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About the Commentary: The Commentary addresses sel ected issues within the Code of Conduct to
elaborate on their meaning, provide interpretive guidance, and suggest ways of adopting the Code of
Conduct. Itisintended primarily for implementers, policy administrators, aviation association
management, and pilots who wish to explore the Code i n greater depth, and will be updated from timeto
time. Please send your edits, errata, and comments to <PEB @secureav.com>. Terms of Use are available
at <www.Secureav.com/terms.pdf>.

COMMENTARY TO
AMCC V.b —ENVIRONMENTAL | SSUES

b. minimize the discharge of fuel, oil and other chemicals into the environment
during refueling, preflight preparations, flight oper ations, and
servicing,

“Now environmental responsibility isan integral part of pilot training.”
Jack Haun, Embry-Riddle Aeronautical University?

“Environment isat the top of aviation’sagenda.”
International Air Transport Association?
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|. INTRODUCTION

The discharge of fuel, oil, and other chemicals used to operate and service GA aircraft
can contaminate soil, surface and ground water, degrade air quality, compromise the health of
humans and wildlife, violate the law, and threaten the vitality of aviation. This commentary to
AMCC V.b addresses emissions of hazardous materias including fuel, oil, and other chemicals,
both on the ground and in the air.3 Recognizing the diverse equipment used in GA, this
commentary considers reciprocating (including spark-ignited and diesel-powered) and small
turbine-powered aircraft emissions,* aswell as current and potential dternative fuels, diverse
technologies, and practices to mitigate and better manage such emissions

Scope— Aviation pollution is a complex problem® and mitigation measures are evolving,
and will require an interdisciplinary approach. Thedisciplines that address mitigation include
environmenta and life sciences, aviation medicine and toxicology, meteorology, aircraft design,
and engineering. Basic knowledge in each of these fields helps us better understand the issues,
and improves the ability of the GA community to reduce pollution. Some recognized
environmenta health risks are presented for context and reference. An in-depth consideration of
these disciplines, however, lies beyond the scope of this commentary,® as does a comprehensive
evaluation of the potentia health” and environmental effects of aviation pollutants? The
commentary recognizes our collective and individual responsibility as good environmental
stewards—to improve the quality of our lives and those of future generations.” Moreover, “being
environmentally friendly has aways made business sense to aviation.”*°

The reader is advised that due to the intense worldwide interest in issues related to green house
gas (GHG) emissions and due to the recent, rapid changes in the cost of conventional aviation
fuels, many of the topics discussed in this commentary arerapidly changing. Thisis particularly
true regarding regulationsrelated to GHG emissions and developments in alternative fuels. The
authors and reviewers of thismateria believe the discussions and background included here are
accurate at the time of writing, and will serve as a useful foundation for understanding these
rapidly changing and vital issues.

Proving Environmental | mpact — Many pilots and scientists hold that the earth’s self-
cleaning capability is sufficient to remove pollutants,™ and that climate change is not caused by
human activity.? Scientists differ over the cause and impacts of the increase in the atmosphere's
CO; concentration that has occurred with time. Some assert that increased atmospheric CO, is
positive as it increases crop yields. Others suggest that CO, is not a harmful greenhouse gas,
and that global warming is occurring at avery slow rate if at all.**

On the other hand many pilots and scientists feel that pollution poses substantial environmental
risks, including global warming. Although the effects of emissions (including aviation’s
contribution) may not be precisely understood, there is “an array of evidence’*® concerning
climate change and its possible sources,*® and there is adeveloping body of scientific data

quantifying aviation’s environmental impact.*’

Disputes over details reflect “the normal intellectual clash that takes place as science tests new
approaches to old questions.”*® In any event, “[I]ogic requires that we listen to the science.”*®
“You can’'t make environmental decisions based on emotion.”® The United Nations 1992 Rio
Declaration states, “When there are threats of seriousand irreversible damage, lack of full
scientific certainty shall not be used as areason for postponing cost-effective measures to prevent
environmental degradation.”? “A wait-and-see policy may mean waiting until it is too late.” %
Even if uncertainties regarding environmental issues exist, this commentary assumes that
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exemplary, proactive action® by pilots and the GA community to develop their own well-
considered judgments about and responses to environmental issues and practices is imperative,*
and in their own self-interest® In other words, GA needs to be ready to address changing
environmental regulations despite the lack of scientific certainty. “We are al in this together.
The environmental challengeis facing us all.”*®

GA Fleet and Fuel Consumption Metrics — The following fleet and fuel usage data
illustrate the environmental impact of GA compared to other modes of transportation, and show a
direct relationship between fuel consumption and emissions. Notwithstanding data limitations
and variability, they suggest that GA fuel consumption and emissions are far less significant than
those of the airlines and other modes of transportation.”” For example, by volume, avgas
consumption is less than 0.5 percent of automotive gasoline and less than 25 percent of
automotive gasoline system evaporation.® Nonetheless, (1) negative public perception of GA as
apolluter, (2) growth of GA aircraft (particularly the turbine sector — viewed by the public as
consuming excessive fuel and harming the upper aimosphere), (3) airport expansion,” and (4) the
continued use of avgas (amajor lead polluter — discussed below) may outstrip anticipated
environmental gains and contribute to further opposition to GA.®

GA Fleet — The FAA estimates that in 2008 there are 231,343 active GA aircraft in the
US, 149,100 of which are fixed-wing piston-engine powered, and 19,816 are fixed-wing turbine-
powerstzad.31 The FAA reports the US GA fleet is projected to increase to over 274,914 aircraft in
2020.

GA Hours Flown — The FAA forecasts that in 2008 the US fleet will fly 29,702,000
hours® Categorized by aircraft type, piston-engine fixed wing aircraft are forecast to log
approximately 14,145,000 hours, turboprop fixed wing aircraft over 2,283,000 hours, turbojets
more than 4,979,000 hours, and over 3,621,000 hours (piston and turbine combined) will be
flown by rotorcraft.®*

GA Fuel Consumption — Reversing a consistent upward fuel consumption trend for more
than three decades, FAA datareflect a 3.9 percent dedine in avgas consumption, and asmall (4.8
percent) increasein U.S. jet fuel consumption™ for the period 2000-2005. For the period 2006-
2007, U.S. avgas consumption declined 11 percent and jet fuel suffered a marginal decline.® The
FAA forecasts 2008 US GA fuel consumption of 274.4 million gallons of avgas, and 1,552.5
million gallons of jet fuel — for atotal GA fuel consumption of 1,827 million gallons.® By 2020,
the FAA estimates GA consumption of avgas will rise to 301 million gallons and jet fuel will
reach 3,699 million gallons.® GA jet fuel consumption has been forecasted to triple, in part due
to the developing very light jet (VLJ) market.®

GA accounts for but a small fraction of total aviation fuel consumption, and amuch smaller
fraction of transportation’s total fuel consumption.* While the above consumption data may
seem inconsequential at first glance, the public’ s misperception of GA’s contribution to
environmenta emissions (perhaps catalyzed by the projected overall growth of aviation fuel
consumption™—not exclusive to GA) suggests that GA give due attention to emissions, fuel
efficiency, fueling practices, and the related issues presented in this commentary.*
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Il. FUELS

Until the 1920s, low-grade gasoline was the primary source of aviation fuel.® The
demands of higher performance piston engines soon led to leaded gasoline eventually becoming
the preferred fud * Tetra-ethyl lead additives uniquely increase gasoline octane™ to improve
detonation margins (diminish “knock”) and burn more smoothly than low grade gasoline (see A.
AVIATION GASOLINE, below). Following the development of gas turbine technology in the late
1930s, various formulations of kerosene have become the standard fuel for jet engines® (see B.
JET FUELS, below).

Aviation fuels must work safely and effectively under harsh and varying engine conditions while
satisfying increasingly rigorous environmental quality requirements. Consequently, such fuels
undergo complex testing before they are certified for production and use. An overview of various
aviation fuels, including their properties, requirements, and limitations is presented below.*’
Importantly, as discussed below thereis an “overriding” need for the development of one new
single avgas specification.®®

A. AVIATION GASOLINE

» 100LL (100 octane low lead) — The predominant fuel for gasoline-powered aviation
engines is 100L L *“—accounting for more than ninety seven percent of aviation
gasoline sold.® Approximately thirty percent™ of the certified piston-powered
fleet—the high-performance/high compression fleet—require 100LL’s high octane
rating, and consumes approximately seventy percent of the US avgas inventory.>
This disparity is explained by the fact that airplanes with more powerful engines
require the detonation margins provided by tetraethyl lead, and those more powerful
airplanes are those primary used for business and long-distance personal
transportation.

In addition to lead (discussed in the next paragraph), 100LL may contain various

additives to reduce corrosion, ice, and oxidation.>® Avgas's formulation makes it less
volatile than automobile gasoline. 100LL isrefined per the ASTM e —
D910- Standard Secification for Aviation Gasolines® Color: blue [ oﬁAiﬁ‘s"";y

or clear. LEAD .
Avgas and Lead — Approximately 500 tons of lead are emitted into ios: 's%f as |
the atmosphere annually from avgasin the US.® Lead (tetra-ethyl L e ‘

lead, or TEL) isused in avgas as an octane booster to inhibit/prevent
detonation.® 100LL may contain up to 2 ml (or 2.2 grams) of ,
lead/US gallon, or 0 56 grams of lead/liter.>” Lead is a hazardous substance,® and
ethylene dibromide,™ the primary additive used as a lead scavenger, creates toxic
emissions that may beworse than lead.

Lead is generally banned for use in motor vehicle fuels.®® 100LL and 100/130
remain exempt from this ban, however, because of the lack of a suitable lead
substitute for use in high compression piston engine aircraft. Various non-lead
additives have been formulated to increase the octane ratings of avgas,® but such
additives havefailed to meet performance requirements (at least for high-
compression piston engines), economy, and environmental requirements.”? Earl
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Lawrence, VP, EAA, and Secretary of the ASTM Aviation Fuels Subcommittee
exclaimed: “Thereis nothing that replaces lead. Period. Thereisno magic
solution.”®

While leaded avgas will inevitably be phased out of use, afirm timetable is not set
due to the challenges of finding a suitable unleaded replacement fuel.# Moreover,
some claim a near-term ban on leaded avgas is unlikely® due to funding constraints,
insufficient scientific data,® the elimination of most lead emissions (because of
widespread use of unleaded gas in surface vehicles), and alack of consensus among
stakeholders® Nonetheless, significant pressure is building for action, including a
petition for stronger (and proposed new) air quality standardsfor lead.®®

Lead’s toxicity exacerbates transportation challenges.* “The economics of
distributing a boutique fuel in small quantities yet requiring wide distribution of a
hazardous substance means that it needs dedicated and costly distribution.””™ In any
event, there is awidely recognized need for asingle-fuel avgas solution.” For
example, many FBOs find it uneconomical and impractical to sell more than one
aviation grade of gasoline and assert that any revised product must satisfy the entire
fleet.”? Indeed, “for 2008 and beyond, the epic battle
may be over the continued availability of 100LL
avges.” "

“The epic battle may be
over thecontinued

A new specification that provides comparable octane availability of 100LL
of 100LL may need to be drafted. One view holds avgas”

that the “most practical path forward to deal with
aviation fuelsis to take the 100LL formulation and just don’'t add the lead. So, you
have. . .91+ MON fuel (see 9/96UL, below), athough 10 percent (perhgpsno
greater than 4-5 percent) of the fleet won’'t be ableto runon it.”™ Thereisno
consensus among industry experts on whether it will become necessary to ground

that portion of the high-performance piston fleet unable to operate on the chosen
replacement fuel. Some industry participants suggest that alarger percentage of the
active GA fleet would be grounded without lead or a suitable dternative unleaded
fuel, including “virtually all piston powered aircraft used for air taxi service and most
of the piston powered fleet used for business transportation.”” Still other experts
urge varying solutions, such as a 95 unleaded fuel used with eectronic ignition
controls (see FADEC, below),” or other fuel formulations to serve asa general
100LL substitute. In any event, previous eforts to find a seamless avgas replacement
have failed, and no single replacement fuel or technology promises to provide a
complete solution.

Other Avgas Formulations — Although 100LL is the predominant avgas, other noteworthy
formulations/specifications are presented below for context. Additiona formulations that have
been discontinued or lack production are listed in the endnotes.”

> 82UL — Intended for low-compression gasoline-powered engines.”™
Although 82UL (82 octane unleaded) is not aformal replacement for 80/87,
82UL is approved for use in aircraft holding an automotive gasoline FAA-
issued Supplemental Type Certificate (STC), and that were certified to 80/87
grade or lower fuels.” Developed as adefensive mechanism in the early
1990s in case lead was entirely banned, 82UL became arefiners
specification (aproduction specification rather than onefor reformulating
and testing auto fuels). The specification seeks to ensure adeguate controls
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over its autogas feedstock .2 82UL is not in production because
manufacturers believe the market is too small and because the availability of
MOGAS (see MOGAS below) may make 82UL commercialy impractical.
Color: purple.

» MOGAS (82 or 87 premium unleaded) — MOGAS (motor gasoline) contains
20-40 percent aromatics.®® MOGAS conforms to the ASTM D-4814
standard.® STCs permit some GA aircraft to convert to and use MOGAS.®
Nonetheless, controversy remains aout its reliability,84 and not all MOGAS
satisfies the STCs.® For example, such STCs generally prohibit either the
use of MOGAS blended with ethanol (see Ethanol, below), other oxygenates
(such as MTBE®), or other specific fuel components in order to prevent
engine damage.®” Moreover, state legislation requiring auto gas to include a
blend of ethanol may have the unintended effect of removing MOGAS as an
available GA fuel sources® Note that in 2008, approximately 51 percent of
automobile gas contains ethanol 2

» 91/96UL — A 91 octane unleaded aviation grade fuel. Produced by Hjelmco
Oil of Sweden,® this “well proven”® fuel hasarelatively high octane
number, low vapor pressure, good stability and solubility, and leaves no
deposits. Produced and used nationwide in Sweden since 1991, it also burns
cleaner and is less toxic than traditional leaded avgas. Hjelmco Oil asserts
that this fuel conforms to current avgas standards™ and is approved for many
(medium compression) engines.® Additionally, 91/96UL has purportedly
undergone some favorable experimental testing with high compression
engines.* Nonetheless, 91/96UL is expensive to produce, not widely
available, and does not work for all piston aircraft engines. Securing U.S.
distribution channels may bolster this fuel’s potential commercial viability.
Color: none.®

> 91/98 — The 91/98 specification was removed in 1968 by ASTM D910 and then
reintroduced in December 2001.% The EAA asserts that “while the reintroduction of
91/98 is not a complete solution to our inevitable lossof 100LL, it is one more
important step in the effort to replaceit.”® 91/98 may contain up to 0.56 grams of
lead per liter. Although the 91/98 specification is maintained, only a marginal
amount of this fuel is produced. Color: brown.

» 91/98UL — Most of the current GA piston fleet could safely and effectively use
this fuel.® 91/98UL can be produced and distributed through the current fuel
transport infrastructure. Although not under production, 91/98UL is considered
“another option on the shelf.”® Nonetheless, some oil companies have
expressed safety concerns due to anticipated confusion between 91/98 and
91/98UL and therefore will not produce thelatter. Othersfear that the market is
insufficient to support more than one aviation gasoline.

» 100 — This fud contains a maximum of 4 grams of lead/US gallon. Largely
discontinued, it may still be available in Australia. 100 is sometimes known as
100/130. Color: green.

Unleaded formulations of avgas are under development. For example, ExxonMobil has
developed a 100L L replacement’® intended to “support high compression engines, except for the
most severe cases. It contains an aromatic amine octane improver, the production of which needs
commercia backing [if it isto be deployed] and may take five or more years to reach
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production.”™® Some industry observers think that this fuel is unlikely to be marketed by
ExxonMobil because it istoo great a departure from their traditional business. Other unleaded
formulations are considered below (in C. ALTERNATIVE FUELS). Notwithstanding collaborative
efforts, significant challengesto find a viable avgas replacement fuel remain as concluded by the
Coordinating Research Council (CRC):

Research resultsto date . . . have not identified a transparent replacement for the 100LL
AVGAS product. Although full scale engine tests indicated some blends were capable of
providing knock free operation in the test engine, these blends represented the use of
speciaty chemicas which require further evaluation with respect to environmental
impact. . . .

Although experimental blends of specialist components may achieve or exceed the
100LL specification of 99.6 MON minimum, such formulations are very different as
compared to the current ASTM D 910 product and potentially compromise other
important specifications. Depending upon engine power output and configuration, high
performance aviation engines can require unleaded fuels in excess of 100 MON to
achieve octane satisfaction. Leaded AVGAS 100LL or 91/98 offers greater octane
satisfactionin full size engi neswhen compared to unleaded products of similar laboratory
MON.

CRC test results are indicative of the significant challenge regarding a hi gh octane
unleaded AVGAS formulation and further serve as areminder that aviation fuels
represent specialized products optimized over many years to maximize performance and
flight safety. .. .1®

Difficulties finding a replacement for 100LL at comparable cost — even after nearly two decades
of effort — have led industry to shift the burden back to aircraft and engine manufacturers’®
These manufacturers are being urged to design (modify) their aircraft to operate on lower octane
unleaded fuels.®

B.JET FUELS

Jet fuels are typically kerosene-based formulations that are heavier and lessvolatile than
gasollgge, and are also unleaded and colorless. Thefollowing are the most common grades of jet
fuel.

» Jet A — Jet A isthe predominant aviation turbinefuel in theUS. Jet A is similar to
Jet A-1 (below) but with ahigher freezing point (than Jet A-1) of -40°C. Jet A
conformsto the ASTM specification 1655 (Jet A).®

» Jet A-1 — Kerosene-based, with aflash (ignition) point above 38°C (100°F) and a
freeze point maximum of -47°C (lower than Jet A). Jet A-1 meets various nationa
and international standards, including DefStan 91-91, ASTM

specification D1655 (Jet A-1), and Canadian Standard CAN/CGSB- Chevron
3.23.

» Jet B— A blend of kerosene and ngphtha (a more volatile petroleum )
distillate normally blended into automotive gasoline), this fuel is used ke TJE
in very cold environments. Itsflash point is much lower than Jet A-1. [ e

It meets ASTM D6615-06 Standard Specification for Jet B Wide-Cut Aviation
Turbine Fud " and the Canadian Specification CAN/CGSB 3.23.

» JP-8— The military equivalent of Jet A-1 with required antioxidant, corrosion
inhibitor/lubricity improver, anti-icing, and anti-static additives, JP-8 conforms to the
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U.S. Military Specification (MIL SPEC) MIL-DTL-83133E. JP-8 replaced JP-4 to
improve handling safety and reduce environmental impact.’®

Jet Fuel Usein Diesel Engines: Jet fuels (such as Jet A) havelow temperature characteristics and
consistent quality that are suitable for modern aviation diesel engine operation. One fuel expert
observed, “Jet fuel has aways been in the range of what diesels can accommodate—so to make
aviation certified diesel engines [that operate on jet fuel] is anatural development.”*® However,
there are limitations. A diesel engine's high-compression ignition requires a minimum cetane
value™® to cause detonation, and yet US jet fuel specifications neither require a set cetane
number, nor address diesel engines. Jet fuel producerswill not burden jet fuel specifications to
accommodate diesel engines.™™ Also, motor diesel fuels are generally unsafe for aviation use.™

Fuel Properties — Some key fuel properties affect the viability of various aviation fuels,
including:™

» Motor Octane — Octane is the main challenge in developing a replacement for
100LL. For unleaded octanes greater than 100, specialty chemical additives
(such as aromatic amines) are generally required, each of which may
significantly affect performance, cost, and emissions.

» Energy Density — Aircraft performance, particularly range, is partialy dependent
on the amount of BT Us that can be carried onboard. A high-energy content (per
weight and volume) expands range. Each fuel’s energy density varies. For
example, ethanol’s energy density is approximately 30 percent less than
traditional hydrocarbons.

» Emissions— Each fud’s Gasolineisjust too good
“. .. But there's another reason why small private

production and use CaLses planes in some cases still use fifty-year-old gasoline

spec!ﬂc emissions, and 'n engine designs instead of modern, vibration-free,
varying volumes. Emissions brushless electric motors. It’s the fuel. Gasoline is
are discussed below (seelV. just too good. In terms of energy density, nothing
AIRBORNE EMISSIONS, comes close to it. . . . In substituting batteries for

below) gasoline, ‘you take a hundred-to-one hit,; says
) MacCready. “No other inexpensive harnessable

» Toxicity — Each aviation fud energy source comes close to having the energy
m;l/ing levels of toxicity density of petroleum. If it did, wewould have been

. using it long ago.”

as afunction of doseand PAUL CIOTTI, MORE WITH LESS — PAUL MACCREADY AND
chemical pathways of THE DREAM OF EFAICIENT FLIGHT (Encounter Books 2002),
exposureto both the liquid
and evaporative emissions (for example, by absorption in the lungs or skin) as
well as exhaust emissions.™ Toxicity also effects handing requirements — for
example, leaded avgas requires special handing, storage, and dedicated
infrastructure.

Thermal Stability — Different fuels have different freezing, boiling, and flashpoint
temperatures. Low temperature characteristics are particularly important because
some fuels may gum up or produce fuel system blockagesin cold temperatures. For
example, some bio-fuels tend to freeze at normal operating cruise temperatures.

» Storage Stability — Aviation fuels must not deteriorate in storage (such asby
loosing a specified octane or the effectiveness of additives) for adesignated
period of time."® Hydrogen and other cryogenically stored and high specific
volume fuels may require significant design modifications, including, for
example, insulation, high pressures, and heat exchangers.




File: <www.secureav.com/Comment-AMCC-V.b-Environmental . pdf> m
Last Updated: July 25, 2008 AlCK
THE AVIATORS MODEL CODE OF CONDUCT (AMCC) isavailable at <www.secureav.com>.

» Voldility — Describes afuel’s ability to vaporize. Avgas and other light
fuels have greater voldtility than jet and diesel fuels.

> Lubricity — The lubricating qualities of aparticular fue.™*® For example, ethanol
decreases avgas lubricity as a solvent.

> Materials Compatibility — The extent to which afud will swell, corrode, wesken,
or otherwise damage fuel systems, including seals, pumps, and servos.

C. ALTERNATIVE FUELS

“Alternative fuel production is absolutely necessary if [commercial] aviation globally is
going to reduce its footprint.”'*’ Alternative fuel production is also important to GA. A switch
from 100LL to alternative fuelsis even morerelated to the economics of 100LL production and
transportation, which make it increasingly expensive in the U.S., Europe, and Australia, and
increasingly unavailable at any pricein other parts of the world. Alternative fuels are typically
(although not always) nonpetroleum-based, and are intended to provide environmental, energy
security,™® and economic benefits™® Such fuels may be categorized as alcohols (such as
ethanol), synthetics (such as those derived from coal and natural gas), bio-derived renewables
(such as biodiesel),"® and other aternative fuels such as hydrogen.*

Alternative fuels are in varying stages of development. Each alternative fuel formulation is
necessarily a compromise among a complex set of properties and constraints which ultimately
defines its relative suitability for usein aviation. 1n assessing the effectiveness of an alternative
fuel, the entire fuel production cycle should be considered, including net environmental
improvement or degradation.'? In thisregard, consider the following U.S. Environmental
Protection Agency (US EPA) chart estimating the percent change in lifecycle’ greenhouse gas
emissig‘ns, relative to the displaced petroleum fuel, for arange of alternative and renewable
fuels.
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The challenges of producing and deploying successful aternative fuels are extensive, complex,
and, in many respects, not yet fully understood. These challenges are comprised of many factors
including economic, public policy, environmental, production, transportation, and more.’* One
particularly vexing issue is that of recertification of engines/aircraft that use non-“drop in” (see
“Drop-In” vs. Retrofit, below) aternative fuels. Aircraft will require both new fuels and (most
likely) engine/system modifications. And yet, “[n]obody is there to recertify aircraft—thisis ‘the
elephant in theroom’ . ... Cessnawon't spend adimeto recertify the fleet, and most of the
[other] aircraft manufacturers don’t exist anymore.” ' Plus, there are liability issues.” One
thing is clear: there is no “homerun” or quick fix that will sustainably provide therequisite
environmental, energy security, and economic benefits. As put by the Chief Scientific and
Technical Advisor, FAA Office of Environment & Energy, “Alternative fuels are not a
panacea.”'® However, “th% offer potentially the most attractive venue if we can get some things
right with the renewables.”

