3
Ground Support Equipment Use Characteristics

Engire Coolant Load use Equipment
Equipment Tyce Tyce Type BHP Factor Ser Day Rauc

Diesal Water 175 80% 31 C.ceses

Aircraft Tug Elecine Water 0 0% 21 0.002sC
{Narrcw Bocy Airsrait) Gasoline {4 Stroke} Water 130 80% 31 0.01C<2
LFG Water 130 80% 31 0.Lcesc

Aircrait Tug Diesal Water 500 80% T 0.01c42
{Wide Bedy Aircrait) Gasaiine 4 Stroke Water 500 80% e 0.00130
Ciesa! Water 300 75% jopel] o.gesz:

Gasoline (2 Stroke) Water 130 75% ol Q.CCace

Diesal Water 800 0% 237 0.01232

Air Start Unit Elecinc Air 0 90% C3v G.CoCes
Gascline (4 Stroke) Water 130 90% .37 C.00183

Air 90% joicrs QL013C

Baggage Tug

8elt Lcader

Jet Turtine

“Ciesel
Eieciric
Gasoline (< Stroke)

LEG

Diesal

Gasaline (£ Stroka)
LFG

Bobtail

Carge Loacer

Gasoline (< Strcke)

Diesal
Gasoline (+ Strcke)
LFG

140
78

1co

~ Ba {a
[¢ N o)

[&)

N

BT

100

yean.

60
80

minmo o
1
[@]

~
NN
RN

Had
o
(M

£§5%

2.40

78
70
70

.

50%
50%

197
197
197
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TABLE 4-3 (CONTINUED)

Ground Support Equipment Use Characreristics

LPG Water 100 80%

1.3

Engine Coolant Lead Use Equipment
Ecuicment Tyge Type Type BHP Facier Per Cay Rado

Etectric Air C 0% C.at 0.02930
Cart Gascline (4 Stroke) Air 12 0% c.4 0.0084¢
LPG Air 12 0% Q.43 0.0CC85

beicer Ciasel Water a3 Q.C8 ) OOOCGS
Gasoline (4 Streke) Water 393 CLe 0.C0651

Ciesel Water 52 iea  occs21
E'eclric Water e} 0% 1.5 0.01497
Forklift Gascline (4 Stroke) Water C 3C% 1.99 003320
LPG Water 52 3C% 188 0.03808

Ciesal Water 8¢ 25% ¢ 000130
Fuel Truck Gasoline (4 Streke) Water 130 25% 255 0.02344
LPG Water 130 5 258 0.00C65

""" Ciesel Water 145 7% 278 003Cs
GrU Etectric Air o 75% 2.18 0.00C65
Gascline (4 Stroke) Water 150 75% 2.18 0.CC458
Lav éart Gasoline {4 Stroke) Air 12 50% Q.50 Q.00521
Lav Truck Gasoline (4 Stroke) Water 13C 25% 3.32 0.01628
Electric Air 0 50% 163 0.00586
Lift Gasaline {4 Stroke) Waler 100 0% 1.83 0.01497

0.00911

Maintenance Truck

Diesa! Water 130 0%
Gasoline (4 Stroke) Water 130 SC%
LPG Water 130 0%

Cther

Diesel Water 20 5C%

Service Truck

Water Truck

1.23
1.23

1.23

o o
o
(o] o

0.0c260
0.085399
0.00130

0.04232
0.C0195

Gascline (4 Strcke) Water £C 0%
LPG Water S0 0%
Diesel Water 170 20%

Gascling (4 Stroke} Water 180 20%
LPG Water 180 20

[T
M O O

0.01107
0.02148
0.00195

Gasoline (4 Stroke) Waler 150 0%

[t:]
(92

0.cQ260

Diesel Truck Water 180 25%

Car

i Ol e eio

[ARE A
[#)

[#]

0.0C651
0.00260

Gasoline Truck Water 130 25%
Gascline Car Water 130 25%

LPG Car Water 130 25%

Gasoline Truck Water 130 25%

0.01172
0.0C08s

0.05404

1.45%8
Pickuo LPG Truck Water 130 25% 1.45 0.00326
Van Gasoline Truck Watar 130 25% 085 0.03320
Total 1.0000
o — y
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reports: “Regulatory Strazzgies For Of-H: Jhway
Eguipment” (draft) and “Frasibilizy of Consrailing
Emssions From Off-Read, Feavy-Duzy Consiruction
Eguipment,” and are shown in Tacle 4-4.2

Road licensed vehicies such as cars, Suses,
pick up trucks, and vans were izcluded in the
GSE pepulation provided by the zirlines and are
listed in Table 4-3. Because they a2 licensed for
on-highway operations they are subject to cur-
rent state and federal emissions znd operational
regulations (for example, t~¢ Califermia LEV pro-
gram and the federal clean-fuel vehicle recuire-
ments for centrally fueled fleers). Lictle addi-
tional benefit beyond tha: achieved from :hese
programs can be realized by imciementng the
measures discussed in this section. Also, includ-
ing emissions from these vehicles could lead o
double counting emissiors reduczens or overlap
with other programs. For these reasons, shese
vehicles have not been included in the emissions
mitigation calculations in this repors,

4.3
\

Measures

When parked at a terminal gate, large com-
mercial aircraft require an electrical power source
and, in warmer climates such as California’s, air-
conditioning, The electricity operates the avion-
ics, on-board lighting, and other eleczrical equip-
ment (i.e., cooling fans, coffee pors, cleaning
equipment, etc.). Air-conditioning mainzains
the passenger compartment at a comforzable
temperature and sensitive electrical equipment
within its design operating temperarure range.
There are essentially thres ways to provide for

2. “Regulatory Strazegies For Off-Highway Equipment”, drast report
prepared for California Air Resources 3oard, E! Monte, Caiifomia,
prepared by Energy and Environmensal Analysis, january 1992,
and “Feasibility Of Controlling Emissions From Of-Road, Heavy-
Duty Construction Equipment”, prepared for CaFornia Air
Resources Board, El Monte, California, prepared 5y Energy and
Environmental Analysis, Deczmber 1938,

TABLE 4-4
Emission Factors for GSE Engines
— IN GraMs/BHP-Hour —

Engine Type Ceclant Tyea Hersepower Range  HC NOx Co FM

Gasoline Air Cocie= 1o 24 10.0 20 3604 0.2

(4 Stroke) 25 o0 50 70 30 <000 oc

Gasoline 2510 50 40 40 2400 2

{4 Sircke) 51 to 9.999 4.0 40 240.0 00
F ettt e . “05010110 40 T

51 to 9,959 1.2 11.0 40 cs

oo - .{5...2'.4. 50 40 . e Y

QEM Optimized CNG waier Ceolez 25 to 80 20 6.0 120.0 00

YWater Cocoles 51 to 9.999 1.0 3.5 2.1 0.0

Exiating CNG or LPG . Air Cocles o fto 24 SO ;4.0 180.0 Qe

Air Coclec 25 10 50 40 6.0 200.¢ 00

.;‘-’-;Vv.;r Ccc!r:-: S— 1!02450 . 40 e 55

Existing CNG or LPG \Waier Cociec 25 to 50 20 6.0 120.0 0.0

\Water Cocles 51 to §.599 20 6.0 120.0 00
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these electric and cooling needs. First, in the
absence of other support, the on-board Awdliary
Power Unit (APU) provides the electricity and
air-conditioning by mechanically powering a
generator and pneumatically powering the on-
board air-conditioning system (it uses the com-
pressed air from the turbine “bleed off”). Second,
ground support equipment can provide electric-
ity from a mobile ground power unit (GPU) and
air-conditioning from a mobile air-condition-
ing cart. Both types of GSE burn either gaso-
line or diese! fuel. Finally, fixed power systems
can draw electricity from the main power grid
and convert it to the electrical current used by the
alrcrafr. Fixed air-condidoning systems can sup-
ply air-conditioning to parked aircraft urilizing
electric air-conditioning unirts or by providing
compressed air to the on board air-condition-
ing system {pneumadc system). Both fixed elec-
trical and air-condidoning systems are electric
powered and power is supplied by the local utl-
ity power grid.
One mitigation measure considered in this
analysis is to replace the use of APUs and GSEs
ith fixed electrical power and air-conditioning
systems. Fixed systems provide all of the ser-
vices needed by an aircraft parked art a terminal
gate with none of the on-site emissions that come
from the GSE and APUs.

43.1

Fixed Electrical Systems

This measure reduces the need for GSE
and APU use.

Fixed electrical systems supply electricity
from the local electric power grid to aircraft,
eliminatng the need for GPUs and APUs to meet

o ‘f‘
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the aircraft’s power needs. However, the utility
power must first be converted from the type the
utility supplies (480 velt, 60 herrz) to the type
large commercial aircraft use (120/208 volt, <00
hertz power). There are two different types of
power conversion equipment, motor generators
and solid state static inverters. Motor generarors
use the 60 hertz AC to power a motor that
mechanically drives a generator that produces
electricity at 400 hertz AC. Solid state static
inverters electronically convert the 60 hertz AC
to DC and then convert the DC to0 400 hertz AC.
There are three different systems used to dis-
tribute the 400 hertz power to the aircrafe: cen-
tralized fixed power systems, mini-centralized
fixed power systems, and point-of-use power
systems. The three systems differ in the way
power is distributed to the terminal gates and
the location of the power converters.
Centralized fixed power systems conver: the
utility power from 60 hertz to 400 hertz at one
central locaton with several converters working
together to convert the power used by the entire
system. A wiring network then distibutes power
from the central source to the gates. The net-
work distributes 400 hertz power at 575 volts
and transformers at each gate drop the voltage
down to 120/208. The higher voltage is used in
the distribution network to minimize the power
losses in transmission. Centralized power sys-
tems normally require a redundant power con-
verter to ensure systern reliability.
Mini-central fixed power systems allocate
the airport’s gates into several sections. A power
converter supplies 400 hertz power to each scc-
tion independently. Otherwise, this type of sys-
tern operates like a version of a centralized system.
This system services the same number of aircraft
as a centralized system only with more, albeit
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smaller, power conversion units. Redundancy is
built into the system by using oversized or extra
power converzers.

Point-of-Use systems diszibure the conven-
tional udlity power (60 herzz) to each gzze where
it is converted to the required <00 herz power.
This type of system generaily converts the power
with static inverters because of their compact size.
They are also light enough to be mounted on the
end of the passenger bridge. Ore drawback with
in point-of-use systems is in the requirement to
have a separate power converter for each gate,
which leaves each gate vulnerable to interruption.
However, anecdortal operadonal experience sug-
gests that static inverters are -eliable under all
normal operational conditions.

CONSTRALNTS

In evaluating the functional differences
between the three systems, the main issues are
the ease of instailation and the ability of each
system to handle varied electrical loads. Fully
centralized power systems are difficult to install
because all of the gates must be wired to one cen-
tral location. Often the terminal’s architecture
does not facilitate this type of installation retro-
fit. In these cases the terminal must be modi-
fied to ensure that the wiring takes the most direct
path to reduce transmission losses. Mini-cen-
tralized systems are easier to install beczuse the
electric converter units are smaller and the wiring
requirements are less intrusive. Point-of-use fixed
power systems are easiest to inszall because the
power converters are small encugh to be mount-
ed at the end of the passenger bridge servicing
each gate independendy. Also, uglity level power
lines are easier o install (often they are already
installed) at the terminal gares.

On the other hand, centrafized power sys-

AR POLLLTION M ricATION M EASURES
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tems are most capable of handling varying loads
at airport terminals because of their built-in extra
capacity and redundant power converters. Mini-
centralized systems compromise on their abiliry
to handle widely varying lcads because of the
reduced capadity power wansiormess. Itis unclear
whether point-of-use systems are capable of han-
dling the largest power loads. For instance, the
new B747- 400 requires 211 kva to operate all of
the on-board equipment necessary to complete a
pre-light take off and operate ail of the kitchen
equipment {coffee pots and ovens).3 Undl this
new and largest class of aircraft entered service,
all three systems were capable of handling loads
0f 60 and 90 kva. Now, the 50 kva point-of-use
units can service this aircraft only if they can sus-
tain up to 115% capacity for several minutes while
the pre-flight check is conducred and no kitchen
equipment is on. The 90 kva point of use power
converters will have to be replaced with 225 kva
units to service 8747-400s.4 With the centralized
and minicentralized systems the excessive powes
requirements of a limited number of B747-400
could be absorbed by the addidonal capacity built
into these systems. However, the 8747-400 cur-
rently is serviced only at San Francisco and Los
Angeles International Airporrs.

As part of a proposal to the Metropolitan
Washingron Airports Authority, a cenwalized power
equipment contractor analyzed the coss and ben-
efits of servicing 44 terminal gares. They summa-
rized the pros and cons of each system and the
informadon is shown in Table 4-5, The alternadves
presented in Table 4-5 are compared to APU usage.

3. "Boeing 747-400 Ground Power Reguirements Test”, Stephen
LeFevre, April 20, 1990.

4. The 747-400 requires 99 kva with 2 power factor of .80 o complezz
the pre-dight checklist with out tuming on any of the kitchen
equipment. The 16 on-board ovens alone require an additional 112
kva at 2 power faczor of 1.0.
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43.2

Fixed Air-conditioning Systems

This measure reduczs the need for GSE
and APU use.

In warmer climares (i.e., California) aircraft
parked at terminal gates require air-condidon-
ing to keep the cabin cool for the passengers and
crew. All large commercial aireraft have on-board
air-conditioning units thar are powered by com-
pressed air from the APU. The onboard air-con-
ditoning unit uses ar 2xpansion turbine that con-
verts the pressurized air to a lower pressure, cool-
ing the air that is circulated throughour the air-
craft cabin. As an alternative to APU powered

cooling there are three different types of fixed

air-conditoning systems that supply aircraft with
cooled air: a centralized preconditioning system,
a point-of-use preconditioning system, and a
pneumatic system.

Centralized preconditioning systems ut-
lize a central chiller plant and remote air han-
dling units {AHU). The central chiller plant cools
a liquid coolant (normally an ethylene glycol -
water mixture) to 20°F. The coolant circulates
to each gate in a piped loop or series of piped
loops. At each terminal gate the AHU blows air
across a radiaror filled with the coolant, through
a flexible hose {16” wide and 65’ to 80’ long), and
into the aircraft via ventlation inlets in bottom of
the aircraft. See Figure 4-1. An addidonal heat-
ing unit added to the AHU enables this system to

TABLE 4-5
Pros And Cons Of Centralized Power Systems
APUs Mobile Mini- Centralized
Ciesel Elsct. Point-Cf-Use Central

Initial Investment Nene Low Low Madium Madium High
Fuel Ccnsun""uon. Veryngh High Non;. None o None None
Anr Pollul ’ Very Hngn H|gn ........... No;;a None No?ne Ncne
Nclse Pclluhcn MhVery High High Ncn;a None None Ncnemm
Ccnges“cn -~ o~ Yes. ..... NONO No s
.-Iex|b|my -~ v Yes.. Noﬂe ..Yes G
Elec:rtc Use NA NA Low Low Low-Medium Low‘Medi:r':r;m
Eiecmc Cos: NA NA Low Low Low-Mecium Low-Mediumm
sttnbunon None Nere Lo~ Medlum Low-Mecium Medium High
E!ecmc Reom None? ------- None - None N(I:;"" UY'es Yes
Substauon Fiocm "r:IA NA No Na No Yes
Ceflmg Space T NA NA No No Yes Yes
Mam[enance ngh i - P M edmm._ - Memummw
Ooeratxng Effici ency Very Low Medium'mm"w High High High Medium
Payback (Yrs) o Base 1.49 1.69 152 151 1.7C . 260-275

S~ ‘f’
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provide hear to the aircraf: in the winter as well.
The hear can be supplied by a cenwralized heat-
ing plant, by electric heating units, or both in
colder climates.

Centmalized preconditioning systems are avail-
able in a variety sizes, with the number of gates
serviced dependent upon the size of the chiller
plant. All centralized preconditioning systems
utilize standard industria! chillers. The larger
systems use traditional condensing methods for
cooling, involving cooling towers or evaporative
condensers. These systems utilize their econ-
omies of scale to efficiently service the varied lev-
els of demand for cooling. Small chiller plants
generally utilize two or more air cooled chillers
(eliminating the need for ccoling towess or evap-

orative condensers). Small chiller plants are more
suitable to airports where the 480 volt, 60 herz
power is limited.

Point-of-use preconditioned air systems
supply cool air to a single aircraft. These sys-
tems are small enough to be mounted under the
gate bridge and they utilize an individual air con-
ditioning and heating unit. They are powered
with standard 480 volt, 60 hertz electricity and
are available in sizes capable of supplying pre-
condidoned air to both narrow and wide body
aircraft. Because point-of-use systems are dis-
crete systems, the airport’s entire system is not
vulnerable to fallure. Conversely the entire ne:-
work is vulnerable to interruption due to equip-
ment failure in centralized systems. Point-of-

Fibregiass
‘elescopic Pipe

FIGURE 4-1
Centralized Air Conditioning System
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use systems also require Lxle disruption to the
terminal during installazion. This system is
installed by atuaching the zi- conditoning/heat-
ing unit to the bottom o7 the gate strucrure,
wiring the unit into the tezminal’s electrical sys-
tem, and attaching the hcse storage basker and
the operator station.

Pneumatic power dist-buted to each gate is
another way to cool an airczaft with a fixed cen-
tralized system. This type of system uses a cen-
wal electric screw type corpressor and air stor-
age tank(s) to compress anc store air. High pres-
sure hoses carry pressurized
pressor station to the garte through a dedicated
line. At the gate, a reinforcad flexible hose con-
nects the compressed air outet to the plane. The
compressed air powers the aircraft’s on-board

air from the com-

air-conditioning unit.

Installing this type of svstem requires essen-
tially the same type of addions as the centralized
preconditoning systems. A central compressor
must be connecred to the gates with a series of
reinforced pipes capable of handling the com-
pressed air.

Disruptons due to installaton and the nec-
essary terminal modifications make cencral
chiller plant and central compressor systems
more difficult and costly to install than the
point-of-use systems. However, cenmalized sys-
tems benefit over the long term from the
economies of scale offered in servicing a num-
ber of gates with a single or several plants.
Determining which system best suits a particu-
lar airport depends on a number of factors that
must be analyzed airport by airport. The exist-
ing structure of the airport, cooling (and heat-
ing) needs, electric capaciry, and budgetary con-
siderations all play a role in determining which
system works best at a given airporrt.

By y

Installing and uuhzxno ﬁxed electncal and
air conditioning systems will not immediately
eliminate the need for APU and/or Gsz2 usage.
Current fixed systems are not able o provide all
the support needs of the aircraft parked at the
gate. Also, installation of fixed support systems
is difficult and costly, especially in existing tez-
minals. These issues can inhibit the usage of
central and air-conditioning support systems.

Fixed elecrrical and air-conditioning systems
are not always utilized, even when they are avail-
able. To start the main engines, the APU must be
started to provide the volume of pressurized air
needed to start the main engines. The engines
in typical narrow body aircraft require 90 pounds
per minute (ppm) of air pressurized to 42 psi and
wide body aircraft require approximately 120 ppm
at 42 psi. APUs require about 10 minutes to warm
up and start one or more jet engines. Sometmes
when an aircraft is scheduled to be parked at the
gate for a short stay (less than 30 minutes) pilots
consider it advantageous to leave the APU run-
ning. Atairports with only fixed electrical supply,
the APU is operated to provide air-conditioning
to the cabin as well as to start the main engines.
Thus, without both fixed electric and air-condi-
toning the APU will be operated. Without ground
support to start the main engines, the APU must
be operared for a minimum of 10 minutes before
cach departure. At least one major air carrier cur-
renty has a policy instructing the captain to hook
up to fixed power and air-conditioning systems
whenever they are available to minimize APU
usage. However, the final conmol of the aircraft’s
engines and APU remains with the captain and
the flight crew and depend on local conditions
and operadonal considerations.

A ground air start unit can be used to start the

. AIR POLLUTION AITICATION MEASURES
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main engines. Typically txis type of unit uses a
large diesel engine and a screw compressor to
provide the volume of cempressed air needed.
They often are used when the aircraft’s APU is
not working rather than being the preferred alter-
native w0 APU use.

Finally, there are addiconal zoning and build-
ing regulartions ar airporzs which make major
modifications to the airpor: difficult. These reg-
ulations vary from airporrt 0 airport; they gener-
ally do not prevent the inswziladon of fixed power
and air-conditioning systems, but slow it down.
This delay and adminiszrazve burden adds to the
installation costs. Also, there are legal concerns
about ownership and maintenance related to
leased gates at terminals. These issues must be
resolved before any fixed aircraft support equip-
ment can be installed.

While these constraints to using fixed power
and air-conditioning systems are serious, none
of them is enough to prevent their installadon
and usage if the decision is made to install them
and to significantly reduce the emissions from
GPUs and APUs.

- APPLICATIONS - :

Thcre are few operational differences bctween
fixed electrical and air systems and mobile GSE.
Both systems are connected to the aircraft with
standard plugs once the aircraft parks at the ter-

minal gaté. Both systems provide the electric -

power and air-conditioning in the levels needed
by the aircraft at the gate. However, fixed systems
offer some advanmages over mobile GSE usage. In
fixed systems operations, the power or air comes
from outlets at the gate. This makes fixed systems
less obtrusive than GSE at the gate. Also, mobile
GSE use engines for power, which necessitates
refueling and regular maintenance, whereas elec-
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tric powered fixed systems require no refueling
and less maintenance.

Alrports can fall under the jurisdiction of the
city, county, state and federal governments, or
the Federal Aviation Agency (FAA), all of whom
have their own set of construction codes. The
airport authorities have a regulatory review
process which coordinates the implementadon
of the regulations imposed by all concerned gov-
ernments and agencies.

Thus, the specific building codes and opera-
tion regulations that apply to each airport changes
from airport to airport. This process has become
even more complicated in reladon to air polludon
regulatons that cur across traditional political
boundaries.

"SAMPLE CALCULATIONS.

To calculate the emissions savmgs oﬁ’:'cred bv
utilizing fixed electrical and air-conditoning sys-
tems atan entire terminal, or even a pordon of the
terminal, the level of emissions generared with
the current operations are calculated and then
the emissions generated by APUs, GPUs, and
mobile air-conditioning units being replaced with
the fixed ground support systems are subtracted
from the baseline. This calculation is represent-
ed by the following formulas:

APU
Emissicn Level =

Populatien of A/C Using APUs =
Fuel Flow Raie = Emissions /b. fuei

GSE
Emissions Level =

Pcp. cf GSE by Type « HP « LF
« Usage = Emissions/BHP-nr.

APU Emissions
+ GSE Emissions

Total
Emissions Level =

Displaced [(Numter of Aircraft Using
Ermissions = Central SystermyTotal Aircrafk serviced)
(On-Site) = APU Emissicns Level)]

+ [Number of Aircraft Using
Central SystemyTotal Aircraft Serviced)
= GSE Emissicns Level]

-:E‘ —_
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As seen in Table 4-6, this analysis suggests
that the economics of supporting aircraft parked
at airport gates favor fixed power and air condi-
tioning systems over a period of tme. By elim-
inating the usage of APUs, fuel and maintenance
costs are saved. The exact cost trade off depends
on the construcdon and usage level associated
with a specific airport. Table 4-6 itemizes the
construction and energy costs of installing fixed
electrical systems. Noticeably, this comparison
suggests that using mobile GSE (GPUs) is the most
cost effective alternative to APU usage, although,
the difference is a payback of 1.49 compared to
1.52 for point-of-use (bridge mounted). Fixed air
conditioning systems also offer cost advantages
over APU usage. The higher capital and energy
costs push up the payback period to apprexi-
mately 3 years. As before, the cost analysis
depends on the system selected, the cooling
requirements, and the climate. Thus, both fixed
electrical and air conditioning support systems
have high construction costs, but can pay for
thernselves in energy savings alone, without con-
sidering the emission benefits.

Alrports service a wide variety of aircraft with
an equally wide variety of operating pracdces and
times. To date, very little reliable information is
available regarding airport and airline specific
aircraft servicing times and equipment operation
times. The calculation of existing emissions
should include the average dme aircraft spend at
the rerminal gare by aircraft rype. Addidonally,
the emissions calculadons depend on the number
of gates that are already equipped with centralized
electric and/or air-conditioning service. Also,
emission factors for the different types of APUs
would increase the accuracy of the ernissions esti-

e y |
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mates. The APU emissions factors used in this
report are based on a limited number of APU mod-
els currendy in use. The emissions estimates in
this report are based on defaulr times. Actual
operatng times should be used when calculat-
ing an emissions inventory for a specific airport.

There is very little published information
abour installing fixed electrical and air-condi-
torung supply systems, because the systems are
individually taflored to fit the needs of a specific

project. Equipment manufacturers are a valuable

TABLE 4-6
Costs Of
Central Power Systems
Caosts Energy
System Per GATE Cosls Payback
{Annual) (Years)

Cantral

Venical M-Gs........ 3963039 23208120 27C

Herizontal M-Gs.... 4,008,683 23208120 273

Inverters............. 4,020,768 180960.36 264
Mini Central

Vertical M-Gs......... 2445815 198032278 182

Herizontal M-Gs.... 2,547 245 19032276 163

Inverters............... 2.329.865 18096038 153
Localized

Bridge Mounted.... 2,306,772 180.960.36 152
Mobile

Slactric (27) ... 2.447 402 180.960.36 183

Ciesel (27) ........... 2057623 32580720 1433
Base

APU L —_ 1,701097.20 Q¢

The payback period is estimated
using the APU cperating costs as a base cost.
. . System Construction Cost
Simple Payback Peficd = APU (cost) - System (C&M)
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source of informadon on fixed electrical and air
conditioning systems, but they are guarded about
generalizing across the industry. Jane’s Information
Group’s Airport & ATC Egquipment, 1992-93 pro-~
vides a worldwide camlog of airport support equip-
ment. Finally, the environmenral impact stare-
ments for California airports sometimes conrain
esumates of emissions that could be eliminared
with the installation of fixed electrical and air-
conditioning systems, although many of these
esumates lack documentation. Thus it is diffi-
cult to evaluare the accuracy of their estimates.
In general, the GSE industry does not deal with
issues across applicadons, but with specific orders
placed by airporr authorities and/or specific air-
lines. This is reflected in the information available
on fixed elecaical and air conditioning systems.

Implementation Feasibility

> All of the systems discussed here are marure
technologies, although improvements are
always being introduced. This limirs the con-
cerns about the practical feasibility of fixed
ground support to issues related to the intru-
sion and cost of installing fixed ground support
systems at exisung airport terminals. The lim-
irations of each terminal and fixed support
equipment must be addressed on a case by case
basis because each airporr has a different lay-
out and services different aircraft.

» Replacing mobile air-condidoning units, GPU,
and APU usage with fixed electrical and air-
conditoning usage reduces the on-site emis-
sions generated from servicing aircraft parked
at terminal gares.
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Conversion Of
GSE To Alternative Fuels

This measure reduces the engine emission

factsrs of larze GSE

Alrlines use a wide variery of equipment to
service their aircraft at airporss. The average GSE
fleet includes aircraft tugs, baggage tracors, bag-
gage and cargo handling equipment, and con-
veyor belts. Most types of GSE are powered by
internal combusdon engines.

Emissions from this equipment can be
reduced or eliminared by providing the service
through alternative means (such as fixed electri-
cal and air—cond.itioning svstems) or by convert-
ing the existing equipment to an alternative power
source. The alternative fuels most often used in
GSE are CNG/LPG and electricity.

In general, all non-road certified equipment
(including GSE) are powered with “off-highway”
engines built for agricultural, udlity and industrial
equipment manufacturers. As a group, GSE are
powered predominately by industrial engines
greater than 50 Hp.

GSE manufacturing is a custom order busi-
ness. Standard equipment designs are modificd
to the specifications of the airline. Equipment
and the engine powering the equipment are sized
according to the application and capacity speci-
fied by the airline. There are three main types of
industrial engines/motors on the marker: con-
ventonal fueled engines, CNG/LPG fueled engincs,
and eleczric motors. All three types can be uscd
in GSE applications.

"CONSTRAINTS - ,
There are several obstacles to converting Cs
to operate on alternative fuels. Engines using
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alternative fuels generally are more expensive,
need to be refueled more often, and require dif-
ferent refueling stations.

CNG/LPG Fueled GSE

Undl recendy, the demand for induswial cNe/
LPG fueled engines has been minimal. cNG/LPG
equipment has not been practcal for a wide vari-
ety of applications since the added costs involved
prevented widespread acceprance of such equip-
ment. Withour sufficient market demand, engine
manufacturess have not developed these engines
at mass production levels, which keeps the incre-
mental costs high. Only a few manufacturers
currenty produce engines that use alternative
fuels. In the absence of OEM CNG/LPG engines,
conversion kit companies have grown and
remained the primary source of CNG/LPG engines.
Emission factors shown in Table 4~4 for NG
are for converted engines. The emission factors
for “furure rechnology” are those expected for
CNG engines from original equipment manufac-
turers (OEM)., Conversions are available for most
sizes of industrial engines, but are most often
performed on medium (50 - 250 HP) and large
(250 - 450 HP) gasoline engines. When these
engines are available, either by conversion or from
OEM suppliers they are generally more expensive
than conventional engines.

Conventdonal engines are converted by replac-
ing the existing carburetor or fuel injection sys-
tems with a new system capable of handling
CNG/LPG. Existing fuel tanks are replaced with
high pressure tanks for CNG, or low pressure tanks
for LPG. Modifications are also made to the
engine conols (the fuel to air mixture is typi-
cally leaner and the ignition timing advanced in
gasoline engine conversions). However, the com-
pression ratio cannot be modified in existing

S y i
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gasoline engines, because this is 2 function of the
engine design and construction. Because of this,
converted gasoline engines are less efficient than
dedicated natural gas engines and many after-
market CNG/LPG systems are sometimes cali-
brated rich. These factors lead to increased fuel
costs and emissions {over dedicated CNG/LPG
engines). Diesel engines are not converred to
CNG/LPG given the extensive modifications that
must be made. The greater reliability and
increased efficiency of factory produced, dedi-
cated CNG/LPG engines favor the use of dedicar-
ed CNG/LPG engines. OEM built, dedicared cNG
engines can be utlized in applications that not-
mally use diesel and gasoline engines. Some
diesel manufacturers (Cummins, Detroit Diesel,
and Hercules) have begun offering CNG engines,

‘There are only a few design obstacles to man-
ufacturing GSE with engines that use CNG/LPG.
Dedicated and dual fuel engines currently avail-
able from engine manufacrurers and aftermarker
converters (for gasoline engines) can be incor-
porated into GSE construction with relative ease.
They have similar mounting, size, and weight
specifications as conventionally fueled engines.
Incorporating the new fuel tanks adds weight to
the equipment, although weight is not a critical
factor for aircraft and baggage tractors. Because
of the reduced energy content by volume of
CNG/LPG, alternatve fueled equipment has tra-
ditionally experienced problems with limited
operating times, which increases the non-oper-
ational refueling time associared with CNG/LPG
equipment.

Another obstacle to using CNG powered
equipment is the need for new refueling sta-
tions. CNG refueling stations compress narural

- gas to 3000 psi in the GSEs on-board fuel tanks.
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This can be achieved in one of two ways: slow




fill and fast fill. The slow &1l method is the eas-
iest and least expensive way to refuel narural gas
tanks. A small compressor slowly fills the on-
board tanks with natural gas until the tanks
reach 3000 psi (overa period of hours). This
method works best with equipment that is not
used for a long period of time each day (i.e.,
overnight). The fast fill method stores com-
pressed nartural gas in storage tanks and then
fills the on-board tank from these storage ranks,
switching from tank to tank as they equalize
pressure with the on-board tanks. This tank
switching (or cascading) continues until the on-
board tank is full. The fast fill system is more
expensive than the slow fill system because of
the storage tanks and switching system increase
the costs. Both systems can be sized to refill
natural gas at any rate necessary to accommodate
the refueling needs presented by the equipmcnt
population. A typical fast fill system capable
of handling 12,000 SCF (Standard Cubic Feer)
of CNG (the equivalent of 100 gallons of gaso-
line) per minute costs approximately $38,000
to $45,000 and the equivalent slow fill system
costs approximately $30,000 to $40,000. The
slow fill takes 10 times longer to fill the same
amount of fuel. These systems generally receive
natural gas from the narural gas supply network
that is available in every major city. LPG refu-
eling systems are less complicated than CNG sys-
tems. LPG is delivered to refueling stations ina
liquid form and is kept in pressurized, insulat-
ed storage tanks. To refuel, the equipment’s
tank is connected to the storage tank, a valve is
opened and the equipment’s tank is filled.
CNG and LPG engines generally are less cost-
ly to maintain and tend to last longer than their
conventionally fueled counterparts. Gasoline and
diesel fuel contain contarninants that build up in
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the cylinders and exhaust system. Thus, alter-
nadvely fueled engines require some special main-
tenance, but on the whole they can require less
maintenance and fewer overhauls.

None of the constrains to switching to CNG/
LPG powered GSE prevents the usage of this
equipment, they just acd o the costs. Several
manufacturers of GSE who were contacted about
their experiences with CNG powered GSE stated
that there should be no problems in delivering
this type of equipment at an additional cost of
10% to 25%. The additonal cost of the equip-
ment would decline as preduction quantities
increased over time and development costs are
recovered. The cost of converdng existing equip-
ment varies with the size and complexiry of the
equipment to be converted; however, the aver-
age cost is berween $2,000 and $3,000. Scme
airlines have begun using converted GSE at
Denver’s Stapleton Airport.5 Additionally, pro-
grams are in place to test the ease of using GSE
powered by CNG at Los Angeles International
Airport and Boston’s Logan Airport.

Electric Powered GSE

Electric GSE applications are limited by the
battery’s energy storage capacity. Electric GSE
substitute conventional engines with an electic
motor (or motors) and replace the fuel ranks with
lead-acid batteries. This may add size and weight
to the equipment, but because most GSE are not
constrained by size and weight, these changes
can be incorporated easily. Electric powered
applications work well in tasks that experience
short periods of activity throughout the day
because electric motors use no energy while at

5. Bernhardt, Todd. “Ground Sugporz NG¥ use is really 1aking off at
Denver's Stapleton Airport,” American Gas, Sept. 1992, pp. 26-30.
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rest. In fact, many different types of GSE, rang-
ing from aircraft tugs to porable water carts and
baggage conveyor belss, are currently available in
electric versions. The main limiration to elec-
tric GSE is the lead acid barteries. They do not
hold enough charge to work well in applications
that have lengthy or sustained, heavy load oper-
ation (such as those experienced by GPUs and air
conditioning units).

The dme required to recharge the batteries is
another limiration to using electric powered GSE.
For example, Stewart and Stevenson manufac-
tures an electric atreraft tracsor, the EGT-350, which
operates with much the same capabilities as their
diesel powered GT-50. However, the EGT-50
must be recharged after 8 hours of constant cper-
ation and recharging takes approximarely 8 hours.
The GT-50 must be refueled after roughly 24
hours of operation and refueling takes approxi-
mately 5-10 minutes. The recharge requirement
is generally handled with “opportunity charging”
(i.e., plugging into battery chargers while the
equipment is at rest),

The maintenance needs of elecric equipment
are very different than the conventional equiva-
lent equipment. Electrical equipment requires
very little routine service other than servicing the
battery’s water and acid levels. However, at every
3,000 to 6,000 hours of operation, the barteries
must be replaced (the exact replacement sched-
ule depends on bartery quality, the equipment’s
duty cycle and load levels).

In general, electric versions of GSEs also cost
more than their conventional counterparts. The
cost difference varies from manufacrurer to man-
ufacturer and between equipment types, but aver-
ages 10% to 30% higher than similar conven-
tonally powered equipment. Replacement cost
of batteries also is quite high.
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There are few operational differences benween
conventional GSE and GSE that use alternative
fuels. GSE powered with CNG/LPC or electricity
must be refueled more often. The addidonal
refueling or recharging dmes also reduce the oper-
ational efficiency of the alternative powered
equipment. Electric systems and slow fill nat-
ural gas systems take several hours to recharge
or refill the systems. Fast fill narural gas refilling
systems reduce the refueling time down to less
than an hour. Other than these differences in
refueling, there are no major operational differ-
ence berween conventional GSE and GSE pow-
ered with CNG and electriciry.

The emissions factors measured to date for
GSE and LPG powered engines apply to general
usage as represented in test cycles. The estimates
of emissions savings realized by switching to
CNG/LPG could be verified with additional emis-
sions factors obtained in new tests of CNG/LPG
engines.

S SAMPLE CALCULATIONST ¥

Switching from conventionally powered
equipment to natural gas and electric powered
equipment will reduce the emissions from GSE.
The reductions realized from this conversion can
be measured by changing the emissions factors to
represent the change in fuel, calculadng the emis-
sions generated and comparing this emissions
level to the emissions baseline. The emissions
benefit realized by switching from using con-
ventional GSE to electric GSE can be measured by
eliminating the emissions of all equipment that
is switched to electric power. This calculation is
represented by the following formulas:
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EMissioN ReoucTion =
Z(P; * BeP; * LF, * Use Houss;

-
(EFi - EFy)
Wrere T T
Pi = populaiicn of ground support equicment
of type |
Brr; = the rated horse sower of equipment
ype |

LF = tne loac facier of equipment type |

Use Hours, = the coerating time of eguioment type j in
heurs per day.

EF. = the emission rae of ooilutant i in
GrVBre-rr from grounc support eguig-
mentof iype ¢ arj
cenventionally fueled ground supper

ecuipment,

greund supper: equipment converted 1o
alternative fuel use

Note, however, that the difference in emission
factors may nor hold true in the post - 1995 time
frame when ARB's proposed standards for engines
used in GSEs may lower the emissions from this
equipment and result in gasoline and diesel pow-
ered engine emission factors being essentially
equivalent to the emission factors for CNG or LG
vehicles. Of course, emission factors for electric
GSEs are zero, so that the emission benefit is 2
given for this conversion.

Several of the major airlines and several air-
ports have experimental alternative fueled equip-
ment in operation. United Airlines and Alaska
Alrlines have alternative fueled ¢SE fleets in oper-
adon and they may be able t0 provide more spe-
cific derails of performance and cost comparisons
when their tests have been complered.

A more derailed discussion of regulatory issues

surrounding light duty induszial engines in gen-
eral is available in the reporss prepared for the
California Air Resources Board by EEA: “Regu-
latory Strategies for Off-Highway Equipment”,
January 1992 and the repor: “Feasibility of Con-
trolling Emissions From Off-Road, Heavy-Dury
Construction Equipment”, Decamber 1988. Janes
Airport & ATC Equipmens: 2199293 conrains
information about the equipment ofiered by the
worlds GSE equipment manurzcrurers, mcluding
elecrric and CNG/LPG equipment availabilicy.

Implementation Feasibility
» Properly tuned light duty spack ignidon engines
operating on CNG/LPG potendally reduce their
HC and €O emissions by about 30 to 50 percent,
although NOx emissions incease by abour 10
to 20 percent. However, &C + NOx emissions
are still expected to decline in most cases. By
switching to elecmric GSE, the on-site emissions

from the equipment are eliminared entirely.

44
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Conclusions

Mitigadon measures for GSZ can significant-
ly reduce total emissions from this source. While
these options have a higher first cost than current
technology, the fuel savings often result in a pay-
back of less than three years. This is evident from
the plans of many California commercial airports
and airlines. Most airports expect to have fixed
electrical systems installed at all gates by the end
of the decade. Many airlines are experimenting
with electric GSE and there also are demonstration
tests being conducted with CNG GSE.
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SECTION 5 —

TCMs
And Vehicle Emissions

5.1

Introduction

Alrports are destinations for thousands of vehicles
daily, and these vehicles conzibute to the local and
regional air quality problems near airports.
Consequently, reducing airport ground vehicle waf-
fic duough the implemenmdon of ransportion con-
ol measures (TCMs) has the potential for reducing the
emissions assodated with ground vehicle taffic. TCMs
can reduce ernissions from all modes of operation of
passenger and employee vehicles, shurtle buses and
vans, and commerdial delivery and service vehicles.

There are several components of motor vehi-
cle emnissions, each of which corresponds to a par-
ticular mode of vehicle operation. These emis-
sions components or operating (driving) modes
comprise the ‘reference trip emissions”, which are
the sum of exhaust and evaporative emissions for
a complete tip to and from the airport for a vehi-
cle on an average trip. Exhaust emissions occur
during cold and hot starts, stabilized (or hot) cruis-
es, and idle, while evaporative emissions include
hot soak, diurnal, resting and running losses. Some
TCMs are designed to eliminate entre vehicle tips,
and thereby eliminate all emissions that would
have been associated with a uip to and from an
airport. Other TCMs target one or more aspects of
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vehicle travel co airports, and consequently reduce
emissions from one or more speciic driving modes.
This secton examines several TCMs and dis-
cusses the effect those measurss are expected t
have on the ground vehicle reference trip emissions.
First, several aspects of the reference trip are
described, and then the individual TCMs are dis-
cussed. For each TCM, an example is given that can
be used by planners to esdmate the expected local
and regional emissions reducdons. The actual emis-
sions reduction that will be realized by the use of the
TCM will vary from airport to airport depending on
a number of local factors. Those local factors are also
discussed in this secdon. The last part of this sec-
tion describes the use of alrernatve fuels to lower the
emissions of some airport ground access vehicles.

5.2

Data Requirements For Calcu-
lating Emissions Reductions

The purpose of this analysis is to illustrate the
emissions reductions that can be achieved
through the use of various airport ground vehi-
cle transportation control measures. The calcu-
lations of emissions reductions are made rela-
tive to the reference trip emissions, or the emis-
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sions from all ground vehicles before any control
measures are implemented. Each transporta-
tion control measure affects one or more com-
ponents of the reference wip, and as a result, the
calculation of emissions reductions for a given
transportation control measure may require data
that are not needed for the other control mea-
sures. 1 his section, therefore, describes the ref-
erence trip and its components, and identifies
all the data items that are required to calculate the

emissions reductions.

5.2.1

—————

The Reference Trip Emissions

The airport ground vehicle reference trip
emissions are the amount of hydrocarbons (HC),
carbon monoxide (CO), oxices of nitrogen (NOy),
and particulate matter (PM) that are produced by
all vehicle trips to and from an airport. The ref-
erence trip emissions are composed of HC, €O,
NOx, and PM exhaust emissions, which occur only
when the engine is running, and HC evaporative
emissions, which occur when the vehicle is cper-
ating and when it is parked. More specifically,
exhaust emissions occur during cold and hot
starts, stabilized or hot cruises, and idle, and
evaporative emissions include hot soak, diurnal,
resting, and running losses.

The reference trip emissions are calculated as
the product of the emission factors, which are expres-
sed in grams per mile of vehicle operation, and
the vehicle miles traveled, or vMT. Each component
of the reference trip has a separate emission factor,
and those emission factors are dependent on the
vehicle type (e.g., light duty cars and trucks versus
heavy duty trucks), the vehicle or engine mode!

B y j

year, and the odometer reading. Emission factors
are adjusted by local conditons such as tempera-
ture, average driving speed, and fuel characterisdcs.
Composite emission factors, which are calculat-
ed in an emissions factor model such as EMFAC or
MCBILE, are used to describe the combined exhaust
and evaporative emissions from the local fleer,
based on the fleet’s composition and local driving
conditons. Separate emission factors exdst for HC,
CO, NOy, and PM, bur as the calculadons for each
pollutant are the same, only one generic calculadon
is shown in each sample calculation.

