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ABSTRACT

The growth of air travel in California is
becoming a concern for air quality planners. Air
* travel throughout the U. S. has grown more than
5% per year for the past decade and that growth
is expected to continue. California has become
one of the fastest growing air transportation links
to the Pacific Rim, pushing its average growth
even higher. This has resulted in airport-related
activity 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 supporr
equipment that sesvice 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 constraines
that may limit its effectiveness. The informa-
tion 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 European airports are described. A derailed
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 regulations,
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 aircrafr, CSE, and landside
wvehicle acdvity it is useful to ana-
lyze them independently.

The reporr discusses the three
categories of airport actvity and pos-
sible emission mitigation 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. Secton 2 of the
report discusses approaches for mit-
igatng air emissions in general and
describes some sources of informa-
ton on these measures. Secton 3
focuses on aircraft emissions, Section
4 on ground support equipment, and
Section 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.
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Ficure 1-1

Mitigation Measures For

Mitigation

irport Sources

Bensfit Primai Responsible
Measure Desired Polivtants Aqﬂocud Panty
Single/raducad Reducs
engine taxing enging icle time HC.CC Airlines
Reduca reverss Reduce high power
thrust use engine operation NCx Airlines
. . 3ecuce Airports/
Tow aircraft io runway engine idle time KHC.CO Airlines _
Take passengers
to sircraft parked reduce =C,CO Airports
near runway engine idle time
Recuce airport Reduce Airports/
airside congestion engine idla lime KC.CC FAA
Mcdemiza fleet Decrease flaat
engine emissions KC, CO Airlines
Establish naw engine Reduce aircraft
emission standards engine emissions NCx EPAIFAA
Cerate Dscrease NO Aifli
engine emissions ilines
takeoff power a gigh power X
Use larger aircraft Recucs -
L70s HC.CO.NOx  Airlines
- Recuces
Increase load factor L70s HC.CO.NOx Aifiines
Limit number Reduce
of operations LT0s HC, CO.NOx  FAAEPA
Increase .
Manage fleet saals per LTO HC.CO NOx  Airiines
Provide central Reduce aircraft Airports/
ground power and air engine idle time HC. CO Airlines
Altemative fuals . Reduca ] Airports/
for GSE GSE emissions HC. CO.NOx  Airlinas
Employee ' Recuce
VMT reduction TCM VMT HC,.CO.NOx  Airports
Passenger Reduce .
VMT reauction TCM VMT HC, CO,.NOx  Airporis
Idle and circulation Reduce
managament TCM venicle emissions HC, CO,NOx  Airporis
Altemative fuels Reduce
for rental cars vehicle emissions HC,CO,. NOx EPA/ARS
Altemative fuels
forheavy cuty . Reduce
commarcial vehicles vehicle emissions HC, CO,NOx EPAJARS
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When evaluating mitigation methods, there
are various approaches for reducing emissions.
They could include capruring or contolling 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 seczon discusses aircraft, GSE, and vehi-
cles as emission sources generally. Specific mea-

. sures that apply to each source type are discussed
in more detzil in subsequent sections. 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 mirigation 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

" associated with aircraft and related activity.

Alr emission inventories for aircraft use a
landing and take off (LTO) cycle as their basis.
An LTO includes the aircraft operadon from the
time the aircraft starts its engines, taxis to the
runway, takes off, and climbs out 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 taxi/idle operations 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.

B “,/
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Thus, operadion in the taxi/idle mode, when air-
craft are on the ground at low powey, is a signif-
icant factor for KC and CO emissions. When
considering mitigation methods for KC and co,
the objective is to minimize the airczaft opera-
tion at idle and low power taxi.

When caleulating hydrocarbon emissions it is
preferable to quantify individual compounds
rather than total organics, however, little data on
organic speciation 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 Editon, August 1991. The
speciadion profiles for aircraft engine exhaust in
current versions of these reports, however, are
not well developed. Additional research and test-
ing under realistic conditions will be required to
refine these profiles.

NOx emissions are low when engine power
and combustion 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 incomplete
combusgon. Pardculate emission rates are some-
what higher at low power rates than at high power
rates since combustion 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-
de is known quandmdvely about partculate ernis-
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 aireraft, 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. Aircraft may waitin 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 (C0),
nitrogen oxides (NOx), and particulates from activ-
.ities on and adjacent to California airports are a
growing part of the state’s emission inventory.
While airport activities and emissions are

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

12

Report Organization

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

LY P03
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have uilpipe, evaporative, and crankcase hydro-
carbon emissions. NOx anc particulates also are
emitted from the wilpipe alzhough the partculate
emissions are minimal.

Aircraft ground suppor: equipment include
the following types of vehicles:

* baggage racters

aircraft ractors

* ground power uriis

arr-conditicning units

air start units

Baggage conveycrs

other secendary 5se

Of these, the engine air start units utilize the
largest engines (350 to 460 HP), while all others
generally use engines rangirg from 50 to 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-

" dmes run on Jet A (kerosezne jet fuel). Atsome

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 operation both

- inside and ourside 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 but to airport operatons. Most
airports maintain some construction equipment
for emergency repairs or normal runway main-

. tenance. In addidon, 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-

6

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

Among the mitigation measures appropriate
for ground support equipment, ARS is alrcady act-
ing on imposing emission standards on off-high-
way engines, Other mitigation measures include:

* Ins:ailation of centraiized air and elactrical greund
power at each gate area

* Electrificaticn of ramg service (foed, cargo,
water/sewage) vehicies

* Use of alternative fual engines ¢n airpon service
vehicles such as sweecers, baggage, and tractors.

2.3

Emissions From

Airport Related Activity

Emissions from vehicular waffic through the
airport and nearby areas are 2 very large contrib-
utor to airport HC and NOx emissions. Vehicle
activiry includes:

* Private vehicles drepping off anc sicking up pas-
sengers

* Puttic transit vehicles (buses and vans) offering
connections 0 downtown and suturban locations

¢ Shutile buses for car rental, off-girgort parking and
notel pickup

» Cargo vehicles for delivery of luggage, express mail
and kulk ar cargo

* Construcuon vehicles for sugseriing off-airport
building, commercial and indusirial development
Except for the last category, all of the vehicles

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

AIR POLLUTION MITICATION VEASURES
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SECTION 2:

Approach To Mitigating Air Emissions

When considering approaches to mitigate
emissions at airports it is important to understand
the relative sizes of the sources. Figure 2-1 sum-
marizes the 1990 emissions of commercial and
general aviation aircraft, GSE, and light ducy vehi-
cles for a large, medium, and small commercial

airport in California: Los Angeles Internatonal

(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 pormray a range of airport sizes and are used
illustratively. They are not intended to be con-
sidered baseline emissions for these airports.

FIGURE 2-1

Airport Reference Emissions — 1990
© = EMmissions IN TONS PER YEAR —
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Individual Airports
Airports themselves a-2 a valuable source of
information. Airport manzgers and airport mas-
ter plans can provide informaton about expan-
“sion plans, scope of constmiction projects, and
antcipated changes within 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-
mation. General discussions of airside mea-
sures can be found in several magazines, such
as Aviation Week & Space Technolagy and AIR-
PORT Magazine. Literarure also is available
_that addresses transportation control measures
like carpooling and vanpooling, transit, park-
ing, and user fees.

2.5

Report Scope

This report includes a review of the miri-
gation measures that may apply to airport air-

.‘:\; “’/
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side and landside emission sources. Itis orga-
nized as a reference manual for mitigation mea-
sures. Section 3 describes measures that apply
to aircraft, Section 4 describes measures that
apply to ground support equipmeant, and
Section 5 describes measures that apply to the
airport landside and related activities.
Informaton 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 acrual operations ar all
California airports. Also some calculations usc
EPA_-deﬁncgl default values, which are not ARB-
approved default values. The reader is cau-
tioned to use actual data, specific to local con-
ditions and individual airports, when evaluat-
ing mitgation 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
data sources.

AIR POLLUTION MITIGATION VIEASURES
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pate changes to the overall fleet 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 fleet: noise
regulations and growth. National noise regula-
dons cail for the phase our of older aircraft, which
typically have old, loud engines, by the end of

this decade. These are known as Stage I air-
craft. The newer, Stage III aircraft have newer,
high-bypass engines, which are not only quieter,
but emit less EC and CO. As Stage III aircraft
replace Stage I, the average emissions of these
pollurants for the fleet declines. The one excep-
tion to this is when airlines buy “hushkiss” 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
travel has flattened during the present recession
most analysts expect continued robust growth
throughout the 1990s. This will stimulate con-

“tinued modernization of the U.S. fleet, which
must be considered when evaluating alternative
emission mitigation 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 taxi-ways with
.engines running. Congestion relief measures dis-
cussed in the next section of the report include:

¢ imorgvements 0 the layout of taxi-ways
on e airport

¢ upgraced instumentaticn and air raffic control pro-
cecures io minimize spacing berween incoming air-
craft and to berer coordinate lancings and iakeoffs

¢ conirelling aircraft degariures throughn
gatehcid procedures

¢ transcoriing passengers to aircra® sarked
clese to runways.

AIR POLLUTION MITIGATION MEASURES
FORAIRPORTS AND ASSOCIATED ACTIVITY = YA

HC and CO mitigation measures that do not
relate to airpore airside congestion include:

* single-engine or recuce engine taxiing

* prewsion of ground-tased elecinicity and srecondi-
tioned air so APU (Auxiliary Pewer Unit) ozeraticn 1s
unnecessary.

Mirtigation measures that address NOy are
much more limited because tkeoff and climbout
times are relatively short and must take place ar
very narrow engine power ranges. Probably the
best midgation methods relate to engine design
changes, however, states do not have the author-
ity to dictate such changes. Other alternatives
include:

* derated takeoff
* limiting the number of coerations allowed
* encouraging the use of 'arger aircraf, whicn move

more people into ancd out of the airport with eacn
LTO.

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

22

Aircraft Service Eiliilpment
Emission Sources And
Pollutants

‘A wide variety of equipment are used in
ground support to aircraft operations and they
are needed to move, service, load, fuel and power
the aircraft. Three distinet categories of equip-
ment for emissions purposes include: mobile
equipment with engines certified to on-road ermus-
sions standards, mobile equipment that current-
ly are unregulated, and transportable equipment
that currently are unregulated. These equipment

LY -,




3.1.1
L —— ————————— —————— ]

Sources of Information on Emission
~ Mitigation Measures

Various information sources are available on
aircraft mitigadon measures. General informa-
don on mitigation 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 literarure.
Alrport and zirline staff are responsible for imple-
menting most aircraft mitigation measures.
Airport actvity and operational data is available
from airport management, airlines, and govern-
ment documents, and publications. Airport
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 dat 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
Airport Activity Statistics of Certificated Routs Air
Carriers, F44 Air Traffic Activity, and a4 Statistical
Handbook of Aviation, conrain data on aircraft
models and number of LTOs for airports with
FAA control towers, which includes most U.S.
airports with commercial air wraffic. Valuable
sources of current and planned airport projects
include EAs, EISs, EIRs, aitport management, air-
lines, and magazines. Specific information
sources for evaluating some mitigation measures
are discussed later.

+ - TABLE3-1
Potential Measures for Use
with Aircraft ,
Primary
Objective Msasure Poilutants Affecteq
Decreasa « Single/reduced
Engine. sngire taxing s =C,. CO
Operation | godics use of
reversa thrust * NOx
Dscrsase  « Tow aircraft to runway » HC.CO
Times o Take passengers « HC.CO
in Moda to aircraft parked
near runway
* Reduce airport
congestion *« HC.CO
0crease . uodemize fleet « HC,CO
Averags e+ Establish new engine
Engine emission standaras * HC, CO, NOx
Emission
Factors » Derate takeoff powsr * NOx
Deocrease  « Usa larger aircraft * HC, CO, NOx
LTOs » Increase load factor * HC, CO. NOx
* Limit number of
operations directly * HC, CO, NOx
Increase
Number  « Managa fleet ¢ HC, CO, NOx
of Seals

TABLE 3-2
Basic Calculation Procedures
For Aircraft Emissions

Eyj = Z (TIMy) « (FF/1000) = (EL) * (NE))
ETi= Z (Ep * (LTO)

Where:
E = total emissions of pollutant i, in pounds. pro-
ducad by aireraft type j ‘or cne LTO cycle

TIMy = time in mode for mode k. in minutes, for air-
craittype

FFa = fuelflowfor mods k, in ceunds per minuta, for
9ach engine usad on aircrait type |

Elx = emission index for pollutant i. in paunds of pol-
lutant per one thousand seunds of fuel, in
moda K for aircraft type j

NE =-number of engines used cn aircraft typs j

ET; = total emissions of pollutant i, in pounds, pro-
duced by all aircraft operating in the regicn or
airport of interest

LTG; = number of landing and takeci cycles by air-
crait j for the time period of interast.

i = hydrocarton, nitrogen oxices, or carbon
monoxide

j = A320, 8757, MD11 for example
k = laxiidlie out, lakeoff, climtcut, approach.
taxifidie in

{For more information on this proceciurs, see Appendix A)
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egory of Transpormton Control Measures (TCM).
Reduction of vehicle emissions can involve
switching to alternagve fuels or entirely replacing
vehicles wich electrified lighe rail. TCM's reduce
vehicle wip activity and the net reduction in num-
 ber of vehicles results in decreased congestion,
and this in turn reduces emissions of the vehi-
cles operating in the airport. Private (non-com-
mercial) automobile waffic is a primary target for
TCM’s, since other strategies such as conversion to
alternadve fuel use is far more difficult to imple-
ment. Candidate strategies for vehicles include:

* ridesharing (car and vanccaling)
* transit ancouragements

* remote and close in park anc rice
* telecommuting

* variable work hours

* parking management anc pricing.

2.4
e E———————— .

Sources Of Information
On Mitigation Measures

This section summarizes some of the sources
of information that are available on the use of
emissions 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-
tons of the report. Appendix F lists references
used in developing this report. A table cross-
referencing the sources and applicable mitiga-
tion measures appears on page F-1.

AIR POLLUTION MITIGATION MEASURES
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Government Agencies
and Documents

The Federal Aviation Administradon (FAs)
publishes numerous documens on airport and air-
craft acdvity. One document that is required by
the FAA for construction of new airports as well as
major airport expansions is an Environmental
Assessment (EA). An EA s prepared by the orga-
nization advocating the construction project and
considers the potential environmental impacts. The
complered document is reviewed by local, state, and
federal government agencies. An Environmental
Impact Statement (E15) 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, lising background dara, air pol-
lution mitigation measures, and the effect of mea-
sures on air quality. Generally, an EA and EIS will
contzin both airside and landside air pollution mit-
igation measures. EISs recenty have been prepared
for new airports in Dallas (Alliance Airport, dedi-
cated to cargo/ industrial activity) and Denver, and
airport expansions at the Dallas/Ft. Worth, O'Hare,
and Pirsburgh International Airports.

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

" of emission factors and calculadon methodology.

7

Many state and local govemment agendies pub-
lish documents and require reports similar to an
EIS. Environmental Impact Reports (EIR) are pre-
pared in accordance with California Environmental
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, Onuario, Burbank, Palmdale, San
Jose, San Francisco, and Oakland Airports.

LY —




3.2

Measures

This section discusses air emission mitigation
measures that potendally can apply to aircraft. A
description of each measure is followed by a dis-
cussion of constraints, applications, key inputs,
and sample calculations. Where feasible and
appropriate a calculation procedure for determin-
ing emission reduction benefits and direct and
indirect implementadon costs is described. The
emissions reduction benefit is supplied where pos-
~ sible. Costs are highly site-specific and are not cal-
culated here s as not to mislead the reades. Finally,
references for further information and variatons of
the measure are provided. Under the discussion of
implementation feasibiliry, a 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 constitute a legal opinion on the author-
ity of these parties to implement these measures.
Reference and variation information is not com-
. prehensive. Also, the measures, discussed in the
report include those that are believed to 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-
dating 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 dewil

3.2.1
%

Single/Reduced Engine Taxiing

This measure reduces engine
operating time at idle,

Large commercial aircraft have two, thres,
or four engines. Since low thrust is needed to
taxi an aircraft, one or more engines can be shut-
down during taxi. Not only does shurting 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 also results in high-
er engine exhaust velocity, Single/reduced engine
taxiing, which also is referred to as engine-out
taxiing, only affects the taxi mode emissions. In
addidon to emission reduction benefits, this mea-
sure also may conserve fuel.

CONSTRAINTS

Some constraints such as the number and
placement 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-fusc-

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

o a
g{ AIR POLLUTION MITICATION MEASURES
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SECTION 3:

Measures For Mitigating Emissions
From Aircraft Operations

3.1

Introduction

Alrcraft operating at commercial airports include
large commercial jets, smaller commuter aircraft
- powered by turboprop engines, piston-engined gen-
eral aviation aireraft, and other miscellaneous aircraft.
A variety of military aircraft also operate at some
commercial airports in addition to their operations
at military airbases. This section primarily focuses
on measures that may apply to commercial jets since
their emissions represent the largest portion of the
-total aircraft emissions inventory, Obtaining data
to assess the effect of these measures on smaller air-
craft, particularly 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 auxiliary power unit (APU). The
engines are a much larger emissions source than the
APU. The traditional way to consider aircraft emis-
sions is pounds of pollutant emitted 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, 1axiin),

* emission factors ‘or the aircrak engines dunng each
mcce,

* number of LTC cycles,
* emission facicrs for the APY, and

¢ APU operating ime during sach LTO cycle.

Since 2 commerdial airline’s purpose is to trans-
port passengers (and freigh, t0 a lesser extent), how-
ever, another way to evaluate the emissions gene:-
ated aran airport is to consider pounds of pollurant
emitted per passenger. In addition to the factors
listed above, emissions per passenger is a function of

* number of seats on inclividual aireraft and

¢ number of actual passengers per aircraft
(passenger lcac factor).

On this basis, there are several possible ap-
proaches to mitigating 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.

Additional derails on quantifying emissions can be
found in a document called Procedures for Emission
Inventory Preparation, Chapter 5 - dircraf?, which

i is published by EPA and is included in Appendix

A: Dama Required to Evaluate Aircraft Measures.
Calculations of aircraft emissions referenced in

- this secdon were based on the procedure outlined

in the EPA document.

LY _,
AIR POLLUTION MITICATION MEASURES
FOR AIRPORTS AND ASSOCIATED ACTIVITY =————o———" o

9




CALCULATION PROCEDURE
Ej= I (TIMj * (FF/1000) (Elp) » (NE))

Emission Reduction Benefit
ASSUMGIOTTIM: | oo e e e
All engines cperate for S minutes gricr ' :zkeoff cr shut-
down (2 minutes minimum for —emmal stetiiity/coci down)

No change o average taxi tire

Assume for NE:

A300-1engine B747-3enginas DCI/MD80 - 1 engine
A310- 1 angine B757-1engira C10-2engines
A320-1engine B767-1engine MC3!-2engines
B727-1angine L1011 .2encines

B737-1engine DC8-2engires

Frequency of Use;

70% of ail ‘axi periods > 5 mirutes

Emission Benefit:
Difference tetween emissions calculated using base-
line assumptions and those cziculatec aiter applying
above assumptions

Implementation Costs
Direct:

Fuel cos¥savings =
(engine-out taxi time) = {FFs/ 1000} = (st fuet c2s?)

Indirect and Noneconomic:

Pilot training costs

ASSUMPTIONS
The following assumptions were made in est-
mating ernissions for aircraft with single/reduced
- engine taxing for the sample calculadons. These
assumptions allow for possible constraints limit-
ing the use of the measure. They are:
"+ this measure can be used 70% cf the the lime,
« aliengines must run for at least two minutes sefore takect,
* allengines are run for five minutes during taxi-in and taxi-out,

* only cne {or two) engine(s) is run for the remaining taxi time,
and
at least one engine, but not more than two, are shut cown

during taxi for awcraft not listed under the cziculation nrece-
dure above.

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

iing conditions. Airporr specific data should be
used if available.

"SAMPLE CALCULATIONS

This sample calculation illustrates the procedure
for determining the benefit of single engine taxiing
on HC emissions for B737-300 aircraft. A similar
procedure is followed to determine CO and NOy
ernissions. Fleet emnissions without single engine
taxiing are compared to those while using the pro-
cedure for commercial aircraft at 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 discredon 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 to this measure were
considered,




312

Reference Emissions

To evaluate the midgaton measures discussed
in this report, 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 statistics report for periods 1/90 through
12/90 and FAA’s dirport Activity Statistics of
Certified Route Air Carriers. The estumates are
used as 2 basis for comparison with emission esti-
mates of select aircraft mitigation measures to
provide the measures’ emissions reduction bene-
fis. A quantitarive comparison is made for those
measures for which dara is available to calculate

FIGURE 3~1
Commercial Aircraft Reference Emissions By Mode ~ 1990
Emissions (Tons Per Year) _
6.000( Irissions {Tons Per Year)
5000 %
- -} 200
4000 LY,
150
400
% 7
2000~ Z m
_
1,000 <0
TPy v Others He €O NOx WC €D NOx
- SMF — - 168 —
Sacramento Long Beach
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resulting emissions. The commercial aircraft
emissions references are based on operations ar
three California airports: Los Angeles Inter-
national Airport (LAX), Sacramento Metro
Airporr (SMF), or Long Beach Airport (LG3).
The 1990 reference estimates are:

Ewsscas {bir)

Pallutant LAX SMF LGe
HC...co.oe. 4,897,785 111,671 28,313
CO .oveees 11,672,618 434,428 172,218

6,939,500 546,952 248,515

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

== FORAIRPORTS AND ASSOCIATED ACTIVITY ———————=" 4=




3.2.2

| Reduce Use
OfReverse Thrust

This measure reduces engine operating
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 without the need
for reverse thrust from the aircraft 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 throtde, 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 capiral
" requirements are constraints to lengthening a

.:'\i “’/
= i
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runway. To lengthen an existing runway, land
for the runway extension and space for changes
the approach and departure patterns must be
available. This measure is not feasible for a space
constrained airport. Runway improvements also
are relacively high cost construction. Because an
airport is a place of almost continuous actvity
there may be serious limits on when construc-
tion can take place.

Safery may be a factor in using reverse thrust.
Certain weather conditions may dictate that the
pilot rely on reverse thrust rather than wheel
brakes. Airport design also is a factor. High-
speed turnouts enable an aircraft to exit the run-
way without coming to a near stop. Ninery-
degree, unbanked turns between the runway and
taxiway require the aircraft to slow much more.

" Also, if one turnout is missed due to slower brak-

ing speed, taxi-in time may increase. As men-
tioned, heavy braking increases maintenance costs
on brakes and tires,

Another constraint that is difficult to assess
objectvely 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-
tion 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 MITICATION MEASURES
FORAIRPORTS AND ASSOCIATED ACTIVITY
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Sample- Calculation For...