Some dternative fuelsrelevant to aviation include:

> Ethanol — Ethanol*® is an acohol-based biofuel **
Ethanol burns cooler than 100LL thereby decreasing
cylinder head and exhaust gas temperatures. Ethanol aso
has dightly better octane than 91/96UL. Aviation Grade
Ethanol (AGE-85), the leading aviation ethanol formulation, is an unleaded blend of
85 percent ethanol and 15 percent light hydrocarbons (petroleum) and biodiesel
fuel. ™ AGE-85 claims to produce cleaner combustion than traditional petroleum
fuels, and prevent carburetor fuel lineicing.*

However, ethanol israther energy-poor—with about two-thirds the energy density of
100L L***—which thus reduces aircraft range. Absent engine/aircraft retrofit or
redesign, ethanol can increase thelikelihood of vapor lock, deterioration of rubber
seals and tubing, fuel system component corrosion, fuel metering inaccuracy, fuel
phase separation™ (allowing water into the engine), and various component
failures™ Ethanol isthe subject of extensive research and development.*™

Ethanol use in aircraft is forbidden in the absence of an appropriate STC.**® STCs for
AGE-85 are available for some low-compression aircraft engines.™® Switching to
ethanol-based fuel requires new fuel metering,** and once the conversion is made,
avgas use must be discontinued permanently.** This creates problems for cross-
country flight because of the product’s spotty availability.**
Earl Lawrence, VP, EAA asserts, “ethanol hasn’t worked in
airplanes. . . . any blend of ethanol into petroleum causes
problems.. . . they can’t figure out how to certify it.” **
Cessna's engineering evaluation of ethanol concluded “that ethanol based fuels are
not practical or safe alternatives to Grade 100LL Aviation gasoline.”*** The AOPA
has stated, “Ethanol is not a suitable replacement fuel.”**

In North America, ethanol’s primary feedstock of biomass is corn.} |n the future,
more energy dense”’ aternatives may prevail. Additionally, comparatively eco-

friendly,* and economical alternatives feedstocks such as switchgrass,** and
lignocellulose may substitute for corn (see below).™®
The impact of ethanol on the environment deserves close scrutiny.™ One expert

panel reports that the accelerating cultivation of crops to produce ethanol could hurt
water quality and create water shortages.™ Global food shortages—attributed in part
to ethanol—have been described as“a crime against humanity,” *** a “silent
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tsunami,™ an object “of derision,”** and “the world’s big story” —creating riots and

political instability.”® Revisions to government biofuels policies are clearly
forthcoming.™ Additionally, one study found that “corn-based ethanol, instead of
producing a 20% savings, nearly doubles greenhouse emissionsover 30 years and
increases greenhouse gases for 167 years.”*® One noted venture cepitalist asserts
that “corn ethanol [and other food-based biofuels| have served auseful purpose and
essentialy are obsoleting themselves. We have eight or nine companies producing
dternatives to corn ethanol that will be dramatically cheaper.”**®

Cdllulosic Ethanol (CE) is abiofuel produced from lignocellulose-tightly linked
sugar molecules-the most ébundant naturally occurring organic molecule on Earth.
The U.S. Department of Agriculture believes that onebillion tons of it can be grown
sustainably on available farmland.*® Moreover, CE yields about 80 percent more
energy than required to produce it. However, its composition is such that it is
technically challenging to find effective and economical enzymes to bresk down
lignocellulose so that it can be fermented into ethanol.** CE may also offer abetter
value proposition particularly recognizing that the price of ethanol continuesto
increase due to accelerating demand pressure on its primary feedstocks.'®?

» Synthetic Fuels — Synthetic fuel (“synfuel”) is any liquid fuel obtained from coal,
natural gas, or biomass.'®* The term can also refer to fuels derived from other solids
such asoil shale,"® tar sand, waste plastics, or from the fermentation of biomatter. It
can also (less often) refer to gaseous fuels produced in asimilar way.’®

The leading synthetic fudl process, the Fischer-Tropsch process (F-T), produces
liquid hydrocarbons (synthetic fuel) from reforming the feedstocks (coal, natural gas,
etc.) through heat and catalytic reactions to syngas (carbon monoxide and hydrogen)
followed by a conversion of the syngas into synthetic crude.® These liquids also
provide high energy density (energy stored per unit volume) and thermal stability
(avoiding coking at high temperature).

The CO, emissionsfrom synthetic fuels produced by F-T in the absence of
sequestration are higher than those of conventional jet fuel, when taking the entire
fuel cycleinto account, but generaly produce significantly less particulate matter,
smoke, nitrate, and sulfur. Studies suggest that F-T can be produced with
significantly less CO, output than petroleum-based processes through appropriate
carbon capture and storage (sequestration) technologies,'® and that co-processing a
small amount of biomasswith coa may reduce the F-T carbon footprint by 20
percent.’®

Syntroleum, an American synthetic fuels company, has produced over one million
gallons of jet fuel from a F-T process using natural gas.™® Thisfuel, using a50/50
blend of synthetic and JP-8 fud was tested in 2006 by the U.S. Department of
Defense during a 7 hour flight of a B-52, subsequently in a transcontinenta flight of
aC-17," and in aB-1B Lancer supersonic flight in March 2008.*™ Certification of
the entire US Air Force fleet for synfuels is set for 2011.*" Because coal-to-liquid
(CTL) synfuels may offer the additional benefits of greater energy independence/
security,™” the US Air Force has announced plansto build a CTL plant in central
Montana*™ CTL is claimed to be economically viable at 50-60 USD per barrel of
crudeoil "

A commercial trial of gas-to-liquid (GTL) synfuel took place on Feb. 1, 2008 with an
Airbus A380.*® Such synfuels are claimed to become economically viable with oil
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prices as low as $35/barrel.”” A protocol for acceptance of synthetic fuels under
commercia specification was completed in December 2007, facilitating the
operational use of F-T-based semi-synthetics in the near future.*®

» Biofuels— Biofuels are renewable fuels derived from plants and animal fats
(collectively, biomass). Biofuels blended with petroleum may offer substantialy
improved characteristics to satisfy aviation requirements. “The main advantage of
using biofuels may be their potential to reduce overall life-cycle CO,impact.”*”
Another advantage is improved energy security. The future of biofuelsis aso
bolstered by favorable government policies.™®

Biodiesel — Biodiesdl fuels are produced from renewable resources. Biodiesel
consists of mono-alkyl esters—long chain fatty acids (fatty acid methyl esters)
derived from vegetable oils, animal fats, or other nonpetroleum resources. Biodiesel
contains no petroleum, but can be blended with petroleum diesel to create a biodiesel
blend.’®? Biodiesel can be used in diesel engines with little or no modification as
well asin some aircraft turbines (seebelow). Biodiesel issimpleto use,
biodegradable, nontoxic, and essentially free of sulfur and aromatics.

The leading formulation of biodiese is designated as B100 (100 percent non-blended
biodiesel), conforming to the ASTM D6751 standard.’® Because of alack of
experience with biodiesel blends above B20 (20 percent biodiesel and 80 percent
petroleum), B100 is standardized to be used exclusively as the blend stock (such as
for B20) but not as anesat fuel. B20 is the predominant blended biodiesal. A
voluntary quality control program (BQ9000) supports the production and distribution
of biodiesal.®® B100 is aclear liquid but may be produced in various colors.

181

The U.S. Department of Energy reports that B100 can eliminate 90 percent of
conventional diesdl’s particulate matter and hydrocarbon emissions, and B20 can
reduce such air toxics by 20-40 percent.® Biodiesel production from soybeans, for
example, yields considerably more energy than ethanol from corn grain, and may
have other technical and economic advantages.® Sugar cane as abiodiesdl
feedstock may offer up to six times the energy potential. Other biosources for
biodiesel may include palm oil, Babassu nuts (from Brazilian pam trees), jatropha(a
desert weed)," “giant reed,” *®® and algae.”®® Algae may offer a 60-80 percent
reduction in CO, and has been described as “the most attractive lipid-based biofuel
feedstock to pursue for aviation.”'® Although it is claimed that the technical
challenges of agae production or bio-jet fuel have been overcome, the capital
investment for algae production (potentially more than one trillion USD), and the
landmass (the size of Belgium) to satisfy global aviation industry needs invariably
present material obstacles. ™

B100 has been demonstrated successfully by the flight of an L-29.% In February,
2008, Virgin Atlantic Airways tested a sustainable (purportedly B20) biofuel on a
Boeing 747-400 flight.® Biodiesel-fueled
transcontinental and global biodiesal-fueled jet flights
are planned.™® Continental Airlines, Boeing, and GE
have announced plans for abiofuels demonstration
flight before July 2009.'%

Biodiesdl fuel faces challenges such as long-term
storage stability, material compatibility, cold flow
properties which create gelling in cold weather,** and environmental (predominantly

L Al -
\ —‘\ s

B100-Fueled L-29 Flight
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land-use) concerns.™® For example, “[S]cientists calculate that it would take 5.7
million sg. km. (equivalent areafor the production of soybeans) — an area about the
size of Europe — to produce enough biofuel to totally replace [world production of]
jet fuel using sogg/beans."198 Huge amounts of water are also required to produce
biodiesel fuel.

Biofuel Research and Development — Research and development on biofuelsis
extensive and continuing.®® For example, one piston aviation fuel from Swift
Enterprises that “closely emulates the ASTM D910 100LL specification is
undergoing evaluation by the FAA Hughes Technical Center.”®* Thisfud is
characterized as a chemical reforming of oxygenates to form specified synthetic
hydrocarbons producible from abroad range of bio-feedstocks®? Furthermore it
claims to demonstrate a 15-20 percent greater volumetric energy density, a 30 degree
lower freezing point than the 100L L specification, and reduced airborne emissions.®
Swift asserts that its technology can formulate fuels economically into both
reciprocating and turbine fuels.® The future results of the impartial third-party
analysis of candidate fuels will be a significant contribution.

» Hydrogen — Hydrogen is comparatively poor when measured by the amount of
energy that can be trangported per unit of volume. Comparatively good as afunction
of energy per unit weight, hydrogen’s primary emission from combustion is water
vapor. A practical hydrogen combustion aircraft would require major infrastructure
development, including power plants and fuel transportation/storage. Such aircraft
are likely not feasible in the near-term.

» Methane — Methane, the most common natura gas compound, is an aternative fuel
that may in the future be helpful in aviation but hasfailed to garner much attention
and progress.®® Methane is denser than hydrogen, and recent innovations may
dramatically improve methane's storage density.®® Nonetheless, significant further
research and development are needed before the practical value of methane for
aviation fuel can be accurately ascertained.

» Non-combustible Alternatives — “ Alternative fuels’
surveyed in this commentary include non-combustible
systems that generate el ectricity, and associated storage
and propulsion technologies, including the following:

e FElectric Battery — Battery technology remains the ;
major constraint in the development of battery powered Pipistrel Taurus
arcraft, yet such technology is rapidly improving. High-discharge lithium-
polymer batteries are some of the best candidates, and research and development
seeks to mitigate their volatility, improve safe and rapid
recharging, power output, and reduce weight. Self-
launch battery powered electric gliders are commercially
available,® aswell as a battery powered weight-shift-
control ultralight.”® A promising electric battery <=
powered aircraft was exhibited at AirVenture 2007, Sonex Electric-
and additional offerings are advancing or available.*° Powered Prototype

Removable “swap-out” battery packs could potentially accommodate a segment
of therecreational flying market that would tolerate battery swapping about
every 45+ minutes (with safety reserves) — and the available energy of such
batteries will invariably increase. Hybrid electric/piston aircraft are also under
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active development.” Super capacitors (or ultracapacitors), including hybrid

battery-super cgpacitors which may dramatically reduce charging time and
weight, among other benefits are also under development.”? Nonetheless,
“battery electric drive systems are not competitive with air bresthing engines.
Present battery powered GA aircraft demonstrations have been limited to flight
times less than 40 minutes, at low subsonic speeds, while the air breathing
propulsion which was removed to make room for the battery electric drive was
capable of 250-300 minutes of continuous powered flight.” 3

Batteries are not without environmental cost. Among these are the impacts of
electric power generation and charging (expenditure of fuels and emissions), and
significant water use.”* Batteries may create new risks upon impact in an
accident, as well as hazardous or universa wastes.”

e FElectric Motors — Electric battery, hydrogen fuel cell, and solar powered aircraft
convert electricity to thrust via electric motor-driven propellers. Electric motor
efficiency (in terms of general power density,”° torque,
weight, reliability, controller sophistication, and cost) is
progressing quickly.?® Electric motors are efficient no matter
their size, and without penalty at altitude (except that penalty
associated with dissipating waste heat released by the motor).
Electric motor-propelled aircraft can also be viewed as
accommodating a spectrum of fuels to the extent that electric
power production (that charges batteries or powers electrolysis) can operate on
coal, hydro, methane, and aternative fuels including solar, wind, and geothermal
SOurces.

The EAA has petitioned the FAA to accommodate electric-powered aircraft
under LSA and ultralight regulations, asserting, “It is only a matter of time before
aircraft powered by eectric motors become the aviation industry standard.” *°
Indeed, “there are no technology reasons that within five years, such aircraft can
be completely electrical notwithstanding a tremendous amount of integration
challenges.”** Finally, the standards committee ASTM F-37 on Light Sport
Aircraft has commenced standards development for aircraft electric motors??

@
@

&%

Electric Motor

e Fud Cells — The hydrogen-oxygen to water reaction can be harnessed to produce
electricity without toxic emissions—emitting only water vapor.® Hydrogen fuel
cell advantages include reduced air emissions,®* quiet operation, and in the
future, anticipated higher reliability, and higher energy density.”” Technical
challenges include the significant energy required
to produce hydrogen, the high capital costs for
components, the need to develop transportation
and storage infrastructure, and environmental
threats caused by leaked hydrogen.’

Successful manned flight testing of fuel-cell
powered aircraft was undertaken in 2008.%2 Fuel cell tests have powered all
phases of flight except takeoff and climb, when it is supplemented by a lithium-
ion battery.229 Nonetheless, the time line for wide-scale commercid
implementation of fuel cellsis uncertain—perhgps as much as “severa
decades”* or “maybe never.”®' Fuel cells also show particular promise and
environmental benefits for auxiliary power unit (APU) replacement®? and other

Boeing Fud Cel-Powered Plane
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Alternative Fuel Practical Considerations— Beyond their basic properties,

aircraft subsystems. In the future, liquid hydrogen may aso enable (by cooling)
highly efficient and light-weight superconducting electric motors.”®

e Solar — Unmanned solar-powered flight began in 1974 and manned flight in
1980.%* Progressively more capable manned and unmanned experimental
aircraft,” such as the Pathfinder,* are being devel oped.
Around-the-world solar-powered and solar-hybrid global
flights are planned.>” Moreover, DARPA is funding the
development of a solar-powered unmanned aircraft able to
sustain high-altitude flight for at least five years.™®

such asfuel density, emissions, and safety (see Fuel Properties, above), the commercia viability
of aternative fuels depends upon various practical considerations, including the following:

>

>

“Drop-In” vs. Retrofit — Drop-in fuels are direct-replacement fuels, requiring neither
material modification to aircraft nor changes to operations and maintenance, and add
no risks to power plant and airframe. Drop-in fuels have significant advantagesin
the short-term. “As soon as you're beyond drop-in fuels, you've just expanded the
enormity of what you have to do in terms of moving to the next generation.”**

Trangportation and Storage Infrastructure — Considerations include the availability of
transport technology such as pipelines versus vehicles, and storage technology used
in transport and at delivery sites such as airports. Specia handling requirements of
particular fuels impact the available infrastructure (for example, ethanol is
hydroscopic, cannot be exposed to water, and may freeze in pipelines; TEL
contaminates pipelines and thus cannot be co-mingled with unleaded fuelsin
transport infrastructure). 2

Capitalization — Capital costs for research and development, production, and
operations. For example, aF-T coa-to-gas plant may cost more than one billion
USD.

Regulatory Compliance and Incentives— Regulatory rationales, objectives and
burdens may include sefety, environment, e.g., carbon and lead reduction, economics,
or national/energy security.?*! Regulations may offer incentives for aternative fuel
production or use.**

Standardization — Developing and implementing technical standards for new fuels
require time, money, and consensus building. Fuel standards are a prerequisite to
certifying redesigned aircraft engines that use such fuels.

Feedstock (Raw Materials) Costs — The availability, economic, and environmental
costs of procuring or producing the raw materials used for fuel production.

Fuels and Emissions Initiatives — Diverse private and public fuel and emissionsinitiatives,

including energy policy initiatives, are accelerating and relevant to GA. The following list,
although not all-inclusive, identifies some such noteworthy initiatives.

>

Clean Sky — Clean Sky ispart of the European Union’s Joint Technology Initiative,
a seven-year collaboration between government and industry to improve the
environment by bringing green technologies to market and advancing EU
aeronautical industry competitiveness®® Although GA is not thefocus of Clean
Sky, it will invariably affect GA. Clean Sky's goals seek significant reductionsin
CO, and NO, emissions, and advance green lifecycles for aviation products. Its
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initiatives include, for example, “CLEANENGINE’ to optimize “modern clean
[internal combustion] engines working with liquid biofuels.”®** Clean Sky has
influenced aviation energy/environmental policy beyond the boundaries of the EU
through participation in regiona initiatives, such as the Atlantic Interoperability
Initiative to Reduce Emissions (AIRE) which seeks to reduce greenhouse gas
emissions from aircraft on a gate-to-gate basis.**

> National Plan for Aeronautics Research and Development and Related | nfrastructure
— Thishigh-level plan guides U.S. aeronautics R& D and infrastructure through
2020.% Created by the National Science and Technology Council’s Aeronautical
Technology Subcommittee®” in collaboration with federal agencies and diverse

stakeholders, the 4{g)lan includes both energy and environmental goals to help aign

R&D priorities:?

e God 1 - Enable new aviation fuels derived from diverse and domestic
resourcesto improve fuel supply security and price stability

e (Goal 2 — Advance development of technologies and operationsto enable
significant increasesin the energy efficiency of the aviation system

e (Goal 3 - Advance development of technologies and operational proceduresto
decrease the significant environmental impacts of the aviation system.

The program isbilled as “the nation’s first integrated plan” seeking to advance U.S.
technological leadership in aeronautics,® and “includes efforts to improve the
scientific understanding of the nature and impact of aviation emissions and thereby
inform the development of more fudl-efficient aircraft, of alternative fuels that can
reduce aircraft emissions, and of air traffic management technologies that further
improve the efficiency of aviation operations.”*®

» The Commercia Aviation Alternative Fuels Initiative (CAAFI) — CAAFI isaUS
government-industry forum structured as a loose federation of stakeholdersto
explore the potential use of aviation aternative fuels. ™ Considered one of
NextGen's (see below) environmental “five pillars.”**? CAAFI is developing a
roadmap to securing a stable jet fuel supply, controlling fue price volatility,
enhancing energy security, incentivizing further research and analysis, undertaking a
gap anaysis, quantifying the ability to reduce environmental impact
and improve aircraft operations. ™ Theinitiative “focuses the &

AlA| ACI

efforts of the U.S. Commercial Aviation supply chain to engage the
emerging aternative fuelsindustry.”® CAAFI’s program is
structured in four domains: certification and qudification, research
and development, environment, and business and policy.”® Among its various goals
isto have available for certification a 50 percent Fischer-Tropsch synthetic kerosene
fuel in 2008, 100 percent synthetic fuel in 2010, and other biofuels as early as 2013.
Participating agencies include the U.S. Departments of Commerce, Transportation
(including FAA), Defense, Energy, and NASA. CAAFI sits on the PARTNER
Advisory Board (see FAA, below).*® A related aternative fuelsinitiative with
participation by AOPA, EAA, FAA, and GAMA isfocused on advancing an
aviation gasoline replacement (whereas CAAFI is focused on jet fuel).®

FAA

» Federa Aviation Administration — The FAA has various ongoing initiatives
contributing to aternative fuels development, tightly coordinated with CAAFI (see
CAAFI above). ™ TheFAA’s Office of Environment and Energy oversees the
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agency'’s alternative fuels program and “develops, recommends, and coordinates
national aviation policy relating to environmental and energy matters, which
includes noise and emissions”*® Additionally, the FAA has various research and
technical centersinvolved in alternative fuels research, including but not limited to
the FAA William J. Hughes Technical Center. Characterized as “the
nation’s premier aviation research and development, and test and
evaluation facility,” the Technical Center includes the Propulsion and
Fuels Systems Branch. This branch operates the Unleaded Fuel
Research Program,” the work product of which has been significant,
inter alia, to the Coordinating Research Council (CRC), and the American Society
for Testing and Materials (ASTM - see below).

The FAA also funds emissionsinitiatives relevant to alternative fuel considerations,
including the Partnership for AiR Transportation Noise and Emissions Reduction
(PARTNER),*" and a FAA/NASA/Transport Canada-sponsored Center of
Excellence.® The FAA aso partnerswith NASA on the Aviation Climate Change
Research Initiative (ACCRI) as part of the NextGen initiative, ** as well as an
anticipated Continuous Low Emissions, Energy and Noise (CLEEN) program.®*
Additionally, the FAA participates in various regional initiatives that may contribute
to fuel efficiency and solutions, such as the Asia and South Pecific Initiative to
Reduce Emissions (ASPIRE) which “aspire[s] to increase efficiency [and] reduce
fuel burn. Bottom line: we will ASPIRE to fly green”®® by providing “aregional
platform to showcase theregion’s leadership in global aviation emissions reductions
to enSlngee that, as aviation grows, its environmental impacts are reduced over

time.”

» The Next Generation Air Trangportation System (NextGen) — NextGen is billed as
“awide ranging transformation of the entire national air transportation system . . . to
meet future demands and avoid gridlock in the ky and in the airports. ... This
multi-agency initiative is led by the Joint Planning and Development Office” %’
(JPDO) which “isthe central organization that coordinates the specialized efforts of
the Departments of Trangportation, FAA, NASA, Defense, Homeland Securitgg,
Commerce, and the White House Office of Science and Technology Policy.”?

NextGen includes an Environmental Management Framework recognizing that “the
NextGen environmental challenge isto manage aviation’s environmental impactsin
amanner that limits or reduces their ‘footprint’ and enables the U.S. air
transportation system to meet the nation’s future transportation needs.” *® Thus,
this framework seeks to ensure “environmental protection that allows sustained
aviation growth.”?® “Environmental isn’t just a piece of NEXTGen, it overlays and
permeates everything we're doing.”?* Regarding fuel and emissions, “[t]he
NextGen vision involves asignificant reduction in flight time. Reduced flight times
mean that aircraft engines operate less, burn less fuel, and [generate] fewer
emissions.”#”?

> National Aeronautics and Space Administration (NASA) — NASA isinvolved in
many diverse research and development initiatives?® which may benefit aviation
fuels and emissions. A key participant in NextGen,?* NASA undertakes
fundamental research in aeronautics, aviation safety, and airspace systems and
works in cooperation with airframe and power plant manufacturers. Among other
initiatives,>”® NASA’s Glenn Research Center includes a Combustion Branch,

Propulsion Systems Division which “conducts fundamental and applied research
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aimed at advancing the technology for combustors, combustion processes and
emission reduction of aeronautical gas turbine engines and space propulsion,”?” and
an Office of Power and Propulsion.””” Glenn’s Fundamental Aeronautics Subsonic
Fixed Wing Project includes investigation of combustion behavior of both biofuels
and F-T jet fuels. NASA research extends to long-term scientific and engineering
initiatives to aid longer-term environmenta improvements. Additionally, for
example, NASA’s Langley Research Center contributes to the Small Aircraft
Transportation System (SATYS) initiative including electric propulsion-enabled
aircraft.?”® Nonetheless, NASA aeronautics research budget has been in decline
over the past decade, reducing its ability to move its fundamenta research to alevel
of maturity that facilitates commercia development and implementation.?”

» U.S. Department of Defense (DoD) — Recognizing and responding to the national
security implications of foreign oil and “peak oil”, the DoD has taken aleadership
role in developing aternative aviation fuels® The Office of the Secretary of
Defense (OSD) has initiated the OSD Assured Fuels Initiative “to catalyze
commercia industry to produce clean fuels for the military from secure domestic
resources using environmentally sensitive processes as abridge to the future.” !
The initiative's goals include “Total Energy Development” (to accelerate industry
production of alternative fuels), and “Joint Battlespace Use of Fuel of the Future”
(to advance fuel specifications to enable asingle fuel).”?* Additionally, the Defense
Advanced Research Projects Agency’s (DARPA) Advanced Technology Office
(ATO) hasinitiated a biofuels program “to enable an affordable alternative to
petroleum-derived JP-8.”"%° Each of these initiatives should benefit aviation
generally.

> US Department of Energy (DoE) — The DoE's mission includes advancement of
“the national, economic, and energy security of the United States” and promotion of
“scientific and technological innovation in support of that mission.”®® DoE’s
corregponding strategic goals include promotion of “America s energy security
through reliable, clean, and affordable energy.”?® DoE's Energy Information
Agency also collects, analyzes, and publishes critical energy and emissions
statistics.®® Among other initiatives, DoE includes a Biomass and Biofuels
Program whose mission is to “[d]evelop and transform our renewable and abundant
biomass resources into cost-competitive, high-performance biofuels, bioproducts,
and biopower.” %’

»  The Coordinating Research Council (CRC) — The CRC is a non-profit
organization that directs, through committee action, engineering and
environmental studies,? through public and private sector
collaboration, on the interaction between transportation equipment and
petroleum products.®® The CRC’s focal point for aviation gasoline is its Unleaded
AV GAS Development Panel:

formed with the objective of conducting research and testing that will
facilitate development of the next generation aviation gasoline - a high
octane unleaded aviation gasoline as an environmentally compatible, cost
effective replacement for the current ASTM D910 100LL fuel. Consisting
of representatives from the airframe manufacturers, engine manufacturers,
fuel producers, FAA, AOPA, EAA, GAMA, and other interested parties,
the CRC AVGAS Development Group acts as a steering committee,
providing oversight and direction for research and testing.
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The CRC AVGAS Development Panel is committed to an interactive,
collaborative process with the goa of ensuring the availability of the
required technical information for the development of an aviation gasoline
that meets the requirements of both the existing and future genera aviation
fleet. Safety, reliable operation, and environmental awareness are driving
principles.?*®

The CRC dso includes the CRC Aviation Engine Octane Rating Pand to
develop “a method to consistently rate aircraft engine octane requirements
under harsh repeatable conditions and to determine the general aviation fleet
octane requirements.”**

» ASTM Committee D02.J0 on Aviation Fuels — The Committee’'s formal scopeis
“the promotion of knowledge of aviation fuels and the development of
specifications, test methods and other standardsrelevant to
aviation fuels.”®? D02.J is the preeminent standards body on 1
aviation fuels, ASTM Committee D02.J0*® includes avgas, diesd, /]
turbine, and aternative aviation fuels standardization.”* ul J

» Foundations— A few examples of the uniquerole played by foundationsin
aviation fuels and emissions include the following.

e The CAFE Foundation (Comparative Aircraft Flight Efficiency)®® in
partnership with NASA, includes an annual General Aviation Technology
Challenge (in part, to advance fuel efficiency), and a“Green Prize” for
transportation seeking to promote “all of the valuable measures of energy
use; MPG, as well as speed and payload.””® Among other initiatives,
CAFE hosts the pioneering Electric Aircraft Symposium to advance
electric powered aircraft,® and serves as aflight test agency for the
Experimental Aircraft Association.

e The Lindbergh Foundation “supports great innovations that foster the
environment to keep the planet in balance,”*® and has sponsored advanced
combustion research and development.?®

e The X Prize Foundation characterizes itself as “the most radical approach
to innovation yet.”*® The Foundation is an educational nonprofit prize
institute whose mission is to create radical breakthroughs for the benefit of
humanity. Its Biofuels Prize* is recognized by the US Department of
Transportation as promising to accelerate alternative fuels development. >

» Universities— Aviation fuels and emissions research are underway at academic
institutions worldwide. To the extent that sustainable solutions to aviation’s
environmental challenges liein transformational technol ogies,* basic and
applied research are essential. A few notable or representative initiatives
(presented in alphabetical order) include those at: Baylor University’s Renewable
Aviation Fuel Development Center,*® Colorado State University’s (CSU)
Engines and Energy Conservation Laboratory,*® Embry-Riddle Aeronautical
University, Georgia I nstitute of Technology’s Center for Innovative Fuel Cell
and Battery Technologies,*® Imperia College, London’s Center for Energy
Policy and Technology,*® Massachusetts I nstitute of Technology’s Department
of Aeronautics and Astronautics,*® McGill University,*™ Missouri University of
Science and Technology’s Center of Excellence for Aerogpace Particul ate
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Emissions Reduction Research,*? Purdue University, College of Technology,®®
University of California Davis's Air Quality Research Center,* University of
Dayton’s Research I nstitute,**® University of North Dakota's Energy and
Environment Resource Center,*'® University of Stuttgart’s®’ National Alternative
Fuels Laboratory,*™® Princeton University’s Aerospace Laboratory,™ and
Wichita State University’s National Institute for Aviation Research.*®

» Aircraft, Energy, and Power Plant Companies — Airframe, energy, and power
plant®** companies play a major—indeed intimate role— in initiatives to
mitigate environmental emissions, improve fuel efficiency, and advance the state
of relevant technologies. Their respective contributions are addressed throughout
this commentary, and mentioned here as a matter of completeness.