Since the reference tip emissions are expressed
in grams per mile, it is apparent that reducing the
vMT from airport related vehicle trips will have
an effect on the towal emissions. Eliminatng com-
plete vehicle trips eliminates all components of
the reference aip emissions for that trip, but may
result in increased emissions from other types of
vehicles. Obviously, the intenton is for the emis-
sions reduction to curweigh the emissions increase.
This is the case, for example, when implement-
ing bus service to an airport reduces emissions
from private automobiles, but increases emissions
from transit buses. Eliminating portions of wips or
driving modes also eliminates some emissions, or
can swap emissions between modes (e.g., restrict-
ing vehicle idle dmes reduces idle emissions but
adds to hor start emissions). Several types of
ground access trips are associated with airports.
Passengers and employees make trips to and from
cental terminals and outlying parking facilites
by personal and renmal car. Some of these people
also travel in vans, limousines, shurtles, taxis, and
buses. Cargo is transported by trucks to central ter-
minals and more often to buildings away from the
central terminal. Some employees also travel to
these cargo areas outside the terminals. In this
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report the reference ip emissions typically include
only passenger and employee trips to and from
the central terminals and parking areas. Cargo-
related traffic usually is not included in the refer-
ence tip emissions. These sources are noted when
a TCM could be applied beneficially.

52.2
%

Data and Nomenclature for
Example Calculations

The collection of reasonable and representa-
tive dam that describes the reference trIp emissions
for each airport under consideration is the most
imporzant and most dme consuming task incum-
bent upon local jurisdictions. To calculate emis-
sions or the effects of mitigation measures it is
essential that airport-specific information for
vehicle mix, trip length, and other variables are
used. The following bullets identify the dara
trems that must be collected, and present them in
a form that is used in the example calculations
throughout Section 5.3. Upper case letzers rep-
resent the data item, and lower case lerters denote
“drivers” as employees (e), passengers {p), taxis
and shurtles (t), and commercial/ cargo {c) vehi~
cles, and other factors which affect the data itemn,

* The reference trip emissions (E),
anc iis components:
cald start (Ez), hot stait (Eh),
not cruise (Ezr), and idle (£5)
exnaust emissions; ciurnal (Ed),
hot soak (Es), running lass (E7),
arc refueling (Ef) evagorative emissions.

Each comconent is zoolicable o the
three driver ypes e, p, and c.

* Totel airport vehicle miles ravelled (VMT)
ana % of VMT by driver type:
VMTe, VMTp, VMTc, and VMTL

Total airport venicle rips ', and percent
of rips by driver ype:
Ne, Np, Nc, Nt

* Empioyee and rassenger z2:2ass mece (A)
percentages:
Sclo drivers (Aes, Azsy:
carpcolers (Aec, Azz::
Pubiic transit riders Agc, Acp)

* Emission facters (EF) By ve~cie ype:
EFe, EFp, EFt, anc =7z,

* Average trip length (L):
Le Lp, Lt and Le.

* Parking characteristics (F: “2- sassenge’s:
~ percent that drops =~ arc parks
in short term lot (Ps;
= percent that parks 'crg term
(duratien of irip) (P!
- percent ¢f leng term carkers
cn business trip (Plb}

* Average idle time () by criver yce:
le, Ip, It, and Ic

* Circuit VMT (C) by vehicle yoe:
taxis (Ct), counesy sruntle buses (Cbo), and
doar-te-deer vans (Cy.

* Remtal car fleet (R);
Number of vehicles :~a: use altarnazve fuels
(Na), average rentai car caily VMT {(VMTn),
alternative fuel vehicie smission facior (EFa).

Calculating Vehicle Trips and
Miles Traveled

The volume of ground access vehicle trips
associated with California airports can be esti-
mated. The best source of information comes
from traffic and environmental studies conduct-
ed atindividual airports. The Califernia Aviation
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System Plan, Ground Access Study prepared by the
California Department of Transportation [Pre-
pared for the Division of Aeronautics, Wilbur
Smith Associates, August 31, 1991] summarizes
trip information from these studies across sever-
al but not all California airports. Data in the
report, as well as findings from national surveys,
suggests there is a non-linear reladonship between
the volume of all ground access vehicle wips at air-
ports and measures of airport use, whether use
is defined by “enplanements” or million annual
passengers (“MAPs”). Once the reladonship is
quantified, it can be used to estimate the volume
of trips at all California airports where FAA records
for enplanements or MAPS are used.

Generally, the rate of ground access vehicle
trips decreases with increasing airporr usage.
One study of 20 airports across the naton found
vehicle trips (passenger and emplovees) per
enplaniement (passengers only) decreased with
increase in airport usage measured as enplane-
ments per dayl. For airports under 5,000 en-
planemenss per day, the vehicle tips per enplane-
ment (trip rate) ranged from about 2.0 to 4.0
trips per enplanement. For airports with over
15,000 enplanements per day, vehicle trips ranged
from 1.0 t0 2.0. The study found the best fit
exponental curve relating vehicle trips to en-
planements to be:

4.5
1+0.0117*Enp0.5521

Trip Rate =

An analysis of the data specific to California
airports in the California Aviation System Plan
shows a similar exponential relationship between
the rate of ground access vehicle trips and pas-
senger usage. Table 5-1 shows the airports and

marily include passenger and employee trips to
cencral terminal areas, not cargo trips or employ-
ee trips to cargo areas. 1he best fit curve for the
dara is the exponential form:

Y=272X0n

Y = Vehicle Trips Per Day (passengers and
employees) Per Passenger (passengers
only) - also defined as “Trip Generaticn®

And

X = Millien Annual Passenger
(MAP of the form x.xx million)

With information about the relationship
berween airport usage and vehicle trips, {cargo trips
excluded) it is possible to estimate vehicle trips
associated with all California airpors, and the grand
total vehicle mwips. Table 5-2 displays this infor-
maton. Column one shows a listing of California
airports where the FAA collects informadon abour
passenger volumes. Column two shows MAP dara
for each airport. Where the airport is listed in the
Caltrans System Plan, MAP data are taken from the
plan. Where the Plan dces not list the airporr,
MAP data are derived from 1990 FAA enplaned pas-
sengers multiplied by two. Column three is the
trip generation rate (vehicle trips per passenger)
listed in the Caltrans System Plan (as in Table 5-1)
or derived from the above equation reladng MaP
and trip generadon where no trip generation dan
was available. For very small airports (Arcata and
smaller) outside the range of data suppordng the
equaton, the tip generation rate is presumed to be
4.00 (based on the study for the Orlando Inter-
nadonal Airport referenced above). This ratc is

1. Orlando International Airport, Application for
Development Approval, Development of Regicnal
Impact, Traffic Analysis, Fourth Ruaway

usage data. The vehicle trips in the table pri- Development, Appendix III.
B A
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slightly larzer than the rares ar Bakersfield and
Monterey, the smallest airports where dat are avail-
able or where the equation can reasonably apply.
Finally, column four is the volume of daily wips by
airport obtained by multiplying the trip rare by
Ma? divided by 365 days.

Overall, California airports generate abour
one half million vehicle trips per day, exclusive
of trips associated with cargo facilities ourside
central terminals. Furthermore, about half of all
the daily vehicle trips are generated by two air-
ports, LAX and San Francisco. When cargo relat-
ed wips are included for these two airports, daily
vehicle volumes are even greater. According to
the California Aviation System Plan, goods move-
ment and employee trips to cargo areas add
another 40 percent to central terminal trips for
both LAX ard SFO, again based on waffic studies
within EIRs. Of course, these two airporrs are
major cargo handling hubs. Cargo related trips

TasLE 5-1
CALIFORNIA AIRPORTS:
MAPS and Trips Per Passenger
Aircert MAP A Trips
Bakersfield ... 0.27 3.73
Burbank....... i 3.49 2.1
Fresno ...o.oveeiiee o 0.89 2.7
LAX . 4581 1.36
Oakiand ... 5.51 1.81
ONEaNe ..o 5.42 17
San Ciego ..o 111 2.1
Santa Sarbara...... ..o 062 32
San Franeiscs .o 30.39 1.1
SanJose .. 7.13 1.82
Sacramento....... 383 1.86
JohnWayne . ... . 459 1.92

TAasLE 5-2

CALIFORNIA AIRPORTS:

MAP, Vehicle Trip Rate and Total

Vehicle Trips Per Day

Airport Annual Trizs Per ‘rtT:cs"?l:-:—.'

Passengers’  Passengerz Cayd
LAX o, 45,310,0cC 158 17C 885
SFQ . 30.390.000 1.:C 93 23¢
San Diego ............ 11,1C0.C00 2. 84 (87
San Jose ... 7.130.000 S 35322
Oakland................  5.510.000 .21 27,324
Ontario e 3,420,000 .79 28 Zex
OranQe Courty/ . )
John Wayne ... 4,28Q.CC0 182 24723
Sacramento........... 3.630,000 1.20 18,228
Holiywood-8urcank.  3,480.C0C 2.iC 20C78
Leng Seach....... 1,420,000 233 9.52:
Fresno ..o . 890,000 270 8532
Palm Springs ....... .. 706.588 283 R
Santa Barbara....... 820.000 32 5.438
Mentaray ... 336,352 342 3.3
Bakersfield ... 270,000 373 2.7%%
Arcata.........coou .. 107,030 LN 1173
Buchanan Field (SF) 89,046 49 1083
Scnoma County....... 80,840 40 953
Stockton ................. 88.252 49 1o
Lake Tahce ... 85,186 20 93
Recding................ 77,802 40 85«
Venlura.., 47,578 40 52z
Paimdale ................ 38,450 480 42
Modesio ................ 27,654 40 3cs
Chicou 22,098 EEY 242
San Louis Cbisgo.... 17,796 40 163
Santa Maria........... 12,426 L3¢ 13€
Merced........... PR 11,980 40 13
McNamara
(Crascent City) ... 4,994 40 23
BigBear................. 4,030 40 R
Nerton ... 796 40 3
TOTAL oo 122,048,938 -— 518,774

t. Source: Califernia Aviation System Plan, Caivrans,

1991 non-italicized; FAA 1990 cala italicizeq.

2. Scurce: Calilornia Aviation System Plan, Cal rans,

1891 non-ilalicized; ¥ = 2.72 X-0.21 itaficizec, all athers
(Arcata and smailer) presumed to be 4.00 Uip generaten rate

3. The productof...

column 2

*column 3
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at other California airports probably add no more
than a few percent to cenwal terminal wips given
in Table 5-2. Finally, Table 5-2 shows the same
trend found in vehicle trip generation rates at
other U.S. airports: the largest airports generate
the fewest total vehicle trips per passenger, while
the smallest generate the most total vehicle wips
per passenger.

Once vehicle trips are established for an air-
port, emissions can be estimated, provided there
is data on vehicle miles of travel and speeds. The
California Aviation System Plan, Table IV pro-
vides average trip lengths for trips at selected air-
ports. The trip lengths are given for each group
of trips originating from surrounding counties.
VMT can be calculated by multiplying the trips
per day from the various coundes by average dis-
tance from the center of the county to the air-
port, then summing the VMTs. Average travel
times also are provided for tips by county, allow-
ing calculation of an average speed for all trips.
Table 5-3 displays daily vMT, VMT per trip and
speeds for selected airports from the Syszem Plan.

* Estumate tctat emissions generated by an airpon
cue 1o passenger and empioyee ground access
vericles.

* Estimate emissions from aircon expansion prejec's,
crovided adcitional vehicle trips associated with th
prejects are known.

* Estimate emission reductions associated with trans-
pcriaton canrel measures, provided recuction in
vehicle tips can be estimated.

Taking Oakland airport as an eample, Table 5-
4 shows total emissions from the airport. The air-
port generates 602,011 daily vMT., The VMT are
converred into emissions using emission factors
developed specifically for a particular region. The
emissions factors for total organic gases (hydrocar-
bons}), carbon monoxide, and nitrogen axides are
from CALIS, which is a California-specific version
of the MOBILESz emissions factor model. The emis-
sion facror for total organic gases includes exhaust
HC, evaporative HC, running loss HC, and resdng
loss HC. Exhaust emission factors include cold swr,
cruise, idle, and hot start emissions. The facrors

i S————————— PORAIRPORTS AND ASSOCIATED ACTIVITY

. .. . TABLE 5-4
With this information on VMT and speeds, Oakland Aj'rfort
iris possible to make several important emissions Ground Access Vehicle Emissions
calculartions: Emission To
Failutant VMT Factor (gmimi  Emissions
Per Day @ 40mph) {Ibs/day )
Carzen Monoxice ... 602,011 9.57¢ 12.703.5
TABLE 5-3
VMT And Speed For Selected Airports Hycrecarbons........... 602.011 1.74) 2.300.7
T Nitrcgen Oxides....... 602,011 2.68! 3.,557.5
Airport Qaily VMT  Per Trip  Sceed )
e Sulfur Oxides .......... 802011  0.212 278.78
LAX coveiereeviervenrnrens 5,086,628 32 32 Pariculates ............. 602011 0.312 4115
SFO . e 2884610 23 34 Tetal oo 602,011 14.51 19,261
ORHaNG o BROT B39 T Sowea vewEs: CAspecic versin
. 44 2. Source: Air quality and Urban Cevelopment Guidelines for
e Rt 8.200 2 47 Assessing Impacn:/s of Projects and Plans, Bay Area AQMD,
John Wayne 253.176 1 19 Novemper 1985, Tabla VI-B-2.
M:cestinsssninns ’ 3. Celumn 2 » 3 « 002205 ibs. per gram. -
o — a2
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for sulfur oxides and pardculares can be found in
Air Quality and Urban Development, Guidelines for
Assessing Impacts of Projects and Plans, Bay Area
AQMD, November, 1985. The emission factors vary
by region and year depending on the mix of vehi-
cles by age and type in a region, as well as average
speed. In this case, factors represent the vehicle age
and type mix for the Bay Area AQMD for 1990 atan
average of <0 mph. Using these factors, the Oakland
airport generates 19,261 pounds of pollution per
day relared to ground vehicles. Thus, for every one
percent reduction in VMT brought about by wrans-
portation control measures ar this airpor, daily pol-
lumants are reduced by 193 pounds.

One important point to note is the differ-
ence between airport related trips and airpore
related VMT. The two are similar in thar each is
composed of an airport empioyee component and
a passenger component. However, since the aver-
age trip length varies between employee and pas-
senger vehicles az each airport, the percent of trips
attributed to a vehicle type is not equal to the
percent of VMT for that vehicle type. For exam-
ple, employees make 39 percent of the airport
trips at LAX, but account for 12 percent of air-
port VMT because the average employee trip
length is 10 miles, compared to an airport wide
average trip length of 32 mules for all vehicles.

One area thar cannot be addressed under the
scope of this analysis is the effect that local road
improvement projects will have on airport relat-

‘ed trips and emissions. In general, projects which
result in higher average vehicle trip speeds will
result in lowered emissions, as gram per mile
emission factors.tend to decrease with increas-
ing speed. Local planners who have knowledge
of road conditons and planned roadway improve-
ments are in the best positions to estimate the
impact on vehicle emissions.

53
“

Airport Transportation
Control Measures

The airport transportazon control measures
that are discussed below can be classified as either
focusing on reducing airpor: zelaced trips (hence,
vehicle miles traveled, or v7), or on reducing
vehicle emissions without aZ=cting the number
of trips or VMT. Therefors, the TCMs are pre-
sented in sections pertaining o the target of that
TCM. Each TCM is described in derail, including
the goal or purpose of the measure, the compo-
nents of the emissions reference trip thar are
affecred by the measure, anc the ranges of the
TCMs expected impact on the reference trip com-
ponents. The discussion also extends to infor-
mation planners will need o evaluare the effec-
tveness of each TCM, references for information
on the TCM, and finally, sample calculations.

5.3.1

Trip (VMT) Reduction TCMs

The goal of the transportacon control measures
discussed below is to eliminare all portions of some
vehicle tips to the airports. Reducing the number
of vehicle trips reduces VMT, and since vehicle emis-
sions are uitimately expressed as functions of vehi-
cle miles raveled, emissions are reduced. Further,
since these TCMs reduce all componens of the emis-
sions baseline, these are potendally the most effec-
uve TCMs at reducing emissions.

Trip reduction TCMs are typically designed for
controlling a specific type of vehicle trip, such as
those assodated with airport employees commut-
ing to work, or wips by passengess to and from the
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proved slightly better at reducing solo driving,
In the first, the City of Seattle reduced parking
charges for carpools at two downtown Seattle
parking facilities, from $25 to $5 per month at
one facility and to no cost at another. The
largest effect was to atrract bus riders 1o car-
peoling: 45 percent of the partcipants in the
discount program switched from transir, 29 pes-
cent previously carpeoled, and 25 percent pre-
viously drove solo. A Portland, Oregon pro-
gram which allowed carpool parking ar street
meters showed similar results: Abour half of
the users were previous carpoolers, and half of
the new carpoolers were former bus riders. The
net effect of both programs, therefore, was to
reduce VMT by 25 percent among those partic-
iparing in the programs.

APPLICATIONS

No evaluations of preferential parking for
carpools ar airports were found in the litera-
ture, although the Sacramento airport offers
such an incentive program. At the Sacramento
airport, 39 available carpool stalls have drawn
between 10 percent and 13 percent employee
partcipaton. The prior mode of transporta-
tion for these airport carpoolers is not known,
nor is the carpool rate before the designared
carpool stalls were available. Given the results
of other similar programs, however, the most
optimistic assumption is that carpool incen-
tuve programs for airport employees reduce solo
driving a few percent, and VMT a lesser amount
since carpools still generate vehicle tips. At
the low end, VMT reduction may be 0 percent
if many new carpoolers are former public tran-
sit riders, while the high end may be 5 percent
if solo drivers are attracted to carpools in sig-
nificant numbers.

S~ 2

In order to evaluate the effectiveness of this
measure, it is necessary to know the rate of
employee commuting by mode - solo drivers, car-
poolers, and public transit riders - both before
and after carpool incentives are put in place. These
data can be used to calculate the reduction in
employee trips, which when combined with the
average trip length, produces the total vMT reduc-
tion. More precise estimates of VMT reducdon
can be made if the actual lengths of the trips that
are eliminated through carpcoling are known.
Emissions are also functions of the vehicle
emission factors, and light duty trucks tend to have
greater exhaust emission factors than light duty
cars. If carpooling results in significant numbers of
employees switching from passenger cars to vans,
the fleet emission factors can increase. Therefore,
knowledge of the vehicle mix for all employees
who carpool, both before and after the carpool
incentives are put in place, would improve the accu-
racy of the estimates of emissions reductions.

AMPLE CALCULATIONS .
Emissions reductions are calculated as the
product of the number of employees’ vehicles
that are replaced by carpool vehicles (Nec), the
average employee trip length (Le), and the
employee fleer emission factor (Efe). The prod-
uct is the daily emissions reduction in grams.

TCM CALCULATION

Rideshare/Carpec! ... Nec + Le » EFe

Early case studies of preferential parking by
locadon are documented in Traveler Response to
Transportation S ystem Changes - A Handbook Sfor
Transportation Planners, R.H. Pratt Assodates, for
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the Federal Highway Administradon, February
1977. More recent evaluaticns are docamented in
Transportation Control Mez:ure Informazion Docu-
ments, Draft, Cambridge Svstematics, Inc. for
the U.s. EPA, October 1991, Parking Management
and Traffic Mitigation in Six Cities: Impiications for
Lacal Policy, K.'T. Analytics, January 1989, and
Flexiole Parking Requiremenzs, An Ur2an Consor-
tium Information Bulletin, Public Technology,
Inc., June 1982.

Reports which examin: the effec: that car-
pool preference programs ~ave on public transit
ridership include Paréing Ziscounts and Carpool
Formation in Seattle, Mariz Olsson and Gerald
Miller, the Urban Insdrutz, 1979, and Study of
Parling Management Tactic:, Valume 1: Overview,
Pear, Marwick and Mirch=1, December 1979.
The only reference 1o carpeling for airport em-
ployees is Sacramento Metr:2olitan Transit Access
Study, ].D. Franz Research for Sacramento Coun-
ty Department of Airporrs, July 1992.

Parking Pricing and Subsidies

Airport employees often receive fre¢ or sub-
sidized parking, which has the effect of promot-
ing solo driving. It has beea found that increas-
ing parking prices or imposing them where they
did not exdst previously has had the greatest effect
of any studied TCM at reducing employes vMT, as
some employees find alternatives to driving solo,
such as carpooling or using public transiz. Where
parking is subsidized by the employer, ending
the subsidy or offering a travel allowance in place
of the subsidized parking, can have a similar effect

on solo driving rates.

employee parking is free or where employers sub-
sidize paid parking. The effecriveness of this
strategy may also be lessened if free or low-cost
parking exists elsewhere around the airport, thus
attracting zirport employees who previously
parked at the airport, and doing little to decrease
overall employee VMT.

Constraints on implementing this measure
arairports also extend to the zact that employees
may not have as many public transit alternatives
as workers in central business districts. Further,
shift work schedules can
ing less feasible than in other industries, which
reduces the number of solo crivers that can make
the switch to carpools.

ake car and vanpool-

-APPLICATIONS

This control measure can be applied wherev-
er employee parking is free or priced significant-
ly below prevailing commercial rates. Many cases
of significant declines in solo driving and trip
making resulting from employers imposing paid
parking or removing emplovee parking subsidies
have been found in the literarure. The most recent
cases, some of which implermented paid parking
alone, and some in combination with alternatve
mode programs, are sumnmarized below:

* The Nuclear Reguiatory Commissicn began charg-
ing market rates for parking in cembination waith
guaranteed garage spaces Jer carpoolers, after
which solo driving decreased 12 percentage cainis.

* After the City of Bellevue, WA cegan charging for
employee parking, in ccmbinaton with its long
standing rideshare pregram, sclo driving dropged
17 percentage points.

* A Seatle company, CH2M Hill, now gives all
employees a $40 per month ravel allowance, and
charges 549 for parking for scic drivers, where pre-
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vicusiy nc allowance was given and all parking was
free (carccolers still park Iree). Sclo driving has
decreasec Dy 25 percentage peints since the park-
ing cclicies were implemented.

Scic criving also decreassd 25 percentage goints
at Twenuein Century Corperation after the company
starigc crarging $30 per month fer parking, in addi-
tier ¢ ceniinuing its transit and vanpool subsidies,
anc iis practice of providing preferential parking fer
cargeclers.
How these reducdons in solo driving trans-
late into vehicle trip reduction depends on how
commuters shift to carpools, transit, walking,
and other modes. The above cases and other
data suggest that reductions in vehicle trips per
100 employees (i.e., employee vMT) will range
up to 33 percent, especially when combined with
incendves for carpooling and public transit.
Airpert employees are probably unable to
shift to carpools or public transit as easily as in
other industries, for the reasons noted above.
However, where non-employee parking rates are
significant and where employees park for free or
much reduced rates, a conservative estimate is a
10 percent reduction in employee tips and vMT
where priced parking Is adopted.

The required inputs for calculating the effec-
tiveness of this measure are similar to those
required for the carpool incentive program: The
rate of employee comrﬁuting by mode, acrual
lengths (i.e., total vMT) of eliminated trips, and
the vehicle mix for all employees who carpool.
The most important of these darta is the rate of
employes commuting by mode before and after
the adjustments to parking pricing are made.

. SAMPLE CALCULATIO!

The daily emissions reduction, in grams, is
calculated as the product of the number of

o — y J

employees’ vehicles replaced as a result of increas-
ed parking price or subsidies (Nep), the average
employee ip length (Le), and the emplovee fleet
emission factor (EFe).

TCM CALCULATICN

Parking Price/Sussicy ........ Nep s Le = EFe

rience with parking pricing is documented in
Evaluation of Trave! Demand Management Mea-
sures to Relieve Congestion, Comsis Corp. for the
Federal Highway Administration, February
1990. The City of Bellevue's program is dis-
cussed in “The Difficulty of Easy Ride: Obstacles
to Volunrary Ridesharing in the Suburbs,” a
paper presented before the Transportation Re-
search Board by Stephenie Frederick and Kay
Kenyon, January 1991. The results of CH2M
Hill's new parking policies and travel allowance
are documented in Proceedings -Commuter Park-
ing Symposium, sponsered oy Metre and Assaci-
ation for Commuter Transpor:ation, Seatte, Dec-
ember 1990. Finally, the effect of Twentieth
Century Corporation raising parking prices are
documented in Parking Sussidies and Commuter
Mode Choice: Assessing. the Evidence, Richard
Wilson, eral., UCLA, July 1989.

Public Transit and Alternative Mode
Incentives for Employees

Incentves for airport employees to use pub-
lic transir or any mode other than driving solo
have the potental to artrace solo drivers in situ-
ations where alternative modes are convenient

. AIR POLLUTION MITIGATION MEASURES
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and cost significantly less than driving solo.
However, past evaluations of transit subsidies
and other incendves have shown to be only mod-
esdy effective at atzracting solo drivers, and may
in fact artract carpoolers, orevious transit users,
and other non-solo drive:s.

The usefulness of this measure for airport
employees is limited by the fact thar public ran-
sitis notalways a viable opdon for airport work-
ers because of factors such as variable work sched-
ules. Other alternadve commutng modes {prin-
cipally biking and walking) are less attractive than
in other industries because of the tendency for
airporss 1o be well removed from residential areas
in which airport employees live,

Public transit and alternative mede incentive
programs can be costly to employers who offer
them, while incentive programs can be costly to
transit agencies that honor them. The increased
costs to employers in terms of new employee ben-
efits is obvious, but costs can go beyond the costs
of helping their employees commute to work.
For instance, some programs distribute transic
passes to emplovees, but no restrictions accom-
pany those passes, and family and friends of
employees almost certainly make use of the pass-
es. As for costs to transit agencies, decreased
fares may lead to decreased revenues, while
increased ridership may lead to increased oper-
ating and capiral costs if more frequent service
is required for cormmuters.

S0l APPLICATIONS :
Thcre is considerable cxpcncncc w1th pubhc
transit subsidies among U.S. business in gener-
al, but very little experience with airport employ-
ees has been documented. There is also lirle

well documented experience with alternative
mode incentives in general, but what is known
Is promising. As shown below, the dara suggest
that wansit incentives for employees decreases
employee VMT by three percent at the most, while
alternative mode incentives may offer as much
as a five to seven percent VMT reducsion.

Public transit subsidy programs have been
successful in terms of getting employees to par-
ticipate in them, but pardcipadon does not rans-
late directly to vMT or trip reduction. This was
shown in an Urban Mass Transporation Admin-
istration evaluaton of several transit pass pro-
grams. Ridership increased in several cases eval-
uated by UMTA, but more from increased tip
making among transit patrons than diversion
from solo driving.

Transit incentive programs in California
have been generally popular with employees,
but the lack of information on employee com-
muting mode has made it difficult to differen-
tiate the employees who have switched from
driving solo to using public transit from those
who have always used public transit. One com-
pany in the Bay Area offers free transit tickers
to employees, and about ten percent of employ-
ces participates in the program each month.
Usual transit shares in the area average about
five percent, which suggests a doubling of tran-
sit use because of the program. Similar rates
were found in another Bay Area company,
which has offered a 25 percent transit subsidy
since 1984. Transit pass sales at that company
have doubled from three percent of all employ-
ees to six percent.

The documentation on alternative mode
incentve programs is sparse but suggests promis-
ing results. Ventura County, for instance, offers
an annual payment of $200 to $300 based on the
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number of days per week County employees con-
sistently use any alternative commuting mode.
The solo driving rate fell from 87 to 69 percent
after inwoduction of the subsidy. ARCO in down-
town Los Angeles subsidizes solo driver park-
ing, bur offers greater subsidies to users of alter-
native modes. Under the program, the compa-
ny has maintained an alrernative mode use rate
between 55 and 65 percent of employees since
1983, which is five to 25 pezcentage points high-
er than for the downtown as a whole. The down-
side is that some carpooling has increased at the
expense of public transit use.

As with the other employee programs, in
order to evaluate the effectiveness of this measure,
it is necessary to know the rate of employee

commuting by mode - sole drivers, carpoolers,
public transit riders, alternadve mode commuters
- both before and after incentives are put in place.
These dara can be used to calculate the reducton
in emplovee trips, which when combined with
the average trip length, produces the total vMT
reduction. More precise estimates of VMT reduc-
tion can be made if the acrual lengths of the trips
thatare eliminated through use of public transit
and alternative modes are known.

Daily emissions reductions are calculated
as the sum of emissions reductions due to
increased use of public transit vehicles (if any).
Emissions from employee vehicles are reduced
by the product of the number of employee vehi-
cles replaced by the use of public transit incen-
tives (Nei), the average employee trip length
(Le), and the employee fleet emission factor
(EFe). Emissions from transit vehicles are

S~ Y |
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increased by the product ¢f che number of new
transit vehicles trips (Nt) the average transic
vehicle trip length (Lt), 2nd the transit fleer
emission factor (EFt).

TCM CALCULATION

Public Transit

Incentives Nei = _=2 = EFe + Nu = Lt = EF:

The results of the Urtzn Mass Transic Ad-
ministration’s evaluations of transit pass pro-
grams can be found in Trznsit Fare Prepayment
Demaonstration, Charles River Associates for the
UMTA, September 1982. A= evaluation of em-
ployer transit pass promczional programs in
Seattle is found in The 2987 Evaluation of
Transportation Managemsznt Programs, Final
Reporr, Seartle Commuter Services, and Bay
Area programs are evaluated in Commute
Alternatives: A Manual far Transportation
Coordinators, MTC, 1983. Ventura County's
experiences with alternative mode incentives is

found in Congestion Manazzment Measurements,
Comsis Corp. for FRWA, October 1992, and
ARCO’s experience in Los Angeles is docu-
mented in Evaluation of Trzvel Demand Man-
agement Measures to Relievz Congestion, Comsis
Corp. for FARWA, February 1990. Finally, the
lone evaluation of alternazve mode incentive
programs that deals with zirports is found in
California Of4 irport Term:inals (Draft Report),
Robert Frazier et. al., Insdrure of Transportation
Studies, July 1992.
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5.3.1.2

Passenger VMT Reduction TCMs

Passengers generate the greatest volume of
trips and VMT ar airports. As discussed in the
section on emplovee trips, employee proporton
of airport VMT might range from a low of 3 to
10 percent up to a high of 20 percent, depending
on the balance of cargo trips. Quantitative esd-
mates of VMT can be made by applying this per-
centage range to airports where toral VMT is est-
mated, as per Table 5-3.

Parking Pricing

There is considerable uncerrainty and com-
plexity in parking pricing aimed at air passen-
gers for purposes of cutting solo driving and
increasing use of high occupancy modes. On the
one hand, dama from California airports suggests
higher prices are associated with greater HOV
mode use. Table 5-5 shows quite a strong cor-
relation berween the price of long term parking
(P) and the percent of non-drive modes (ND),
including taxi, limousine, private transir, public
transit, hotel shuttle and other. The results sug-
gest every one dollar increase in long term park-
ing is associated with an additional two pe:cent
use of non-auto modes. On the other hand, such
correladon does not necessarily indicate increased
long term parking prices cause increased use of
transit, taxi, or shurdes. Airports with higher
parking prices also tend to have better non-drive
services, which also could explain higher use.
There also is the possibility that higher long term
parking rates increase drop off and pick up. Drop
off drives up VMT as the passenger generates four
trips (to/from drop and to/from pick up) instead
of two (to/from airport). If so, the net effect of
increased long term rares might be negative, even

if pricing encourages some use of non-drive and
HOV modes.

Unfortunarely, the reladonship between park-
ing policy and drop off rates is not well under-
steod. One dared survey of airport drop off sug-
gests high proportions of autos carrying passen-
gers drop off, but that drop off is unrelated to
one key parking variable, parking supply. Dam
from a 1972 survey of six airports shows berween
49 and 68 percent do not park or park only brief-
ly, presumably for drop off and pick up purpos-
es [Airport User Traffic Characteristics for Ground
Transportation Planning, Table 18 Op. Cit.].
While parking prices are not reported for the six
airports, parking space provided per 1,000 annu-
al air passengers are reported. Presuming less
parking supply per passenger might be associat-
ed with higher prices; or, like pricing, less park-
ing might encourage passengers to drop off rather

TABLE 3-5
Parking Rate
Versus Percent Non-Drivel
Airpart Parking I‘sg-féﬁh:a
SDay X

Bakersfiaid. ... 3.50 €3
BUrDaNK ..cvee e 10.Co 2
LAX e, 16.C0 2827
Qaklang 500 127
Ontario 8.00 1873
San Diego .o 12.C0 283
SantaBarbara... ..o 3.Co ko)
San Francisca ..o 3.co 332
San JOSe ..o 6.00 £z
Sacramento...... 4C0 W07
JohnWayne ... 700 124
1. Califorrua Aviation System Plan, Tabies il and Ill, Op. Cit
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than seek packing, one would expect the highes
drop off rates at airports with the least supply of
parking per passenger. Table 5-6, which displays
results from a 1972 survey, explores the issue.
Drop offs inciude autos that dropped off pas-
sengers and immediately lefr the airport, and
auros that dropped off passengers and then parked
in short-term lots before leaving the airport.

The table suggests less parking is not associ-
ated with higher drop off rates. In fact, if any
reladonship is apparent, it seems the three /ow-
est drop off rates are associated with the Zast park-
ing supply, and the Aigher rates with the most sup-
ply. Inshort, drop off appears unrelated or even
negatvely related to parking supply, just the oppo-
site of what would be expected if parking policy
influenced drep off.

Data collected berween 1987 and 1982 from
a few California airports confirms that drop off
and parking policy - in this case pricing policy -

are not clearly related. Table 5-7 shows drop off
raes for private autos only and long term park-
ing rates at several airports. Long term rates are
explored since short term rates all tend to be
about the same, berween $0.50 and $1.00 per
hour. Thus, if drop off does vary with any park-
ing price variadon, it is with long term rates. The
table shows no clear cut relationship berween long
term price and drop off/pick up rate. The high-
est rate is at the San Frandisco airport, bur this is
not the airport with the highest long term park-
ing charge. Los Angeles has the highest parking
rate, yet its drop off rate is in the middle of the
pack. Finally, San Jose and Oakland have low
parking rates, bur drop off szl tends to be high.
Only Sacramento supports the case that lower
parking prices are associated with lower drop off.
It has both the lowest drop off rate and lowest
parking price.

If drop off/pick up is not strongly related to

TABLE 5-6
Passenger Drop Off
Versus Parking Supply At
SixAirports
- 1972 —
Percent Of
Parking Scaces Passenger Carrying
Per 1000 Annuat  Autos Oropping
Airport Passengers And Bicking Up*®
High Drop Ctf Rate
Bosten-Logan .. 067 e, 68
New York - JFX . 084 L 66
San FranciscS ... 056 63
Low Drop Off Rate
Atlanta.....ccvvmvecrveenn. 023 Ll 48
New York-LaGuardia ... 0468 .. ... .. 55
New York-Newark ........ 079 ... 49
‘ Percenlages reler (0 privale aulos cnly, and not 1o gassengers
wno amve al the awport by other moces.

TABLE 5-7
Passenger Drop Off
Versus Long Term Parking Price At
Five California Airports
— 1987 TO 1992 —

Percent Of
Long Tem Passenger Carrying

Parking Prica Autos Cropping

Airport ay And Ficking Up”
Los Angeles! ... 18 77
Oakland2........cccovevverneee [ TR 78
Sacramentod ... 4 v 65
San Francisco? .............. 9 e 81
San Jose2.......ccveverrenne B e 79

1. ?ir Passenger Survey, for LAX, Wilbur Smith Asscciates, 1987,
ab 57.

2. Bay Area Air Passenger Survey, 1990, MTC, Table 4.2.

3. Sacramento Matropolitan Transit Accass Stugy, J.D. Franz
Research, Q3.

* Percentages refar (o privale autos only, and
not to passangers who ammve at ine airport by olher modes.
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parking policy, what is it related to? Evidence
from Logan Airpor: in Boston suggests wraveier
perceptions unrelared to parking may be the key,
Researchers there have found drop off is high-
est for non-business travelers, especially residenss
versus non-residents of the area served by the air-
port [Logan International Airport Ground Access
Non-Pricing Study, Massachusetts Port Authority,
to the Conservation Law Foundarion, Julv 1,
1991]. Seventy one percent of drop off is made
up of passengers mraveling for non-gusiness pur-
poses, and 50 percent by resident non-business
travelers. Sixty percent of the resident non-busi-
ness travelers are female and 70 percent check
baggage. As for non-residen, non-business, here
again 59 percent are female; 70 percent check
baggage, and most originare from Boston or
Cambridge hotels. Irappears drop off, at leasz at
this airport, may be related more to perceptions
of convenience and travel logistics than to park-
ing supply or price.

The same Logan Airport study supports the
finding from California airports that increased
long term parking prices are not associated with
increased drop off. When long term rates at
Logan increased from $8.00 in 1984 t0 $10 in
1586, pick up and drop off actually declined from
34 percent to 26 percent. Probably a key rea-
son the price change didn't increase drop off has
to do with the type of passenger facing the park-
ing charges. The primary users of long term
parking (67 percent) are resident business trav-
elers who have the lowest drop off rates, 12 pe:-
cent. In contrast to the profile of the high drop
off population, 75 percent are male and 60 per-
cent do not check luggage. Thus, it is unlikely
price increases for this group would increase the
drop off rate. As to why drop off declined, there
are a couple of possible reasons. One, new and

convenient transit service {Logan Express) was
initiated during the same ceriod, 1986, Two,
short term parking rates aisc climbed during the
same period, from $1.00 ro $2.00, possibly dis-
couraging at least some drez off using short term
facilities. But the most important finding is
increased long term parking rates do not neces-
sarily boost drop off; especia®’y if accompanied by
good mansit options and, pessibly, increased short
term rates.

Logan experience also suzgests parking pric-
ing combined with transgpcriation service im-
provements may be mos: =Zective in boosting
use of door-to-door, schedied HOV and tran-
sit, but service improvemens alone also are quite
effective. As mentioned, bezween 1984 and 1987
the airport increased parkizg rates from $8.00
to $10.00 per day, and sta-zed Logan Express
service. A water shurtle alss starred during the
same period.

During this period, the proporton of pas-
sengers using all high cccupancy modes
increased from 15 percent 10 22, 2 7 percent
boost. From 1987 to 1990, when parking rates
held steady and service imsrovements on the
Logan Express continued umostly relocating
routes and adding park anc ride lots), the pro-
pertion of high occuparcy mode use still
climbed, but less dramaticaily from 22 percent
to 26 percent, a four percent increase. Itis worth
noting the increase in Logan Express ridership
since 1987 was 20 percent in spite of two
increases in fares [Logan Irernational Airport
Ground Access Pricing Study, Massachuserts Port
Authority, to the Conservation Law Foundaton,
February 1, 1991]. In shorr, all else being equal,
parking pricing alone may have boosted use of
high occupancy modes a few percent, but service
improvements (in spite of fzre increases) were
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perhaps equally effective. Most efective is the
combinadon of pricing and service.

Why mighr parking pricing alone not be more
effective in increasing passenger use of high occu-
pancy modes? Again, the profile of the passenger
facing the parking pricing is key. At Logan,
where the primary users of long term parking are
business travelers, 80 percent are subsidized by
their companies for travel Also, 42 percent trav-
el on the same day or only overnight. Clearly,
this is the kind of wraveler for whom parking cost
may be less important in choosing mode of trav-
el than convenience and service.

Other research suggests hiking long term
parking rates alone, at least by usual amounts,
may bring only small increases in high occupan-
cy mode use. A study of “zravel elasticities” for
passengers at the San Frandisco airport also con-
cluded changes in parking pricing would have to
be quite substantial to effect travel choice. The
study concludes, “Parking prices could be used
to increase the cost of auto travel, although the
surcharges required to bring about a significant
diversion are quite large” [“Study of Airport
Access Mode Choice,” By Greig Harvey, Journal
of Transportation Engineering, Vol. 112, No. 5,
September, 1986],

There are several conclusions regarding park-
ing pricing for passengers:

* Increases in parking pricing most likely will increase
use of high occupancy modes, but consideratle
price increases may be neeced to bring results.
Business travelers especially may not be very sensi-
tive to increased parking prices, at least not urless

price changes are substantial and accompaniec by
improved high accupancy services.

The evidence does nct suggest the drep off rate or
underlying reasons for drop off are related 1o park-
ing supply or prices; however, the evidenca is by no
means conclusive. There is sufficient uncenainty
that airports ought to menitor drop off and multi-

o y |

eccupancy mece use when maxing adjusiments in
parking rates.

* Three, the effects of pricing wiil ce very depencent
on the proportion of business ard non-business
passangers utilizing any paricular airport, as weil
as complemenitary actions sucn as short ierm cark-
ing rates and guality of hign ¢r multi-occugancy
made services.

Because there still is so little evidence on
the effects of parking pricing on drop off, it is
not possible to provide definidve guidance on
VMT reductions due to pricing. However, one
study hints at important quandrative guidance.
A mode of passenger travel behavior at the San
Francisco airport using profiles of traveler
Incomes, travel mode and other data concludes,
“Taking into account the high average income
of the business sample, this shows thar cost sen-
sitivity for business access travelers is about the
same magnitude as cost sensitivity for wes2day
work travelers at comparable income levels”™. If
so, we may take parking elasticity studies for
employees and work trips as a rough guide.
These studies show parking price effects on
employee vebicle trips and or VM T (not parking
demand) range widely from an elastcicy of -0.01
(especially where transit alternatives are poor) to
-0.3 at the high end (i.e., 2 100% price increase
leads to a 1% decrease at the low end to 2 30%
decrease at the high end.) [Improving Air Quality
Through Transportation Systems Management:
What Can Be Expected, John Suhrbier, Terry
Atherton, Elizabeth Deakin, a paper before the
Annual Transportation Research Board Meet-
ing, January 1979; also, “A Review of the Impact
of parking Policy Measures on Travel Demand,”
Bernard Feeney, Transportation Planning and
Technolagy, Vol. 13, 1989]. At most, then, we
might expect a 10 percent increase in parking
price to reduce vehicle use and vMT among those
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facing the parking charge (i.e. excluding drop
off and multi-mode users} by 3 percent. For
example, looking at Table 3-4, suppose Oakland
Airport increased its long term parking price
from $5.00 to $7.00 per day, a 40 percent
increase. At best this would bring a 12 percent
reduction in VMT and emissions among those
effected by the price. A this airport, only about
17 percent of passengers drive and park [69 per-
cent use private cars, but only 24 percent of
these park for the duration of the trip according
to MTC Passenger Survey, Op. Cit.]. Thus, pre-
suming VMT proportions follow mode shares
closely, only 17 percent of total airpors vMT
would be reduced by 12 percent, for a reduc-
tion in total VMT and emissions of only 2 per-
cent. This wanslates into about 400 pounds of
pollution per day.

Of course, effectiveness will vary depend-
ing on the proportion of passengers driving to
the airport and parking for the duration of the
trip. For example, at San Francisco, only 46
percent of passengers access the airport by pri-
vate car, and only 18 percent of these park for the
duration of the trip (equivalent to 8 percent of
total passengers) according o a 1990 passenger
survey. Thus, pricing might be less effective
than at Qakland [MTC Passenger Survey, Op.
Cit.]. According to a 1992 passenger survey at
Sacramento, 84 percent arrive by car and 35
percent park [Franz Research, Op. Cit.].
Overall, the range of effectiveness might be
from 1 to 4 percent reduction in total airport
VMT and associated emissions.