TAXIING NOT IN USE

Singie Engin; Taxiing
Emussions = T{TIM) « (FF/1000) = (El) = (NE)
« HC Emissions —

pape—. P - T AR NG . R0 ¢ e e -

8737-300 Aircraft

cru58-38 Engine

TAXIING IN USE

o Ve r A e e 0y e

SN e AP cieee

Implementation Feasibility

» This measure apparently can be implemented
under few constraints since it already is poli-
¢y 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

EET—

- aan

A RNST LIS 328 D RIS 1 A AN A e+ o

T R A AT

=C No. HC  No.
B Time In Fuel Emission Of . Tima In .4 Emission Of
© Mode Moge Pow _ Factor Eng. Swmissions Moce  Mode Scow _ Factor Ena. Emissions
s N LA/ L8/1,00003 28 ™ Sen 10008 a8
[ Taxiout 1500 1720 125 2 26450 Taxi-oul  5.00 T2 128 2 02150
Now ], Tad-out 1000 T30 128 1 02150
* Takeoff 095 15079 004 2 0018 Taxion 7 Takeof Q95 5073 064 2 00115
: Cimbost 114 12302 005 2 00140 ’:n‘?y"l:r“g'a‘: { _ Clmocat 114 12332 005 2 00140
: Approach  2.4D 4762 0C8 2 00183 of taxi time, Appreach 240 4722 008 2 00383
: Taxidn 880 1720 125 2 03784 ————— “Tanin 500 tZ 125 2 02160
i Tax-n 380 iT20 125 % 00817
3737-300 Emissions per LTO (IbsATC) 10672 0.7705
: Annual 3737-300 LTOs 39.184 _— Emissions Sersti — 39,184
; Total Annual FC Emissions (1Bs) 11816 Difeecce beween emesic  sendfated 3.1%0
‘ comoared to when the meas.re .S in use.
HC amissions are cafculated for all ditcrant in he flest and summed i get total annual HC emissions. HC Emissions
Feet Total Annual HC Emissions (lbs) 4.£37,755 wio measure 455" T35 lbs 3.654.834
Fleat Avg Emissions per LTO (lbsLTC) 19.53 with measure J.682 354 Ibs 15.23
HC Senefit= 1232 "0 bs
; Parcant Reduction = 2%
1 COemissions are determined using similar calcutations with 20prODIAIE emission Fictors. CO Emissions
i Fleat Total Annual CO Emissions (bs) 11.672518 wiomeasura  11.672518 Ibs 9.276.108
Fleet Avg Emissions per LTO (IbeLTC) 48,52 with measuwre 9.275.:08 Ibs 385
N i CO Eenefit = 2392510 Ibs,
. Percant Reduction = 21 %
NOx emissions are determined using similar caiculations with appropriats emission tactors, NOxX Emissions
Feet Total Annual NOx Emissions (Ibs) 8,939,500 wio maaswe §.23 X0 Ibs §.744. 466
Feet Avg Emissions par LTO (los/LTO) 28.84 with measure 8712255 Ibs 28¢3
NOx Senefit = 195 234 ibs
Percent Reduction = i%

» Dara is available for taxi time from the FAA
for some airports, although it may be difficult

" to obtain for all airports of interest. Emission
factor dara is not available for the higher RPM

idle needed for single/reduced engine tading,

recommends that the practice not be made
mandatory at any time.

evam——

bur available idle emission factors can be uscd
to provide a conservatve result.

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

to o oo o obe o o
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! Sample Calcutation For...

REVERSED THRUST IN USE

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

e AT LR

8737-300 Aircrait
cru58-38 Engine

REVERSED THRUST USE HEDUCED

Time In Fuol Emswn Ol Time in :-ud mi
Moda Mode Few _ Facier Eng. Emissions Mode Mode EFagg‘ Egg' Efmss:cns
i WN L 188/1.0000a [E1) ™ .y\m 85/1,000L8
PTadost 950 1720 125 2 04257 T N Taxiost 990 1720 125 2 o.4257
i Takeol 098 15079 O00¢ 2 001S Lower time in Tagof 070 150.7% 004 2 00C84
| Gimbout 114 12302 0CS 2 00173 foce at akeoll // Cimoout 1,14 12302
. G . X . : poves vl | : . 02 005 2 00
Approach 2.80 47.82 0.c8 2 0.0213 Acp n 280 4782 0.08 2 Q.02
i Taxidin 480 1720 125 2 Q1978 Tadin 480 1720 125 2  0.1978
; 8737-300 Emissions per LTO (IbsATC) 0.6736 0.E7C6
* Annual 3737-300 LTOs 3.459 [ Emissions Senefit — 6.453
 Totat Annual HC Emissions (ibs) 4351 " Wten e msasure 5 00 use ™ 4.322
) comga2d o when the measure is in use.
. HC emissions are calculated for Il aircrart in e Seet and summed to gat tofal annual HC emissicns. HC Emissions
. Fleel Total Annual HC Emissions (lbs) 28313 wio measuwe 29313 bs 23,'5%C
| Flost Avg Emissicns per LTO (bsALTC) 1.94 with measure 28,150 ibs 133
HC Eenafit = 163 lbs
Percant Reduction = 1%
{ CO emissions ars delnnined using similar calcuialions with 2ppropriale emission tactors. €O Emissions
i Fleet Total Annuai CO Emissions (lbs) 172,216 wio measure 172.216 ibs 171397
s Fieet Avg Emissicns per LTO (Ibs/LTC) 11.81 with measie 171,397 ibs 11.78
CO Banefit = 820 Ibs
. Percent Reduction = 0%
i NOx emissions are determined using simila caicutations with ppropriaie emisston factors. NOX Emlissions
é Fleat Total Annual NOx Emissions {Ibs) 248518 wio measwre 248515 bs 225.87¢
Reat Avg Emissions per LTO (IbsA.TC) 17,04 with measure 225,676 ibs 15 ¢7
¢ NOx Benefit « 22,839 ibs
i Percent Reduction = 9%
:
i o e . B
SaMPLE CALCULATIONS REFERENCES

An emission estimate 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 esimated.

To estimate the emissions, average taxi-in
and taxi-out times for Long Beach Airport were
taken from FAA data. 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 reductions.

= y |
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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 nwo
4000m (13,080 fect) runways, which are among
the longest found at commercial airports. The
airport management indicates that these runways
allow any aircraft to land safely without using
revere thrust. San Francisco Bay Area Airports:
Task Force Capacity Study of SFO, SJC, and GAK
International dirports discusses reductions in ate-
craft delay from several measures such as extend-

AIR POLLUTION MITIGATION MEASURES




few measures for reducing NOx emissions, it may
be an important consideration for some airports,

KeyINrUTS
Reverse thrust is not included in EPA’s stan-

_dard LTO emission calculations, 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, it is difficult to generalize about the need

for using reverse thrust. Dara should represent
the sire specific factors that are important at a
given airport.

The key data needed to assess lengthening a
runway is frequency and duratdon 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. To evaluate the use of reverse
thrust, 15 seconds should be added to the takeoff
time-in-mode (to represent time in reverse thrust),

If reverse thrust is not used, the engine power is
reduced to idle while the aircraft slows down. EEA

-is unaware of any sources of information on the

frequency of reverse thrust use by aircraft at spe-
cific airports. Site specific data collection prob-
ably is necessary to refine this calculation.
However, using standard data on time-in-mode
and 15 seconds of reverse thrust time, a conserv-
ative emissions estimate can be calculated.

CALCULATION PROCEDURE

E;= Z (TIM;o) * (FF,/1000) * (ELy) * (NE))

AIR POLLUTION MITICATION MEASURES

Emission Reduction Benefit
Assume for TIM: N
Use of reverse rrustis eliminazec reducing nigh

pewer operaticr: a: ecuivalent of :akeoif thrust) by 15
seconds.

No effect on deiay 2r airport canacity.

Frequenc:/oste L o
0% of all Iand:r\.s all airpens

Emission Benefit;

Difference betwee* emissions .ascdla:ec ass¢m|ng
1§ seconds reversa thrust use cn every lancing and
those calculatec zssuming 15 secsnds reverse thrust
use on 10% of la~zings.

Impiementation Costs

Drrect

Fuel c..s:/savmcs =
{0.90) » (15/€C) = (FF.o/10CC) = (iet fuel ccst)

Capita cost =
site specific factors may be imperiant and need to be
considered :

Indirect and Noneccnomic: e
Reduced mamte"ance coston e*zgrnes
Added maintenarca cost on wheei 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
extrenie situation to evaluarte the maximum ben-
efit. They are:

* every aircraft neads to use reverse thrusters dunng
all landings,

* the thrust is reversed during landing for 15 seconds,
and

* 90% of the use ¢ reverse thrus: use will e eliminat-
ec by alengthened runway.

LY —
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parts replacement on the nosegear. Some new

 rugs actually lifc 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 detail, the proce-
dure for calculating the tug’s emissions.

Safety also is an imporrant consideration for

' extensive aircraft towing. Crosswinds, sanding
water, and ice can be hazards to towing and may
limit the amount of time this can be practiced.

Conventional 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 tugs shurding between the

* gare and runway, which most likely would increase
~ on-ground congestion. The slower ground move-
ment of aircraft could be a problem pardcularly
when weather conditions require deicing. At
some airports even towing aircraft to mainte-
nance using conventional rugs may cause a net
increase in emissions because of the time required
. to cross active runways and the possibility of de-
laying arriving aircraft. New high-speed rugs are
available that can tow significantly faster than
conventional tugs or aircraft taxi speed. However,
these high-speed tugs are quite expensive (approx-
imarely $1 million per unit). The initial invest-
ment of 2 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 owing takes longer

" than taxiing, labor costs will increase.

By A

APPLICATIONS

The longer the taxi time, the greater the po-
tential emission and time benefits from towing
aircrafr. Taxi-out dme tends to be longer than
txi-in dme due to queuing for takeoff and on-
ground congeston. Therefore, a high-speed tug
would be most effective if used for towing deparr-
ing aircraft to the runway.

Key INPUTS

The key input 10 towing aircraft to the run-
way is the tug’s engine emission factor and the
APU’s emission factor. To evaluare 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 reductions. Engine dara needed includes
exhaust emission factors of HC, CO, and NOy, for
the rug and APU, and crankcase HC, evaporative
HC, HP rating, and in-use load factor for the rug.
Engine data may be available only for cernain air-
craft tugs. See discussion of ground support
equipment in Section 4.

CALCULATION PROCEDURE
E; =  (TIMj) * (FF3/1000) » (ETy) * (NE)

Emission Reduction Benafit

Assume for TiM:

All engines cperate in taxifidle mede for 2 minutes
pnar to takeoff or shutdown for thermal stability/ccol
dewn

Other ASSUMDIONS: | . oo e o
APU opsrates while aircraft is being towed.

Using conventional tow vehicles: tow speed is 5 mgh
average and will cover X miles (site specific - distance
from terminal to departure runway or from taxiway
near exit of end of arrival runway); tug engine is con-
ventional diesel

. AIR POLLUTION MITIGATION MEASURES
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ed runways. Information on runway lengths for
individual airports is available from Airport
Master Plans, FaA Form 5010, and the airports
themselves.

MEASURE VARIATIONS
A variation to lengthening a runway is to
build a new longer runway. San Francisco Bay
Area Airports: Task Force Capacity Study of SF5,
§J¢, and 04K International Airports estimates air-
craft delay reductions from construction of an
.independent parallel runway. For SFO, 2 new par-
allel runway wouid reduce delay by 26%, or almost
37,000 hours per year out of 142,000 hours of
delay experienced. A variation on constructing
new runway would be to convert a taxiway to a
runway.

. Implementation Feasibility

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

» Airports are responsible for léngdxcning run-
© ways.

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

» Reductions of NOx may be possible if a ranway
is lengthened.

bbb
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3.2.3

- ——
Tow Aircraft to Runway

This measure reduces engine operating
time at idle,

Instead of taxiing, a departing aircraft can be
towed from the terminal gare o the runway. This
is known as dispatch towing. Towing aircraft
could substandally decrease the ime the engines
idle. Aircraft taxi at inefficient power setings
and have relatively high EC and CO emissions.
The tradeoff is berween aircraft engine exhaust
emissions and emissions from the tow wg and
the aircraft’s auxiliary 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 rugs tow aircraft
quickly through runway and taxiway intersec-
tions, alleviating the need for intermittent stop-
ping and cutting down the time to reach the run-
way. As a result, HC and CO emissions 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

19

tugs hook-up to and tow an aircraft by means of
a connecting bar or towbar. The towbar placesa
horizontal smess 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 additional
towing means more frequent maintenance and

\:\ —
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MEASURE VARIATIONS

The United Airlines’ tug at San Francisco
International Airport is used to transport 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 arriving taxi
times generally are shorter than departing taxi
times, this variaon 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 apparenty is
possible, although the estimated benefit could
not be defined due to a lack of emissions dara
on the high-speed tugs. High costs related to
the initial investment may be balanced by other

savings.

bbb bbb
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3.2.4

Lo

Take Passengers to Aircraft

This measure reduces airerafe taxi time (or

reduces engine sperating time at idle).

Typically, passengers board an aircraft while
itis parked ata terminal gate. The aircraft then
taxis with the passengers for some distance to
the runway for wkeoff. Instead of boarding the
aircraft at the gace, passengers could be ransport-
ed to the aircraft parked close to the runway.
Modifying procedures for aircraft servicing and/or
baggage handling may or may not be necessary.
This measure would decrease an aircraft’s taxi
dme. Much like towing aircraft to the runway,
limiting the taxi dme decreases the aircraft’s HC
and CO emissions particularly. In addition 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 congesdon. 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 pardcularly dif-
ficult to accommodate all the aircraft and required
passenger transport vehicles. The emissions from
the passenger transport vehicle pardally offset
the reductions achieved from the reduced taxi
time. The inital investrent in passenger trans-
port vehicles must be considered in addicion to the
cost of the additional land use. The iniral invest-

. AIR POLLUTION MITICATION MEASURES
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Using :owtarless tug: ow sceed is 15 mph average
arc wit cover same distance; tug engine is etther
eiecnc or hign efficiency diesel

Frecuency et USe: e
1€L% o aiLTOs

Em:ssron Senefit:

Diiterencs hetween taxlf c!e amissions caqulaLed
using basaeline assumptions and tug, plus APU, plus
ergine warmug/cool dewn errissions (2 minutes out «
2 minues .n at idle)

impiementation Costs

Direct:

Fuel co s:,savmgs [(baselsre tax: nme 4 mmutes) .
(FFaw’ 10CC) = (jet fuei cost)] - {(tow time) = (FFyg) *
(ciesel fueifeiecticity cost] - [(low time) = (FFapy) *
(et fuei cost))

Laber e2sis = (low time - baseline taxi time) =
[(aircraf crew labor casts) + (additional labor cost of
tewing crew made up cf 3 crew per additional tug)]

Ecuipment costs = annualized cost of 2.5 times the

number of ugs currenty in use (1.7 tugs per gate

neecdec vs. 0.7 tugs per gate needed under current

ogeraucrs, in the experience of one airline) + annual

vehicle maintenance cost + replacement parts for key

ncse gear cemponents (assume 25% reduction in
cemperent life)

Indfrec. and Noneconomic:

APU crerating costs (exc!ucmg fuel costs)

Increasea complexity of on-ground operaticns and
commurications

Value of passenger time due (o increased on-ground
ogerations

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 high-speed towbarless tug

AIR POLLUTION MITIGATION MEASURES
FORAIRPORTS AND ASSOCIATED ACTIVITY S X
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* the tug will iow at the max.~.m ewing speed

* all aircraft engines are o -_~ng cwing and the
APU is in aperation at fuil scwer

* all aircralt engines mus: =~ 27 at ‘east iwe minutes
before takeot! :0 reach t~e*~a: siaciiiy

* engine operaicn under tax 2orditens is reduced
oy the taxi-out ime fess tw= ~ryzes.

SAMPLE C.u.c:'r_m ONs
Insufficient data is avziizble currently on the
potential high-speed tug eissions and increase
in ground congestion to cziculate the benefit

meaningfully.

REFERENCES

Two sizes of high-spes< towbarless tugs are
commercially available from Mercury GSE ~Krauss
Maffei in El Segundo, CA. The tugs have the
capability of towing at spesds 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 currendy is operazed by United Airlines
at San Francisco Internacoral Airport. Amster-
dam’s Schiphol Airport evaluated towing aircraft
to mitigate emissions. Since they have relatively
short taxi times they decicded not to tow aircraft
because it would be too expensive for the result-
ing benefit. AtSwirerland’s Zurich Airport, air-
craft are towed by a }ugh—scc.d towbarless trac-
tor between 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 to cross.

L) ==
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cests) + {adaiticnal labor cest of van operating crew
mace up of 2 crew per van)]

Equipment cgsis = annualizec cost of acciticnal vans
ecuivalent :0 § times the number of ugs currently in
use (2+1.7 ugs cer gate neeced vs. 0.7 ugs per gate
neeced unger current operancns per one aidine’s
excerience} - annual vehicle maintenarce cost

Indirect and Noneconomic:
Increased complexity of on-ground operations and
communicaicns

Increased sassenger time sgent enplaning and
deplaning

ASSUMPTIONS

The following assumptions were made in cal-
culating an emissions esdmate for taking pas-
sengers to aircraftr:

* passenger iransport vehicle's primary engine is left
t0 icle between transpert coerations

« the vehicle has 200 BHP primary and auxiliary
engines and an average load factor of 51%

< it takes eight minutes o go tetween the main termi-
nal and a plane

* the average time the vehicle waits to icad or unlcad
passengers is 10 minutes

¢ two vehicles must each make one trip for each LTO

* the average daily operation cycle is Sam o 11pm
(eighteen hours) with twenty-eight trips ser day

* apu cperates for 30 minutes to accommedate pas-
senger loading and main engine start.

SAMPLE CALCULATIONS
To calculate emissions from the APU assume
30 minutes operating time:

HC= 30 minutes * 6.88 ibs fuel/minute = 0.16
ibs HC/1000 Ibs fuel + 1000 = 0.03 Ibs

CO= 30 minutes » 6.88 Ibs fuel/minute = 5.89
tbs CO/1000 lbs fuel + 1000 = 1.22 Ibs

o — ¥ ]
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NOx= 30 minutes = 6,88 s fueliminute + 5.95
1bs NOw/1000 Ibs ‘ai + 1000 = 1.23 Ibs

To calculate emissions from the passenger

transport vehicle the following emission factors
are used:

e e
HC vt 1.57
CO et 6.086
NOX. v secceer e s, 14.00

The main engine emissiors for each trip are:

issi L _ . lad h
EmisSons = Bipy + 37>« facior® of use
HC = 1.57 » 200 « C.51 = (8/60) = 21.35g
CO =6.06=200=C.51 = (8/80) = 82.42g

NOx= 14.00 = 200 = C.51 = (8/60)=190.40g

The awxdliary engine emissions for each trip are:
HC = 1.57 » 200 = 0.57 = (18/60) =48.04g
CO =6.06+200 =05 = (18/60)=185.44¢
NOx = 14.00.200 = C.3" = (18/60)= 428.40g

Therefore the total exhaust emissions for two
vehicles making a sight tip are:
HC = 2(21.35 + 48.04)/454 g/b= 0.31 Ibs
CO = 2(82.42 + 185.42)/454 gfib= 1.18 IbS
NOx= 2(190.40 + 428, 2C)/454g/lb= 2.73 lbs

This compares to average taxi-out emissions
for commercial aircraft per 17O at LAX based on
the FAA average taxi-out time of 15 minutes:

Poliutant LBATO
HC e srer s 11.91
CO e bt 28.80
NOX oo smesee e e 2.49




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

APPLICATIONS

The longe: the aircraft taxi time, the greater
the potential emissions benefit from taking pas-
* sengers to aircraft. 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 applicadon
for waking 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 InpUTS

The key dar needed to assess the benefit from
this measure is engine emission data for APUs and
. the vehicles thar wansport passengers to aircraft.
To evaluate the measure, emissions from the APU
and passenger wansport vehicle must be calculac-
ed. The emissions from all the vehicle's wrips and
the APU would then be compared to the aircraft’s
emissions to esdmate potental emission reduc-
dons. Vehicle engine data needed includes emis-
_sion factors for exhaust (HC, €O, and NOx),
crankcase HC, evaporative HC, HP rating, and in-
use load factor. APU data needed includes emis-

sion factors for exhaust (HC, €O, and NOx).

CALCULATION PROCEDURE

Aircraft and APY
Ej = Z (TIM;) » (FF/1000) * (El) * (NE)

Passanger Transport Vehicle

Ej= X (EF) » (BHP) * (LF)) * (Use Hours;)

Emission Reduction Benefit

Assume lor TIM:

All engines ocerate for 5 minues pricr :0 takeotf or
shutdown {mimimal taxi time 2:us 2 mirutes minimum
for thermal stzility/cool dewn)

Other Assumpticns:

Special vans {similar to those used at Dulles Airpor)
are used to transport passengers from terminal gates
directly to the aircraft, Passerger ransport vans will
be fueled by nawral gas or eiectric ergines. Vans
can accommecate 35 passengars.

On average. will need twice as many vans per LTO as
tugs needed o tow aircraft o runway (2 vansftug = 1.7
tugs per gate)

A cencrete holding pad mus: be consiructed acjacent
to eéach runway to acccmmodate parked aircraft,
Centrally suppfied air and pewer, as well as otrer ser-
vices, will be made available 10 the aircraft on the
holding pad.

FrequencyofUse: e,

100% of all LTOs

Emission Benefi:

Difference between taxifidle emissiors calculated
using baseline assumgtions and emissions from the
transport vars and apu plus engine warmup/coc!
down emissicns (10 minutes aticle total)

Implementation Costs

Direct.

Fuel cost/savings = [(baseline 1axi in plus taxi out
time - 10 minutes) « (FF.ue/10C0) = (jat fuel cost)]

- [{passenger ransport time) » (FF.5,) = (natural gas/
elecricity cost]

Labor costs = [passenger transoort tirme - (baseline
taxi time - 10 munutes taxi time)] = {(aircraft crew labor

LY —_—
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ing taxi dmes considerably compared to 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 traffic. An under-
ground people-mover rail system then transports
up to 13,200 passengers per hour to the mid-
field terminal located between the runways.
Aircraft park at gates at this terminal.

Some airports can use this design in modify-
ing an existing facility. Dulles Airporradded its
mid-fieid tezminal about ten years after the air-
port was built to accommodate airline hub oper-
adon. Operating as a hub typically increases the
total number of flights, which arrive and depart
ona coordinated schedule. The increased activ-
- ityar 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 terminal for approxi-
mately seventy-five to eighty percent of the
. flights.