» Industry Associations— Most of the mgjor aviation industry associations have
developed (at least) an interim responseto fuel and emission challenges, such as
by establishing or bolstering environmental committees, providing leadership in
standards committees, collaborating with academia, industry, and government,
developing member guidance and educational/training materials, promoting
environmenta stewardship by their constituents, or providing policy advocacy.
Some of these associations include the: Aircraft Owners and Pilots
Association,*? Air Transport Association, Air Transport Action group,®*
British Business and General Aviation Association,*® European Business
Aviation Association,*® Experimental Aircraft Association,*” Genera Aviation
Manufacturers Association, I nternational Air Transport Association,*®
International Business Aviation Council ¥ National Air Transportation
Association,®! and National Business Aviation Association.>*

» Capitd Markets— With striking similarities to the legendary growth of Silicon
Valley, the capital markets are aggressively developing new energy technologies.
For example, in 2007, venture capital funded “clean tech” in the amount of 5.18
billion USD, representing a 44percent increase from 2006.%%

D. FUELING PRACTICES

Studies indicate that 100 thousand or more gallons of aviation fuel are deliberately
poured onto the ground annually during preflight fuel sampling®™'—*a procedure that’s been used
in aviation almost as long as aviation has been in existence.”* Such dumped fuel
resultsin lead, petroleum hydrocarbons, and other toxic residues permeating the
soil and ground water,* evaporating hydrocarbons into the air, and deteriorating
asphalt tarmacs. Petroleum hydrocarbons can be particularly damaging if
discharged into rivers, streams, bays, and estuaries in ecologically sensitive
coastal areas—the locale of many airports.®’

L |

Pilots should exercise care to minimize discharge of fuel into the environmentto ~ “Slop” Tank
avoid fuel contact with unprotected skin. Standard preflight procedures require

sampling of the aircraft’s fuel to confirm its grade and the absence of water and other
contaminants. Absent contamination, fuel samples should be returned to the fuel tank in
accordance with safe practices, and contaminated fuel should be placed in a“slop” tank.*®

Many GA airportsdo not offer environmentally safe fuel collection containers,®® and those
offering collection points do not always place them in convenient locations. Additionally, the
designs of many GA aircraft challenge environmentally responsible fueling practices®® and thus
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require each pilot to make apersona commitment to responsible fueling practices. Handling fuel
samples appropriately will mitigate the environmental impact of GA
activities significantly.

Environmentally sound fueling may include the following practices:**

» Usealarge fuel sample container, such as a Gasoline Analysis
Test Separator (“GATS”) jar or the equivalent to better ensure
the removal of water and other residues from the tank (water
attaches to the sides of fuel tanks due to internal surface tension; drawing larger samples
may break the surface tension, alowing at least some of the water to be drained), and to
encourage the return of samples to the tanks.*? The importance of rigorous fuel
sampling, to ensure delivery of the appropriate fuel (i.e., avgas =
vs. jet fuel) is underscored by ahistory of errorsin fuel handling,
storage, and distribution practices among afew distributors,
arports, and FBOs. Moreover, “many avgas pumps and
distribution facilities (particularly self -service pumps) are under-
maintained” and are deteriorating.**

GATS Jar

e
> Do not overfill tanks. Overfilling leads to run-off from tank Fuel Inhalation Protection

vents due to expansion in hot weather* and from parking and operating on acute angles.
Consider that avgas is more volatile than jet fuel and that fuel systemsin most small GA
arcraft are vented to the atmosphere resulting in significant hydrocarbon
evaporation.3®

» Consider not refueling until you know the mission so as to avoid carrying
unneeded fuel and improve fuel economy, reduce fuel run -off, and
provide weight and balance flexibility on the next flight.>*

Fue/Chemica
» Observe arcraft fueling to confirm that tanks are not overfilled, and that ~ Protective Gloves
the correct fuel is loaded.

» Where practicable, attach afuel recapturedevice to fuel tank vents in order to mitigate
fuel venting drainage.

- [
» Use environmentally sound portable gasoline containersfor fueling i-.; :
both aircraft and ground support equipment.’ :!
» Fud in awell-vented area. Recognize the inhaation hazards. 1:1|
» Wear appropriate protective gloves when sampling, fueling, or '
handling other toxic chemicals.*® Because many types of glovesdo |
not provide proper protection, exercise great care in choosing gloves ' - :‘ !
because avgas and many other aviation-related chemicals are repidly f‘i" &
absorbed through the skin.>* S et
y
» Clean up 3nglled fuel immediately, and dispose of absorbents t ?
lawfully. WL
> Seek to use unleaded and dternative fuels™ where approved,*? Charted Fud
available, and safe; promote their use. Dumping Facilities

» If apilot’s home airport does not have appropriate fuel collection containers ask the
airport to provide such containers, or assist it in doing so.
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E. LEGAL CONSEQUENCESFOR NONCOMPLIANCE

Beyond the health, safety, and ethical reasons to exercise environmentally sound fueling
practices are serious legal consequencesfor polluting. Consider, for example, the high-profile
fueling practices training materials, including a video.™* The

case at Embry-Riddle Aeronautical University in Daytona Beach,
Florida. The University was fined $24,999 by the Florida ——

Embry-Riddle matter likely foreshadows atrend: new and more

far-reaching measures with strong penalties for aviation-related pollution.®® Legal consequences

Department of Environmental Protection for violating the Florida
Resource Recovery and Management Act®® by failing “to

associated with improper disposal of lubricants, chemicals, and solid wastes are presented in Part
I11 of this commentary, below.

s

implement a procedure to prevent therelease of aviation fuel after
inspecting for contaminants.”** A Consent Order between the
University and the government required Embry-Riddle to create

Vero Beach Airport

F.FUEL EFFICIENCY: TECHNOLOGIES AND PRACTICES

Improving fuel efficiency contributes to environmenta quality. Both technology and
practice play essentia roles in environmental quality. “The relationship between technology and
our environment is one of the most important issues facing aviation and, in fact, al humankind,”
urged John King of the King Schools.®’ Moreover, “[i]f genera aviation is to continue without
restriction, there must be a concerted attempt to design future aircraft with fuel efficiency asan
uppermost consideration.”®® “If we try to restrain emissions without a fundamentally new set of
technologies, wewill end up stifling economic growth . . >

Aviation technologies and practices are evolving, and their goplicability and benefits will vary as
afunction of equipment, mission, environment, and economics, among other factors. Thediverse
technologies and practices listed below (in alphabetical order) may improvefue efficiency and
thus environmental quality.>®

» Technologies

e Advanced Avionics — Exploiting appropriate technologies will increasingly
provide environmental benefits —for example, computer-based flight planning
tools™ (see Flight and Fuel Planning, below), use of more efficient terminal
procedures (for example, RNAV IFR Terminal Transition Routes—
“RITTRS’*?), Reduced Vertical Separation Minimums (RVSM),*® and more
direct long distance RNAV routing. Other technologies being developed/
deployed for air transport (such as those within “NextGen” ** and performance
advisory systems®®) should “trickle down” to the benefit of GA®® (providing
better efficiency and emissions), including ADS-B,*’ continuous descent arrivals
(CDASs),*® and Required Navigation Performance (RNP).3®

o Anti-Detonation Injection (ADI) — A technology used to provide Allied aircraft
with superiority in WWI1, ADI used with 100 octane and an intercooler can
increase power and allow an engine requiring high octane to use alower octane
fuel. Petersen Aviation has STCs for the Beech Baron and Cessna 210 using
ADI to accommodate 91 octane automotive gasoline. Peterson claims that ADI
could be used to approve many 100LL fueled airplanes. Peterson asserts that
“certification of this system on other high-compression engines is needed but the
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fact that STCs were issued over 20 years ago for both ADI and 91 octaneis
significant to the discussion. ADI isin fact the only technology that has been
shown to prevent and/or stop detonation without any loss of power even down to
an 87 MON gasoline.” 3™

o Diesel Engines— Aviation diesels may increased range (up to 30 percent more
efficient per volume of fuel — improved breke-specific fuel consumption®™),
among other environmental benefit (see Diesal Enginesin Part 1V, below).>"
Nevertheless, GA diesels require longer-term operational experience to ascertain
their environmental impact and over-all dispatch reiability.>”

o Engine Analyzers and Fuel Totalizers — These devices can ascertain lean-of-peak
(LOP) exhaust gas temperaturesfor LOP operations of some engines (most
effective with fuel-in;ected engines) which may reduce fuel burn by up to
twenty-five percent.>"

e FADEC — Full Authority Digital Engine Controls (FADEC) offer reduced pilot
workload with regard to engine management, potentially greater fuel flexibility
for reciprocating®® and turbine power plants,*® and possibly improved fuel
economy.®’ For high-performance aircraft gasoline engines, FADEC may one

day accommodate unleaded fuels.>®

General Aviation Modifications, Inc. (GAMI) has “demonstrated a high-
performance piston engine [a‘conforming’ 350 HP Lycoming engine] at full
power and operating under hot day FAA certification conditions on unleaded
avgas using currently developed electronic engine controls. However, operation
with unleaded avgas may require use of richer mixtures during full-power
operation and reduce the available horsepower during cruise operation with lean
mixtures.”3® GAMI believesthat if an aviation gasoline with amotor octane
number (MON) in the range of 97-98 were available and operated with
appropriate electronic ignition controls, most or al high-performance engines
could be accommodated without material increase in fuel consumption or loss of
power. Alternatively, a 95 MON unleaded fuel with electronic engine controls
could (at least) “keep al of the enginesin the fleet running,” but would require
richer mixtures during full-power operations and would limit the desirable and
efficient Lean-of-Peak operations to power settings of 75 percent or less of rated
power 3 “These offsetting considerations could actually result in an overall
environmenta degradation as compared to the present use of TEL in the existing
fuel, with more efficient engine operation.”*!

o Optimized Fue-Injector Nozzles — Optimized cylinder-by-cylinder fuel injector
nozzles (fuel-air mixture management) may improve fuel efficiency up to 20
percent.® One experimental project to develop Direct Injector Fuel NozZes
(where fuel isinjected directly into the cylinders at the moment of desired
ignition and burning, thereby providing a highly controlled, more precise burn)®?
may one day permit the use of diesdl, Jet A, or other liquid or gaseousfuelsin
retrofitted reciprocating engines, as well as allow greater flexibility in new
engine design.®

e Speed Modifications and Aerodynamically Clean Aircraft — While not a fuel
device, such modifications deserve mention for drag reduction and resulting fuel
economy.®® Speed modifications may include lower-profile (and low-drag)
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antennas, flap and aileron seals, laminar flow control surfaces,®® and winglets.®
Propeller repitching (where safe and approved) may improve fuel savings. Clean
airframes may save up to one-half percent in fuel consumption.*®

e Tuned Exhaust and Induction Systems — By more efficiently removing exhaust
gases from each cylinder and thereby improving fuel/air intake in the next intake
stroke, tuned exhaust systems may improve horsepower, thereby providing fuel
savings.*

e Turbocharging and Turbonormalizing — May help exploit the efficiencies of
higher-altitude and density altitude flight (both thinner atmosphere and, when
available, stronger tail winds) where missions are typically of longer duration
(e.g., long range cross-country flights).>®

Asapractical matter, achieving significant improvements in aircraft energy
efficiency requires the contribution of many diverse technologies touching almost
every aspect of the aircraft — including basic airframe design. Increased power plant
reliability coupled with skyrocketing fuel costs are driving a shift from twin to single
engine GA aircraft—characterized as “arevolution in single engines.”** Also, there
may need to be compromises and tradeoffs between speed and fuel efficiency.>*

» Practices — In addition to employing appropriate technologies, “there is, unarguably,
abest method of operating a given aircraft which results in amaximum rate of return
in airspeed (hence reduction in flying time) rather than in distance traveled, per unit
of fuel consumed.”®® “The goal has always been proficiency, but it isn’t just
proficiency to be abetter pilot, it's about honing your skills because it's the right
thing to do. It's the patriotic thing to do. 1t’'s the greening of General Aviation.”®*

o FHlight and Fud Planning — Effective flight and fuel planning (see also Load
Management, below) may include planning for the use of optimal altitudesto
exploit favorable winds and engine performance, including lower power settings
(provided headwinds are low).** Review of applicable performance tables to
improve efficiency. Where practicable, VFR departures, prompt on-course
headings upon departure, and choosing nearby alternates (weather permitting),
may contribute to the reduction of emissions, as will avoiding turbulence. Also,
use advanced flight planning software that suggests optimum atitude based on
specific aircraft characteristics and forecast winds aloft. Consider the benefits of
using a cruise descent (e.g., 300 to 500 fpm), whereit fitsinto ATC requirements
(see also CDA and RNP in Technologies, above, this section).

e Ground Operations — Where practicable, obtain clearances before engine start,
use single-engine taxi for multi-engine aircraft,**® and promptly taxi away from
ramps, hangars and other areas where personnel congregate to reduce their
exposureto emissions. Preheat aircraft engines when practicable. Minimize fuel
consumption and emissions by using ground-based electrical power (if available)
to complete preflight inspection procedures, navigation instrument initialization
and programming prior to APU or engine start. Lean aggressively during ground
operations, and use low power settings. Taxi using the shortest route available.®’

o Load Management — Balance the need for ample fuel with the cost of aviation
fuel burn resulting from transporting excess fuel,*® particularly in stable VFR
conditions®® Trangporting unnecessary baggage and charts may also contribute
to inefficiencies.*® Center of gravity (CG) affects fuel consumption, too.
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Generally, amore aft-positioned CG (within an aircraft’'s permissible CG
envelope) improves efficiency (although it aso reduces aircraft stability about
the pitch axis).

o Configuration — Includes power management, flap positioning, flight profile
(including climb, cruise, descent, and gpproach), and air vent position.

0 Power Management — Understand the relative constraints and optimum
climb techniquesfor your aircraft — loading, weather, and other factors
will affect such performance. For turbine operations, where safe and
approved, the US EPA is evaluating emissions reductions from derated
take-offs.* “Rules of thumb” for fuel efficiency applicable to your
airplane should be mastered.

0 “Decelerated Approach” — Subject to ATC, SOPs, and safety
requirements, consider delay of gear and flap extension until 1,000 AGL.

0 Leaning — Lean aggressively (while maintaining safe operation),*® and
where practicable and authorized, consider lean-of-peak operations.*®

0 Rental Charges — Renta arrangements are typically structured per wet
hour (Hobbs) rather than structured to reward fuel conservation.”®

0 Miscellaneous — Keep cowl flaps and air vents closed when not required.

¢ Engine Maintenance — Keep engines in optimal condition by adhering to the
applicable maintenance regime.

o Airframe Maintenance — Keep airframes, including rigging, alignment of flaps,
and sedls, in optimal condition. Keep the aircraft exterior clean, polished, and
free of dents and chipped paint, to minimize aerodynamic drag and deterioration.
Keep tires properly inflated.

o Checklist: Environmental Items — Review and add appropriate environmental
items to operational checklists.

G. INCENTIVESTO REDUCE EMISSIONS

Government, market, and “conscience-based” mechanismsand policies can influence
fuel usage/economy, aircraft and engine design, pilot behavior,*® and emissions. An efficient

approach to reducing emissions of CO;involves giving businesses and MOTOR VEHICLE FUEL PRICES

households economic incentives for such reductions.”® “Approaches " WoaTs pER GALLON
using tax incentives, emissions trading or carbon offsets may &l have a i S
roletoplay . . ..”*" Although not all are suitable, tested, or optimal for o R et

GA, the mechanisms and policies surveyed below may help navigate the Cal. Fud Pump Placard
developing landscape, and better arm the GA community to respond effectively to the challenging
(and often contentious) debate accompanying such proposals.

» Fue Taxes— The U.S. federal government levies an excise tax on both avgas and
kerosene as a fixed fee per gallon.*® Many states also tax aviation fuels*® Higher fue
tax increases are under consideration in many jurisdictions. Recognizing that the
marketplace does not reflect fuel’s entire environmental costs, some countrieshave
implemented environmental taxes,*° and some include a commensurate reduction in
income tax.** The National Business Aviation Association asserts that a “tax on fuel use
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provides an incentive for genera aviation users to purchase newer, cleaner, quieter and
more fuel-efficient aircraft. Additionally, fudl taxes by their nature penalize operators
that use congested airports which require more fuel usefor increased taxi and air time.
Fuel taxes create lower administrative costs than offset schemes. Higher fuel prices aso
tend to reduce GA operations.*® In any event, “tax incentives are certainly tricky,”**
and demand the upmost scrutiny.

n 412

» Tax Credits and Refunds— Some tax credits promote and incentivize the production or
use of dternative fuels,*™ and may increasingly fund alternative research, development,
and fuel production.*®

» Carbon Tax — A carbon tax may be levied to mitigate carbon emission production. A
claimed benefit of this approach is “to provide clear, long-term price signals so
companies can invest intelligently to lower carbon emissions.”*" Many analysts view a
carbon tax as a “more economically efficient policy for reducing emissionsthan an
inflexible cap.”*® Nonetheless, its imposition has been characterized as “political
suicide.”* Instead, carbon-offsetting approaches (see below) may be moreviable.

» Tradable Fud Rights — Some have proposad tradable fuel rights as an aternative to fuel
taxes whereby government-distributed fueling rights could be used to apportion fuel or be
traded with othersfor value*® Although not yet implemented, this proposal has
generated considerable attention.

» Carbon Offsets — Carbon offsets incentivize the reduced use of fossil fuels and seek to

mitigate the perceived environmental impact of carbon dioxide emissions* through
compliance/regulatory (mandatory) schemes, or voluntary programs.*? The size of
carbon offsetsis generally calculated to (at least) reduce or neutralize the subject
emissions (see Calculating Carbon Offsets, below). Offset schemes generally fund
environmentally clean or sustaining projects to compensate (in whole or in part) for a
participating entity’s emissions. From the pergpective of the atmosphere (sinceit is
globally well mixed), there isno difference (with the exception of radiative forcing
effects,*” discussed below) between: (a) CO, being added at one point while (an
equivalent amount) is reduced or eliminated at another point, and (b) avoidance of the
release in thefirst place.

The economic basis of carbon offsetting uses the reality of marginal abatement cog to
produce the greatest reduction
in greenhouse gases (GHG) at Marginal Abat_er_nent Cost
the lowest cost to society and (descripiive)

the GHG emitter.** For this
reason, it is the fundamental
component of schemes
throughout the world that
implement the Kyoto Protocol.
The following figure
demonstrates aircrafts
constrained cost effective
optionsto reduce carbon and
the corresponding comparative
benefits of carbon offsets.
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Compliance/regulatory schemes provide for the “cap-and-trade” of emissions, typically by
establishing a finite number of tradable emissions credits (the “cap”) that are distributed by
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formula or public auction to emitters.** Emitters then conform to their permissible emissions

level by direct reduction of emissions, purchase of additional emissions credits, or carbon offsets
(the “trade’).*’ Cap and trade mechanisms have been used previously (and successfully) to
reduce sulfur dioxide and acid rain.

Voluntary carbon offset initiatives “may be considered as a cost-effective complement to
technology transfer and other mechanisms to reduce fuel consumption and increase resource
efficiency.”*® The benefits of voluntary schemes have been viewed as including: the possibility
of broad participation, avoidance or mitigation of down-stream regulation,*”® preparation for
future possible participation in regulated schemes, flexible innovation and experimentation, and
corporate goodwill.**® Moreover, unlike the longer-term results of research and development,
carbon offsets provide an immediate reduction in carbon emissions.

Caculating Carbon Offsets — Various on-line “carbon calculators’ are available to estimate the
amount of carbon emissions generated from a specific flight and the corresponding offset cost.*
These calculators use varying metrics™ and are not largely GA-specific. Indeed, metrics for
determining aviation carbon emissions and equivaent offsets are difficult to calculate accurately,
due to the complex science involved (including, asan example, uncertainties about the effect of
aviation on radiative forcing™), and the variability of air travel (such as equipment, weather,
duration of flight, altitude, and loading).*** Nonetheless, for example, one starting point is to
calculate the generation of emissionsfrom 100LL of 18.35 Ibs. of CO, per gallon; and for Jet A,
21.1 Ibs. of CO, per gallon.*®

Criticism of Carbon Offsets — Some in the aviation community are critical of offsetting schemes
because they see these as mechanisms that divert funds from the aviation community that could
otherwise be used to fund aviation-gpecific emission-mitigation programs. For example,
offsetting schemes could divert funds from GA-specific fuel, emissions, and engine research and
development.*®

Some critics in the environmentalist community argue that “consumers are simply buying their
way out of having to make meaningful reductionsin energy consumption.”*¥’ Others assert that
“offsets often encourage climate protection that would have happened regardless of the buying
and selling of paper certificates [and that] one danger of largely symbolic dealsis that they may
divert attention and resources from more expensive and effective measures.”*® Some critics urge
that “cutting carbon dioxide emissions will requirereal sacrifice closer to home, like driving less,
flying less and putting restrictions on businesses”*® rather than relying “too heavily on slight-of-
hand accounting and huge donations to environmental projects abroad.”*® Despite available
voluntary carbon offset standards,*** accreditation and certification programs for bodies engaged
in the reduction and removal of greenhouse gases,*” and renewed oversight of “green
advertising,” the efficacy and accountability of offset schemes has been challenged.*® Even
schemes that claim they are verified projects and conforming “Clean Development Mechanisms’
(CDM) under the Kyoto Treaty have not escaped criticism.** One study found that company
announcement of voluntary scheme adoption had anegative impact on stock price and “point[ed]
to the need for regulatory action on climate change,”** and other studies claim cap and trade
would cost the US 4 million jobs by 2020.*® Taxes generally have alower administrative cost
than offset schemes. Criticism of offsets also includes globa warming skeptics — concerning
both concentrations and projections of CO, aswell as their impact.**’ Finally, the propriety of
carbon offsets for acommunity as small as GA has been challenged as fundamentally flawed and
unfair t%he extent that the same metrics are used unjustifiably for GA asfor air trangport
arcraft.

27



File: <www.secureav.com/Comment-AMCC-V.b-Environmental . pdf>
Last Updated: July 25, 2008 AMLL
THE AVIATORS MODEL CODE OF CONDUCT (AMCC) isavailable at <www.secureav.com>.