As explained, the effectiveness of parking

pricing at reducing VMT will decrease as the per-

centage of business travelers (PIb) increases.

IR POLLUTION MITIGATION MEASURES
e
FORAIRPORTS AND ASSOCIATED ACTIVITY

87

Therefore, parking price increases will be most
effective only at airports where non-business rav-
elers make up the majority of all travelers. Also,
alternative transportation options must be in
place, they must be conveniear, and they must
be competitively priced if raising parking prices
is not to result in increased drop off rates.

L UTLHL APPLICATIONS
Effectiveness will vary between airports
depending on the proportion of passengers dri-
ving to the airport and parking for the dura-
tion of the tip. For example, at San Francisco,
only eight percent of all passengers park for the
duration of the trip (as mentioned above), and
the maximum three percent reduction per ten
percent increase in parking price would be
applied only to that very small passenger seg-
ment. Thus, a forty percent increase in parking
prices would bring about a one percent decrease
in passenger related VMT and emissions. At
Sacramento, on the other hand, 29 percent of
passengers park for the duration of their trips.
This implies that almost four times as much
VMT reduction could be achieved by raising
parking prices at Sacramento than would be
expected if prices were raised by the same per-
centage at San Francisco. A range of effec-
tiveness for ri;jsing parking prices might be from
one to four percent in total passenger vMT and
associated emissions.

The most important input for calculating
the emissions reduction effect of this measure
is the percentage of passengers driving to the
airport and parking for the duration of the
trip, since this is the group from which any
and all vMT and emissions reductions will
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come. The business percentage of long term
parkers (Plb) will ¢ an indication of the
chance for success of this control measure,
since business parkers are least likely to be
concerned with pariiag prices.

oG

. SAMPLE CALCULATION

Daily emissions reductions, in grams, due
to increased long term passenger parking prices
are calculated as the product of the number of
passenger cars removed (Npp), the average pas-
senger trip length (Lp), and the passenger vehi-
cle fleet emission factor (EFp). These emis-
sions reductions would be offset by any increase
in the number of public transit vehicles serving
the airport due to increased demand from pas-
sengers who previousiy parked for the duration
of their trips.

TCM CALCULATION
Increased
Parking Price......... Nop s Lp * EFp + Nip = Lt « EFt

5.3.2

Idle and Circulation
Management TCMs

An alrernatve to reducing the number of air-
port relared vehicle trips that passengers and com-
mercial vehicles make is to reduce the emissions
from vehicles while they are at the airport. Two
ways to accomplish this are to restrict the time
vehicles spend at idle, and to control access to
the terminal areas. These two control measures
are discussed below.

S A
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5.3.2.1

Idle Restrictions

A significant percentage of the total tme a
vehicle spends at an airport is ar idle. This is espe-
cially true for passengers’ light duty cars and mucks,
taxis, shuttle buses, and vans, all of which tend 1o
idle while dropping off or picking up passengers.
Commercial vehicles also idle while loading and
unloading cargo, often for considerable lengths of
time. By eliminarting or significanty curtailing the
time spent at idle, the toral emissions from these
vehicles will be reduced, as idle emissions are gen-
erally greater than emissions that result from start-
ing a warmed up vehicle (ie., 2 “hotsart™).

This contol measure is applicable to all vehi-
cles except employees’ vehicles, but is effective
only if the emissions from an idling vehicle are
greater than the emissions from hot starts. This
test can be made only after determining, at the
individual airports, the average idle time by vehi-
cle type. This must be done through an obser-
vational monitoring program or perhaps a survey
of airport users. If the product of the average idle
time and the average idle emissions for that seg-
ment of the vehicle fleet is greater than the aver-
age hot start emissions for the vehicle fleet then
idle limitations can be effective. (Emission factors
for idle, hot start, and other modes are available
from the EMFAC model or a California-specific
version of EPA’s MOBILE model)

Hot start NOy emissions from gasoline engines
are typically very low, and this control measure is
not expected to affect them significantly.
Similarly, HC, €O, and NOy idle emissions from
diesel engines are also small. Therefore, this con-
trol measure is not suited to controlling those
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pollutants. However, particuiate emissions from
diesel engines can be significant and candidates
for control, but there is no known dccumented
study which compares diesel engine particulate
emissions at idle and hot starz.

This measure will impose costs oa the air-
ports in the form of salaries for empiovees who
will monitor the parking areas and enforce the
idle time limits. It is expected that the monitors
can cover more than one area each, especially
where idle stands or holding pens are near pas-
senger drop off areas. It mav be difficulr to
enforce idle time restrictions in remore areas of
airports, such as cargo loading areas, or 0 enforce
idle restrictions when drivers run theis engines
to keep their vehicles air conditoned or heated.

.+ APPLICATIONS |

There are no known documented cases of
enforcing idle time limits on airport passenger
vehicles or cargo vehicles, although many
municipalities have legal limits on the length
of time a vehicle can idle. Many airoorts do
regulate parking time limits a: passenger drop
off areas, and many airports also limiz parking
ume and/or idling time for commercial vehicles
such as courtesy shuttle buses, raxis, limousines,
public and private buses, and on-call door-to-
door vans and shuttle buses.

Hot start emissions from light dury vehicles
are dependent on the control technology and
model year group. Average hot start emissions for
light dury cars and trucks were calculated by EEA
for the U.S. EPA in 1991, as were average idle
emissions. The measurements were made by
model year and control technology groupings, so
local planning agencies can use E£A’s dara to cal-
culate average idle and hot start emission rates
that are specific to the local light dury fleet.

Average hotstart and idle 2mission rates for heavy
durty gasoline vehicles will have to be obtained
from the EPA or ARB.

The most importan: data item nesded to
measure the effectiveness of idle restrictions is
the average idle time by vehicle type. As men-
uoned above, this idle tme will vary between air-
ports, and will have to be measured at each air-
port where the measure is considered for use.
The average idle emission r2te and hor start emis-
sions can be obrained wizh the heip of the local
agency which is responsible for determining vehi-
cle emission inventories.

7 SavPEECarcriaTion

The change in emissicas due to idle reswric-
tions is the sum of the reduced idle emissions
and the increased hot starz emissions. Separate
calculations are made for passenger vehicles, com-
mercial/cargo vehicles, and :axis. Idle emissions
are reduced by the produc: of the number of vehi-
cles (Np, N¢, Nu), the icle smission rate (EFpi,
EFd, EFu), and idle time Jdp, I, It). Hor start
emissions are calculated as the product of the
number of vehicles and the zverage hot start emis-
sion factor (EFph, EFch, EFth).

TCM CALCULATICN

Icle Time Restrictions

(passenger vehicles).... ... Mo = (EFgi « Ip - EFgh)

(commercial/

carge vehicles).................. Nc = (EFci = Ic - EFcn)

(taxi cabs/vans) ... Ni= (EFt = It -EFtr)

There are few docurnented cases of the effects
of idle restrictions on emissions, especially for
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airports. The relative weighting of idle emis-
sions versus hot start emissions is documenred
in Speed Correction Factors for the Updated Version
of MOBILE4, Energy and Environmental Analysis,
Inc., for the U.S. EPA, August 1991,

5322

Circulation Management

Most airports regulare curb access for pur-
poses of reducing curb corgeston and promot-
ing safety, targeting vehicles such as personal
and rental company autos, courtesy vehicles and
shurtde buses, taxds, limousires, buses, and on-call
door-to-docr vans. Typical regulations limir
parking tme and/or curb access, and are in gen-
eral use to control congesdon for both private
and commercial vehicles. Pricing of curb use
has the potendal to reduce emissions, particularly
from commercial vehicles which are the most
likely initial targers, but is not easily accom-
plished and is much less in evidence than other
curb access regulations.

The most serious constaint is that few vehi-
cles using curbs enter airport parking where con-
ventional pricing mechanisms are implement-
ed, so new means of collecting fees are likely to
be required. One study of the San Francisco
Airporrt found four-fifths of vehicles accessing
the curb never entered an airport parking facil-
ity, and pricing through meters at curb areas is
probably not practical.

e y |

The most effective and efficient pricing
approach would be pricing all vehicles as they
enter the airport, whether they only go to curbs
or parking, or pass through. Only Dallas-Fort
Worth imposes such a fee, but the fee is only 50
cents and for revenue raising purposes, not to
control emissions or VMT. Airport entry fees
would likeiy have to be similar to parking fees in
order to effect any decrease in airport trips.

From the standpoint of reducing vMT of curb
access vehicles, one promising focus is on renta
car, hotel, and parking lot courtesy vehicles or
shuttle buses. Most airports limit the number
of waiting cabs and limousines through entry
permits, holding areas, exclusive contracts, and
trip fees for the privilege of picking up ar air-
ports, but the same regulations and fees don't
tend to apply to courtesy vehicles. The number
of rental car shurdes in circuladon can be reduced
by centralizing rental car offices and consolidat-
ing shuttle service to the center. Sacramento and
San Francisco airports are planning this approach
under future expansions.

Flat fees and “percent of gross” fees are impos-
ed on parking lot shuttles and rental car shurtics
at several California airpores, but such fees do
not provide any direct incentive to limit circula-
ton or to increase shurtle bus occupancy. One
excepdon to flar or gross fees is provided by LAX,
which imposes a percent of gross and “circuir fee”
on off-airport rental and parking lot shuttles.
Circuits around the airport terminal are moni-
tored by an Automatic Vehicle Identification
{Av1) system, and operators are charged for exces-
sive circuits. This fee system provides some
incentive to get as many riders as possible per
trip and limit circulation around the terminal.
Such a fee and monitoring system may be extend-
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ed to include on-airport renzal car and parking lot
shuttles and hotel courtesy vans at LAX, and
implemented in full ac other California airports.
On-call van service is now the third most
popular mode of travel at Los Angeles, Sacra-
mento, and San Francisco airports, and even
with holding pens and starters for these vehi-
cles, drivers tend to circulate for customess before
leaving the airport. One method of controlling
excess circuits by'on-call vans and shuttles is
being tried at LAX: LAX requires vans to enter a
holding lor and obrain a trip dcker for passenger
pick ups, to control illegal entry to the airport.
Each vehicle alsc must be equipped with an elec-
tronic transponder (AvI) to allow vehicle circuirs
to be monitored. A $1.00 per circuir fee is
imposed through the transponder for the first
two circuits of the central terminal, and addi-
tional “excess” circuits cost $9.00. The combi-
nation of regulations and fees appears to have
reduced circuits about 37 percent; Monthly cir-
cuits went from about 110,000 in summer 1990
(before the circuit fee went into effect), to abour
70,000 in summer 1991 (after the circuit regu-
lations had been fully implemented).
Estimating the vMT reducrions possible
through trip fees, consolidated rental car shut-
tles, and circuir fees for private shared ride vans
is difficult. However, it is likely that the direct
VMT reductions will be small as a percenaage of
the total airport VMT, bur the indirect VMT re-
ductions can be significant. As an example of
such a siruation, the 37 percent reduction in cir-
culation VMT achieved at LAX does not account
for a very large proportion of fotal airport VMT: A
cireuir ar LAX is about 1.5 miles, so a reduction of
1400 circuits per day translares to 2100 miles per
day, which is a very small percentage of total air-
port daily vMT (5.9 million miles). However,

reduced circuit VMT probably translares into 2
larger reduction in emissions, as much circula-
tion is stop and go. Further, circuit and trip fees
provide incentives for companies to reduce the
number of vehicles serving airpores when vehicle
occupancies are low, and to seek ways to boost
the number of passengers carried per vehicle.
Therefore, the reduction in overall vmT through
the reduction of circuits may be significant, pos-
sibly on the order of one to two percent.

To calculate the effectiveness of circuit man-
agement techniques, it is necessary to first decer-
nune the daily circuit VMT and vehicle popuiladon
before the circuir management program is imple-
mented. After the circuit management program
has reached steady state, the daily circuit vMT
and vehicle population can be compared to the
baseline. The actual correlation between the
reduction in the door-to-door van and shurtle
(or other targered vehicle) circuit VMT and over-
all VT will vary by airport, and can be deter-
mined by tracking trips through the Av1 system.

T SaMPLE CALSHEATION T T

Daily emissions reductons, in grams, due to
circulation management are calculated as the
producr of the dircuit VMT eliminated for caxis
(Ct}, door-to-door vans (Cv), and courtesy shut-
tle buses (Cb) and the respective emission factors.

TCM CALCULATION
Circulation
Management.......... Ct=EFt+ Cv~EFv +Co=EFp
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5.3.3

li

Alternative Fuels

Motor vehicles which are designed to use
alternative fuels such 2s methanol, natural gas,
and liquid petroleun gas (LPC) tend to have lower
grams per mile emissions of HC, CO, NOX, and
particulate than conventional gasoline and diesel
vehicles. In addition, their hydrocarbon emis-
sions are not as photochemically reactive as the HC
emissions from their conventional counterparts,
which should result in the reducdon of secondary
ozone and photochemical smog. Therefore, a
potential emissions control measure for airport
vehicles is to use as many alternative fuel vehicles
as possible.

The reality of the situadon is, while some
alternative fuel vehicles are available, the alrer-
native fuels needed to operate them are not yet
widely available to the general public. Alternatve
fuels will become more available in the furure,
but the best current candidates for alternative
fuel use are fleer vehicles which are centrally
fueled, such as shuttle buses, transit buses, and
some commercial trucks. Since the majority of all
rental cars are rented at and rerurned to airports
where central fueling with alternative fuels is
practical, alternative fuel vehicles also may be
appropriate for use in rental flests.

533.1

Alternative Fuels for Rental Cars

The proportion of rental cars used by pas-
sengers has increased significantly in recent years.
In fac, ar airports in the Bay Area, for example,
rental car use is the second most popular pas-
senger ground access mode, second only to pri-
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vate cars. This suggests that rental cars are
responsible for a significant portion of the air-
port VMT and emissions: seventeen percent of
passengers at San Francisco used rental cars, and
rental cars accounted for 13 percent of all pas-
senger and employee trips generated by the air-
port at large. If rental car erip length is about
average for passenger vehicle wrips, then rencal
cars account for 13 percent of VMT at 5F0. San
Francisco has a similar proportion of rental car use
as ar South Coast airports for which informa-
tion is available, and it is possible that renral cars
are responsible for 10 to 15 percent of toral vumT
at South Coast airports, too. Thus, if alterna-
tive fuel vehicles were introduced into airport
rental car fleets, some reductions in emissions
may be achieved.

Near term alternative fue! cars and light rucks
will be almost exclusively flexible fuel vehicles
(FFV) which can use any mixture of gasoline and
methanol, from pure gasoline up to 85 percent
methanol (M85). Three major constraints to
using alternative fuel vehicles in rental fleets are
FFvs' higher prices, reduced choice and avail-
ability of FFVs compared to conventional gaso-
line vehicles, and the relative scarcity of alterna-
tive fuel filling statons. These constraints are
discussed below.

Current flexible fuel vehicles are priced up
to $2000 more than their conventional gaso-
line counterparts. Flexible fuel vehicle cost
1ssues are likely to be overcome through incen-
tives and falling FFV costs and prices. The
California Energy Commission (CEC) offers a
$400 credir against the purchase of Chrysler,
Ford and GM FFVs ordered in 1993, as an
incentive to commercial buyers. Chrysler’s FFVs
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are actually priced the same as its convention-
al vehicles, while the price of Ford and GM
FFvs are $2000 more than their similar con-
ventional vehicles. Both manufacturers expect
the price differential to decrease as economies
of scale lower per unit costs.

FFVs will not be available in all size classes, and
will not be available from all manufacrurers.
Thus, rental agencies cannot easily go to an all 77v
fleet, as they would have considerably fewer mod-
els and classes of vehicles to offer to renters.
Midsize sedans (e.g., Dodge Spirit, Ford Taurus,
Chevy Lumina) and minivans (e.g., Chrysler
minivans) are popular rental vehicles and the best
candidates for FFv, but there are few if any 77Vs
planned for the subcompacr and large/luxury
classes, which are also popular with renters.

The third constraint is the scarcity of MS3
filling stations. FFV emissions are minimized
when M85 is used exclusively, bur public M85
filling stations are scarce at this time (there were
39 methanol filling stations in California as of
lare 1992), although the number of M85 filling
stations is expected to increase significantly
through the 1990s. For practical purposes, rental
agencies must have M85 fueling on-site, but the
current lack of public filling stations means that
renters are unlikely to refill with M85 away from
the airport, and much of the emissions benefit
that could come from FFV rerrals will be lost in the
near term. Even incendves such as offering free
refueling for renwal FFVs may not be sufficient to
keep M85 in FFVs at all times, as shown by the
experience of Avis at the Sacramento airport: The
company does not charge returning customers a
refueling fee on its 20 flexible fuel Chevrolet
Luminas, but a company representative estimates
only about 60 percent methanol content as an
average across the twenty vehicles at any one tme.

AIR POLLUTICN MITIGATION MEASURES
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As dlscusscd above, Avis alrcady has FFVs
in its rental fleet at the Sacramento airporr, but
as far as could be determired, no emissions daw
have been collecred from those vehicles. Emis-
sions testing of other producdon FFVs has shown
that ﬂc:ublc fuel vehicles enjoy a significant
emissions benefit when operated on M85, rel-
ative to operation on gasoline.

According to the U.S. EPA’s MOBILES model,
the 50,000 mile emission facors for passenger car
LEVs are 0.092 g/mi HC, 3.00 g/mi €O, and 0.196
g/mi NOX. At 50,000 miles, passenger car TLEVs
are expected to emit 0.147 g/mi HC, 3.93 g/mi
CO, and 0.350 g/mi NOX. The in-use emission
factors will actually be berween the TLEV and LEV
facrors, since in-use fuel tank mecthanol content
will vary between zero and 85 percent. Compared
to 1994 model year convendonal gasoline passen-
ger car 50,000 mile emission factors of 0.617 g/mi
HC, 9.387 g/mi €0, and 0.78 g/mi NOX, the poten-
tal emissions reductions are substantial, even if
the reatal FFVs run on conventional gasoline.

Thc inputs needed for the samplc calculanon
are the size ot the rental fleers, the percentage of
the fleets that can be replaced by FFvs, the aver-
age rental FFV VMT, and the average fuel methanol
content (to obtain FFV emission factors).

- SAMPLE CALCULATION &+

Daily emissions reductons (in grams) due to the
use of alternative fuel rental cars are caleulated as the
difference between in-use emissions for alterna-
dve fueled cars and emissions for conventional cars.
In-use emissions are the product of vehicle spedif-
ic emission factors and average daily VMT. Here it
is assumed that convendonal renatal cars have the
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same emission factors as the passenger vehicle fleet,
but since rencal cars are newer, low mileage vehicles,
this may overstate the potendal reduction.

TCM CALCULATION

Alternative Fuel

Rental Vehicles.......... CtsEFi+ Cv=SFv + Co=EFb

5.3.32

Alternative Fuels for
Commercial (Heavy Duty) Vehicles

Commercial fleets operating at airports
include light duty and heavy duty vehicles. Light
duty and medium dury vehicles up to 14,000
pounds gross vehicle weight are covered by
California’s LEV program, which means that low
emissions versions of these vehicles will enter
commercial fleets in the next few vears. Heavy
dury vehicles are not yet covered by an equivalent
to the LEV program, although a2 Low Emissions
Truck/Bus program, which will likely result in
HD alternatve fuel vehicles, has been proposed
by the ARB. Another force that may get alterna-
tive fuels into commerdial heavy duty fleet vehi-
cles is local regulations requiring the use of alter-
native or clean fuels in fleer vehicles.

Once alternative fuel vehicles are introduced
into heavy-dury fleets, these vehicles are more
likely than rental cars to use alternative fuels. This
is true for dual fuel or flexible fuel fleet vehicles
because the vehicles are fueled only at the termi-
nal or home base where refueling with alterna-
tive fuel is more likely. Itis also true because the
majority of heavy duty alternative fuel vehicles
will be dedicated to one (alternative) fuel type.

= 4
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The bigg
trucks and buses are that, compared to conven-
tonal fuel mucks and buses, they are more expen-
sive to buy than conventional fuel trucks and
buses and, for methanol fueled rucks and buses,

they are more expensive than gasoline and diescl
vehicles to operate.

PPLICATIONS SO
Many state and local authorides, including
some in California, have implemented plans to
require alternative fuel vehicles in cermin fleers,
including some types of fleets that operate exten-
sively at airports. Two local alternative fuel regu-
lations cculd be models for heavy duty alternative
fuel vehicle plans. A Washington, D.C. law
requires that all commercial vehicles operating in
the “central employment area” must use alternative
fuels as of January 1, 1998. Such a law could be
applied easily to airports. The only known alter-
native fuel vehicle regulations that are specific to
airports are in Denver, where alternative fuel buses
are required at Stapleron Alirport and will be
required at the New Denver Airport when it opens.
Based on emissions test results from produc-
tion and near-production alternative fuel heavy
duty engines, methanol and natural gas heavy
durty engines will meet ARB’s proposed Low
Emissions Truck and Bus standards. In-use emis-
sion factors for alternadve fuel heavy dury engincs
are not available, bur those values can be esti-
mated as the product of the heavy duty gasoline
vehicle emission factors from MOBILES and the
ratio of cerzification standards for heavy dury
vehicles and low emissions trucks and buses. This
methodology results in LEB 50,000 mile emis-
sion factors of 1.27 g/mi HC, 13.33 g/mi CO, and
1.79 g/mi NOX, compared to model year 1994




heavy dury gasoline emission factors of 1.27 g/mi
HC, 14.35 g/mi CO, and 4.47 g/mi NOX.

... KevIneurs vl

The emissions reductions that can be achiev-
ed by the use of alternative fuels in commercial
{(heavy duty) vehicles can be esdmated once the
average VMT of commercial vehicles and the
commercial vehicle alrernarive fuel penetration
rate are determined.

______ . SAMPLE CALCULATION. . . -

Daily emissions reductions due to the use of
alrernanve fuels in commerdial (heavy-duty) vehi-
cles are calculated as the difference benween in-
use emissions for alternative fueled commercial
- vehicles and emissions for conventional com-
mercial vehicles. In-use emissions are the prod-
uct of vehicle specific emission factors and aver-
age daily commercial vehicle vMT.

TCM CALCULATION

Alternanve Fuel

Commercigl Vehicles...... Nc » (EFc - EFac) = VMTe

5.3.4

Other Control Measures

Orher airport specific transportation conwol
measures include extending rail service to termi-
nals or parking lots, offering transit discounts or
subsidies to passengers, and creating satellite park-

EE I B

and-ride lots and systems for employees. Esdmares
of the effectiveness of these control measures can-
not be made at this tme, as no dara are available.

5.4
“
Conclusions

This secton has discussed many control mea-
sures that can be used to reduce emissions asso-
ciated with vehicle trips to and from California’s
airports. Those TCMs are summarized in Table 3-
8, which shows the TCMs for employees can reduce
employee related vehicle emissions from less than
one percent to ten percent or move, according to
dara from studies at various U.S. airports.

Quandtatve results for passenger TCMs are not
50 easily obrained, bur reswicting long term park-
ing through increased prices may decrease passen-
ger YMT and emissions by as much as four percent.
Other TCMs for passengers include restricting pas-
senger vehicle idle dmes, and increasing the use of
satellite parking facilides with shuttde bus service.
This last TCM has the effect of eliminating all on-
airport VMT for passengers’ vehicles.

The most promising commerdal vehicle TC)M
is circulation management, which may decrease
on-call van and shuttle bus on-airport VMT by as
much as 40 percent, and which may also lead o
greater overall VMT reducdons if marginally used
services decide to currail airport operations.
Other commercial vehicle TCMs include the usc
of alternative fuels such as methanol and narur-
al gas. Electric shurtle buses, of course, emit no
pollutants from the vehicle.
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Transpaortation
Control Measure - TCM

TABLE 3-8

Airport Transportation Control Measures

Mode/
Component AHacted

Effect on
Mode or Emissions

Additional
Data Requimmaents

Variagle shifts fer employees, Smcicyee Cecrease i Zmgloyee share of toral

incluging work at home YMi 210 5% : VMT (intemal & externai)

Rideshare/Carpcol tmeicvee Cecreasa Samse as above;

incentives for employees VM 010 5% : effact on transit ridership

Transit incentives Imcleves Decrease

for empicyees VAT Clo3% Same as atove

Altemmative mode Smoicves Cecrease i Same as above; mora

incentives for employees VM1 S0 7% : res2arch on effectiveness
! 1 —mpicves ’

End emcleyee parking Zmgicves Decrease Same as abova

subsicy cr citer cashout

MT

1C% or more

Increase )
long temm parking rates

Passenger VM
& icle

Can decrease VMT 1 10 4%,
_ butcan increase VMT &
idle times Ty increasing drcochs

~assenger share of
'ctal VMT, business
share of parking

Passenger vehicle
idle time limits

Iclad
netsians

Cecrease icle by unknown %;
increase hot starts

Current
idle practices

Passenger &

employee satellite parking
(long term & short term)
wi shultle bus servics

Passenger &

emplcyes ntemal VMT,

shutile tus YMT

Decreasa passenger &
employee internal VMT 100%
- similar fer idle; increase
shuitle bus intemal VMT

Passanger &
amployes share of
intemal YMT; effect

on bus VMT

Taxi & bus
idle time restrictions

Taxiflimcaan & bus
icle & het sians

Decrease idle by unknown %;
increase hot starts

Current taxi & bus
idle practices

Idle restricticns for delivery,

i Delivery/sarvicaicomm.
service & commercial vehicles | vehicle idle & hzt stants

Decreasa idle by unknown %;
increasa hot starts

. Current
idle practicas

Circulation management
far en-call vans & shuttles

i Cn-call van & sruttte bus |

intemal VMT

intarmal VMT 30 to 40%

Decraase cn-call van & shuttle bus

QOn-call share of
intamal & total VMT

Restrict airzon
shuttle hus use: pool buses

bus VMT

Rental carhetei shuttle

Decrease intemal VMT
By unknown %

Shuttle bus
acpulation & YMT

Altemative fueis for airport
shuttle buses

&MISSiCrs

Exhaust & avaccrative

Emissions benefits depend
cn tuel type

Same as above

Electric shultles

All

Eiiminale emissions

Samae as above

Altemative fuels for delivery/
service/ commercial vehicles

Exhaust & evagcraiive

emissicns

Recuce emissions relative
to canventicnal fuel vehicles

Ccmmercial veh. share
of intemai & lotal VMT

Alternative fuels for
taxis & rental cars

Exnaust &

evaccrative amissions

Recuce emissions refative
to cenventional fuel vehicles,
maybe nol relative to LEVs

Taxi & rental car
snares of intemal &
tatal VMT

Extend rail service

Passanger

Cecreasa VMT by

% reduction of trips;

to airport or shuttle bus service : & empioyee VMT; UnknNown amaount; effect on
from rail to airport : congestcn increase avg. speed avg. speed
Congestion relief via Avg. speed of Increasa by unknown amount; may Effect on
read constiuction projects ail vehicies i lead 1o rmore lrips & higher VMT ~ avg. speed
o~ 2
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— SECTION 6 —

Mitigation Measures In Use
t Existing Airports

Several airports in the U.S. and Europe have
innovatve projects and plans that reduce air pol-
luton. Even though some of the measures were
implemented for other reasons, all of the measures
discussed decrease air emissions somewhat. In
some cases, measures that were considered but

L 2R B B B AR ]

6.1 -

U.S. Airports

Los Angeles International

GSE fuel use, vehicle fuel use, central
power systems, transparmtian access sysiem

An innovative project that would reduce air-
side emissions is being negotated at Los Angeles
International Airport {LAX). Emissions from
mobile and stationary sources must be reduced
under the Air Quality Management Plan. The
use of alternate fuels for both vehicles and equip-
ment using internal combustion engines are being
considered actively. The development and
demonstraton of CNG-fueled airport service vehi-

> 2

not implemented are described. This is not a
comprehensive list of airports and/or measures.
Key phrases idendfying midgation measures and
variatons discussed are listed after the airpors
name. This discussion does not quantify the
effect of the measures on air emissions.

PR LA T I

cles and equipment ar the airport is being nego-
dated. The demonszradon would be conducted
at LAX on United Airlines equipment and sup-
ported by several private sponsors. The feasibil-
iy and emission benefits of CNG-fueled equip-
ment will be demonstrated.

Landside, several measures are being imple-
mented. A remote terminal option has been
investigated over the past few years. The pro-
posed site is twenty miles from LAX and could
run in conjunction with the green line mewro sys-
tem. There is a computerized ground trans-
portation access systern that provides informa-
tion to arriving passengers. CRT terminals locat-
ed throughout the airport terminal display a map
from which the passenger can identfy his intend-
ed destination. Then, a list of altemagve vehicle
transportation options is provided. LAX hasa
campaign to encourage mass transit, especially

Ly -,
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through use of its fly-away terminal. The ter-
minal is twenty miles from LAX at Van Nuys air-
port and provides parking and bus transporta-
tdon to LAX. This option is open to both employ-
ees and passengers. A people-mover system is
in the process of being built. The purpose of the
system is to interface with commercial vehicles,
such as hotel vans, outside of the terminal area.
This would eliminate commercial vehicles from
the congested terminal area. Alrside, most gates
at LAX have central power systems.

Sacramento Metropolitan

Congestion reduction, flextime,
rideshare, rail, idle reduction, vebicle fuel,
transportation scheduling

Sacramento Metropolitan Airport is plan-
ning to build a second terminal, which would
have central power systems with air. Alrside,
there are three bridge-mounted power sources
available, which do not provide pneumatics {air
or aircraft start). High-speed turnouts and par-
allel runways have resulted in low taxd times,
During peak periods, Sacramento tries to limit
general aviation activity to the secondary run-
way. This separation of general aviation aircraft
from jet aircraft helps to reduce congeston.

Landside, Sacramento has several measures
being implemented. There is a transportaton
starter system booth located curbside to schedule
transportation for arriving passengers. Two vans
and two taxis are allowed to wait at the curb, with
one taxi at the end of the terminal. The remain-
ing vans and taxis are in a holding area. Tax and
van engines must be turned off whenever possible.
The line-up of vehicles is handled by a person near
the transportation booth. Airport policy is for

o Y
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vans to wait fifteen minutes after the first passen-
ger boards in orcer to increase the passenger load.

In order for a taxi to service the airporr, it
must belong to the independent airport mxd asso-
ciation. The association requires taxis to meer
certain restrictions on operations. Sacramento
is trying to create a similar association for vans,
which could establish operating rules or stan-
dards thatr would require limits on idling, cir-
cuits, and similar practices that could reduce air
emissions. With the new terminal expansion,
airport and car renml shurte services will be con-
solidated into one system. The airport is looking
into acquiring alternative fueled (e.g. electric,
methanol, and CNG) buses for the consolidated
system. There is a five minute idling limit for
cars, which is enforced by the sheriff's office.

Flextime is available for both airport and air-
line employees. Airport employees can work nine
days in a rwo-week period (9-80s), as long as
they are present for the core hours of 10:00am
to 2:00pm. They also have the opdon of telecom-
muring (working at home) one day per week.
Very few airporz employees telecommute. Airline
employees have the optien of working four ten-
hour days per wesk (4-10s).

There are two carpooling programs at the
Sacramento Mewopolitan Airport. There is a
county project that is limired to airport employ-
ees. Only a few airport employees choose this
option. The second carpooling program is by
CalTrans. This option is open to employees of all
companies located at the airport. This program
coordinates carpooling for approximately 9-12%
of the employees. There also are carpooling
incentives such as preferendal parking and free-
bees (e.g. pens and frisbees).

Sacramento is physically setup for light rail,
however, the rail line has not been extended to the




airport. Iralso was decided not to provide a shut-
de connectng the airport to exisdng light rail,
which is near town. The decision was based on
the leve! of car vandalism at rail parking lots and
airline preference not to wack baggage that would
be remorely checked. The airport is continuing
to investigate both options.

San Francisco International

Central powers stems, aircraft towing,
congestion relief, rideshare

Alrside, many gates at San Francisco Inter-
natonal Airport (SFO) provide central power sys-
tems, some with air. Unired Airlines operates a
high-speed aircraft tow, the Krauss-Maffei PTS.
United uses the tow for transporting selected air-
craft to and from their maintenance area. The
diesel-engine tow has a maximum towing speed
of 20 mph; aircraft usually taxd at around 3 or 4
mph. Since it can operate ata higherspeed, the
tow does not need to stop at intersections for
crossing clearance. This results in a direct tow,
reduced congestion, and fuel cost savings.

Landside, United Airlines encourages employ-
ee carpooling because of the lack of parking stalls.
As an incentve, United carpoolers receive better
parking spaces. The airport was physically
designed for bart (rail) hook-up. Although rail
tunnels currently exdst, there is not rail service yer.

Sonoma County

Central power systems, mass fransit

Airside, Sonoma County Airport is not able
to provide central power systems due to airport
power limitations on the incoming power cable.
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Bus service to the airport is zrovided by Sonoma
County Transit, bur only a small percentage of
travelers use it.

Stapleton
GSE fuel

Alrside, Denver’s Staplezon Airport is pur-
suing a project with several Senefits including
the reduction of air emissions. A fleet of approx-
imately 100 narural gas grou=d support vehicles
operate at Stapleron. The major airlines ar the
airport have Natural Gas Vzhicle (NGV) pro-
grams, as do many of the hcrels and rental car
companies that operate airpo:= shuttles. Reasons
for the use of NGVs at Staplezon are the cleanli-
ness (which saves money on maintenance cost)
and low cost of narural gas, a city mandate thara
certain number of vehicles ruz on alternate fuels,
a plentiful projected future for natural gas, and the
structure of Stapleron’s replacement airporrt,
Denver International.

Denver International
Congestion relief, GSE Sfue!

Denver Intemadonal Airzort is scheduled to
open March 1994. Alirside 2missions will be
reduced through spedal desigr features of the air-
port including automated baggage handling,
which eliminates the need for many of the baggage
carts presenty used, and a cenzal terminal close
to the many runways, which reduces taxi ume.
The new airport will have service tunnels con-
necting the terminals allowing Zmited use by CSE.
The tunnels are intended to r=duce runway maf-
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fic, a common problem at airports that increases
airside congesdon. NGVs can be operated in the
runnels due to their lower emission rates.

Greater Pittsburgh International

Passenger handling, congestion reduction,
air traffic controls

Greater Pirsburgh International Airport’s new
mid-field terminal opened October 1, 1992. The
new X-shaped terminal lies between two main run-
ways, redudng td dmes. The AEG-Westinghouse
underground people-mover rail system can ans-
port 13,200 passengers per hour to the mid-field
terminal. The airport was the first 1o receive a
Norden Systems’ Airport Surface Detection Radar.
The radar aids controllers in directing traffic on
wxiways, runways, and aprons during low-visibil-
ity weather and when the controller’s view is
obstructed. Landside, there are two roadways
accessing the landside terminal, one for use by pri-
vate vehicle and the other by public vehicle. The
measure s intended to increase safety but decreas-
es congestion and curbside idling as weil.

Washington, D.C.

Dulles International
Fassenger handling

Dulles Internadonal Airport’s original design
envisioned raking passengers to aircraft with as
few steps as possible. Bus-type vehicles, called
mobile lounges, were used to transport passengers
from the main terminal gates to aircraft parked
close to the runway. Originally, all aircraft were
served directly by lounges.

Around ten years after the airport was built,

two significant changes were made at the airport
new lounges and a mid-feld terminal. The orig-
inal lounges were designed for smaller jets. Due
to new jumbo jet aircraft, the lounges had to be
updated. The new lounges could rise and lower
in order to serve the jumbo jess. However, airlines
also had begun using the airport for hubbing
operations. There were not enough lounges and
space during peak operations to park all the air-
craft and lounges. Dulles Airport built a mid-
field terminal near the runways to accommodate
airline hubbing. Now passengers also could be
transported from the main terminal to the mid-
field rerminal. The passengess then beard aircraft
parked at mid-field terminal gares.

Today, Dulles sdll transports passengers direct-
ly to selecr aircraft from the main terminal Two
factors determine which aircraft are served direct-
ly by lounges. The first is if an airline elects not
to have jet ramps. Jet ramps connect the aircraft
to the mid-field terminal’s gate, allowing passen-
gers to board and depart. Second, for interna-
tional flights that need customs clearance, pas-
sengers are taken by lounges directly to customs.
Approximately twenty to twenty-five percent of
flights today are served directly by lounges. The
remaining seventy-five to eighty percent of flights
are served through the mid-field terminal.

National

Operation limits, rail access

Airside, Nadonal Airport is one of four U.S. air-
ports with slot limits. For these airports, the num-
ber of landing slots is established by faa to limit
airspace congestion. The slot imit is determined
by the airport’s capacity. Limits on the number ot
operagons per hour are set for three operator nvpes:
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air carrier, commuter, and other (general aviadon).

Landside, Nadonal is accessible by Metrorail,
the area’s subway system. The rail system con-
nects the airport with Washingron, DC and near-
by suburbs.

6.

(1)

European Airports

European airports have considered or imple-
mented a variety of measures that reducs air pol-
ludon, some of which have notbeen tried in the
United States. Airports and governing agencies
were contacted in several European countries to
discuss air pollution mitigation measures and
their azfect on airport operations and air pollution.
Although the measures affect air emissions, some
of them have been implemented for reasons other
than the reduction of air pollution. This is nota
comprehensive list of airports and/or measures,

Orly and Charles de Gaulle

Ra:l access, roadway improvements,

vericle fuel

Oriv and Charles de Gaulle Airports are oper-
ared by the Aeroports de Paris (ADP). The ADP feels
that the airports are valuable to the region, but a-
source of environmental problems. Airside, the
ADP considers aircraft a small source of overall air-
portair emissions. As aircraft engines have become
increasingly less polluting over the past ten vears, the
aircraft emissions have reduced accordingly. Based
on their view that aircraft engines are a small air
emissions source and becoming increasingly clean-
er, the ADP has not found it necessary to implement
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air emission mitigation messures for aircraft,

At Charles de Gaulle Airporr, there is a fixed
deicing station. Within three years, there will
be a number of fixed stations at both airpors for
deicing as well as aircraft washing. Fixed stations
are preferred to reduce the amount of pollutants
released into stormwater run-off.

Landside, the ADP is =ving to improve ground
access to the airports. Curzently, 80% of passengers
access the airports by private vehicle. At Orly, 2
comumuter train connects e alrport to the Pars rail
and bus connections are being investigated. At
Charles de Gaulle, the connecdng highway is being
doubled in size. In additton, a third terminal is
planned for the airport along with new public mans-
portation optens. Optons include 2 new bus sta-
ton, a shurtle berween terminals, and a rail link.

The ADP is phasing out leaded gasoline for air-
portvehicles. Currentdy, 20% of the airports’ support

“vehicles are electric. The ADP's goal is to have 30%

of airport vehicles operating on electricity by 1996.

Germany's Air Traffic Act serup a committee
to look ar airport noise polludon. As of July 1992,
the committee also began investigating airport air
polludon. There are two reports by the interna-
tional law firm of Wilme:, Cutler & Pickering
that were commissioned by the German Alrspace
Users Association. Germany’s Airport Capacity
Crisis (1991) discusses capadty problems and rec-
ommended solutions, economic and sodal impacts,
and political and legal issues of Germany’s air-
ports. The Crisis of Eurgpean Air Traffic Control:
Costs and Solutions (1989) discusses air raffic con-
trol (ATC) problems, calculates ATC delay and dis-
rupdon costs, and recommends interim and long-
term solutions and implementadon methods.
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Dusseldorf

Currently, no air polludon reduction measures
have been implemented. Air quality measuring
equipment are placed at the airport’s boundaries
collecting HC, €O, and NOX dara. Nothing has
been done with respect to the data collected.

Frankfurt

Rail connections, congestion relief,
aircrat towing

Frankfurt Airport is the second busiest
European airport next to London’s Heathrow
Airport. The new East terminal is planned to
open in 1994. A rail station is located directly
beneath the airport terminal and receives 130
trains per day. Frankfurt has in operation Sieman's
Departure Coordination System (Depcos), which
replaces paper flight strips with CRT display.
Controllers enter requests and clearances (e.g.
strt-up, push-back, and taxi) for departing aircraft
into the system. The system reduces the time
needed to coordinate aircraft for deparures. There
has been operational test towing of Lufthansa’s
international flights with their 3747-200.

Munich 2
Fleet modernization, congestion reduction,
central power systems, passenger handling

Munich 2 opened on May 17, 1992 with
many airside systems and features in place that

result in the reduction of air pollution. At
Munich 2 Airporr, the basic fee is paid for ICAO
licensed aircraft in accordance with Annex 16,
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Chapter 3. The modern Chaprter 3 (the same as
Stage [l in the U.S.) aircraft rend to be the clean-
eraircraft. Exta fees must be paid for older, pol-
luting aircraft. Each of the parallel runways are
4000m (13,100 Zeet) long, eliminating the need
for arriving aircraft to use reverse thrust. The
runways are situated to give them the grearest
possible dismance. Siemnan’s Computer Contolled
Runway System improves aircraft flow and safe-
ty for movemenss on the taxiway. The Apron
Control System is directed by a special team of
controllers in the tower who are responsible for
aircraft as they enzer the apron area from the taxi-
ways. The controilers illuminate colored lights
to direct taxiing aircraft to assigned gates. When
a taxiing aircraft approaches a gate, a controller
identifies the aircraft type and model for the
Aircraft Docking Guidance System. Inductive
sensor loops laid into the apron detect the air-
craft’s nose wheel Colored lights then direct the
aircraft to the stopping block at the gate. The
post for the docking system also houses the
ground servicing connectons for communica-
tions, electric power, cooling air, and fuel for the
aircraft. Sieman’s Departure Coordination
System (Depcos) replaces paper flight strips with
a CRT display. Controllers enter requests and
clearances (e.g. start-up, push-back, and taxd) for
departng aircraft into the system. The system
reduces the time needed to coordinate aircraft
for departures. For remote gates, passengers
deplane and ride buses to the terminal. To cope
with cold weather, the water table was lowered at
Munich to ensure frost-free runways, taxiways,
and aprons. The airport also has purchased a
deicing system that is about 4 times faster than
standard deicers.

Landside, a metropolitan railway line con-
nects the airport to the Cicy of Munich. An
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additional railway connection is planned. There
also is bus service available. Company vehicles are
pardy equipped with double drive (diesel, electric),
others with 3-way catalyst. There are agreements
with public authorities to reduce car traffic on
the airport site if certain air quality standards are
exceeded.

Netherlands

Amsterdam’s Schiphol

Rail connections, rideshare, congestion

reduction, atrcraft towing, load factor

improvement

Schiphol Airport is experiencing a 1-2%
increase in air pollution each year. The airport
currently is involved in a large environmental
impacrt study looking at air poilution measures
related to airport acuvity. The study is divided
into three phases: ground vehicles, aircraft han-
dling, and air.

Phase 1: Ground Vehicles

Several measures are being implemented to
increase public transportation. There is a rail
station already in place for which the capaciry is
being doubled. Check-in is available ar the train
station and parking fares have been increased to
encourage public transportadon. The airport is
tr}ing to negotate a contract with tenants to give
employees a 40-50% discount off train fares. In
addidon, the airport is encouraging carpooling

and investigadng a high-speed tain.

Phase 2: Aircraft Handling

Measures to decrease taxi times and the
movements of GSE are being investigated. Taxi
times are only 10-12 minutes and taxiways are
relatvely congestion free. Schiphol decided not
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to tow aircraft because it world be too expensive
for the resulting impacr.