Other airports have constructed terminals
close to the runways for similar reasons. The
United 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 Airport, ourside of Paris, France along
with a shurtle between terminals.

)
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Implementation Feasibility | N

» Space requirements for parking aircraft and
operating passenger transport vehicles or con-
structing a terminal adjacent to existing run-
ways limit the likelihood of this measure being
adopted as a rewrofit. New airporrs 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 susface transporta-
tion network.

» Airport owners have the zesponsibility for
implementing this measure.
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3.2.5

Congestion —
On-Ground and In-Air

This measure reduces airzraft taxi time.

Delays ar airports are a major cause of exces-

. sive aircraft idling. Some of the causes of delay

include weather, airports design limitarions, air-
craft operating procedures, gatehold procedures,
and air raffic control procedures. The majority
of delays are related to runway constraints. This
section discusses various ways to reduce airside
delays.

On-ground congestion extends taxt time and

can be a significant cause of aircraft sitting with

engines running. Taxing and idling primarily
are sources of HC and CO emissions. Examples
of on-ground congestion include arriving aircraft
waiting for a gate to become available or depart-
ing aircraft waiting to get to the runway for wake-
off. Various techniques are available for relieving

" on-ground congestion such as;

* Gatencid Precedures
» Taxiway Improvements
¢ High-Sceed Taxi Turnouts

* Imersecicn Deparure

° Gatehold Procedures

Different airports manage air traffic con-
trol (ATC) delays differendy. In some cases, air-
craft begin taxiing to the runway as soon as they
are ready. If ATC delays prevent them from
being cleared for takeoff, they idle on the taxi-
way until they receive clearance. Other air-

- ports hold the aircraft at the gate until they are

ready to depart and have received clearance to
takeoff. This minimizes the delay while taxi-
ing to the runway.

AIR POLLUTION MUTIGATION NMEASURES
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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 tadway
allows aircraft to pass side-by-side, reducing
intermirtent stops and allowing aircraft cleared
for takeoff to pass aircraft that may be experi-
encing ATC delays. Extending taxiways may
allow access to other taxiways and runways.
New taxiways may be necessary to allow aircraft
to taxi more directly to runways or to decrease
intermittent stopping to cross runways and taxi-
ways or to pass other aircraft.

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—épccd turnout
is curved or angled and banked to allow an arriv-
ing aircraft to 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, particularly smaller aircraft,
to access the runway ar the intersection of a taxi-
way and the runway rather than taxing all the
way to the end of the runway. At some airports
this can cut taxi ime substandally. While inter-
section departures are possible most often by
commurer and general aviation aircraft, they also
are feasible for smaller narrow-body aircraft such
as B-737s and MD-80s at some airports.

‘\\n‘ :/:.
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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 aircraft. Reducing in-air congestion
can reduce on-ground delays by allowing aircraft
to be cleared for takeoff more quickly. Techniques
to reduce in-air congestion include:

» Reduce Aircrak Spacing
¢ Separate Runways

* Peak-Pencc Pricing

Reducse Aircraft Spacing

Reducing the longirudinal separation between
inbound or outbound aircraft while in the air can
increase the capacity of some airports by getting
_ 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 cornmuter/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. Cutting the number of flights
scheduled for peak periods would reduce delays

due to congestion.

- 2

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

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

e Gatenold Prccedures
» Taxiway Improvements
* Intersection Decarture
» Serarate Runways

¢ Peak-Period Pricing

Gatehold Procedures

Gatehold procedures can cause departing air-
craft to be held at gates that 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.construction
to take place withour interfering with airfield
operations.

Intersection Departure

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

. AIR POLLUTION MITIGATION MEASURES
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Separate Runways

Airport layour and terminal design may make
itinfeasible for commercial and commuter/gen-
eral aviaton 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 factors, such as scheduling and market-
ing considerations, airlines may continue peak-
period ope:adons in spite of the higher landing
fees. Landing fees are a small component of an

- airline’s toral airport costs, which typically are

abour 5% ot 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-

efir from recucing on-ground or in-air congestion.
Most of the actions that can be taken to reduce
delay are intiuenced largely by site-specific factors
and should be considered individually.

Key InvuTs

The key information needed to evaluate
potential benefits due to delay reduction is aver-
age taxi ime during periods of congeston as well
as periods free of congestion. To evaluate this
measure, emissions are calculated using an aver-
age taxi time~-in-mode thar includes periods of
congestion and comparing the total emissions to
those calculated using an average taxi time-in-

mode without congestion.
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CALCULATION PROCEDURE
Ejj= X (TIMj0 * (FF:/1000) = (El) « (NE))

Emission Reduction Benefit

Assume for TiM:

Minimum taxi time is :he &verzge of the lowes: 10 per-
centile of all taxi tmes. Tax: “Tes :nat excesc ine
minimum are a result of c:-ces:::n, iccal and ramote
weather, angd mecharicai * manienance selay,
Delay resulting from conges:cr assumred to te 75%
of all delay.

Target of Measure:

Assume all congesuon-xrc..::c Selay is eliminates
through a comtination of —~gzs.-8s. which will ze site
specific.

Ernission Benefit;

Maximum bereﬁt 1] tre Gi“srsce cerween amissicns
calculated using basefine assu~zcucns anag thcse
assummg no congestien-.~2.22c caay.

Implementation Costs

" Direct:

Fuel costlsavmgs (avera 2x: ume - average cf

jowest 10%ile taxi times) = (Fr ¢ 10C0) = (jet fuei cos:)

Capital cost = cost of conges:icn reiief measures anc
equipment neeced to img.amar:, which will be site
specific

Labor cost = (average taxi =2 - average of lowes:
10%ile taxi times) = (awcrza™ crew lasor cosis)

Probably minimal or no accec ‘azer cost for mast cor-
gestion relief measures. Cverail orotatly a lacer ¢os:
savings due 10 aircraft crew savings,

Indirect and Nonecanomic:

Possibly tower staff trammg cosis

ASSUMPTIONS
Congeston reduction opportunites are high-
ly site specific. The potential emission reduc-
tions are based on the potential to reduce the
average taxi time. A reasonable assumption for
the minimum taxi ime is the average of the low-

LY _,




est 10 percentile of all taxi €mes for the airport or
for an individual carrier, depending on the level
of disaggregation of the taxd time-in-mode data.

SAMPLE CALCULATIONS

To evaluate the potental benefit of reducing
congestion, the average of 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 da on airport average taxi
time. This was applied to all LTOs to represent
the maximum benefit.

Darta for acrual taxd times for three airlines was
used to determine the reduced taxi-our fimes that
may be feasible as a result of reduced congestion.

REFERENCES

Many airports have tested or implemented
congestion reduction measures. There is no uni-
versal set of measures appropriate for all airports.
The United Kingdom's Manchester Airport is
planning to revise gatehold procedures to reduce
congestion. Swizzerland’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

. Sampie Calculation For...

CONGESTED CONDITIONS

RO st R

Congestion Relief
Emissions = T,(TIM) « (FF/1000) = (El) = (NE)
— HC Emissions —

8737-300 Aircrakt
crmM58-38 Engine

CONGESTION REDUCED

Time In Fuel Emnsaon Ol Time in Fual Emwon O! .
¢ Mode Moce Fow _ Facier Eng Emissions Moce Mode Flow _ Facier Eng. =-mssxcns
: MIN “CBMN La/1,00008 YT [T WWuw 13/1.000.3
¢ Taxi-out 15.00 1720 135 2 06450 Nﬂﬁ_ ‘ , Vaxicut 856 17.20 125 2 0.3853
: Lower Taxi-out

Takaof ~ 095 15079 OCL 2 00115 tme. . Takeot 095 15079 0C: 2  OOMS
. Climoout 1.14 12302 05 2 0010 Climcout 114 12302 008 2 00w
: Approach 240 4762 08 2 00I1& Appreach  2.40 4762 008 2 003
* Taxiin 8.80 17.20 125 2 0.3784 Taxi-in 8.80 17.20 1.25 2 0.3784
3737-300 Emissions oer LTO (IbsA.TC) 1.0672 0.8073
- Annual 8737-300 LTCs 29,184 — Emissions Benefit — 30,184
- itference betweon ermissio
" Total Anual FC Emissicns (8] 41316 Gtetence bewean essians qeneraied 31639
corrcared lo when the measure is in use.
HC amissions are cajcuiated for &l alwcratt :n e fee! and summed o get total annual HC emissions, HC Emissions
. Fleet Total Aanual HC Emissions (ibs) 4.697.785 wio measure 4,697,755 lbs 3.544.279
Fieet Avg Emissions 2er LTO (bsLTC) 15.83 with measure 3.544.279 lbs 1473
HC Benefit = 1,153,475 Ibs
Percant Recuction = 5%
CO emissions are demamined using simitar calculaions with aoprogniate emission factors. CO Emissions
Fleet Total Annual CO Emissions (ibs) 11,672,518 Wwio maasure 11,672,618 bs 8,882.268
. Feet Avg Emissions per LTO (Ibs/LTO} 48.52 vath measure 8.882,368 'bs 36.92
CO Senefit = 2.790.250 bs
Percant Reduction = 24 %
NOx emissions are cetarmined using sicnilar cakcuiations with aopropriate emission lactors. NOx Emissions
. Fleet Total Annual NOx Emissions {Ibs) 6.939.500 wfo measure 6,939,500 bs 6,698,006
| Fieal Avg Emissions per LTO (RsLTO) 2884 with measure 6,698.006 s 2784
: NOx Senefit = 241,495 ibs
Parcant Recuction = 1%
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Metropolitan Airporr, high-speed turnouts and
paralle] runways have resulted in reduced tax
times. During peak periods, Sacramento tries
to limit general aviation acdvity to the secondary
runway. This separation of general aviation air-
craft from jet aircratt helps to reduce peak con-
gestion delays. LAX is planning to add to their
existing high-speed mxiway exits.

The San Francisco Bay Area Airports: Task Force
Capacity Study of SFG, §JC, and 04K International
Airparts proposes several measures for reducing
delays at the areas three major airports. The report
evaluates potential aircraft delay reductons from
several measures such as high-speed wd rumouts,
extended taxiways, and new taxiways.

" MEASURE VARLATIONS

- There are several possible variations 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 directing traffic on taxiways, runways, and
aprons during low-visibility weather and on
obstructed areas of the airfield. Frankfurt Airport
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 taxi) for departing aircraft
into the system. The system reduces the time
needed to coordinate aircraft for departures.
Three systems are in place at Germany's Munich
2 Airport. Sieman’s Computer-Controlled 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 aircraft as
they enter the apron area from the taxiways.

AIR POLLUTION MITIGATION VIEASURES
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When 2 mxiing aircraft approaches a gate, a con-
troller idendifies the aircraft type and model for
the Aircraft Docking Guidance System. At Swit-
zerland’s Zurich Airporr, slot coordinated engine
startup is planned in which the clearance o start
an aircraft’s engines will not be given before the
assigned slot for the aircraft is acrually approved.

Two measures have been implemented at
Germany's Munich 2 airporr to cope with cold
weather. The water table was lowered at the air-
port to ensure frost-free runways, wxiways, 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 undl a takeoff space is available. If
all gates are occupied with departing aircraft wait-
ing for clearance, an arriving zircraft may have
t0 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 that had departed
the gate 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 variation is to
have a staging pad near the departure end of 2
runway to allow aircraft to pass each other in case
any problems arise.

To minimize on-ground congestion at the Denver
Internadonal Airport, scheduled to open in March
1994, service tunnels will connect the terminals to
transfer baggage. These tunnels will reduce ground
support equipment maffic on the runways and exdiways,
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 airpor:s or ban them com-
pletely during peak-periods of activity. All run-
ways then could be used for larger and faster com-
mercial aircraft. Other approaches would be to
distribute traffic more evenly at one airport to
minimize peaks or among area airports to reduce
operations at congested airports.

One way to encourage fewer operations dur-
ing peak periods is to charge commuter/ gener-
al aviation aircraft higher landing fees (either
during peak periods or all of the time) to deter
activity. Higher fees are more likely to deter the
activity of commuters and smaller aircraft used for
personal tips.

Implementation Feasibility

» Daua is available for taxd time from the FAA or
from the airlines. Dara on aircraft delays for
select measures (calculated as toral hours of
delay) at particular airports is provided in the
San Francisco Bay Area Airports: Task Force
Caparity Study of SFO, S/C, and 0AK International
Airports. Many techniques are very difficult ro
evaluate, especially in-air techniques. Existng
data can be used to estimate emissions reduc-
tons for a few measures.

» Congestion reducing measures that do not
involve construction apparendy can be imple-
mented at existing and new airports under few
constaints. Those measures that require con-
struction may be limited because of a lack of
space; at new airports they can be incorporat-
ed in the original design.

5oy y )

» Emissions reduction is achievable bur highly
site specific for most congestion reducing mea-
sures.

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

bt o b b b
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3.2.6

- ——— —————— ——
. Fleet Modernization

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

Large commercial airlines’ fleets tead to
change every vear as new aircraft are purchased or
leased and older aircraft are leased out, sold, or

redred.” The aircraft to 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 capital. Because
-of the high annual growth rate and forecasts of
future growth experienced in the 1980s, many
airlines aggressively modernized their fieets.
While this aggressive modernizaton has dimin-
ished somewhar due o 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 II aircraft. When the
Stage I aircraft are retired in favor of Stage 111
aircraft, the newer aircraft typically have engines
with lower HC and CO emission facrors.

Converting Stage II aircraft to Stage I can be

done by re-engining or by adding hushkits to
muffle the noise. Re-engining usually replaces
_older engines with newer ones with lower KC and

AIR POLLUTION MITIGATION MEASURES
FOR AIRPORTS AND ASSOCIATED ACTIVITY —————————

-

J

3

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

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

KEey INPUTS

To determine the effect of fleer moderniza-
tion on the total fleet emissions, it is necessary to
know the current fleer make-up and have infor-
mation on future 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 furure mix is
estmated by adding aircraft purchases and sub-
tracting aircraft retirements, sales, and leases. To
evaluate the benefit, emissions then must be cal-
culated for both the current and furure fleet mix.
A specific airline’s current fleet and some plans for
furure fleer changes are presented in its annual
report. Generally, the report lists aircraft firm
orders by aircraft model and vear of delivery.
Aircraft firm order data by airline, aircraft model,

* and delivery year also is available from aircraft

manufacturers. Specific information 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 jet airplane inventories for past years is avail-
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able from aircraft manufacturers, such as Boeing They are:

- and McDonnell Douglas. Aircraft model and * all current aircraft orcers anc sctions will be exer-
populations are contained in the Boeing Jet Airplane cised by 2010
Inventory, a yearly publicaton. Fleerand LTO data
by airport and airline for past years are contained
in that year's publication of FAA's dirport Activity
Statistics of Certificated Routz Air Carriers.

* aircraft are retired wien they reaen 30 years ol

« Stage Il aircraf: still in service wiil have teen *hush-
kittec" rather than re-enginedc.

SAMPLE CALCULATIONS
ASSUMPTIONS Based on the procedure and assumptions
The following assumptons 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 LTOs
modernization as it would affect LAX. by aircraft type for 1990 and 2010 (including the
TasLE 3-3
Forecast Of Aircraft Fleet Changes At LAX
— LTO By AIRCRAFT TYPE —
1950 2010 1850 2010 1990 2010
B.747.8P....covcven 192 0 : Other
8313 | BIST-200....... 8284 56684 i ATR42........ 0 2.118
1.960 8.767-200............. 11,243 6.153 BAC 111<400........ 0
123 B-767-2C0EA ........ 56 178 BAE 146-200......... 577
845 B-767-3C0............. 2.484 29,679 Beech £ o]
8.421 8-777-20............. o} 8,360 c-2c8.... 13,430
8.503 DASH 7 ..... 381
2.1%0 MeDonnel] Dougias 169
9,712 ; CCio-10 868 | DHC8..ooenenn 533
5.041 CCi0-30 6.685 )
£C10-<0 ... 2459 4,406
DC8-50F ... 0 2642
0 £C8€0 ...... 143 1313
Q 027 o] 793
6414 | DCBE3F ... 762 0 16.575
8-737-100....... 0 £C38-70 ...... 3.870 Jotstream 31......... 10.275 1.440
8-737-20Q 3963 : CC8&71... - 2 0 Li00.meico. 267 0
B-737-3C0 83205 : OC8-73.... 0 i L1011-100.......... 9087 2,005
B-737-400 §333 : OCs-15F 0 f Lio1150........ 0 4087
B-737-800........ 480 10882 { DC330.......... . . 17,855 184 1.981
B-747-100 ............ 123 432 o 466
B-747-200 ............. 10.454 1,493 £CI-50 ....covrerrcnnn 721 SE340A o o 5338
8-747-300:............ 1,520 500 £C9-80 .....ovrrens 48,321 SHT 360 v, 0 42
B-747-400.............. 1,763 21,431 MD11-1% 14,630 Super Jetstream 31 0 890
Total .......... 240,580 434,248
- y |
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expected growth in air travel). The resulting
change in emissions per LTO are:

199C 207C Erission
Sollutant Fiaet Fge: Sacueuen
(Lak0) (£ R}
HC e 19.83 7.4C 682%
CO..ceue. 48.52 30.30 28%
NOx.eveerees 28.85 31.28 -8%
REFERENCES

Airlines change their fleets annually as they
make decisions on purchases, leases, sales, and
retirements. Contact airlines and aircraft manu-
facturers for information on individual fleet 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 that
specific airport. As discussed under the conges-
tion reduction measure, landing fees are a small
component of an airline’s total airporr 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, Chapter
3 (known as Stage II1 in the U.S.). The modern
Chaprer 3 aircraft tend to be lower emitring air-
craft. Higher fees must be paid by older, pollut-
" ingaircraft. At Stockholm's Arlanda Airport in
Sweden, higher landing fees may be charged for
aircraft with higher emirting engines. At United
Kingdom's Manchester Airport, increased emis-
sion taxes and certificates (permits) for high emit-
ting aircraft are measures under consideration.

implementation Feasibility

» Current fleet data and aircraft firm order data
by delivery year is available from airlines and
aircraft manufacrurers. Alircraft lease, sale,
and retirement data for furure years is not
available and must be estimated. Simply
adding the firm order dara 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.)

» Fleer turnover occurs as airlines make their
yearly purchases, leases, sales, and retirements.
Furure fleer modifications depend on many

. factors including travel demand forecasts and

the financial situation of individual airlines.

» The emission reduczion benefit of fleet
turnover is expected to be significant over time.

o b ob o ob b o
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3.2.7

New Engine Standards

This measure reduces the aircraft engine
emission factors.

The U.S. EPA has the authority to establish

emission standards for aircraft and aircraft engines

in consultation with the FAA. HC emission stan-
dards for new aircraft gas turbine engines (greater
than 6,000 lbs-thrust) were set in 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 NOx likely would be the tar-
get of new standards since the 1984 standards
had the effect of significantly lowering HC and €O
emissions. 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 flect emissions per passenger will
decrease. New standards could reduce future
emissions substanually.

CONSTRAINTS

Manufacturing a lower emitting engine must
. be demonstrated as technically feasible before
new standards can be established. While EPA
has the authority to establish new standards they
apparently do not have any immediate plans for
doing so. The time 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

T~ y |

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
Ibs-thrust, which covers most jer engines used
by commercial airlines. Compliance with the
new standards would have to be demonstrated
by the engine manufacrurers to receive certifica-
tion by the FaA.

Kzy Iveets

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
fleet using new standards. That would give the
maximum benefit, which would be achieved over
tme as the fleet turns over and the new engines
achieve full market penetration.

ASSUMPTIONS
No quantimative 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 calculation 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

. AIR POLLUTION MITIGATION MIEASURES
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Aviadon Organizadon (ICAO) is reviewing air-
craft engine NOx emissions and considering estab-
lishing a standard. While ICAO standards o not
have force of law in the U.S., they would have
the same effect since the major engine manufac-
 rurers need a single standard for all major markets
and likely would comply with all engines manu-
factured. However, one source said the level
being considered by 1CAO is the level now
achieved by the major manufacturers, which is
below the current certified level, so no furure
benefit would be realized (nor would the exmission
* levels ger worse).

MEASURE VARIATIONS
Since no assumptions were made about spe-
cific standards, a discussion of variations is not
applicable. '

‘ Implementation Feasibility :

» No dara is available on likely new standards,
therefore, potential emission reducton bene-
fits are uncertain,

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

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

o oo ok oo o b b
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3.2.8
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Derated Takeoff

This measure reduces
engine power at takesfs.

Alircraft are designed to mkeoff fully loaded on
a hotday with enough of a safety factor 1 ensure safe
operation. Full engine thrustis needed only under
extreme conditions. The maximum thrust is not
needed under more typical operations when the air-
craft is not fully loaded and weather conditions are
normal. With a derated takeoff, the engine thrust
can be reduced from maximum thrust to the mini-
mum safe level necessary given the aircraft weight and
atmospheric conditions. As an aircraft's thrust is
reduced, the NOy emissions are reduced. Therefore,
derated takeoff can reduce the total NOx emissions
during takeoff. As an added benefir, derated take-
off can reduce fuel consumption. For this reason,
many airlines routinely practice derated takeofE

CONSTRAINTS

Some aircraft models have been supplied with
two or more engine models. For example 8737-
200s are certified for the JT8D-7, JT8D-9/94,
JT8D-15/154, and JT8D-17/174/17R. The thrust
of these engines range from 2 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. fleer.
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 altitude.
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R . APPLICATIONS

The lower the thrust can be reduced, the
greater the emission benefit from derared mkeoff.
There is 2 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 reduction in take-
off thrust can reduce NOx emissions.

_ KEY INPUTS

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 takeoff.
The derated thrust emission factors then should
be used to calculate the alternadive emissions.
The difference between the toral emissions for
normal takeoff and the alternative is equivalent
to the benefit. However, emission facrors 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 crcumstances, takeoff thrust reduc-
tions may be as low as the normal climbout
thrust, for which emission factors are available.
In such a 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 evaluare derated
takeoff,

CALCULATION PROCEDURE
Ej= X (TIM;) * (FF;/1000) * (Elz) » (NE})

Emission Reduction Benefit

Assume for TIM:

Takeoff time-in-mode is reduced 1o 0 and climbeut
time-in-mode is increased by 10% as a way ¢ calcu-

E— “,/‘
- i S VST

38

late the effect of derated takecff.
No effect on delay or airsert caoacity.

frequencyofUse:
25% of all flights can apziy cerared takeoff 90% of the
time

Emission Benefit: ..
Difference between emissicrs calculated using base-
line assumptions and those calculated after apolying
above assumptions

Implementation Costs
DHECL et
Fuel cost/savings = (frequercy of usa) ={ (TIMy) =
(FFo/1000) - (ATIMeo) = (FFo/1CCO) | = (jet fuei cost)
Indirect and Noneconomic:
Passibly pilot training costs

ASSUMPTIONS

The following assumptions were made in cal-
culating an emissions estimate for derated take-
off. The assumptions are for a situation in which
derared takeoff thrust is as low as normal climbout
thrust.