Carbon Offset Initiatives — Aviation-centric carbon offset markets and products are evolving
quickly to provide creative and varying offset products. As examples, consider offsets provided

in connection with: the purchase of aircraft, current owners/operators charter T
passengers, “® fractional owners,*™ “jet card” passengers,** and even flight
schools.®? A few examples of carbon offset initiatives to GA pilots follow. carbomneytral

PLANE

e  The Carbon Neutral Plane program certifies that participating GA
airplanes have compensated fully for their carbon dioxide emissions, by flnanually
supporting verified projects aimed at reducing equivalent emissions from other energy
uses via carbon offsetting.*®

e  Bombardier purchased carbon offsetsfor its fleet, and offers new owners the option of
purchasing carbon-neutral aircraft.**

e  The British Business and General Aviation Association (BBGA) provides a program
whereby customers pay the operator an additional fee per liter of fuel consumed
seeking to balance CO, emissions. Fees are passed to the World Land Trust*™® to
implement environmentally worthy programs in devel op| ng countries. TheBBGA
plans to deploy this scheme into practice across Europe.*®

While not carbon-offset mechanisms per se, voluntary initiatives such as the United Nations
Global Compact®™ may promote and facilitate carbon offsetting by aircraft manufacturers, FBOS,
and other anatlon businesses. Finally, many airlines have undertaken voluntary carbon reduction
programs;*® or facilitate passengers purchase of carbon offsets.®

Compliance/Regulatory Approaches— Whether initiated by intergovernmental accord, national
law, or otherwise, compliance and regulatory approaches for cap and trade are, at present,
accelerating. “® The International Civil Aviation Organization (ICAO)*" took an early lead in
developing an “implementation framework for States to use in achieving emissionsreductions,
including . . . positive economic incentives, and market-based measures.”*® Although initialy
targeting the airlines, such schemes m%lmpact GA business and corporate fleets, and eventually
aircraft with under 6,000 Ibs. of thrust.™ Consider the following developments.

o European Parliament — The European Parliament gave preliminary approval for an open
market carbon offset scheme for intra-European aircraft in 2011, and inter-European
aircraft in 2012. The goal isto reduce future carbon emissions by 90 percent of the
current average.*® The European Emissions Trading Scheme (ETS) is “the largest multi-
country, multi-sector Greenhouse Gas emission trading scheme world-wide.”*® The
scopeof the ETS (re: legacy carriers vs. start-up vs. regional carriers), and the extent to
which carriers may purchase emission allowances outside of the aviation sector are still
in play. Also, several nations have commenced litigation seeking to exclude their airlines
from the ETS.*® Criticism of the ETS hasincluded assertions that “it is unilateral,
extraterritorial and designed in away to punish rather than to reward the aviation industry
for its past and future commitment to emissions reductions. If implemented as currently
contemplated . . .. it will achieve very little.”*" Unilateral action is widely considered
impermissible by signatoriesto ICAO. Nonetheless, it iswidely viewed that “some
version of a cap-and-trade system is inevitable, and anyone who thinks otherwise is badly
mistaken.”*®

e United States — The US has emphasized technological innovation rather than emissions
caps as the best approach.”® Nonetheless, the US is watching the European initiatives,
recognizing that the federal government will invariably need to respond,* athough the
US response (and that of much of the international community) may take a “multi-path
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approach comprising measures such as operational measures, market-based measures,
voluntary measures, improvementsin ATM and technological advances.”*™* U.S. federal
legislation to provide anational cap-and-trade plan is also under consideration.*? The
US Supreme Court’s decision to compel the US EPA to assert;urisdiction over
greenhouse gas emissions may aso catalyze U.S. regulation.*’

e Other Initiatives — Various national and regional aviation environmental initiatives may
also advance aternative fuels and reduced emissions**

» “Green Upgrades’ — The AMCC appeals to every pilot’s conscience to take personal
responsibility for reducing the environmental footprint of GA. Thereis evidence that
consumers, including pilots, are willing to adopt environmentally responsible practices,
participate in environmental programs,*”® and make consumer purchase decisions with
environmental considerations*® Such an ethical approach to flying may aso provide
incentive for voluntary carbon offsets.

» Market-Driven Fuel Price Hikes — Higher oil prices have been called “a perfect incentive to
reduce our fuel burn and CO,”*"" since they cause an “unrelenting economic imperative’*”® to
reduce consumption, and have ademonstrated correlation to reduced fuel use and
corresponding emissions reductions*”

» Green Marketing — Some aviation businesses are pursuing the potential marketing benefits of
“being green” by promoting their efforts to reduce their greenhouse gas emissions. An
example includes the frequent ads by Piaggio Avanti in the national press for their P.180
turboprop. Some aviation entities are following the example of firms such as Whole Foods
and Lexus (hybrid carsand SUVs) in the belief that up-scale consumerswill pay morefor a
product that displays environmental sensitivity.

» User Fees— Notwithstanding their broader ominous impact, GA user fees may reduce
emissions by curtailing GA flight operations.
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[11. LUBRICANTS, CHEMICALS, AND SOLID WASTES

A. USE AND DISPOSAL OF MOTOR OIL

Used oil is amajor source of water pollution.®® The oil from one improperly disposed-of
oil change can pollute amillion gallons of fresh water.*®* Two hundred million gallons of used
oil (from all sources, both aviation and non-aviation) are improperly disposed of annually.®®
Morg&ver, used oil from leaded avgas —burning aircraft contains
lead.

Many pilots replenish or change engine oil themselves. Do-it-
yourself oil changes are sometimes completed at on€e'stie-down
location absent formal environmenta controls. As many as 60
percent of all “do-it-yourselfers’—including aviation and
automotive—dispose of oil improperly!*® Perhaps aviators do better,

: . . : >0 Used Oil Collection St
but such data are not readily available. Still, even if the aviation French Valley Air port, CA

segment of improper oil disposal is much smaller than for
automotive, the environmental impact of used oil warrants heightened attention by all do-it-
yourselfers.*®

Used oil is recyclable into re-refined® fuels, lubricants, and raw material for diverse
petrochemical products.®® The US EPA presumes that used oil is to be recycled®® and provides
standards for the life-cycle management of used 0il.*® Corresponding state, regional,
and local programsfor recycling used oil are widespread, including at airports. g

However, the effectiveness of airport oil collection programsvaries considerably. For
example, some airport managements keep their oil collection facilities locked and
require pilots to schedule access—which is limited to business hours®* Other RECYCLE
managers provide unlimited access to oil receptacles distributed conveniently around —
the airport.**

Most piston-powered aircraft engines consume at least one quart of oil for each 8-10 hours of
operation,”® and replenishment of this oil is required for safe operation—generating tens of
thousands of used oil bottles annually (in addition to the
bottles generated from regular, periodic oil changes).***
Consider, for example, that in California, plastic bottles
from over 400 million quarts of oil are digposed of
annually. Each “empty” quart container holds
approximately one ounce of residual oil. Collectively,
these account for 25,000 tons of plastic and over 3
million gallons of oil. Yet, thereis no requirement for Used Oil Collection Site
recycling these used oil bottles and the residual oil they contain. Some airports co-locate plastic-
bag lined canisters (at oil collection locations) for used oil bottles.

B. LUBRICATION PRACTICES
Environmentally sound oil (and used oil) practices™ may include the following:

» QOil Level — To avoid crank caseoil “blow out” do not top-off engine oil. Instead, know
and maintain the stable level of oil required for safe engine operation.*®
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» Qil Capture — Ensure proper capture of used oil. Avoid dripping or leaking used oil
during oil change.

» Used QOil Filters — Property dispose of used oil filters, and drain free flowing oil from
used filters before disposal .*’

» OQil Bottles — Recycle used oil bottles. If unable to recycle, reseal and placethemin
sealed and labeled plastic bags before disposal. Encourage FBOs to use bulk oil storage
(rather than quart) containersto reduce oil waste.

» Used Oil — Recycle used oil responsibly, using authorized recycling
facilities, and adhere to gpplicable recycling facility procedures®®
If your home airport does not provide convenient access to oil
receptacles, consider asking management to make such facilities
available.

| usEOF |
¥ | DEGREASERS

8 & SOLVENTS
{| PROHIBITED
IN AIRCRAFT
WASH AREA

» DIlYers— For “do it yoursalf” oil changes, learn and adhere to
environmentally responsible procedures*®

» Spills— Maintain or identify the location of an available
3 500

oil/chemical “spill kit";>" clean up spilled oil/chemicals immediately, and dispose of
absorbents lawfully and responsibly.

Petd uma Airport, CA

» Airport Recycling Programs — If your airport does not have aviable oil recycling
program, consider helping to create such aprogram.

» Air/Oil Separators — While not a“practice”, air/oil separators may reduce oil
consumption and the emission of oil from the engine.

C. Use AND DISPOSAL OF OTHER CHEMICALS

Chemicals used widely in GA include those for repair, lubrication, cooling, stripping,
deicing,™ cleaning, and de-greasing. Some of these chemicals contain such toxic substances as
methyl chloroform, propylene glycol, and chlorofluorocarbons,® which may, among other
dangers, cause air and groundwater pollution,®® and ozone layer depletion.™ Because the extent
of the actual risks of most chemicals is unknown and the US EPA’s authority and capability to
assess such risks is limited,® great diligence should be exercised with the purchase, transport,
use, and disposal of all chemicals.

Chemica manufacturersand suppliers arerequired to make available Material Safety Data Sheets
(MSDS) ** for products they produce or distribute. Pilots who obtain chemicals from FBOs or
other suppliers should ask for a copy of the MSDS (or obtain them online), or adescription of the
recommendationsfor storage and use, alist of hazards, disposa methods, and effective means of
preventing exposure.

Pilots often work on their aircraft with neither knowledge of theserisks, nor with adequate
protection from chemicals, including from skin and eye contact (e.g., by use of protective goggles
and gloves), and inhalation (e.g., by ensuring proper ventilation). Pilots should becomefamiliar
with the toxicity of chemicals they use, suggested protective measures, recommended
antidotes/first-aide measures, and seek |ess toxic alternatives, where practicable. Flying with
dangerous goods or hazardous materials is discussed in the Commentary to AMCC V.a.>

Environmentally sound chemical use and disposal practices may include the following:
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o “Green” Chemicals— Where practicable, purchase and use environmentally sound
chemicals for the cleaning, maintenance, and operation of your aircraft.®

e Wash Racks— Use an airport’s “wash rack” for degreasing and cleaning, consistent with
posted limitations.™® Water trapped by wash rack drains should befiltered and recovered
by the operating authority, ensuring any chemicals in the water are properly treated or
disposad.

|,510 H

o Delcing — Propylene glycol, while less toxic than its predecessor ethylene glycol,™ isa
hazardouswaste. To reduce the environmental impact of de-icing fluids, the following
methods have been recommended:

Blocking or closing storm drain sewers during dry weather

Conducting deicing operationsin areas where fluids can easily be retai ned
Installing lined detention basi ns or underground storage tanks

Using mechanical vacuum sweepers or similar devicesto capture runoff
Installing aircraft wash racks™*

agrwbdpE

o Disposa — Inquire about chemical disposal optionswith your FBO and airport
management. If your airport lacksfacilities for the safe digposal of harmful chemicals,
take them to a community disposal facility, and consider volunteering to help develop
responsible digposal optionsat your airport.

o Contaminated Rags — Contaminated rags or shop towels, such as those typically resulting
from aircraft maintenance, may contain hazardous wastes and should be properly
disposed of >

e Spills— Clean up spilled fuel chemicasimmediately, and dispose of absorbents lawfully.

D. UNIVERSAL WASTES

GA creates considerable widely generated, low-toxicity hazardous wastes®™ which are
known as “universal wastes.”** These include, but are not limited to, batteries,>™ and mercury
devices (such as switches, and lights).>*® Consider that GA pilots expend ahigh quantity of
batteries for flashlights, timers, backup transceivers, active noise reduction (ANR) headsets,
emergency locator transmitters (ELTs), personal locator beacons (PLBs), portable navigation
devices, flight computers, eectronic flight books (EFBs), personal digital
assistants (PDAS), back-up attitude indicators, and agrowing number of other
devices. Safe operating practices urge keeping a considerable supply of extra
“fresh” batteries on hand. Safe aircraft maintenance practices, particularly for
aircraft undertaking single-engine | FR operations, may include
recommendationsfor the biennia replacement of lead-acid batteries.

While universal wastes are generally unregulated for individual household generators®’ the US
EPA encourages that these items be taken to collection sites for proper recycling or disposal.**®
In Cdlifornia, however, universal wastes must be properly managed through municipal collection
or directly with a universal waste recycling processor.>® Voluntary (and, where applicable,
mandated) universal waste practices are encouraged herein. Such practices are an important step
in mitigating GA’s environmental impact.
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E. STORM WATER DISCHARGE PRACTICES

Among other constraints, storm water discharge rules pertain at most airports. Such rules
typically prohibit the discharge of pollutants, including hazardous waste, anti-freeze, > petroleum
products, and wash water into the storm water or watercourses.® Thismay have the effect of
prohibiting any flow of water at an airport except for that at designated wash racks, restaurants,
and toilets. Become familiar with the location of storm water drains at your airport and avoid
improper discharge into them. Inquire aout local facilities and comply with disposal practices
before servicing or cleaning your airplane at airports avay from your home base.

**
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V. AIRBORNE EMISSIONS

Airborne emissionsfrom GA aircraft contribute to aviation-related air pollution, although
such emissions play a comparatively minor rolein reducing air quality.®? The U.S. General
Accountability Office (GAO) found that critical aviation pollutants account for less than .5
percent of total emissions in the U.S.°® The Genera Aviation Manufacturers Association
(GAMA) asserts that US “greenhouse gas emissions from GA are less than two tenths of one
percent of overall emissions,”* and the IPCC pegs aviation’s contribution to CO, at under 3
percent of anthropomorphic sources™® U.S. transportation accounted for approximately twenty-
seven percent, and aircraft approximately nine
percent of the transportation sector’s greenhouse gas
emissions in 2003.5% Of such aircraft emissions, GA
contributed approximately seven percent®’ or less>®
This represents well under one percent of
transportation’s greenhouse gas emissions.>®
Moreover, hydrocarbon emissions have decreased
substantially since 1950.>° Consider ICAO’s
assessment of small aircraft engines:

e Aviation accounts for under 1%
of US air pollution

e Aviation accounts for 2.7% of
US contribution to greenhouse

gas emissions

Global aircraft emissions cause
approximately 3.5% of
anthropomorphic warmina

The smal commercid and genera aviation
segment has been growing rapidly in recent years
andislikely to continueto do so. Thissegment’s impact on the environment, however, is
unlikely to be significant because of low NOy emissions levels associated with the
generaly lower pressure ratio engines they employ and the decreasing percentage of the
fleet’s fuel burn they represent . . . . Furthermore, most of aircraft in this sector fly short
missions with lower cruise atitudes and reduced potentiad for climatic impact.
Significant improvements have been made in the idle emissions of small engines in
recent years, so that CO, HC, and NO, emissions from small regiona and genera
aviation aircraft are often comparable, in terms of emissions per kilogram of fuel burned,
to those from large engines.>!

Nonetheless, airborne emissions from aviation “cannot be ignored.”>? The projected growth of
aircraft™ and air travel is expected to increase such emissions.®* Moreover, decreasing
emissions from non-aviation mobile sources could have the effect of increasing (and highlighting)
aviation’s relative contribution, with acorresponding potentia regulatory focuson GA. Asa
practical matter, at least in the short-term, limited funding resources at the FAA, alack of public
concern communicated to the FAA,>® and competing priorities of the EPA suggest that federal
environmental regulation of airborne emissions by small GA is unlikely.>®

When reading Part 1V of this commentary, consider that most aviation environmenta standards
regulate higher-thrust commercial/transport aircraft engines rather than those built specifically for
general aviation aircraft. Nonetheless, the general direction of emission standards is to become
more stringent and inclusive — possibly regulating (or at least impacting design of) lower-thrust
engines. Additionally, because of the increasing use of heavy fuelsin GA (due to more turbine-
and diesel-powered aircraft, and decreasing avgas availability), recent findings of heightened
health hazards of certain emissions products (such as particulate matter), and broader climate
change issues, including litigation,* it is helpful to understand how such regulations might most
likely impact GA in the future.
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A. CRITERIAPOLLUTANTS

Harmful air pollutants emitted by aircraft include carbon, nitrogen, and sulfur
compounds, particulate matter, water vapor (although its contribution may be quite minor), and
various compounds containing carbon with chlorine, fluorine, bromine, and hydrogen.>® Six
pollutants are widely used as significant indicators of air quality—Criteria Pollutants. The
following table introduces the Criteria Pollutants™ in the context of aircraft emissions.

Carbon Monoxide (CO) | Colorless, odorless and poisonous gas resulting from incomplete
burning of hydrocarbons, more than 3/4™ of which are from
transportation sources. Exposure impedes a ertness, manual
dexterity among other impacts, and may ultimately cause
suffocation and degth.

Lead (Pb) Emitted by the combustion of avgas, lead is rapidly absorbed into
the bloodstream and can cause many serious health effectsincluding
adverse effects on blood, the central nervous system, cardiovascular
system, kidneys, and immune system.

Nitrogen Dioxide (NOy) Nitrogen oxides are highly reactive gases, contribute to O
formation, and the secondary formation of PM,s. Brownish and
odorless,>*® NO, reduces respiratory function.

Ozone (O3) The primary ingredient of smog, O3 results from hydrocarbons
(volatile organic compounds) and oxides of nitrogen breaking down
in the presence of heat and sunlight.>** Causes or exacerbates
pulmonary and respiratory problems; premature deaths.

Particulate Matter (PM) | A component of soot and smoke, and emitted from combustion of
fuels. Theclassification of PM isgenerdly bifurcated into PMy 5
and PM o — the aerodynamic diameter of the particles, each of which
carries health hazards, including cancer, immunological and
respiratory disease (including asthmaand pneumonia), and
premature mortality.
Sulfur Dioxide (SO,) Emitted by combustion of petroleum; less so with synfuels. A
precursor to acid rain. Diminishes respiration and causes
cardiovascular disease.

Criteria Pollutants

Maximum concentrations of criteria pollutants are established under the Clean Air Act by the US
EPA in its National Ambient Air Quality Sandards (NAAQS).>* Aresas failing to satisfy these
standards are subject to classification as a nonattainment area — resulting in required
remediation.® The US “EPA estimates that approximately 110 million people live in areas of
the U.S.SXXhere the combined upper-bound lifetime cancer risk from all air toxics exceeds 10in a
million.

“Engine emissions consist of (by mass) 70% CO,, 30% H,0, and less than 0.5% NOx, CO, SO,,
unburned hydrocarbons (UHC), and soot. For CO,, H,O, and essentially for SO,, the amount
emitted into the global atmosphere is proportional to fuel use, implying that about 90% of the
emission occurs during non-LTO [landing & take-off cycle] operation.”™ Engine emissions
standards appear to be gearing up to more completely mitigate the criteria pollutants, and,
increasingly CO,.
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B. SEGMENTATION OF AIRBORNE EMISSIONS

Airborne emissions can be segmented roughly into (1) “local” emissions—those that
materially affect ground level concentrations,>® (2) those at and above 3,000 ft. (the “mixing
level/height”) which neither “mix” nor directly impact the local environment,> and (3) higher-
dtitude emissions (e.g., cruise level for jets) that may create contrails®® and contribute to
climactic change.® The latter category can be bifurcated for those emissions that are within the
troposphere and stratogphere — many subsonic turbine aircraft operate in the upper troposphere
and lower stratosphere.

» Ground/Local Emissions — The bulk of aircraft emissions (approximately 90 percent)
occur at atitude, but approximately 10 percent of aircraft emissions are produced during
ground operations or takeoff and landing. For hydrocarbons and CO, the split is closer to
30 percent ground level emissions and 70 percent at atitude®™ Ground/local emissions
may produce smog, and contain hazardous air pollutants
(HAPs - discussed below). The impact of ground/local
emissions from aircraft has been the subject of considerable
study and increasingly, greater and more sophisticated
monitoring and analysis.>™"

o e
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The following considers three pollutants that have drawn
significant attention with regard to their impact at ground
level: particulate matter, nitrogen oxides, and lead.

e Particulate Matter — Particulate Matter (PM) represents:

a broad class of chemicdly and physicaly diverse

substances. It can be principally characterized as discrete particles that exist in
the condensed (liquid or solid) phase spanning severa orders of magnitude in
size. PMy refers to particleswith an aerodynamic diameter | essthan or equal to
a nominad 10 micrometers. Fine particles refer to those particles with an
aerodynamic diameter less than or equal to a nomina 2.5 micrometers (also
known as PM,s). The emission sources, formation processes, chemical
composition, atmospheric residence times, transport distances and other
parameters of fine and coarse particles aredistinct. . . .

Fine particles are directly emitted from combustion sources and are formed
secondarily from gaseous precursors such as oxides of nitrogen (NOy). Fine
particles are generaly composed of sulfate, nitrate, chloride, ammonium
compounds, organic carbon, elementa carbon, and metals. Aircraft engines
emit NOx which reacts in the amosphere to form secondary PM, 5 (namely
ammonium nitrate). >

Smoke/soot (“visible carbon™) is produced by aircraft primarily during departure due to a high
fue-air ratio (see below) and low power (eg., idle), both resulting in incomplete combustion.>®
One important study found that “[d]iesel particulate continues to dominate the risk from air
toxics, and that the portion of air toxic risk attributable to diesel exhaust is increasi ng,”554 and
with possible implications for aviation diesels and turbines. It further found that “[d]iesel exhaust
was the key driver for air toxics risk, accounting for an estimated 84% of the total.”>® The study
concluded “that a continued focus on reduction of toxic emissions, particularly from diesel
engines, is needed to reduce air toxics exposure”>® “as early as practicable and as aggressively as
feasible.”>’ Assessment of the human health risks of PM are increasing: “the central estimate of
the relative risk of premature death is 10 percent per 10 pg/m? increase in PM2.5 exposures.”>®
Indeed, the “policy-making community needs improvements in the knowledge and modeling of
particulate matter chemistry.” >
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¢ NOx - The environmental impact of NOx on ground and local emissions is extensive,
and includes acidification,® eutrophication and nitrification,* plant damage from
ozone, and impeded visibility.*® NOX is getting emphasis in the aviation
environmental community because of its significant contribution (although less than
PM) to pollution and the comparative progress in having reduced CO, hydrocarbons,
and smoke™® According to the US EPA, “[w]hile the current contribution of aircraft
to nationwide NOy is less than one percent, their contribution on alocal level,
especialy in areas contalnlng or adjacent to airports can be much larger and is aso
expected to grow.”*®

o Lead — Onerecent study of airborne emissions undertaken at two southern-California
GA airports used lead as aunique marker for piston-based aircraft engine emissions
to better understanding the impact of leaded avgas-consuming aircraft on the local
environment.®® The study found lead levels in communities and near runways below
federal and state standards, but elevated near runway sites.®® The regulation of
leaded avgas is considered above in Part 11 of this commentary.

» Tropospheric Emissions— The troposphereis an arearanging approximately between
9,000-40,000 ft. MSL, its boundaries varying by the level where a sharp reduction in
temperature lapse rate occurs. Emissions with a potential impact on climate change have
been the focus of both tropospheric and stratospheric studies.

» Stratospheric Emissions — The stratosphere is an area above the troposphere and below
the mesophere, ranging from goproximately 10-50 km above the surface, with
temperature stratified (and higher) with atitude. Because the stratosphereisvertically
stable, pollution does not vertically mix and purification by precipitation does not occur
at such altitudes®’ Thus, for example, contrail-based emissions at such altitudes present
significant challenges.

Contrails result when water vapor, emitted in jet engine exhaust condensesinto liquid
droplets that immediately freeze in the cold ambient temperatures of the upper
troposphere and stratosphere, effectively forming artificial cirrus clouds>® It is
estimated that contrail cloud cover may quadruple—from 0-0.2 percent for the late 1990s,
to 0-0.8 percent by 2050.%° Contrails have areflective property, reflecting some sunlight
away from the earth’s surface during the day Conversdly, its heat-trapping effect at
night outweighs these reflective

properties thereby causing a net heat- 80 Aomossnere. Anropogent 7000
trappl ng effa:t One StUdy S.Igg%ts that Concentrations  Emissions - 6,000
shifting flights from nighttime to daytime

might miti gate the heat-trapping effect of
contrails.®™® Theintroduction of very
light jets (VLJs) that operate at higher-
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uncertainties associated with the
predicted climate impact of contrail and
contrail cirrus, which could potentially be important.”>”* And, the FAA’s Chief Scientist
and Technical Advisor notes that the impact of contrails are “amongst the most uncertain
of pollutants.”*? “We don’t know how to quantify it.” >

Table2 - Trends in CO Emissions
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The Ozone Layer — The ozone layer is aregion in the lower stratosphere between 10 and
75 km dtitude, with its maximum concentration between 20 and 25 km altitude, and
contains approximately ninety percent of the earth’s ozone (O3). This unstable gas
absorbs ultraviolet radiation and totally filters out lethal UVC radiation, aswell as
“excessive’ levels of UV A—thus serving as a critical protective shield against harmful
radiation.>* Approximately ten percent of atmospheric ozone resides in the troposphere,
and is mainly a byproduct of photochemical oxidation of carbon compounds, mostly from
anthropomorphic sources. While stratospheric ozone has beneficia effects, tropospheric
ozone is widely viewed as a primary source of smog and global warming.>”

576

Chlorofluorocarbons (CFCs), halons (used for fire suppression),”” and certain other
chemicals pose dangers to the ozone layer. These chemicals are stable in the troposphere
but undergo chemical reactions due to ultraviolet radiation in the stratosphere where they
transform into ozone depleting chemicals. An index for the relative potentia to deplete
ozone has been established: the Ozone Depletion Potential (ODP).>”" Approximately 90
percent of the current CFCs in the upper atmosphere will remain for half acentury —
notwithstanding the 1990s ban of such chemicals under the Clean Air Act Amendments
of 1990.

The Greenhouse Effect — Certain gases in the atmosphere absorb and then emit infrared radiation,
and reflect such radiation to and from the Earth’s surface.®”® Those gases that “trap” hest in this
fashion are called “greenhouse gases.” Historically, the Earth has maintained a balance between
the solar radiation it absorbs, reflects, and emits. Since the advent of large-scale industrialization,
many greenhouse gases have increased by about 25 percent, including what is thought to be the
most important greenhouse gas, carbon dioxide.>” The primary greenhouse gases are generally
cited to include; water vapor (H,O), carbon dioxide (CO,), nitrous oxide (N,O), methane (CHy,),
and ozone (03).>

e Radiative Forcing (RF) - Radiative Forcing has been employed in IPCC documents
to denote “externally imposed perturbations in the radiative energy budget of the
Earth’s climate system [which may potentialy] lead to changesin climate
parameters,”*" and defined more formally, as follows:

The radiative forcing of the surface-troposphere system due to the perturbation
in or the introduction of an agent (say, a change in greenhouse gas
concentrations) isthe change in net (down minus up) irradiance (solar pluslong-
wave; in Wm?) a the tropopause AFTER dlowing for stratospheric
temperatures to readjust to radiative equilibrium, but with surface and
tropospheric temperatures and state held fixed at the unperturbed val ues. >

“Increases in greenhouse gas concentrations during the past decade have lead to a
positive Radiative Forcing, tending to warm the lower atmosphere in order to
increase the terrestrial radiation and restore radiative balance.”*® RF “is ameasure
of the importance of aircraft-induced climate change other than that from the release
of fossil carbon alone.”*

o Climate “Multipliers’ — To measure and assess the relative importance of a
greenhouse gas to trap heat in the atmosphere during its lifetime, various metrics
have been developed. For example, the IPCC introduced an index entitled the Global
Warming Potential (GWP),> athough its limitations (as is true for most attempts to
simply very complex science) are significant.®® Other metrics have also been
developed to assess the non-CO, climate impacts of aviation. Nonetheless, “a
suitable candidate for such “amultiplier requiresfurther development, being fairly
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theoretical at present. Thefeasibility of arriving at operationa methodologies for
addressing thefull climate impact of aviation depends not only on improving
scientific understanding of non-CO, impacts, but also on the potential for measuring
or calculating these impacts on individual flights.”*®’ Proposed RF multipliers vary
considerably, but tend to range from about 1-3 and are trending under 2 times the
CO; produced by aviation.