Phase 3: Alr
The aim of Phase 3 is 0 increase
load facrors.

In Sweden, airports are 2ot the main source

of air pollution, but they are the govermnment's
main target for air polluton reducton.

Stockholm’s Arlanda

Central power systems,
congestion relief, GSE fuel,
rail connection, fleet managiment

Arlanda Airport has several measures in place,
especially at its new domestc terminal. GSE have
been virtually eliminated at ©ie domesdc termi-
nal, which is unique to Arlanda. This measure
was implemented to reduce air pollution on the
apron and provide a better working envirenment
for ground support employess. The elimination
of GSE significandy reduces air pollution on the
apron, bur does not have a larg= impact on the air-
port’s total emissions. Each gzate at the domes-
tic terminal is equipped with a service tunnel
from which elevators rise approximartely 3 feet
to supply the aircraft with fuel, electric power,
compressed air, water, and lavatory service.
Carering supplies and cleaning equipment are
stored in the passenger bridges. Passenger bag-
gage is checked at the gate during check-in, and
transferred by conveyor belt directly to the aircraft
hold. An electrically powered system, PullBack,
is installed for moving aircraft to and from the
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gate. The system has a hydraulically powered
chain link that moves a trolley along a track in the
ramp surface 10 an arriving aircraft. The trolley
then locks onto the nose wheel and pulls the air-
craft to its park position. The process is reversed
for departing aircraft.

At other terminal gates, measures also have
been implemented. A ground power source pro-
vides heat and fuel to aircraft. For diesel GSE, a reg-
uladon requires the purest diesel fuel to be used.

Arlanda Airport currently is investigating
emission reduction measures in response to emis-
sion Limits placed on the airport by authorities.
Total emissions of NOX and CO in 2000 are lim-
ited to 1990 emission levels. Landside, a rail ink
is being considered because the only public trans-
portation currently available is bus service.
Increased parking prices also is being investigat-
ed as a landside measure. Airside, higher land-
ing fees may be charged for aircraft with higher
emirting engines.

Zurich
Rail connections, rideshare,
1dle restrictions, central power systems,

passenger handling, congestion reduction,
aircraft towing

Within 5 years, the management of Zurich
Alrport would like to claim that it is the most
environmentally advanced airport in the world.
Switzerland has a clean air act similar to the
United States’. As required, the Canton of Zurich
set up a program to limit emissions of air pollu-
tants. In the program, the airport is asked to
contribute its share to reducing emissions. Zurich
Airport’s emissions are regulated and not allowed
to increase. A Master Plan Project is underway
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that looks ar air, water, and land emissions. The
project will be used as a guideline for airport
expanslion to cope with increasing raffic. Forair
emissions, the primary rollutant of concern is
NOX. The airporr plans to set up a program to
reduce airport air emissions (especially NOX) from
air and land traffic.

Landside, the airporz is encouraging people
to use public ransportation in various ways. There
is an underground railway system located beneath
the airport, which connects to both the Swiss
national and international networks. Railway
facilities are going to be increased to accommo-
dare rail passengers. Facitity plans include a bag-
gage check-in station at the railway exit and bet-
ter connections that coincide with employee
schedules. Swiss Air atremnpred a carpooling pro-
gram for emplovees tha: failed. The airpors
would rather encourage public transportation
than carpooling. Shor: term parking fees are
high to encourage the use of public transportaton.
There also is a shopping mall at the airport that
is open 7 days a week and includes a grocery store.
Airport parking fees also affect mall shoppers’
parking. Efforts have resulted in 35% of pas-
sengers and 25% of emplovees using public trans-
portation on weekdays. For those people who
come by private car to the airport, federal and
state laws prohibit any car idling at the terminal.

Emission certificates and regulatory taxes are
being considered. HC emissions at Zurich Airport
are low and expected to decrease due o the large
percentage of Chapter 3 (sarne as Stage IT in the
U.S.) aircraft. The airporz has 28 primary gates,
18 gates in Terminal A and 10 gates in Terminal
B. A ground power supply system for docked
aircraft provides electricity and pre-conditoned air
for all primary gates. As of January 1, 1993, all
APUs must be turned off as soon as aircraft are
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docked. The ground power supply resuits in
power savings as weil as pollutant reduction. The
airport also has a number of “open” gates that are
located 200-300 from the terminal to han-
dle overflow aircrart.  GSE provide service o the
open gates, and passengers are bused to the ter-
minal. Slot coordinated engine startup is planned
in which the delivery clearance to start an air-
craft’s engines will not be given before the assigned
slot for the aircraft is acrually approved. Alircraft
are towed by a high-speed towbarless tractor
between the terminal and maintenance facilicy.
This alternatve will not be implemented for wxi-
ing aircraft due to short taxiways and infrecuent
ground delays that result in average taxi times of
8.5-10 minutes. To optmize taxi waffic, some
double txiways as well as holding bays mav be
built that would enzble passing maneuvers in case
of changed departure sequences. An airside shut-
tle for employees is planned to avoid and reduce
the individual use of cass.

Gatwick

Idle restrictions, rail connections, central
power systems

.

[ Y
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J

Garwick has 30 main terminal gates and a
few remote gates. The airport handles 20 mil-
lion passénger per year, most of which are inter-
national. Landside, there is a heavy volume of
uatfic, but good waffic flow. There are no icling
restrictions at the airport terminal. There is a
reserve area for taxis and only a small demand for
service. There are approximately 12 hotels with
shuttles thar usually run on demand. There is a
rail link directly to London, which services other
UK areas. Approximately 20-25% of airporz pas-
sengers travel by rail to the airporr. Emplovees

tend to drive by car to work. Airside, taxt tmes are
fairly quick, and fixed ground power at the main
terminal gates provides electiciry to aizcraft

Heathrow

Congestion reduction, vebicle fuel, ra:l
connections, aircraft towing, reduced

engine taxiing, GSE Jfuel

Heathrow has 4 terminals, 3 of which are
located in the central terminal area besween the
runways. An underground tunnel connects to
the central terminal area. The airport is not imple-
menting many measures because it meets local
air qualiry standards. The airport is going to
begin monitoring for air quality concentraions in
the airfield.

Landside, there are 2 couple of measures
planned. A campaign is to be implemented on
‘how to drive a car’. The campaign will explain
that how a car is driven affects the car’s emis-
sions. It will be directed rowards airport and ten-
ant employees, focusing on diesel fueled vehi-
cles. Heathrow wants to encourage public wans-
portation for employees and passengers. There
are plans for a direct rail link berween London and
the airport to be available in 1997. The trip will
be an estimated 18 minutes, a significant reduc-
tion from the 1 hour trip by subway.

Alrside, numerous measures have been con-
sidered and implemented for aircraft and Gsé.
Alrcraft towing was invesdgared and rejected due
to the numerous runways and taxiways to cross.
Airlines at Heathrow taxd with reduced engines
for fuel economy reasons. Generally, reduced
engine raxiing is left up to the pilot’s discretion.
Heathrow is very interested in encouraging clec-
tric GSE. Two restricdons are being considered tor
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GSE. First, an airside pass from the airport may
be requirec for all GSE. This pass price would
be discounted if the vehicle was electric. Second,
certain apren areas that are prone to high air pol-
lution may be restricted to electric GSE.

Manchester

Ratl connections, idle restrictions,

congestion reduction, fleet management,

GSE fue!, aircraft towing,

reduced engine taxiing

Manchester Airport only has a couple of mea-
sures being implemented, but several are being
considered. Landside, the airport will probably
have control measures on point sources (e.g.
power plants) in the future. A new rail link con-
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necting Manchester to the main line will come
online in April 1993. There is free parking and
no carpooling program for airport employees.
Airport employees will probably be charged for
parking in the future. Passengers and tenant’s
employees are charged for parking. Taxis are
held in a pool, with a limited number allowed at
the stands. Passenger vehicles are not allowed
to be left unattended ar the curb due to security
reasons. 1f there is a driver waiting for a passen-
ger, he is asked to park the car in a lot.

Alrside, Manchester Is most concerned with
HC emissions. Better gate hold procedures,
increased emission taxes and cerdficartes for high
emirting aircraft, and electric GSE are possible
measures. 1he airport is not considering tow-
ing aircraft or reduced engine taxiing.
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—APPENDIX A —

Data R

equired

To Evaluate Aircraft Measures

The dam required to e-aluate mitgation
measures from aircraft opeszdons are aircraft
type, number of LTCs, engine type, engine emis-
sion factors, and mode timss. The dam and
sources listed below were used to calculate the
reference emissions estimare. The data used
was specific to the airports noted in the report.
For each measure, the ke dara and sources
(other than the ones below) are demiled in the
key inputs and references secdons of the mea-
sure’s discussion. Unless noted in 2 measure’s
key inputs section, the data 2nd sources listed
below were used to calculare the measure’s emis-
sion esumate. Contact airlines if more detailed
or airport specific data is nesded.

The FAA's dirport Activicy Statistics of Certi-

Sicated Route Air Carriers is a yearly publica-
ton that lists aircraft types and annual LTOs
by airport, airline, and aircraft. The type of air-
craft, including cargo, and number of LTOs for
all service were obtained from the document.

The particular engines that operate on

aircraft, engine emissions factors, and default

ume-in-modes are provided in the U.S. EPA’s
Procedures for Emission Inven:ory Preparation,
Chaprter 5 - Aircraft, which is included in this
appendix, as well as in £14% . {ircraft Engine
Emissions Database (FAEED). FAZED is an auto-
mated (computerized) menu-driven proce-
dure for calculating an aircraft emissions
inventory. The database wzs used in con-
junction with EPA’s report :o0 calculate the
commercial aircraft emissions. Default dme-
in-modes, as provided in FAZZD, were cho-
sen for all aircraft except for taxi ime. EEA has
confidential data from three ai:lines that pro-
vides taxi times for some California airports.
Weighted average taxi times based on this
data was used in the calculations. When
selecting an aircraft’s engine, there somedmes
is a weighted average option that calculates
an average engine’s emissions by populadon
market share. This opdon was chosen when
available. When the weighted average option
was not available due to lack of sufficient infor-
magon, the most common engine was chosen.
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— NOTE —

Energy and Environmental Analysis, Inc.
recently updated EPA's Procedures for Emission
Inventory Preparation, Chapter 5 — Aircraft.

This document is an excellent reference
describing the concepts and procedures for
developing airport emission inventories and
provides information on engines and engine

y i

emission factors for commercial and military
aircraft. Itis reproduced in its endrety begin-
ning on the following page. The defaulr val-
ues described have not been approved by ARB.
Calculations should be made using acrual
dara, specific to local condidons, to the extent
possible.
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- CHAPTER 5 —
Emissions From Alircraft

This chapter describes the procedure for calculating emissions from civilian znd military
aircraft within an irventory area. The basic methodology determines aircraft fleer make- -up
and level of activity and then calculates air pollutant emissions on an annual basis. Variations
wo the methodology, “hich account for seasonal changes or specific operatonal considerations,
are covered also. Firzily, changes expected in the fleet in the furure and the efect on emissions
are briefly described 2t the end of the chapter,

The inventory meshodology and emission factors have been updared since the last edition
of this report. This chapter also updates the emission factor information that appears in
Compilation of Air Pzlutanr Emission Factors, Fourth Edition and Supplements, AP-42 {(Reference

1). Subsequent to th:2 publication of this docurnent, AP-42 will be formally updated and may
include some additicnal daza, primarily on general aviation and military aircraft, which was
unavailable when this reporz was preparec.

5.1 Overview Of The Inventory Methodology

Preparing an emissions inventory for aircraft focuses on the emission characteristics of this
source relative to the vertical column of air that ultimately affects ground level pollutant con-
centrations. This porZon of the ammosphere, which begins ar the earth’s surface and is simulated
in air quality models, is often refe:red to as the mixing zone. The aircraft operations of inter-
est within this layer ars defined as the landing and takeoff (LTO) cycle. The cycle begins when
the aircraft approaches the airport on its descent from cruising aldrude, lands, and taxs to the
gate. It continues as the aircraft tds back out to the runway for subsequent takeoff and climbour
as it heads back up to cruising altirude. Thus, the five specific operating modes in an LTO are:

* Aporoach

* Taxifidle-in

* Taxifidle-out
*  Takeoff

+ Climbout
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Most aircraft go through a similar sequence during a complete operating cycle. Helicoprers
may combine cerain modes such as takeoff and climbout.

5.1.1 Facrors Affecting Emissions

The LTO cycie provides a basis for calculating aircraft emissions. During each mode of oper-
ation, the aircraft engines operate at a fairly standard power setting for a given aircraft category.
Emissions for one complete cycle for a given aircraft can be calculated by knowing emission fac-
tors for specific aircraft engines at those power sertings. Then, if the actvity of all aircraft in the
modeling zone can be determined for the inventory period, the toral emissions can be caleulat-
ed. Each of the dominant factors that affect the emissions from this source is discussed beiow.

5.1.1.1 Aircraft Caregorization - For a single LTO cycle, aircraft emissions vary consid-
erably depending on the category of aircraft and the resulting typical flight profile. Aircraft can
be categorized by use. Commercial aircraft include those used for scheduled service transport-
ing passengers, freight, or both. Air taxis also fly scheduled service carrying passengers and/or
freight but usually are smaller aircraft and operate on a more limited basis than the commercial
carriers. Business aircraft support business ravel, usually on an unscheduled basis, and gener-
al aviation includes most other non-military aircraft used for recreational flying, personal trans-
portation, and various other activities.

For the purpose of creating an emissions inventory, business aircraft are combined with gen-
eral aviation aircraft because of their similar size, use frequency, and operating profiles. In this
inventory methodology they are referred to simply as general aviation. Similarly, air raxis
are treated much like the general aviation category because they are rypically the same types
of aircraft. Military aircraft cover a wide range of sizes, uses, and operating missions. VWhile
they often are similar to civil aircraft, they are handled separately because they rypically oper-
ate exclusively our of milirary air bases and frequently have distincrive flight profiles.
Helicoprers, or rotary wing aircraft, can be found in each of the categories. Their operation
is distinct because they do not always operate from an airport but may land and takeott from
a heliport at a hospiral, police station, or similarly dispersed location. Milirary rotorcratt are
included in the milirary category and non-military rotorcraft are included in the gencral avi-
ation category since information on size and number are usually found in common sources.
However, they are combined into a single group for calculating emissions since their flighz pro-
files are similar.

Commercial aircraft typically are the largest source of aircraft emissions. Although they
make up less than half of all aircraft in operation around a metropoliran area their emissions usu-
ally represent a large fracdon of the total because of their size and operating frequency. This may
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not hold true, of course, for a city with a disproportionate amount of military actvity or a city
with no major civil airpors.

5.1.1.2 Pollutant Emissions - Aircraft pollutants of significance are hydrocarbon (HC), car-
bon monoxide (CO), oxides of nitrogen (NOx), sulfur dioxide (SO,), and partcuiates (PM,g).
The factors that determine the quandty of pollutant emirted are the emission index Zor each oper-
ating mode (pounds of pollutant per 1000 pounds of fuel consumed), the fuel consumption
rate, and the duration of each operadng mode. HC and CO emission indexes are very high dur-
ing the raxi/idle phases when aircraft engines are at low power and operate at less than optimum
efficiency. The emission indexes fall as the aircraft moves into the higher power operating
modes of the LTO cycle. Thus, cperation in the taxi/idle mode, when aircraft are on the ground
at low power, is a significant facror in caleulating total HC and CO emissions. For areas which
are most concerned about the contribudon of aircraft to the inventory of HC anc CO, special
attention should be paid to the time the aircraft operate in the taxi/idle modes.

NOx emissions, on the other hand, are low when engine power and combustion tempera-
ture are low bur increase as the power level is increased and combustion tempezature rises.
Therefore the takeoff and climbour modes have the highest NOx emission rates. If NOx is a
primary concern for the inventory area, special effort should focus on determining an accurate
height of the mixing layer, which affects the operating duration of climbout.

Sulfur emissions typically are not measured when aircraft engines are tested. In evaluating
sulfur emissions, it is assumed thar all sulfur in the fuel combines with oxygen during combus-
ton to form sulfur dioxide. Thus, sulfur dioxide emission rates are highest during takeoff and
climbout when fuel consumption rates are high. Nationally the sulfur content of fuel remains
fairly constant from year to year at about 0.05% wr. for commercial jet fuel, 0.025% wr. for mil-
itary fuel, and 0.006% wt for aviation gasoline. This is the basis for the sulfur dioxide emission
indexes in the mbles included in this methodology. If the sulfur content of fuel varies signifi-
cantly on a local basis, the emission index can be adjusted according to a ratio of the local value
to the national value.

Particulates form as a result of incomplete combustion. Particulate emission rates are
somewhart higher at low power rates than at high power rates since combustion efficiency
improves at higher engine power. However, particulate emissions are highest during takeoff
and climbout because the fuel flow rate also is high. It is particularly difficult to estimare the
emissions of this pollurant. Direct measurement of particulate emissions from aircraft engines
typically are not available, aithough emission of visible smoke is reported as part of the engine
cerdfication procedure. Particulate emission factors for only a few aircraft engines are includ-
ed in this chaprer.
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5.1.1.3 Aircraft Engines - The aircraft powerplant is the source of erissions of the key pol-
lutanes that result from fuel combusdon. Emission rates vary depending on the fuel consump-
tion rate and engine specific design factors. In 1984, EPA established stzndards for HC emis-
sions. In developing the emission limits, EPA defined an operating regimen to standardize
the engine certification testing procedure and method for derermining 2agine HC emissions.
The standard appiies to jet engines over 6,000 Ibs-thrust and emissions -2 calculated based on
a specific LTO cycle. EPA considered in—use engine deterioration when the standards were devel-
oped but concluced that, because of the high levels of maintenance of aixcraft engines for rea-
sons of safery and fuel economy, emission performance would not detericrare significantdly. The
operating paramezess used in the standard for the LTO cycle can be used zs default values in cal-
culating emissions when more specific information is not known. Trese default values are
defined in later seczions of this methodology.

When the standards went into effect, some engines in production couid already meet them
due to design changes made previously for improved fuel efficiency. Otzer engines had 0 be
redesigned to reduce their HC emissions so that they could remain in production. In-service
engines were not required to be rewrofitted in the normal course of periodic servicing and rebuild-
ing. These older engines, many of which remain in service, have HC ermnissions that exceed the
standard. New engine designs, produced since the standards went into eZect, have HC emis-
sions much lower than the standards. As a result of design changes made to the engines that
meet the HC standard, emissions of CO also generally went down while NOx emissicns tend-
ed to increased. However, the change in these pollutants was much less dramaric than the
decrease in hydrocarbons. The smoke number for the newer engines also is lower due to spe-
cific design changes intended to reduce smoke production, which is regiated by EPA.

5.1.1.4 Operating Modes - During the LTO cycle, aircraft operate for different periods of
time in various modes depending on their particular category, the local meteorological condi-
tions, and operational considerations at a given airport. The “Time-In-Mode,” or TIM, as
used in this methodology, takes these factors into consideraton. Table 5-1 shows representa-
tive LTO cycle times for several aircraft caregories.

Duraton in approach and climbout depends largely on the local meteorology. Since the
period of interest is during operation of the aircraft within the air modeling zone, the inversion
layer thickness determines how long the aircraft is in this zone. The invession layer thickness
is also known as the mixing height or mixing zone since the air in this layer is completely mixed
and pollutants emitted anywhere within the layer will be carried down to ground level. When
the aircraft is above the mixing layer, whether on descent or when climbing to cruising aldi-
tude, the emissions tend to disperse, rather than being trapped by the inversion, and have no
ground level effect.

Y
AIR POLLUTION MITIGATION MEASURES

\___—__— N
FORAIRPORTS AND ASSOCIATED ACTIVITY

A-6



TABLE 5-1

Default Time-In-Mode For Various Aircraft Categories!

Time in Mode (Minutas)

Tax/ ) Taxif
Alrzrait Igie—cut Takeoft limcout  Apcroacn iGle-in Teral
Civil2
Commercial Carrier
Jumbe. ieng and mec:ium range et 18.0 Q.7 2.2 40 7.0 2.9
TUrBORICD oo '32 0.5 2.5 a5 70 323
Transcort- 2ISON o, g5 06 5.0 4.8 6.5 23.2
General Aviatien
g2 0.4 0.5 1.6 8.5 185
182 0.5 2.5 45 70 3353
12.3 0.3 5.0 6.0 4.0 273
3z -_ 6.5 6.5 3.3 200
Military3
ombats
USAF .o 8.3 0.4 Q0.8 35 11.3 345
USNS g£.2 Q.4 0.5 1.8 £85 ‘25
Trainer - Turcire
USAF T-238 . 12.3 0.4 c.9 38 6.4 243
USAF gereral ..o, €3 0.5 1. 4.0 4.4 T7.1
USNS e 8.5 0.4 Q.5 1.6 6.5 128
Transpert - Turcines
USAF gereral. e a2 C.4 12 5.1 8.7 228
USN e 180 0.5 2.5 45 7.0 33.5
USAFB-32and KC-135 ..o, 328 0.7 1.8 5.2 14.9 332
MIlItary « PISICN oo g3 0.6 50 486 6.5 232
Military - Heiiccoter R —_ g8 6.8 7.0 28.6
! Source: AP-i2 (Relerance *). 4 Fignlers anc attack aircraft only. 6 Inciuces all turbine aircrait
2 Civil aircrail catais for large 5 Time-n mcca 1 highly variable. not scecifiec eisewhere .
¢congesied metrepolilan airperts. Taxiicie outand in times as high as le., ransport, cargo, obsenaten,
3 USAF- US. ArForce 25 ana 17 minutes. respectvely, pauol._gnusucmanne. earty warming,
USN-US Naw. have teen roted. Use local cata and utifity).

base il possible.

Taxi/idle ime, whether from the runway to the gate (taxi/idle-in) or from the gate to the run-
way (taxi/idle-out), depends on the size and layour of the airport, the amount of traffic or con-
geston on the ground, and airpore-specific operational procedures. Taxi/idle dme is the most vari-
able of the LTO modes. Taxd/idle ime can vary significantly for each airport throughout the day,
as aircraft acdvity changes, and seasonally, as gencral travel activity increases and decreases.
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The takeoff period, characterized primarily by full-thrortle operadon, typically lasts undl th
aircraft reaches benween 500 and 1000 feet above ground level when the engine power is reduced
and the climbout mode begins. This wansidon height is fairly standard and does not vary much
from location to location or among aircraft categories.

This methodology describes techniques and data sources for determining the crigeal variables
in the inventory calculadons. When an inventory is being created for a particular area, the fleet
make-up, aircraft activity, and tmes-in-mode will be specific to that area. Engine emission
indexes, on the other hand, depend on the engine design and are provided in reference tables.

Where specific information may be difficult to obtain, simplifying assumptons are dis-
cussed. An automated (computerized) calculation procedure, which can simplify data man-
agement, has been developed by the Federal Aviation Administration (FAA) with support from
EPA and can be cbrained from the FAA Technology Division, Office of Environment and
Energy, 800 Independence Avenue, SW, Washingron, DC 20591, (202) 267-8933. The FAA
Aircraft Engine Emission Darabase (FAEED) includes information on the engines mounted
on specific aircraft with emission factors for each of the engines, in additien toa menu-driven
procedure for calculating an aircraft emissions inventory.

5.2 Inventory Methodology

The steps in the methodology are basically the same for each aircraft classification and each
location, even though several factors used in creating an inventory are site specific.

(1) identify all airports to be incluced in the inventory

(2) Determine the mixing height 1o be applied to the LTO cycle

(3) Define the fieet make-up for aircraft category using each airport

(4) Determine airport activity as the number of LTOs for each aircraft category
(5) Select emission indexes for each category

(6) Estimate a time-in-mode for each aircraft category at each airport

(7) Calculate an inventory based on the airport activity, TIM, and aircraft emission factors.

For a specific region where an emissions inventory is being creared, steps one and two, the
airports to be included and the mixing heigh, will be determined largely by the assumnpdons used
in defining the scope of the modeling area. Steps three through six are repeated for commercial
aircraft, general aviation, military aircraft, and helicoprers. The primary difference in creaung
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an inventory for each type of aircraft is the references used to determine the fle=: make-up and
activity. The following sections discuss each of these steps. Steps one and two are discussed in
terms of the specific modeling area while steps three through six are addressed together for
each aircraft category.

5.2.1 Airport Selection

Maps and regional information directories are good sources for identifying dvil airporzs
and military air fields. Sectional aeronautical charts, published by the Aerorautical Charss
Distibution Division (C4+), Natonal Oczan Survey, NOAA, Riverdale, MD 2080, (301) 436-
6990 ($5.25 per map), particularly show the location of large and small airpors. Specific air-
ports to be included will be limited by the geographic boundaries of the modeling area. A sec-
ondary reference is #OR4s Aviation US4 (Reference 2) which lists publicly and privately owned
civil airporrs, including heliports and seaplane bases, and locates them with directions relative
to specific cides, as well as providing ladzude and longitude coordinates. Much like the sectional
aeronautical charts, this reference provides general information on all but a few small landing
strips. These small air fields are unlikely to be considered for most analyses because they have
low activiry, typically can accommodate only small general aviation aircraft, and therefore, con-
tribute insignificandy to the emissions inventory. (Many private use landing sites are listed in
Reference 2 by city and site name buta telephone number is the only information given). FAA
Air Traffic Actsvity (Reference 3) lists all airports with air traffic control towers operated by the
FAA. While this is a subset of the airports listed in these other references, all of the airports in
urban areas with significant air traffic are included.

5.2.2 Mixing Height Determination

The height of the mixing zone influences only the time-in-mode for approach and climbout.
This factor is significant primarily when calculating NOx emissions rather than HC or CO. If
NOx emissions are an important component of the inventory, specific data must be gathered on
mixing heights. If NOx emissions are unimportant, mixing height will have little effect on the
results and the default value of 3000 feet can be used for more generalized results.

Mixing height should be determined in conjunction with those responsible for the air qual-
ity modeling of the region to insure that assumprions used for creating different sections of the
overall inventory are consistent. If the inventory is being created independently of any air qual-
ity modeling, the mixing height can be determined by contacting the National Mereorological
Center at (301) 763-8298 or alternatively the National Climaric Dara Center (NCDC) at (704)
259-0682. Another source of mixing height data is the EPA Office of Air Quality Planning and
Standards’ SCRAM (Support Center for Regulatory Air Models) Bulletin Board. This elec-
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tronic date base contains datz used by various air quality models. Mixing heighrt data, which
appears under the Meteorological Data Main Menu, comes from the NCDC. See Reference
4 for information about accessing this bulletin board. As a third alternadve, typical mixing
heights can be found on Figures 5-1, 5-2, and 5-3 which come from Mixing Heights, Wind Spezds,
and Potential for Urban Air Pollution Throughout the Contiguous United States (Reference 5).
These figures, which show mixing height for a mean annual morning, a mean summer morn-
ing, and a mean winter morning, illustrate the seasonal variation in the mixing height. The
morning data corresponds to the few hours centered near the morning commuter rush hours,
which roughly coincide with the diurnal maximum concentration of slow-reacting pollurants in
many urban areas. Figure 5-1, showing annual mixing heights, may be used for creating an annu-
al inventory. If a seasonal inventory is being used for evaluating emissions during a peak ozone
period, the summer morning dara from Figure 5-2 may be preferred. Episodes lasting two to
five days occur most frequently during the winter for much of the U.S. If these episode peri-
ods are of primary interest, the data from Figure 5-3 should be used. Reference 5 should be con-
sulted for addirional information on the use of these figures. As a final alternative for mixing
height, a default of 3000 feet may be used. This value, which is used as the defaulr value for the
EPA standard LTO, is incorporated into the calculations used for determining time-in-mode.

FICURE 5-1 :
Reproduction Of Figure 1
— FROM REFERENCE 5 —

Figure 1. Isopleths (m x 102) of mean annyal morning mixing heights (see Table B-1 for cata),
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FICURE 5-2

Reproduction Of Figure 4

— FROM REFERENCE 5 —

Figura 4. isopleths {m x 102) ¢f mean summer. morning mixing heights (see Table B-1 for data).

FIGURE 5-3

Reproduction Of Figure 2

— FROM REFERENCE 5 —

Figura 2. 1sooleths /m t ‘0%) af mean wintar meraips mizing he:ghis [See Tadte A.% lor data).
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5.2.3 Activity and Emissions for Commercial Aircraft

The next four steps relate specifically to creating an emissions inventory for commercial
aircraft. The procedures for other aireraft categories are discussed subsequently. Definition of
the mix of commercial aircraft that uses each airpors {step three) can be found in Airpert Acz:vity
Statistics of Certified Route Air Carriers (Reference 6), published annualty by FAA. Figure 5-4,
a copy of a page from Table 7 of that report, shows the information that is included by airport.
All of the commercial aircraft that used the airporrt for the given year are listed, along with the
number of departures during the year. This is the Zleet thar should be used for the inventory.

In step four the number of LTOs is determined by aircraft type. Since Reference 6 lists depar-
rures, which are equivalent to LTOs, itis again the preerred source. From Table 7, the total depar-
tures performed for all service (both scheduled and non scheduled) should be used as the num-
ber of LTOs for each aircraft type.

The engines used on each aircraft type must be determined to select the emission factors for
step five. Table 5-2 lists aircraft and the corresponding engines used to power them. Manv air-
craft use only a single engine model, while others have been certified to use engines from two
or three different manufacturers. When a single engine is listed for an aircraft model, emissions
data for that engine should be used. For aircraft with engines from more than one manufacrurer,
defining the specific engine mix used on the fleet of aircraft operating ata specific airport may
be extremely difficult. Individual airlines probably are the only source of detailed fleet data on
specific engine models and they likely do not have it readily available. To develop a represen-
tative engine mix for aircraft with more than one engine model, the percentage of each model
likely to be found on those aircraft in the U.S. fleet is shown adjacent to the engine model
number in Table 5-2. The recommended proceduce for compensating for the lack of detailed
engine data is using the percentages shown in the table as weighing factors. For example,
Boeing 757-200 cargos have been sold to U.S. airlines with Prate & Whitney PW2040 engines
as well as Rolls Royce RB.211-535E4 engines. The number of aircraft with each engine model
is 15 and 43, respectively, to give the percentages shown in Table 5-2 of 26 and 74. These per-

' centages can be used to divide the tocal LTOs for B 757-200s into three groups representing the

three engine types. This makes the inventory more representative than assigning single engine
for all B 757-200s, since the emission factors are differenc for each engine.

After identifying the engines included in the fleet, engine emission factors are used to calculate
mass of emissions. For some of the engines shown in Table 5-2, emission facrors have never
been determined. For these engines it is necessary to use emission factors from an altemative engine.
Table 5-3 lists alternative engines recommended by the engine manufacrurers. For most of these
engines, emission factors are available for a very similar engine, usually one of the same model and
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FIGURE 54
Reproduction Of A Page Of Table 7

— FROM REFERENCE 6 —

TABLE 7—Continued
Alrcraft Departurss Scheduled and Alrcraft Departuress Performed,
By Community, By Alr Carrier, And By Alrcraft Type
12 Montha Ended Decamber 31, 1990
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TABLE 5-2:
Commercial Aircraft Types And Engine Models

Engine  No.C! Engine Madal (% of AirezR)

Airgraft Type2 Engines ang Manulacarer?

Aerospatiaie ATA=$2 TP 2 FWA20(53)PWC PW121(47)PWC

Airbus A-300-84 TF 2 Cre-30(10C)GE

Airbus A-300-800 TF 2 CF5-80C2AS{100)GE

Airbus A-310-200 TF 2 ”'Q—SUA?(O)G: JTY0-7R4EL (100)PW

Airbus A-310-300 TF 2 CFad0CA20GE  PWAIS2ICOPW T

Airbus A-320-2C0 TF 2 CFMSB-SA(1C0)GE

BEECH 184 TP 2 R-385-AN(1CO)PWS

3EECH BH-CS9 TP 2 PTEA- ’5\100)PWC

BEECH BH-1900 ™ 2 P’cA-G..n(ICO PWC

Beeing B-707-3008 TF 4 JT30-3B(1C0)PW

Boeing 8-707-300C TF 4 JT0-3B(1C0)PW

Boeing 8-727-1008 TF 3 lTaD-TO8)PW JTBD-TA(4)PW JTcD—?A/TE(('.) JTEC-TASA(PY JTED-TR(T2IPW  (TED-T3/2Aen?Y
.ncD-TD( M) JTSD-Q(UPW

Boeing B-r27-10046 F 3 ::D TA{S)PW JTSD—?A!TB/?C’hPW ch.,- A/TEJQA[Z‘FW J C-T3(G0)PW  JTED-TB/AA(1IPW  JTED-801FW

Boeing B-727-200 T 3 JTcD—TA((l)PW JTE0-7B(16)PW JTEC-S(20)PW JTEC-24(G)PW JTBD-15(28)FPW JT80-15AZ AW
JT8D-153(<1)PW JTEC-17(3)PW JTE0-17A{1)PW JTEC-* 7R(3)PW

Boeing 8-737- tm/“CO TP 2 JTED-TB(19)PW JT80-9A(39)PW JTED-IS(10):'W JTEC-13A (c4)FW JTSD-I?(?)FW 7

BoemgB 73T~4mC= TP 2 JTED-TA(ICIPWY JT80-9/9A(S)PW JTEC-SA(T GJFW uTcD-::\:)PW JTED 17(;2

Boeing 8-737-3C0 TF 2 CPMEE-3(100)GE7

Boeing 8-737-C0 TE 2 CPMS8-3(100)GE

Bosing B-7474 TF 4 JTSD-7F(100)PW

Boeing 8-747F4 TF 4 JTSO-7F(33)PW JTAD-7Q(1T)PW JTSC-TR4G2(11)FW  JTSC-7TA(SS)PW

Boeing 8-747SP TF 4 JTSO-TA(BS)PW JT9D-TA-SP(15)PW

Boeing 8-747-2009 TF 4 Crs-50(3GE: CF8-80C251(0)GE JTSC-3A(7)PW JTSO-T(1)FW JTEC-TAISSIPW  JTOD-FAR{IZIFW
JTsD- 7F(5)PW JTA0-7Q(13)PW JT60- 7R4G Z(Z}FW '

Boeing B-747-400 TF 4 "\‘.-‘.OSo(‘iC

Boeing B-757-2C0 TF 2 RB211-535E4(1)RR  PW2037(92)PW PW2CAO(TIPW

Bceing B-757-200¢ TF 2 PW2040(28)PW R8.211-33524({74)RR

BoemgB -787-200 TP 2 CF5-80A2(53)GE Cro—&GC¢BZ(12]GEW JT“u—'FdD )

BoelngB /57-300 TF 2 CrG-cOC<BG(100)G:” PW4060(0)PW

Brit. Air Carp. BAC-111-200 TF 2 Scey Mk 513(100)RR12

Brit. Aero. BAe-146-1 TF 4 ALFE02R-S(100)Lye

Brit. Aem BAe-MS-Z TF 4 ALF502R-S(1C0)Lyc

Ent Aem Cuncorde TF 4 Qlympus 593 Mk81C(1C0IRR

Brit. Aera, JETSTREAM 31 TP 2 TPE331-1QUF(100)Grz

CESSNA 4044 P2 TSi0-520-VB(100)Con2

Convair CV-80 TP 2 SIDA3H(ICOAlL2

Canvair CV-6404 TP 2 DatSd2-4(! m)RH

de Havilland DASH-7 TP 4 PT &5\-50(100)PWC

de Havilland GHC6 TP 2 PTBA-20(Z6PWC PTBA-27(74)PWC

de Havilland DHC -8 TP 2 PWI120(17)PWC PW120A(83)PWC

EMBRAER13 TP 2 PTEA-34(1CC)PWC

EMBRAER EMB-120 TP 2 PYHIB(BSIPWC PWI1BA(1SIFWC

Fairchild FH-227 TP 2 CanS32-7{1CO)RR

Fokker 100 TE 2 Tey60-15(75RR  Tay630(2S)FR

Fokker F-27 SERIES TP 2 DatS14-T{15)RR Dart 828-7E{1C)RA "an 832-7(3)HR Dart 832-7TN(2)RR  Qart §32-7P(24)RA
Dart 532-7R(3)RR Qart 538-7R(9)RR Dat SS-?E(Z)HR Dnﬂ .‘.; R(Zc)rﬂ

Fokker F-28-100014 TF 2 Spey853-1S(100)AR

Fokker F-28-30CC/B0014 TF 2 SpeyS53-1SH(12)RR  Spey 333-15P/88)FR

o ¥y
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TABLE 5-2:

Commercial Aircraft Types And Engine Models — Continued

Engne Ne o agine Modei (% of Aircrai!
Airczai Tyeel  Erges and Manufaciurar3
Lackhesa L-100-304 FCE v vy R S R
Lockheeg L-188A/C P4
Lockreec L-188A/C‘ P4 0IDIZ[IC0ANLE
Lackresd L-1011/100/2C08 P2 FB21-223(39)RR AB.211-228/S24B4{1)RR
Lockresd L-1011-300 TR TF 3 RB211-524B4(1COJRA
McDonnell Dougias CC-54 P4 32800(CO)PWz
Vchcrne‘l Doug!as DC-cA‘ P4 A7800(1C0)PWNE
McQannell Douglas DC-3-50 T4 UTID-IEIST)PW JT30-7(43)FPW
McDonnell Douglas DC3-61¢  TF 4 [T30-35(100)PW
McDonnell Douglas DC-3-62¢  TF 4 UTID-IE(S)PW JT30- JBDLQ" JT C-T’Sd)PW
VcDomnell Dougas DC-3-83F¢ 77 & .TSC-S3GPW  JTI0-Ten)Y ATPW dTeD-
McConreil Cougias CC-3-70 T4 CEMSS-2-2t(100'GE
McDeonneil Douglas 0C-8-71 P4 CEMS3-Z100)GE
McCornelt Douglas CC-3-10 5F 2 TbD-:( UO)FW"
McDannel Douglas OC-3-157 2 : D705 " IT8D-TAA) TEOATBE)  ATED-TR(TTIOW
McCaorneil Douglas 0C-9-308  °F 2 C-FASAGIPY JT80-7B(58)P' JTEC-3A(19)PW JTE0-15{3)FPW STEC-T(PW
McDonrell Qouglas 0C-9-40  TF 2 ..BD- S{100Pw
McDonnell Doug!as 0C-3-30 T2 .TcD— 767}PW J180-1 7A(‘.3}P'v
McDormel Qouglas 03301 7 2 STED-RSSPW  TTEDRIUZAN | TTs e e g S s
McOennell Qouglas DC-19-10 77 3 L,.':‘:-o('lCu)Gc
McOenneil Douglas OC-10-104  TF 3 CF5-8(1001GE
McDonnel! Douglas DC-10-3¢ 7% 3 "’6—56( )
McDonrell Douglas OC-10-304 7F 3 CFE-SC"CO)GE
McDorme!l Couglas CC-10<40  TF 3 JT9D-20(100)PW
McDannell Dougias MD-11 TF 3 LFo-20CZDIF(100)GE PWALEDI0)FW
NAMC YS-11 w2 u=n<4 ”’(Zﬁ,r? Qart 5421075}
Saab SF-340A Tz OGS CT7sA2(6Es w'éﬁ -
SHORTS 380 P2 FTEAGSAR(ITIPWC  PTEA-BSR(SSIPWC PTEA-STR(28)PWC
Swearingen SWEAR-METRO! 77 2 TPE3M-11US1G( G PTEA-E3()PWe

1 Source of Aircralt, Type. anc No. of
Engines is Airgort Activity Siatistics =
g: arnﬁ; :laﬂ =5 K] ;.[ f‘ar"nri

{Relerence 6),

2 Engine Types: TF - Turkcfan. TJ -
Turoget, TP - Tursepreep, F - Pisten

Feilowing the engine modet is the ser- -
centof aircrail in parentheses whicr ¢ar-
respond 10 the parucular engine anc he
engine manufacturer. GE engine cawa
chblaned lrom G Airgraft Sogirac:
Commercig Procram Stats {Refergnce
1Q) ana Otfice of Comousicn Techro-
logy, GE Aircraft Engines (Relerenca 11),
Cerresponding percents of aircraft reler
lo U.S. commercial and government air-
cralt in op PAW, PAWC, anc FR engne
data oblained lrom Iurhire Sagire~
Eleets of the World's Airlings 1990 (Fefer-
enca 12). Corresoonding percants of air-
craft rafer only lo U.S. aidires.

Engine Manufacturars:

Can - Teledyne/Conunental,
GE - General Electric,

Grt - Garrell AiResearch,

©

Lyc - Avcolycoming, P - Pralt &
Whitrey, PWC - Prat 4 Whitney Canacaz,
RA - Reils Royce

4 All Cargo Services.
5 Percentol aircralt assumec 100% 2
& Some airczalt have a mixiure of engines.

In caiculating a weignled average of 1

engine emission aciors. assign ecuiva-
lent weights 10 all engines in the mixiure. 14

7 Refers {0 B-737-300 and -300 aircraft.

8 Infermanon ftam the engine manulacturer
SuGGesis using the FW JTAD-
7F{mocV)7 A(meaV) engine emission 13
facters in place of PW JTSD-7 engine 16
emissicn faciors.

9 Refers o 8-747-200. -300. and SR air-
craft. 17

10 Refers 10 B-767.20CE% arerafl. GE com-
bined e number ¢! aircralt in operaticn
of B-767-200ER ana -30GEA awcrall. itis
assumeq thal an equal Sistbuton 18
between he wo arrerail meceis exis!s

11 Relers 10 B-767-3CCER argraii. GE 2am-

bired the numzer of airsraf in egeraticn
of 3-767-20CE= ana -3CCZS arcralt, Itis
assymed nat an ecuai Sisritulen
between the two aircrait models exisls.
Source of engine informazen is Macem
Cemmerg:ai Airg-att (Refarence 20).
Percent of arrcrait assumed 100%
Assumea SMB-110 aircrait.

informaucn {rom the eng:ne manufacturer
suggesis using e KR SPEY Mk33S
engine emissicn raciers ‘or all Fekker F-
28 aircraft.

Assumed MO-20 aircrait

Source of engine informaiion is Mocdem
Camrmargial Airz-alt (Reference 20).
Percent of airgraii unkncwn.

Source of engine informaten 1s Modern
Commersial dirz-aft (Feierence 20).
Engine refers to METRG ill airerait.
Percent of arcraft unknewn.

Source of engine informauon is dagemn

Commerzial Areralt (Relerence 20).
Engine refers lo METRC A aircralt.
Percent of arcralt unkncan

A\

AIR POLLUTION Mitic4TI0N MEASURES

FORAIRPORTS AND ASSOCIATED ACTIVITY

A-13

e



Mapufacsuzer

Alternative Source Of Emission Data

For Some Aircraft Enginesl

Fngine ¥ods]

Source for
Ezigsions Dazal

GE CF6-6 CFa-6D
CF6-50 CF6-SO0E/CL/EL/C2/E2
CT7-5A CT7-5
CT7-5A2 CT7-5
cr7-7% C17-5

GE (SCNECMA) CTM56-2 CrM56-28
CM456-2-C1 CIMs6-28
CIM56-35A CTM56-5Al

P&V JT3D serias Contact manufaccurer?
JT&D-7D JT8D-7/7A/7B
JTaD-153 JT8D-15
JT9D-3A Contact aanuficsurar
JT9D-7A-SP JT9D-7F/7A
JT90-7AH JI9D-7F/7A
JT9D-20 JT90-7F/7A
JT190-70A JT90-70/59/7Q
FWa060 PWL4LE0Q

RR RB211-S3ISES Contact manufactursr®
RB211-535FS Contact manufacturer

TRENT 600 seriss
TRENT 700 saries

Contact manufacturer

. Contact manufacturar

SPEY MKXS0é Contacz manufaczurar
SPEY MXS535-13 SPEY MXS555
SPEY MXS535-15P SPEY MKS55
SPEY MK555-1SH SPEY MX555

SPEY MXS12 Contact manufaccurar
TAY MKS51 Contact manufacturar
Darc 514-7 Darz RDa?