They are:
* derated takeoff will not aifect airport congestion

* a pilot will apply derated takeoif only 80% of the
time due to aircraft weignt limits

* 25% of ihe airport's flights are able to lakeoff using
normal climbout thrust

* the time-in-mode for takeoff recuced to 0 anc the
climbout time-in-mode is increased by 20% as a
calculational short cut.

SAMPLE CALCULATIONS
An emissions estimate for derated takeott
was calculated for commercial aircraft ar LAX
in 1990. The estimate is valid only if takcoff
thrust reductions are as low as the normal
climbour thrust.

AIR POLLUTION MITICATION MEASURES
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Sample Catculation For...

§ DERATED TAKEOFF NOT IN USE

#C  No.
Fuei Emission Of

Derated Takeoff
Emigsions = Z(TIM) = (FF/1000) « (E!) » (NE)
— HC Emissions —

8737-300 Aircraft
cFMS56-38 Engine

DERATED TAKEOFF IN USE

No.

Time In . Time In Fue: imi?ion ‘of
Moce Mece Pew  Facicr Eng. Emissicns Mace Mcce Fea  Facwer E-o Smissors
'™ SN 18/1,00003 8 ™ vy 314,000 38
Taxiout 1500 1720 125 2 06450 Nate: Takeo!t ume Taxicut 1500 1722 125 2 Q6450
Takeoft 095 15079 004 2 QO 'm:;m;_e L7 Takeof 025 1507F S04 2 0.00%0
Climout .14 12322 065 2 0040 Climpout increased 9 Cimoout 184 12332 305 2 Q028
Approach | 240 4782 008 2 00183 by "°{‘;;' fakeof [ apercacs 240 a7z 508 2 00163
Tantin 880 17.20 1.26 2 0.3784 Taxi-in 8.80 172 1.2§ 2 03750
3737-3C0 Emussions ser LTC 1bsA.TC) 1.0672 1.C673
Anruat 3737.300 LTOs 39,184 _— Smussions Bene’: — 39, 18s
Total Annuat =C Smissions (ibs) 41815 D‘””:::m:’ggffﬁ1m 43,823
COMza17 0 when the measLss £ = use.
HC amissions are calculated for &l direratt in the fleet and summed [0 get icraf annual HC emissions. HC Emissions
Aeet Total Annyal HC Emissicns (Ibs) 4,697,753 W/O Teastre 4,697 "33 bs 4 897 437
Fleet Avg Emissions per LTC [beLTO) 19.53 wilh raasure 4,697 237 5 19 52
HC Seneiit = 33 s
Percer: Seduction = A
C0 emissions are determined using similas caicuiations wilh agpropnate emission factors. €O Emissions
" Fleat Tetal Anncal CO Emissiens (ibs) 11,672.5'8 wio rmeasire 11672.5'3 35 11.673.194
Fleet Avg Emissions per LTO {ibs/.TO) 48.32 with measwe 11.673 ° o8 48.52
CO Be~afit = -53 zs
Percent Seduction = S%
. NOx emissions are determined using similar calculations with apprepriate emissicn tactors. NOx Emissions
Fieat Total Annual NCx Emissions (Ibs) 8,938,500 wio measire 6.939.5C bs 6.7587.017
' Fleet Avg Emissions per LTO {ibs/LTO) 2884 with measure 6,757.2°" =3 2809
: NOx Zereiit = 182,483 =s
Parcant Secuction = 3%

B e, T

REFERENCES
‘Some airlines encourage derated takeoffas a
policy to save fuel, but leave it to the pilots’ dis-
cretion to implement. Contact airlines for indi-
vidual practices.

MEASURE VARIATIONS
A variadon of this measure is to takeoff at
full chrust but to cut back power at a lower alti-
tude than otherwise. After rakeoff, the pilot
reduces from takeoff thrust to climbout thrust. As
thrust decreases, the NOx emissions are reduced.
If thrust is reduced at a lower altitude, less time

AIR POLLUTION MITIGATION MEASURES
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is spent operating at takeoff arust. The less time
the engines operate at full power, the lower the
NOx emissions. Some noise reduction takeoff
profiles call for low altitude tirust reduction, par-
ticularly when residential areas are quite close to
the end of the runway.

Implementation Feasibility

» Emission factor dara is not available ar two
high-power thrust levels. Data only is avail-
able for normal takeoff and climbour thrusts.
Available dam can be used w0 calculare an ermis-
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sions estimate if derated takeoff 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 reduction plans.

» The measure apparently can be implemented
under few constraints.

» The NOx emission reduczions are expected to
be small, however, they are realized at no cost
or even a Cost savings.

o o oo o ob o b
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3.2.9

Use Larger Aircraft
This measure increases the number of pas-
sengers per LTO, thus reducing total LT Os
Jor a given number of passengers.

The U.S. aircraft fleer 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 737-200 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 emitted 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 1o pro-
vide can be very complex. Projected demand for
a particular route, availability of specific aircraft,
opportunities 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 considerations, 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

- AIR POLLUTION MITIGATION MEASURES
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a B737-200 becween two cities each hour may
loose market share if it changes to a B767-300

* operating every other hour because potential pas-

sengers may fezl a loss in schedule convenience.
This schedule also may be an inefficient way to
deploy the B767-300 because its daily urilization
(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 operations, 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 facrtors, 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 $0.51/1000kbs.

The fee charged at LAX for landing two Boeing
737-200 Advanced, each with 2 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.

APPUICATIONS
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 aircraft and reduce LTOs, but the seat-relar-
ed fee would not necessariiy reduce emissions.
Landing fees also would have to be substantially
higher than they are at present to induce a change
thar may have significant costs in other areas.

KEeyY INPUTS

The key dara 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-
in a particular model. Airlines choose the desired
model configuradon, which affects the number of
seats. Seardaw is available in the North American
Edidon of Official Airline Guides (OAG) Desktop
Flight Guide, which displays most airlines’ aircraft
configurations by model. More detailed infor-
mation is available from individual airlines, some-
times in their annual reports.

To the extent it is needed, aircraft landing
weight is the key input for comparing fees paid for
large aircraft versus small aircraft. Airlines and
aircraft manufacturers calculate Maximum 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 accounting purposes. Data is
available from all three sources, depending on
whether airline specific data is needed. Since an
aircraft model’s weight generally does not vary

L —,
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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 emnitted per person. Load factors
may vary among airports depending on the type
of airport, such as hub versus primarily origina-
ton/desdnadon. An incentive to raise load fac-
tor may be feasible at both types, however, the
particular incentive may be different.

, KEey INPUTS

The key inputs for evaluating increased load
factor are current load factor and future 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 between the baseline or current leve!
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
Transportadion statistics. Current annual fleet
mix data by airline and airport is available from
FAA's dirport Activity Statistics of Certificated
Route Air Carriers. The changes in the fleet
servicing a particular airport due to the load
factor limit must be forecast.

ASSUMPTIONS

The following assumptions would have to be
made in calculating a very rough emissions esti-

.ai ; ‘5—’
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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 ir: makeuo of the fleet using
the airsont

¢ the average of all aidines’ bianruai system traffic
load *actor on 2 nationai level that aperate at the air-
port is an adecuate estimzie of the load factor ata
particular airper:.

(Calculating an emissions esdmate using these
assumpdons is not recommended as the results
may be misleading. It should only be considered
as a rough guide to the potendial effect of changes

in load facror)

SAMPLE CALCULATIONS
A meaningful emission estimate cannot be
calculated due to the lack of information for a
single airport. Generally, however, emissions will
be reduced to the same extent average load fac-
tor improves, 2ll else being equal.

REFERENCES

Currently, no airport has applied a load fac-
tor limit as a way to control emissions. Conract
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 looking at air pol-
lution measures related to airport activity. One
phase of the study focuses on increasing load
factors.

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

» Current fleet mix data by airport is available.
Airport total and peak-period load factor data
is unavailable. Narional airline load factors
can be obrained and used to provide a rough
estimate. The furure fleet mix that results
from a load factor limit is a key factor in cal-
culating emission reductdons from the mea-
sure. Although current fleet mix darta is avail-
able, future fleet mix must be forecast.
Therefore, there is not enough dara readily
available by airport to credibly evaluarte air-
port specific emission reductions.

. » This measure would be the responsibility of

the airlines working in conjunction with the
airports.

» Itappears 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.

bbb bbb
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3.2.11
e T

Limit Aircraft Operations
This measure

limits the total number of LTOs,
which limits the total emissizrs,

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

CONSTRAINTS

Constraints in applying an operations limit
include methods for establishing a limit and
estimating emissions reductions and fleet
changes. The FAA procedure for setting slot
limits is a long process. Limits have only been
established for four airports, with no other air-
ports being considered ar this ime. As of now,
the FAA is the only federal agency authorized to
impose operation limits and only for reasons of
aviation safety. If a limit on operations is ser, it
is difficult to estimate the emission reduction
because the emissions change as the fleet
changes and the fleer will change to make the
most economic use of available siots. An airline’s
fleer and emissions also change as aircraft are
bought, sold, leased or retired. Modifications
in the fleer 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 aireraft chat fill the slots, emissions per LTO
could increase.

APPLICATIONS

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

Key INvpUTS

The key inputs are LTOs and fleet mix for
calculating emissions reductions from the lim-
itation of aircraft operations. To evaluate the
measure, emissions must be calculated for a
future fleet mix and a 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 estimare for limiting aircraft oper-
ations at an airport. The first assumption address-
es the primary constraint of future fleet changes.
They are: '
* thera will be no change in makeup of the fleet using

the airport

+ the limit on aircraft operations reduces the total
number of LTOs by §%

* total pollutant emissions will reduce he same per-
cent as the LTO reduction.

6

SAMPLE CALCULATIONS
An emissions estimate for limiting aircraft
operations was calculated for commercial aircraft
at LAX in 1990. The emissions estimate does not
consider future flect changes, which affect emis-
sions. The calculated emission reduction bene-
firis:

Reference Lirmitad
Emissicns  Emissions! LiCs
240550 228,551 Emission
Pollutant LTCs L70s Reductions
tlonr) tittyr) {itvyr)

4,697,755 4,462,867 234,888 (5%)
. 11,672,618 11,088,986 583,631 (5%)
6,939,30C 6,592,525 346,975 (3%)

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 time, 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 toral emissions, total passengers, or the type of
aircraft allowed to use a specific airport.

IMPLEMENTATION FEASIBILITY

» While emission reductions can be calculated
assuming no change in makeup of the fleet
using the airporr, 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 ar all. FAA currendy is
not considering any additional airports for
slot limits. Even if slot limits were established,
an accurate emission reductions estimate
would be difficult to calculate due to the lack
of future fleet mix data based on the opera-
dons limitations.
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3.2.12
w

Manage Fleet
To Minimize Emissions

This measure is intendzd ta increase the

number of seats per LTO and minimize

the emissions per sez?. :

Most airlines’ fleets are comprised of a vari-
ety of aircraft and engines. Some aircraft have
much lower emissions than others due to the
engine model and vintage. Airlines also have
different designs for the aircraft interiors that
accommodare more or fewer seats. Airlines man-
age their fleets according to related business fac-
tors, such as scheduling and marketing consid-
erations. It may be possible for an airline to man-
age its fleet so only the cleanest aircraft operare
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 ina
given region), the airport’s emissions would be
reduced. '

CONSTRAINTS

Constraints to implementing this measure
include current fleet mix, competitive business
factors, and the pessible illegality of imposing
fleet mix requirements. An airline’s exdisting fleet
may, not accomrnodare the efficient substirution
of aircraft due to varying sizes and populations of
aircraft models. Fleet managementalso depends
on many business factors, such as scheduling and
marketing considerations. These facrors drive
airlines’ decisions on where specific aircraft should
operate and what type of aircraft to operate on a
given route. 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 potental emissions
reduction benefit from airline fleet management.
It may be illegal to impose this measure on air-
lines.

KEyY 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 potentdal air-
port fleet that is made up of the cleanest aircraft
in the toral fleer. Given an airport’s current and
possible fleet, emissions would be calculated for
the cleanest potential fleet. An airport’s current
fleet by airline is available in FAA's dirporz 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 market is unknown. No data
is available to formulate the necessary assumptons
for calcularing an emissions estimate.

SAMPLE CALCULATIONS

No dara is available to provide sample calcu-
lations for managing fleet to minimize emissions,

* REFERENCES
No artempt by airlines to manage their fleet
to place their cleanest (or newest) aircraft into 2
single market has been identified. Contact air-
lines for individual policies and capability.

= ‘f
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MEASURE VARIATIONS

No variations to this measure were consid-
ered.

Implementation Feasibility

» Anairport’s current fleez by airline and an air-
line’s current toral fleet are available. Data on

the engines operating on the aircraft are not
readily available.

> Implcmcnting this measure would be the
responsibility of the airlines.

» It may be illegal to impose this measure on
airlines.
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AIR POLLUTION MITIGATION MEASURES
e FORAIRPORTS AND ASSOCIATED ACTIVITY




3.3
S

Conclusions

Several operatonal, 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
emission reducton potential. Many of these can
be implemented at lirde or no cost and may even
result in cost savings while for many others the

costs are indeterminate withcut much more infor-
mation than is available genezally. Particularly
for those measures that rely on charges to the
make up of an airlines’ fleet or the mix of aircrafs
that operate at a given airpers, it is exemely dif-
ficult to quantify the costs. In all likehood, the
costs would vary widely becwveen individual air-
lines and airports. For prac=cally al! of the list-
ed measures, additional data would be very help-
ful, if not essential, for quaarifying smission
reductions and implementazion costs srecisely.

Misigancn Veasure Senefit Cesired

TABLE 3-4

Aircraft Emission Mitigation Measures

Pollutanis Aftacteg

Responsibie Zmussion

Party Fecucuon Potentia. Fear s Cost

Singie/Racucec  Fecuce Engine Idle HC,CO
Engine Taxiing Time

Airines Moderate Low

" Reguce Reverss  Rscuce Hich Power NOx
Thrust Use £ngine CSeration

Airiines Small - Fgn

" Tew Aircraft'o . Recuce S~gine idle MG, 0O
Aunway Time

Arrgraft Time

Mccerate

1

prm - Large e
Airports

Airponts Indsterminate Indstaminate

" Cengesticn  Pacuce Engine idla . HG. GO
Fecuction Time
‘a6t crease Fle
Mcdemizaucn =ngine smissions

- Newangms .
Stancarcs

Cerated  DecreassSngine
Takeolf High Power NCy
Operaticn
Use Larger Aeduce LTOs
Aircran
" Increasa Loac Aecuce LTOs
Facior

Ut Airerat
Creratons

Reduc‘ LTO;

Manage Fleet Increasa
te Minimize Seats oer

HC, CO, NCx
Emissions LTO

_Dec:ease:leet Hcco

HC.CONGx

HC.CO.NOx

Low o

Airports, Large
. FAA Meca-ate

Atines large | dga

EaA - L;rg; e . Mcce'ale s

Serali Low

Large Inceterinate
Airlines Inceterminate Incete™nate

FAAE’A T Laféé . Inceterminate

Airlines Incatemminate Incatarminale
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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 airporss. This section describes measures
to reduce these emissions in ways that would have
lirtle impact on the services they provide,

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

* Baggage Tractors haul baggage trailers
between the erminal and the aircrait.

* Alrcraft Tractors ‘ow aircraft from the taxiway to
the t¢r:minai and push back the aircraft from the ter-
minai i¢ the taxiway. They aiso are used to tow air-
craft to hangers for maintenance.

¢+ Ground Power Units (GPU) are ground basad
mobiie generator sets. They supply elecricity o air-
craft while thay are parked at the airport,

* Airconditioning Units proviée conditicned air
to venulate, ceol, and heat parked aircraft,

+ Alr Start Units provice large volumes of com-
pressed air that is used by the aircraft to start the
main engines (jet turbine).

» Baggage Conveyors are mobile conveyor
beits used ‘o lift baggage from the tarmac to the
aircraft’s held.

AIR POLLUTION VIITICATION MEASURES
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* Other Secondary GSE irciuces items such as ‘ork-
lifts, deicing trucks, lavatery Tuoks, fuel trucks, mis-
cellanecus lead hancling ecuiament, carts, liks, Tan-
tenance gucks, and cther misceilanesys equigment.

[ 4

Auxiliary Power Units {*FUs) are smail ®wroine
engines on-teard the aircrak Sesigned 1o sucsly the
electrical, ventilation, and air siaring needs cf the
aircraft without using GSE. Aithcugh this equicment
is on the plane, APU use will e analyzed with the
GSE because they are usec :» \ne absence of GSE.

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

In order t0 2nalyze the benefits 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”
emissions generated-in grotind support. The ermis-
sions reductions from a given measure is determined
by comparing the new emissions generated to the
“reference” emissions. The emissions generated by
GSE and APU operations can be determined by first
estimating the population of each type of equip-
ment. Combined with the engine and usage char-
acteristics (BHP and load faczor), usage dme, and
the emission factors, an estimate of operational
emissions can be calculated. Total emissions from
GSE are calculated with the following formula:
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E = Z(P, « By LF, « Use Hours, «EF;j)

Whsres™ "
E, = otal mass of emissions of pollutanti
{CO, HC, NCy, PM)
P, = copulation of ground supgort equipment
of rype;

8r#, = tne rated horse power of equipment

yre;
LF = iheload facier of equipment type ;
Use Hours, = :he operating ume of ecuipment type; in
hours per day.

EFi; = :he emission rate of pollutantiin
gmVBrp-hr frem ground support equip-
ment of type ;
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Population Estimation

The population of GSE at an airport can be
determined by obtaining detailed counts or by esti-
mation. Derailed population data was difficult or
impossible to obtain for all airports in california.
Thus populatons were estimated by calculating
the relationship berween the known population of
GSE at 2 subser of California airports to the com-
mercial aircraft activity at the airports. GSE inven-
tories were provided in confidence by several air
carriers for their GSE operations in California. The
operational acdvity of air carriers is docunented
in the annual FAA publication, Airpor? dctivity
Statistics of Certificated Route Air Carriers. The rela-
tonship berween GSE inventories and several mea-
sures of aircraft activity was analyzed. Aircraft
activity is represented by the total number of depar-
tures, the number of departures by body type (nar-
rowv. wide), and by the number of seats. Given the
limited available data, the best statistical correlation
was found between the total GSE populations and
the total departures. The regression was applied to
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each California airport’s total departures yielding
estimates of the totl populadon of GSE in California
(See Table 4-1). The total GSE populations were
broken down to equipment type using the average
percent of equipment by type to toml population.
The averages were calculated from data provided by
some air carriers for California airporss. The equip-
ment ratios are conmined in Table 4-2.

The other inputs to the emissions calculagion
are engine usage characteristics, brake horsepow-
er (BHP), equipment usage time, operation load
factors, and emissions facrors. 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 Airport &
ATC Equipment, 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

1. Rider, David F. ¢d, “Janc’s Airport & ATC Equipment 1992-93."
Jane's Data Division, 1992,

TABLE 4-1
California GSE Population Estimates

Airport Dog:nut‘ms PE:&E::-S
Hollywood - Burbank.........ccereen.. 30,444 73
Incic/Palm Springs .....veveeeneines 8.270 25
Leng Beach.....icnecneecnenenns 14,443 37
Les Angales International............ 240,579 1.235
Oakland Metrogolitan......eereseens 45,986 112
Cntario Intermational.............even.. 40,925 g&
Crange County/John Wayne........ 37,278 g2
Sacramento Metrepoiitan. ............  39.723 Se
Salinas/Monteray........... 5278 ‘&
San Diego - Lincbergh 70,156 -5
San Francisco Intemational......... 172,007 383
San Joss Municipal................... 49,173 119
Santa Barbara......c.eeesereerressscaneas 9.999 27
TOTAL 785,258 2,486
* Populations are rounded to nearest whole number.