C. HAZARDOUS AIR POLLUTANTS (HAPS)

HAPS (or toxic air pollutants) cause or are sugpected to cause serious health problems,
including cancer. The US EPA maintains alist of 188 HAPs.*® HAPs are emitted by both
stationary and mobile sources— aircraft being one of the mobile sources. Testing has determined
that aircraft exhaust produces “extremely low concentrations of HAPs,” *® and “the measurement
of aviation-based HAPs “in the exhaust of commercial and general aviation aircraft can be
characterized as either very limited or non-existent.”>® The eleven most prevalent HAPs in
aircraft exhaust are as follows:™

TOTAL EMISSIONS PERCENT OF CUMULATIVE

POLLUTANT (TONS/YEAR) RANKING TOTAL PERCENT
Formal dehyde 6,408 1 423 423
Acetaldehyde 1,969 2 130 553
Benzene 1,184 3 7.8 63.1
Toluene 1,174 4 7.7 708
Acrolein 938 5 6.2 770
1,3-Butadiene 824 6 54 825
Xylene 702 7 4.6 871
Lead (in Avgas) 541 8 36 90.7
Naphthal ene 454 9 3.0 93.7
Propional dehyde 396 10 2.6 96.3
Ethyl benzene 211 11 14 97.7

Top GA Aircraft-related Hazardous Air Pollutants

“[S]peciation of HAPS [] emissions are poorly understood.”** Further study, including
advancements in environmental sciences are needed to better understand and assess the efficacy
of their further regulation.®® Among other issues, consider that one of the most vexing
environmental policy challengesis to resolve the best/most effective time-frame for which the
results of environmental remediation should to be achieved.® That is, by emphasizing particular
emissions that have alifecycle of, say, twenty five years, other emissionswith a 50 or 100 year
lifecycle may not necessarily be addressed effectively. Additionally, evaporative emissions
deserve additional consideration.
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D. POWER PLANT DESIGN CONSIDERATIONS

Two engine types have dominated powered flight—reciprocating and turbine engines—
and each has key features and advancements that impact their respective fuel consumption and
airborne emissions.  Aircraft engine emissions products (and quantity) vary as afunction of fuel
(composition and quantity) and engine type (e.g., reciprocating vs. turbine), power output, and
flight profile, among other factors. As stated by the US General Accountability Office (GAO):
“Better understanding of the nature and impact of aviation emissions can inform the development
of lower-emitting alternative fuels . . . and morefuel-efficient aircraft engines.”>® Similarly,
understanding the various types of aircraft engine attributes and their respective emission profiles
underlies making informed decisions to improve emissions mitigation.

» Spark-1gnited Reciprocating Engines — “Conventional” aviation spark-ignited
engines have designs that have not materially advanced for more than half a
century.®® These engines have served the GA community well but are technically
dated, environmentally challenged, and cannot fully exploit available technology to
achieve the most practicable fuel efficiencies and reduction in emissions.®’ Such
engines can be characterized as air cooled (one engine manufacturer characterizes
them as “inherent polluters’),*® avgas burning, magneto-based ignition, large stroke,
and low RPM. Such engines are primarily four stroke (Otto-cycle), and some are two
stroke (see Light Sport and Ultralight Engines, below).

“Advanced” spark-ignited engines offer diversefeatures to increase efficiency and
reduce emissions. Some of the most significant features may include:

o Liquid Cooled — Liquid cooled engines can operate in amuch smaller range of
temperatures (gpproximately 180-205° C versus -20-400° F and thereby can be
engineered to much tighter tolerances—reaulting in more efficient and cleaner
combustion.®® The tighter tolerances can better retain crankcase oil and produce
less friction.

e Electronic Ignition — Electronic ignition typically produces 60 kV versus 13-18
kV produced by magnetos.

e Catalytic Converters— Conventional high-
performance aircraft engines cannot tolerate
backpressure on the exhaust (in addition to TEL)
and therefore cannot exploit the environmental
benefits of catalytic converters.®®

o Avgas-Free Operation — Some advanced Crossflow CF6-33
reciprocating engines can run on aternative fuels and diesel.®*

o Improved Power-to-Weight Ratio — Because water-cooled engines can operate at
lower temperatures, lighter metals such as aluminum can possibly be used
extensively with the effect of lowering engine weight. %

e Higher Compression — The thermal efficiency of internal combustion engines
increases with higher compression ratios.®®

e Therma Efficiency — Thermal efficiency can befurther raised by inter-cooled,
recuperative engine concepts.

Light Sport and Ultralight Engines — The light sport and ultralight sectors of GA use
diverse engines. Rotax Aircraft Engines™ is the dominant LSA engine manufacture
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but other companies are aso present in the market, and the classic Continental O-
200 is used on many LSAs. Typical two-stroke engines produce between 40-60 HP
and the four-strokes produce between 50-100 HP. Two-cycle engines have the
benefit of higher power-to-weight ratios but burn more fuel per HP and emit greater
pollution.®® Modern two-cycle technology can greatly reduce emissions but this
technology has not been implemented in aircraft applications. In the past, four-stoke
engine installations were rare but the recent shift towards heavier, faster and more
sophisticated aircraft has made four-strokes the norm.*”

Unlike traditional GA engines, purpose-built LSA engines are designed to run on
unleaded auto gas but may operate on 100LL with enhanced maintenance. A typical
LSA engine such asthe four-stroke Rotax 912 has an installed weight of
approximately 150 Ibs. and produces 80 HP. The dightly bigger 912S produces 100
HP without weight gain. An LSA aircraft on the lighter side of the scale may burn
only 3 GPH, atypical LSA (with a912) may burn 3-5 GPH, and a “heavier” LSA
flying at faster speeds may burn up to 6 GPH. Perhaps increasing fuel costswill
catalyze improvements in LSA engine efficiency. Finaly, diesel engine technology
has undergone considerable development but has yet to gain a significant share of the
market (see Diesdl Engines, below).

» Diesal Reciprocating Engines — A new generation of aviation diesel (compression
ignition) engines has entered the GA marketplace, offering improved fuel
efficiency—perhaps 30-40 percent greater efficiency
(by volume of fuel) than avgas-based engines,®® as > .
well as reduced emissions® Some modern diesels
are markedly quieter, lighter, and smaller than
conventional diesel power plants. Diesels are
availableincreasingly in new aircraft (both certified
and experimental),*° and as retrofits (via STC) in the L
legacy fleet,*™ and are predicted to become the SMA Diesel
predominant small GA power plant.®? Diesels also show great promise in the LSA
market.®™® Nonetheless, there remains concern in the industry that aviation diesels
may require extensive further development and testing in the field “with millions of
hours of operations.”®

Aviation diesels burn widely-available Jet A fuel which is projected to become
increasingly cost competitive and more available than
avgas’™ (see Jet Fuels, above). Also, somediesels are
certified to use kerosene and approved automotive diesel
fuels®®

However, one expert asserts that “available evidence
suggests that in the real world, diesel engines configured for
arcraft use will achieve brake-specific fuel consumption )y ——
(BSFC)®" in the 0.370 to 0.375 Ibs/hr/hp range. This WAM-120 Diesd
compares with well-established aircraft gasoline engines that aready achieve 0.385
Ibs/hr/hp BSFC efficiencies, before application of new engine technologies to those
engines.”®® Thus, it is claimed, diesel engine efficiency gains may beillusory,
especially considering the demonstrated (>35 g)ercent) weight penalty versus aircraft
with comparable horsepower gasoline engine.”™
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A well-designed and optimized diesel engine will be more efficient than its gasoline
counterpart. However, to produce a lightweight structure for adiesel engine means
running at lower than optimum compression ratio and probably timing to keep
cylinder pressures down, hence alowing alower weight structure. Thus, aircraft
diesels will not match their ground-based counterparts in out-and-out specific fuel
consumption, and may well be only alittle better than their gasoline competition.
And yet, diesels do provide additional environmental benefits:

e Diesel engines are amost as efficient off-load as they are on-load, so periods of
idle/ taxiing consume little fuel

e Thereisno requirement to run rich for climb etc. — the diesel will operate at near
pesk efficiency when fud burn is fastest

e During the descent adiesel can be set to burn no fuel at al, and still be ready for
aquick squirt of power for go-round

e Theamost “flat” fuel consumption characteristics encourage flying at whatever
speed isbest for the airframe — as the engine will operate at near-enough the
same efficiency over abroad range of speeds around the airframe optimum cruise
speed

Notwithstanding their efficiencies over spark-ignited reciprocating engines, diesels
are not without health and other environmental risks.®® Diesel exhaust has been
characteri zed widely as carcinogenic, mutagenic, and genotoxic.” The US EPA
established a non-cancer diesel exhaust exposure standard of 5 pg/m (micrograms)
for diesel particulate matter.®? Debate continues regarding the quantification of
carcinogenic risk from diesdl exhaust, aswell as the measurement techniques to
identify diesel exhaust®®—as characterized by one diesdl aircraft engine
manufacturer:

Emissions are an emotive subject - there is alot of conflicting data and lots of
gaps in the data too that make it very difficult to be sure about things. Diesd
engines do produce particulate (so do gasoline engines, just different quantities
and sizes) but don't produce appreciable CO. Both types of engines produce
CO; (harmless, but greenhouse gas), NOy (not harmless), SOx (depending on
fuel composition) as well as various hydrocarbons etc. Exhaust aftertreatment
would be a nightmare on an aircraft engine (extra weight, cost, complexity) so
engine-out emissions are the more important, and here gasoline engine' s high
levels of CO and NOy are significant. Unburned fuel is also a significant
pollutant, with, particularly, high-octane gasoline being worse for those in close
proximity (some of the congtituents in some fuels are highly carcinogenic) -
however the general public areless at risk. All in dl the data available can lead
to ajolly good argument but no really firm conclusions, apart from the fact that
burning fuel isbad.®*

» Turbine Engines— Turbines are increasingly used in GA for both turboprop and
turbofan aircraft, and are powering increasingly
smaller airframes. Turboprops are gas turbine engines
optimized to drive propellers whereas turbofans are
optimized to produce thrust from exhaust gas. The :
developing Very Light Jet (VLJ) and Persona Jet (PJ) | ---ﬂ"'"'""'"—
markets are contributing to the growth of the small- ]
turbine sector. Eclipse 400 Jet
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e Turbojets — Conventional, straight, or turbojets, are kerosene-burning
engines which operate by compressing intake air (in a compressor®),
combusting compressed air and fuel (in a combustion chamber), harnessing
the resulting energy produced by the hot gas exhaust (in aturbine) to drive
the compressor and to propel the aircraft through direct thrust.®® Turbojets
are inefficient, particularly at lower altitudes and speeds. These enginesno
longer service GA (except for antique aircraft) and commercia aircraft but
are included in this commentary for completeness and historical context.

e Fanjets — Fanjets, or turbofans, operate like turbojets except that much of the
air mass is directed through bypass ducts, diverting the airflow around rather
than through the combustion chamber to exit the engine as cold air,
contributing significantly to engine thrust. That is, fanjets provide a greater
air-flow capacity at agiven thrust level.”” Low-bypass turbofans have
bypass ratios of gpproximately 4-5 times that of the air directed to the
combgzsstion chamber, while high-bypass turbofans have bypass ratios of 9 or
more.

Fanjets are both quieter and more fuel efficient than turbojets. ICAO
maintains a comprehensive database of aircraft emission data for specific
large turbines (most of which are larger than the vast number of GA
aircraft)—the Aircraft Engine Exhaust Emissions Data Bank.®®

e Turboprops— Turboprops ae jet engines in which the exhaust gas energies
are absorbed by aturbinethat is mechanically connected to apropeller viaa
gearbox.® Approximately 85 percent of turboprop thrust comes from the
propeller and the remainder from directed nozze exhaust gases.®! In
general, turboprops operate more efficiently at lower speeds and altitudes,
and jets at higher speeds and altitudes. Capacity to move large amounts of
air at lower speeds gives turboprops comparative advantage in take-off and
climb.®? Turboprop speeds are limited due to amarked drop in propeller
efficiency as the blade tips approach the speed of sound.*® The comparative
efficiency of turbojets, turbofans, and turboprops is presented in the figure
entitled Propulsion Efficiently Trends®*

The Pratt and Whitney PT-6 turboprop is the most deployed enginein
aviation history,635 installed on more than 100
aircraft modelswith 31,000 enginesin service.
Providing between 500-2,000 shp. A larger (and
highly successful) P& W turboprop, the PW100,
services larger aircraft. New turboprop
modifications and designs benefit from the
intensive and on-going research and development
for larger turbofan engines.

Propulsion Efficiency Trends

0 05 1 15 2 25 3
Flight Mach Number

Asthe price of fud increases, the efficiency of
turboprops is garnering newfound recognition.®® Moreover, new
competition (such as General Electric’s purchase of Walter Engines)®’ and
increasing market pressurefuel economy are growing quickly.

Turbine Emissions — Complete combustion in aturbine is essential to mitigate pollution,
however achieving optimal turbine emissionsis abalancing act. Unburned fud resultsin
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high levels of unburned hydrocarbons, carbon monoxide, and s00t.®® |deal combustion
produces carbon dioxide and water, among other products.®® However, the morefuel-
efficient an engine is, the hotter it typically runs. And, the hotter it runs, the greater the
challenge in mitigating NO, emissions since the temperature and time in the turbine's
combustion chamber are the primary determinants of the production of NOx.

“[L]owering CO2 is adirect function of fuel efficiency. Newer aircraft engines operating
at higher temperatures produce more power with lessfuel and CO, and CO emissions,
but may produce greater NO, particularly during the landing and takeoff cycle, when
thrust settings are highest.

Engine designs that reduce combustion temperatures can aso reduce NO, emissions.
Some design and performance criteria used for turbofans that affect their environmental
impact include:*°

» Bypass Ratio — The ratio of the massflow rate of the cold (secondary) flow passing
through the bypass duct into the massflow rate of the hot (primary) flow passing
through the gas generator.** Bypass ratios have increased with each new generation
of turbine The current generation of turbofans have bypassratios of 7 to 9, and
should increase to 16-18.%% “While better fuel efficiency is typically achieved
through higher bypass ratios, high-bypass engines are often challenged by lower
noise requirements.” *®

» Combustors— The size, shape and number of combustors affects emissions.
Moreover, use of multiple regions of the combustor depend on power demand.

» Pressure Ratio — Ratio of total pressure at the compressor exit and entry planes for

takeoff conditions. Expressed as €c, this metric greatly reflects the extent of NOx
emissions. Reduced compressor stages can reduce weight and improve efficiency.

» Turbine Entry Temperature (TET) — Temperature of the gas coming into turbine
blades (represented as T,,) effects both CO,and NO, emissions. Increasing TET
decreases amount of emission produced. TET islimited by the composition of the
turbine blades.

Research and development to reduce turbine emissions includes diverse technologies, not al
of which will benefit small turbines equally—at | east not in the near-term. Thefollowing list
highlights technologies that demonstrate the breadth and variety of both available and
promising technologies that underlie improvements in turbine emissions.

» Advanced Materials — To accommodate higher temperatures and speeds. Lighter
materials (such as composites and ceramics) improve heat transfer and endurance;
and composites (such as for bypass nacelles) reduce weight and improve strength.

» Reduced Airfoil Count — Reducing the number of turbine blades can reduce engine
weight.

» Geared Turbofans (GTF) — In GTS, thefan operates at alower, more optimal speed
asit isdriven by a gearbox, independent of the low pressure
compressor and turbine sections. Thisresultsin goproximately 12
percent®™ and perhaps in the “upper teens to 20 percent”®* better
specific fuel consumption, and significant reduction of emissions,
weight, and noise®® While first developed for high-thrust
engines,*” the technology is now advancing for regional jets

Open Rotor Turbine
Source: flightglobal.com
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(14,000-17,000 Ibs. thrust) 5% and will likely trickle down to smaller turbines.

» Open-Rotor/Unducted Fan Technology — In turbine engines with exposed
fan/propeller (not enclosed in engine nacelles), fuel consumption and carbon
emissions improvements are predicted to be as high as 25-30 percent compared to
current turbofans.®® Open-rotor research has taken on new urgency in response to
increasing fuel costs.®™

» Intercoolers and Heat Exchangers — Intercoolers and heat exchangers improve engine
efficiency by reducing the effort required of the engine to flow compressed air
through it. Workload is reduced by using cooled air, producing greater power for a
given TET. Correspondingly, hotter air from heat exchangers (viarecuperaters)
recovers hot exhaust and directs it to the high pressure compressor intake to improve
its efficiency.*"

» Rich-Quench-Lean Combustors (RQL) — RQL quickly cools the gas mixture to
reduce NO,.*? Such combustion decreases fuel-bound nitrogen conversion to NO
through conversion into non-reactive N, in afuel rich stage. Additional air is added
to complete combustion in aquench stage. A lean stage provides sufficient time for
complete combustion. Sometimes known as stoichiometric optimized combustion
chambers.

The Internationa Air Trangport Association asserts that with the implementation of many of these
technologies and practices, “Carbon neutral growth is areal possibility.”*®

E. SMALL TURBINE EMISSIONS

Small turbines, such as those powering VLJs and light turboprops, share certain technical
constraints, such asin compressor efficiencies and maximum practical number of stages.®* Asa
general principal, smaller turbines have greater challenges in achieving the same proportion of
reductions in emissions as larger engines.®™ According to the US EPA:

Due to their physical size, it is difficult to apply the best NOx reduction technology to
low thrust or smal engines. The difficulty increases progressively as size is reduced
(from around 89 kN). For example, the relatively small combustor space and section
height of these engines creates constraints on the use of low NOy fuel staged combustor
concepts which inherently require the availability of greater flow path cross-sectional
area than conventional combustors. Also, fuel staged combustors need more fuel
injectors, and this need is not compatible with the relatively lower total fuel flows of
lower thrust engines. (Reductions in fud flow per nozzle are difficult to attain without
having clogging problems due to the small sizes of the fuel metering ports.) In addition,
lower thrust engine combustors have an inherently greater ling[a]r surface-to-combustion
volume ratio, and this requires increased wall cooling air flow. Thus, less air will be
available to obtain acceptable turbine inlet temperature distribution and for emissions
control 5

Nonetheless, some of the newest small turbines offer novel combustion designs that reduce
emissions,®’ including “combustors with optimized stoichiometry in the primary combustion
zone, improved fuel/air mixing using efficient swirlers, and improved fuel spray quality using
piloted air-blast and aerating fuel nozzles . . .”*® Moreover, “[s]ignificant improvements have
been made in the idle emissions of small enginesin recent years, o that CO, HC, and NOy
emissions. . . are often comparable, in terms of emissions per kilogram of fuel burned, to those
from large engines.”®®
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As discussed below, the US EPA’s (and ICAO’s) NOy emissions standards apply only to engines
with athrust or rated output of more than 26.7 kN®® — an output greatly exceeding that of most
GA engines. For example, the Eclipse 500 produces merely 4 kN (or 900 Ibs) of thrust,®*
compared to a Boeing 737-800 which produces between 82 kN to 151 kN (18,000 to 34,000 Ibs.)
of thrust. Thefollowing figure of the Hondalet's emissions relative to CAEP NOy standardsis
representative of how typical VLJ emissions are well-below regulatory requirements.

The US EPA emission regulations for turboprops are limited to smoke number standards. Such
emission regulations “are relatively less severe than those goplying to jets and can apparently be
met using foreseeable extensions of current technology and methods. Engine weight and cost
may be dlightly increased, but power and physical envelope should be substantially
unchanged.”®*

CAEP NO, Emission Regulations®
The following table shows the rated output of various GA )
turbofan and turboprop aircraft, each of which iswell-
below the af orementioned regulatory thresholds for both 2500
power and emissions. Because neither government/NGO | /'
nor engine manufacturers maintain (or make publically 57
available) rigorous and complete emissions data for L | {/
smaller engines (i.e., those below |CAO thresholds),*® the
table's emissions data is necessarily limited. Nonetheless, | 5§ o=
there are industry efforts “to fill this void of data.”®%* )
o O HE120 target
4] 2,000 4,000 5,000 8,000 10000
Engine Maximum Rated Thrust (Ibs.)
@— CAEP/& Limit
———— CAEP/ Limit
CAEP2 Limit

Hondalet’s HF120 Emissions
Source: Honda
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ri 7 i-.i
ARICT

AIRCRAFT ENGINE RATED OUTPUT SMOKE
(PER ENGINE) NUMBER
TURBOPROPS

Beechcraft King Air 200 | Pratt & Whitney Canada PT6A-42 850 shp TBD
Beechcraft King Air Pratt & Whitney Canada PT6A-135A 550 shp TBD
Co0GT

Cessna Citation Pratt & Whitney, Pure Power 10,000-15,000 Ibs TBD
Columbus PW810C**

EADS Socata TBM 850 | Pratt & Whitney Canada PT6A-67B 850 shp TBD
Epic Escape Honeywell TPE331-10A 940 shp (1,000 shp) TBD
Lancair Evolution Pratt & Whitney Canada PT6-135A 550 shp TBD
Hondajet HF 120 TBD
Lancair VP Walter M601°5% 657 eshp TBD
New Piper Meridian Pratt & Whitney Canada PT6A-42A 500 shp (500 HP) TBD
Pilatus PC-12 Pratt & Whitney Canada PT6A-67P 1,200 shp TBD

TURBOFANS

Bombardier Learjet 85 Pratt & Whitney Canada PW307B 6,000 Ibs TBD
Cessna Citation Pratt & Whitney Canada JT15D 3,000 Ibs-13 kN TBD
CessnaCH Williams FJ44-4A 3,400 Ibs TBD
Cessna Mustang Pratt & Whitney Canada PW615F 6.49 kN TBD
Cirrus Vision S150 Williams Int’| FJ33-4a-19 Fanjet 1,900 Ibs TBD
Dassault Falcon 7X Pratt & Whitney Canada PW307%°’ TBD
Diamond D-Jet*® Williams FJ33-4A-19°%° 1,900 Ibs- 106 kN TBD
Eclipse 400°7 Pratt & Whitney Canada PW615F 1,200 Ibs TBD
Eclipse 500°™* Pratt & Whitney Canada PW610F°" 4 kN <5
Embraer Phenom 100 Pratt & Whitney Canada PW 617F 1,615 Ibs TBD
Gulfstream G650 Rolls-Royce BR725°" 16,000 Ibs TBD
Hondalet HF120°™ 2,050 Ibs TBD

Small GA Turbine Rated Output and Smoke Numbers°”

Apart from the formal regulatory emissions metrics discussed below, the public perception of
GA’s environmental impact may be portrayed in increasingly viscera and pedestrian terms.
Consider, for example, thefollowing “Prius” metrics used to contrast the Eclipse 500 and
Gulfstream G450: the Eclipse 500 has afuel efficiency of 6.64 MPG with CO, emissions of
1,208.6 Ibs. for a 500 nm. flight, whereas a Gulfstream G450 has afuel efficiency of 0.93 MPG
with CO, emissions of 13,483.3 Ibs. for a 500 nm flight. The comparison has been further
characterized by suggesting that the Eclipse 500 expends the equivalent emissions of 7.35 Toyota
Prius automabiles whereas the Gulfstream G450 expends the equivalent of 52.4 Priuses (based on
Prius's 46 MPG and 19.564 Ibs. of CO,).°® Similarly, the focus on fuel economy in an initial
pressrelease for the Eclipse 400 is noteworthy, “At an estimated 330 knots, the environmentally-

47




File: <www.secureav.com/Comment-AMCC-V.b-Environmental . pdf>
Last Updated: July 25, 2008 AMLL
THE AVIATORS MODEL CODE OF CONDUCT (AMCC) isavailable at <www.secureav.com>.

friendly Eclipse 400 uses less than one pound of fuel per nautical mile—making it the world's
most fuel-efficient jet aircraft.”®”’

F. REGULATION OF GASEOUS EMISSIONS

The Commentary to AMCC V.aintroduced the regulatory schemefor the control of
environmental pollutantsin aviation, and the regulation of carbon was introduced above”® In the
United States, aircraft engine emission standards are set by the US EPA, as directed by the Clean
Air Act (CAA),*” and in consultation with the FAA.®® In a2005 rulemaking, EPA indicated that
it interprets its authority under section 231 of the CAA to be somewhat similar to other provisions
intitle 1l of the CAA that requireit to “identify a reasonable balance of specified emissions
reduction, cost, safety, noise and other factors.” %

The US EPA first regulated turbine, turboprop, and piston aircraft emissions in the early 1970s,
but excluded GA aircraft from the regulations in 1978. These regulations werefirst established in
1973.%2 Citing asjustification for new regulation, the US EPA stated, “the public health and
welfareis endangered in severa air quality control regions by violation of one or more of the
national ambient air quality standards (NAAQS) for carbon monoxide, hydrocarbons, nitrogen
oxides, and photochemical oxidants, and that the public welfare islikely to be endangered by
smoke emissions[and] that aircraft and aircraft engines be subject to aprogram of control
compatible with their significance as pollution sources.”®® Piston aircraft engine emissionswere
set as follows:®™

Hydrocarbons:  0.00190 Ibs/rated power/LTO cycle
Co: 0.042 Ibs/rated power/LTO cycle
NOy: 0.0015 Ibs/rated power/LTO cycle

The US EPA aso “concluded that sufficient evidence is already available in the form of

measured emissions data on current [piston] aircraft to indicate that the proposed standards can be
met by improved fuel management and will not require exhaust system reactors.”® Venting,
exhaust emission (including for smoke), and test procedures were then aso set for turbines and
turboprops.®®

Exclusion of GA Aircraft — Following further study, in 1978 the US EPA proposed the
withdrawal of piston, small turboprop, and small turbine engine emission standards,®®’ which
were finalized in 1980.%® The EPA explained that its “decision to withdraw requirements for
smaller aircraft engines was based primarily on the minimal air quality impacts of such
engines,”® and that “the major air terminals overwhelm general aviation airports as air pollution
problem areas.”®®

Emissions impact studies at airports have shown that the most significant contribution to
airport pollution is due to commercia turbine powered aircraft. At the mgor ar
terminals this contribution ranged from 80 to 99 percent of the total aircraft pollution
burden. However, at smaller airports where non-commercia aircraft are flown, the tota
pollutants produced are not sufficient to justify the costs required to reduce them.
Thereforeit was concluded that the most cost effective control strategy for aircraft would
be to control only those aircraft engines which cause the most significant pollution load,
namely commercial aircraft engines.5*

Later, US EPA regulations issued in 1982 withdrew HC, CO, and NO emissions standards for
gas turbines used exclusively for GA.*? The 1982 regulations also updated smoke numbers,
including for turboprops producing more than 1,000 Kilowatts of shaft power.*® In addition, the
1982 rulemaking deceased the stringency of the HC emission standards for newly manufactured
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(and previously certified) aircraft gas turbine engines, and these new standards were equivalent to
the ICAO HC standards adopted in 1981. In 1997 the US EPA subsequently issued NOx and CO
emission standards for gas turbines equivalent to ICAO standards.®® These standards were made
more stringent in 2005 to conform to the then-current 2004 | CAO standards.