Dart 528-7E Dart RDa7

Dart 532.7 Oart RDa7

Darc $32-7W Dart RDa?

Darc $32-7P Darc RDa7

Dart 532-7R Dart Rba’

Darc 535-7R Darz RDa7

Dart $36-7E Darc RDa?

Dart $42-4 Dart RDalO

Dart $42-10J Darc RDall

Dart 542-10K Darc RDalQ

Darc $52-7R Dare RDa?

! FAA Aircrafc Engine Ealssion Dacabase does noc jdencify these alcernacive
emission factors. A manual adjuscment co che database cutpulC 233y be required.
I A3 recommended by engine manufacrturars.

3 See listing ac Rafersnce 21 for concact lnforaacion.

* See liscing ac Refarence 25 for comcact Lnforaation.

A
AIR POLLUTION MITICGATION MEASURES

—
FORAIRPORTS AND ASSOCIATED ACTIVITY

A-16



a relared series. Fora small number of engines there is no emissions dara available anc there are
no suggested alternatives. In these instances there are three approaches available. First, the
needed data may appear in the latest update of the FAEED dara base. The FAA should be con-
tacted for the latest version of the data base as mendoned earlier. Second, for an aircraft wich sev-
eral potential engine types, where no emissions data is available for one engine, the recommended
procedure is to reallocate the markert share among the engines for which data is availabie. Third,
if emission rate information (fuel consumption and emission index) for an engine mode] still
cannot be located the engine manufacturer should be conmcted directly. Informatdon on contacting
the primary engine manufacturers is listed in the References section below.

After the engine types have been identified, fuel flow rates and emission indexes can be
found in Table 5-4. The data in this table has been updated since the last edition of this refer-
ence and of AP~-42, to include new engine models and to reflect new data on models already in
AP-42. The next version of AP-42 may have some additional new dara for engines that have
not been updated here. (Updates primarily will be for general aviation aircraft engines.) The
fuel flow rates and emission indexes that appear in Table 5-+ for commercial aircraft are based
on information engine manufacturess provide to FAA and the International Civil Aviation
Organization. These dara are representative of producton engines. Emission indexes are given
for specific fuel flow rates which are representative of the power settings used during the different
operating modes. The emission index multiplied by the fuel flow rate gives an emission rate.

Step 6 is to specify a time-in-mode for each aircraft type. Take—off time is fairly standard
for commercial aircraft and represents the time for initial climb from ground level to about 500
feer. The default take—off time for calculating emissions is 0.7 minutes (42 seconds) and, unless
more specific data is available, should be used in this methodology. The time in the approach
and climbout medes depends on mixing height. As mentioned earlier, a default mixing height
of 3000 feet was assumed for calculating an approach time of 4 minutes and a climbous time of
2.2 minutes, which can be used if specific information on mixing height is unavailable. The pro-
cedure for adjusting these times to correspond to a different mixing height is shown below.

The mode most likely to vary by dme for each specific airport is taxi/idle time. Toral
taxi/idle time for a very congested airport can be as much as three or four times longer than for
an uncongested airport. Taxi/idle-in time typically is shorter than taxi/idle-out dme because there
are usually fewer delays for aircraft coming into a gate than for aircraft lining up to takeoff. For
a large congested airport the taxi/idle-out time can be three times longer than taxi/idle-in dme.
Taxi/idle dme also may vary by aircraft type. For example, wide-body jets may all use special
gates at the terminal that place them further from the runway than narrow-body jers or small
regional commuter aircraft so their taxi/idle-in and taxi/idle-out times are longer. Becausc of
the variation in taxi/idle time, it is important 1o get dara specific o the airports of interest in the
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TABLE 5-4:
Modal Emission Rates - Civil Aircraft Engines!

Mccel - Series

Manulacturer2 Power Emisscn Fates Partc-
Rateq Ory Quipul Moce Setung Fuel Flow C [ofe] NCX SO2 ulate
{1CCC 1bs Thrust) {IB/rmun) — s ger “ICC bs —
5C1022A4 Takectt 100% 396 0.28 ot 238 0Lz --
Al Climceut 85% 36.63 083 208 922 0.54 --
Appreach N% 19 1.886 3 7.2 0.54 --
Taxi/lcle 7% 10.17 17 81 4381 3s2 054 -
0-2004 Takectf 100% 0.75 20.81 g741 487 0.1 -
Cen Climbout 85% 0.75 20.81 8741 4 37 0.11 -
Approach 40% 0.43 3322 118784 1.14 0.1 --
Taxificle 7% 0.14 29 Beéa 22 1.38 G.11 --
TSiC-36CCH Takectt 100% 2.22 g.17 iC&8' 35 2.71 Q.1 --
Cen limtout 85% 163 955 232 Q. -
Apprcach 40% 1.02 13 377 0.1 - -
Taxiflcie 7% 0.19 138.26 - 191 0.1 --
Cre-60 Takectt 100%  229.63 0.3 3.5 40 0.54 --
G Climoeut 85% 189.2¢ c.3 23 328 054 --
383 Appreach 0% 84 01 0.7 8.5 i 0584 --
Taxificle 7% 22.56 21 a2 i35 054 -
CrRa-48 Takecif 100% 281.22 Q.1 1 308 054 -
GE Climbcut 85% 234 .13 .1 1.3 258 0.54 -
455 Apprcach 0% 80.C3 c.7 g2 ¢ 0.54 -—
Taxiflcle 7% 26.72 327 532 39 0.54 --
Cr8-45AJA2 Takecif 100%  268.12 0.Ce 0.3 2545 0.54 --
Gz Climbout 85% 218.97 Q.14 0.54 27 .81 0.54 -—
458 Approach 0% 78.31 0.38 501 336 0.54 --
Taxiflcle 4% 21.56 272 24C4 34 0.54 -—
CF5-50E/C1/E1/C2/E2 Takeoff 100% 32117 0.8 2.5 38.5 0.54 -
Ge Climeout 95% 25463 o7 2.5 298 0.54 --
518 Approach 30% 87.86 1 57 a7 0.54 --
Taxifldle 3% 22.24 493 81.3 2.4 Q.54 -
Cr3-380A Takeoit 100% 283.73 0.29 1 293 Q.54 -—
Gec Climbcut 85%  237.44 0.29 1.1 258 0.54 --
463 Apprcach L% 31.35 Q.47 3 0.3 0.54 --
Taxificle 4% 19 84 6.29 28.2 34 0.54 --
CH3-80A1 Takeotf 100% 283.73 c.20 1 298 0.564 - -
Gz Climbout g95% 23744 .29 1 258 Q.54 --
46.3 Approach 30% 1.38 0.4 1 iC.3 0.54 --
Taxiflcle 4% 19.84 6.29 , 28.2 34 0.54 --
Cr3-80A2 Takecit 100%  208.15 0.3 1 296 0.54 --
GE limbout 85% 249.34 037 i1 288 0.54 -
488 Approach 30% 84.79 Q45 28 10.8 Q.54 --
Taxifldle 4% 19.84 6.28 29.2 3.4 0.54 --
CF3-80A3 Takeoff 100% 28815 03 1 298 054 --
Ge Climbout 85% 24934 0.37 1.1 288 0.54 --
489 Approach 30% 84 79 0.45 23 108 0.54 --
Taxilcle 4% 12,84 628 28.2 34 054 -—
CF8-80C2A1 Takeoff 100%  317.48 ccs 038 3222 0.54 --
Ge Climbout 85% 258.34 009 0.54 24 85 0.54 -
579 Apprecach 30% 84 .13 2 2.18 978 0.54 -
Taxi/lcle 7% 26.32 9.19 42.24 389 0.54 --
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TABLE 5-4;
Modal Emission Rates — Civil Aircraft Engines!

Mcaet - Seres — Cantinued —
‘danufaciurer? Fower Emr:ssion Rates Parre-
Ratea Ory Cuzut Mace Setting Fuel Fow HC fote] NCx SO slae
{1000 s TRrusl {io/mun) —.Cs oer (CCOIts —
Cro-8CC2A2 Takeoff 10C0%  280.03 014 238 273 C.54 -
GZ Cimeout 85% 23082 an 256 207 Q.54 -
52.5 Agcreach 30% 76.72 0.2¢ 3c4 352 0.c4 --
Taxi\cle 7% 25 10.74 2383 3.81 0.84 --
CF3-3CC2A% Takecif 100% 325 0.c8 0359 344 Q.54 --
Ge Climzout 85% 28485 Q.1 057 2545 C.E4 --
33.9 Apgroach 0% 35.85 0.21 2.15 10.03% 0.54 --
Taxi/ldle 7% 2672 8921 <2.18 3% 0.54 --
Crc-8CC2A3 Takectt 100% 147 007 282 3438 0.54 -
GE Climbout 85% 2754 0.08 052 2288 0.54 --
801 Apgroach 30% 20.87 2.2 1.83 9.1 0.5 --
Taxi/lcle 7% 27.38 8.89 41,63 3.79 0.54 -
CF3-80C28 Taxeoft 100%  3C2.28 Q.08 csis 2811 0.54 -
Ge Climzout 85%  247.75 0.09 0585 2126 Q.54 --
6.0 Apgrecach 30% 31.48 g.21 2.37 883 0.5¢ -
Taxijldle 7% 2593 9.46 3.22 373 0.54 --
CFg-3CC23:F Taxecif 100%  311.25 0.08 3352 2806 0.5¢ --
GE Climtout 85%  253.C4 0.09 832" 2134 0.54 --
572 Apcroach 30% 836 02 2.18 837 054 --
Taxi/icle 7% 27.12 368 3.7 374 054 -
Cr8-80C282 Taxectt 100%  281.88 0.08 Q57 2389 Q.54 -
GE Climbout 85% 23294 C.1 055 188% Q.54 -
520 Approach 0% 76.32 0.22 2.85 8.77 0.34 --
Taxi/idle 7% 254 117 2802 37 0.54 --
CF5-8CC25« Takeoff - 100%  221.43 0.08 0.58 29.2 0.54 -
GE Ciimbout 85%  262.17 0.co 0.54 218 0.54 --
57.2 Approach 30% 55.98 0.21 233 8.9 0.54 --
Taxifldte 7% 26.32 g.74 3.9 367 0.54 --
F3-80C2E8 Takeoft 100% 34114 007 052 303 0.54 --
Ge Clirmngout 85%  275.27 008 052 2294 0.54 --
801 Aggoreach 30% 20.74 02 183 911 0.54 --
Taxi/lcle 7% 27.38 8.99 2168 379 0.54 --
F8-8CC2CF Takeotf 100% 33783 Q.08 0.52 3234 0.54 -
GE Climseut 85%  258.39 Q.1 053 2353 Q.54 --
60.2 Apgproach 3GC% 85.36 g2t - 198 9.2 0.54 -
Taxi/Idle 7% 26.01 996 2121 379 0.54 --
CFMS8-2A Takeoft 100%  148.55 0.03 09 2105 Q.54 --
GZ (SNECMA) Climoout 85%  i22.82 004 1 17.18 0.54 --
240 Approach 0% 45,64 0.1 34 8.62 0.54 -
Taxifldle 7% 17 .48 1.17 249 412 0.54 -
CrME8-28 Takeott 100% 13254 .08 Q9 19.C6 Q.54 -
GE {SNECMA) Climbout §85% 11072 o.cs c.9 16.3 0.54 --
220 Apgrcach 0% 42.59 0.1 37 814 0.54 -
Taxifldle 7% 16.27 167 29.5 388 0.54 -
CFMS8-3 Takeoft 100% 13492 0.04 09 i8.5 0.54 --
GE {SNECMA) Climbout 85% 111.51 0.05 Q.9 18 0.54 --
201 Approach 0% 2471 0.1 3.5 8.4 0.54 --
0.54 -

Taxi/idle 7% 1601 183 31 39
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\Mccatl - Senes

TABLE 5-4:

Modal Emission Rates - Civil Aircraft Engines!

— Continued —

Marulacturer2 Power Zussion Rales Paruc-

Raiec 2ry Cutput Maode Setung Fuel Flow HC co NGy {oP} ulaie

(1000 ibs Thrust) {lesmin) — s cer "o0Gibs —

CF\SE-38 Takeoft 100% 150.79 Q.04 0.9 20.7 0.54 - -

GZ (SNECMA) Climbeut 85% 123.02 0.05 0.9 e 0s< - -

220 Approach 30% 4762 cs 3.1 9.7 0.54 --
Taxi/Icle 7% 172 1.25% 27 11 Q.54 --

CFE8-3-84 Takectt 0% 1164 cos 08 188 054 --

GE {(SNECMA) Climbeout 85% 96.56 0.Qs8 1.1 45 Q.54 --

185 Appreach 0% 3571 Q.1 42 8 Q.54 --
Taxiflcla 7% 14.55 3.33 385 39 054 - -

Cogsac Takecit 100%  1ssce oca Toe ozt o8t -

GE (SNECMA) Climbout 85%  128.31 0.4 1 715 054 --

233 Approacn 0% 44 97 0.ce 32 288 05 -~
Taxificle 7% 15.87 2.14 33.4 4 C.54 --

CRLEs-SAT Takectt 100% 1428 ‘023 083 zs03 054  --

GZ SNECMA) Climbout 85% 116.4 0.23 087 0.54 - -

252 Approach 30% 3968 0.4 2.47 0.54 --
Taxi/lcle 7% 14 55 1.53 18 0.54 --
Takeoft 100%  27.12 .11 139 054  --
Climbout B5% 22.88 0.13 2.03 054 --
Approach 30% 9.88 428 22.38 Q.5¢ - -
Taxilcle 7% 3.17 20.04 586 0.54 --

TEE7513 T T Takeotf | 00% 2976 o6 113 054  --

Gnrt Climbout 85% 246 007 1.62 0.54 --

37 Approach 30% 9.52 1.41 15.56 0.54 -
Taxi/lcls % 34e 9.04 47.7 0S4 -

TPE3313s Takeoft 100% 763 011 076 054 173

Gnt Climbaut 90% 6.82 0.15 098 0.54 157
Approacn 0% 417 0.84 5.96 0.54 2
Taxifldle 7% 1.87 73.11 61.52 0.84 262

AL 302L-2 Takeoit 100% 529 0.02 0.4 054 -

Lyc Climbout 85% 428 Q.02 0.3 054 -

7.50 Approach 0% 185 .18 397 0.54 -
Taxiflcle 7% 6.31 8.65 45.83 . Q.54 -

AlEsoera 7T Takeef | 100% 4598 006 043 12 034

Lye Cimbaout 85% 38.1 c0s 0.5 294 Q.54

6.€5 Approach 30% 13.58 .29 8.43 5.15 0.54

b Taxifldle 7% ENA| 6.51 44 67 33 .54

ALE 202R-5 T Takeoff 100% 4737 " 006 03 353 054

Lyc Climgout 85% 39.09 0.05 025 10.56 0.54

6.9 Approach 30% 13.68 Q.22 7. 13.53 054
Taxi/ldle 7% 5.4 5.39 40.93 278 0.54

c-3204 Takeoft 100% 1.8 1178 107744 219 O

Lye Climbout 85% 11 12.38 389.51 3s87 Q.1
Approach 40% Q.78 19.25 1221.51% 0485 Q.11
Taxifidle 7% . 0.18 36.92 1077 Q.52 Q.11

038 C Takeoft | t00% 8386 0 0.5 26 054

MKZ Climbout 85% 705 0] 0.4 22 0.54

14.3 Approach 30% 27.91 o} 2.7 9 0.54
Taxiflcte 7% 0 5.4 20.7 5.5 0.5+

Y
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Licoel - Seres

TABLE 5-4:

Modal Emission Rates ~ Civil Aircraft Enginest

— Centinued —

‘tarulaciurer? Power Emissicn Fates Paryc-
ac Cry Cuout Mcde Setting Fuel Fiow =C [o]e) NOy 502 ulate
S120C 38 Thrusy {Io/mun) — &s ser 105 oS —
NKAAE Takacft 100% 267.07 C 132 128 Cs4 --
NED Cirzcut 85%  218.26 Q 1.7 ¢ 0.54 -
263 Agzreach 30% 75.68 0 ) 33 0.54 --
Taxi/icdle 7% 32.14 4.4 278 2.3 0.54 --
A2 72500 Taxecif 100% 14722 0.1 055 3713 054 --
A Clmzout 85% 122.22 an Q.53 3C sz Q.54 -~
25 Accroach X% 4418 0.1% Q.77 13435 0.54 -
Taxuldle 7% 16.4 022 778 53 C.54 -
Janars Taxzolf 100% 13085 0.4 15 171 054 -
=4 Crirmzout 85%  107.32 s 2 133 054 --
33 Apzrzach 30% 3784 1.8 103 5% 0.54 --
Tax/lIcle 7% 17.08 108 355 2.7 054 --
TIDRA " Taecf 100% 13757 C47 12 1722 0S4 -
YY) Cimzout 85% 1i1.91 0.47 1686 142 C54a -
LS Accroach 0% 3542 173 943 56 0.54 --
Taxi/lcle 7% 17 46 10 345 23 Q.54 -—
JTEC-11 Takeott 100%  148.28 0.4 12 189 054 --
AT Climoout 85% 120.85 Q.45 19 <8 2.54 --
=N Accrsach 30% 4317 1.4 g4 5.8 0.54 --
Taxijicle 7% 19.25 10 35 278 Q54 -—
JEC1s8 Takecff 100% 15582 025 072 1812 054  --
Faw Climzout 85% 125 028 1.01 15.01 .54 --
153 Agccrocach 0% 4501 1.57 9.1 547 0.54 -
Taxt/lcle 7% 19 84 133 33.88 301 Q.54 -
T50-15A Takaot 100% 14749 0.25 108 161 054  --
FRW fimascut 85% 118.45 0.33 1.2 138 0.54 -
153 Agcicach 0% 41.27 0635 29 8.6 034 -
Taxi/ldle 7% 18.15 2.29 12.43 3.1 Q.54 -
JTEC-1T8 Takaeff 100% 164 68 068 Q.75 19.3 054 -
e Climzout 85% 131.88 0.75 101 15.2¢ 0.54 -—
‘62 Acgroach 0% 4683 186 8.13 622 054 -
Tax/icle 7% 19 44 937 29.58 3.2 0.54 --
JTICTA * Takeoff 100% 15516 025 107 191 0S4 --
R Cimzeut 85% 123.8 C.3 1.16 123 054 -
18 Approach 30% 43.7 084 2.38 .7 054 --
Taxi/\dle 7% 18.33 202 12.48 3.2 0.54 -
JT80-17AR Takecif 100% 18055 0.21 083 2¢5 054 -
Faw Ciimzout 85% 138 <9 827 18 16 0.54 --
174, Agccroach 30% 4728 053 2.68 E 0.54 -
Taxijicle 7% 1984 133 10.7 32 0.54 --
JT30.17R " Takeof 100% 187 44 o2 085 253 0.54 --
P& Climtout 85% 1459 027 103 176 0.54 --
174 Agpreach 0% 43 67 083 2.54 8.4 0.54 --
Taxifidle 7% 205 08s 943 33 C.54 --
JTED-209 ' Takeoff 100% 157 54 0.35 13 228 054  --
PaVY Climbout B85% 130 Qs 1.4 19 0.54 -
192 Approach 0% 47 53 183 437 8.8 0.54 -
Taxi/Icle 7% 17 24 403 141 35 0.54 --
LY
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TABLE 5-4:

Modal Emission Rates — Civil Aircraft Engines!

Mecet - Series

— Continued —

Manufaciurer? Power Zmission ~ales Paruc-
Raiea Cry Quiput Mode Seting Fuel Flow HC cc NC¢ SC2 ulaie
(10CC 1os Thrush (iiminy — ibs per 1CCO ibs —
JT&2-217/1217A/2°7C Takeoff 100% 1748 Q.29 G.3 257 032 -~
AR Climbout 85% 14258 0.43 123 208 03 --
28 Approach 0% 50.7 1.6 417 g.1 Q8 - -
Taxifldle 7% 18.1% 3.33 12.27 a7 058 - -
JTec-219 Takeoff 100% 1791 0.27 073 27 Q.34 -~
P&W Climbout 85% 143.82 ¢.42 1.2 208 G 35< - -
217 Approach 30% 50.49 1.59 4.07 $.13 0.3¢ --
Taxifldie 7% 17.78 3.48 12.83 36 gza --
JTOE-TF(moaViTAlmedV) Takeoff 100% 28667 03 04 a8 G54 --
PaN Climbaout 85% 23333 03 0.4 324 G 34 -
46.7 Agproach X% 82.5 0.5 23 78 032 -
Taxifidie 7% 28.97 26 sS4 3.1 C.ce --
JT3C-7R4D/7RACT Takeolf 100% 27183 0.15 051 385 03¢  --
PRW Climbout 85% 22196 g.12 048 32 C.ze --
46.7 Approach X% 100.44 0.13 1.38 98 054 -~
Taxifidie 7% 2717 1.25 10 4.1 082 --
JTSC-TRAE/E1(AISCC) Takeoff 100% 280.16 0.16 Q.57 418 03¢ -
A Climbout 85%  228.04 0.13 0:3 342 5 --
52.4 Acproach L% 86.36 0.13 1.23 1C.4 034 --
Taxifldle 7% 29.23 1.1 8.27 4.1 054 -
JTSD-7RAET(H) (A1-800) Takect 100% 29339 018 Tos7 389 0s¢ -
PE&W Climbout 85% 24193 0.13 087 297 0.54 --
483 Approach 3C% B4.68 c.22 1.48 8.5 0.54 -
Taxifldle 7% 2917 3.35 14 35 0.54 --
meo-7RaG2 1 Takeoff 100% 3213 015 074 ara 0sa --
P&wW Climbout 5% 24868 0.14 063 32.1 054 --
533 Apgroach 0% 87.17 0.18 1.2 8.8 C.ze -
Taxifidle 7% 2962 1.83 11.82 38 0.54 --
JTeC-7R4H1/MH2 Takeoft 100% 33228 0.15 0.74 452 0.54 -
PaW limbout 83% 26442 0.14 063 342 0.54 --
£3.8 Appreach L% 358 0.18 1.39 82 0.52 --
Taxifldle 7% 3246 1.48 1163 38 054 --
Tso7osemQ Takeoff 100% 323 02 o2 Tae  0s: --
PaW Climboul 85% 2645 02 02 256 0.54 --
511 Approach 30% o 0.3 1.7 78 0.54 - -
Taxi/ldle 7% 3138 12 53 3 Q.54 --
PN2037 ' Takeoft 100%  203.44 005 04 311 034 --
PAW Climbout B5% 167.48 0c8 041 243 0.54 --
376 Approach 3C% 52.78 0.2t 2.3 10.3 05 --
Taxifldle 7% 18.65 2.268 23.1 44 054 -
PWwacag Takeoff 1C0% 241.01 0.03 02 477 0.54 --
P&W Climbout 85%  191.54 0.04 0.2 277 0.54 --
40.8 Approach L% 6521 0.18 28 1 0.5¢ --
Taxifidle 7% 205 2.36 238 4.4 0.54 - -
PW2C4T " Takeoff 100% 25357 003 02 37 054 --
PAW Climbout 85%  203.18 0.04 0.2 29 054 --
428 Approach 0% 638.39 0.18 2.8 11 0.54 --
Taxi/\dle 7% 2103 223 23.1 45 0.54 --
A
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TABLE 5-4:
Modal Emission Rates — Civil Aircraft Engines!

Mocel - Seres — Continued —
Manulaciurer2 Powar Emission Raies Partic-
Fatec Crv Suiut Mece Setung Fuel Flow HC 'CC NCx C3 ulae
{1CCQ ibs Thrust) {Ibsmin} — ibs cer ‘2C0 I1bs —
PWaCSE/4138 Takaoif 1C0%  309.79 0.cé 0.44 281 ol -
A Climeeut §5% 25529 [oRel 0.57 228 (o -
52 3 Agcroacn 0% 87.04 0.13 2 118 Cz2 -
Taxi/icle 7% 27 51 182 21.88 48 RN -
PAa132 Takaoil 1CC%  287.96 0.13 0.12 263 Czs -
FaW Climbout 85%  236.11 0.18 0.17 227 Cc3a -~
513 Agproach 3C% 78.44 0.15 109 1 [ --
Taxifdle 7% 23.41 074 12.76 49 C:za --
PWe1sd Takeott 10C% 328.18 cce 04 2 s - -
A Climoout 85% 26508 0¢C 054 237 ol -
57.3 Aggroach L% 90.21 C.1s 1.88 11.8 C3a - -
Taxiflcla 7% 27 .91 1.78 20.99 48 C:ze -—
Pyea Takeoff 10C%  350.13 C.t 0.37 328 Sie -~
P&V Climbeut 85% 2758 083 051 247 Cza --
853 Apcrecach 3C% 9299 0.14 178 12 o --
Taxi/ldle 7% 2817 1.65 2032 4.9 Cse -
JTi8C-3 Takeoft 1C0% 19.58 0.01 263 78 cszs --
F2NC Cimzoeut 85% 16.4 o0 3.8 877 C.3a --
233 Approagh 0% 6.75 443 40.5 3.44 0.2< -~
Taxifidle % 304 505 132 1.75 0.5a -—
JT150-4 Takeoft 100% 22.45 c.co 2.1 .23 0.54 -
P&EWNC Climbout 8% 18.92 ¢.19 3.18 8.83 084 --
2.72 Aggreach 30% 78 515 32 5.29 0.2« --
Taxifldle 7% 3.45 40 97 283 Ccs2 --
T8A-275 Takecft 100% 7.08 o} 1.01 781 03 -
Pa&WC Climbout 0% 6.67 0 1.2 7 gse --
Approacn L% 3.58 219 23.02 837 02 --
Taxi/ldle 7% 1.92 50.17 84 243 o= --
PTEA-a14 Takeoft 10C% 85 1.75 5.1 798 €3 --
PAWC Climbout Q0% 788 2.03 6.49 757 032 -
Approach L% 455 22.7¢ 348 483 0.3 --
Taxi/lcle 7% 2.45 101.83 115.31 197 Css --
4501 Takeolt 100% 63.87 0.7 8.2 1.5 .3 -
RR Climtout 85% 55.03 0.74 79 3.3 0.5¢ --
7.28 Appreach 3C% 19.31 7.4 51 36 0s< --
Taxifldle 7% 7.01 59: 178.4 7.3 Gse -
CLYMPUS 533 MK& 10 Takecft 100% 84134 29 29 953 gsa --
RR Climbout 65% 30807 1.7 9.9 83 g.52 --
37 Descent 15% 90.61 22 73.2 25 0.84 --
Approach % 154 9 114 529 35 0:z4 --
Taxi/fidle 7% 55,639 . 334 1001 1.7 0.54 --
RE 211-225 Takeoif 100% 24683 Q.36 248 3432 0.84 -=
AR Climbout 85% 20397 03¢ 4.14 25863 0.5« --
41 Approach 30% 73.15 7.73 26.38 §.C5 C.54 -
Taxifidle 7% 3003 65.37 317 2.7 0.3« --
RB.211-5245/82/B3/54 Takeott 100% 31521 0s 1.83 47 0.5¢ -
AR Climbout 85% 25848 04 2.82 a3 0.5 -~
49.1 Approach % 9167 498 20 975 054 -
Taxifldle 7% 3598 sC.8 82.2 353 034 - -
LY
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TABLE 5-+

Modal Emission Rates — Civil Aircraft Engines!

Liocel - Series — Continued —
danufaciurer? Power Emissicn Faies Paruc-
Zateq Sry Quisut Moce Setling Fuel Fiow HC [ofe] NOx sCR ulae
L 1CC0 12 Thrust) (ibsmin) — ibs cer "0CQIos —
53.211.824C2 Takeoft 100% 328.04 0 Q&8 419 052 - -
3R Climbout 85% 2672 0.22 183 323 034 -
el Approacn 3N% 97.88 442 189 104 034 -
Taxiflcle 7% 3%.68 84.2 a1 3.37 0584 --
33.211-524C46 Takeoft 100% 322.12 0.02 0.53 5697 Cs:e --
=" Climbout 85% 257.96 0.42 1.18 110 C.54 -
313 Approach 0% 94.97 468 16.54 9 €3 0.54 -
Taxiflgle 7% 385 4511 7187 212 0354 --
=5.211-524G Takectt 100% 34658 228 0.58 3a.71 034 --
=R Climbout 85% 275.13 1.46 043 2084 0.zd --
8.3 Approach 0% g92.58 1.14 181 35 C.54 --
Taxifidle 7% 3438 3.28 1374 L6863 Q.54 --
55.211-535C Takeoff 100% 238.1 025 c.7 337 054 --
AR Climbout 85% 194 45 0.14 0.27 2489 Q.3 --
8.7 Appreach 0% 71.43 0.44 0.84 £.37 0.84 --
Taxi/lcle 7% 26.46 1.44 18.79 3.44 0.34 --
33.211-53524 Takecft 100% 24803 C.68 1.0 527 Q.82 --
2R Climbout 85% 199.74 0.9¢ 1.23 36.2 054 --
385 Appreach 30% 75.4 1.33 .71 7.5 0.54 -
Taxi/idle 7% 25.13 2.85 15.44 43 054 - -
SPEY MKE11 Takeoft 1C0% 117.89 0.98 1.91 23.27 0.54 -~
=R Climbout 85% 96.C3 1.32 206 19.18 Q.54 --
1.3 Approach 30% 36.91 723 203 - 794 Q.54 --
Taxifidle 7% 15.74 56.73 g97.96 1.48 0.54 -
SPEY MKS11-8 Takeoft 100% 117 86 0.09 0.12 227 0.54 - -
=R Climbout 85% 96 C3 g.12 G683 17.3 054 - -
1.3 Apprcach 3C% 38.77 Q.18 285 72 Q.54 --
Taxifldle 7% 16.8 3.63 31.77 38 0.54 --
SPEY MKS357 Takeoff 100% 738 0.74 0.41 19.61 Q.54 - -
AR Climbout 85% 80.13 127 GC.1e 15.07 0.54 - -
3.89 Approach 30% 22.€8 5.43 17 96 8.12 0.54 --
Taxiflcle 7% 11.74 7184 74 63 2.26 Q.54 - -
TAY MK620-15/MKE11-8  Takeoft 100% 1C0 83 0.8 Q7 211 Q.54 - -
AR Climbout 85% 8333 3 08 16.8 0.5¢ - -
138 Approach 0% 30.42 0.8 39 57 Q.84 -
Taxifldle 7% 14 S5 34 241 25 0.54 - -

1 Source: ICAC Engine Exhaust
Emissions Dalabark (Feference 13)
uniess alherwise noted.

2 MANUFACTURERS:
All. - Aliison, Con - Teledyne/Continen-
tal, GE - General Eteclric, G - Garrelt
AiResearch, Lyc - AvcolLycoming,
PLW - Prail & Whithey, PAWC - Prall &
Whitnay Canada, RA - Rolls-Royce

3 S0, emissions based on natonal aver-
age sulfur content of aviation fuels from

elunlmu TI m'r\g = ele 1QRG
{Reference 23).

Source ol data s AP-22 (Reference 1).
Nirogen cudes recorted as NOz.

HC refers o total hydrecarnans
(Volalile organ:cs, including untumed
hyarocarbons ang arganic pyfolysis
products)

Source ol data s AP-42 (Reference !).
Source of Partcuiate cata is AP-42
Reierence 4 (M. Plalt, gt al., The
Potentrgl Impact of Airgraft Emissions
Qon dir Cualty, APTD-. 1085, U.S.
Ervironmaental Protecuon Agency,
Research Trnangie Park. NC. December
1971). The naicated reference does

not scec:ly series number for s
moce! engine.

§ Source cf engine data is ICAC (Peter
enca 13). Data are sales weighiea
averages of wo versions of thus engme
The basts s 93% high emission ¢om-
busters anc 7% iow emission CTmowLs:
tors.

7 Source of engine data is ICAO
(Reference 13). Oata are sales
werghted averages of two versions 2’
this engine. The basis is 77% high
emissicn combustors and 23% icw
emissicn campusiors.
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inventory. Commercial airlines must keep track of their taxi/idle time at each airport for dif-
ferent aircraft types so thar their flight schedules reflect anticipated daily and seasonal variations.
These dara are imporrant <o the airlines since they report schedule delays to the Department of
‘Transportation as a measure of their operating performance. Therefore, the airlines’ Flight
Operations departments at their headquarters locations are the best source of dara for raxi/idle
time by aircraft type ata particular airport. Since all airlines using a particular airport will expe-
rience similar taxi/idle times itis only necessary to get information from a single source. If rxi/idle
umes are not available for a particular airport, Table 5-1 lists default values of tax/idle periods,
as well as other modes, for different aircraft classifications. For commercial aircrart this infor-
mation is based on data collected prior to 1971 at large airports during periods of congeston.
Idle “mes that reflect more recent experience will be incorporated in the next version of AP-42.
For the inventory calculadons, taxi/idle-in and wxi/idle—our time are added together o gera total
time Zor the taxi/idle mods.

The final step in the procedure is to calculate total emissions for each aircraft type and to sum
them for a total commercial aircraft emission rate. The following series of equations illuszrates
the calculadon:

Adjust Approach and Climbout TIM to Represent Local Conditions

These equations adjust the dmes—in-mode, which are based on a default mixing height of
3000 zeet, to an airpor specific value based on the local mixing height. Equation 5-2 assumes
the ciimbout mode begins with the transition from takeoff to climbour at 500 feer and contin-
ues undl the aircraft exits the mixing layer.

4 * (F1/3000) (3-1)
2.2 = [{H-500)/2500] (5-2)

TIMapp-c
TL\/Iclm- cC

TIMypp-c - time in the approach mode for commercial aircraft, in minutes
TIMm-c - dme in the climbout mode for commercial aircraft, in minutes
H - mixing height used in air quality modeling for time and region of

interest

Calculate Emissions for Each Aircraft Type
Eij =Y (TI:\JIJ'k) * (FFj;JlOOO) * (EI‘,J'}J * (NEJ') (5-3)

E;j = toral emissions of pollutant i, in pounds, produced by aircraft type ]
for one LTO cycle

. —
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TIM; = dme in mode for mode k, in minutes, for aireraft type j

FE = fuel flow for mode k, in pounds per minute, for each engine used
on aircraft rype j (from Table 5-4)

El; = emission index for pollutant , in pounds of pollutant per one thou-
sand pounds of fuel, in mode k for aircraft type j (from Table 5-4)

NE; = number of engines used on aircraft type j (from Table 5-2)

Calculate Total Emissions for All Commercial Aircraft
ETio) = X (Ey " (LTO) (5-4)

ETicy - total emissions of pollutant i, in pounds, produced by all commer-
cial aircraft operating in the region of interest (where j covers the
range of commercial aircraft operating in the area)

LTO;-toral number of LTO cycles for aircraft type j, during the inventory
period (annual data available from Reference 6, Table 7)

After completing this series of equations, the inventory of emissions is complete for com-
mercial aircraft. The next series of calculations is a repeat of steps three through six for gener-
al aviation aircraft.

5.2.4 Activity and Emissions for
General Aviation and Air Taxi Aircraft

Defining the mix and activity level of general aviation and air taxi aircraft is more difficule
than for commercial. FAA does not ack operations by aircraft model for general aviation air-
craft and no other sources of these data cover all states. For some $tates, this informaton is avail-
able for some airporss from the State Airport Authority or from the operations officials at indi-
vidual airports. Detailed model information for aircraft operating in the inventory area is dif-
ficult to locate, except perhaps for air taxis, and may add only relatively small improvemnent in
accuracy to the emissions inventory compared to treating general aviadon and air mis as though
they were made up of a representative mix of aircraft. For some smaller airports, air taxi activ-
ity may predominate and it may be possible to locate aircraft specific information on the oper-
ations there. Where information on specific aircraft is available, the procedure for calculating
total engine emissions from general aviation and air taxi aircraft is the same as that followed for
commercial aircraft. Table 5-5 shows some examples of the aircraft and engine combinadons
found in the general aviation and air taxi categories. Information on these categories may be
expanded in the next update of AP-42 to include more aircraft and engine combinations as
well as emission indices for addidonal engines.

y ]
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Where detailed information on specific aircraft mix and activity is unavailabie, a single
emnission index can be used which is made up of a representative fleer mix. This will give a
rough estimate of emissicas for the category. The following indexes were calculated based on
1988 fleet dara! for general aviation aircraft.

HC 0.394 pounds per LTO
CO 12.014 pounds per LTO
INOx 0.065 pounds per LTO
SO20.010 pounds per LTO

1 Ses memo S. Webb to R. Wicox dated June 10, 1991,

TA3LE 5-5:
General Aviation Aircraft Types And Engine Models!
Ne. Of  Ne. Cf No. Ot ’
Aircralt Seals Engimes  Aircraft2 gngine \anu 2
Piston
Seilanca TGCEC Seaplane ..o.oooveereeee 3 1 587 g-3ze e
Cessna 150, 2 1 13780 . C-2c0 Cen
Cassna 337 S8ri8S oo e 8 2 11514 TSIC-38CC Cen
Piper PA-1BS8MES .o 2 1 3830 0-3204 Lyc
Turbojet
Asgrespatiale SN601 Ceorvetle o 18 2 1 JT15C-4 PAC
Canadair CL-8CC Chailenger..... ... 13 2 61 ALE3C2L-2 Lyc
Cassault Bregue Faicon 10 ..oovooeees e, 7 2 128 TFE731-2 Gn
Dassault Bragua Falcon 50 .. 10 3 125 TFE731-3 Gn
Gates Leariet 35/36 .o, ¢ 2 67 TF=731-2-28 Gn
Gates Learfet 35A/3BA ..., el 2 342 TFE731-2-28 Gn
Israg! Aircrait Al 1124 e 2 151 TFE731-3 Gt
L2arBt 31 e, 1c 2 8 TFE731-2 Gn
Mitsubishi MU-300 series ... 11 2 75 JTiEC-+ SWC
Turboprop
cle mavilland DHCB-300. ... 22 2 4Q PT8A-27 AWC
Fairchild Filatus PCB SBMES ..o 3 1 8 PT8A-275 FWC
Seio Aircraft HST-550A Stallicn ..o iC 1 1 PTSA-27 PNC
Picer PA-d2sanes ... RN i1 2 108 PTgA-16 PWC
1 Source of aircraft, comesponcing Registered ~ircralt as of Decemoer PWC - Pran & Whitney Caraca

::zim:"s. :a?cztur’:be; :I!' ec:g:‘nes is 31, 1989, Sﬂ -Reils-Aoyce

Qathase Faisence i4). Soucao e . T 150 S averait

number of aircratt is C.e:_su;_':u.‘j. grelf‘-eéﬁftc:;ésearch, 3 Engine refers o a PCEEZ-2 sircraft.

Civil Aiggrall (Reference 7). LyG - AvesLycoming, 6 Engine refers o a _

2 No. of Aircraft relers to Total U.S. PAW - Prait & Whithey, PA-42 Creyenne aircrait

. —
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Since air taxis have fewer of the smallest engines in their fleet and more turboprop and wur-
bojer engines, their emission factors are somewhat different.

HC 1.234 pounds per LTO
CO 28.130 pounds per LTO
NQOx 0.158 pounds per LTO
SO, 0.015 pounds per LTO

Alrport activity for general aviadon aircraft and air wxds can be found in fdd Air Traffic dcsvity
(Reference 3). Figure 5-5 is a copy of a page from Table 4 which reporzs airport operadons at
airports with FAA-operated uaffic control towers. Table 22 from the same report lists opera-
tons at airports with FAA contracror-operated traffic control towers. In this report, an oper-
ation could be either a rakeoff or landing, so the number of operations should be divided by two
to get LTOs. In addition to these airports, general aviation and air taxi activity is common at
smaller airports and landing strips not included in FAA's reporting system. These airports
must be contacted directly to determine if information is available on general aviation activity.
Alr taxi operators locared at the airports, may be a source for information on air txd actvity. These
steps may have litde impact on the inventory and should be considered discretionary.

The annual emissions are then calculared as the product of airport activity in LTOs from
Reference 3 and the emission index in pounds per LTO listed above. Toral emissions are then
surnmed for general aviation and air taxis.

This simplified estimation procedure is based on the default times-in-mode from Table 5-
1. If the detailed estimation procedure is being followed based on specific aircraft and engines,
airport specific estimates on time-in-mode might be used if available from airport officials.
These dara likely vary quite widely because of the many different types of services provided by
this aircraft category. The rest of the detailed estimation procedure uses the same set of equa-
tions used for commercial aircraft.