TABLE 4-2
Breakdown Of GSEs
-~ BY EQUIPMENT TYPE —

Aatio Equipment Type Raro
BAGGACE TUG .eooeocrecmrrmrcine e e stenrenns 283.57% 50rvice TAUCK ..covovvvvemsrssenneeen e e
Busass, Cars, Pickuss, and Vars .........o..e.... 11.20% Lift
Belt LOAGRI ..o e eeene 10.09% Fuel Truck. .
FOKIMR c.c.vcvrec e sennssentersnn e seierens v 9.24% Bablall ...ttt oo 2.21%
MaintanNancs TrutK.......ccccverere v e e 5.99% Alir Start Unit ....... 1.32%
Aircraft Tug... . 5.60% Lav Truek.. 1.83%
CUBL ..ottt e ctsiaerons coeeeneene 4.69% Air-canditioning Unit......eeee s - oooverreereinnnn, C98%
GrFU . 443% D8ICOr ...+ e G729
Cargo Loadiar .. . v, 4.23% Lav Cafl.... s e c.52%
Can . 384% Water TIUCK ...o..cvrreerrceireerersisiace s ceovereseeeses v, C.26%
Total 100.00%
TaABLE 4-3
Ground Support Equipment Use Characteristics
Engire Coolant Load use Equipment
Equipment Tyce Tyse Type BHP Factor Per Jay Rauo
Diesal Water 178 80% +.351 0.02%es
Aircraft Tug Elecine Water 0 0% 1.51 0.0025C
{Narrow Bocy Aircraft) Gasoline { Stroke) Waler 130 80% * 5 0.01C=2
LPG Water 130 80% 51 0.00258
Aircrait Tug Diesel Water 500 80% 1.4% 0.01Ce2
{Wide Body Aircrait Gasoline 4 Stroke Water 500 80% 541 ~0co13c
Diasal Watar 300 75% ol8 0.cese:
Air-cenditicning Unit Gasoline {4 Stroke) Water 130 75% cls 0.0C256
Diasel Water 800 90% 837 0.01232
. Elactric Ais 0 0% .37 G.COCEs
i 1
Alr Start Unit Gascline (< Stroke) ~ Water 130 %0% a7 0.00163
Jet Turtine Air 140 90% .37 0.L013C
Ciesal Water 78 55% 2.0 c.o8res
T Electric Air 0 55% 220 0.01:C7
Baggage Tug Gasoiine ( Stroke) ~ Water 100 55% 2.20 0.11303
LeG Water 100 S5% 2.2 1 0.0232
Diesal Water 45 50% 222 0.03s7
8eit Loadar Gasaline (4 Stroka) Water 60 50% 222 0.05C
LPG Water 60 50% 2.22 0.007:6
Bobtail Gasoiine (< Slroke) Water 10 55% 240 0.022:3
Diasef Water 7% 50% 197 0.0332C
Cargo Loacer Gasoline (< Streke) Water 70 £0% 1.97 0.0C358
LFG Water 70 0% 197 0.0C<58
LY
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TABLE 4-3 (CONTINUED)
Ground Support Equipment Use Characteristics
Engine Coolant Lead Use Ecuicment
Egucmant Tyte Type Type 8HP Factor Per Cay Rado

Eigctric Air ¢ 5% 0.4% 0.02930

Cant Gasclina (4 Stroke) Air 12 0% C.43 0.0084¢
PG Air 12 50% 0.41 0.00085

Oasicer Cigsal Water o3 95% 0.06 0.00C65
Gasoline (4 Stroke) Water 93 95% c.06 0.00851

Ciesst Water 52 0% 5.99 0.C0521

Eectric Water ¢ 3c% 1.9 0.01497

Forklift Gasolina (4 Stroke) Water s 3C% 1.9 0.63320
(PG Water 52 3C% 1. 0.03906

Diesel Water 18C 5% 008 0.00130

Fuei Trick Gasatine (4 Stroke) Water 130 5% 2.65 0.02344
LPG Water 130 25% 2.8 0.C008S

Ciesal Water 148 7% 2.18 0.039¢C8

GPU Eectric Air ] 5% 2.18 0.coces
Gasaline (4 Stroks) Water 10 5% 2.18 0.0C456

Lav Cant Gasoline (4 Stroke) Air 12 50% 0.50 0.00821
Lav Truck Gasoline (4 Stroke) Water 13C 2%5% 332 001628
Electric Air o} 50% 1.03 0.00586

Lift Gasoline (4 Stroke) Water 100 50% 1..3 0.01497
PG Water 100 &% 163 0.00911

Diese! Water 130 80% 1.23 0.00260

Maintenance Truck Gasoline (4 Stroke) Water 130 0% 1.23 0.05599
LPG Water 130 5C% 1.23 0.00130
Diesel Water 50 5% 0.50 0.00260

Cther Gascline (4 Strcke) Water 0 0% 030 0.04232
LPG Water 50 0% 0.30 0.00195
Diesei Water 170 20% 3.38 0.01107
Service Truck Gasoline (4 Stroke} Water 160 0% 3.88 0.02148
LPG Water 180 20% 3.8 0.00195
Water Truck Gasoline (4 Stroke) Water 150 20% 0.85 0.00260
Diesai Truek Water 180 25% 5.33 0.00651
Bus Gasoline Truck Water 130 25% 533 0.00260
Gasoling Car Water 130 5% 0.51 0.01172
Car LPG Car Water 130 25% 0.51 0.00065
) Gasoline Truck Water 130 25% 1.45 0.05404
Pickuo LPG Truck Water 130 2% ;145 0.00326
Van Gasoiine Truck Water 130 5% 085 0.03320
Total 1.0000
N B
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reports: “Regulatory Strazzgies Far Off-Highway
Equipment” (draft) and Frasibilizy of Consrolling
- Emissions From Off-Road, #zavy-Duty Construction
Eguipment,”and are show= in Tatle 4-4.2

Road licensed vehicies such as cars, buses,
pick up trucks, and vans were izcluded in the
GSE population provided by the sirlines and are
listed in Table 4-3. Because they azz licensed for
on-highway operations they are subject to cur-
. rent state and federal emissions and operational
regulations (for eample, the Califomia LEV pro-

4.3
e e —

Measures

When parked at 2 tezminal gate, large com-
mercial aircraft require an electrical power source
and, in warmer climates such as Californias, air-
conditioning., The electricity operates the avion-
ics, on-board lighting, and other electrical equip-
ment (i.e., cooling fans, coffee ports, cleaning
cquipment, etc.). Air-conditioning maintains

gram and the federal cleza-fuel vehicle recuire-
ments for centrally fueled fleets). Little addi-
tional benefir beyond tha: achieved from :these
programs can be realized by impiementing the
measures discussed in this section. Also, irclud-

ing emissions from these vehicles could lead to
" double counting emissions reduczens or overlap
with other programs. For these reasons, these
vehicles have not been included in the emissions
mitigation calculations in this repert.

the passenger compartment at a comforzable
temperature and sensitive electrical equipment
within its design operating temperature range.
There are essentially three ways to provide for

2 “Regulatory Strategies For OfF-Highway Equisment”, drait reort
prepared for California Air Resources Board, £ Monte, Caii‘ornia,
prepared by Energy and Environmenral Analysis, January 1992
and “Feasibility Of Controlling Emissions From Of-Road, Heavy-
Duty Construction Equipment”, prepared for Caifornia Air
Resources Board, El Monce, Califorria, pregacec by Energy and
Environmental Analysis, December 1988, :

TABLE 4-4
Emission Factors for GSE Engines
— IN GRAMS/BHP-HoOUR —

Engine Type Caslant Typ2 Hersgoower Range  HC NOx co FM
Gasoiine Air Ceciez Tto2d 10.0 20 3s0.d 02
{4 Stroke) Air Ccclaz 25t S0 7.0 30 <C0.0 [+ )]
Gasoline ‘vaier Ceciec 2510 50 4.0 40 2400 kel
{4 Stroke) WatarCoclac 51 10 9.999 40 40 240.0 g0
Diesel walar Cociee 11080 10 1.0 40 c7
‘Water Coolec S1 10 9,999 1.2 10 40 os

Water Cogies 11024 50 40 180.0 0.0

QEM Optimized CNG Yater Cooles 250 50 20 8.0 120.0 00
Yatar Ccoles 5110 9.999 1.0 3s 2.1 0.0

Existing CNG or LPG Air Cociaz 1lo24 50 40 180.0 0.0
Air Coclec 35050 40 6.0 200.0 00

“Water Cooles Tl024 5.0 40 1800 0.0

Existing CNG or LPGC Valar Coolsc 2510 S0 20 8.0 120.0 00
Water Coclac 51 t0 8.599 20 6.0 1200 0.0

A —,
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these electric and cooling needs. First, in the
absence of other support, the on-board Auxiliary
. Power Uniz (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 rurbine “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
aircraft. Fixed air-condidoning systems can sup-
ply air-conditioning to parked aircraft utilizing
electric air-conditioning units or by providing
" compressed air to the on board air-condition-
ing system (pneumatc system). Both fixed elec-
trical and air-conditioning systems are electric
powered and power is supplied by the local util-
ity power grid.
One mitigation measure considered in this
analysis is to replace the use of APUs and GSEs
- with fixed electrical power and air-conditioning
systems. Fixed systems provide all of the ser-
vices needed by an aircraft parked ar a terminal
gate with none of the on-site emissions that come
from the GSE and APUs.

’

4.3.1

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,
eliminating the need for GPUs and APUs to meet

.‘-_\; ‘5/
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the aircraft’s power needs. However, the utilicy
power must first be converted from the type the
utility supplies (480 volt, 60 hertz) to the type
large commercial aircraft use (120/208 volt, 400
hertz power). There are two different types of
power conversion equipment, motor genesatoss
and solid state static inverters. Motor generators
use the 60 hertz AC to power a motor that
mechanically drives a generator that produces
electricity at 400 herrz AC. Solid state static
inverters electronically convert the 60 herz AC
to DC and then convert the DC to 400 hertz aC.
There are three different systems used to dis-
tribute the 400 hertz power to the aircraft: 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 convert the
udlity power from 60 hertz to 400 hertz ar one
central location with several converters working
together to convert the power used by the entire
system. A wiring network then distributes 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 disturibution network to minimize the power
losses in transmission. Centralized power sys-
tems normally require a redundant power con-
verter to ensure system reliabilicy.
Mini-central fixed power systems allocate
the airport’s gates into several sections. A power
converter supplies 400 hertz power to each sec-
tion independently. Otherwise, this type of sys-
tem operates like a version of a centralized system.
This system services the same number of aircraft
as a centralized system only with more, albeit

AR POLLUTION MITIATION MEASURES
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smaller, power conversion units. Redundancy is
built into the system by using oversized or extra
power converters.

Point-of-Use systems distibute the conven-
tional udlicy power (60 hez:z) to each gate where
it is converted to the required 00 herez 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 vulnerabie to interrupdon.
However, anecdotal operational experience sug-

"gests that static inverters are seliable under all
normal operational conditions.

. LCONSTRAINTS i
In evaluating the functional differences
between the three systems, the main issues are
the case of installation 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-
fic. In these cases the terminal must be modi-
fied to ensure that the wiring takes the most direct
path to reduce rransmission losses. Mini-cen-
tralized systems are easier to install because the
electric converter units are smaller and the wiring
requirements are less intrusive. Point-of-use fixed
power systems are easiest to install because the
power converters are small enough to be mount-
ed at the end of the passenger bridge servicing
gach gare independendy. Also, udlity level power
lines are easier to install (often they are already
installed) art the rerminal gates.

On the other hand, centralized power sys-

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 abilicy
to handle widely varying loads because of the
reduced capacity power transformess. 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-flight take off and operate all of the kirchen
equipment (coffee pots and ovens).3 Undil this
new and largest class of aircraft entered service,
all three systems were capable of handling loads
of 60 and 90 kva. Now, the 90 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 conducted and no kitchen
equipmentis on. The 90 kva point of use power
converters will have to be replaced with 225 kva
units to service B747-400s.4 With the cenralized
and minicentralized systems the excessive power
requirements of a limited number of B747-400
could be absorbed by the additional capacity buile
into these systems. However, the 8747-400 cur-
rently is serviced only at San Francisco and Los
Angeles Intemnational Airporss.

As parr of 2 proposal to the Metropolitan
Washington Airports Authority, a centralized power
equipment contractor analyzed the costs and ben-
efits of servicing 44 terminal gates. They summa-
rized the pros and cons of each system and the
informaton 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 .30 1o compleze
the pre-Jight checllist with out tuming on any of the kitchen
equipment. The 16 on-board ovens alone require an additional 112
kvt at 2 power faczor of 1.0,

LN P
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4.3.2

Fixed Air-conditioning Systems

This measure reduces the need for GSE
and APU use.

In warmer climates (i.e., California) aircraft
parked at rerminal gates require air-condition-
ing to keep the cabin cool for the passengers and
crew. All large commercial aircraft have on-board
air-conditioning unizs that are powered by com-
pressed air from the APU. The onboard air-con-
didoning unit uses an sxpansion turbine that con-
verts the pressurized air to a lower pressure, cool-
ing the air that is circulated throughout the air-
craft cabin. As an alternative to APU powered
cooling there are three different types of fixed

air-conditioning systems that supply aircraft with
cooled air: 2 centralized precondidoning system,
a point-of-use preconditioning system, and a
pneumatic system.

Centralized preconditioning systems ud-
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 radiator filled with the coolant, through
a flexible hose (16” wide and 65’ to 80’ long), and
into the aircraft via vendlation inlets in bottom of
the aircraft. See Figure 4-1. An additional heat-
ing unit added to the AHU enables this system to

TABLE 4-5
Pros And Cons Of Centralized Power Systems
APUs Mobile Mini- Cantralized
Ciasel Elact. Paint-Of-Usa Central
Initial Investment Nene Low Low Madium Medium High
Fusl Consumption Very High High Nonea None None None
Air Poilution Very High High None None Nona None
Noise Poiluticn Vary High Hign None None None None
Caongastion Nona Yes Yes No No No'
Faxibility None Yes Yes Nene Yes Yes
Electric Usa . NA NA Low Low Low-Mecium Low-Medium
Electric Cost " NA NA Low Low Low-Madium Low-Medium
Distributicn None Nene Low-Medium Low-Mecium Medium High
Electric Reem None None None No Yas Yes
Substation Roem NA NA Ne No No Yes
Cailing Space NA NA No No Yes ‘ Yas
Maintenance High High Medium Madium-Low = Medium-low  Madium-Low
Qperating Elficiency Very Low Medium High High High Medium
Payback (Yrs) Base 149 1.69 1.52 1.51-1.70 .260-2.75
N y
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provide heat to the aircraft in the winter as well.
The heat can be supplied by a centralized heat-
ing plant, by electric heating units, or both in
colder climates.

Centralized preconditoning systems are avail-
able in a variety sizes, with the number of gares
* serviced dependent upon the size of the chiller

plant. All centralized preconditioning systems
utilize standard industrial 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 rowess or evap-

orative condensers). Small chiller plants are more
suitable 10 airports where the 480 volt, 60 hertz
power is limired.

Point-of-use preconditioned air systems
supply cool air to a single aircrafr. 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 herrz 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 failure. Conversely the entire net-
work is vulnerable to interruption due to equip-
ment failure in centralized systems. Point-of-

FIGURE 41
Centralized Air Conditioning System
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use systems also require Lxle disruption to the
terminal during installazion. This system is
installed by atraching the zir conditioning/heat-
ing unit to the bottom of the gate structure,
wiring the unit into the tezminal’s electrical sys-
tem, and arraching the hese storage basket and
the operator station.

Pneumatic power dis-ibuted to each gata is
another way to cool an aircraft with a fixed cen-
tralized system. This type of system uses a cen-
tral electric screw type compressor and air stor-
age tank(s) to compress anc store aiz. High pres-
sure hoses carry pressurized air from the com-
pressor station to the gate through a dedicated
line. At the gate, a reinforcad flexible hose con-
nects the compressed air outiet to the plane. The
compressed air powers the aircraft’s on-board
air-conditioning unit.

Installing this type of system requires essen-
tally the same type of additions as the centralized
. Ppreconditioning systems. A central compressor

must be connected to the zates with a series of -

reinforced pipes capable of handling the com-
pressed air.

Disruptions due to installation and the nec-
essary terminal modifications make central
chiller plant and central compressor systems
more difficult and costly to install than the
* point-of-use systems. However, centralized 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 airporr, cooling (and heat-
ing) needs, electric capacity, and budgetary con-
siderations all play a role in determining which
system works best at a given airport.

= y
%& S
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Instalhng and utilizmg fixed electrical and
air conditioning systems will not immediarely
¢liminate the need for APU and/or GSE 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 costy, especially in existing ter-
minals. These issues can inhibit the usage of
central and air-conditioning support systems.

Fixed electrical 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. Sometimes
when an aircraft is scheduled to be parked at the
gate for a short stay (less than 30 minures) 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 operated for a minimum of 10 minutes before
cach departure. At least one major air carrier cur-
renly has a policy instructing the captain to hook
up 1o fixed power and air-conditioning systems
whenever they are available to minimize APU
usage. However, the final control of the aircraft's
engines and APU remains with the captain and
the flight crew and depend on local conditions
and operational considerations.

A ground air start unit can be used to start the

AIR POLLUTION NIITIGATION MEASURES
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main engines. Typically this type of unit uses a
large diesel engine and a screw compressor to
provide the volume of compressed air needed.
They often are used when the aircraft’s APU is
not working rather than being the preferred aleer-
native 0 APU use.

" Finally, there are additenal zoning and build-
ing regulations at airporss which make major
modifications to the airpor: difficulr. These reg-
ulations vary from airport <0 airport; they gener-
ally do not prevent the inswilation of fixed power
and air-conditioning systens, but slow it down.

This delay and administraZve burden adds to the
installation costs. Also, there are legal concemns
about ownership and mazintenance related to
leased gates at terminals. These issues must be
resolved before any fixed aircraft support equip-
ment can be installed.

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

GPUs and APUs.

There are few opcrauonal differences bctwccn
fixed electrical and air systerns 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 advantages 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-

AIR POLLUTION MITIGATION MEASURES
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tric powered fixed systems require no refueling
and less maintenance.

Airports can fall under the jurisdiction of the
city, county, state and federal governments, or
the Federal Aviadon Agency (FAA), all of whom
have their own set of construction codes. The
airport autherities have a regulatory review
process which coordinates the implementation
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 polluton
regulations that cut across traditional political
boundaries.

*SANPLE CALCULATIONS 1t 25 osin .

To calculate the emissions savings offered by
utilizing fixed electrical and air-conditioning sys-
temns at an entire terminal, or even a porton of the
terminal, the level of emissions generated 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 foxmulas

APU
Emissicn Level

GSE
Emissions Level =

Population of AJC Using APUs «
= Fuel Flow Rata = Emissions N1b. fuef

Pop. of GSE by Type » HP » LF
= Usage = Emissions/BHP-nr.

Total APU Emissions
Emissions Level = + GSE Emissions
Displaced {{Number of Aircraft Using
Ermnissions = Central SystemyTotal Aircraft serviced)
(On-Site) = APU Emissions Level)]
+ [Number of Aircraft Using
Central SysterrvTotal Aircraft Serviced)
= GSE Emissions Level]
ol P




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 ime. 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 thar 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 approxi-
mately 3 years. As before, the cost analysis
depends on the system selected, the cooling
requirements, and the climare. Thus, both fixed
electrical and air conditioning support systems
have high construction costs, but can pay for
themselves in energy savings alone, without con-
sidering the emission benefits.

INPU Ny
Airports service a wide variety of aircraft with

an equally wide variety of operating practices and
tmes. 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 terminal gate by aircraft type. Additionally,
the emissions calculations depend on the number
of gates thar 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 emissions esti-

.‘:\i ; l:,’—/
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mates. The APU emissions factors used in this
report are based on 2 limited number of APU mod-
els currently in use. The emissions estimates in
this repore are based on default times. Actrual
operating times should be used when calculat-
ing an emissions inventory for a specific airporr.

There is very little published information
abour installing fixed electrical and air-condi-
tioning supply systems, because the systems are
individually tailored to fit the needs of a specific
project. Equipment manufacturers are a valuable

TABLE 4-6
Costs Of
Central Power Systems
Costs Energy
System Per GATE Cosls Payback
{Anmuay (Yoars)

Centrai

Verical M-Gs........ 3963039 232081.20 270

Horizontal M-Gs.... 4,008,683 232081.20 273

Inverters.............. 4020768 180960.36 26+
Mini Central

Ventical M-Gs........ 2445815 19032276 162

Haorizontal M-Gs.... 2,547,245 -190.322.76 1839

Inverters................ 2320865 180960.36 153
Locailzed

Bridge Mounted.... 2,306.772 18096036 152
Mobile

Electric (27)........... 2447402 18096036 183

Ciesel (27)............ 2,057,623 325807.20 1429
Base

APU L reciernnns — 170109720 00

The payback period is estimated
uting the APU operating costs as a base cost.
. . System Construction Cost
Simpla Payback Patiod = o1y coen) - System (O&M)
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source of information on fixed electrical and air
condidoning systems, but they are guarded about
generalizing across the indusary. Jane's Information
Group’s dirpart & ATC Equipment, 1992-93 pro-
vides a worldwide camlog of airport support equip-
ment. Finally, the environmental impact sute-
ments for California airports sometimes conrain
estimares of emissions that could be eliminated
with the installation of fixed electrical and air-
conditioning systems, although many of these
" estimates lack documentadon. Thus it is diffi-
cult to evaluarte the accuracy of their estimates.
Ingeneral, the GSE industry does not deal with
issues across applicadons, but with specific orders
placed by airport authorities and/or specific air-
lines. This is reflected in the information available
on fixed electrical and air conditioning systems.

Implementation Feasibility

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

.» Replacing mobile air-conditioning units, GPU,
and APU usage with fixed electrical and air-
condidoning usage reduces the on-site emis-
sions generated from servicing aircraft parked
at terminal gates.

4.3.3
%
Conversion Of
GSE To Alternative Fuels

This measure reduces the engine emission
Jactars of large GSE

Airlines use 2 wide variety of equipment to
service their aircraft at airporss. The average GSE
fleet includes aircraft tugs, taggage tractors, bag-
gage and cargo handling equipment, and con-
veyor belts. Most types of GSE are powered by
internal combuston engines.

Emissions from this equipment can be
reduced or eliminated by providing the service
through alternative means (such as fixed electri-
cal and air-conditioning syscems) or by convert-
ing the existing equipment to an alternadve power
source. The alternative fuels most often used in
GSE are CNG/LPG and elecwicity,

In general, all non-road certified equipment
(including GSE) are powered with “off-highway”
engines built for agricultural, utility and industrial
equipment manufacturers. As 2 group, GSE are
powered predominately by industrial engines
greater than 50 Hp.

GSE manufacturing is a custom order busi-
ness. Standard equipment designs are modified
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 market: con-
ventional fueled engines, CNG/LPG fueled engins,
and elecwric motors. All three types can be used
in GSE applications.

There are several obstacles to converting Gse
to operate on alternative fuels. Engines using

A\ -,
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alternatve fuels generally are more expensive,
need to be refueled more often, and require dif-
ferent refueling stations.

CNG/LPG Fueled GSE

Unil recendy, the demand for industrial cNG/
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. Without suffident marker demand, engine
manufacturers have not developed these engines
at mass production levels, which keeps the incre-
mental costs high. Only a few manufacturers
currendy 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 cNG
are for converted engines. The emission factors
for “furure technology” are those expected for
CNG engines from original cquipment 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 convesion or from
OEM suppliers they are generally more expensive
than conventonal engines.

Conventional engines are converted by replac-
ing the existing carburetor or fuel injection sys-
tems with 2 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 conuols (the fuel to air mixture is rypi-
cally leaner and the ignition timing advanced in
gasoline engine conversions). However, the com-
pression ratio cannot be modified in existing
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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 1o
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 dedicat-
ed CNG/LPG engines. OEM built, dedicared cNG
engines can be utilized in applications that nor-
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 manufacturers and aftermarket
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 ¢nergy content by volume of
CNG/LPG, alternative fueled equipment has tra-

~ ditionally experienced problems with limited

operating times, which increases the non-oper-
ational refueling time associated with CNG/LPG
cquipment.