The gas turbine emission standards are limited to those with rated thrust greater than 26.7
kilonewtons (kN),*® alevel of thrust that includes mid-size and large GA jet aircraft (1
kilonewton = 224.808943 |bs. force). Also, such emission standards excluded (and continue to
exclude) aircraft engines manufactured exclusively for GA,*® athough for competitive and
manufacturing efficiency reasons, engine manufacturers generally build to the current or
anticipated most stringent commercial standard. Aviation’s contribution to particulate matter was
later addressed in 2003.% (US EPA’s current aircraft engine requirements apply to gas turbine
engines that are mainly used by commercial aircraft, except in cases where GA aircraft
sometimes use commercial engines. US EPA regulations do not apply to many enginesused in
businessjets or to piston-engines used in aircraft that fall within the GA category.) Asan aside
neither ICAQO nor the US EPA has established fud efficiency certification standards.

Aircraft are required to meet the engine certification standards adopted by the Council of
ICAO. These are contained in Annex 16 — Environmental Protection, Volume 1l —
Aircraft Engine Emissions to the Convention on International Civil Aviation. These were
originally desi gned to respond to concerns regarding air quality inthe vicinity of airports.
As a consequence, they establish limitsfor emissions of oxides of nitrogen (NOy), carbon
monoxide, unburned hydrocarbons, for a reference landing and take-off (LTO) cycle
below 915 metres of atitude (3000 ft). There are also provisions regarding smoke and
vented fuel.

While these standards are based on an aircraft’s LTO cycle, they aso help to limit
emissions at atitude. Of particular relevance is the standard for NOy, a precursor for
ozone, which at atitude is a greenhouse gas. The standard for NO, was first adopted in
1981, then made more stringent in 1993, when ICAO reduced the permitted levels by 20
percent for newly certificated engines, with a production cut-off on 31 December 1999.
In 1999, the Council further tightened the standard by about 16 percent on average for
engines newly certificated from 31 December 2003. The latest review of medium- and
long-term technology goals for NOy [Independent Experts NO, Review and the
Establishment of Medium and Long Term Technology Goals for NO, (Doc 9887)] will be
published in 2008.5%

ICAO has developed emissions limits for four power settings: idle, approach, climb, and take-off,
and has created a corresponding “1CAO Cycle” and a comprehensive database of aircraft
emission data for specific power plants—the Aircraft Engine Exhaust Emissions Data Bank®™® to
assess emissions.” Non-ICAO turboprop emissions databanks have also been developed.”™ US
EPA standards align with ICAQO’s engine certification standards.”?

The 1998 CAEP/4 emission standard for NOx (for engines first produced after Dec. 31, 2008) for
low thrust or small engines with apressureratio of 30 or less and with rated outputs or thrust
levels between 26.7 and 89 kN, implemented alinear interpolation between the low range of the
CAEP/3 standard and the high range of the CAEP/4 standard.”™

Nonregulated GA turbine engines benefit collaterally from commercial/transport improved
emissions specified in such standards™™ Most GA aircraft (even though not regulated), can
satisfy environmental requirements—not only because of their market-driven adoption of
environmentally conforming engines, but also because most GA aircraft engines are small (and
emit less pollutants and fall below emissions standards thresholds). The trend (of incremental
increases in stringency of emissions requirements) and technologies (developed and implemented
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by engine manufacturersto achieve or surpass regulatory compliance)’® incentivizes and makes
feasible for GA manufacturers to continue to do better.

Future Regulation of Piston Aircraft — In concert with the US EPA’s reconsideration of regulating
(prohibiting) leaded aviation fuel (see Part I1. Fuels, above), the re-regulation of CO, NOx, and
unburned hydrocarbon emissions for GA piston aircraft remains a possibility. Piston engines
have open-vented fuel systems which emit considerable evaporative emissions.’® Moreover, asa
practical matter, “air-cooled” aviation engines are largely cooled by fuel enrichment—an
approach that emits considerable unburned hydrocarbons. In any event, although detailed
consideration of emission standards is beyond the scope of this commentary, it isinstructive for
the reader to become appraised of current and developing aviation emission standards — both
domestic and international .

Smoke Number — A Smoke Number (SN) seeks “to reduce the visible smoketrails behind
airplanes. Only the maximum smoke emission level is regulated, irrespective of the power level.
Thus, while visible smoke has been reduced significantly in the last decades and the application
of the SN can be deemed a success, there is currently no reliable means of developing an
inventory of aircraft particle emissions.”™® Moreover, the SN has many recognized limitations,”
and other related metrics have been developed that may offer additional insights.”® The
regulatory threshold for engine smoke emissions is a smoke number (SN) of 50."*

Phase of Flight Considerations— The phase of flight has marked impact on engine emissions. In
the past, the primary concern about gaseous emissions was the impact on the local environments
surrounding airports. This concern is “reflected in current certification requirementsfor civil
aircraft engines where the emissions during the landing, during taxiing and during take-off (the
LTO cycle) are regulated.” 2

The following table shows the emissions generated during each phase of asample LTO cycle.
This datais presented to highlight the relative emissions contributions during the LTO cyclein
contrast to the cruise phase of flight (presented below).

Flight Phase UHC CO NOy
Takeoff 0.06 0.4 28.0
Climb Out 0.01 0.6 22.9
Approach 0.13 20 11.6
Taxi 1.92 21.9 4.8

LT O Cycle Data and Resulting Emissions (in gkg of fuel)™

Because of the importance of flight profile (for example, cruise climb’simpact on fuel
consumption and resulting emissions), the role of both ATC and advanced navigation and control
technologies (such as ADS-B™* and RNP™) should be factored into the broader consideration of
aviation emissions mitigation.

While emissions generated during the LTO cycle invariably (and immediately) impact the
atmosphere around airports, emissions generated during cruise are indirect and longer term. This
is because the amount of gas emitted during cruise is much larger than gaseous emissions of the
typical LTO cycle, and because some emissions at cruise are claimed to be more damaging to the
amosphere.™® The comparatively greater emissions at altitude (>3000) are highlighted in the
following table.
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Mode Distance No. of Fuel Burn | CO(Kg) HC(Kg) | NOx(Kg) | CO2(Kg) | H20(Kg) | SOx(Kg)
(NM) Flights (Kg)
Ground 9.66E+07 12497827 | 1.52E+09 | 2.55E+07 | 3.49E+06 | 1.48E+07 | 4.80E+09 | 1.88E+09 | 1.22E+06
<=3000 2.37E+08 12497827 | 2.61E+09 | 1.16E+07 | 1.68E+06 | 4.15E+07 | 8.24E+09 | 3.23E+09 | 2.09E+06
>3000 6.59E+09 12497827 | 4.18E+10 | 9.52E+07 | 1.10E+07 | 5.36E+08 | 1.32E+11 | 5.17E+10 | 3.34E+07
Global Aviation Emissions Inventories for 2000 through 2004

Cruise emissions are garnering increased attention as “investigations show that the recovery of
nature and the influence on health is much less straightforward for these impacts.”*® ICAO
standards addressing a reference emissions LTO cycle may not yet address emissions at cruise.
ICAO and US Federa regulators are expected to give more attention to environmental issues (and
regulation) for the cruise phase of flight.™
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V.SUMMARY

Fuel is an indispensable element of GA. Minimizing fuel and other chemical emissions
is avexing challenge, since aircraft have greater technical constraints than other modes of
transportation. Certification and distribution of aviation fuels, and development of aternative
fuels, are complex issues. The pilot community should become familiar with relevant fuel and
emissions issues and play arole as akey stakeholder. In addition to helping prevent ground and
water pollution, pilots should become familiar with and employ appropriate operating practices to
improve fuel efficiency. Thevarieties and configurations of aviation power plants are
increasing—and pilots should understand the environmenta implications of such choices. The
public is paying increased attention to the aviation sector as apolluter. Thelong-term health of
GA requires proactive and regponsible action to demonstrate that GA is doing its share to
preserve the environment.

**

CODE EXAMPLES.™

0 “To ensure safest, security and regularity of civil aviation in Tanzania by providing
effective oversight and efficient air navigation services while protecting the
environment and safeguarding public interests.” Code of Conduct, Tanzania Civil
Aviation Authority

o “Flying sites should be laid out and operated in an environmentally sustainable
fashion by: Employing energy-saving measures, and encouraging the introduction of
appropriate new technologies. Appropriate storing, handling and disposal of
environmentally threatening substances (oil, petrol, paraffin, paints, chemicals and
kitchen, campsite and toilet waste etc).” Codes of Conduct, Fédération Aéronautique
I nternationale’

a “[Air Traffic Management] will fully play its part in delivering a safe and efficient
aviation system that meets the needs of society while minimising negative impacts on
the local and global environment.” The CANSO Environmental Voluntary Code of
Practice for Air Navigation Service Providers, Civil Air Navigation Services
Organisation™

* %
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TABLE OF ABBREVIATIONS

ADSB Automatic Dependent Surveillance-Broadcast
AKI Anti-Knock Index

AMCC Avi ators Model Code of Conduct

AOPA Aircraft Owners and Pilots Association

ATC Air Traffic Control

BSFC Brake-Specific Fuel Consumption

CAA US Clean Air Act

CAEP ICAO Committee on Avi ation Environmental Protection
CDA Continuous Descent Approach

CDM Clean Devel opment Mechanism

CTL Cod-to-Liquid

CRC Coordinating Research Council

DoD US Department of Defense

DoE US Department of Energy

DoT US Department of Transportation

EAA Experimental Aircraft Association

ETS Emissions Trading Scheme

F-T Fischer-Troph Process

FADEC Full Authority Digital Engine Controls
GAMA General Aircraft Manufacturers Association
GAO US Genera Accountability Office

GIACC ICAO Group on International Aviation and Climate Change
GTL Gas-to-Liquid

GWP Globa Warming Potentia

HAPS Hazardous Air Pollutants

HP Horse Power

ICAO International Civil Aviation Organization
IPCC Intergovernmental Panel on Climate Change
JPDO Joint Policy Devel opment Office

kN KiloNewton

LTO Landing and Takeoff Cycle

MON Motor Octane Number

NAAQS National Ambient Air Quality Standards
NASA National Aeronauticsand Space Administration
NEPA National Environmental Policy Act

NOy Nitrogen Oxides (NO and NO,)

ODP Ozone Depletion Potential

RF Radiative Forcing

RNP Required Navi gation Performance

SFC Specific Fuel Consumption

SHP Shaft Horsepower

STC Supplementa Type Certificate

TEL Tetra-ethyl lead

UHC Unburned Hydrocarbons

USEPA United States Environmental Protection Agency

* %
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1 Fla. Dep't of Env’| Protection, Aviation Environmental Responsibility (instructional video on fueling
practices required by the Consent Order - 2002), available at <http://pal oaltoairport.aero/ AER.mpeg>.
FDEP vs. Embry-Riddle Aeronautical University, OGC File No. 02-0168, EPA ID No. FLD981745177
(FDEP, Centra Dist. 2002) (Consent Order) (copy on file with author). See Editoria, As Aviation Turns
Green, It Must Lead or be Lead, Avi. WEEK & SPACE TECH., Sept. 20/27, 2007, at p. 106, availableto
subscribers at <www.aviationweek.com/awst> (* Aviation has a choice: help shape the world' s response or
be shaped by what other do.”).

2|CAO, Working Paper: Towards A Carbon Neutral and Eventually Carbon Free Industry, Assembly, 36"
Sess., No. A36-OP/85, EX/33, Aug. 28, 2007, available at

<http://www.icao.int/i cao/en/assembl/a36/wp/wp085 _en.pdf> (paper presented by the IATA). See
generally ICAO, Working Papersin Item 17 - Environmental Protection, the 36™ session, in Montreal, May
18-28, 2007, available at <http://www.icao.int/cgi/a36.pl ?ai>.

3 Because many agents/emissions may pollute air, ground, and water (and interact), there is some inherent
overlap in the discussion.

* The GA turbine fleet growth deserves attention for its corresponding environmental impact. See General
Auviation Manufacturers Association (GAMA), infra note 26.

® Steve Alterman, Pres., Cargo Airlines Ass n, Presentation at the FAA Forecast Conference, Panel 2
Environmental Challengesfor Aviation-A Panel Discussion, Mar. 10, 2008, in Wash., D.C. (video onfile
with author).

® For example, proof and assessment of the uncertai nties of the climactic impact of greenhouse gases, and
of natural resources, such as*“ pesk oil” isbeyond the scope of the commentary. See ICAO, Workshop on
the Impacts of Aviation on Climate Change, A36-WP/309, EX/102, Sept. 22, 2007, at
<http://www.icao.int/i cao/en/assembl/a36/wp/wp309_en.pdf> (listing greenhouse gas-rel ated uncertainties
presented by Canada and the United States). Seeinfra The Greenhouse Effect in V. AIRBORNE EMISSIONS
(introducing greenhouse gas considerations). For consideration of “peak oil,” consider the following.
“Globd oil production is approachi ng an al-time peak before going into an irreversible decline, changing
theworld aswe know it. . . . Even amongst the most optimistic experts the consensusis that the toppi ng
point and therisk of a permanent crisiswill occur before the end of the next decade, while many industry
analysts predict aglobal peak isimminent.” Alex Kuhlman, Peak Oil—and the Collapse of Commercial
Aviation?, AIRWAYS, July 2006, at p. 12, available at <www.airwaysmag.com>. See Peak Qil Info and
Strategies, at <http://www.oildecline.com/> (defining and summarizing peak oil issues).

“Globa oil discoveries peaked in 1964 and have been declining ever since, despite improved technologies.
More than 95% of all recoverable oil has now been found, and approximately 90% of all known reserves
are currently in production. There have been no significant discoveries of new oil since 2003.” Kuhlman,
id. a p. 14. Cf. Gary Duffy, Brazil Announces New Oil Reserves, BBC NEws, Nov. 9, 2007, at
<http://news.bbc.co.uk/2/hi/business/7086264.stm> (5-8 billion barrels of recoverable light oil); Abig oil
discovery, ECONOMIST.cOM, Feb. 12, 2008, at

<http://www.economi st.com/daily/news/displaystory.cfm?story id=10677726>; Paul Robertson, Gulf Oil
Discovery Could Have Far-Reaching Effect, NPR, Sept. 10, 2006 (3-15 hillion barrels of oil), at
<www.npr.org/templ ates/story/story.php?storyld=6047189>.

“The future outlook for commercid aviationisdim. As oil prices continueto rise further, the world
economy will be confronted with a major shock that will stunt economic growth and increase inflation.
The chief economist of Morgan Stanley has predicted that we have a 90% chance of facing economic
Armageddon,” Kuhlman, id. a p. 16. “ The inescapable conclusion isthat the scale and conplexity of the
problems that must be resolved to avert a permanent crisis are enornpusand alnost inconceivable.”
Kuhlman, id. at p. 19 (emphasis added). Cf. Robert C. Hendricks, Glenn Research Center, Methane
Hydrates: More Than a Viable Aviation Fuel Feedstock Option, AlAA-2007-4757, Nov. 2007, & p. 2,
available at <http://ntrs.nasa.gov/archi ve/nasalcasi .ntrs.nasa.gov/20070038170_2007037800.pdf> (“There
isre-emerging evidence that that oil isabiotic’- and citing D. Mendeleev, L’ origine du petrole, REVUE
SCIENTIFIQUE, 2e Ser., V111, 1877, at pp. 409-416).
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7 See, e.g., Lourdes Maurice, Ph.D., FAA Chief Scientist, FAA Office of Env’'t and Energy, Impact of air
pollution, Presentation at ATA — Overview of Aviation Air Quality and Climate Impacts, Mar. 19, 2008,
available at <http://www.airlines.org/NR/rdonlyres/51DF19E1-CF6F-43C8-8946-
037E4AC5F73C/0/04Mauri ceWed1055.pdf> (identifying the following potential health concerns:
premature mortality, hospital admissions, emergency room visits, asthma attacks, acute bronchitis, cancer,
respiratory irritation, lost school/work days, restricted activity days).

8 For example, we do not provide detailed proof of the climactic impact of greenhouse gases. However,
this Commentary recognizes that:

Most of the observed increase in global average temperatures since the mid-20th century
is very likely due to the observed increase in anthropogenic greenhouse gas
concentrations.  This is an advance since the TAR’s [Third Assessment Report’s]
conclusion that “most of the observed warming over the last 50 years is likely to have
been due to the increase in greenhouse gas concentrations.” Discernible human
influences now extend to other aspects of climate, including ocean warming, continental -
average temperatures, temperature extremes and wind patterns.

IPCC, Summary for Policymakers. In: Climate Change 2007: The Physical Science Basis. Contribution of
Working Group | to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, S.
Solomon, D. Qin, M. Manning, & Z. Chen et a. eds., Cambridge Univ. Press, Cambridge, UK and NY
(2007), at p. 10, available at <http://www.i pcc.ch/pdf/assessment-report/ar4/wgl/ar4-wgl-spm.pdf>. See
G8, Declaration on Environment and Climate Change, July 8, 2008, 1] 22, available at
<http://www.whitehouse.gov/news/rel eases/2008/07/20080708-3.html >, and
<http://www.g8summit.go.jp/eng/doc/doc080709 02 en.htm> (in part, “reconfirm[ing] the significance of
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) as providing the
most comprehensi ve assessment of the science.”).

See generally USEPA, Inventory of U.S. Greenhouse Gas Emissions and Snks: 1990-2006, Public Review
Draft, Feb. 22, 2008, available at <http://www.epa.gov/climatechange/emissions/downloads/08_CR.pdf>
(In compliance with commitments under the UN Framework Convention on Climate Change; and stating
that “Within the United States, fuel combustion accounted for 94.2% of [anthropogenically produced] CO,
emissionsin 2006.” id. a ES-7).

% See USEPA, Nat'| Advisory Council for Environmental Policy and Technology, Everyone' s Business:
Working Towards Sustainability Through Environmental Stewardship and Collaboration, Mar. 2008,
available at <http://www.epa.gov/ocem/nacept/reports/pdf/2008-0328-everyones-business-final . pdf>
(“Stewardshipis an ethic and practice of shared responsi bility for environmenta protection.”). “This
responsibility extends beyond the merely practical. Inaworld that isincreasingly sensitive to these issues,
the mere perception that a GA pilot is cavalier about the environmental impact of our activity (flying) has
the potential to grievously damage the already fragileimage of aviation in general, and GA in particular,
that the lay public holds.” Email from Michag Radomsky, Pres. Emeritus, Cirrus Owners and Pilots Ass'n,
Feb. 6, 2008.

10 GAMA, 2007 General Aviation Statistical Databook & Industry Outlook, at p. 3, available at
<http://www.gama.aero/events/air/dloads’2007GAMAD atabookOutl ook.pdf>. See Robert Nadeau, The
Economist Has No Clothes, Sci. AM., Apr. 2008, at p. 42, available at

<http://www.sci am.com/arti cle.cfm?i d=the-economi st-has-no-clothes> (explaining that neoclassica
economic theory that provides the under pinnings for today’ s markets are adaptations of obsolete 19™
century physics, and that such theory impedes economic solutionsto current environmental issues. “[T]his
theory can no longer be regarded as useful evenin pragmatic or utilitarian terms because it failsto meet
what must now be viewed as afundamental requirement of any economic theory—the extent to which this
theory allows economic activities to be coordinated in environmentally responsible ways on a worldwide
scale. Because neoclassical economics does not even acknowledge the costs of environmental problems
and the limits to economic growth, it constitutes one of the greatest barriersto combating climate change
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and other threats to the planet. It isimperative that economists devise new theoriesthat will takeal the
realities of our global systeminto account.”).

M See G.J.J. RUIJGROK & D.M. VAN PAASSEN, ELEMENTS OF AIRCRAFT POLLUTION (Délft Univ. Press
2005), at pp. 112-114 (addressing the self-cleaning capability of the atmosphere — and explaining that the
life span of most pollutants in the troposphereis generaly under 10 days. However, “ The effective lifetime
of CO; inthe atmosphereisbelieved to bein excess of 100 years,” and pollution in the stratosphere can
persist aslong as 500 years. id. a p. 212); Prof. Dr. Martin Riese, ICG, Atmosphere and Climate, Scientific
Report 2004, at <http://www.fz-juelich.de/scientific-report-2004/index.php?item=39& |ang=en>
(Summarizing its programme of investigation, and stating, “ The self-cleaning capability of the atmosphere
by means of chemical and physical processes isan elementary prerequisite for a sustainabl e devel opment of
the Earth system.”).

12 5ee, e.g., The Sun Also Sets, INVESTOR' SBUSINESS DALY, Feb. 7, 2008, at
<http://ibdeditorial.com/IBDArticles.aspx?1d=287279412587175> (solar activity fluctuation). See
generally Andrews C. Revkin, Skeptics on Human Climate Impact Seize on Cold Soell, N.Y. TIMES, Mar.
12, 2008, a p. 14, available at

<http://www.nytimes.com/2008/03/02/science/02cold.html? r=1&oref=dogin>. Cf., S. Fred Singer, ed.,
Nature, Not Human Activity, Rules the Climate; Summary for Policymakers of the Report of the
Nongovernmental International Panel on Climate Change (The Heartland Institute 2008), at p. 10,
available at <http://www.heartland.org/pdf/2086111.pdf > (asserting that “ The claim that manis the
primary cause of the recent warming is not supported by science. The scientific evidence cited by the IPCC
islargely contradicted by its observations and ana ysis”).

¥ S Fred Singer, The Scientific Case Against the Global Climate Treaty; A Report from The Science and
Environmental Policy Project (Fairfax, VA 1999), available at

<http://www.sepp.org/publications/ GWbookl et/withfigures.html#CO2> (“ The geol ogic record does not
indicate that CO2 levels higher than the present level (of 350 ppm) would be ‘dangerous.” Infact, some
500 million years ago the planet experienced CO2 levels as high as 15 times the present leve: they have
been declining ever since, reaching a secondary peak of about 1500 ppm some 200 million years ago... . ..
If we cannot tell whether higher levels of carbon dioxide are better or worse than present or pre-industrial
levels, thereislittle point to mounting el aborate schemes to control CO2 emissions.”).

14 Christopher Monckton, Climate Sensitivity Reconsidered, PHYSICS AND SOCIETY, Vol. 37, No. 3, a p. 6,
available at <http://www.aps.org/units/fps/newd etters/200807/upl oad/jul y08.pdf> (“ Since the phase-
transition in mean globa surface temperature late in 2001, a pronounced downtrend has set in. Inthe cold
winter of 2007/8, record seerice extents were observed at both Poles. The January-to-January fall in
temperature from 2007-2008 was the greatest since global records beganin 1880.”).

> The Nat’'| Academies, Committee on Surface Temperature, Surface Temperatures Reconstructions for
the Last 2,000 Years (The National Academies Press 2006), a p. 3, availableat

<http://www.nati onal academi es.org/morenews/20060622.html >; and
<http://books.nap.edu/openbook.php?record id=11676& page=5>; US Dept. of Commerce, Nat'| Climatic
Data Center, Weather and Climate Extremesin a Changing Climate. Regions of Focus: North America,
Hawaii, Caribbean, and U.S. Pacific ISlands, A Report by the U.S. Climate Change Science Program and
the Subcomm. on Globa Change Research (Thomas R. Karl and Gerald A. Meehl et al. eds.), June 2008,
available at <http://www.climatescience.gov/ Library/sap/sap3-3/final -report/default.htm> (Certain aspects
of observed increases in temperature extremes have been linked to human influences).