Adjust Approach and Climbout TIM to Represent Local Conditions

TIM,pp-c = 6 * (F/3000) (5-5)
TIMem-G = 5 * [(H-300)/2500] (5-6)
TIM,FP-C - time in the approach mode, in minutes

TIMcm.c - time in the climbout mode, in minutes (assumes transition from

takeoff to climbourt occurs at 500 feet)

H - mixing height used in air quality modeling for time and region of

inrerest

A
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FICURE 5-5
Reproduction Of A Page Of Table 4
— FROM REFERENCE § —
TABLE 4 - FISCAL YEAR 1989
AIRPORT OPERATIONS AT AIRPORTS WITH FAA-QPERATED TRAFFIC CONTROL TOWERS 5Y REGION AND B8Y STATE ANC AVIATION
CATEGORY-CONTINUED
Suate and Locatian Air | Alr Ganersl '
Location Name ‘dentfier han Totad Carrier | Taxi Avation Miltary
CALFORNLA—CGnbre m i !
CHING [ie L o] 8 ‘
ITINERANT OPERATIONS. 112504 ; L] 147 s 1251
LOCAL OPERATIONS 11w 111028 3
TOTAL OPERATIONS, a1 0 147 znx 1324
CONCORD R L | !
ITINEAANT OPERATIONS. 121508 29 1188 1o "5
LOCAL OPERATIONS 141408 14120 =
TOTAL CPERATIONS. #2972 250w 7180 262225 "9
EL MONTE EnN N
ITINERANT OPERA TIONS 0343 | 3 4518 455379 288
LOCAL OPERATIONS woes 83385 o
TOTAL OPERATIONS. 189708 3 4515 184304 %
FRESNG AR TERMINAL FAD H
ITINERANT CPERATIONS 198018 13200 7382 104730 9533
LOCAL QPERATICNS 10204 ! 3481 743
TOTAL OPERATIONS 208219 1200 | 7382 15191 10278
FULLERTON MUNCPAL ol L
IMNERANT OPERATIONS 0 ] 52 29139 [t
LCCAL QPERATIONS 65349 45338 12
TOTAL OPERATICNS. 157128 2 252 154428 [~
HAWTHORNE [ L
MNERANT CPERATIONS. 54784 -] e s L]
LOCAL OPERATIONS 41027 41¢27 [}
TOTAL OPERATIONS W18 9 9 4808 L
HAYWARD vy L
ITINERANT OPERATICNS 126380 ] 4181 12111 21
LOCAL CPERATICMS 128441 12543 L]
TOTAL OPERATIONS. 242204 -] 4181 247544 “@e
LA YERNE BRACKETT [ e o] N
MNERANT OPERATIONS 95888 [} 1812 3857 200
LOCAL OPERATIONS 116006 115897 .
TOTAL OPERATIONS.. 211824 LI w1z 200454 208
LANCASTER FCX NAPORT {WIFY N
IMNERANT OPEFATIONS 53204 ] 1227 0810 1167
LOCAL OPERATIONS 74508 723 182
TOTAL CPEAATICMS, $37008 [ 1227 134633 1§49
UVERMORE MUNICPAL LK) L
MNERANT OPERATICNS 91978 (] 387 91250 309
LOCAL OPERATIONS 116108 118072 3%
TOTAL CPERATIONS, 208084 0 387 207322 “06
LONG BEACH LG8 L
TTINERANT QPERATIONS. W28 20048 858 226847 2745
LOCAL CPERATIONS 104881 184834 45
TOTAL OPERATIGNS. +82177 20048 T856 aieal Fip ]
LCS ANGELES (INTERNATIONAL LA L
MNEAANT OPERATICNS 828874 Trae 151788 2970 5000
LOCAL OPEAATIONS 5083 210 52
TOTAL OPERATIONS. [r-ab) aqrie s 47080 5082
MODESTO CITY COUNTY OO N . ’
MNERANT OPERATICNS 81571 Q! ns19 £7430 a2
LOCAL OPERATIONS 38305 36010 295
TOTAL OPERATICHS. 117678 [] nste 33400 [TH
MONWTEREY (MAT -
TIMERANT OPERATIONS 80025, 2108 15398 57773 2308
LOCAL OPERATIONS 19227 17284 1929
TOTAL OPERATIONS 197248 nos 19358 75067 4747
NAPA COUNTY (2] N
TINERANT OPERATIONS 0145 L] are [T ] 0s
LOCAL OPERATIONS L etied P14 S4d
TOTAL CPERATIONS 1700 L} 478 188147 1480
CAXLANG INTERNATICNAL f(o221) L
ITINERANT OPERATIONS, TS 7482 sram 144980 02
LOGAL CPERATIONS 125488 12520 164
TOTAL OPERATIONS. a3 Tdoe2 sran 270284 908
ONTARKD (ONTY 3
TIMERANT OPERATIONS 129508 %131 2018 28004 525
LOCAL 082 X80 2
TOTAL OPERATIONS 142080 SN 25018 14 ar
OXNARD VENTURA COUNTY QXA N
IMNERANT OPERATICHS 7308 ] 1328 85145 435
LOCAL CPERATIONS 8822 47331 1N
TOTAL OPERATIONS 18820 [ 2132 112008 1908
15
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Calculate Emissions for Each Aircraft Type
The emission factors that appear in Table 5-4 for general aviaton aircraft have not been updat-
ed since the last version of AP-42. The next edition of AP-42 should include updates to much
of the date that appears in the table.
Ej = X (TIMjo = (FF/1000) * (ELjd * (NEj) (3-7)
E; - total emissions of pollutant i, in pounds, produced by aircraft type j
for one LTO cycle.
TIMjx - dmein mode for mode k, in minutes, for aircraft type |

FEix

fuel flow for mode k, in pounds per minute, for each engine used
on aircraft nype j (from Table 5-4)

Eljx - emission index for pollutant i, in pounds of pollutant per one thou-
sand pounds of fuel, in mode k for aircraft type j (from Table 5-4)

NE;

; - number of engines used on aircraft type ] (from Table 5-5)

Calculate Total Emissions for All General Aviation Aircraft
ETicy = L (Ey " (LTOp) (5-8)

ETiG) - total emissions of pollutant i, in pounds, produced by all general
aviation aircraft operating in the region of interest (where j covers
the range of general aviation aircraft operating in the area)

LTO: - toral number of LTO cycles for aircraft type j, during the inventory
j Cy tYpe ) g ry
pericd

5.2.5 Activity and Emissions for Military Aircraft

FAA Air Traffic Activity (Reference 3) contains information on the number of military oper-
ations at airports with FAA~operated traffic control towers. This information can be used in
much the same way as for general aviation aircraft, however, military air bases are not inciud-
ed in this reference. The informaton only addresses military operations at civil airports. Miliciry
air bases included in the modeling area should be apparent from maps of the area. For thesc bascs,
it likely will be difficult 1o get good information on fleet make up and acdvity. Insome cascs,
information may be available from the Office of the Base Commander on fleet make-up and pos-
sibly some measure or estimate of activity such as LTOs for one day or one month. Where spe-
cific information is available for aircraft type and LTOs, Table 56 lists military aircraft and their
engines and Table 5~7 lists the modal emission rates for these engines. Much of the data in Tuble
57 has been updated since the last version of AP-42.

A
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TazLs 3-6:

Military Aircraft Types And Engine Models!

No. Of Engine

Aircralt Type? Ceeraicrd Engines Mccel Mary.4
Combat
Boemng 852-H Straiofertrass ... . TF USAF 8 TF33-P-3 PN
Boeing EC-1358C ... T USAF 4 TF33-P-3 P
Couglas A-4 Skynawk3 ... ... . Td UJSN 1 J52.7.58 =
Dougtas A-4M Skyhawks ... . .. . T. UsMC 2 J52-P<C8 P
General Dynamics F-16 Fighting ~aicans.. ... TF USAF 1 FiC1CF=S =YY

F USARUSN 1 F100-FW-2C01 AW
Grumman A-6 intrudars . TJ USN 2 JE2-7-58 Py
Grumman E-2 Hawkeyes . e . TP USN 2 T26-A-18 All
Grumman EA-68 Prowlers ... .. .. ... o USMCUSN 2 J52-PC8 P
Grumman F-14 TOMEa1S .o Tr USN 2 TF3C-2-1124 B
Learjet Corp C-21-A .. o . T USAF 2 TFZ 737-2-28 Gr
Leckheed S-3 Vikings ... ... s TF USN 2 TF34-GE-4CC 13
LTV Aircraft A-7E Corsair !l .. ... .. TF USN 1 TFdi-A2 Al
McDonnell Cougias AV-85 ... .. TF UsMcC 1 Fa02 RA
McDonnell Douglas F-4 Phantom 65 e J USAFAUSN 2 J79-GE£-10B z
McDonnell Cougias F-48 Phanicmilé ... .. J USMCAUSN 2 J79-Ge-80 GE
McConnell Couglas F-4N Phanicm 115 TJ USN 2 J79-G=-8D 3
McDonnell Couglas F-4S Phantcm il .. T USN 2 J79-GE-10 Ge
McDonnell Couglas F-15C/D Eagla.. .o TR USAF 2 F10C-PW-1C0 P
McDBonnell Couglas F/A-18 Hornais ... = USN 2 Fa04-GE-ACO z
McDonnell Dougias RF-<8 Pharizm |16 TS JSMC 2 J79-G£-30 Ge
Narthrep F-32 Tiger 1o, T USAFUSN 2 J85-GE-21 g
Nerthreo F-5F Tiger I oo TJ USAFUSN 2 J85-Gz-21 GE
Nerthrop RF-5E Tigareye .. . TJ USAF 2 J85-G&-21 =
Rockwell OV-10 Broncos .................ccovee. . P USAFUSMC 2 T776-G-12A Gn
Vought A-7 Carsair 115 ... e TF USAFUSN 1 TF41-A-2 Ail.
Trainer
Boaing T43A ... . Tr USAF 2 JT8C-9 Py
CASA C-101 Ariojet oo, TE | TFE 731-2 Gn
FMA Cordoba PAMPA IAB3 TF 1 TF2 7312 Gr
Grumman Gulfstream ... TF USN 2 Qan RCa7? AR
McBonnell Couglas O F-15 ... TF USAF 1 F100-FW-1CC P
McDonnell Douglas F-15 C/D Eagia . v.vuee., TF USAF 2 72100(%-?N-100 Pw
McDonnell Douglas F/A-18 HormetS ... TF USN 2 Fa04-GE-2C0 £
MilsuDISNI T-25 .o o e g USN 2 J8s-Gz-2 GE
Transport
Australia Govt Nomad 228 ... P 2 2508173 Al
Australia GovtNemad 24 ... TP 2 25CE178 All.
BESCH C-12A/BC........... . TP ArmyUSAF 2 FT6A-21 PNC
Boeing B-747-200. ..o TF d JTIC-7R4G2 [t}
Boeing C-1358 Stratolifter ... Tr USAF 4 TF33-2-3 PW
Boeing E-4A/B NEACP ....... . TF USAF 4 £3-50k Ge
Beeing VC-25A ..o P TF USAF 4 Cr8-8CC281 GE
de Havilland UV-18A ..o TP Army 2 PTeA-27 PWC
Fairchild C-26A ... . TP NG 2 TPE 332 Gn
Grumman C-1A Traders ... P USN 2 R-182C w
Grumman Gulfstraam ..o TF USAF 2 Dart RCa7? RA
LASC Georgia C-1418 Starlitter . TF USAF 4 TF33-P-7 FW
Lockheed C-13CE Hercules TP 4 T56-A-7 All,
Lockheed C-130 Herculess TP 4 T36-A-16 All.
Lockheed C-141 Starlifter ... - F USAF 4 TF33-P-7 =0
Lockheed L-100 Hercules .o TP 4 501022A All.
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TABLE 5-6:
Military Aircraft Tvpes And Engine Models! — Continued
» No. Of Sngine
Aircralt Type? Ocerator3 Ergines \fccel Marus
McCernell Couglas S-9A Nigntingate ... TF USAF 2 J750-9 W
McZcrnell Douglas S-98 i TF USN 2 JTEC.3 W
McDcnnell Douglas £C-10A Extender .. TF USAF 3 CF3-50C2 e
McZennall Douglas VC-9C . TF USAF 2 JTED-9 =
Utility
BESCH RU-231d e TR Ammy 2 PTEA-41 SWC
BESCHUC-12FM e T TP USMC/USN 2 FTeA-11 WC
Helicopter
Befl UH-1, AH-15 e T8 Ammy ! -L-11D Lyc
Boeing Vertol H-46 Sea Knightd ... TS USMCAUSN 2 -GE-8F Ge
Boeng Vertol H-4EZ Sea KmightS ... : TS USMC/USN Pi -Gc-i8 Ge
Costruzioni HH-3F ... T8 USCG 2 Ge-5 z
Kaman M-2 SEASTRIES v ieeeie e s T8 USN 2 Ge-8F Gt
Sikorsky H-3 Sea King seriess ... TS 2 -GE-8F z
Sikorsky H-53 Sea Stallion/
Super Stalliond ... TS 3 T84-GE41S Ge
Sikorsky HH-3E Joity Green Giant ... ... 75 USAF 2 TE8-GE-3 Gg
Sikorsky SH-3E s 2 T28-Ge-5 Ge
Sikcrsky SH-3F s 2 758-GE-3 Ge
Sikersiy SH-81AA L i TS 2 T28-GE-3 GE
| Scurce: FAA Airgraft Engine Emission U.S. Air Force, USCG - U.S. Ccast (Referenca 15).
Cawabase (Reference 14) unless ath- Guard, USMC - U.S, Marine Carps, § Sourcas:
arwise noled. USN - U.S. Navy, US - USAF, USCG. Engines - Symmary Tabhe of Gasans

2 Source of Type information i§ USMC, & USN. ang Parve-date Smigticrs fram
“Avialion Week & Space Technoiogy & ENGINE MANUFACTURERS: Qircrar Sooras (Reference 18).
"(Reference 168). TYPES: P - Pision, All, - Allison. GE - General Electne, Gt Aircraft, Type, and No. of Engines -
TF - Turbofan, TJ - Turcojet, TP - - Garrett AiResearch, Lyc - Avea/ *Aviaton Week & Space Technoiogy”
Turboprop, TS - Tursashalt Lycoming, PW - Pratt & Whitney, W - (Refarence 16).

3 Source of Operater informaticn is Curtis Wright C!a;siﬁcaucn and Q_peralor - E0CYGis.
e i 1 ifitzn 3 Source of aircralt and correscencing ia gl Medern Williary 2iriall
aireraft (Referenca 17). engine information is Sxamaie of an (Relerence 17).

CPERATORS: Air Emissions nventory ‘cr th 7 Source: Aviaicn Week & Scace
Army, NG - Nationai Guard, USAF - County of San Diens (t1087Y Techneiogy (Felererce 16).

Where data on military aircraft operations and fleet make-up cannot be obrained from the
base commander, a centralized support office may be able to provide the required informadon.
The Navy (Reference 8)and Air Force (Reference 9) both have environmental support offices
responsible for information on emissions from military aircraft including complete invenrories for
many bases. If inventory informaton is unavailable after contacring the Navy or Air Force envi-
ronmental suppore office, a letter requesting an inventory should be sent to the base commander
through the EPA regional office with copies to the appropriate environmental supporr office.

If data on fleet make up and activity are obtained from the base commander or the envi-
ronmental support offices, the procedure for calculating an inventory for military aircraft is the
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TABLE 3-7:
Modal Emission Rates
— Military Aircraft Enginest —
Mocel - Series
Manufaciurer2 Fower Fuel Emission Raies Partic-
Ratea Dry Quizut Noge Setung Fow HC co NCx = ulate
{100C 1bs Thrusy) {ib/min) — ibs per 10CC ios —
25CB17B4 Taxecif Military 4.42 0.26 781 €80 cz -
All. Clirzcut 35% 4.08 0.37 902 356 Czd -
Apcroach 30% 1.42 5.18 48.59 224 C3e -
lale lcie 1.G8 20.16 97 .30 1.43 Ccsae --
so1022Ad T Taxscil Military 395 028 204 883 g3t -
All. Clirmzout 95% 26.63 0.88 2.06 922 Gz -
Accrzach 0% 19 1.96 5.10 749 C.ie -~
Icle icle  10.17 1761 4367 3352 o3 oo
TSEATE Takeeff  Miltay 3465 638 242 ess oz: i7es
All, Curmzout S % 318 047 2.41 322 gz2s 1878
Agcrcach L% 17.85 0.47 3.51% 7.41 C3s 2885
icle lcle 2.13 2099 3183 383 Ci: 2925
 Taxesit 10C% 3967 0.18 160 1177 gz LI
Clirmzout &% 36.45 Q.18 180 10.18 Cza --
Apcreach 30% 19.10 0.28 3.00 5.38 ol --
Icle 7% 8.23 14 86 17 88 250 Cs: -
TSE-A-16 T Takscit ';wiitar'/ 2598 RT 065 1045 0.54 -
All., imzout Military 36.98 0.16 0.65 1025 034 --
Agcroach 75% 33.27 Q.17 0.42 9.33 c:z: --
Icle L/S Gricle g.98 27.32 0.1 353 [oJCES --
T63-A5A7 7 Takeeit | Miitary 358 784 Tsgr U gE LI
Ail. © Climzeut 75% 292 14.31 481 Q.2 --
Apcroach % 1.75 38.59 2.5C gz --
Icle Gr.icle 1.c2 79.15 1.42 034 -
TFa1-A27  TakecH  Intermeciate  149.00 164 2246  0sd
All. Climzout Intermediaie 12900 164 2246 032 -—-
Agzrcach 75% M/C iC0.00 2.17 16.85 Q.zs -
Icle Icle 18.17 84 80 1.71 Qs -
TRatA2 T Takeatt IRP 14900 S 1e2 29 gzd LI
All. Climzeut IRP 14000 162 2248 gz --
Apcrcach 758% MIC 10.00 217 1835 c.z: --
idle Icle 1817 8473 17 032 -
gacot  Takestt | 100% 075 ‘orare. ¢er o L
Cen Climzout 75% 078 Q7410 497 ol -—
Apcrsach 3% 043 1187.84 1.1d o T -
. Idie 7% 0.14 844 42 1.58 0.5 -—
T40-CP-4007  TakecH  Miitary 6.87 075 68 03¢  --
CP Climzout Cruisa 472 264 4.5 0.32 -
Apprcach Flidle 2.38 30.71 3C 0.:s --
Idle Gr.icte 2.30 29.78 3ecs 0.54 --
CF6-3CE/CTEC2ERS  Takeoff  100% 32117 050 36350 03« _-
GE Clirmtout 85% 254863 050 2980 Q.54 --
51.79 Acrcrcach 0% 87 86 570 97C 032 --
Idle 3% 2224 81.3 2.40 Q.34 --
Fi04.GE-4007  Takecit ~ ABmax 47328 2312 92 05
GE Climecut IRP 134.71 105 2516 Cs4 281
Apcreach 78% 1€9.02 1.0e 480 Q.34 6.1
ldle Gr.icle 10.40 137 34 118 05< 1238
A -
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TABLE 5-7:

Modal Emission Rates
— Military Aircraft Enginest —
Continued
Model - Series
Manulacturer2 Power Fuel Emissicn Rates Parye-
Aaled Cry Quiput Moce Setting Fiow HC ce NCy SO2 uiste
{1CCO Ibs Thrust) (Iosmmuny —gs cer 100005 —
Fu04-GE-400 Takacif ABmax 473.28 0.i3 23.12 g.22 0.5+ --
GE Climcout IRP 143.12 031 1.8 25.16 054 -=
Appreach 76% 1C9.02 Q.33 1.09 14.80 Q.54 --
lcle Gr.idle 10.40 58.18 137.32 1.18 Q.54 - -
J79'GESDT Takeof  Attersumer 57192 Togi 1325 472 cs4 ceEr
GE Climzeut Military 187.85 Q.14 207 10.44 0.54 --
Approach  75% rem 25.33 4.4C 30.81 2.98 054 183<
Icle lale 2008 16.93 £3.7C 237 05¢ 1912
J79-GE-104 Takec  Afersumer 58983 ‘043 1729 882 054 8275
Gt Ciimecut Military 163.83 1.63 529 15.44 0584 T78CS
Agpreach 85% 10317 086 737 1129 0.54 10822
Icle idle 18,23 891 43.64 2.91 0.54 32583
J79-GE-108 Takecf  Ahieroumer 57182 105 1325 472 084  --
Ge Climoout Military 166 87 1.42 163 10.35 054 --
Accroach g5% rpm 680 67 2.69 13863 480 0.54 --
Icle Icle 2083 4547 111,41 1.33 0.54 --
J79-GE-1087 CFakeoll | Atieroumer 8333 082 Thass  as1 054 443
Ge Climpouwt  75% Thrust 126.30 1.60 2.74 8.26 0.54 --
Approach 3% Thrust 87.03 294 20Ca 423 0.54 950
Icle Idle 20.83 39.19 111,41 1.33 0584 1873
BsgE2 T Takeoft Military  48.17 645 2izs a0 0S4 --
Ge limbaut Mititary 4817 0.48 2158 6.40 0.54 --
Appreach  75% Thrust 35.92 Q.64 28.38 567 0.54 -~
Icle ldle 9.33 11.88 111.€8 3.68 0.54 --
J85-GE27 Takeoff Military  48.17 045 2185 640 054  --
Ge Ciimpout 75% 3592 064 28 38 5.67 0.54 - -
Appreach 30% 17.42 2.40 65.23 402 Q.54 --
Igle Gridle 9.33 11.86 111.88 368 0.54 -
Wiataw T Taact  Awsoumer 700007 e s 0sd -
Gt limbout Military 53.33 0.2% 21.58 s.co 0.54 -~
Approach 85% 20.00 2.58 46 25 292 054 - -
Icle idle 8.67 24 25 159 .CC 1.2% 0.54 - -
Tsa-Ge-s«  Clmoowt 0% 1477 079 584 722 054 09Cs
Ge Aporoach 50% 14 77 Q.79 884 7.22 0.54 Q%G
1dle Icle 222 96.99 169.17 1.50 084 075
Tse-GESF "Clmbout  Maxcent. 1142 ‘85 1285 450 054
Ge Apprcach  Apgroach 968 1.30 17.28 4.47 054
icle Idle 220 151.34 178.42 1.43 0.54
T58-GE-8F7 Takeclf ‘Takeoft  13.10 0.40 9Cc3 547 054 -
Ge Climbout  Apgroach 968 1.12 17 23 447 0.54
Appreach Cruis2 10 45 0.80 1413 : 468 0.54
ldle Idle 2.20 130.42 178.44 1.43 054
FeREEETTTTT T Takeot T My 700 132773 a0 054 -
GE Climoout 5% Norma! 1299 0.63 10.88 9.47 0.54 -
Acproach 60% Normal 1093 0.38 14.86 | 788 0.54
lcle Gradle 250 40.91 139.73 3.03 0.54 -
y |
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TABLE 5-7:

Modal Emission Rates
— Military Aircraft Enginesl —
Continued
Mocai - Series
Manuiaciurer? Power Fuel Emissicn Rates Paric-
Ratec Cry Cutout Moce Setling Fiow HC co NOy 23 uae
(1030 '35 Thrust) {Ibsmin) — los ser 1000 Ibs —
T64-GE-587 Takeoif Max.czni 23.80 ) 120 10.11 s34 -
Ge Climoout Military 22.83 0.51 187 380 l34 -
Apgrcach 75% ¢ 17.72 0.41 427 730 i --
iale icie 5.35 13.24 57.27 2.75 i --
T8a-Gza137 Takeclf  Maximum  28.63 0.27 04 1142 zzalC
Ge limbout Intermediate 27 88 0.34 067 10.92 4 - -
Apgoroach 79% R~z 21.45 0.35 194 8.5« S .-
Icle lcia 433 1728 5183 282 s - -
T64-GE-4157  Takeoll  Maxcatez 3342 018 1e7 1083 13 -
Ge Ciimgout Miiitary 31.93 0.28 1.29 9.¢9 zie --
Approach 78% 24.88 0.13 2.1C 802 lis -
Icle Icle 4.48 24.35 7433 2.12 l3d --
T64-GZ-415 Climscut Miltay 31,93 0.33 126 9% i L
GE Approach 75% rc 24.88 V] 2.1C 403 il --
Icie Icla 4.48 28.25 7433 2.12 il --
Th34 G2 2007 Taeof! | Miey 633 0307 ses 7si sz
GE imbout 75% rgm 7.67 2.63 33.57 3.42 l32 6.8510
icle Icle 8.08 14 99 90.98 1.69 T34 3280
TF34-G2-400 Takecff Military  63.33 0.39 595 751 Iz4 oo
GE Climbout Military 63.33 0.3% 585 7 51 234 -
Approach Military 63.33 .29 5.85 7.51 lza ~--
Icle lcie 8C8 17.40 90 98 169 23 -
T76.G-12A7  Climboul  Mitary  8.37 005 183 71 --
Gn Approach High icle 353 §.13 2459 4.50 --
Icle Gr.star 30 10.21 28 29 4.30 --
T76-G-124 Takecff Military 6.37 0.C6 1689 71 -
Grt Climbout Military 6.37 1.69 7.18 - -
Acproach High ic'e 383 2458 4.50 --
Icle High icia 3.53 24 29 4.50 --
lale Gr.sian 300 28.33 4.30 --
TFE 72 ?”-éé. Takéoff ) 100% 27.12 139 15.25 --
Gnt C:im'qoul 85% 2288 203 13.08 --
3.51 Appraach 30% 886 22.38 580 --
ldle 7% 317 58.8C 2.52 --
T83.L1107 7 Takeelt  Takee* 1150 388 775 o3¢ -
Lyc Climecut Military 11.42 334 834 o --
Agproach  Nor.ratec 1078 6.83 643 Z3a -
Idle Fi.lcle 3.70 37.79 2.53 c3d - -
cle Gr idle 2.42 31.51 158 C3e -
T83.L.1:0 | Takeoff  TakeoH | 11.50 388 775 cI: ..
Lyc Climbout Military 1142 334 634 PR-T --
Approcach  Noer.ratec 10.78 6.83 6.43 c.i32 --
Idle Flicle 3.70 37.79 2583 C3- ~-
Idle Gr.lgle 242 3158 1.58 s --
Ly
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TABLE 5-7:

Modal Emission Rates
— Military Aircraft Enginest —
Continued
Model - Series
Manufaciurerz Power Fuel Emission Fales Parzc.
Rated Cry Qulout Mocz Selling Fiow HC co NCx 303 dae
(1000 lbs Thrust) ({brrun) — bs per 1000 ibs —
F100-PW-1004 Takect! Military 736.67 0.10 85.10 18.50 0S4 0CC::
P&W Climecut 85% 173.33 005 1.80 44 CO Q.54 0.3
Apprcacn 30% 50.00 0.60 3.0 11.00 0.54 0.33n
Idle \dle 17 67 2.26 18.34 3% 0.3¢ QCon
F101DFS Takecif Military 167 88 010 090 1983 084  --
PEW Climzcut Military 167 88 0.10 Q.90 19 83 0.5 -
Acpreach 75% Thrust 1€9.77 0.20 0.90 12.04 054 -
icle Idle 14 .45 4.10 442 2.58 054 --
Js2-pesr Takecit Military  105.47 033 301 9o cse 778
PAW Climpcut  75% Thrust 66.28 0.65 6.00 584 0354 1343
Appreacn 300CisThrust 38.35 0.82 16.57 3N 054 --
Icle Icle 11,90 2388 86.37 207 0.54 1984
Js2.p887 Takec! Military 12283 093 o071 1305 054 -
PRW Climgeut  75% Thrust 72.00 0.58 300 10.3C 0.54 --
Approacn 300CIEsThrust 38.33 1.72 10.54 68,34 0.54 --
|dle ldle 11.33 42.20 63.78 1.79 0.54 -
Js2.p8s Takecit Miitary  122.83 1.08 071 1305 054  --
P&W Climbout Nor.rated 102.17 0.69 0.87 12.13 0.54 --
Apprcach  75% Thrust 7200 067 3.00 10.10 0.54 --
Idle Idle 11.33 48.96 63.78 1.78 0.54 -
Js2-pacer T Takeott Miitary 15798 057 Ttar Ti232 0s4 --
PawW Climbecut  Intermed 2 95.87 0.67 3.18 8.38 0.54 --
Apprcach  Inlermed 1 42.45 1.40 11.12 6.17 0.54 --
Idle Idle 12.98 2833 55.96 2.38 0.54
s7P0 Takectt Military 13950 1.00 116 1037 054  --
P&AW limbout Military 139.5C 1.00 1.16 10.37 C.54 -
Apprcach  75% Thrust 94.50 0.88 3.21 7.40 0.54 --
Icle Idle 18.33 112.10 8C.52 187 0.54 --
J57-PC? Takecif Miltary  139.50 0.86 196 1037 054 --
P&W Climbaoul Nerrated  120.83 1.00 1.79 3.00 c54 --
Approach 75% Thrust 94.50 Q.76 a2 7.4¢ 0.54 -~
Idle Idte 18.33 S5 .60 §0.52 1.87 0.54 --
J57-P420 “Takectt  Afteroumer 86202 ‘284 1a2¢ 5.6 084 --
PAW Climpout  75% Thrust 96.12 1.09 432 6359 Q.54 --
Approach 30% Thrust 55688 4.54 14 83 4.45 054 -
Idle Idle 2203 76.46 80.74 1.53 0.54 -
JTED-90A8 ‘Takeoff 100% 13757 0.47 124 1792 08¢ --
Pa&wW Climoout B5% 11191 0.47 1.66 14.21 0.54 - -
145 Approach 0% 39.42 1.73 8.43 5.64 0.54 --
Idle 7% 17.46 10.00 3450 2.90 ) 0.54 --
JTOD-7R4G28 Takecit 100% 32130 018 074 4130 : 054  --
P&EW Ciimbout 85% 248 .68 0.14 0.63 32.10 054 --
53.84 Approach 30% 8717 0.18 1.40 8.80 0.54 --
Idle 7% 29.62 1.55 11.82 3.80 0.54 --
y )
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TABLE 5-7:
Modal Emission Rates
— Military Aircraft Enginest!
— Continued —

Moagcel - Seres

Manuiaciurarz Fwer Fuel Smission Rales Partic-
Ratea Cry Quisut Moce Seting Fiow =C NCx ST uiaie
{1000 ics Thrusy Ukiminy — ibs per 100G Ips —
TR3C-7-8C7 Takzcif Miitary 11167 0.91 185 1328 Gz« --
PaAW Climcout  75% Thrust 58.33 Q.54 475 7.38 C3e -
Apcrcach  30% Thrust 33.83 1.84 14 87 477 3 --
Icle idle 11.17 12.92 7C.58 2.C3 s --
TF3C-P.a124 Takecit  Altercumer  796.67 o2 w079 a7 oz L
PAW Cimzout Miitary 117530 Q.77 138 1980 .24 2682
Apgrcach  75% Thrust 71867 1.48 343  10.74 C2: 79912
lcte lcle 15.33 36.45 33.60 3.22 C3: ggenz
TF33-P-2/8/74 Takaci Aftercumer "68.32 0.30 130 1100 c3: 3005
PAW Ciimzcut Mitary 12208 0.4C 1.80 gQCc Cze 1200
Apcrcach 85% 83.28 3.79 e R0 7.3¢ 231 13965
icle idle 14.1Q 91.96 €8.53 1.77 C.34 5.208
Dart Rtar+ " Takeci Mitary 2348 621 340 802 o3 IC
AR Climzeut 95% Q.80 1.72 3.41 4.:8 Cia --
Apcreach 3% 10.7% 0.00 33.30 Q.88 C:- -
Icle icle 6.85 62.09 a91.51 Q.73 S22 --
Fa02 Takecif 100% 17853 0.41 270 1as0 oz L
AR Ciimezout i00% 178.53 0.41 270 1480 C3e --
Apgroacn 85% 103.10 0.73 8.20 8.co Css -
idle Idlg 18.85 18.80 108.30 1.7C cz: --
Fagz? ' Takectt 100% 7853 0.40 270 1480 C3:  --
AR Climeeut 85% '03.10 0.70 8.20 8.00 c.z2 -
Icle Icle 18.95 18.80 106.30 1.7C C3:s --
JGSWSFT ST Takecit ' .Miiiiary 115.77  oe1 531 523 C3a --
W Climgou! 8CC0 rom 29.50 0.72 7.39 571 Cd --
Approcacn 7450 mom 72.83 095 12.61 730 s --
e Icle 22.00 Q.78 47.18 2.¢8 o --
R-1820 Takagif IRP 19.43 94 68 83173 1.72 cza --
W Climzout iRP 14.37 48 49 23503 2.29 ci4 --
Apgreach  75% M/C 5.38 557 38233 8.50 g3 --
Icle iala 148 150,56 474.16 QLG gz --
1 Sourca: Exgmple of an Air S3ca 4 Scurce of cziais AP-42 (Relarence 1). 3 Inciuces all "congensas e sarliculates.”

Emiccinne invaninmy fer e Cannny ~f

Sap Dieco (1987 {Relerence 15) uniess

otherwise noted.

Nirogen oxises reported as NOz. HC
refers 10 (Gta Avdrocarbons (Volatle
erganics. inc:uging unburned hydrocar-
bens and orzanie pyralysis srocucts).

and thus may e much migrer than solid
particulates alone. Caia are interpolated
values assumea for saic::ational pur-
peses. n ‘he acsence 2 exsenmental

2 MANUFACTURERS. o €
Ail. - Allison, Can - TeledynesContrental, § Inciudes ail "sandensable paruculates”, dais (Reference 1).
CP - United Aircraft of Canada, GE - anc nus mav Se much higher than solid 10 Paryculate cata refers o ~=23.GE-400A
General Slecine. Gri - Garrell paruculates aione {Reference 1). engine.
AiResearch. Lyc - Aveollycoming, PAW g goree of maiais FAA airerall En 11 Particulates refer 1o dry caruculates onty
- Prait & Whitney, RR - Rells-Royce. W - Emssion Dasnase (Feference 14), (Referenca 1.
Curlis Wright

s ) 7 Scurce of ¢aa s Summany Tablas of 12 Source ¢f Paruculale ¢z2a s Table 4
3 80zaemissions based on nalional aver- Gaseous arz Fartcylaie Emiggions irom Pariiculate Mass Emiss<rs From the TF.

aga sulfur cantent of aviation fuels from

Aizgrafl Eac-ag (Relerence 18).

30-P-4148 Engine. Sym~z~ Tatles of

Ayianen Turice Fueis, 1989 (Relerence o
23) ( 8 Source of caia s [CAQ Engine Exhayst : S Particuiare Zmissions from

- Smssiers Tzanae (Referenca 13). digran Sogros. (Refererca 18).
LY
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same as that used for both commercial and general aviadon. The calculadions for each subse-
quent step follow.

Adjust Approach and Climbout TTM to Represent Local Conditions

TIMapp-m = 4* (H/3000) (5-9)
TIMm-m = 1.4 * [(H-500)/2500] (3-10)
TIM,pp-m - time in the approach mode for military aircraft, in minutes

TIMm-M - time in the climbout mode for military aircraft, in minutes
(assumes transition from takeoff to climbout occurs at 500 feez)

H - mixing height used in air quality modeling for time and region of
interest

Calculate Emissions for Each Aircraft Type
Ej = Z(TIMp * (FF}1/1000) * (El = (NEp (5-11)

Ej

fl

total emissions of pollurant i, in pounds, produced by aircraft type |
for one LTO cycle

TIMj - dmein mode for mode k, in minutes, for aircraft type j

FFi

fuel flow for mode k, in pounds per minute, for each engine used
on aircraft type j (from Table 5-7)

Elx - emission index for pollurant i, in pounds of pollutant per one thou-
sand pounds of fuel, in mode k for aircraft type j (from Table 5-7)

NE; - number of engines used on aircraft type j (from Table 5-6)

Calculate Total Emissions for All Military Aircraft
2 (Ep) " (LTG) (5-12)

ETiv

ETiop - total emissions of pollutant i, in pounds, produced by all military
aircraft operating in the region of interest (where j covers the range
of milirary aircraft operating in the area)

LTO; - total number of LTO cycles for aircraft type j, during the inventory
period

After completing the emissions inventory for military aircraft, the overall inventory is com-
plete, made up of emissions from commercial, general aviation, and military aircraft. The final

y
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three sections of the report address changes to the inventory due to alternative operating prac-
tices, addition of minor emission sources, and changes to the aircraft fleet in the future.

5.3 Variations To The Inventory Calculation Procedure

There are several variations to the basic inventory procedure that can adjust the period cov-
ered by the inventory or address some operational procedures followed by some pilots or airlines
that affecr aircraft emissions. These adjustments o the invenrory are discussed in this secdon.

5.3.1 Variability of Activity - Daily and Seasonal

The caleulation procedure described in the methodology does not address daily or season-
alvariations. If the air quality modeling period requires emissions data that accounts for these
variations, certain adjustments must be made to the equadons. The daily or seasonal varia-
dons will be exhibited in LTOs, mixing height, and idle time, primarily idle-out.

The references for determining ITOs in Section 5.2 give data on an annual basis and adjust-
ment may be necessary to capture changes over ime. The frequency of LTOs at most civil air-
ports are reasonably uniform during daylight hours with lower activity during the night and uni-
form during week days with lower activity on the weekends, although some airports that cater to
recreational flying may show higher activity on weekend days. For most large urban airports, LTOs
are uniform on a monthly basis with a slight increase in activity during the summer, which typ-
ically is a ime of high travel, although some regions may attract more travelers during the win-
ter as a result of their climate. The seasonal variation in activity at smaller urban alrports or air-
ports that serve smaller cides may be more pronounced because of faczors that affect wavel on a
local basis such as tourism or seasonal business aczivity. Obrtaining specific information on daily
and seasonal variadon is difficult. The best source likely will be the airport operarors, many of
who keep some type of records of activity such as total number of LTOs, number of visitors/ pas-
sengers, number of cars using the parking lots, or some similar measure that may be representa-
tive of the daily or seasonal variation in use of the airport. Another source of information on the
daily and weekly variadon of LTOs is published flight schedules. These schedules can be reviewed
to evaluate the number of scheduled flights during daylight hours versus nighe-tume hours or
week day versus weekend. It would be difficult to use this source to evaluate seasonal variations.

Mixing height changes throughout the day and from season to season depending on mete-
orological conditions such as wind, cloud cover, temperature, and humidity. The adjustments
to the time in approach and climbout mode should be based on a weighted average of the mix-

.
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ing heights for the dme periods of interest, using variations in LTOs as the weighing factors. See
Section 5.2.2 for more information about determining the mixing heighr.

Taxi/idle time may vary in proportion to variations in LTOs because they are pardally a
function of airport congestion such that the greater number of LTOs the more likely thar air-
port congestion will increase the time for aircraft to taxi to the runway. The airlines’ schedul-
ing departments are the best sources of taxi/idle-time data and their projections typically show
daily variations estimated for a particular season. Airport operators also may have information
on tax/idle tirne variation during a day or from one season to another. Availability of this dat
will be highly variable.

5.3.2 Operational Activity that Affects Aircraft Emissions

There are variations to standard operating procedures which pilots follow that will affect the
aircraft’s emissions. Two examples, which may be found in commercial operations, are single-
engine taxiing and derated takeoff. Both of these procedures have the potendal to save fucl as
well as reduce emissions. Where detailed air quality modeling is being performed, these refinc-
ments may merit consideration. However, in most cases these procedures are performed at the
discretion of the pilots and their use may not be consistent or predictable.

5.3.2.1 Reduced Engine Taxiing - Single-engine taxiing or reduced-engine taxiing is, as
the name implies, taxiing with one or more engines shutdown. This is usually practiced during
taxi-out. An aircraft can taxi using a single engine at idle without significantdly increasing the
emissions of that engine since adequate power for taxi generally is available at idle power sct-
ting. The emissions reductions are equal to the calculared emissions of the engines that are
shurdown. The change to the calculation procedure to account for single-engine taxiing is
shown in Equation 5-13.

% (TIM) * (FFj/1000) * (ETgd * (NEjd (5-13)
E; - total emissions of pollutant i, in pounds, produced by aircraft type |
TIMjx - dmein mode for mode k, in minutes, for aircraft type j

FFj - fuel flow for mode k, in pounds per minute, for each engine used
on aircraft type j (from Table 5-4)

Eljx - emission index for pollutant i, in pounds of pollutant per one thou-
sand pounds of fuel, in mode k for aircraft type j (from Table 5-4)

NEj - number of engines used on aircraft type j, for mode k
{(from Table 5-2)

y )
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NE for the taxi/idle-out mode would be the number of engines actually used rather than the
number on engines shown in Table 5-2.

5.3.2.2 Derated Take—off - A derated take—off is a procedure wheze the pilot sets the
throttle for takeoff ar less than 100%. The derated throttle setdng is dezermined based on
worst-case operating conditions, ie., performance of the aircraft as though it were at maxi-
mum weight on a hotday. In some cases this may allow a takeoff throtde secting of 90% or less.
To adjust the emissions calculations to account for this change, engine manufacrurers recom-
mend a linear interpolation between the takeoff and climbout fuei flow rates and emission fac-
tors. Information on the degree and frequency of derating for takeoff should be collecsed direcs-
ly from the airlines.

Other operational factors may affect engine exhaust emissions, such as the use of Al throt-
te, reverse thrust to decelerate the aircraft during landing. These effects may also be significant
and are being evaluated by EPA. Any addidonal information on operational factors will be
included in the next update to AP-42,

5.3.3 Particulate Emissions

As mentioned in Section 5.1.1.2, very few measurements have been made of particulare
emissions from aircraft engines. However, for most turbine engines, EPA does limit the amount
of smoke that may be emitted. This limit is specified as a smoke number. Arttempts have been
made to derive a correlation between smoke and particulares which could be used to creaze a par-
ticulate emission index based on smoke number. Thus far, these etforts do not march experi-
mental results very closely. If pardculates are of concern for the inventory area it may be of
help to discuss the issue further with the engine manufacturers or the FAA Ofice of Environment
and Energy.

5.4 Other Emission Sources

When large aircraft are on the ground with their engines shutdown they need power and pre-
conditioned air to maintain the aircraft’s operability. If a ground-based power and air source is
unavailable, an auxiliary power unit (APU), which is part of the aircraft, is operated. These units
are essentially small jet engines which generate clectricity and compressed air. They burn jet fucl
and generate exhaust emissions like larger engines. In use, APUs essentally run ar full throt-
te. Emission factors for some APUs used by the military are included in Table 5~8 and are rep-
resenradve of, or the same as, those used by commcrcial airlines. It will be necessary to contact
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TaBLE 5-8:
Modal Emission Rates - Auxiliary Power Units!
Fuei Flow Erissicn Rates (1271000 Ib)

Mccel-Series Moce (le/min) HC Cco NOx  SQz
GTC8s-72 1.75 538 37.43 3.28 0.54
3.50 0.3 14.83 3.88 g.5¢
GTCP1C0-54 NeLoad .. 3.75 161 12.¢8 6.32 0.54
LBE e 6.88 0.18 5.89 595 0.5¢

GTPCa5-2 NCLoal e 2.18 2.18 18.73 439 0.2
o T=To USSR USP PP 488 C.zg 3.20 5.65 0.2¢
T-827-27 No bLoad .o 0.83 2.3¢6 29.83 5.31 C3e
LCad e 1.70 7.79 42.77 3.94 Q.c4
WR27-1 NE Load oo 2.33 0.eC 3.48 2.13 054
LCEQ it 2.33 0.21 S.88 4.63 0.2+

1 Source:

the airlines directly to find out whether APUs are used regularly at a specific airport and, if so,
how long an aircraft is expected to stay at a gate with the APU running.

For general aviation aircraft, there are evaporative emissions that result from refueling and
fuel spillage. Emissions also occur from preflight checks of the aircraft and diurnal temperature
cvcles thart cause the fuel tanks to vent. Refueling emissions are addressed in Volume 1, Section
5.4.1. EPA is continuing to evaluare the other emission sources and may provide information
in the next update to AP-42.

5.5 Effect Of Future Changes To The Fleet

Airlines continually acquire newer aircraft, gradually phasing out older models. While
commercial aircraft often remain in service for more than 25 years, over time, this process phas-
es out the aircraft using engines that do not meet EPA’s hydrocarbon emission standard. The
current world aircraft fleet averages 12.4 years old according to the 1990 World Jet Inventory
published by the Boeing Corporation (Reference 24). Significant among the older aircrafr are
engines that do not meet the EPA standard such as the Spey MK511 and older JT8Ds and
CF6-50s. The JT8Ds and CF6-50s are prevalent on B-727s, DC-9s, and DC-10s, many near-
ly 20 years old. As new aircraftare added to the fleet the older aircraft are the most likely to be
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redred. The effect is one of replacing older, dirty engines with newer engines en the new air-
craft that are much cleaner from an emissions standpoint. Airport noise regulaticrs also are forc-
ing changes to the commercial aircraft fleer. Nadonal noise regulations which were recently
passed by Congress are forcing airlines to phase out use of loud aircraft by 2CCG. This can be
accomplished by retiring the loud, older aircraft, replacing their engines with newer, quieter
ones, or modifying the er.gines to muffle the noise. The first two alternatives rasult in aircratt
with reduced emissions. Because this legislation is so new, the airlines are yet o Zormulate spe-
cific plans meeting the requirements. However, as the equipment is updated, the changes to the
flezr will be reflected in FAA's reports on aircraft activiy. Since there is a significant engineer-
ing and development leadtime for producing new aircraft engines, most of the s3mmercial air-

crart to be added to the fleet in the next five to seven years will be powered by 2ngines that are
included in Tables 5-2, 5-3 and 5-4.

Since specific plans to upgrade their fleets have not been announced recently v the airlines,
it is difficulr to project what future changes will be and how they will effect tne inventory of
emissions for all locations. Some carriers will update their fleets more quickly than others so there
may be changes that can be captured on an area specific basis. If itis desirable to zroject changes
to the inventory for this source category, the predominant airlines for the airports included in the
inventory area should be contacted for their specific plans. EPA is continuing to look at betrer
data sources and methods for projecdng changes to aircraft fleet emissions.