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 fill method is the eas-
iest and least expensive way to refuel natural gas
tanks. A small compressor slowly fills the on-
board tanks with natural gas until the tanks
reach 3000 psi (over a period of hours). This
method works best with equipment that is not
used for a long period of time each day (i.c.,
overnight). The fast fill method stores com-
pressed natural gas in storage tanks and then
Afills the on-board tank from these storage tanks,
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 equipment
population. A typical fast fill system capable
of handling 12,000 SCF (Standard Cubic Feet)
of CNG (the equivalent of 100 gallons of gaso-
line) per minuze costs approximately $38,000
10 $45,000 and the equivalent slow fill system
costs approximarely $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 natural gas supply network
that is available in every major city. LPG refu-
eling systems are less complicated than CNG sys-
tems. LPC is delivered to refueling stations in a
"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 conrain contaminants that build up in

AR POLLUTION MITIGATION MEASURES
FORAIRPORTS AND ASSOCIATED ACTIVITY

e ——tomi
b

65

the cylinders and exhausz system. Thus, alter-
natively 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 add 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 additional cost of the equip-
ment would decline as production quantities
increased over time and development costs are
recovered. The cost of converting existing equip-
ment varies with the size and complexity of the
equipment to be converted; however, the aver-
age cost is between $2,000 and $3,000. Some
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 electric
motor (or motors) and replace the fuel tanks with
lead-acid batreries. 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 Suppors NGV use is really taking off at
Denver's Staplezon Airport,” Amesican Gas, Sept. 1992, pp. 26-30.
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rest. In fact, many different types of GSE, rang-
ing from aircraft tugs to powble water carts and
baggage conveyor belts, are currently available in
elecrric versions. The main limitation 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 limirton to using electric powered GSE.
For example, Stewarr and Stevenson manufac-
tures an elecwic aireraft tractor, the EGT-50, 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 oper-
ation and recharging takes approximately 8 hours,
The GT-50 must be refueied 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 batrery chargers while the
equipment s at rest).

The maintenance needs of electric 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 batteries
must be replaced (the exact replacement sched-
ule depends on battery quality, the equipment’s

duty cycle and load levels).

In general, electric versions of GSEs alsa cost
more than their conventional counterparts. The
cost difference varies from manufacturer to man-
ufacturer and between equipment types, bur aver-
ages 10% to 30% higher than similar conven-
tionally powered equipment. Replacement cost
of batreries also is quite high.

e

There are few operadonal differences berween
conventional GSE and GSE that use alternacive
fuels. GSE powered with CNG/LPG or electricity
must be refueled more often. The additional
refueling or recharging times 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 natural 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 between conventional GSE and GSE pow-
ered with CNG and electriciy.

W

The emissions factors measured to date for

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

cquipment 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, calculating the emis-
sions generated and comparing this emissions
level to the emissions baseline. The emissions
benéfit 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 REDUCTION =
Z(Pj * BHP,' * LFJ' * Use Hoursj
*(EFi.-EFy)
Gikag T e
P, = sepulaiicn of greund sugport equipment
of typej
Brp; = the rated horse power of equipment

yee |

LFj = tne load facter of equipment type j

Use Heurs, = the crerating tme of equioment typejin
heurs per day.

EF, = the emission rate of poilutant i in
gm/BrHP-HA from ground support equig-
mentofiypecorj

¢ = conventionally fueled ground suppon
: ecuipment.

J = ground supper: equipment converted %o
alternative fuel use

Note, however, that the difference in emission
factors may not 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 LpG
‘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
Airlines have alternative fueled GSE fleets in oper-
ation and they may be able to provide more spe-
cific derails of performance and cost comparisons
when their tests have been completed.

A more deailed discussion of regulatory issues

surrounding light duty industial engines in gen-
eral is available in the reporss prepared for the
California Air Resources Boazd by EEA: “Regu-
latory Seategies for Off-Highway Equipment”,
January 1992 and the repor: “Feasibility of Con-
trolling Emissions From Of-Road, Heavy-Duty
Constuction Equipment”, Decsmber 1988. Janes
dirport & ATC Equipment: 1 992-93, contains
information about the equipment offered by the
worlds GSE equipment manurzcrurers, including
electric and CNG/LPG equipment availability.

Implementation Feasibility

»> Properly wuned lighr duty spark igniton engines
operating on CNG/LPG potendally reduce their
HC and CO emissions by about 30 10 50 percent,
although NOx emissions inc-ease by about 10
to 20 percent. However, HC + NOy emissions
are still expected to decline in most cases. By
switching to electric GSE, the on-site emissions
from the equipment are eliminated entirely.

4.4 |
“

Conclusions

Mitigation measures for GSE can significant-
ly reduce total emissions from this source. While
these opdons have 2 higher first cost than current
technology, the fuel savings often resultin 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 experimentng
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 contibute to the local and
regional air quality problems near airports.
Consequently, reducing airport ground vehicle waf-
fic through the implementation of transpormtion con-
trol measures (TCMs) has the potentdal for reducing the
emissions associated with ground vehicle traffic. TCMs
can reduce emissions from all modes of operation of
passenger and employee vehicles, shurde buses and
vans, and commercial delivery and service vehicles.

There are several components of motor vehi-
cle emissions, each of which corresponds te a par-
ticular mode of vehicle operation. These emis-
sions components or operating (driving) modes
comnprise the ‘reference trip emissions”, which are
the sum of exhaust and evaporative emissions for
a complete trip 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
hotsoak, diurnal, resting and running losses. Some
TCMs are designed to eliminate entire vehicle trips,
and thereby eliminate all emissions that would
have been associated with a trip to and from an
airport. Other TCMs target one or more aspects of
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vehicle travel to airports, and consequently reduce
emissions from one or more specific driving modes.
This section exarnines several TCMs and dis-
cusses the effect those measures are expected to
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 reductions. The actual emis-
sions reduction that will be realized by the use of the
TcM will vary from airporr 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 alternative 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 caleu-
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-
don control measure affects one or more com-
ponents of the reference trip, 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. This section, therefore, describes the ref-
erence trip and its components, and identifies
all the data items thar are required to calculate the
emissions reductions.

5.2.1

. TheReference Trip Emissions

The airport ground vehicle reference trip
emissions are the amount of hydrocarbons (HC),
carbon monoxide (CO), oxides 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 oper-
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 vebicle 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 model
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year, and the odometer reading. Emission factors
are adjusted by local conditions such as tempera-
ture, average driving speed, and fuel characteristics.
Composite emission factors, which are calculat-
ed in an emissions factor model such as EMFAC or
MOBILE, are used to describe the combined exhaust
and evaporative emissions from the local fleet,
based on the fleet’s composition and local driving
conditions. Separate emission factors exist for HC,
€O, NOx, and PM, bur as the calculations for each
pollumnt are the same, only one generic calculation
is shown in each sample calculation.

Since the reference trip emissions are expressed
in grams per mile, it is apparent that reducing the
vMT from airport related vehicle trips will have
an effecton the total emissions. Eliminating com-
plete vehicle wips eliminates all components of
the reference aip emissions for that trip, but may
result in increased emissions from other types of
vehicles. Obviously, the intention is for the emis-
sions reduction to outweigh 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 trips or
driving modes also eliminates some emissions, or
can swap emissions between modes (e.g., restrict-
ing vehicle idle times reduces idle emissions but
adds to hot start emissions). Several types of
ground access trips are associated with airports.
Passengers and employees make trips to and from
central terminals and outlying parking facilities
by personal and rental car. Some of these people
also travel in vans, limousines, shuttles, taxis, and
buses. Cargo is ranisported 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




report the reference uip emissions typically irclude
only passenger and employee trips to and from
the cencral terminals and parking areas. Cargo-
related traffic usually is not included in the refer-
ence trip emissions. These sources are noted when
a TCM could be applied beneficially.

5.2.2
e S —

Data and Nomenclature for
Example Calculations

The collection of reasonable and representa-
tive data that describes the reference mip emissions
for each airport under consideration is the most
important and most time 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
irems that must be collected, and present them in
a form that is used in the example calculations
throughour Section 5.3. Upper case letters rep-

resent the dawa 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 item,

* The referenca trip emissions (E),
ang its componen:s:
cld start (Ec), hot siart (Eh),
hot cruisa (Ecr), and idle (Ei)
exnaust emissions; ciurnal (Ed),
hot sozk (Es), running loss (Er),
and refueling (Ef) evagorative emissions.
Each comconent is aoplicable %o the
three driver types e, p, and c.

¢ Total airpont vehic'e miles travelled (VMT)
and % of VMT by driver type:
VMTs, VMTp, VMT¢, and VMTL
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* Total airport vehicle trips N, ang percent
of ips by driver type:
Ne, Np, Nc, Nt

* Empicyee and passenger zzcess mede (A)
percentages:
Solo drivers (Aes, Azs):
carpoolers (Aec, Ac:z::
putlic transit riders 2sz, App)

* Emission factors (EF) by ve~cie type:
EFe, EFp, £Ft, ang ==z,

¢ Average trip length (L):
Le. Lp, Lt, anc Le.

* Parking characteristics (P z- sassengers:
= percent that draps ¢ arc parks
in short term lot (Ps}

= percent that parks 'crg term
(duration of trip) (P)

- percent of iong term carkers
on business trip (Pibt
* Average idle time (1) by criver ype:
le,Ip, It, and Ic
¢ Circuit VMT (C) by vehicle yze:
taxis (C}), countesy s-utte buses (Cs), and
door-to-doer vans (Cv).

* Rental car fleat (R):
Number of vehicles i~a: use altarnative fuels
(Na), average rentai car daily VMT (VMTn),
alternative fuel vehic'e emission fac:ar (EFa).

5.2.3
e

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 at individual airports. The California 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 relatonship 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 airport usage.
One study of 20 airports across the naton found
vehicle trips (passenger and employees) per
enplanement (passengers only) decreased with
increase in airport usage measured as enplane-
ments per dayl. For airports under 5,000 en-
planements per day, the vehicle wips 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 to 2.0. The study found the best fit
exponential curve relating vehicle trips to en-
planements to be:

4.5
1+0.0117*Enp0ss21

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
usage data. The vehicle trips in the table pri-

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

Y=2.72X-02

Where
Y = Venicle Trips Per Day (passengers and

employees) Per Passenger (passengers
enly) - also defined as “Trip Generaticn®

And

X = Million Annual Passenger
(MAP of the ferm 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 airports, and the grand
total vehicle trips. Table 5-2 displays this infor-
mation, Column one shows a listing of California
airports where the FAA collects information about
passenger volumes. Column two shows MAP dat
for each airport. Where the airport is listed in the
Caltrans System Plan, MAP data are taken from the
plan. Where the Plan does 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 relating Map
and trip generation where no trip generation data
was available. For very small airports (Arcata and
smaller) outside the range of data supporting the
equation, the trip generation rate is presurned to be
4.00 (based on the study for the Orlando Inter-
national Airport referenced above). This ratc is

1. Orlando International Airport, Application for
Development Approval, Development of Regional
Impact, Traffic Analysis, Fourth Ruaway
Development, Appendix ITI.
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slightly larger than the rates 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 rrips by
airport obtained by muldplying the trip rate by
- MAP divided by 365 days.

Overall, California airports generate about
one half miilion vehicle trips per day, exclusive
of trips associated with cargo facilities ourside
central terminals. Furthermore, abour half of ail
the daily vehicle trips are generared by two air-
ports, LAX and San Francisco. When cargo relat-
. ed wrips are included for these two airports, daily
vehicle volumes are even greater. According to

the Califirniz Aviation System Plan, goods move-
ment and employee trips to cargo areas add
another 40 pexcent to central terminal trips for
both LAX ar.d SFO, again based on waffic studies
within EIRs. Of course, these two airports are
,major cargo handling hubs. Cargo related trips

TasLE 5-1
CALIFORNIA AIRPORTS: '

MAPS and Trips Per Passenger
Airpent MAP . Trips
Bakersfigit ..o, 0.27 373
Burbank....... ...oovorevcers e, 3.49 2.1
Fresno 0.89 27
L0 R 45.81 1.36
Oakiand 5.51 1.81
1200 -1 D §.42 1.7

San Ciego ....... 1.1 2.1
Santa Barbara..........cceennen..o.., 0.62 32

- San Franeisce .....oovenerneeeneroenn. 30.39 1.1
San Jose " 7.13 1.82

" S3CTameNto......... e 3.83 1.86
JohnWayne .. ..., 4.59 1.92

TASLE §5-2
CALIFORNIA AIRPORTS:
MAP, Vehicle Trip Rate and Total
Vehicle Trips Per Day
Airgort Annual Trizs Per ur;cs.‘.-"«
Passengers:  Passengerz Caya
LAX ..ot 45,810,00¢ 1.38 17C.38s
1 2o TR 30,390.000 1.0 91,588
San Diego ............... 11,100,600 2.1 84,87
San Josa ... 7.130,000 1.82 35522
Oaklang................ 5310000 .3t 27.32¢
Oontario .....cocverueeee. 5,420,000 .70 28.242
Crange Coury/ . . ..
John Wayne .......... 4,380,000 1.92 22.0a3
Sacramento...........  3.630,000 1.25 18,483
Hollywood-8urzank. 3,490,000 2.10 2573
Long Beach..........  1,420.000 253 9.831
. 890,000 2.70 6.55<
Paim Springs........... 706.588 293 = 588
Santa Barbara......... §20.000 3 5.438
Mantarey ................ 336,352 3.42 3.1
Bakersfield.............  270.000 373 2755
107,020 4, 1.473
99,046 49 1083
90,640 <9 983
88.252 49 9E7
85,186 40 93
77.902 40 85
27,5789 40 szz
38,450 40 42t
27,684 4L 3cs
22.098 a8 r
San Louis Obisgo.... 17.796 49 i
Santa Maria............ 12,426 L8 138
Mercad................... 11,980 40 13
McNamara
{Crascent City)........ 4994 40 33
Big Bear................. 4,030 40 <
Norton ................. 796 40 9
TOTAL...eeeeceenne 122,048,938 - 518,77s

——

1. Sourcq: Califernia Aviation System Plan, Caitrans,
1991 non-italicized; FAA 1990 Cata itaicizeq,

2. Scurce: Calilomia Aviation Systam Plan, Calizans,
1991 non-iaicized; ¥ = 2.72 X.0.21 italicizec: all others
(Arcata ang smaller) presumed to be 4.C0 trip generauen ra3ce

3. The product of...

column 2
38

* column 3
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at other California airports probably add no more
than a few percent to cenwal terminal tips given
in Table 5-2. Finally, Table 5-2 shows the same
trend found in vehicle wip generaton 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 dara on vehicle miles of wavel and speeds. The
California Aviation System Plan, Table IV pro-
vides average trip lengths for wips at selected air-
ports. The trip lengths are given for each group
of trips originating from surrounding countes.
VMT can be calculated by muldplying the trips
per day from the various coundges 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 System Plan.

With this information on YMT and speeds,
itis possible to make several important emissions
calculadions:

TasLe 5-3

VMT And Speed For Selected Airports

WMT
Qaily VMT  Per Trip  Soeed

Airport
{mgh)
{19, SO, 5986628 32 32
51 o R, 2884610 23 34
Qakland ...........ccveovunenens 602,011 2 39
446,200 22 47
283,176 11 39

r—-% A
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* Estimats tctal omissions generated by an airpont

cue to passangar and employee ground access
vericles.

* Estimate emissions from airpart expansion projects,
provided adcitional vehicle trips asscciated with he
prejects are kriown.

 Estimate emission reductions associated with trans-
pcration conrrol measures, provided reduction in
vehicle trics can be estimated.

Taking Oakland airport as an example, Table 5-
4 shows total emissions from the airport. The air-
port generates 602,011 daily VMT. The vMT are
converted into emissions using emission factors
developed specifically for a particular region. The
emissions factors for total organic gases (hydrocar-
bons), carbon monoxide, and nitrogen oxides are
from CALIS, which is 2 California-specific version
of the MOBILESz emissions factor model. The emis-
sion factor for total organic gases includes exhaust
HC, evaporative HC, running loss HC, and restng
loss HC. Exhaust emission factors include cold swarr,
cruise, idle, and hot start emissions. The factors

TasLe 5-4
Oakland
Ground Access Vehi Ermssxons
Emission Total
Pollutant VMT Fac:or (grevmi Emlssxons
PerDay @40mph)  (lbsicayp

Carcen Monoxice ... 602,011 g.571 12,703.5
Hydrecarbons........... 602,011 1.74! 2,309.7
Nitregen Oxides........ 602,011 2.681 3,557.5
Suifur Oxices ............ 602,011 0.212 278.78
Paricuiates.............. 6§02.011 0.312 4118
TOE oo 602,011 14.51 19,281
m CA.specific version
2. Source: Air quaiity and Urban Develooment Guidelines for

Assassing Impacis of Projects and Plans, 8ay Area AQMD,

Nevember 1985, Table VI-B-2.
3. Cclumn 2 « 3 + 002205 bs. per gram. -
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for sulfur oxides and particulates 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 chis case, factors represent the vehicle age
and type mix for the Bay Area AQMD for 1990 atan
" average of 40 mph. Using these factors, the Oakland
airport generates 19,261 pounds of pollution per
day related to ground vehicles. Thus, for every one
percent reduction in VMT brought about by trans-
porration control measures at this airport, daily pol-
lutants are reduced by 193 pounds.
One important point to note is the differ-
+ ence between airporr relared wips and airport
related VMT. The two are similar in that each is
composed of an airport employee component and
a passenger component. However, since the aver-
age trip length varies between employee and pas-
senger vehicles af each airport, the percent of wips
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 miles for all vehicles.
One area that 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 conditions and planned roadway improve-
"ments are in the best positions to estimate the
impact on vehicle emissions.

53
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Airport Transportation
Control Measures

The airport transportation control measures
that are discussed below can be classified as either
focusing on reducing airport zelated trips (hence,
vehicle miles traveled, or VMT), or on reducing
vehicle emissions without aZecting the number
of trips or VMT. Therefore, the TCMs are pre-
sented in sections pertaining <o the target of that
TCM. Each TCM is described in detail, including
the goal or purpose of the measure, the compo-
nents of the emissions reference trip that are
affected by the measure, and the ranges of the
TCM's expected impact on the reference trip com-
ponents. The discussion aiso extends to infor-
mation planners will need o evaluate the effec-
dveness of each TCM, references for informartion
on the TCM, and finally, sample calculations.

5.3.1

Trip (VMT) Reduction TCMs

The goal of the ransportacon control measures
discussed below is to eliminate all portions of some
vehicle ips to the airports. Reducing the number
of vehicle trips reduces VMT, and since vehicle emis-
sions are ultimately expressed as functions of vehi-
cle miles wraveled, emissions are reduced. Further,
since these TCMs reduce all components of the ermis-
sions baseline, these are potentally the most effec-
tive TCMs at reducing emissions.

Trip reduction TCMs are typically designed for
controlling a specific type of vehicle trip, such as
those assodiated with airport employees commut-
ing to work, or trips by passengers to and from the

Y o
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proved slightly better at reducing solo driving.
In the first, the City of Searde reduced parking
charges for carpools at two downtown Seattle
parking facilities, from $25 to $5 per month ar
one facility and to no cost at another. The
largest effect was to atwract bus riders to car-
pooling: 45 percent of the participants in the
discount program switched from transit, 29 per-
cent previously carpooled, and 25 percent pre-
viously drove solo. A Portland, Oregon pro-
gram which allowed carpool parking at street
merers showed similar results: About half of
the users were previous carpoolers, and half of
the new carpoolers were former bus riders. The
nee effect of both programs, therefore, was to
reduce VMT by 25 percent among those partic-
ipating in the programs.

RTINS R A

No evaluations of preferential parking for
carpools at 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
berween 10 percent and 13 percent employee
participation. The prior mode of transporta-
tion for these airport carpoolers is not known,
nor is the carpool rate before the designated
carpool stalls were available. Given the results

. of other similar programs, however, the most
optimistic assumption is that carpool incen-
tive programs for airport employees reduce solo
driving a few percent, and VMT a lesser amount
since carpools still generate vehicle trips. 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.

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 incendives 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 reduction
can be made if the actual lengths of the trips that
are eliminated through carpooling 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 puz in place, would improve the accu-
racy of the estimates of emissions reductions.

R RIS AL CHATIONS s :
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 fleet emission factor (Efe). The prod-
uct is the daily emissions reduction in grams.

TCM CALCULATION
Rideshare/Carpecit............. Nec « Le = Efe
. VA v e AR i -

Early case studie

location are documented in Traveler Response to
Transportation System Changes - A Flandbook for -
Transportation Planners, R.H. Prant Assodiates, for
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the Federal Highway Adrinistraticn, February
1977. More recent evaluaticas are documented in
" Transportation Control Mez:ure Information Docu-
ments, Draft, Cambridge Svstematics, Inc. for
the U.S. EPA, October 1991, Parking Management
and Traffic Miitigation in Six Cities: Impiications for
Lacal Policy, K.T. Analytics, January 1989, and
Flexible Parking Requireme=ts, An Uran Consor-
tium Information Bulletin, Public Technology,
-Inc., June 1982.

Reports which examir: the effec: that car-
pool preference programs have on public transit
ridership include Paréing Discounts and Carpool
Formation in Seattle, Mariz Olsson and Gerald
Miller, the Urban Insdrute, 1979, and Study of
Parking Management Tactics, Valume 1: Overview,
.Peat, Marwick and Mirtchail, December 1979,
The conly reference to carpesling for airport em-
ployees is Sacramento Metr:zolitan Transit Access
Study, ].D. Franz Research for Sacramento Coun-
ty Department of Airports, July 1992.

Parking Pricing and Subsidies

Airport employees often receive free or sub-
sidized parking, which has the effect of promot-
ing solo driving, It has beex found that increas-
ing parking prices or imposing them where they
‘did not exist previously has had the greatest effect
of any studied TCM at reducing employes VMT, as
some employees find alternatves to driving solo,
such as carpooling or using public transic. 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.
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This strategy is apphcable only where mport
employee parking is free or where employers sub-
sidize paid parking., The eFectiveness of this
strategy may also be lessened if free or low-cost
parking exists elsewhere around the airport, thus
attracting airport employess who previously
parked at the airport, and doing little to decrease
overall employee VMT.

Constraints on implementing this measure
atairports also extend to the fact that employess
may not have as many public transit alternatives
as workers in central business districts. Further,
shift work schedules can maks car and vanpool-
ing less feasible than in other industries, which
reduces the number of solo drivers that can make
the switch to carpools.

This conu'ol measure can bc apphed 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 emploves parking subsidies
have been found in the licerature. The most recent
cases, some of which implemented paid parking
alone, and some in combination with alternative
mode programs, are summarized below:

¢ The Nuclear Regulatery Commissicn began charg-
ing market rates for parking in combination with
guaranteed garage spaces icr carpoolers, afer
which solo driving decreased 12 percentage goinis.

* After the City of Bellevue, WA tegan charging for
empioyee parking, in combinaton with its long
standing rideshare program, sclo driving dropped
17 percentage points.

* A Seattle company, CH2M Hill, now gives all
employees a $40 per month ravel allowance, and
charges $49 for parking for scic drivers, where pre-
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vicusiy rc allowance was given and all parking was
free (carpcolers still park free). Sclo driving has
decreasec by 25 percentage points since the park-
ing oclicies were implemented.