16 See generally Intergovernmental Panel on Climate Change, IPCC Fourth Assessment Report, Climate
Change2007: Synthesis Report, available at <http://www.ipcc.ch/pdf/assessment-

report/ard/syr/ard _syr spm.pdf> (including that “ Anthropogenic warming over the last three decades has
likely had a discernibl e influence at the global scale on observed changesin many physical and biologica
systems. {WGII 1.4, SPM}” id. a Topic 6); Nat'| Oceanic and Atmospheric Admin., Carbon Dioxide,
Methane Rise Sharply in 2007, Apr. 23, 2008, available at

<http://www.noaanews. noaa.gov/stories?2008/20080423 methane.html> (CO, increased 2.4 PPM in 2007 —
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now nearly 385 PPM compared to preindustrial levels of 280 PPM til 1850); Peter Backlund & Anthony
Janetos et ., The effects of climate change on agriculture, land resources, water resources, and
biodiversity in the United States, US Climate Change Science Program and the Subcommittee on Global
Change Research, Fina Report, Synthesis and Assessment Product 4.3, USDA, May 28, 2008, at
<http://www.climatescience.gov/Library/sap/sap4-3/final -report/default.ntm>. But see Zbigniew
Jaworowski, M.D., Ph.D., D.Sc., CO,: The Greatest Scientific

Scandal of Our Time, EIR SCIENCE, Mar. 16, 2007, available at

<http://www.warwi ckhughes.com/icecore/zjmarQ7.pdf> (asserting that preindustria CO, levels were not
lower).

7 See diverse papers presented at the First Meeting of The Group on International Aviation and Climate
Change (GIACC), ICAO Headquarters, Montréal, Canada, Feb. 25-27, 2008, availableat
<http://www.i cao.int/env/meetings/ GIACC.html >.

18 Andrew C. Revkin, Science Pandl Backs Study on Warning Climate, N.Y .. TIMES, June 22, 2006,
available at <http://www.nytimes.com/2006/06/22/science/22cnd-climate.html?_r=1& oref=slogin>
(reflecting on the National Academies’ study, supra note 15).

19 Thomas Fuller and Peter Gelling quoting Stavros Dimas, Comm'r for Env’t, European Union, U.S. Stand
On Quotas Deadlocks Climate Talks, N.Y . TIMES, Dec. 12, 2007, a p. A12, available at

<http://www.nyti mes.com/2007/12/12/world/12climate.ntml? r=1& oref=slogin>. Consider aso that “ A
new international ranking of environmenta performance puts the United States at the bottom of the Group
of 8 industrialized Nationals and 39™ among the 149 countieson thelist.” Felicity Barringer, U.S. Given
Poor Marks on the Environment, N.Y. TIMES, Jan. 23, 2008, at p. A4, available at
<http://www.nytimes.com/2008/01/23/washington/23enviro.html? r=1&oref=dogin> (also quoting Daniel
Esty, the study’ s author, “The U.S. continues to have abottom-tier performance i n greenhouse gas
emissions.” id.).

2 pete Bunce, Pres, GAMA, Presentation at the Annual Industry Review and Market Briefing, in Wash.,
D.C., Feb. 12, 2008, available at <http://www.aero-news.net/podcasts/ casts/3/ann-speci al -feature-2008-02-

27.mp3>.

2L REPORT OF THE UNITED NATIONS CONFERENCE ON ENVIRONMENT AND DEVELOPMENT (in Rio de
Janeiro, June 3-14, 1992), Annex |, RIo DECLARATION ON ENVIRONMENT AND DEVELOPMENT,
A/CONF.151/26 (Vol. ), a Principle 15, Aug. 12, 1992, availableat
<http://www.un.org/documents/ga/conf 151/aconf 15126-1annex1.htm>. See PATANKER, infra note 84 at
pp. 159-160 (presenting “acceptable risk,” utilitarian, and virtue-based ethical considerationsin
environmenta policy making); John Broome, The Ethics of Climate Change, Sci. AM., June 2008, at pp.
96-100, available at <http://www.sciam.com/article.cfm?id=the-ethi cs-of-climate-change> (presenting
prioritarian ethical considerations). The propriety of the precautionary principle regarding climate change
deserves consideration. See Kofi A. Annan, Opening Address, Globa Humanitarian Forum, in Geneva,
June 24, 2008, webcast available at <http://www?2.ghf-ge.org/multimediacentre.cfm?tab=20&id=72>
(climate change an al encompassing threat).

22 Jules Charney, Chairman, Climate Research Board, Nat'| Academy of Sciences, Carbon Dioxide and
Climate: A Scientific Assessment (1979), a p. vii.

2 See Thomas L. Friedman, It's Too Latefor Later, N.Y. TIMES, Dec. 16, 2007, at p. 10, available at
<http://www.nytimes.com/2007/12/16/opinion/16friedman.html?_r=1& hp& oref=dogin> (“If thereisone
changein global consciousness that seemsto have settled i n over just the past couple of years, it isthe
notion that later isover.” id. Also quoting Barnabus Sueba, Governor, Indonesian province of Papua,
“Think big, start small, act now — before everything becomestoo late.” id.).

24| think it is correct that we tend to overlook environmental issuesin GA, but that does not make such

disregard agoodidea. What iscommon or popular in GA sometimes maps only poorly onto what is good
for GA. | fear zedous outsidersjustifying additional regulation by pointing out our adverse environmental
impact, even if that impact exists primarilyintheir own eyes. ‘Rich people and their private airplanes are
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destroying my air and my peace!’ (I don’'t know the numbers, but | can't imagine we have much impact in
the grand scheme of pollution because we burn so little fuel compared to other fossil-fuel consumers. But,
facts do not preclude polemics.) It’sin our interest to engage the problems as a community, and I'll bet
most pilots would be open to that engagement as long asit was their idea.” Email from Bill Rhodes, Ph.D.,
June 16, 2006. Beyond an environmental integrity justification, accel erating petroleum costs may
independently compel environmental stewardship. Seeinfra Part I11.G, Incentives to Reduce Emissions.

Jon Creyts et al., Reducing U.S. Greenhouse Gas Emissions: How Much at What Cost, McKinsey & Co.,
U.S. Greenhouse Gas Abatement Mapping Initiative, Exec. Report (Dec. 2007), a pp. xi and 71, available
at <http://www.mckinsey.com/clientservice/ccsi/pdf/US ghg_fina_report.pdf> (The U.S. could abate as
much as 28 percent of its greenhouse gas emissions at afairly modest cost and with only small technology
innovations, most from steps that would more than pay for themselves in lower energy billsand a “broad
public education program around wasteful energy consumption could be mounted.”).

% Cf. Anthony L. Velocci, Jr., Editor-in-Chief, Avi. WEEK & SPACE TECH., Jan 21, 2008, at p. 3, available
to subscribers at

<http://www.aviati onweek.com/publi cati on/awst/| oggedin/ AvnowStor yDi spl ay.do?fromChannel =awst& pu
bKey=awst& issueDate=2008-01-21& story=xml/awst_xml/2008/01/21/AW_01 21 2008 p03-

25108.xml & headline=AW%26ST+Debutst+Anal ysis+Of+Carbon+Trading> (“No one can rationall y argue
that the greening of commercia aviation is anything other than beneficial for al stakeholders—not the least
of whom are the operators themselves.” Also describing globa warming as the “economic equivaent of a
tsunami” that “will aminto civil aviation within the next few years.” id.). See CorneliaDean, Global-
Warming Threat is Seen for Coastal Areas, N.Y. TIMES, Mar. 12, 2008, at p. A21, available at
<http://www.nyti mes.com/2008/03/12/sci ence/ 12coast.html ?scp=1& sg=gl obal -warming+threat+-
+corneliat+dean& st=nyt> (“[ AJirportsin many large coastal citiesare built intidal areas, often onfill,
making them ‘particularly vulnerable’.” The report, US Climate Change Science Program, Coastal
elevations and sensitivity to sea level rise, Public Review Draft for Synthesis and Assessment Product 4.1,
isavailable at <http://climatescience.gov/Library/sap/sap4-1/public-review-draft/>).

% pete Bunce, Pres, GAMA, Presentation at the Annual Industry Review and Market Briefing, in Wash.,
D.C., Feb. 12,2008. SeeAlice R. Thomaset d., Earthjustice, Petition for Rulemaking Under the Clean Air
Act to Reduce the Emission of Air Pollutants from Aircraft that Contribute to Global Climate Change, Dec.
31, 2007, available at <http://www.earthjustice.org/library/legal_ docs/petiti on-to-epa-on-aircraft-global -
warming-emissions.pdf> (seeking findings and environmental rulemaking to mitigate aircraft emissions
producing greenhouse gases).

2" Consider that the entire aviation sector (including GA) contributes only 2-3 percent of greenhouse
emissions. Intergovernmental Panel on Climate Change, Fourth Assessment Report, “Working Group 1:
The Physical ScienceBasis,” 2007, available at <www.ipcc.ch/>. One study found that piston aircraft
emissions contributed “less than 1% share on total aviation fuel and CO,.” (Swiss) Federal Office of Civil
Aviation (FOCA), Aircraft Piston Engine Emissions Summary Report, Reference 0 /3/33/33-05-003, June
2007, available at

<http://www.bazl .admin.ch/fachl eute/l ufttechni k/entwi ckl ung/00653/00764/index.html ?lang=en>. Cf. Int’|
Auvi. Business Council, IBAC Palicy 30-5 (on Emissions), Jan. 15, 2004, available at
<http://www.ibac.org/Library/policy2/30 5.htm> (* Notwithstanding the comparabl e size of the global
business aviation turbine fleet to the airline fleet, the rel ative performance of business aviation aircraft is
such that their typical engine emission products, combined with the significantly lower annual business
aircraft utilization (typicaly, an order of a magnitude lessthan that for airline aircraft) resultsina
contribution to CO2 emissionsthat is extremely low, bordering on insignificant (i.e., of the order of 0.04%
of globa manmade emissions).”).

2 Lars. H. Hjelmberg, Exec. Dir., Hjelmco Oil AB, Future fues of aviation, presented by Lennart Persson,
at the lAOPA World Assembly, in Toronto 2006, available at <http://www.iaopa.org/flash/persson.pdf>;
SeeHarry C. Zeidoft, Aircraft Field Experience with Automotive Gasoline in the United States, in FUTURE
FUELSFOR GENERAL AVIATION, ASTM STP 1048 (K. H. Strauss and Cesar Gonzales, eds. 1989), at p. 19,
available at <http://books.google.com/books?i d=05Bk81Nw8CkC& printsec=frontcover#PPA19> (avgas
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lessthan ¥z of 1 percent of gasoline market); David O’ Reilly, CEO, Chevron, FORTUNE, at
<http://money.cnn.com/video/ft/#/video/fortune/2007/11/28/fortune.csuite.chevron.renew .fortune> (“If you
took every vehicle off theroad of theworld today, all thetrucks, al the cars, all the airplanes, all thetrains,
you would reduce carbon emissions by [only] 14 percent.”) (emphasis added).

2 See, eg., FAA Admin'r Robert A. Sturgell, Presentation at the FAA Forecast Conference, Mar. 2008, in
Wash., D.C., available at <http://www.aero-news.net/#d> (“From an operations standpoint, we predict that
on average, every year from now to 2025, we' re going to add the equivaent of JFK, LaGuardia, and
Newark combi ned into the system.”); Mike Boyd, The Boyd Group, Inc., quoted in Midsize Airports
Experiencing Rapid Growth, PROPWASH, AERO-NEWS.NET, Mar. 27, 2008, at <www.aero-news.net>
(midsize airports experiencing 400% increase in volume in past decade).

%0 See G. Bisignani, Viewpoint: We Are Misunderstood and 1t's Our Own Fault, Avi. WEEK AND SPACE
TECH., Apr. 16, 2007, available at <www.aviationweek.com/awst> (presenting a viewpoint underscoring
the importance of mitigating the future environmental impact of aviation because of such outstripped
gains).

SLEAA, FAA AEROSPACE FORECASTS FY 2007-2020, Active General Aviation and Air Taxi Aircraft, Table
27, availableat <http://www.faa.gov/data_statistics/aviation/aerospace forecasts/2007-
2020/medi a/Web%20GA%2007%20Tab.xIs>.

%2 FEAA, FAA AEROSPACE FORECASTS FY 2007-2020, Active General Aviation and Air Taxi Aircraft, Table
27, availableat <http://www.faa.gov/data_statistics/aviation/aerospace forecasts/2007-
2020/media/Web%20GA%2007%20Tab.xIs>. Note, however, that these forecasts are likely to become
obsolete dueto rising fud costs,; and the FAA is developing new forecasts for releasein 2009. Email from
Lourdes Maurice, Ph.D., Chief Scientist, FAA Office of Environment and Energy, July 17, 2008.

3 FAA, FAA AEROSPACE FORECASTS FY 2007-2020, GA Aircraft Fuel Consunption, Table 28, available
at <http://www.faa.gov/data statistics/aviation/aerospace forecasts/2007-
2020/medi a/Web%20GA%2007%20Tab.xls>.

3 FAA, FAA AEROSPACE FORECASTS FY 2007-2020, GA Aircraft Fuel Consunption, Table 30, available
at <http://www.faa.gov/data_statistics/aviation/aerospace forecasts/2007-
2020/media/ Web%20GA%2007%20Tab.xls>.

%1d. (and only a1% increase for the period 2006-20).

% Energy Info. Agency, Prime Supplier Sales Volumes, available at
<http://tonto.eia.doe.gov/dnav/pet/pet_cons prim_dcu_nus m.htm>.

3T FAA, FAA AEROSPACE FORECASTS FY 2007-2020, GA Aircraft Fuel Consunption, Table 30, available
at <http://www.faa.gov/data_statistics/aviation/aerospace forecasts/2007-
2020/media/Web%20GA%2007%20Tab.xlIs> (further segmenting the 2008 forecast to include 155.3
million gallonsfor single engine pistons, 79.1 million gallons for multi-engine pistons, 168.1 million
gallonsfor turboprops and 1,204.4 million gallons for turbojets).

3 FAA AEROSPACE FORECAST FISCAL Y EARS 2007-2020, at p. 41, available at
<http://www.faa.gov/data_statistics/aviation/aerospace forecasts/2007-

2020/medi a/Web%20GA%2007%20Tab.xIs> (Also, hours flown by turbine aircraft (including rotorcraft)
areforecast to increase 6.1% yearly over the forecast period, versus 1.3% for piston-powered aircraft.). See
FAA, General Aviation and Air Taxi Activity and Avionics (GAATAA) Surveys CY2006, Table 1.1,
available at <http://www.faa.gov/data statisticSaviation data statistics/generalaviation/CY 2006/> (In
2005, GA piston-powered aircraft inthe US consumed 322.8 million gallons (approximately 17% of total
GA consumption), turboprops consumed approximatel y 182.8 million gallons (approximately 10 percent of
GA consumption), turbojets burned about 1,138.2 million gallons (approximatel y 62 percent of total GA
consumption), and helicopters and other aircraft accounted for nearly 201 million gallons of fuel consumed
(approximately 11 percent of total GA consumption)).
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% David Bond, For Aviation’s Greenhouse-Gas Emissions, It’'s Technology Versus Growth, Avi. WEEK &
SPACE TECH., Aug. 20/27, 2007, at p. 52, availableto subscribers at

<http://www.avi ati onweek.com/sear ch/ AvnowSear chResult.do?ref erence=xml/awst_xml/2007/08/20/AW.
08 20_2007_p52-6563.xml & query=%2B%28V ery%2BAND%2BL ight%2BAND%2B Jet%29>.

“OFAA, FAA AEROSPACE FORECASTS FY 2006-2017, GA Aircraft Fuel Consunption, Table 30, available
at <http://www.faa.gov/data_statistics/aviation/aerospace forecasts’2006-2017/media/Web%20GATAB-
06.xIs>. See Energy Information Agency, DoE, Table F2: Aviation Gasoline and Jet Fuel Consunption,
Price, and Expenditure Estimates by Sector, 2005, at

<http://www.ela.doe.gov/emeu/states/sep fuel/html/fuel_av_jf.html>.

In any event, Giovanni Bisignani, Director General and CEO of the Int’| Air Transport Ass n asserted that
“fuel efficiency improved 70% in the last four decades and the IATA target isafurther 25% by 2020.”
Viewpoint, Avl. WEEK & SPACE TECH., Oct. 22, 2007, at p. 58, available to subscribers at

<www.aviati onweek.com/awst>.

“! David Esler, Alternative Fuels for Jet Engines, BUSINESS& COMM. AVI., Sept. 2007, at p. 82, available
at <http://wwwv.aviati onweek.com/aw/generic/story_generic.jsp?channel =bca& i d=news/bca0907p3.xml>
(also noting that the National Petroleum Council forecasts globa demand for al energy to grow by as much
as 60 percent by 2030). Eder aso predictsthat a global demand for Jet A fuel is expected to reach 7.6
million barrels per day compared to the 2007 rate of 6.8 million barrels — a demand growth of 2.3 percent.
id.).

“2 Consider that the world uses 40,000 gallons of petroleum per second. Interview of David O’ Reilly, CEO
Chevron, FORTUNE, The Colvin Interview, Nov. 28, 2008, at
<http://money.cnn.com/video/ft/#/video/fortune/2007/11/28/fortune.csuite.chevron.renew.fortune>.

See Prof. lan A. Waitz, MIT, Aviation Mobility, Economy and Environment — Evaluating Choices and
Options, Presentation at the 32" Annual FAA Forecast Conference, in Wash., D.C., Mar. 15-16, 2007,
available at

<http://www.faa.gov/news/conferences eventgaviation forecast 2007/agenda presentation/medial/4-
%201an%20Waitz.pdf> (“Environment may be the dominant constraint on growth of theUS air
transportation system.”). Cf. Barry Eccleston, Aviation’s Next Group Activity: Take Charge on Improving
Environment, Avi. WEEK & SPACE TECH., Jan. 14, 2008, at p. 62, availableto subscribers at
<http://www.avi ati onweek.com/sear ch/ AvnowSear chResult.do?reference=xml/awst_xml/2007/12/17/AW.
12 17 2007 p42-20677.xml& searchAction=display result> (in addressing commercia aviation,
recognizing that “if no further action istaken, our sector’s share [of CO, emissions] will increase 50% at a
time when governments have agreed . . . to reduce emissions.”). But see SBAC Aviation and
Environmental Briefing Papers, 2. Engine Technology and Emissions, Society of British Aerospace
Companies, Mar. 4, 2008, availableat

<http://www.sbac.co.uk/community/dms/downl oad. asp?txtFilePK =5263> (aviation fuel burn cut by 70%
and NOy cut by 50% in the past 50 years).

“3 Perhaps 58+ octane. See Dr. Kevin Kochersberger et ., An Evaluation of the 1920 Wright Vertical
Four Aircraft Engine, AIAA-2001-2287, Am. Inst. of Aeronautics and Astronautics, 2001, at p. 5,
available at <http://wwwv.rit.edu/kgcoe/kittyhawk/tech papers/aiaa-wright1910.pdf> (explaining that the
octane number of the Wright Bros. fuel was unavailablein 1910 but ExxonMobil “provided afuel blend for
testing that closely resemblesthe original fuel.”). “[P]rior to the 1918 fud specifications, early aviation
spark ignition engi nes operated on a gasoline fraction which could contain afair proportion of ‘kerosene
boiling range hydrocarbons. In other words, not kerosene as awhole, but just containing some of this
material making the fuel of lower volatility and higher boiling point.” Email from Alisdair Clark, BP Int’|
LTD, Feb. 27, 2008. See Alexander R. Ogston, Exxon Int’| (ret.), A short history of aviation gasoline
devel opment, 1903-1980, AERONAUTICAL J., Dec. 1981, at pp. 441-442 (includes an overview of Wright
engine devel opment and associated fuels) (copy on file with author).

“4 Discovered by Genera Motors on Dec. 9, 1921; commerciaized in Ohio on Feb. 2, 1923. William
Kovanik, Ph.D., ETHYL — The 1920s Environmental Conflict Over Leaded Gasoline and Alternative Fuels,
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Paper presented to the Am. Society for Environmental History, Mar. 26-30, 2003, available at
<http://www.radford.edu/~wkovarik/papers/ ethyl conflict.html>. See Ogston, supra note 43, at p. 444
(characterizing the discovery “ asthe greatest single achi evement in the development of gasolinefuelsand
without which the later development of 100 octane aviation gasoline would not have been possible.”).

5 See“Octane Rating,” in Wikipedia: The Free Encyclopedia; at
<http://en.wikipedia.org/wiki/Octane rating>. Seealso, JOHN D. ANDERSON JR., THE AIRPLANE: A
HISTORY OF ITS TECHNOLOGY (Am. Inst. of Aeronauticsand Astronautics 2002), at p. 260:

The power output of a reciprocating engine is dependent on the pressure ratio achieved
during the compression stroke because the higher the pressure, the more efficient the
combustion of the air-fuel mixture. If the pressureistoo high, however, the combustion
process, instead of being a well-behaved controlled burning mechanism, will instead be
detonation that isless efficient and that can damage the pistons and cylinders—an audible
phenomenon called “pinging” or "knocking. . . .”

[In 1927] was the discovery of the effect of isooctane on knocking . . . . The octane
rating of gasoline is the amount of isooctane present by volume. [It was discovered] that
the more isooctane present in the fuel, the compression ratio could be made higher before
knocking occurred. . .. [T]he Army adopted 100-octane fuel as the military standard in
1936. This fuel became the norm for the military during World War 11; it was one of the
factorsthat gave Allied airplanes during World War 11 atechnical advantage.

The octane of an aviation gasoline is denoted by an octane or performance number. Some octane numbers
are expressed as two values separated by adash. For example, for “91/96UL” the first number (91)
represents the octane when the engineis running lean, and the second number (96) is the octane when
operated rich. In practice, the latter number is sometimes dropped.

Earl Lawrence cautions, “ Octane number does not directly relate, as a measure of performancein ared
airplane. For example, 110 unleaded octane will knock like crazy in a particular aircraft engine. Octane is
not the most accurate reflection of engine performance. Sometimeit works. A test isnot aguarantee.
From CRC testing, 91 unleaded vs. 91 leaded workstotally different in an engine. [For testing unleaded
fuel] wedon’'t have areplacement test. Wejust put it inaplaneandtest it.” Telephone Interview with Earl
Lawrence, VP of Industry and Regulatory Affairs, EAA, Jan. 28, 2008.

% Following early experimentation with various fuels, the JP-1 standard was published in 1944 (AN-F-32).
Between 1945-51, improved formul ations (naphtha and kerosene — offering better freezing points) were
specified in JP-2, JP-3, and JP-4. Various military jet fudl standardsimproved volatility, freezing point,
specific gravity, sulphur, and aromatic limits. JP-8, asaformulation similar to Jet A wasused in thelate
1970s. BP, The History of Jet Fuel, at

<www.bp.com/sectiongenericarticle.do?categoryl d=4503664& contentld=57733>. See generally ASTM
Jet Fuel D-1655 Specification, available at <www.aviationfuel .org/jetfuel/d1655 specs.asp> (for Jet A, Jet
A-2, and Jet B).

" Seeinfra text accompanying notes 113-116 (Fuel Properties); and text accompanying notes 117- 238 (C.
Alternative Fuels). Airbornefuel emissions are considered in text accompanyi ng notes 590-596
(Hazardous Air Pollutants).

“8 Tdlephone Interview with Earl Lawrence, VP of Industry and Regulatory Affairs, EAA, Jan. 28, 2008
(and urging the need for asingle specification). See Andrew W. Cebula, Exec. VP, Gov't Affairs, AOPA,
Comment in response to EPA Docket No. OAR-2007-0294 Petition Requesting Rulemaking To Limit Lead
Emission from General Aviation Aircraft; Request for Comments, Mar. 17, 2008, availableat
<http://www.regul ati ons.gov/fdmspublic/ContentViewer ?0bj ectld=09000064803f bb16& di sposi tion=attach
ment& content Type=pdf> (“ A suitable unleaded replacement fuel isonethat can beusedinal existing and
new piston-powered general aviation aircraft.”).

49 See ASTM Int’l, Referenced Documents, ASTM D910-07 Standard Specification for Aviation Gasolines,
available at <http://www.astm.org/cgi-
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bin/SoftCart.exe DATABASE.CART/REDLINE_PAGESD910.htm?L+mystore+thjk5592>. See William
R. Scott et a., Aviation gasoline containing reduced amounts of tetraethyl lead, July 27, 2004, available at
<http://www.patentstorm.us/patents/6767372-descri ption.html > (100LL formulationstypically contain 75-
92 vol % light akylate, 5-18 vol % toluene, 3-20 vol % C, to Cs paraffins and 2-4 ml/gallon TEL, plus
additives such as dyes, scavenger, and antioxidants.).

%0 USEPA, Petition Requesting Rulemaking To Limit Lead Emissions from General Aviation Aircraft;
Request for Comments, 72 Fed. Reg. 64,572 (Nov. 16, 2007), available at <http://www.epa.gov/EPA-
AIR/2007/November/Day-16/a22456.htm>.

*1 But seeinfra text accompanying note 74 (Earl Lawrence, VP, Industry and Regulatory Affairs, EAA,
urging that only 4-10 percent of such aircraft require 100LL).

52 AOPA OnLine, Regulatory Brief Avgas (100LL) Alternatives, at
<http://www.aopa.org/whatsnew/regul atory/regunlead.html >.

%3 See Chevron, Aviation Fuels Technical Review, 2006, at pp. 64-65, available at
<http://www.chevronglobal aviation.com/docsaviation tech review.pdf>.

% Available at <http://www.astm.org/cgi-

bin/SoftCart.exe DATABASE.CART/REDLINE_PAGESD910.htm?L +mystore+thjk5592>. Note that the
suffix year for ASTM standards changes regularly, the latest being D910-07 (at the time of publication of
this commentary).