Another change that will affect future emissions from aircraft is the growtX in travel. Air
travel has experienced strong growth over the past several years and this growsh is expected to
continue for the foreseeable future. Many existing airports are near capacity and others will
reach their capacity limits in the near furure. This will have owo effects: air affic at small
teecer airports and regional hubs will grow and the current major hubs will experience additional
congestion. The net effect these changes will have on air quality is unclear. Increased conges-
tien at some airports will increase taxi/idle times but the expanded use of smalle- airports may
relieve congestion at others.
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Appendix B

FAA Advisory
Circular
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Ground Operational Procedures
For Aircraft Engine

Emission Reduction And

Fuel Conservation

A
AIR POLLUTION MITIGATION MEASURES %
FORAIRPORTS AND ASSOCIATED ACTIVITY =——————=" 7%




o

y ]

AR Porrurion Mrircorries VIEASURES
T FORAIRPORTS AND ASSOCUATED ACTIVITY




AC ND: 51-an

DATE: MARCH 12, 1974

 ADVISORY
' CIRCULAR

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

SUE]ECT' GROUND CPERATICNAL PROCIDURES FOR AIRCRAFT ENGINE DMISSION
° REDUCTICN AND FUEL CONSERVATION

1. PYRP0SE. This Advisory Circular recommends Bround operaticnal procedures
that will ainizize air pollution from airerafe ground operaticns and
censerve fuel,

1. BACKCACUND. The Clean Air Amendzents of 1970 directed the Adminis-
tracsr of the Eavirommental Protection Agency, afrer comsultacion with
the Secretary ©f Transportaticu, to aaf aircrsft emission standards.

The Azendments zlao require EPA to study airgraft emissions with

regard to their effect on health and welfare. As one result of this
study, EPA {ssued an Advance Notice of Proposed Rule Making proposing

to linit the number of engines used for taxi to and from the runwvay.
Cencurrently, the existing and projected shortfall of aviation fuel
required the analysis of fuel conservation messures by FAA. This szudy
also included the possidility of reducing the number of engines required
for taxi. Study estimaces indicated substancisl reducticns in carben
moncxide and hydrocardon emissions sre possible as well asz a significan:
fuel savings.

The FaA, EPA, ATA and ALPA {nvesti{gated the possibility of reducing

the number of operating engines onm turbojet aircrafc for the taxi and
grsund idle modes. As & consequence of this {nvesctigation, an oper-
ational evaluation was conducted at Atlanta Internazional Alrpers.

Test results led to the conclusion that operating fewer engines on
thre:- and four-engine turbojet aircraft {s in TANY cases feasible

vhen taxiing from the runway to the terminal after landings or during
proivacted holds, buc theuld pot be s mandatory Tequirement at any Cime.

3. RECOMMENDED PROCEDURES. Operators of three- and four-engine turbojet
_aiverafe should develop procedures for reducing emissions asnd fuel
usage and submi: them to FAA. The. folloving taxi and ground idle
procedures under the conditions and limitatioms judged appropriate
by the aircraft operator and the piloc-in-command sre recommended .

FAL Form 1320-7 12-1% susemseoes pagvious £01Tion Initiated by: AEQ-10
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Envirenmaental ProtecHon Agency

PART 87—CONTROL OF AIR POLLU-
TION FROM AIRCRAFT AND AIR-
CRAFT ENGINES

Subpart A—Generai Previtians

Sec.

87.1 Definitions.

87.2 Abbreviations,

87.3 General requirements.
87.4 (Reserved]

87.5 Special test procedurss,
87.8 Alrcraft safety.

87.7 Exemptlons.

Subpart 3—Engine Fuel Venting Emissions
(New ond ln-Use Alrarait Gas Turbine En-
gines)

87.10 Applcability.
87.11 Standard for [ue] venting exissions.

Subpart C—Exhourt Emitsiens (New Alrcraft
Gas Turbine Ingines)

87.20 Applicability.
§7.21 Standards for exhaust emissions.

Subpert D—Exhaust Emissiens {In-Usa Alrcreft
Gus Turbine Engines)

87.30 Applcability.
87.31 Standards for exhaust emissions.

Subperts 7 —{Reserved]

Svbpart G—Test Procadures fer Engine Exhaust
Gaseows Imisiens (Alrawft snd Alrgreft
Gas Turbine Ingines)

87.860 Intreduciion,

87.81 Turbine {ue!l specifications.

87.82 Test procedure (propulsion engines).

87.83 (Reserved]

87.64 Sampilng and analytical procedures
for messuring gaseous exhaust emis-
siona,

87.85-37.70 [Reserved]

87.71 Compliance with gaseous emission
standards,

Subpart H—Test Procsduras fer Engine Smeks
Emissiens (Alrcra®t Gas Turbine Engines)”

87.80 I[ntroduction.

§7.81 Puel specifications

87.82 Sampling and analytical procedures
{or measuring smoke exhaust emissions.

87.83—37.48 [Reserved]

87.89 Complance with smoke emission
standards,

Aurmoarry: Secx. 231, 30I(a). Clean Alr
Act, ax amended (42 US.C, 73T, T801(a)).

Somnce 47 FR 58470, Dec. 30, 1982, unless
ctherwise ooted.

§87.1

Subpart A—Ganeral Provisions
#87.1 Deflnitions.

(a) As used In this part, al} ter—s ==t
deflned herein shall have the meaz:.nz
given them in the Act;

“Act” means the Clean Air Ac: as
amended (42 U.S.C. 7401 et seq.).

“Administrator” means the Adminis-
trator of the Environmental Prosec-
tlon Agency and any other officer sr
employee of the Environmental Pro-
tection Agency to whom authority in-
volved may be delegatad.

"Aircraft” means any airplane for
which & U.S8. standard airworthinass
certificate or equivalent foreign a.-
worthiness certificate s issued.

“Alrcraft engine” means a propul-
sion engine which is installed in 31
which (s manufactured for installasizn
in an alrcraft.

“Alrcraft gas turbine engine” means
a turboprop, turbofan, or turbojet ai=-
craft engine.

“Class TP means all aireraft turso-
prop engines.

“Class TF” means all turbofan c¢r
turbojet alrcraft engines excegt en-
gines of Class T3, T3, and TSS.

“Clazs T3” means all aireraft gas
turbine engines of the JTID mcdel
farily.

“Clazs T3§" means all aircraft 3
turbine engines of the JT8D moccel
farmily.

“Class TSS" means all airemaft gas
turbine engines employed for propul.
sion of aircraft designed to operale a:
supersanic flight speeds.

“Commercial aircraft engine” meazs
any aireraft engine used or intended
for use by an “air carrier,” (inclucdi=g
those engaged In "intrastate air trans-
porzation™) or a "commercial opers-
tor’” (Including those engaged n
“intrastate air transportation'’) as
these terms are defined (n the Fadersl
Aviation Act and the Federal Aviation
Regulations.

“Commercial aircraft gas turbize
engine' means a turboprop, turbofan,
or turbojet commercial aireralt
engine.

“Emission measurement systex=”
means al]l of the equipment necessary
to transport and measure the level of
emissions. This includes the sample
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§87.2
systam and the Instrumentation
system.

“Engire Model” means all commer-
clal airesaft turbine engines which are
of the zame general series, displace-
ment, and design charscteristics and
sre usually approved under the same
type certificate.

“Pxhaust emissions” means 3sub-
stances emitted to the atmosphere
{rom the exhauvst discharge nozzle of
an aircraft or alrcraft engine.

“Fuel venting emissions” means raw
fuel, exclusive of hydrocarbons in the
exhaust emissions, discharged from
aircraft gas turbine engines during all
normal ground ard flight operations.

“In-use sireraft gas turbine engine”
means an aircraft gas turbine engine
which is {n service.

*New aircraft turbine engine' means
an aircralt gas turbine engine which
has never been I service.

“Power setting” means the power or
thrust output of an engine in terms of
xilonewtons thrust for turbojet and
turbofan engines and shaft power In
terms of kilowarts for turboprop en-
gines.

“Rated output (rO)" meatis the max-
imum power/thrust available for take-
off at standard day conditions as ap-
proved f{or the engine by the Federal
Aviation Administration, Including
reheat contribution where applicable,
but excludirg any contribution due to
water injection.

“Rated pressure ratio (rPR)" means
the ratio between the combustor inlet
pressure and the engine inlet pressure
achieved by an engine operating at
rated output.

*Sampie system' means the system
which provides for the transportation
of the gaseous emission sample {rom
the sample probe to the iniet of the in-
strumentation syster.

“Secratary” means the Secretary of
Transportation and any other officer
or employee of the Department of
Transportation 1o whom the authority
involved may be delegated,

“Shait power” means only the meas-
ured shaft power output of a turbo-
prop engine.

“Smoke” mewns the matier in ex-
haust emissions which obscures the
transmizsion of light.

40 CFR Ch. | (7-1-90 Editan)

“Smoke number (SN)” means the di-
mensionless term quantifying smoke
emissions.

“Standard day conditions” means
standard ambient conditions as de-
scribed In the United States Standard
Atmosphere, 1978, (Le., Temperature
=15°C, speciflc humidity =0.00 kg/
H,0/kxg dry air, and pressure =101325
Pa.)

“Taxi/idle (in)"” meanrs thoae aircraft
operations involving taxi and idle be-
tween the time of landing roll-out and
final shutdewn of all propulsion en.

es,

“Taxi/idle (out)” means those air-
craft operations involving taxi and idle
between the time of initial starting of
the propulsion engine(s) used for the
taxi and turn on to duty runway.

(47 FR 58470, Dec. 30, 1982, as arended at
49 FR 31875, Aug. 9, 1984]

§872 Abbreviationa,

The abbreviations used in this part
have the following meanings in both
upper and lower case:

FAA Federal Aviation Administra-
tion, Department of Transportation.

HC Hydrocarbon(s).

hr. Eour(s).

LTO Landing takeof!

min. Minute(s).

rO Rated ocutput.

rPR Rated pressure ratio.

sec. Seconds.

8P Shalit power,

SN Smoke number.

T Temperature, degrees Eelvin,

TIM Time in mode.

W Wattis).

* Degree.

% Percent.

{47 FR 58470, Dec. 30, 1982, a8 amended 3t
49 FR 31875, Aug. 9, 1984)

§ 873 General requirements.

(a) This part provides for the aP-
proval or acceptance by the A :
trator or the Secretary of testing and
sampling methods, analytical, tech:
niques, and related equipment not
identical to those specifled In this
part. Before sither approves or accepls
any such alternate, equivalent, or otb:
erwise nonidentical procedures o
equipment, the Administrator or th¢
Secretary shall consult with the otherl
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in determining w¥hether or not the
action requires rulemaking under sec-
(jons 231 and 232 of the Clean Alr Aet,
as amended, consistent with the Ad-
ministrator’'s and the Secretary’s re-
sponsitilities urcer sections 231 and
232 of the Act. (42 U.S.C, 7571, 7572

(b) Under section 232 of the Act, the
Secretary issues regulations to insure
compliance with this part.

(¢} Wlith respect to aircraft of for-
eign registry, these regulaiions shall
apply n 8 manner consisten: with any
obligation assurmed by the United
States [n any treaty, convention or
ggreement between the United States
and any foreign country or foreign
countries.

§87.4 [Reserved]

187.5 Special test procedures,

The Administrator or the Secrstary
may, upon written application by a
manufacturer or operator of aircraft
or alrcraft engines, approve test proce-
dures for any alrcraft or alreraft
engine that is not susceptible to satis-
factory testing by the procedures set
forth herein. Prior to taking action on
any such application. the Administra-
tor or the Secretary shall consult with
the other.

§87.6 Alreraft safety.

The provisions of this pars will be re-
vised If at any time the Secretary de-
termines that an emlssion standard
cannot bte met within the specifled
time without cresting s safety hazard,

§87.7 Exemptions.

(a) Eremptions dayed on lights for
short durations at infrequent inter-

vals, The emission standards of this .

part do not apply to engines which
power alreraft operated {n the United
States for short durations at infre-
quent intervals. Such operations are
l{mited to: )

(1) Flights of an aircraft for the pur.
pose of export to a foreign country, in-
cluding any {lights essential to demon-
strate the Integrity of an aircraft prior
to its flight to a point outside the
United States.

(2) Flights to a base where repalrs,
alterations or maintenance are to be
performed, or to a point of storage,

§47.7

and flights for the purpose of retum.
{ng an aircraft to service.

(3) Official visits by representatives
of {oreign governments.

{4) Other flights the Secrstary de-
termines, after consultation with the
Adminigtrator, to be for short dura-
tions at infrequent intervals. A reguest
for such a determination shall be
made before the flight takes place.

(b) Exemptions for very low produc-
tian models The emissions standards
of this part de not apply to engines of
very low total production after the
date of applicability. For the purcose
of this part, “very low production” is
lUmited to & maximum total produc.
tion for United States civil aviaticn ap-
plications of no more than 200 units
covered by the same type cartificate
after January 1, 1984.

(1) A maximum annual produciion
rate after January 1, 1984 of 20 units
co\éered by the same type certificace;
an. -

(2) A maximum total production
after January 1, 1984 of 200 units cov-
ersd by the same type certificate.

(c) Ezemptions for New Engines in
Other Categories. The emissions stand-
ards of this part do not apply to en-
gines for which the Secretary deter-
mines, with the concurrence of the Ad-
mintstrator, that application of any
standard under § 87.21 la not justified.
based upon consideration of:

(1) Adverse economic lmpact on the
manufacturer,

(2) Adverse economlic mpact on the
aircraft and airline industries at large.

(3) Equity in administericg the
standards among all economically
competing parties.

(4) Public health and welfare effects.

(3) Other factors which the Secre-
tary, after consultation with the Ad-
ministrator. may deem relevant to the
case |n question.

(d) Time Limited Exzemptions for In
Use Engines. The emissions standards
of this part do not apply to alrcraft or
aircraft engines for tine periods which
the Secretary determines, with the
concwrrence of the Administrator,
that any applcable standard under
§87.11(a)., §87.31(a), or §381.3ltc),
should not be applied based upon con-
stderation of the foilowing:

851

AIR POLLUTION MritriioN VEASURES

LY

FORAIRPORTS AND ASSOCIATED ACTIVITY

C-3

—_—



§87.10

(1) Documentation demonstrating
that all good faith elforts to achieve
compilance with such standard have
been made.

(2) Docwmentation demonstrating

that the nability to comply with auch
standard i{s due to circumstances
beyond the control of the owner or op-
erator of the aircraft,
* (3) A plan in which the owner or op-
erator of the aircraft ahows that he
will achieve compliance in the shortest
time which is feasible.

(4) Applications for & determination
thst any requirements of §87.11(a)
§ 87.3%s) or §3873Ue do not apply
shall be submitted in duplicate to the
Secretary (n accordance with proce-
dures sstablished by the Secretary.

(e) The Secretary snall publish In
the FrormaL RIcISTIR the name of the
organization to whom exemptions are
granted and the period of such exemp-
tions.

(f) No state or political subdivision
thereof may attempt to enforce a
standard respecting erissions {from an
aircraft or engine If such aireraft or
engine has been exempted from such
standard under this part.

[4T FR 52470, Dec. 30. 1982, 13 amended at
49 FR 31875, Aug. 9, 1984 48 FR 41002, Oct.
18, 1984}

Subpart 3—Engine Fusl Venting Emis-
sions (New and In-Use Alrcraft
Gas Turbine Engines)

§87.10 Applicability.

(a) The provisions of this subpart
are applicable to all new aircraft gas
turbines of classes T3, T8, TSS and TF
equal to or greater than 38 kilcnewton
rated output. rmanufactured on oOr
after January 1. 1974, and to all in-use
alreraft gas turbine engines of classes
T3, T8, TSS and TF equal to or great-
er than 38 kilenewton rated output
manufactured after Februsry 1, 1874,

(b) The provisions of this subpart
are also spplicable to all new aircraft
gas turbineg of class TF less than 36
kxilonewton rated output and class TP
manufactured on or after January 1,
1975 and to all in-use aircraft gas tur-
bines of class TF leas than 36 kilonew-
ton rated output and class TP manu-
factursd after January 1, 1975,

40 CFR Ch. | (7-1-90 Edition)
{49 FR 41002, Oct. 18, 1984]

£87.11 Standard for fuel venting emis.
sions.

(&) No fuel venting emissions shall
be discharged Into the atmosphers
from any new or in-use aircraft gas
turbine engine subject to the subpart.
This paragraph s directed at the
elimination of Intentional discharge to
the atrmmosphers of fuel drained (rom
fuel nozzle manifolds after engines are
shut down and does not apply W
normal fuel seepage from shaft seals.
joints, and fittings.

(b) Conformity with the standard set
forth in paragraph (a) of this section
shall be determined by inspection of
the method designed to elimxinate
these emissions.

Subpart C—Exhaust Emissions (New
Aircraft Gas Turbine Engines)

§87.20 Applicability.

The provisions of this subpart are
applicable to all aircraft gas turbine
engines of the clazses specified begin-
ning on the dates specified.

§87.21 Standards for exhsust emissions.

(a) Exhaust emissions of smoke {rom
each new alrcraft gas turbine engine
of class T8 manufactured on or after
February 1, 1974, shall not exceed:
Smoke number of 30.

(b) Exhaust emissions of smoke from
each new alrcraft gas turbine engine
of class TF and of rated output of 129
kilonewtons thrust or greater, manu-
factured on or after January 1, 1976
shall not exceed:

SN =83.8(r0)"7¢ (r0 s in kilonewtons).

(c) Exhaust emission of smoke {rom
each new aircraft gas turbine engine
of class T3 manufactured on or aftef
January 1, 1978, shall not exceed:
Smoke number of 25.

(d) Gaseous exhaust emissions {rod?
each new commercial aircraft gas tur
bine engine that s manufactured on
or after January 1, 1984, shall not
exceed:

(1) Classes TF. T3, T8 engines equal
to or greater than 26.7 xilonewtons
rated cutput:
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Hydrocarhons: [5.8 grams/kilonewton
0.

{2) Class TSS:
Eydrocarbdons=~140(0.92)*® grams/ki-

lonewton ro.

(e) Smoke exhaust emissions from
each gas turbine engine of the classes
specified below shall not exceed:

(1) Class TF of rated output less
than 26.7 kilonewtons manufactured
on or aftar (one year from date of pub-
lication:

SN=383.8(re)"*P* (ro is In kilonewtons) not
to exceed 4 maximum of SN=50,

(2) Classes T3. T8, TSS and TF of
rated output equal to or greater than
28.7 kilonewtons manufactured on or
after January 1, 1984:

SN=83.8(ro)"**™ (ro s (n kilonewtons) not
to exceed & maximum of SN =54.

(3) Class TP of rated output equal to
or greater than 1,000 kilowatts manu-
factured on or after January 1, 1984:

SN =187(ro)"'% (1o i3 In kilowatts)

({) The standards set forth in para-
graphs (a), (b), (¢, (d), and (e) of this
section refer to 3 composite gaseous
emission sample representing the op-
erating cycles set forth In the applica-
ble sections of Subpart G of this pare,
and exhaust smoke emissions emitted
during operations of the engine as
specifled {n the applicable sections of
Subpart H of this part, measured and
calculated (n accordance with the pro-
cedures set {orth in those subpsarts.

(47 FR 58470, Dec. 30, 1982, as amended at
49 TR 31878, Aug. 9, 1584]

Svbpart D—Exhaust Emissions (In-use
Alrcratt Gas Turbine Engines)

§87.30 Applicability,

The provisions of this subpart are
applicable to all in-use aircraft gas tur-
bine engines certifled for operation
within the United States of the classes
specliled beginning on the datas speci-
fled. - :

§87.31 Standards for exhaust emissions.

{a) Exhaust emissions ¢f smoke {rom
each in-use alrcraft gas turbine engine
of Class T8, beginning February 1,

$87.50

1?’74. shall not exceed: Smoke number
of 30.

(5) Exhaust emissiops of smoka {from
each In.use aircraft gas turbine engine
of class TF and of rated cutput of 129
kilonewtons thrust or greater, begin.
ning January 1, 1976, shall not exceed:

SN=83.4(r0)"*™ (r0 iz {n kilonewtons).

(¢) The standards set forth in para-
graphs (a) and (b) of this section refer
to exnhaust smoke emissions amitted
during operations of the engine as
specified (n the appllcable saction of
Subpart H of this part, and measured
and calculated in accordance with the
procedures set forth In this subpart.

{47 FR §8470. Dec. 30. 1982, 13 wamernded at
48 R 1714, Jan. 20, 1983)

Subparts E-F-—{Reserved]

Subpart G—Test Procedurss for
Engine Exhaust Gassous Emis-
sions (Alreoft and Alrcraft Gas
Turbine Engines)

§87.80 Introduction.

(a) Except as provided under § 87.5.
the procecures described in thls sub-
part shall be the test program to de-
termine the conformity of new aircraft
gas turbine engines with the applica-
ble standards set forth in this part.

(b) The test consists of operating the
engine at prescribed power settings on
an engine dynamometer (for engines
producing primarilly shaft power) or
thrust measuring test stand (for en-
gines producing primarily thrust). The
exhaust gases generated during engine
operation are sampled continuously
for specific component analysis
through the analytical train.

(c} The exhaust emisgion test is de-
signed to measure hydrocarbons,
carbon monoxide and carbon dloxide
concentrations, and to determine mass
emissions through calculations during
a2 simulated aircraft landing-takeoff
cycle (LTQ). The LTO cycle Is based
on time (n mode data during high ac-
tivity perioda at major airports. The
test for propulsion engines consists of
a least the following four modes of
engine operation: Taxi/idle, takeoff,
climbout. and approach. The mass
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§ 87.61

emission for the modes are combined
to yield the repcried values.

(d) When an engine s tested for ex-
haust emissions on an engine dyna-
mometer or test stand, the complete
engine shall be used with all accesso-
ries which might reasonably be ex-
pected to Influence emissiocs to the
atmosphere installed and {unctioning,
{f not otherwise prohibited by
§ 87.62(aX2). Use of service air bleed
and shaft power extraction to power
auxiliary gearbox-mounted compo-
nents required to drive aircraft sys-
tems is not permitted.

(¢) Other gaseous emissions meas-
urement systems may be used {f shown
to yield equivalent results and if ap-
proved (n advance by the Administra-
tor or the Secretary.

[47 FR 58470, Dec. 10, 1582, a3 amended at
49 FR 31875, Aug. 9, 1884]

- 37.51 Turbine fuel apecifications.

For exhaust emissjon testing, fuel
meeting the specifications listed below
shall be used. Additives used for the
purpose of smoke suppression (such as
organometallic compounds) shall not
be present.

Property and Allowable Range af
Values

Specitic gravity at 15 *C: 0.78-0.82.

Distillation temperature, ‘'C: 10% boll-
ing point, 180-201; final boiling
point, 240-285.

Net heat of combustion, kJ/kg: 42.860-
43.500,

Aromatics, volume %: 15-20.

Naphthalenes, volume %: 1.0-3.0.

Smoke point, mm: 20-28,

Hydrogen, mass %: 13.4-14.0.

Sulfur, mass %. less than 0.3%.

Klnematic visecosity at =20 'C, mm/s:
4.0-6.5.

(49 FR 41002, Oct. 18, 1884]

§87.52 Test procedure
gines).

(aX1) The engine shall be tested in
esch of the following engine operating
modes which simuiate aircraft oper-
ation to determine its mass emission
rates. The actual power getting, when
corrected to standard day conditions,
should correspond to the {following
percentages of rated output. Analyti.

(propulsion en-

40 CFR Ch. | (7-1-90 Edition)

cal ¢orrection for variations [rom ref.
erence day conditions and minor vari-
ations in actusl power setting should
be specified and/or approved by the
Secretary:

100 toe | 100

" [ ] 85! 65
o | NA N ¢ 15
ACODIOMCNL .o rermaerrreaesssassren ] 30 0! M4

! Ses camgraoh (aN2! of the sscoon

(2) The taxi/idle cperating modes
shall be carried out at a power setting
of 7% rated thrust unless the Secre-
tary determines that the unigue char-
acteristics of an engine model under-
golng certification testing at 7% would
result in substantially different HC
emissions than if the engine model
were tested at the manufacturers rec-
ommended idle power setting. In such
cases the Secretary shall specify an al-
ternative test condition.

(3) The times in mode (TIM) shall
be as specified below:

Cass
Mode
TF. T3
™ | s | T

Tan/icse (rumtes). . ..we| 2.8 8.0 %0
X ] a7 12
2.5 22 20
N/A N/A 1.2
4“5 40 2.3

(b) Emissions testing shall be con-
ducted on warmed-up engines which
have achieved a steady operating tem-
perature,

£37.53 [Reserved]

§87.564¢ Sampling and analytical proce
dures for measuring gaseous exhaust
emissions.

The system and procedures {or sazi-
pling and measurement of gaseous
emissions shall be as specified by AD-
pendices 3 and 5 to ICAO Annex 186.
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Environmentai Protection Agency

Volume II. Alrcraft Engine Emissions,
First Edition, June 1981, which are in.
carporated herein by reference. This
document can be obtained f{rom the
Internaticnal Civil Aviation Orgzaniza-
tion. P.O. Box 400, Succursale: Place
de LrAviation Internationale, 1000
Sherbrooke Street West, Montreal,
Quebec, Canada H3IA 2R2 at $3.00 per
copy. It is also available for inspection
at the Qffice of the Federal Register
Information Center, Room 8301, 1100
L Street, N.W., Washington, D.C,
20408. This incorporation by refer=nce
was approved by the Director of the
Federal Register on Septemter 3,
1882. These materials are incerporated
a3 they exist on the date of the ap-
proval and a notice of any change in
these materials will be published (n
the PFrorraL RiIcIsTXR. Frequent
changes are not anticipated.

85 87.65~-87.70 ' [Reserved)

§87.71 Compliance with gaseous emission
standards,

Compliance with each gaseous emis-
slon standard by an alrcraft engine
shall be determined by comparing the
pollutant level in grams/kllonewton/
thrust/cycle or grams/kilowatt/cycle
as calculated in § 87.64 with the 2ppli-
cable emission standard under this
part.

Subpert H—Test Procsdures for
Engine Smoke Emissions (Alrcraft
Gas Turbine Engines)

§37.30 Introduction.

Except as provided under §87.5, the
procedurss described in this subpart
shall be the test program to determine
the conformity of new and in.use gas
turbine engines with the applicable
standards set forth {n this part. The
test (s essentially the same as that de-
scribed In §§87.80 through 87.562.
except that the test Is designied 10 de-
termine the smoke emission level at

various operating points representa- -

tive of engine usage in aireraft. Cther
smoke measurement systems may be
used {f shown to yleld equivalent re-
sults and {f approved In advance by
the Administrater or the Secretary.

§ 87.89

§37.81 Fuel specifications.

Fuel having specifications as provid-
ed In § 87.81 shall be used in smoke
emission testing.

§37.82 Sampling and anaiytical proce-
dures for measuring smoke exhaust
emissions.

The system and procedures for sam-
rling and mesasurement of smoke emis-
sions shall be a3 specified by Appendix
2. Volume II, Afrcraft Engine Emis-
sions to ICAQ Annex 16, Alrcraft
Ingine Emissions, First Idition. June.
1881. This document can be obtained
Irom the International Civil Aviation
Crganlzation. P.O. Box 400, Succur-
sale: Place de L'Aviation Internatio-
zale, 1000 Sherbrooke Street Waest,
Montreal. Quebec, Canada H3A 2R2 at
33.00 per copy. It is also available for
{nspection-at the Qfflce of the Federal
Register Information Center, Room
8301, 1100 L Street, N.W., Washington.
D.C. 10408..This incorporation by ref-
erence was approved by the Director
of the Federal Register on September
3. 1982, These materials are [ncorpe-
rated as they exist on the date of the
approval and 8 notice of any change in
these materials will be published in
the PFrormat Rzcistzr. Frequent
changes are not anticipated.

§487.83—37.33 [Reserved]

337.89 Compliance with smoke emission
standards.

CompHance with each smoke emis-
sion standard shall be determined by
comparing the plot of SN as a function
of power setting with the applicable
emission standard under this part.
The SN at every power setting must be
such that there Is a high degree of
confldence that the standard will not
be exceeded by any engine of the
=model being tasted. The level of confi-
dence required, a practical interpreta-
ticn of the requirement for total com-
pilance, and a testlng program Lo
assure compliance will be estabiished
by the Secretary prior to January 1.
1934, and shall be approved by the Ad-
ministrator. .

PARTS 88-99—[RESERVED]
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Federel Aviation Administration, DOT

Subpart K—High Density Traffic
Alrports

§93.121 Appllcability.

This subpart designates high density
trafflc airports and prescribes air traf-
tic rules for operating aircraft. other
than helicopters, to ar from those air.
ports.

(Amdt. 93-21, 3§ FR 18382, Oct. 24, 1970, as
amended 3y Amdt. $3-27, 38 FR 19464, Qct.
25, 19731 ’

§93.123 High density traffic sirports,

(a) Each of the following airports (s
designated as a nigh density traffic
airport and. except as providad in
§ 93.129 and paragraph (1) of thisg see-
tion, or urnless otherwise authorized by
ATC, Is limited to the hourly number
of allocated IFR operations (taksoffs
and landings) that may be reserved for
the specified classes of users flor that
airport:

II'R OrzRaTIONS PER HOTR

AIRPORT
Waa.
LaGuar- | MNew [

Clans of vear P ux | THuet? ’::"
sona) *
Al CRTWNE ..o L] 40 10 7
CoOmrmNer S . 14 10 -] 41
(=, S [ ] 10 - 10 12

JOHN F, KENNEDY

Ay

Come
COF- | o ory Cher
f-"ll

1500, u‘ 15 F
1800, T4 12 2

§9as
Jorn F. KENNEDY—Continued
M !
1700, © 13 1 ]
1800, 75 w2
1500 T2

3
'Wasiqn Nadoned ASDOrt aoerssons Me  sutwect 10
moorficanons

i
il
i il h
HAREHH
i el
1 s
ticd
il

(b) The following exceptions apply
to the allocations of reservations pre-
scribed in paragraph (a) Of this sec-
tion.

(1) The allocations of resevations
among the several classes of users do
not apply from 12 midnight to 6§ a.m.
local time, but the totala hourly limi-
tation remains applicable.

(2) (Reserved]

(3) The allocation of 37 IFR reserva-
tions per hour for alr carriers except
commuters at Washington National
Alrport does not include charter
flights, or other nonscheduled flights
of scheduled or supplemental air carri-
ers. These flights may be sonducted
without regard to the-limitation of 37
IFR reservations per hour.

{4) The allocation of [Z'R reserva-
tions for air carriers except commuters
2t LaGuardia, Newark, O'Hare, and

_.Washington National Airports does

not Include extra sections of scheduled
Nlights. The sllocation of IFR reserva-
tions for scheduled commuters at
Washington National Alrport dges not
include extra sections of scheduled
flights. These flights may be conduct-

ed without regard to the limitation °

upon the heurly IFR reservations at
those alrports.
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§$ 92125

(5) Any reservation allocated to. but
net taken by, afr carrier operations
(except commuters)-{s availadble for a
scheduled commuter operation.

(8) Any reservation allocated to, but
not taken by, air carrier operaticns
{except commuters) or scieduled com-
muter operations is available for other
cperations.

t¢) For purposes of this subpart—

(1) The number of operations allo-
cated to "air carriers except commut-
ers.” as used in paragraph (a) of this
section refers to the number of oper-
ations conducted by air carriers with
turboprop and reciprocating engine
aircraft having a certiflcated maxi-
mum passenger seating capacity of 75
or more or with turbojet powered alr-
craft having a certificated maximum
passenger seating capacity of %8 or
maoare, or. If used for caszo service in
air transportation, with any aircraft
having 2 maximum payload capacity
of 18,000 pounds or mote.

(2) The number of operations allo-
cated to "schieduled commuters,” as
used In paragraph (a) of this section.
refers t¢ the number cf operations
conducted by z&ir carriers with turbe-
prop and reciprocating engine alreraft
having a3 certificeted caximum pas-
senger seating capacity of less than 75
or by turbojet aircraft having a certifi.
cated maximum passenger seating ca-
pacity of less than 56. or, if used for
carge service in air transpertation,
with any sircraft havicg 2 maximum
payload capacity of less than 138,000
pounds.

{3) Notwithstanding the provisions
of paragraph (cX2) of this section. s
limited number of operations allocatad
for *“scheduled commuters” under
parsgraph (a) of this section may be
conduected with aircraft described in
§ 93.221(e) of this pazt pursuant to the
requirements of § 83.221(e).

(Doc. No. 9113, 34 PR 2003, Teb. 26, 1963, as
amended by Amdt. §3-37, 45 FR 82408, Sept.
18. 1880: Amdt. 93-44, 48 PR 353048, Nov. 27.
1981: Amde. 2348, 49 FR 3244, Mar. 6, 1534:
Amdt. 93-37, 34 PR 14908, Aug. 12, 1988:; 54
FR 37303, Sect. 8. 1989; Amdt. 93-59, 54 FR
39843, Sept. 28, 1989; Amdt 92-82, 5§ FR
41207, Aug, 19, 1991)

14 CFR Ch. [ (1-1-92 Editon)

§93.1235 Arrival or departure reservation.

Except between 12 Midnight and 8
a.m. local time, no perscn may operte
an aircraft to or from an airpert desig.
nated as a high censity traffic airport
unless he has received, for that oper-
ation. =1 arrival or departurs reserva.
tlon {rom ATC.

(Doe. No. 9974, Amdt. 93-25. 37 TR 22784,
Oct. 15, 19721

§93.129 Additional operations.

(a) IFR The gperator of an aircraft
may taze off or land the aircraft
under IR at a cesignated high densi-
ty traflic airport without regard %0 the
maximum number of operaticns allo-
cated for that airport |f the operation
is not a scheduled operation to or {rom
a high density alrport and he obtains a
departure or arrival reservation. as ap-
propriate, from ATC. The reservation
is granted by ATC whenever the air-
craft may be accommodated without
significant additicnal delay t2 the op-
erations allocated for the airport for
which the reservations 1s requested,

(b) VFR. The operator of an aircraft
may take off and land the aircraft
under VTR at & designated high densi-
ty traffic airport without regard to the
maximurmn number of operations allo-
cated for that airport If the operation
is not 3 scheduled cperation o or {rom
2 high density alrport and he obtaing a
departure or arrival reservation, as ap-
propriate, from ATC. The reservation
Is granted by ATC whenever the air-
cralt may be accommodated without

significant additicnal delay to the op-

erations allocated for the airport for
which tha raservation s requestad and
the ceillng reportad at the airport is at
least 1.000 {eet and the ground visibili-
ty reporied at the airnort s at least 3
miles.

(¢) Fer the purpose of this section a
“scheduled operation to or ifrom the
high density alrport” ls any operation
regulariy conducted by an alr carrier
or commuter between & high density
alrport and another point regularly
served by that operator unless the
service is conducted pursuzni o reg-
ular charter or hizing of airexxft or is
a nonpassenger flight.

(d) An aircraft operator must obtain
an IFR reservation i accorcdance with

y )
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federal Aviaten Administration, DOT

procedures established by the Admin-
{stratcr. For IFR flights to or {rom a
high density alrport; reservations for
takeof! and arrival shall be obtained
prior to takeoff.

{Doc. Na. 9113. 34 FR 2803, F'eb. 28, 1989, as
amezded by Amdt. 93-235, 37 FR 22794, Oct.
25, 1972 Amdt. 53-44, 48 FR 58048, Nov. 27,
1981; Amdt. 93-48, 49 FR 8244, Mar. 6, 1984]

§93.130 Suspension of allocations.

The Administrator may suspend the
effectiveness of any allocation pre-
scribed in §93.123 and the reservation
requirezients prescribed in §93.125 if
he finds such action to be consistent
with the efficient use of the airspace.
Such suspension may be terminated
whenever the Administrator deter-
mines that such action i3 necessary for

-the efficient use of the airspace.

{Amdt 93-11, 35 FR 16582, Oct, 24, 1970, a3
armended by Amdt. 93-31, 3§ FR 16436, Oct.
27, 1970; Amdt. §3-27, 18 FR 19464, Oct. 25.
1973)

§93.133 Exceptions.

Except as provided In §93.130. the
provisions of §§83.123 and 93.125 do
not apply to—

(a) The Newark Alirport, Newark,
NJ:

(b) The Kennedy International Air-
port, New York. NY, except during the
hours from 3:00 p.m. through 7:59
p.m., local time; and

(¢) Q'Hare International Alrport
from 9:15 p.m. t0 6:44 a.m., local time.

[Doc. No. 24471, Amdt. 9348, 49 FR 8244.
Mar. 6. 1984]

§ 93.153

() Within the alrypae
feet MSL %{thin the permerse ™ 00
for the Ketchlkan Conirsy Z°“;m:i
gardless of Whether that control zone

is in effect.

{Doc. No. 2663, 58 FR 43094, Semt. 23, 391,
a3 amended by Amdt. 93-83, 56 FR 853432,
Dec. 11, 1991]

Errecrive Datr Note By Amdt. $3-43. 88
FR 85862. Dec, 17. 1991, §93.151 was amend-
ed by revising the {ntroductory taxt. effsc.
tive September 18, 1993, For the ccnven-
lenice of the user, the revised tex: follows.

193.151  Applicability.

This subpart preserides special air trufflc
ruies and comrrunications requirements for
persorns operating alrcrait. under VFR.
below 2,500 [eet MSL within the lateral
boundaries of the surface area of the Class
E alrspace ares designated for Ketchixan
International Alrport. Alaska, excluding
that airspace below 800 feet MSL and—
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Appendix E

FAA Advisory
Circular

150/5240-7
A Fuel/Energy

Conservation Guide For

Airport Operators
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AC NOQ: 1s0/5240-7

DATE: February 19, 1974

ADVISORY

- CIRCULAR

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

SUBIECT: A ruEL/ENERGY CONSEZRVATION GUIDE FOR ATRPORT OPSRATCRS

1.

2.

ZURPOSE. This advisory circular identifies potential areas

where fuel and energy usage can be conserved to mssist airpor:
operators in their voluntary actions in reducing fuel and emergy
consumption. Appendices 1 and 2 contain specific suggested areas,

GENERAL.

a.

The Nation faces a critical shortage of fuel and other forms

of energy. To meet this situation, the Nacion must take gtrong
effective countermeasures. The President has sec as a national
goal, the independence of the United States from reliance on

other natiocs for fuel, the development of new domestic sources,
and the expansion of those already in production. Actions have
already been taken through legislarion to enable greater production
and to spur the development of fuel and energy rescurces to meet
these goals. As an interin measure, the President has launched a
nationwide energy conservation drive with a goal of seven percent
reduction {a energy consucption by the Federal Goverrment and a
five percent reduction by the general public within the next year.

Recent actions, such as the passage of the Alaskan Pipeline
legislation, to increase domestic supplies have been implemented.
However, oil from the large North Slope reserve i{s not ancicipated
to be delivered by thé pipeline until 1977. In the meactize,
efforts such as allccaction of fuel oil and conversion to coal
burning systems are being taken where possible to keep essential
facilities and industries in operation.

The Administrator has stated that the FAA will review its air
traffic concrol procedures to see what changes can be made to
expedite traffic flow and thus conserve fuel from thac directionm.
In addition, he has encouraged airporcs to use the FAA airport
grant-in-aid programs to {ncrease airport operational capacities.

Initioted by: AAS-560
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AC 150/5240-7 2/19/74

3. USE OF GUIDELINES. Airport operators, in their review of cheir
operaticns and procedures to identify areas where fuel and energy
can be csnserved, should use these guidelines as an aid to stimulate
ideas for further savings. In the implementaticn of these energy
conservacion measures,only those changes that will not lower the
level of safety should be implemented. The services of local FAA
Airports District Offices and Regional Offices (see AC 150/5000-3%)
personnel are available to assist in this efiort.

4. HOW TO OBTAIN ADDITIONMAL CCPIES OF THIS CIRCULAR AND OTHER RSTIRENCES.
Addicional copies of this circular, AC 150/5240- , A Fuel/Energy
Conservation Guide for- Airport Operators, as well as reference a below,
may be obtained free of charge from the Department of Transportatiom,
Distribution Unit, TAD-484.3, Washington, D.C. 20390.

a. Advisory Circular 150/5000-3B, Address List for Regiornal Alrpor:s
Divisions and Alrports Discrict Offices.

5. The Asphalt Handbook (MS-4) wmay be cbtained from the Asphalc
Insticute, Asphalt Inscitute Building, College Park Maryland 20740.

%Jaﬁ;a«;.

CLYDE W. PACE, IR.
Director, Airports Service

Page 2 Par 3
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APPENDIX 1. GUIDELINES FOR FUEL/ENERCY CONSERVATIGN
ON AIRPCRTS

Pollewing are areas where passible fuel/energy savings may be achieved.

1.

LIGHTING.
a, Street lighting.
b. Auto parking area lighting,

¢. Lighting in public waiting areas, concourses, concession areas,
and administrative areas.

d. Apron and aircraft parkizg area lighting.

6. Taxiway and runway lightinag.

NOTE: Airports which have grant agreements, surplus propercy

agreements, or certification agreements with the Federal Government
should consult the local FAA Airports District Office or Ragional
Airports Division personnel {f changes will affect those ag-eements
prior to waking the changes. It is of urmost izportance that users
be advised of changes in the airfield lighting arrangements, such

4s going from runway lights being on all night to lights on by request

or by radio contrel operation. To accomplish this notificacion, az
appropriate Notice to Airmen (NOTAM) should be igsued as well as
using other effective means, such as state aviatfon publicacions.

POWER, HEATING. AND AIR CONDITIONING.

a. Adjust heating and air conditioning controls to reduce demand on

fuel and electrical power,

. Reduce use of escalators, people movers, and elevators during
period of low activicy.

¢. Instal] doek curtains at cargo leading docks to preven: heat
losg around rear of trucks and door openings.

d. Imnstall shades and/or curtains on windows zo reduce hea:r loss/gain

in building areas.

e. Make prudent use of all motor driven equipment, such as baggage
handling conveyors and tractors.

f. Keep heating and cooling equipment in good operaciang condition.

g. Decermine need for improving building insulation, including
{nscallation of storm windows/doors and weather stripping.

Page 1
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h. Reduce washroom and kitchen water heat temperature comsistent
wit: local health authority requirements.

3. ADMINISTRATION.

a. Review airport operations manual to determine if requirements or
procedures can be changed that will provide a fuel savings.

b. Review fire department training and practice procedures for
potezzial fuel gavings.

¢. Review airport procadures to determine what actions can be
deferred or time {ntervals extended bérween actions. where energzy
or fu2l savings can be achieved.

d. Pursue an active energy comservation program with concessionaires,
tenancs, and Fixed Base Operators,

Page 2

y

AIR POLLUTION MUITICATION VEASURES
————

FORAIRPORTS AND ASSOCUATED ACTIVITY

E-4



2/18/74 AC 150/5260-7
Appezdix 2

APPENDIX 2. GUIDELINES FCOR FUEL/ENERGY CONSERVATICY
ON AIRPORTS - CONSTRUCTION AND MAINTENANCE

The following are examples of where fuel/energy savings may be achieved.
An engizeering analysis for each project should be conducted for
identifying savings,

1. Construct taxiways, aprons, holding aprons, or other faciliscias thar
will expedite the movement of aizcraft on the ground.