» Scic cnvirg also decreased 25 percentage peints
at Twenuetn Century Corporation after the company
star:ec crarging $S30 per month for parking, in addi-
ticr: 10 ceniinuing its ransit and vanpocl subsidies,
ang its practice of provicing preferential parking for
cargcclers.

How these reductions 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
dam suggest that reductions in vehicle tips per
100 employees (i.c., employee vMT) will range
up to 35 percent, especially when combined with
incentives for carpooling and public transit.

Airport 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 trips and vmT
where priced parking is adopted.

tiveness of this measure are similar to those
required for the carpool incentive program: The
rate of employee comn'mting by mode, actual
lengths (i.e., total vMT) of eliminated trips, and
the vehicle mix for all employees who carpool.
The most important of these dara is the rare of
employes commuting by mode before and after
the adjustments to parking pricing are made,

AMPLE CALCUTATIONS - .
The daily emissions reduction, in grams, is
calculared as the product of the number of

o Y ]

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

TCM CALCULATICN

Nepele=EFa

Parking Price/Sutsicy........

Ko s e e A

‘+. REFERENCES DR
The Nuclear Regulatory Commission's expe-
rience with parking pricing is documented in
Ewvaluation of Trave! Demand Management Mea-
sures to Relieve Congestion, Comsis Corp. for the
Federal Highway Administration, February
1990. The Ciry of Bellevue's program is dis-
cussed in “The Difficulty of Easy Ride: Obstacles
to Voluntary 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, sponsored by Metro and Assaci-
ation for Commuter Transpor:ation, Seatde, Dec-
ember 1990. Finally, the effect of Twentieth
Century Corporation raising parking prices are
documented in Parting Sussidies and Commuter
Mode Choice: Assessing. the Evidence, Richard
Wilson, etal,, UCLA, July 1989.

bbb bbb

Publlic Transit and Alternative Mode
Incentives for Employees

Incentives for airport employees to use pub-
lic transit or any mode other than driving solo
have the potental to attract 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-
estly effective at attracting solo drivers, and may
in fact attract carpoolers, previous transit users,
and other non-solo drivezs.

The uscfulness of this measure for axrport
employees is limited by the fact that public rran-
sitis not always a viable opdon for airport work-
ers because of factors such as variable work sched-
ules. Other alternadve commuting modes (prin-
. cipally biking and walking) are less atractive than

in other industries because of the tendency for
airports to be well removed from residential areas
in which airport employees live.

Public transit and alternative mode 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 employees, but no restrictions accom-
pany those passes, and family and friends of
employees almost cermainly 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 commuters.

Thcrc is consderablc experience with pubhc
transit subsidies among-U.S. business in gene:-
al, but very licrle experience with airport employ-
ees has been documented. There is also lirtle

AIR POLLUTION MITIGATION MEASURES
=== FORAIRPORTSAND ASSOCIATED ACTIVITY ==———————r" - I

well documented experience with alternadive
mode incentives in general, but what is known
is promising. As shown below, the dara suggest
that transit 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 reduction.

Public transit subsidy programs have been
successful in terms of gerring employees to par-
ticipate in them, but participation does not trans-
late directly to VMT or trip reduction. This was
shown in an Urban Mass Transportation Admin-
istration evaluation of several transit pass pro-
grams. Ridership increased in several cases eval-
uated by UMTA, but more from increased wip
making among transit patrons than diversion
from sclo 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 tickets
to employees, and about ten percent of employ-
ees participates in the program each month.
Usual transit shares in the area average abour
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 transic 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
incengve programs is sparse but suggests promis-
ing results. Ventura County, for instance, offers
an annual payment of $200 to $300 based on the

& —




number of days per week County employees con-
sistently use any altemative commuting mode.
The solo driving rate fell from 87 to 69 percent
after introduction of the subsidy. ARCO in down-
town Los Angeles subsidizes solo driver park-
ing, but offers greater subsidies to users of alter-
native modes. Under the program, the compa-
ny has maintained an alternative 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 2 whole. The down-
side is that some carpooling has increased at the
expense of public transit use.

As w1th the othcr employec programs, in
order to evaluate the effectiveness of this measure,
it is necessary to know the rate of employee
commuting by mode - solo drivers, carpoolers,
public wransit riders, alternative mode commuters
- both before and after incentives are putin 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
reduction. More precise estimates of VMT reduc-
tion can be made if the actual lengths of the trips
that are eliminated through use of public transit
and alternative modes are known.

et SAMPLE CAL CULATIONS St b

Daily emissions reducrions are calcuiated
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 transic vehicles are

- ~ Py S
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increased by the product ¢i the number of new
transit vehicles trips (N4} the average mansit
vehicle trip length (L), 2nd the transic fleet
emission factor (EFt).

TCM CALCULATION

Public Transit

Incentives ........ce.... L2=EFg+ Nislt=EF:

N " “REFERENCES i s
The results of the Urban Mass Transit Ad-

ministration’s evaluations of transit pass pro-

grams can be found in Trznsit Fare Prepayment
Demanstration, Charles River Associates for the

UMTA, September 1982. Ax evaluation of em-

ployer transit pass promc:ional programs in
Seattle is found in The 2987 Evaluation of
Transportation Managemznt Programs, Final
Report, Seattle Commute: Services, and Bay
Area programs are evaluated in Commute
Alternatives: A Manual for Transportation
Coordinators, MTC, 1983. Ventura County’s
experiences with alternative mode incentdves is

found in Congestion Manag:ment 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 Relievs Congestion, Comsis

Corp. for FAWA, February 1990, Finally, the
lone evaluation of alternazve mode incentive
programs that deals with airports is found in
California Off Airport Terminals (Draft Repor),

Robert Frazier et. al., Instirzte 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 at airporss. As discussed in the
 section on employee trips, employee proportion
of airport VMT might range from a low of 5 to
10 percent up to a high of 20 percent, depending
on the balance of cargo trips. Quanditative est-
mates of VMT can be made by applying this per-
centage range to airports where total VMT is esd-
mated, as per Table 5-3.

Parking Pricing
There is considerable uncerrainty and com-
plexity in parking pricing aimed art air passen-
gers for purposes of cutting solo driving and
increasing use of high occupancy modes. On the
one hand, data from California airports suggests
.higher prices are associated with greater HOv
mode use. Table 5-5 shows quite a strong cor-
relation between the price of long term parking
(P) and the percent of non-drive modes (ND),
including taxi, imousine, private transit, public
transit, hotel shurtle and other. The results sug-
gest every one dollar increase in long term park-
.ing is associated with an additional two percent
use of non-auto modes. On the other hand, such
correladon does not necessarily indicate increased
long term parking prices cause increased use of
transir, 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 (ro/from airport). If so, the net effect of
increased long term rates might be negative, even

AIR POLLUTION MITIGATION MEASURES
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if pricing encourages some use of non-drive and
HOV modes.

Unformunately, the relationship between park-
ing policy and drop off rates is not well under-
stood. One darted 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. Dat
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 5-5
Parking Rate
Versus Percent Non-Drivel
Airport Parking Sgé:?‘o
SOay Y

Bakersfieid..........o..oooorueerssnesiren 3s0 63
Burbank 1000 202
LAX 16.00 2827
Qakland 500 17
Ontario .. 8.00 1873
SN DI8G0 ..oroomernre oo 12.00 25
Santa Barbara........cecuneeneereerenne. 3.00 33
San Franciso......ummvvmeserssenens 8.00° n:
San Josa 6.00 532
Sacramento.....ccccoensrnssnreriierens. 400 107
JORn Wayne .........cccceuvervvrcencnnens 7.00 124
1. Calikria Aviabon System Ptan, Tablas Il and i, Op. Cit
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than seek packing, one would expect the bighest
drop off rates at airports wich the least supply of
parking per passenger. Table 5-6, which displays
results from a 1972 survey, explores the issue.
Drop offs include autos that dropped off pas-
sengers and immediarely left the airport, and
autos 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 facr, if any
relationship is apparent, it seems the three /ow-
est drop off razes are associated with the kas park-
ing supply, and the igher rates with the most sup-
ply. Inshore, drop off appears unrelated or even
negatively relaced to parking supply, just the oppo-
site of what would be expected if parking policy
influenced drop off.

Datra 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
rares 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 variation, it is with long term rates. The
table shows o clear cut relationship between long
term price and drop off/pick up rate. The high-
est rate is at the San Francisco 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, but drop off still 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. v

If drop off/pick up is not swrongly related

TABLE 5-6
Passenger Drop Off
Versus Parking Supply At
Six Airports
- 1972 — )
Parking S Pa: m‘n(‘:g:y‘
caces 3S &N n
Per 1330 Annual Autosggonping 9
Airport Passengers And Picking Un®
High Drop Off Rate
Boston-Logan 0.67 68
New York - JFX ... 0.64 66
San Franciscs 058 .. 63
Low Drop Off Rate
Atlanta 0.23 49
New York-LaGuardia ..... 0.46 ............. 55
New York-Nawark 0.79 43

* Percentages raler (0 private aulas only, and ot 10 passengers
wno amve al the avport by other mocas.

TABLE 5-7
Passenger Drop Off
Versus Long Term Parking Price At
Five California Airports
— 1987 1O 1992 —

Long T Pas Puconég( i
o¥m Senger g
Parking Frica Aubsgoroppi?{gg

Airport ay And Picking Up”
 Los Angeles! 16 77
Oakiand? 8 76
Sacramantod ........... — L N 65
San Francisco? . 9 -
San Jose2 6 79

1. %a’b P;;ungnr Survay, for LAX, Wilbur Smith Associates, 1987,

2. Bay Araa Air Passanger Survey, 1990, MTC, Table d.2.
3. Sacramento Metropoiitan Transit Access Study, J.D. Franz
Research, 03,

* Percontages reler (o private autos only, and
ot {0 passengers who amve at ihe airport by other modes.

.'_\; ‘g’
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* parking policy, what is it related to? Evidence
from Logan Airport in Boston suggests traveier
perceptions unrelated to parking may be the key.
Researchers there have found drop off is high-
est for non-business travelers, especially residents
versus non-residents of the area served by the air-
port [Logan International Airport Ground Access
- Non-Pricing Study, Massachusetrs Port Autherity,
to the Conservation Law Foundation, Juiy 1,
1991]). Seventy one percent of drop off is made
up of passengers traveling for non-business 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-resident, non-business, here
again 59 percent are female; 70 percent check
baggage, and most originate from Boston or
Cambridge hotels. Itappears drop off, at leas: 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 airporrs thar increased
long term parking prices are not associated with
increased drop off. When long term rates at
Logan increased from $8.00 in 1984 to $10 in
1986, 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
o 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 per-
cent. In contrast to the profile of the high drop
off population, 75 percent are male and 60 pes-
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 servics iLogan Express) was
initiated during the same zeriod, 1986, Two,
short term parking rates aiso climbed during the
same period, from $1.00 tc $2.00, possibly dis-
couraging at least some drcz off using short term
facilities. But the most imporrant finding is
increased long rerm parkizg rates do no# meces-
sarily boost drap off; especiaty if accompanied by
good transit options and, pessibly, increased short
term rates.

Logan experience also suggests parking pric-
ing combined with transgorration service im-
provements may be most sZective in boosting
use of door-to-door, schec:ied HOV and tran-
sit, but service improvemen: alone also are quite
effective. As mendoned, 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 shuttle also starred during the
same period.

During this period, the proportion of pas-
sengers using all high cccupancy modes
increased from 15 percen: 10 22, 2 7 percent
boost. From 1987 to 1990, when parking rates
held steady and service improvements on the
Logan Express continued tmostly relocating
routes and adding park anc ride lots), the pro-
portion of high occuparcy mode use still
climbed, but less dramaticaily from 22 percent
to 26 percent, a four percent increase. It is worth
noung the increase in Logan Express ridership
since 1987 was 20 percent in spite of two
increases in fares [Logan Irzernational Airport
Ground Aecess Pricing Study, Massachuserts Port
Authoriry, to the Conservation Law Foundadon,
February 1, 1991). In short, all else being equal,
parking pricing alone may have boosted use of
high occupancy modes a few percent, bue service
improvements (in spite of fare increases) were
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perhaps equally effective. Most effective is the
combinadon of pricing and service.

‘Why might 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 sexvice.

Orther 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 “wravel elasticities” for
passengers at the San Francisco 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 2 significant
diversion are quite large” [“Study of Airport
Access Mode Choice,” By Greig Harvey, Journal
of Transportation Engineering, Vol. 112, No. §,
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 considerable
price increases may be needed 1o bring resuits.
Business travelers especially may not be very sensi-
tive to increased parking prices, at least not unless

price changes are substantial and accompanied by
improved high occupancy services.

* The evidence does not suggest the drop off rate or
underlying reasons for drop off are related to park-
ing supply or prices; however, the evidenca is by no
means conclusive. There is sufficient uncertainty
that airports ought to menitor crop off and mult-
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occupa}\cy mode use when maxing adjustments in
parking rates.

* Three, the effects of pricing wiil ce very cependent
on the proporiion of business and non-business
passangers utilizing any partcular airport, as weil
as complementary actions sucn as shert term park-
ing rates and guality of hign ¢r multi-occupancy
maode services.

Because there still is so little evidence on
the effects of parking pricing on drop off, it is
not possible to provide definitve guidance on
VMT reductions due to pricing. However, one
study hints atimportant quandative 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 that cost sen-
sitivity for business access travelers is abour the
same magnitude as cost sensitivity for weskday
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 vebicl trips and or VMT (not parking
demand) range widely from an elasticity 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 Mect-
ing, January 1979; also, “A Review of the Impact
of parking Policy Measures on Travel Demand,”
Bernard Feeney, Transportation Planning and
Technology, Vol. 13, 1989). At most, then, we
might expect a 10 percent increase in parking
price to reduce vehicle use and VMT among those




facing the parking charge (i.e. excluding drop
off and multi-mode users) by 3 percent. For
example, looking at Table 5-4, 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. At 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
w0 MTC Passenger Survey, Op. Cit]. Thus, pre-
suming VMT proportions follow mode shares
.closely, only 17 percent of total airpor: 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 to a 1990 passenger
survey. Thus, pricing might be less effective
than at Oakland [MTC Passenger Survey, Op.
‘Cit.]. According to 2 1992 passenger survey at
Sacramento, 84 percent arrive by car and 35
percent park [Franz Rescarch, Op. Cit.].
Overall, the range of effectiveness might be
from 1 to 4 percent reduction in total airpore
VMT and associated emissions.

Lo

| As cxplamcd thc effccnvcncss of parkxng

pricing at reducing VMT will decrease as the per-

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

ArpLIcATIONS THET TG
Effectiveness will vary between airports
depending on the proportion of passengers dri-
ving to the airport and parking for the dura-
tion of the trip. 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 2t San Francisco. A range of effec-
tiveness for raising parking prices might be from
one to four percent in total passenger VMT and
associated emissions.
B m s i i e
Thc most important input for calculatmg
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 b¢ an indication of the
chance for success of this control measure,
since business parkesss are least likely to be
concerned with parking prices.
SRR T SAMPLE CALCULATION 2 il e
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 fleer 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 previously parked for the duratdion

of their trips.
TCM CALCULATION
increased
Parking Price......... Noo+LpsEFp + Ntp s Lt « EFt

who o oo o b o b

5.3.2

Idle and Circulation
Management TCMs

An alternatve to reducing the number of air-
port related 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.

=y a2
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Idle Restrictions

A significant percentage of the total time a
vehicle spends atan airport is at idle. This is espe-
cially wrue for passengers’ light duty cars and wrucks,
taxis, shutde buses, and vans, all of which tend to
idle while dropping off or picking up passengers.
Commercial vehicles also idle while loading and
unloading cargo, often for considerable lengths of
time. By eliminating or significantly 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 stare-
ing 2 warmed up vehicle (ie., a “hot start”).

Thns control measure is apphcable 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 imitations can be effectve. (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 NO 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 decumented
study which compares diesel engine particulate
emissions at idle and hot start.

This measure will impose costs on the air-
ports in the form of salaries for empicyees who
will monitor the parking areas and eaforce the
idle time limits. Itis expected that the monitors
can cover more than one area each, especially
where idle stands or holding pens are aear pas-

“senger drop off areas. It may be difficult to
enforce idle time restrictions in remote areas of
airports, such as cargo loading areas, or 10 enforce
idle restrictions when drivers run thei- engines

to keep their vehicles air conditioned or heated.

NS ArpLicATioNs i,

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 airports do
regulate parking time limits at passenger drop

. off areas, and many airports also limi: parking
time and/or idling time for commercial vehicles
such as courtesy shurtde buses, taxis, limousines,
public and private buses, and on-call door-to-
door vans and shuttle buses.

Hot start emissions from light duty vehicles
are dependent on the control technology and

. model year group. Average hot start emissions for
light duty 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 EEA’s dara to cal-
culate average idle and hot start emission rates
that are specific to the local light dusy fleer.
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Average hot start and idle smission rates for heavy
duty gasoline vehicles will have to be obtained
from the EPA or ARB.

measure the effectiveness of idle restrictions is
the average idle time by vehicle type. As men-
tioned above, this idle dme will vary berween air-
ports, and will have to be measured at each air-
port where the measure is considered for use.
The average idle emission raze and hor start emis-
sions can be obtained with the help of the local
agency which is responsible for determining vehi-
cle emission inventories.

The change in emissicns due to idle restric-
tions is the sum of the reduced idle emissions
and the increased hot start emissions. Separate
calculations are made for passenger vehicles, com-
mercial/cargo vehicles, and waxis. Idle emissions
are reduced by the produc: of the number of vehi-
cles (Np, N¢, Nv), the idle emission rate (EFpi,
EFd, EFd), and idle time {Ip, Ic, It). Ho start
emissions are calculated as the product of the
number of vehicles and the average hot start emis-
sion factor (EFph, EFch, EFth).

™ CALCULATION
Icle Time Restrictions
(passanger vehicles)..........

Mg = (EFgi » Ip - EFgh)

(commaercial/
carge vehicles)...................

(taxi cabsivans)..................

Nc = (EFci « Ic - EFgn)
Nt = (EFti = it - EFih)

- AR, o RS S
There are few documented 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 docurnenred
in Speed Correction Factors fr the Updated Version
of MOBILE4, Energy and Exvironmenml Analysis,
Inc., for the U.S. EPA, August 1991
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Circulation Management

Most airports regulate curb access for pur-
poses of reducing curb corgestion and promot-
ing safery, targeting vehicles such as personal
and rental company autos, courtesy vehicles and
shurtle buses, taxis, imousires, buses, and on-call
door-to-door vans. Typical regulations limit
parking time and/or curb access, and are in gen-
eral use to control congestion for both private
and commercial vehicles. Pricing of curb use
has the potential to reduce emissions, partcularly
from commercial vehicles which are the most
likely initial targets, but is not easily accom-
plished and is much less in evidence than other
curb access regulations.

B L,

CoNSTRAINTS 4

The most serious constraint is that few vchx-

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

Airport 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.

g *wm.v -

The most cffccnvc and efﬁcxent pncmg
approach would be pricing all vehicles as they
encer 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 rental
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 shuttles in circulation can be reduced
by centralizing rental car offices and consolidac-
ing shuttle service to the center. Sacramento and
San Francisco airports are planning this approach
under future expansions.

Flat fees and “percent of gross fcs are impos-
ed on parking lot shuttles and rental car shurdles
at several California airports, but such fees do
not provide any direct incentive to limit circula-
tion or to increase shuttle bus occupancy. Onc
exception to flat or gross fees is provided by LAX,
which imposes a percent of gross and “circuir fec”
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 at 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 circulare for customers before
leaving the airport. One method of controlling
excess circuits by on-call vans and shurdes is
being tried at LAX: LAX requires vans to enter a
holding lot and obtain a trip ticket for passenger
pick ups, to control illegal enuy to the airport.
" Each vehicle also must be equipped with an elec-
tronic transponder (AVI) to allow vehicle circuits

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: Monchly cir-
cuits went from about 110,000 in summer 1990
(before the circuit fee went into effect), to about
70,000 in summer 1991 (after the circuit regu-
ladons had been fully implemented). ‘
Estimating the VMT reductions possible
through trip fees, consolidated rental car shut-
-des, and circuit fees for private shared ride vans
is difficult. However, it is likely that the direct
VMT reductions will be small as a percentage of
the total airport VMT, bur the indirect VMT re-
ductions can be significant. As an example of
such a situation, the 37 percent reduction in ¢ir-
culation VMT achieved at LAX does not account
for a very large proportion of fozal airport VMT: A
circuit at LAX is about 1.5 miles, 5o a reduction of
1400 circuits per day translates to 2100 miles per
day, which is a very small percentage of tomal air-
port daily vMT (5.9 million miles). However,
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reduced circuit VMT probably translates 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 airports 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 deter-
mine the daily circuit VMT and vehicle population
before the circuit 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 shuttle
(or other targeted vehicle) circuit VMT and over-
all vMT will vary by airport, and can be deter-
mined by tracking trips through the AVI system.

Daily emissions reductions, in grams, due to
circulation management are calculated as the
product of the circuit VMT eliminated for taxis
(Cr), door-to-door vans (Cv), and courtesy shut-
te buses (Cb) and the respective emission factors.

TCM CALCULATION
Circulation ]
‘Management............ Ci«EFt+ CveEFv+CoeEFp

th th o b o o o
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5.3.3

Alternative Fuels

Motor vehicles which are designed to use
alternative fuels such as methanol, natural gas,
and liquid petroleum gas (LPG) 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 convendonal counterparts,
which should result in the reduction of secondary
ozone and photochemical smog. Therefore, a
potential emissions control measure for airport
vehicles is to use as many alternadve fuel vehicles
as possible.

The reality of the situadon is, while some
alternative fuel vehicles are available, the alter-
native fuels needed to operate them are not yet
widely available to the general public. Alternative
fuels will become more available in the furure,
but the best current candidates for alternative
fuel use are fleet 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 returned to airports
where central fueling with alternative fuels is
practical, alternative fuel vehicles also may be
appropriate for use in rental flests.

5.3.3.1

Alternative Fuels for Rental Cars

The proportion of rental cars used by pas-

- sengers has increased significantdy in recent years.
In fact, avairports in the Bay Area, for example,
rental car use is the second most popular pas-
senger ground access mode, second only to pri-

N y
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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 wip length is about
average for passenger vehicle trips, then renral
cars account for 13 percent of VMT at 570, San
Francisco has a similar proportion of rental car use
as at South Coast airports for which informa-
tion is available, and it is possible that rental cars
are responsible for 10 to 15 percent of rotal vMT
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 fuel cars and light trucks
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 sca.réiry of alterna-
tive fuel filling stacions. 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
issues 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 Frvs ordered in 1993, as an
incentive to commercial buyers. Chrysler’s FFvs




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 differental 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 F7v
fleer, 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 M85
filling stations. FFV emissions are minimized
when M85 is used exclusively, but public M85
filling stadons are scarce at this time (there were
39 methanol! filling stations in California as of
late 1992), alchough the number of M85 filling
stations is expected to increase significantly
through the 1990s. For practical purposes, reatal
agencies must have M85 fueling on-site, but the
current lack of public filling stations means that
renters are unlikely 1o 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 incentives such as offering free
refueling for renmal 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 customess 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 time.
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As dxscusscd above, Avis already has Fi-‘Vs
in its rental fleet at the Sacramento airporr, but
as far as could be determired, no emissions da
have been collected from those vehicles, Emis-
sions testing of other production FFVs has shown
that flexible fuel vehicles enjoy a significant
emissions benefit when operared on M85, rel-
ative to operaton on gasoline.

According to the U.S. EPA’s MOBILES model,
the 50,000 mile emission factors for passenger car
LEVs are 0.092 g/mi HC, 3.00 g/mi €0, 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 0.390 g/mi NOX. The in-use emission
factors will acrually be berween the TLEV and L2V
factors, since in-use fuel rank methanol 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 €O, and 0.78 g/mi NOX, the poten-
tial emissions reductions are substantial, even if

the reatal FFVs run on convendonal gasolinc.

IS B I S

iKY INPOTS 4 SRR D
Thc inpurs needed for the sample calculation
are the size of the rental fleets, the percentage of
the fleers 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 s, 47

Dadv emissions reductdons (in grams) duc to the
use of alternative fuel rental cars are calculared 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 specif-
ic emission factors and average daily vMT. Hereit
is assumed that convendonal rental cars have the
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same emission factors as the passenger vehicle fleet,
but since rental cars are newer, low mileage vehicles,
this may overstate the potential reduction.

TCM CALCULATION
Alternative Fuel
Rental Vehicles.......... Ct*EFi+ Cv=EFy + Coa= EFD

o oo odo oo oo odo o

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 weighe are covered by
California’s LEV program, which means that low
emissions versions of these vehicles will enter
commercial fleets in the next few years. Heavy
dury vehicles are not yer covered by an equivalent
to the LEV program, although 2 Low Emissions
Truck/Bus program, which will likely result in
HD alternative fuel vehicles, has been proposed
by the ARB. Another force that may get alterna-
tive fuels into commercial heavy duty fleet vehi-
cles is local regulations requiring the use of alter-
native or clean fuels in fleet vehicles.

Once alternative fuel vehicles are introduced
into heavy-duty 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.
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STRAINTS R o
ts to alternative fuel
trucks and buses are that, compared to conven-
tonal fuel arucks 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.

es, including
some in California, have implemented plans to
require alternative fuel vehicles in certain fleets,
including some types of fleets that operate exten-
sively at airports. Two local alternative fuel regu-
lations could 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 Stapleton Airport 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 narural gas heavy
duty engines will meet ARB’s proposed Low
Emissions Truck and Bus standards. In-use emis-
sion factors for alternative fuel heavy dury engines
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 certification standards for heavy duty
vchicles and low emissions rucks and buses. This
methodology results in LEB 50,000 mile emis-
sion facrors of 1.27 g/mi HC, 13.33 g/mi €0, and
1.79 g/mi NOX, compared to model year 1994
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heavy duty gasoline emission factors of 1.27 g/mi
HC, 14.35 g/mi CO, and 4.47 g/mi NOX.

CTKevINeoTs LT R
Thc emissions rcducuons that can bc achu:v-
ed by the use of alternative fuels in commercial
(heavy duty) vehicles can be estimated once the
average VMT of commercial vehicles and the
~ commercial vehicle alternative fuel penetration
rate are determined.

" SAMPLE CALCUTATION.

Dulv emissions reductions due to thc use of
alternadive fuels in commercial (heavy-duty) vehi-
cles are calculated as the difference berween 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

Alternative Fuel

Commercial Vehicles....... Nc « (EFc - EFac) = VMTe

5.3.4

Other Control Measures

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

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

5.4
e ————————,— T

Conclusions

This section 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 5-
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.

Quantdtadve results for passenger TCMs are not
so easily obmined, bur reszicting long term park-
ing through increased prices may decrease passen-
ger VMT and emissions by as much as four percent
Other TCMs for passengers include restricting pas-
senger vehicle idle times, and increasing the use of
satellite parking facilities with shuttle bus service.
This last TCM has the effect of eliminating all on-
airport VMT for passengers’ vehicles.

The most promising commerdal vehicle TCM
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 1o
greater overall MT reductions if marginally used
services decide to currail airport operations.
Other commercial vehicle TCMs include the use
of alternative fuels such as methanol and nacur-
al gas. Electric shuttle buses, of course, emit no
pollutants from the vehicle.

LI A N N N N Y YR X
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. TasLES-8
Airport Transportation Control Measures

Transportiation Mode/ Effect on
Control llop:suu - TCM Component Affected Made or Emissions Dahlni:::lmmu
Variable shifts fcr employees. Emcicves Cecrease Emzcioyes share of totat
including work at home M1 205% VMT (intemal & extamal)
Rideshare/Carpecl Emgicves Decrease Same as above:
incentives for employees ' 0to5% #ifact on transit ridership
Transit incentives gmsleves Decreasa
for smployees H 0t 3% Same as above
Altemative mode gmcicyee Cecraasa Same as above; mora
incentives for employess MI 5107% rasaarch on effactiveness
End amclocyee parking Emeicyes Decreasa
sutsicy orycﬂar cashout VMT 1C% or more Same as above
Can decreass VMT 1 10 4% Fassenger share of
Increase Passenger YMT but can increase VMT & wctal VMT; busi
. N - . ; business
lang term parking rates dicte idle timas by incraasing drooof's share of parking
Passenger vehicle Icla & Cecrease icle by unknown %; . Current
idle time timits het sians ncrease hot starts idle practices
Passenger& . Passerger d Decreasa passenger & Passanger &
employes satellite parking ampicyea intamal VMT,; employee intemal VMT 100% mployee share of
{long term & short term) shutile bus YMT - similar fer idle; increase intamal VMT; effect
wi sgume bus service shuitle bus intamat VMT on bus VMT
Taxi & bus TaxifimeNan & bus Dacreasa idle by unknown %: Current taxi & bus
idie ime restrictions icle & hot stans incraase hot starts idle practices
Idlg restrictions for delivery, Deliveryfsarviceiccmm. Decraasa idle by unknown %; Current
service & commercial vehicies | vehicia'icle & het stans incraasa hot starts idle practices
Circulation management On-call van & snuttle bus | Decraase cn-call van & shuttie bus On-call share of
for on-call vans & shuttles internat VMT intamat VMT 30 to 40% internal & total VMT
Restrict airpon Rental carhotel shuttle Decrease intemal VMT Shuttle bus
shuttle bus use: pool buses bus VM7 by unknown % scoulation & VMT
Altemative fueis for airport Exnhaust & evaccrative Emissicns benelfits debend
shuttle buses emissicrs cn fuet type Same as above
Elgctric shuttles All Elirminate emissions Same as above
Altemative fuels for delivery/ Exhaust & evarcrative Reduce amissions relative Commercial veh. share
service/ commercial vehiclas amissions lo conventional fuel vehicies of intemal & lotal VMT
- Recuce smissions relative Taxi & renial car
Altemative fuels for Exhaust & ; b . 3
1axis & rantal cars evagcrative amissions ";‘gﬁg‘;ﬂmﬂ:ﬂ:‘ t?t'cEV!ass' snarot:tg: %mal &
Extend rail sarvice Passangar Cecraase VMT by % reduction of trips;
to airpon or shuttle bus service & employee VMT; . unknown amount: effect on
from rail o airport congesticn ncraasae avg. speed avg. spead
Congastion relief via Avg. speed of Increase by unknown amount; may Efféct on
road construction projects ail vehicies lead to more trips & higher VMT avg. speed
._\ ‘
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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-
lutdon. 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

PREIBISISIINEDIAE

6.1 -

U.S. Airports

Los Angeles International

GSE fuel use, vehicle fuel use, central
power systems, transportation access system

An innovative project that would reduce air-
side emissions is being negodated at Los Angeles
" International Airport (LAX). Emissions from

mobile and statonary 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
demonstration of CNG-fueled airport service vehi-

not implemented are described. This is nota
comprehensive list of airports and/or measures.
Key phrases identfying mitigation measures and
variations discussed are listed after the airport
name. This discussion does not quantify the
effect of the measures on air emissions.

PLESANIDPDLTYIDEY

cles and equipment at the airport is being nego-
dated. The demonstration would be conducted
at LAX on United Airlines equipment and sup-
ported by several private sponsors. The feasibil-
ity 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 metro sys-
tem. There is a computerized ground trans-
portation access system that provides informa-
tion to arriving passengers. CRT terminals locat-
ed throughour the airport terminal display a map
from which the passenger can idenify his intend-
ed destination. Then, a list of alternadve 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-
- don to LAX. This option is open t 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, vehicle fuel,
transportation scheduling

Sacramento Metropolitan Airport is plan-
ning to build a second terminal, which would
have central power systems with air. Airside,
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 taxi times.
" During peak periods, Sacramento tries to limic
general aviation activity to the secondary run-
way. This separation of general aviation aircraft
from jet aircraft helps to reduce congestion.

Landside, Sacramento has several measures
being implemented. There is a transportadon
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. Taxd 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

=

vans to wait fifreen 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 taxi asso-
ciation. The assodation requires taxis to meet
certain resurictions on operations. Sacramento
is trying to creare a similar association for vans,
which could establish operating rules or stan-
dards that would require limits on idling, cir-
cuits, and similar practices that could reduce air
emissions. With the new terminal expansion,
airport and car renwl shurle services will be con-
solidated into one systemn. The airport is looking
into acquiring alrernative fueled (e.g. electric,
methanol, and CNG) buses for the consolidated
system. There is a five minute idling limic 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 two-week period (9-80s), as long as
they are present for the core hours of 10:00am
to0 2:00pm. They also have the option of telecom-
muting (working at home) one day per week.
Very few airporz employees telecommute. Airline
employees have the option of working four ten-
hour days per week (4-10s).

There are two carpooling programs at the
Sacramento Mewopolitan Airport, Thereis 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 employess. 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
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airport. Iralso was decided not to provide a shut-

tle connectng the airport to existing light rail,
which is near town. The decision was based on
the level of car vandalism at rail parking lots and
airline preference not to track baggage that would
be remorely checked. The airport is continuing
- to investigate both options.

San Francisco International

Central power systems,aircraft towing,
congestion relz? rideshare

. Alrside, many gates at San Francisco Inter-
natonal Airport (SFO) provide central power sys-
tems, some with air. United Airlines operates a
high-speed aircraft tow, the Krauss-Maffei PTS.
United uses the tow for mansporting selected air-
craft to and from their maintenance area. The
diesel-engine tow has a maximum towing speed
. of 20 mph; aircraft usually taxi at around 3 or 4
mph. Since it can operate ata higher speed, 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 sealls.
As an incentive, United carpoolers receive bemer
" parking spaces. The airport was physically
designed for bart (rail) hook-up. Although rail
tunnels currenly exist, there is not rail service yer.

Sonoma County
Central power systems, mass transit

Airside, Sonoma County Airport is not able
to provide central power systems due to airport
power limitations on the incoming power cable.

Bus service to the airport is provided by Sonoma
County Transit, but only a small percennage of
travelers use it,

Stapleton
GSE fuel

Airside, Denver's Staplezsn Airport is pur-
suing a project with severai Senefits including
the reduction of air emissions. A fleet of approx-
imately 100 narural gas ground support vehicles
operate at Stapleton. The major airlines at the
airport have Narwural Gas Vehicle (NGV) pro-
grams, as do many of the hctels and rental car
companies that operate airpor: shuttles. Reasons
for the use of NGVs at Staplezon are the cleanli-
ness (which saves money on maintenance costs)
and low cost of natural gas, a Sty mandate thara
certain number of vehicles ruz on alternate fuels,
a plentiful projected future for natural gas, and the
structure of Stapleton’s repiacement airporr,
Denver International.

Denver International
Congestion relicf, GSE fue!

Denver Intemadonal Airgort is scheduled to
open March 1994. Alrside emissions will be
reduced through special desigr: features of the air-
port including automated baggage handling,
which eliminates the need for many of the baggage
carts presendy used, and a cenzal terminal close
to the many runways, which reduces taxi time.
The new airport will have sexvice tunnels con-
necting the terminals allowing imited use by CSE.
The runnels are intended to reduce runway mraf-

A\ -~
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fic, a common problem at airports that increases
airside congestion. NGVs can be operated in the
tunnels due to their lower emission rates.

Greater Pittsburgh International

Passenger handling, congestion reduction,
air traffic controls

Greater Pitsburgh International Airport’s new
mid-field terminal opened October 1,1992. The
new X-shaped terminal lies between two main run-
ways, reducing txi dmes. The AEG-Westinghouse
underground people-mover rail system can wans-
port 13,200 passengers per hour to the mid-field
terminal. The airport was the first to receive a
Norden Systems’ Airport Surface Derection Radar.
The radar aids conmollers in directing traffic on
taxiways, 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 vebicle. The
measure is intended to increase safety but decreas-
es congestion and curbside idling as well

Washington, D.C.

Dulles International
Passenger handling

Dulles International Airport’s original design
envisioned taking 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,

o ‘5/
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two significant changes were made at the airport
new lounges and a mid-field cerminal The orig-

inal lounges were designed for smaller jes. 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
operaticns. 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 board aircraft
parked at mid-field terminal gates.

Today, Dulles still transports passengers direct-
ly to select 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, National Airport is one of four U.S. air-
ports with slot limits. For these airpors, the num-
ber of landing slots is established by faa to limit
airspace congestion. The slot limit is determined
by the airport’s capacity. Limits on the number ot
operations per hour are set for three operator fypes:
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air carrier, commuter, and other (general aviation).

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

6.2
European Airports

European airports have considered or imple-
mented a variety of measures that reducs air pol-
lution, some of which have not been tried in the
United States. Airports and governing agencies
were contacted in several European countries to
discuss air pollution mirigation measures and
. their afect 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

Rzl access, roadway improvements,
vericle fuel % fmpr
Oriv and Charles de Gaulle Airports are oper-
atqd by the Aeroports de Paris (ADP), The ADP feels

that the airports are valuable to the region, but

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 years, 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 measures for aircraft,

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

Landside, the ADP is =ying to improve ground
access to the airports. Currendy, 80% of passengers
access the airports by private vehicle. At Orly, 2
commuter train connects the airport to the Paris rail
and bus connections are being investigated. At
Charles de Gaulle, the connecsing highway is being
doubled in size. In addicon, a third terminal is
planned for the airport along with new public trans-
portation options. Options include 2 new bus sta-
tion, a shurtle between terminals, and a rail link.

The ADP is phasing out leaded gasoline for air-
portvehicles. Currently; 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 setup a commirree
to look at airport noise pollution. As of]: uly 1992,
the commitree also began investigating airport air
polludon. There are two reports by the interna-
tional law firm of Wilmer, Cutler & Pickering
that were commissioned by the German Airspace
Users Association. Germany’s Airport Capacity
Crisis (1991) discusses capacity problems and rec-
ommended solutions, economic and social impacrs,
and political and legal issues of Germany's air-
ports. The Crisis of European Air Traffic Control:
Costs and Solutions (1989) discusses air traffic con-
trol (ATC) problems, calculates ATC delay and dis-
ruption costs, and recommends interim and long-
term solutions and implementation methods.

Y



Dusseldorf

Currendy, no air pollution reduction measures
have been implemented. Air quality measuring
equipment are placed at the airport’s boundaries
collecting HC, CO, and NOX data. Nothing has
been done with respect to the dam collected.

Frankfurt

Rail connections, congestion relief;
aircrayt towing

Frankfurt Airport is the second busiest
European airporr next to London’s Heathrow
Airport. The new East terminal is planned to
open in 1994. A rail stadon 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.
start-up, push-back, and taxi) for departing aircraft
into the system. The system reduces the time
needed to coordinate aircraft for deparrures. There
has been operational test towing of Lufthansa’s
international flights with their 8747-200.

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 fec is paid for ICAO
licensed aircraft in accordance with Annex 16,
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Chapter 3. The modern Chapter 3 (the same as
Stage I in the U.S.) aircraft tend to be the clean-
er aircraft. Exura fees must be paid for older, pol-
luting aircraft. Each of the parallel runways are
4000m (13,100 Zeer) long, eliminating the need
for arriving aircsaft to use reverse thrust. The
runways are situated to give them the grearese
possible dismance. Sieman’s Computer Controlled
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 enter the apron area from the taxi-
ways. The controllers illuminate colored lights
to direct taxiing sircraft to assigned gates. When
2 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 connections 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 taxi) for
departing aircraft into the system. The system
reduces the time needed to coordinate aircraft
for deparrures. 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 City of Munich. An
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" additional railway connection is planned. There

also is bus secvice available. Company vehicles are

partdy equipped with double drive (diesel, electric),

others with 3-way catalyst. There are agreements

with public authorities to reduce car traffic on

the airporr site if certain air qualiry standards are
exceeded.

Netherlands

Amsterdam’s Schiphol

Ratil connections, rideshare, congestion

reduction, aircraft 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
impact study looking at air pollution measures
related to airport activity. 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 capacity is
being doubled. Check-in is available at the train
station and parking fares have been increased to
. encourage public ransportation. The airport is
&S'ing to negotiate a contract with tenants to give
employees a 40-50% discount off train fares. In
addidion, the airport is encouraging carpooling
and investigating a high-speed train.

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
reladvely congestion free. Schiphol decided not
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to tow aircraft because it wouid be too expensive
for the resulting impact.

Phase 3: Alr

The aim of Phase 3 is 0 ‘ncrease
load facrors.

Sweden

In Sweden, airports are not the main source
of air polludion, but they a:z the govemnment's
main target for air polludon reduction.

Stockholm’s Arlanda

Central power systems,
congestion rgliej,] GSE fue!,
rail connection, fleet managzment

Arlanda Airport has sevesal measures in place,
especially at its new domestc terminal. GSE have
been virtually eliminated at the domestic termi-
nal, which is unique to Arlanda. This measure
was implemented to reduce air pollution on the
apron and provide a better working environment
for ground support employess. The elimination
of GSE significandy reduces air pollution on the
apron, but does not have a large impact on the air-
port’s total emissions. Each gate at the domes-
tic terminal is equipped with a service tunnel
from which elevators rise approximately 3 feet
to supply the aircraft with fuel, electric power,
compressed air, water, and lavatory service.
Catering 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 elecurically powered system, PullBack,
is installed for moving aircraft to and from the
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gate. The system has 2 hydraulically powered
chain link that moves a trolley along a wack in the
ramp surface to an arriving aircraft. The trolley
then locks onto the nose wheel and pulls the air-
craft to its park positon. 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-
ulaton 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 link
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. Alirside, higher land-
ing fees may be charged for aircraft with higher
emitting engines.

Zurich
Rail connections, rideshare,
idle restrictions, central power systems,

passenger handling, congestion reduction,
aircraﬁ towing

Within 5 years, the management of Zurich
Airport 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 limir emissions of air poilu-
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 at air, water, and land emissions. The
project will be used as a guideline for airport
expansion to cope with increasing waffic. Forair
emissions, the primary pollutant of concern is
NOX. The airport plans o set up a program to
reduce airport air emissions (especially NOX) from
air and land waffic.

Landside, the airpor: is encouraging people
to use public mansportadon in various ways. Theze
is an underground railway system locared beneath
the airport, which connects to both the Swiss
national and international networks. Railway
facilities are going to be increased to accommo-
dare rail passenges. Facitity plans include a bag-
gage check-in stadon at the railway exit and ber-
ter connections that coincide with employee
schedules. Swiss Air arrermnpred a carpooling pro-
gram for employees that failed. The airport
would rather encourage public transportation
than carpooling. Shor: term parking fees are
high to encourage the use of public transpormtion. |
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
comne 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 to the large
percentage of Chapter 3 (same as Stage Il in the
U.S.) aircraft. The airport 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 pollutznt reduction. The
airport also has a number of “open” gates thatare
located 200-300 yards 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. Aircraft
are towed by a high-specd towbarless tractor
between the terminal and maintenance facility,
This alternative will not be implemented for wxi-
- ing aircraft due to short taxiways and infrequent
ground delays thar result in average taxi times of
8.5-10 minutes. To optimize taxi traffic, some
double taxiways as well as holding bays may be
built thar would enable passing maneuvers in case
of changed deparzure sequences. An airside shut-
tle for employees is planned to avoid and reduce
. the individual use of cars.

Gatwick
Idle restrictions, rail connections, central
power systems
Garwick has 50 main terminal gates and 2
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
waffic, but good wraffic flow. There are no idling
restrictions at the airport terminal. There is 2
reserve area for taxis and only a small demand for
service. There are approximately 12 horels with
" shuttles that usually run on demand. Thereisa
rail link direcdy to London, which services other
UK areas. Approximarely 20-25% of airporz pas-
sengers travel by rail to the airport. Emplovees

tend to drive by car to work. Airside, tax imes are
fairly quick, and fixed ground power at the main
terminal gates provides electicity to aizeraft

e
Heathrow

Cange:twn reductwn, vebicle fuel, rzil
cannectzom, aircraf? ta'z.zng, reduced

engine taxiing, GSE fuel

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

Landside, there are a 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 towards airporz and ten-
ant employees, focusing on diesel fueled vehi-
cles. Heathrow wants to encourage public trans-
portadion 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.

Airside, numerous measures have been con-
sidered and implemented for aircraft and Gs¢.
Aircraft towing was investigated and rejected due
to the numerous runways and taxiways to cross.
Airlines at Heathrow taxi with reduced engincs
for fuel economy reasons. Generally, reduced
engine taxiing is left up to the pilot’s discretion.
Heathrow is very interested in encouraging clec-
tric GSE. Two restrictons are being considered tor
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GSE. First, an airside pass from the airporr may
be required for all GSE. This pass price would
be discounted if the vehicle was electric. Second,
certain apron areas that are prone to high air pol-
luton may be restricted to electric GSE.

Manchester

Rail connections, idle restrictions,

congestion reduction, fleet management,

GSE fuel, 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 furure. 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 ac
the stands. Passenger vehicles are not allowed
to be left unattended at the curb due to security
reasons. If there is 2 driver waiting for a passen-
ger, he is asked to park the carinalot.

Airside, Manchester is most concerned with
HC emissions. Better gate hold procedures,
inereased emission taxes and certificates for high
emitting aircraft, and electric GSE are possible
measures. The airport is not considering tow-
ing aircraft or reduced engine taxiing,