¥4

Subscitution of asphalt emulsioms in lieu of cut-back asphalts and
road oils.

3. Reduction of oixing tecperatures for hot-mix asphalt ceocrete
zixtures. Norzally, hot-mixes are produced at the lowest practical
ta=perature cthat will permir proper mixing, lay-down, and compaction.
Uniortunately, as a practical matrer, the temperature of =mixing is
E;::uer controlled by the temperature needed to dry the aggregate.

cr maximum energy comsarvation, the coatractor must egploy all

p—ac*ical methods to produce and supply aggregates to the dryer at
the lowest pessible moisture content. This will permit dry-aggregates
ts encer the pugaill at the lowest possible temperature, Sut not less
than 225 degress Fahrenheir. The mixing temperature can :then be
further adjusted so that the particular asphalt cement bei ing used
will have a kinezmatic viscosity near 300 centistokes at the mixing
tezperature. Data on the temperature-viscosity relations: Bip is most
izportant to consideration of lower mixing temperatures acd should
be obtained from the producer of each asphalt cement used. Manual
Series 4 (MS-4) titled "The Asphalt Handbook" contains meore {nformaticn
and i{s published by the Asphalt Instituce. When using lower temperature
mixes, it may be necessary to require insulation of trucks or other
hauling units in order to retain enough heat for spreading and
cczpaction.

4, Avolding cold weather operations that would require heating of
azzregates and =ixing water for comcrete production.

5. Using asphalt-rejyvenation and light scarification in lieu of
keater-planer operation.

07y Page 1
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References For
Mitigation Measure
Information
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10.

11.

12.

A

Sources

Airport Authority, Flughafen Zurich, April 1991. Study of Environmenzal Impacts -

Summary.

Airport Authority, Flughafen Zurich, May 1992. Clean Air Program Canton of Zur:ch,
Subproject Airpert - Summary.

Airport Authority, Flughafen Zurich, May 1992. Operational Towing - Survey,.

Alrport Authority, Flughafen Zurich. Use of pudlic transport at Zurich dirport (exuract of
the environmenzal impacz study).

Aries Consultants Ltd. in Association with Systems Control Technology, Inc. and
Roberts & Associates, August 1988. California Aviation System Plan, Draft Element II:
Farecasts Vol. 1, prepared for the California Department of Transportadon, Division ot
Aeronautics.

Assodiation of Bay Area Governments, April 1980. Regional Airport Plan Update
Program, Phase 2: Aviation Impacts on Air Quality, prepared for the Regional Airport
Planning Commirree.

Aviation Planning Associates, Inc., 1986, Environmental Assessment for New Terminal
Development at Greater Pittshurg International Airport, prepared for Allegheny County
Department of Aviation.

Bauchspies, James S., eval, March 1982. Aircraft Energy Conservation During Atrpart
Ground Operations, FAA Report No. FAA-EE-82-8, U.S. Department of Transpor-
tation, Federal Aviation Administration.

Baus, Terry R. September 19, 1989 Memorandum to Ginger S. Evans - Subject A+~
Quality Enbancement Measures, New Denver International Airport.

Bay Area Air Quality Management District, November 1985. Air Quality and Urbax
Development: Guidelines for Assessing Impacts of Projects and Plans.

Bernard, Robert ., August 1976. A Study of Vehicle Length Stay Characteristics at the San
Francisco Airport Parking Lots, the Institute of Transporration and Traffic Engineering,
University of California.

Boyle, Daniel K. and Paul R. Gawkowski, August 1, 1991. Public Transportation for
Airport Employees: The Q3 Extension into John F. Kennedy International Airport, New York
City Transit Authorirty.
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13.

14

15.

16.

17.

18.

19.

20.

21.

22.

24.

25.

Calornia Division of Transportation, August 1990. California Aviation Syster Plan,
Element I Inventory.

Cal“srnia Division of Transporzaton, October 1$91. California Aviation System Plan,
Poiicy Element.

Cirv and County of San Francisco, July 11, 1991. San Francisco Intzrnational Airvort
Mazzer Plan, Draft Envirsnmentzl Impact Statement, Department of City Planning,

City of Los Angeles, April 11,1991, ProposedPlanﬁ:rLAXDefve/apmen! to the Yzar 2000,
Degzrment of Airports.

City of Los Angeles, February 1988. Draft Environmental Impact Repore - LAX 2000,
Appzndices, and Executive Summary, Department of Alrports.

Ciry of Los Angeles, November 1991. Ontario International dirport, Final Environ-
menzzl Impact Report for Terminals, Other Facilities and Operations to Supparz‘ 12 Million
Anr:ial Passengers, Department of Airpors.

Claiz, Joseph R. November 21, 1986 Memorandum to Stephen Yee - Subject: Ground
Transportation Vebicle Permit Program, City of Los Angeles.

County of Sacramento. Sacramento Metropolitan Airport Air Quality Program Resort,
199:/1992 Annual Report, Department of Aviation.

Engineering Science, 1990. Southcoast Ozone/CO FIP Proactive Control Measures, Airpor:
Operations, Revised Inidial Reporr.

Envirinmental Assessment, Greater Pittsburgh International Asrport (Selected chapters and
appendices), 1992.

. Environmental Assessment, New D:‘n'ver/lirporr, pp. 4.63-+4.84,

Forsyth, Robert W, et al, December 1976. Systems for Transporting Aircraft on thz
Ground Phase 14: Feasibility Study, Phase 1B: Concept Study, FAA Report No. FAA-
RD-74-92, Lockheed Aircraft Service Company prepared for the U.S. Department of
Transportation, Federal Aviation Administration.

Gamon, Max A., May 1590. Evaluation of the Impact of Towing the L-1011 Airpiane at
Boston-Logan Airpert, FAA Report No. FAA-NA-80-24, Lockheed-California
Company for the U.S. Department of Transportation, Federal Aviation Adminiszration.
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26

28.

29.

30.

31

32.

33.

34.

35.

36.
37.

38.

y ]

. Gautschi, Ueli, January 1993. An Environment Impact Statement - Airport Ground Powzer

Concepts for dircraft Energy and Environmental Concerns: A Holistic Approach, Swissair
Real Estate Consulting.

. Gellman Research Associates and Unified Industries, Inc., March 1977, 4 Study of

Aircraft Towing as Proposed for Boston-Logan International dirport, FAA Report No. FAA-
AEQ-77-5, prepared for the U.S. Department of Transporrtation, Federal Aviadon
Administration.

Gorman, Gilbert, Charles Feibel and Thomas Wiley, January 1986. The Management
Regulation of Ground Transportation at U.S. Airports, prepared for the U.S. Department of
Transportation, Urban Mass Transportation Administration.

Hoover, E. A., May 1990. Evaluation of the Impact of Towing DC-9 Transport Airplanes
at Boston-Logan Airpart, Final Report, FAA Report Noe. FAA-NA-80-83, Douglas
Aircraft Company prepared for the U.S. Department of Transporration, Federal Aviation
Administration.

Hoover, E. A., October 1979. Evaluation of the Impact of Towing DC-9 Transport
Airplanes at Boston-Logan dirpert, Final Report Draft, Douglas Aircraft Company pre-
pared for the U.S. Department of Transportation, Federal Aviation Administration.

Humphries, Jim, Sacramento Metropolitan Airport. December 23, 1992 Letrer to Mr.
Raymond Menebroker, CARB - RE: Sacramento Metra Baseline Emissions Inventory and
Modification of SMF Air Quality Certificate.

Institute of Transportaton Engineers, 1976. Airport User Traffic Characteristics for
Ground Transportation Planning, University of California.

Isbill Associates, Inc., Februarv 22, 1988. Airport Master Plan Update: Palm Springs
Regional Airport, Palm Springs, Califernia, prepared for the City of Palm Springs.

Kanafani, Adib and Lawrence H. Lan, June 1987. Development of Pricing Strategies for
Airport Parking — A Case Study at San Francisco Airport, Institute of Transportaton
Studies, University of California.

Krauss Maffei, 1991. Brochure: PTS - Plane Transport System.
Krauss Maffei and Mercury GSE. The Super Tug Advantage.

Lechner, Edward H., Daniel M. Empey, and Steven E. Shladover. Testing of Roadway
Powered Electric Vehicle Prototype, Systems Control Technology, Inc. and Institure of
Transportation Studies, Univessity of California.

Metropolitan Transportation Commission, September 1991, Air Passenger Survey: San
Francisco Bay Arza.
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39.

40.

41,

42.

43.

44,

46.

47.

48.

49.
50.

51.

Mewopolitan Transportadon Commission. MTC Regianaldz'rporz‘ Systern Zizan Updae,
Chapter 6 — General Aviation Forecasts, Draft for Presentation to Regional Aiport
Planning Commitree (RAPC), July 29, 1992.

Michae! Brandman Associates, November 1990. Final Environmental Imzai: Report for
Bezcperaft West Hangar/Office Facility Renavation at Van Nuys Airport; prepaz=3 for the
Ciry of Los Angeles, Department of Alrporrts,

Mundy, Ray A., C. John Langley and Timothy D. Ward, 1986. Analyzing :re Financia!
Impac: on Airperts on Remotz A irport Ground Transportation Terminals, Stoke'._'x
Management Cenrer.

Rules and Regulations of the C ity of LADOA Gom-erning the Permit Program jir :he Operatizn
of Commercial Pehicles Transporting Passengers at LAX, Revised January 1991

Sacramenro Area Council of Governments, July 1992. Sacramento Metropeiizan Airport
Transiz decess Study, Executive Summary, prepared for the Sacramento Coux
Department of Airports.

Schoenfeld, Willlam M. October 9, 1991 Memorandum to Board of Alirpers
Commissioners -Subject: Traffic Mitigation - LAX, Ciry of Los Angeles, Decartment of
Alrports.

5. Sinha, A. N., February 1975, An 4nalysis of Fue{ Conservation Through Airerz? Towing,

MITRE Technical Report No. MTR-6790, The MITRE Corporation precared for the
U.S. Department of Transportation, Federal Aviation Administration.

Southern California Association of Governments, Fox & Associates, and P&D
Technologies, July 1990. Draft Airport Impact Mitigation and Managemenr S:udy
(AINMMS): Phase II, Summary Report.

Southern California Association of Governments, March 1989. Air Qualizy Management
Plan, dspendix [V-G.

Systems Control Technology, Inc., April 13, 1989. Califsrnia Aviation Syszzm Plan
(CASP) Update, Phase 1. General Aviation Relocation Model Users Manual, prepared for
Aries Consultants, Inc.

Systems Control Technology, Inc. Roadway Elctrification Technology Deveizsment.

TRA Airport C onsulting. M7TC Regional Airport System Plan Update, Chapter 7 —
Lvaluation of Alternatives, Draft for Presentation to Regional Airport Planning
Committee (RAPC), July 29, 1952.

U.S. Department of Transportation, August 1989. Final Envirenmental Impact Statzment
Jor New Denver Airport, Federal Aviation Administration.
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52. U.S. Department of Transportation, et al, December 1987. San Francisco Bay Area
Airports: Task Farce Capacity Study of SFO, §]C, & OAK International Airports, Federal
Aviaton Administration.

53. Waldo & Edwards, Inc., May 1973. Preliminary Analysis of the Economic Feasibility of a
Remote Air Passenger Terminal Serving Los Angeles International Airport, prepared for the
City of Los Angeles, Department of Airports.

54. Wilbur Smith Associates in Association with Parsons Brinckerhoff Quade & Douglas,
Inc. and Gardrer Consulting Planners, The Netteship Group, July 1991. Los Angeles
International dirport Multi-Modal Ground Access Study, prepared for the City of Los
Angeles, Deparmnent of Airports.

55. Wiibur Smith Associates and Gardner & Holman Consulting Planners, 1987, Air
Passenger Survey Results: Los Angeles International Airport and Summary Report, prepared
for the City of Los Angeles, Department of Airports.

56. Wilmer, Cuter & Pickering, 1989. The Crisis of European Air Traffic Control: Costs and
Sotutions, prepared for The German Airspace Users’ Association.

57. Wilmer, Cuder & Pickering, 1991. Germany’ Airport Capacity Crists, prepared for The
German Airspace Users’ Association.
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— APPENDIX G —
Mitigation Measure Ranking

This appendix provicas a relative rank-
ing of the emission mitigation measures
described in this report. It was added at the
request of the Air Resources Board to illus-
trate the impact of the mitigation measures
at different airports. The meaasures are ranked
for aircraft, GSE, and ground accsss vehicles
by pollutant (HC, €O, NOx, and PMyg) for large,
medium, and small airports. The 1990 levels
of activity for Los Angeles Internaconal Air-
port (large), Sacramento Mewopoiizn Airport
(medium), and Long Beach Airport (small)
were used to simulate emissions generation
both uncontrolled and with mitigacdon mea-
sures applied. This is not to imply that all
measures necessarily are appropriate for these
particular airports. For example, to illustrate
the congesdon relief measures it was assumed
that the uncontrolled emissions represented
congested conditions. This is not necessari-
ly accurate for these airports. Site specific
conditions must be considered when applying
any mirigation measures. Also, the analysis
was performed applying the measures as
described in the body of the reporz. Where
more than one opton was available the optdon
giving the maximum emissions reducton was
used. For example, when converting GsE to
alternatve fuels maximum conversion to elec-
tricity and OEM optimized CNG were assumed
rather than more limited use of electricity or
CNG conversion of existing equipment.

There are several factors the reacer should
keep in mind in using these tables. First, as

mentioned above for the congestion relief
measures, many of these measures are very
sensitive 10 site-specific factors. As a result,
the order in which they are listed should be
considered a general indicator of their poten-
tial not a definitive assessment. Second, sev-
eral measures potentally have aviation svs-
tem-wide effects, which could be very expen-
sive, and may not be appropriate as control
measures applied at a single airport. Examples
include fleet modemization and aircraft engine
emission standards. They could be very effec-
tive, however, if applied regionally, national-
ly, or internadonally. Third, as discussed in the
report, the aircraft measures should be con-
sidered in the context of their effect on all pol-
lutants. For example, using larger aircraft to
reduce the total number of LTOs may show a
significant HC benefit and a high ranking in
one table but at the same time there may be a
significant NO penalty, which cannot be iso-
lated or avoided, and would be ranked low on
the NOy table. Finally, the tables do not nec-
essarily represent specific control strategies.
For example, one table ranks the measures by
their effect on O emissions at a small airport.
Itis unlikely that co emissions at a small air-
port would be a significant contributor to a
CO nonanainment problem. Thus these mea-
sures would not be an important part of a co
conrol strategy.

Each table in this appendix ranks mea-
sures from the most cost effective first to the
least cost effective, which depends on both
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the potendal reduczons and the cost 0 imple-
ment each measure (1o get a relative cost per
ton measure). To evaluate emission reduc-
tion potential generally, however, an order of
magnitude estimars of the emissions of the
pollutant covered by the table is provided.
This estimate corrzsponds to the emissions
of the individual pollutant calculated as part
of the reference emissions used throughout
the report. The recucticn potential times the
emissions estimate gives an estimate of the
tons of pollutant affected by a given measure.

A

Note that the reducton potendals are not addi-
tive and should be analyzed in combinadon to
determine the potential benefit of multiple
measures. Also, there is very little data avail-
able for calculating the cost of implement-
ing the measures. The authers based the rank-
ings on their judgement of relative cost effec-
tiveness. Some results are simply noted as
indeterminate and no ranking is implied. ARB
staff did not have the opportunity to review the
detailed calculations supporting the infor-
maton presented in the Appendix G tables.
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MITIGATION MEASURE RANKING

AIRCRAFT SCURCES — LARGE AIRFORTS

HC - PCLLUTANT 2,500 .. TCNS OF SMISSICNS — Per Year Crder Gf Magnitude

MEASURE 5P RELATIVE 28T CCMMENTS
SinglerReaucad Engine Taxiing  22% Very _ow Measure may resuilt in cost savings.

Congestion Recuction 25% Low to Mccerate  Benefit and cost highly site scecific

C-1% Very Low Easy to implement. HC benefit smail ut cCsitive.

Cerated Tak
Tew Awrcrait tc Runway Incererminate Mcesrate Recuction potential probably large.

Take Passengers o Aircrait 8a% Incetemirala Cosi o imeiement highly site specitic.
Reduca Reverse Thrus! C-1% ign Cost o implement highly site speciic,

Fleet Modemization 82% Inceterminzte  This measure potentially has aviaticn system-wice effects. If
5C it couid have very poor cost effectiveness at a single air-
port. Weuld be most effective acpliec ragienally cr naticnally.

Use Larger Aircrait 33% Indeterminata This measure potentially has aviation system-wica sfec:s. I¢
SO it couid have very poor cost affeg::.-‘veness at a singie air-
pent. Weuic be most effactive acpiiea regicnally cr naticnaily.

This measure has aviation system-wice effects and would
nave very pocr cost effactiveness if all costs assigned to a
single airpert. Weuld be mest sffective agplied natcnally or
intemationaily. :

New Engine Standards Indeterminate  Inceterminate

'ncrease Load Factor Incetarminate  Incdeterminaia

Limit Aircraft Coerations Indetarminate  Indetermina:a
Manage Fleat to Indsterminate Indetarminaie This measure potantially has aviaticn system-wica affects. it
Minimize Emissicns §0 it could have very poor ccst effectiveness al a single air-

port. Would be most effective acgliec regicnaily or naticnally

CO rowumant 6,000 7085 0F 2MisSicNs — Per Yaar Greer Ot Magritude

MEASURE

=P RELATIVE SCST COMMENTS
Single/Reduced Engine Taxing 21% Very Law Measure may resull in cost savings. Sasy to imolement.

Cangestien Recuction 24% Lowto Mccerate  Berefit and cost highiy site speciiic
S gnty

Derated Takeoff 0-1% Very Lew Easy to rmplement. CO benefit smail Su! pesitive.
Tow Aireraft to Runway Indeterminate Mocerate Recuction potential probably largs.

Take Passengers to Aircraft S8% Indetarminata  Cast 0 implament highly sita soecific.

Reduce Reverse Thrust 0-1% Hign Cost ic implement highly site specffic.

Fieet Mcdemization 38% Inceterminate  Thus measure potentially has aviaticn sysiem-wice effects. It
so 1t could have very poor cost effeciiveness at a single air-
pert. Would be most effective applied regionally or nationally

* Emussicn Reduction Potential
** Per Cne Ton Reduction
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CO ...CONTINUED

MITIGATION MEASURE RANKING

AIRCAAFT SCURCES — LARGE AIRPOATS

MEASURE

ERP* RELATIVE COST™ CTMMENTS

Use Larger Aircraft
New Engine Standards
Increasa Load Facier

Manage mieel 10
Minimize Emissions

NOX _ rowutant

lndeterminate

Indeterminate
Limit Aircraft Operations

Inceterminate

1% indeterminate  This measure pctantially has aviaticn system-wide effects. !t
so it could have very poor cost effectiveness al a single air-
cen. Weuld be most sffective acclied ragionally or naticnaiiy.
This measure has aviaticn system-wide siffects and woulc
have very poor ccst affectivenass if all costs assigned o a
single airpen. Weuld be most sifaclive applied nationaily ¢«
intematicnally.

Incleterminate

Indeterminate

Indeterminate  Indeterminate
This measure potentially has aviaticn system-wice effects !
s it coulc nave very poor cost 2fieciiveness at a singie air-
cent. Weuld be mest effective acciied regionally or natieraly

Inceterminate

3 ,500 ...TONS OF EMISSIONS — Per Year Orcer Of Magnituce

MEASURE

ERP* RELATIVE COST** CCOMMENTS

Single/Reduced Engine Taxiing 3%

Derated Takeoft
Aeduce Aeverse Thrust
Congestion Reduction

Tow Aircrait to Runway

New Engine Standards

Increase Load Factor

Limit Aircraft Operations

Manage Fieet to
Minimize Emissions

Take Passengers (o Aircraft

Flest Modernization

Usa Largar Aircraft

Very Law Measure may result in cost savings. Easy o imp

3% Very Low Easy to implement.
10% ngh

Cost lo implemant nighly site scectic.

3% Medgerate to High  Benefit and cost hignly site specific

Indeterminate Mcderate
10% Indeterminate This measura potentially has aviatien system-wida effects i
$0 It couic nava very poor cost aifectiveness at a single arr-
port. Would be mast effactive acclied regicnally or naticra.y
Indeterminate  Indeterminate
Indeterminate  Incdeterminate
Indeterminate  Incetarminate This measura potentially has aviaticn system-wide effects ™
s0 it could have very poor cost sffeciiveness at a sing'a a7
pont. Weuld be mos: effective apolied regionally or naticna.ty
8% Indeterminate Cost to implement highly site spaciic.
8% inceterminate This measure potentially has avialicn system-wice effecs
: 56 it could have very poor cost effectiveness at a single ar-
pon. Would be most effective applied regionally cr naticrady
-84% Inceterminate This measura has aviation system-wida eftects and wouic

have vary poor cost effactiveness if all costs assignec [ a
singie airpont.

' * Emission Reduction Pelert &
** Per One Ton Reduceicr
. o A
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MITIGATION MEASURE RANKING

AIRCRAFT SCURCES — MEDIUM AIRPCRTS

HC L PCLLUTANG

e

Medium Airports

50 ...TONS CF EMISSICNS — Per Year Crder Cf Magnituce

MEASURE ESPe RELATIVE CCST™

COMMENTS

Single/Reduced Engine Taxiing 21%

Congasticn Reducicn 22%

Very Low

Ceratea Takecit 0-1% Very'Low

Tow Aircrait lo Runway Inceterminate Mccerate

Take Passengars 1o Aircraft 47% Inceierminaie

Reduce Heverse Thrust 0-1% Hign

Fleet Mcdemizaticn

Use Larger Aircrait Inceterminate

New Engine Stancards Indeterminate  Indetarminate

Increasa Loac Factor Indeterminats  Indeterminate
Limit Aircrait Operaticns Indeterminate  Indeterminate
Manage Fleet to Indeterminate  Incaterminala
Minimize Emissicns

CO - PQLLUTANT

Low 1g Mcderate

Inceterminate

Benefit and cost highly site szecific

Easy ta implement. HC banafit small Sut posinve.

Reauction potential presacly large.

Cost to implement hignly site soecfic.

Cost to implement highiy site scecific.

This measure potentiafly has aviation System-wice sffects, If
So It could have very poor cost effectiveriess at a single air-
port. Would be most effective applied regicnally cr nationally,
This measure potentially has aviation systam-wica afiects. it
80 it could have very poor c2st effectiveness at a single air-
port. Would be most effective applied ragionally or nationally.
This measure has aviation sysiem-wide effects arc would
have very poor cost effectiveness if ail costs assigredtoa

single airport. Woula be mest eifective applieg nauonally or
internationaily.

This measure potentially has aviation system-wics affacts. If
s0 it couid have very poor cost effectiveness at a sigle air-

port. Would be most effective applied regionally cr nationally.

200 _tonscr amissions — Fer Year Order of Magnituce

MEASURE ERP” RELATIVE CCST™

COMMENTS

Single/Reduced Engine Taxiing 20% Very Low

Congesticn Recuction

Derated Takeoff

Tow Aircraft to Aunway Indeterminate Mederate

Take Passengers 1o Aircraft 39%
Reduce Reversa Thrus:

Use Larger Aircrait 1%

* Emission Recuction Patential
** Per One Ton Reducticn

Low to Mcderate
1% Very Low
Indeterminate
Hign

Incetarminate

Easy 10 impigment.

Measure may resuit in cost savings.

Benefit and cost highiy site sgecific
Easy to implement, CO beneiit small but positive

Reduction potential probably targe.

Cost to implement highly site specific.

Cost lo implement highly site specific.

This measure potentially has avialicn system-wice #flacts. If
s0 it could have very coor cost effectiveness at a single air-
eon. Would ba most sffective applied regionally ¢r nationally.
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Medium Airports

CO ...CONTINUED

MITIGATION MEASURE RANKING

AIRCRAFT SCURCES — MEDIUM AIRPCRTS

MEASURE

ERP*

ARELATIVE CCST™

COMMENTS

Flaet Modemizaticn
New cngine Stancards

Increase Load Faclor
Limit Aircraft Operations
Manage Fieet tc
Minimize Emissions

NOX . rowurant

3%

indeterminate

Indeterminate
Inceterminate

Indeterminate

Indeterminate

Indeterminate

Indeterminate

Indetlemminate

Indeterminate

This measure potentiaily has aviaticn system-wice effects. If
so it couic have very soor cost effectiveness al a single air-
port. Weuid be most eifective appliec regicnally er naticnally.

This mezsure has aviation system-wice effec!s and would

have very ccor cost aflectiveness if all costs assigred 1o a

single aircont. Weuid be mest effective applied natanally or
intematicrally.

This measure cotentiatly has aviaticn system-wide effects. If
50 it couic nave very poor cost effectivenass at a singls air-
port, Weuid be most effective applied regionally or nationaily .

250 _..TONS CF EMISSICNS — Per Year Crcer Of Magnituce

MEASURE

ERP*

RELATIVE COST™

CTMMENTS

Single/Reduced Engine Taxing 3%

Cerated Takeoff

Reducs Reverse Thrust

Cengesticn Reduction
Tow Aircraft to Runway
New Engine Stancards
Increase Load Facter
Lirmit Aircraft Operations
Manage Fleet lo

Minirmze Emissicns

Take Passengers !0 Aircrait

Fleet Modemization

Usa Larger Aircraft

B y )

2% Very Low

2%

indeterminate

10%

indaterminate
Indeterminate

Indeterminate

-18%

26%

-84%

7%

Very Low

Hgn

v High

Inceterminate

indeterrminate ..

Indeterminate

Indeterminate

Indeterminate

Indeterminate

Mederate

Indeterminate

Measure may result in ¢ost savings. Easy to implement.

Easy tc imciement.

Caost to imzlement highty site specific.

This measure potentially nas aviation system-wide effacts. if
so it coula nave very poor cost effectiveness at a single air-
port. Weuic be most effactize applied regionaily or naticnaily.

This measure potentiaily has aviaticn system-wide effects. tt
$0 it couic have very poar cost affectiveness at a single air-
port. Wouid be most effective applied regionaily or nationally.

Cost to imziement highly site specific.

This measure potentially has aviation system-wica effects, If
so it could have very poor cost effectivenaess at a single air-
port. Wouid be most aifectiva applied regionally or naticnally.
This measure has aviaticn system-wida effects and would
have very poor cost effectiveness if all costs assignedto a
single airoont.

* Emission Reduction Potential
** Per Cne Ton Reduction
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MITIGATION MEASURE RANKING

AIRCARAFT SCURCES — SMALL AIRFCATS

HC ..FOLLUTANT

1 5 .. TONS QF ZMISSICNS — Per Year Orcer Of Magniude

MEASURE

i

RELATIVE COST

CCMMENTS

S.ngle/Pecuced Engme |axung 14%

Canges.t*n Peductxon

Derated Taxeoff

Reduce Heverse Thrust

Take Passengers to Aarc a:t

Tow AIfC’an o Runway

Use Larger Aurcraf!

Fleet Mcdemization

New Engine Standards

lncrease Load Facror

L[mlt Alrcraft Oceranons

Manage Fieel to
Minimize Emissions

CO - POLLUTANT

1%

45%

lndeterminate

inCetarminate

Indeterminate
Indetermrnale

Inde'ermrnate

Very Low

Lcw to MCCefa(e

Very L"w
Hrgn
Incetern* rate

Modera g

!r‘delerr“‘ nate

Inceterminate
Indetermminate
Indeterminate

1r~ce(em'.nate

lndelerﬁrate

Eas; o] rr“olerr

Measura may resuit in cost savings. Sasy 'c:mzisment.

Benefit and cos: - gnly site scecific

C ber'er.t smarl “ur pesitve.

Ccst 0 iMmEiement ..xghly site soecmc

Thrs measure ::r-r'nally has aviaticn sys.err wice erfec s. ‘f
SC it oulc have very poor ¢os: affecivenass 2t 3 single air-
por. Wcuc be mest effective _pphec regrcn er nanonasiy.

Th|s measurs c¢: :nually has avraucn sysrer“ wica etfec*s If
50 it ccuic have very poor ¢asi effectverass at 3 s ingle air-

port. ‘Waouid be mast eHec.zve apgliec ’egrcnuy cr nauonal[y

Thzs measure has avrat:on sys.em-w»ce effec s ard would
Nave very pcor ccst effectiveness if ail costs assigned o a
singie aircon. Weuld be mos: effective appliec naticnaily cr

intern auonal!y

'I'hrs measure pc‘e"'raily has aviaten wsrem wice e"ec‘s !f sot
coulc nave very cocr cost effeciveness at a singia airpon.
Wovic te mest erfzctive appliec ’eglorady or naz-cnau‘y

90 ... TONS CF ZMISSICNS — Per Year Craer Of Macriwde

MEASURE

hla

RELATIVE CCST**

COMMENTS

S:nglelﬂecuced Engme Taxung 13%

Congesuon Reducucn

Derated Takeoﬂ
Take Passengers to A|rcraft

Tow Arrcraft {0 Runway

Recuce Reverse Thrust

Use Larger Arrc:'att

* Emission Recuction Potential

** Per One Ten Reduction

Very Low

Measure May resuit in cost savmgs _asy lc imziement.

22% Lcw to Mccerala Berehit and cost 'w-gn!y s;te s..ec.flc
0 - 1% Very Lcw
37% indelermmate Cast o w*‘emer: mghty S0 te soec'flc
Indeterrnmale Moderare
O - 1% Hrgh Cesiia melemen highly site soectic.
1% InCetermmare This measure cetantially has aviaticn system-wice affects. f
50 1t £Suid have very poor ¢ost affectiveness at a single air-
port YWeu!lc be mest effective applieg 'egrcnauy cr nanona!fy
LN —_
AIR POLLUTION Mrrroorrie,N M EASURES - g
FORAIRPORTS AND ASSOCIATED ACTIVITY =
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CO _conminuen

MITIGATION MEASURE RANKING

AIRCRAFT SCURCES — SMALL AIRFPCRTS

MEASURE £RP" RELATIVE COST™ CCMMENTS
New Zngine Standards Indeterminate  Indeterminate This measure has aviation systam-wide effects and would
have very scor cest effectiveness if ail costs assignedto a
single aircert. Weuid be most effactiva applied naticnally or
irtematicrally.
imcrease Load Faclor Inceterminate  indeterminate

Lmit Aircrait Cperations Inceterminate

Manage Heet to Indeterminate

Mimimize Smussicns

Indelerminate

Indeterminate

This measure potenlially has aviation systern-wice effects. If
sc 1t ccuic mave very coor ccsi effeciiveness al a single air-
cont. WeLic be most affective aceiied regionally or naticnaily.

Figel Modamization 1% indeterminats This measure petentially has aviaticn system-wice effects. if
s¢ il coulc nave very poor cost eifectiveness at a single air-
sort. Weouic ce mos: effective apglied regionally or naticnaily.

NOX .. roLLutant 125 . TONS OF EMISSIONS — et Year Orcer Of Magnitude
MEASURE £RP° RELATIVE COST* CCOMMENTS

Singie/Reduced Engine Taxiing 2% Very Low Measure may resuit in cost savings. Easy to implement.

Cerated Takecit 2% Very Low Sasy to imzlament.

Recuce Reverse Thrust 9% High Cestt ament highly site sceciic.

Cengestion Reduction 3% Moderate to High  Banefit anc cost highly sile scecific

Taw Aircraft to Punway Inceterminate Mecderate

New Engine Standards 10% Inceterminate This measure potentially has aviation system-wide effects. f
0 it coulc nave very poor cost effectiveness at a single air-
cont. Woulc be most sffective acclied regionally or naticnally

Increase Load Factor Indaterminate  Inceterminate :

Limit Airgraft Operations Incleterminate

Indeterminate

Indeterminate

This measure potantially has aviaticn sysiem-wide effects. if

Manage Fleet to Indeterminate
Minimize Emissions s0 it coulc have very poor cosi 2ffaciveness al a single air-
cor. Weuic be mos: affective acclisd regionally or nationally
Take Passengers to Aircraft -19% Indeterminate Caost to imgiement highly site speciic.
Fiest Modemization 1% Indeterminate  This measure potentially has aviation system-wide sffects. If
* 50 it coulc nave very poor cost aifectiveness at a single air-
cort. Weulid be most ffective applied ragionally or naticnally
Use Larger Aircrait -84% Indeterminate This measura has aviation system-wica effects and would
nave very pocr cast effectiveness it all costs assignecto a
single aircen.
* £mission Reduction Potential
** Per One Ton Reduction
o y |
» AIR POLLUTION MITICATION MEASURES
————— . .
3.~ FORAIRPORTS AND ASSOCIATED ACTIVITY
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MITIGATION MEASURE RANKING

Large Airports

GSe SCURCES — LARGE AIRPCAT.

HC POLLUTANT

1 0 O ... TONS OF SMISSICNS — Per Year Zrdef Of Magnituce

MEASURE gap- AELATIVE GOST™ COMMENTS
Fixac Elecirical Sysiems 0% Low 10 Moderate
Sixed Arcendiionng Sysiems  35%  Low o Mocerate
Alemams uels Coversin 0% mgn T e
C O LPCOLLUTANT 5 ,O 0 0 .. TCNS CF ZMISSICNS - Per Year 2rder Of Magnituce
MEASURE ERP" AELATIVE COST™ COMMENTS
Alteralive ~ueals Conversion 7% Low
Fixec Elecirical Systems 4% Low
Fxed Aircancilioning Systems  35%  low
NOX _sorutant 275 . TONS CF EMISSICNS ~ Per Year 2rzer Of Magnituce
MEASURE Eal AELATIVE COST™ COMMENTS
Altemative Fueis Conversion 5% Low
Fied Ceciical Systems 6% Low
Fixed Arcencitioning Systems 3% Low to Moderate.
P M . PCLLUTANT 1 0 ... TONS OF EMISSICNS — Per Year Zrcer Of Magniluce
VEASURE £8P RELATIVE COST™ COMMENTS
Altemative Fuels Cenversion 1C0% Very Hign High cosi reflects icw uncontrolled emissions.
Fixed Eiscirical Syslems . 1CC% Vary Hig'n High cost raflacts low unccn:rciléd emésb&g
Fixad Air-cenciticning éy#terﬁs 1C0% Vary High High cost reflacts low uncantreiled emtssions..‘

* Emissicn Recucticn Potential
** Par One Ton Recuction

A

AIR POLLUTION MITIG:TION MEASURES
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MITIGATION MEASURE RANKING

Medium Airports

GSE SCURCES — MEZIUM AIRPCRTS

HC .. .POLLUTANT 1 0 .. TONS OF EMISSIONS ~ Per Year Qrder Of Magn:tude
WEASURE EAP* RELATIVE COST** CCMMENTS
Fixed Eiectncal Sys.er“s 81% Low o Moderate
Fixec Alr—condatlonmg Sysiems % LowtoModerate
Altema:.ve Fue[s Cvrvers‘on . ”79“-%.- S H|gn ............................................................
CO ...POLLUTANT 375 ...TONS CF EMISSIONS — Per Year Crder Of Magritude
MEASURE ERP* AELATIVE COST™ CCOMMENTS
Alternative Fuels Ccnvers cn 7% Low
rnxed E ec.rlcal Sys.af“s o 69% “ Lcw
leed Alr condmonmg Systems 33% o Low '

N OX .. .POLLUTANT 25 _..TONS CF EMISSIONS — Per Year Crder Of Magritude
MEASURE gAP” RELATIVE COST* COMMENTS
Altemarive Fuels Ccnversxcn 77% Low
Fixed Elact nca! Sys:ems 72% Low
r-wxed Anr-ccndmonmg Sysnems 3% Low to Maderate
PM ...POLLUTANT 1 .0 ...TONS CF EMISSIONS — Per Year Orcer Of Magnituce
MEASURE ERP* RELATIVE COST™ CCOMMENTS
Altemative Fuels Conversicn 100% Very ngh High cost reflects low uncentrolled emissions
Fxxed E'ecncal Systems 100% Very ngh High cost reflects low uncentrolled emissions
mxed Aar-ccndmomng ,ystems 100% Very High High cost reflects lew uncentrolled emissicns
* Emissicn Reduction Pater: 5
** Per One Ton Recucior
e A
. AIR POLLUTION MITIGATION MEASURES

=iy ———————— FOR AIRPORTS AND ASSOCIATED ACTIVITY
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MITIGATION MEASURE RANKING

GSE SOURCES — SMALL AIRPCATS

HC .. .POLLUTANT 5 tons OF EMISSICNS — Per Year Crder Gf Magnitude
MEASURE ERP* RELATIVE COST** CCMMENTS
Fixec Z'ectrical sttems 84% Low to Moderata
Fixac Air crc:nucmng Sys.ems o 33% Low to Moderaxe e
Aner"aws Fusis Ccnvers:cn o 78% o ngh .
CO rouran 150 . rons OF 2MiSSICNS — Per Year Creer Of agnituce
WEASURE ERP" RELATIVE COST™* COMMENTS
Altermative Fuels Conversion 6% Low
FXcC act rxcai Systems S 7’0‘”° ' . Low ................
erc Axr-c*nmtcnmg Systems - % . Low "
NOX sowumant 10 rons oF eMisSIcNS — Par Year Craer of Magnitude
MEASURE gap- RELATIVE COST™ CCMMENTS
Alter'atrve Fuals Convers:on 7T% Low
F-xec ‘act rlcal S/stems o 73%" - Low
F|xec Air- c:ndx cnmg Sys:ems o 33%‘ o Lcw Moderale o
p M ..PCLLUTANT 0 .5 ..TCNS OF EMISSICNS — Per Year Crger Cf Magnituce
MEASURE £RP" RELATIVE COST™ COMMENTS
Altemative Cuels Conversion 1C0% Very High Hig'x cast reflecis 'ow uncentrolled ermissicns.
Fixed Tiactical Sysiems  100%  Very High Hign cus;;;;,‘;e-”-‘.e;;';;gsg;;a;;a;,;;;;;;;;;;: """""
Fixed Aar-c:nditicning Syste;w; . >1OO o Very High . . High ccst rer’lec:s cwuncontrclledemsscns

* Emissicn Recuction Potentjal
** Per Crie Ton Reduction

LY —_—
AIR POLLUTION M rtGATION MEASURES =~ ”
FOR AIRPORTS AND ASSOCIATED ACTTVITY -4=
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MITIGATION MEASURE RANKING

VEHICLE SOURCES — LARGE AIRPCATS

H C ...PCLLUTANT 2,500 .. TONS OF EMISSIONS — Per Year Order Of Magnitude

MEASURE ERP* RELATIVE COST** COMMENTS
teig Circulation Management TCMs  20% Low

Tric 2scugtcn TCMs 3% Low to Moderate
Altermatve Fuels 35% Maoderate to Hign

C O ..POLLUTANT 24,000 _._.TONS OF SMISSIONS — Per Year Oraer Of Magnitude

MEASURE ERP* RELATIVE COST* CCMMENTS

Igle,Circulation Management TCMs  20% Low

Trip Sacuction TCMs 3% Low to Moderate

Altema:iva Fuels 35% Moderate to High

NOX _roLumant 2,500 _.TONS GF EMISSIONS — Per Year Order Of Magnilude

MEASURE ERP” RELATIVE GOST™ CCMMENTS

iciesCirculation Management TCMs  20% Low
Trip Recucticn TCMs 3% Lew lo Moderate

Allemative Fuels 20% Moderate to High

PM . rowutant 900 _ToNS OF EMISSICNS — Per Yoar Order Of Magnitude

MEASURE ERP* RELATIVE COST™ COMMENTS

iclerCircutation Management TCMs  20% Low
Trip Recuction TCMs 3% Low to Moderate

Altemative Fuels 100% Moderate to High

* Emission Reduction Potential
** Par One Ton Reduction

J— A
AIR POLLUTION MITIGATION NMEASURES

i Y T~ FOR AIRPORTS AND ASSOCIATED ACTIVITY
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MITIGATION MEASURE RANKING

VERICLE SCURCES — MEDIUM A

HC _soiumant

*{RPORTS

50 .. ToNS oF EMISSIONS — Per Year Order of Magmzia

Medium Airports

MEASLRE zRe” AELATIVE COST™ CMMENTS
‘cie/Circulaticn Managemant TCMs  20% Low
Allem.;t;\l.:;"-ﬁ.‘.;l.; ............. 35% Mcc:arate ro ngh -
Trnio Rpcuc ("’Tlum: “ 3"’ - MOCerdte Io H«gr‘
CO ..PCLLUTANT 1 300 .TONS OF EMISSICNS — Per Year Order Of Magriy
MEASLAS B AELATIVE COST™ COMMENTS
c!e/CIrcu'arm Managerrcw TCVS 20% L0w
A!:emawe r.eis ”,a%‘ o Moderate o ngh
Trip F‘ieduc :cnl IC\As o 3% o Moderate to Hsgh .
NOX . rcroutant 200 .. Tons oF EMISSIoNS — Per vear Grer Of Magra.ce
MEASURE ERP* AZLATIVE COST™ COMMENTS
:cle/Circulaticn Managen"e TCMs 0% Low
A :emame F‘,ms T 20% Modera(e :O H'gn L e e e e
Trip r-educ:':r;; ¢CM5 o 3° o Moderate to ngn
PM  eceumant 40 _.7ONS OF EMISSICNS — Per Year Srcer Of Mag= ca
MEASUAE ERP* RELATIVE COST™* COMMENTS

icle/Circulaticn Manageme"t TC\1s 0%

-\Jrema:wa Suals

Trip P.educ:ion TCMs

* Emission Recuction Poterial
** Per Cne Ter Reduction

3%

Low to Mcdarate

1CG% Modera(a lo H|gn

Moderate lo High

AIR POLLUTION MITICATION A2 :SURES

FORAIRPORTS AND ASSOCIATED ACTIVITY
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Small Airports

HC _pocumant

MITIGATION MEASURE RANKING

VEHICLE SOURCES — SMALL ARFCATS

65 ... TONS OF EMISSIONS — Per Year Crcer Of Magnitude

MEASURE gAP*

RELATIVE COST™ CCOMMENTS

ictle/Ci rc.:lanm ‘Aanager-'en( TCMs 20%

Tnp JeCUC' cn T C\As 3%

Aner—aiwe Fiels 3%

CO . PCLLUTANT

Low to Moderate

Low o Modera(e

H:gn

700 ...TONS OF EMISSIONS — Per Year Orcer Of Magnitude

MEASURE EAP*

RAELATIVE COST** COMMENTS

(clefc rcz,iancn Manager" art TC\As 20%
Tnp Secucticn T C\As 3%

Alterr-anve FJels 35%

Low to Mcderale

Low o] Moderate

Hu;h

NOX . rouumant 100 _1oNS OF EMISSIONS — Per Year Order Of Magnitude
MEASURE gap" RELATIVE COST™" COMMENTS
IdlefC reulaticn Managerren( TCMs 20% Low la Mocerate
Trip Recuction .C\As T3 lowioMocerae
o e 20% e .Mdd-era:e 10H|gh e e e

PM souumant

15 | oNS OF ZMISSIONS — Per Year Orcer Of Magnitude

MEASURE ERP*

AELATIVE COST™ CCMMENTS

Icte/Circulation Managemer*t TC\As 20%

Altematrve Fuels 100%

Trip Reduction TCMs 3% _

8 LIBR

W I

849

Low to Macerate

Mcderale

Moderale

* Emissicn Reducticn Paierta
** Per One Ton Regucicn

AR POLLUTION AMrriiirin N MEASURES
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