% USEPA, Review of the National Ambient Air Quality Standards for Lead: Policy Assessment of
Scientific and Technical Information, Office of Air Quality Planning and Standards Staff Paper, EPA-EPA-
452/R-07-013, Nov. 2007, a p. 2-8, available at

<http://www.epa.gov/ttn/naags/standar ds/pb/data/20071101 pb staff.pdf> (citing US DoE, Energy
Information Agency, Fuel production volume data, Nov. 2006, at
<http://tonto.eia.doe.gov/dnav/pet/hist/mgaupusiA.htm>. USEPA, Great Lakes Binational Toxics
Strategy Report on Alkyl-lead: Sources, Regulations and Options (June 2002), available at
<http://www.epa.gov/bns/documents.html > (Leaded avgas accounts for 29% of lead air pollutioninthe
us).

% Detonation is the uncontrolled burning of fuel in a piston-engine, which can be highly destructive to an
engine.

5" ASTM D 910, supra note49.

%8 See generally USEPA, Air Quality Criteria For Lead (Final), Sept. 26, 2006, available at
<http://cfpub.epa.gov/ncealcfm/recordi splay.cfm?deid=158823>; Dept. of Health and Human Services,
Agency for Toxic Substances and Disease Registry, Lead Toxicity Cover Page, at
<http://www.atsdr.cdc.gov/csemy/l ead/pbcover_page2.html >.

59 USEPA, Technical Factsheet on: ETHYLENE DIBROMIDE (EDB), at
<http://www.epa.gov/ogwdw/ dwh/t-soc/edb.html>.

% Banned by the US EPA in highway vehicles after Dec. 1995. See USEPA, Review of the National
Ambient Air Quality Sandards for Lead: Policy Assessment of Scientific and Technical Information, Office
of Air Quality Planning and Standards Staff Paper, EPA-452/R-07-013, Nov. 2007, at pp. 3-1 thru 4-39,
available at <http://www.epa.gov/ttn/naags/standards/pb/data/20071101_pb_staff.pdf> (Policy-Rel evant
Assessment of Health Effects Evi dence and Characterization of Health Risks).

®1 For example, MTBE (Methyl tertiary Butyl Ether), and ethanol. MANOJS. PATANKERET AL., SAFETY
ETHICS (Ashgate 2005), at p. 176. Environmental Y ukon, High Lead in Used Oil From Piston Aircraft,

Y ukon Gov't Website, at

<http://www.environmentyukon.gov.yk.ca/monitoringenvironment/Environment ActandReqgul ati ons/peaoil .

php>.
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62 Beyond fud toxicity issues, environmental challenges may include carbon emissions. “ The bottom line
isthat if you remove lead from avgas, you put more CO, in the atmosphere. So the questionis, do you
want to tolerate atrivial amount of lead or significantly more CO, emissions? Itisreally a political issue.”
Telephone Interview with George W. Braly, Chief Engineer, GAMI, Feb. 23, 2004.

& Tdephone Interview with Earl Lawrence, VP of Industry and Regulatory Affairs, EAA, Jan. 28, 2008.
Cf. Email from Lourdes Maurice, Ph.D., Chief Scientist, FAA Office of Environment and Energy, FAA,
July 17,2008 (*. . . at somepoint it isvery likely that GA will NOT be ableto uselead — EAA needsto
facethat asolutionisneeded”). See Andrew W. Cebula, Exec. VP, Gov't Affairs, AOPA, Comment in
response to EPA Docket No. OAR-2007-0294 Petition Requesting Rulemaking To Limit Lead Emission
from General Aviation Aircraft; Request for Comment, Mar. 17, 2008, available at

<http://www.regul ati ons.gov/fdmspublic/ContentViewer ?0bj ectld=09000064803f bb16& di sposition=attach
ment& content Type=pdf> (“ Currently, thereisno simple dternative for 100LL avgas. . . . Any changein
the fuel used by genera aviation aircraft must be compatible with all existing and new piston-powered
aircraft.”).

See David Atwood, FAA W.J. Hughs Technical Center, Propulsion and Fuel Systems Branch, High-Octane
And Mid-Octane Detonation Performance Of Leaded And Unleaded FuelsIn Naturally Aspirated, Piston,
Spark Ignition Aircraft Engines, DOT/FAA/AR-TNO7/5, Mar. 2007, at p. 12 (findings included that: “The
100 LL, 100/130 L, leaded aviation gasoline performed the same as the 104 amine fuel, having a104 MON
and a supercharge rich rating of >161, at the lower power cruise settings, but not aswell at the higher climb
and takeoff power settings. The 100 LL fuel performed the same asthe 100/100 L fuel at the cruise power
settings but performed significantly better at the higher power settings. For leaded hydrocarbon fuels, the
supercharge rich rating has more significance at higher power settings. The 100 LL outperformed unleaded
fuels of 100 MON even if they had amuch higher superchargerichrating.”).

% Ben Visser, What does the future hold for avgas?, GEN. Avi. NEws, Feb. 25, 2005, available at
<http://general aviationnews.com/main.asp?Search=1& Articlel D=10088& SectionlD=3& SubSectionlD=33
&S=1>.

See Interview by Paul Bertorelli with Rhett Ross, CEO, TCM, Av. CONSUMER (Feb. 18, 2008), at
<http://www.avweb.com/podcast/podcast/197170-1.html> (“1 think [100LL] can't be viewed right now as
sunset tech because we' ve got some 25,000 or some ungodly number of aircraft out there and you’ re not
going to swap those over overnight.. | think gasolineis here for many years to come.”).

& Earl Lawrence, VP of Industry and Regulatory Affairs, EAA, EPA Seeks Comments Regarding Lead
Emissions Petition (Nov. 15, 2007), at <http://www.eaa.org/news/2007/2007-11-15 emissions.asp> (“The
EPA has alot of work to do before they would take any action on removing thelead in 100LL .. . [theUS
EPA ig] inthe process of setting the new airborne lead standard for the U.S. That will most likely not be
done until early 2009.”). “Don’'t expect anything whatsoever. EPA isconcerned with aeria emissions.
The EPA will seeif there are any areas that exceed Pb limits and make it a containment area. It would only
be restricting aircraft inthat area. But evidence so far doesn't appear that there are significant €l evated lead
emissionsagridl. . . . Consider that when EPA set Pb limits, there was so much lead i n the environment that
they didn’t have a non-exposed [control group/environment]. Now, enough time has gone by, they can
now find populations without elevated Pb.” Telephone Interview with Earl Lawrence, Jan. 28, 2008.

“EAA’sEarl Lawrence recently met with EPA officiasto discuss this[Friends of the Earth] petition. EPA
saysthat only two locations in the country, one having a lead smelter, exceeds the current EPA’ s standards
for aerial lead pollution and that it would be years before sufficient data could be collected and anal yzed to
propose elimination of lead from avgas, should that be indicated by the data. Consequently, the Friends of
the Earth petition is not expected to lead to the elimination of 100LL in the foreseeable future” EAA
Website, at <http://www.eaa.org/news/2007/2007-12-20_or_avgas paper.pdf>.

% For example, scientific datato support (and resolve) whether there areincreasesin lead exposure'to at-
risk populations or endangerment to public health proximate to airportsremainsin play. Also, updated lead
National Ambient Air Quality Standards (NAAQS) and final rulemaking will not be completed until Oct.
15, 2008, available at <http://www.epa.gov/air/criteriahtml> (Current NAAQS lead standard set at 1.5
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pg/meof air). See South Coast Air Quality Management District, Enhanced Air Toxics Exposure Study for
the South Coast Air Basin, OAR-EMAD-03-08, Amd. 002, Application to the US EPA’s Solicitation:
“National Air Toxics Monitoring Program — Community Assessments,” available at
<www.epa.gov/ttn/amti c/fil es/ambi ent/ai rtox/f yodla.pdf> (includes toxic monitoring near desi gnated SoCal
airports, including for lead. id. a p. 5) (The ambient monitoring portion of the study is completed; data
analyzed, and is expected to bereleased in 2008).

Responding to this author’ sinquiry asto the existence of astudy focused on the measurement of (any
elevated level of) lead inthe GA pilot community, the US EPA stated: “We have been searching for such
studies and not found one. | have talked with asenior official at the Aircraft Owners and Pilots Association
and he also was unaware of any such studies [related to the concentration of lead in the blood of pilots].
We are continuing to search and if welocate such a study wewill let you know.” Email from Marion
Hoyer, Ph.D., Environmental Scientist, Office of Transp. and Air Quality, Nat'l Vehicle and Fuel
Emissions Lab, US EPA (Jan. 11, 2008). Concerning studies addressing the potential for elevated ambi ent
air lead near airports servicing general aviation aircraft, see for example, Environmental Protection Service,
Ontario Region, Environmental Canada, Airborne Particulate Matter, Lead and Manganese at Buttonville
Airport, Final Report, CPE Project 041-6710, May 2000, Prepared by Conor Pacific Environmental
Technologies Inc. (copy on filewith author) (Lead levelsin airport air samplesfour times higher than
background site, yet below applicable standards/guiddines); Illinois Environmenta Protection Agency,
Bureau of Air, Chicago O'Hare Airport, Air Toxic Monitoring Program, June-December, 2000, May 2002,
available at <http://www.epa.state.il.us/air/ohare/ohare-toxic-report.pdf> (O’ Hare Airport downwind
concentrations of lead 87.5% higher but “still inthe ‘typical urban’ range and lower than levelsfound in
other large urban areas.”).

“It is extremely difficult to predict the effect of multiple pollutant exposures in human populations;
however, research continues . . . in developing appropriate regulatory programs to address complex
exposure problems. . .. [Also,] many individuals have cumulative exposuresthat are significantly greater
than risk thresholds—a true ethical challenge for occupational safety and health professionals and
environmenta health professionalsalike.” MANOJS. PATANKERET AL., SAFETY ETHICS (Ashgate 2005),
at pp. 145, 147.

67 See Commentary to AMCC V ., at p. 4, at <www.secureav.com/Comment-AMCC-V .a-
Environmental .pdf> (addressing environmenta stakeholders).

68 See, e.g., USEPA, PETITION REQUESTING RULEMAKING TO LIMIT LEAD EMISSIONS FROM GENERAL AVI.
AIRCRAFT; REQUEST FOR COMMENTS, Docket: EPA-HQ-OAR-2007-0294; FRL_0001, Nov. 16, 2007,
available at <http://www.epa.gov/fedrgstr/EPA-AIR/2007/November/Day-16/a22456.htm>, al 0 available
at <http://www.foe.org/pdf/Aircraft GHG_Petition.pdf> (Submitted by Friends of the Earth). Seealso
Bluewater Network, Press Release, Bluewater Network Files Petition To Get The Lead Out Of Aviation
Fuel, Oct. 11, 2006, at <http://www.foe.org/new/rel eases/october2006/epal ead10112006.html>; Friends of
the Earth, Press Release, Call to Regulate Aircraft Carbon Emissions, Dec. 5, 2007, at
<http://action.foe.org/pressRel ease.jsp?press release KEY =300>; Brent Plater, Visiting Ass't Prof. & Staff
Att’y, Environmental Law and Justice Clinic, Golden Gate U. School of Law, Comments on the EPA's
Notice of Friendsof the Earth’ s Petition for Rulemaking, 72 Fed. Reg. 64,570 (Nov. 16, 2007), EPA-HQ-
OAR-2007-0294-0091, Mar. 18, 2008, available at

<http://www.regul ati ons.gov/fdmspubli ¢/component/mai n?mai n=DocumentDetail & 0=09000064803ff503>
(claiming that USEPA'’ s response was legall y inadequate and implicating legal action should the EPA not
respond within three months). See US EPA, Proposed Rule, National Ambient Air Quality Sandards for
Lead, EPA-HQ-2060-0735; FRL-RIN 2060-AN83, May 1, 2008, available at
<http://www.epa.gov/air/lead/pdfs/20080501 proposal_fr.pdf> (proposing revision of thelevel to within
the range of 0.10 to 0.30 pg/m?®, and soliciting comment on alternative levels up to 0.50 pg/m® and down
below 0.10 pg/m?).

9 100LL istransported intensively on barges in the US. Also, truckers and teamsters may refuse to handle
leaded products. Environmental laws i ncreasi ngly impede crossing state borders with lead, and transport
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and storage infrastructure costs for lead continue to climb. The required segregation of ethanol and avgas
has further complicated rail transport logistics.

" Telephone Interview with Douglas C. Macnair, EAA VP Gov't Relations, Feb. 5, 2008.

" See, eg., Andrew W. Cebula, Exec. VP, Gov't Affairs, AOPA, Comment in response to EPA Docket No.
OAR-2007-0294 Petition Requesting Rulemaking To Limit Lead Emission from General Aviation Aircraft;
Request for Comment, Mar. 17, 2008, available at

<http://www.regul ati ons.gov/fdmspublic/ContentViewer ?0bj ectld=09000064803f bb16& di sposition=attach
ment& content Type=pdf> (“For safety and supply reasons AOPA strongly supports a single fuel solution
that can be used on new and existing aircraft.”). Notethat GAMA’s Board of Directors voted in early 2008
to seek elimination of leaded fuels, drafting a policy statement to work with the GA community towards the
goa of finding an unleaded aternative to avgas.

2 This may be unattainable without lead. Email from Todd Petersen, Petersen Aviation, Inc., Feb. 28,
2008.

73 Paul Bertordlli, 100LL: Time To Let It Go, THE AVIATION CONSUMER, Jan. 2008, at p. 2, available to
subscribers at <wwuw.aviationconsumer.com/issues/38_1/editorial/5736-1.html>; Interview of Frank
Thidert, Aero-TV (Jan. 16, 2008), available at <http://www.aero-tv.net/> (“1 think in ten years time there
will beno 100LL. ... Itwill be aboutique product that will be very, very expensive.” id.).

" Telephone Interview with Earl Lawrence, VP, Industry and Gov't Affairs, EAA, Jan 28, 2008 (further
acknowledging that “People will be more likely willing to write off 4 percent of the population,” and
mentioned studies that have demonstrated that 100LL’ s octane istypically much higher than 100 MON,
id.). See Andrew W. Cebula, Exec. VP, Gov't Affairs, AOPA, Comment in response to EPA Docket No.
OAR-2007-0294 Petition Requesting Rulemaking To Limit Lead Emission from General Aviation Aircraft;
Request for Comments, Mar. 17, 2008, available at

<http://www.regul ati ons.gov/fdmspublic/ContentViewer ?0bj ectld=09000064803f bb16& di sposition=attach
ment& content Type=pdf> (* AOPA understands that for asmall percentage of aircraft thismay require
engine and airframe modifications.”). See, e.qg., Max Shauck et al., Baylor Institute for Air Science, Baylor
Univ., Fina Report DTFA03-01-C-00022, Devel opment of Ethanol and Avgas/Ethanol Blends as
Alternative Fuelsfor General Aviation, available at <www.bayl or.edu/bias/index.php?id=5302>.

> Email From George Braly, Chief Engineer, GAMI, Feb. 26, 2008 (Among these would be al twin engine
piston powered Cessna400 series aircraft, the C-340 series aircraft and alarge number of Cessna T-210
seriesaircraft. Theentirefleet of Piper Navgjo aircraft with turbochargers would a so be grounded.).
Separately, consider that admost one half of al Continental enginesrequire 100 octane avgas, aswell as any
engine of 8%2to 1 compression or greater. id.

“Lowering the national ambient air quality standards for lead, without a suitable replacement fuel available,
would negatively affect the $150 hillion general aviation industry, threstening a nationwide transportation
system that supports smaller communities, agriculture, firefighting, and medical emergency flights.”
“Reducing the amount of lead in avgasis not asimple process. The USEPA needsto consider the
dramatic impact it could have on genera aviation and the nation’s economy if it were to make immediate
changesinthelead standard.” Andy Cebula, AOPA Exec. VP of Government Affairs, Testimony before
the EPA, in Baltimore, MD, June 12, 2008, quoted in AOPA ONLINE, Can GA get the lead out?, at
<http://www.aopa.org/advocacy/ arti cles/2008/080612epa.html >.

"8 | nfra text accompanyi ng notes 375-381.

" The following noteworthy avgas formulations are either discontinued, lack production, arelargely
unavailable, or proposed.

> 80LL —Unavailable.

» 80/87 — Produced for usein low compression reciprocating aircraft engines, and contains up to 0.5
grams of lead/USgallon. Discontinuedin 1992, and generally replaced by MOGAS. Many
engineswere originally certified for use of thisfuel, perhaps as much as half of the GA fleet.
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Color: red.

» 86UL — Not in production. See Product Code Conversion Table, at
<http://www.goodl e.com/search?g=cache:cC5T XxIE5X kJ:www.va.gov/ofinop/vaociti/V AFlestD
ocs/ProductCodeConversionTabl e.doc+Product+Codet+Conversion+Tabl e& hl=en& ct=clnk& cd=3

&agl=us>.
> 91 - Containsamaximum of 0.53 ml of lead/liter. Availablein the Ukraine. Color: brown.

» 91/96 — Contains amaximum of 2 ml of lead/US gallon. Discontinued. Color: Blue.

» 95UL — Proposed as areplacement for 100LL (by Tim Roehl, GAMI President). Thisfue would
have at least a 97-98 octane at the refinery and, with ample margins, would be at least 95 octane at
the pump.

» 100 - Containsupto 4 ml of lead/US gallon.

» 100/130 — Contains up to 4 grams of lead/US gallon, or 1.12 grams of lead/liter. Largely replaced
by 100LL. Color: green.

» 108/135 — Discontinued.

» 115/145 — Contains up to 4.6 ml of lead/US gallon. Available by special order only. Used for
someradia war birds. Color: purple.

See generally EAA, Avgas Grades, at <http://www.aviationfuel .org/avgas/grades.asp>, and Avgas
Specifications, at <http://www.aviationfuel.org/avgas/avgas specs.asp>. See also Lycoming, Service
Instruction No. 1070N, Specified Fuels (June 14, 2006), availableat
<www.|ycoming.textron.com/support/publications/servi ce-instructions/pdfs/SI1070N.pdf>.

8 See ASTM, D6227-04a Standard Secification for Grade 82 Unleaded Aviation Gasoline, available at
<www.astm.org/cgi-

bin/SoftCart.exel DATABASE.CART/REDLINE_PAGES/D6227.htm?L+mystoretgnag8399>. Such
unleaded avgas may be viablefor up to 30 percent of the current users of 100LL. See generally Chevron,
Aviation Gasoline Secifications and Test Methods, Aviation Fuels Technica Review (2000), available at
<http://www.chevron.com>.

The FAA states:

82UL gasoline is only approved for use in airplanes incorporating supplementa type
certificates (STC) approving the use of autogas with an aviation lean octane rating of 82
or less or an antiknock index of 87 or less. The minimum octane requirement unique to
any airplane (and engine) approved for autogas is placarded. Aviation 82UL gasoline
may not be used as a substitute fuel on airplanes requiring autogas with an aviation lean
{motor method (MON)} octane rating grester than 82 or an antiknock index
{(RON+MON)/2} greater than 87. Using thisfuel on those higher performance engines
originaly approved for use with higher-octane fuels could result in engine detonation and
associated destructive damage.

FAA, SAIB, CE-00-19R1, Automaobile Gasoline, Apr. 5, 2000, available at
<http://rgl.faa.gov/Requlatory and Guidance Library/rgSAIB.nsf/MainFrame?OpenFrameSet> (emphasis
removed).

An ASTM participant observed: The ASTM specification for 82 was unleaded. There was great
controversy regarding thisfuel in ASTM. Theonly truly unleaded fuel from ASTM is82UL —all other
(avgas) specifications have not been designed to be unleaded. Telephone Interview with Anonymous, Jan.
21, 2008.

" See EAA, at <http://www.esa.org/autofuel /autogas/approved.asp> (listing approved engine models).
8 See ASTM D6227, available at <http:/www.astm.org>.
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81 See Wikipedia, Aromatic hydrocarbon, at <http:/en.wikipedia.org/wiki/Aromatic_hydrocarbons>
(explaining aromatics).

82 ASTM D-4818 - Standard Specification for Automotive Spark-Ignition Engine Fudl, availableat
<http://www.astm.org/cgi-
bin/SoftCart.exel DATABASE.CART/REDLINE_PAGES/D4814.htm?E+mystore>.

8 E.g., EAA, Automobile Fue Program, at <http://www.esa.org/autofuel/>, and Petersen Aviation, Inc., at
<www.autofuelstc.com> (sold at |east 56,000 such STCs). Seegenerally FAA, AC 91-33, Use of
Alternative Grades of Aviation Gasoline for Grade 80/87, and Use of Automotive Gasoline (July 18, 1984),
available at

<http://rgl.faa.gov/Regulatory and Guidance Library/rgAdvisoryCircular.nsf/0/5abbef4b4ef9830c862569
ba006f6e01/$FILE/ACI1-33A.pdf>.

8 FAA, SAIB, CE-07-06, Alcohol (Ethanol or Methanol) Present in the Automobile Gasoline of any
General Aviation Airplane (Oct. 27, 2006), availableat

<http://rgl.faa.gov/Regulatory and Guidance Library/rgSAIB.nsf/dc7bd4f27e5f107486257221005f069d/6
f3250f958h6a22286257259006d6dab/$FIL E/CE-07-06.pdf>. Cf. “STCsare available for a number of what
were originally 91/96 octane engi nes which alow the use of 91 octane mogas. Thereis no controversy
over itsreliability. It has been safely used for over twenty five yearsin thousands of airplanes. Inthe late
1980's MTBE and ETBE were approved for use with the STCs. Ethanol is not approved but these other
oxygenatesare.” Email from Todd Petersen, Petersen Aviation, Inc,. Feb. 28, 2008. See ASTM,

WK 16902 Specification for Ethyl Tertiary Butyl Ether (Etbe) For Blending With Aviationspark-Ignition
Engine Fuel, available at <www.astm.org/DATABASE.CART/WORKITEMSWK16902.htm>.

8 Seg, eg., European Aviation Safety Agency, Type Certificate Data Sheet (Nov. 2, 2006), at
<http://www.easa.eu.int/doc/Certification/Design_Appro/Engines TCDS-
Superior%200360%20seri es,%20i ssue%2001.pdf >.

% Ethyi-tertiary butyl ether. See Memorandum from FAA, Mgr., Small Airplane Directorate, CE-100, et al,
Approval of Ethyl-Tertiary-Butyl-Ether (ETBE) Oxygenate Additive for usein Autogas Supplemental Type
Certificates (STCs), Dec. 1, 1993 (MTBE and ETBE approved by the FAA for usein autogas STCs.). See,
e.g., Wikipedia, ETBE, at <http://en.wikipedia.org/wiki/ETBE> (defining Ethyl tert-butyl ether). Although
ETBE may work well technically, it faces political roadblocks and regulatory prohibitions, including
becauseit is a known carcinogen.

See MANOJ S. PATANKERET AL., SAFETY ETHICS (Ashgate 2005), at p. 147. (Following the elimination of
TEL in automobile fuel, TEL was replaced by benzene, later found to be highly carcinogenic. MTBE
served as areplacement for TEL which is now recognized as a serious water pollutant and isincreasingly
banned.) Separatdly, MTBE wasfound to be a highly sensitive and reliable marker/tracer for
dumped/leaked gasoline.

8 Textron Lycoming, Flyer-Key Reprints, Do Not use Automotive Gasoline In Textron Lycoming Aircraft
Engines That are Certified for Aviation Gasoline (1995), at pp. 15-16, available at <www.textron-
lycoming.com> (Lycoming identifies for following dangers of using mogas initsengines: reductionin
safety, loss of octane, nonuniform quality, possible voidance of warranty or insurance, differencesin
additives (may contain highly corrosive auxiliary scavengers which cause rust and eventually can lead to
exhaust valvefailures, less desirabl e storage characteristics, higher vapor pressures precipitating vapor
lock, varying methods to rate octane, and destructive detonation or pre-ignition.).

8 For example, an Oregon law (House Bill 2210, §§ 17 and 18) mandates an 8-10% ethanol blend in all
grades of gasoline sold in Oregon. HB 2210, available at

<http://www.leg.state.or.us/07reg/m /hb2200.dir/hb2210.en.pdf>. While not covering aircraft fuels,
and thus not requiring an “exemption”, the law contains no provision for Oregon pilotsto secure ethanol -
freefuel. See Randy Hansen, EAA et d., Oregon Avgas—\Where are we and where do we go from here?,
available at <http://www.eaa.org/news/2007/2007-12-20 or_avgas paper.pdf>. See EAA, Information
paper - Oregon Avgas vs. Ethanol-Blended Autofudl, at <www.eaa.org/news/2007/2007-12-
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20 _or_avgas paper.pdf>; Anatomy of aLaw in Oregon, at <www.stopeio.com/anatomy.html>; EAA, EAA
Members Responding to New Oregon Ethanol Law (Nov. 29, 2007), at <www.eaa.org/news/2007/2007-11-

29 _ethanol .asp>.

See also USEPA, Fue Trends Report: Gasoline 1995 — 2005, Exec. Summary (Jan. 2008), available at
<http://epa.gov/otag/regs/fuel s/rfa/properf/420908001.pdf> (“Concerns over groundwater contamination
from MTBE resulted in various state | aws banning or phasing out itsusein gasoline. The Energy Policy
Act of 2005 included a renewabl e content requirement for gasoline and eliminated the RFG [reformul ated
fuel standards] oxygen content requirement. RFG data for 2006, while not anal yzed for this report, show
that RFG suppliers continued to use oxygen in RFG even after the requirement was removed in May of
2006, and that virtually all of this RFG was ethanol-oxygenated. MTBE usein RFG is at near zero levels.
EPA finalized Renewable Fudl Standard program regulationsin April 2007 to implement the Energy Policy
Act renewabl e content requirement. Like RFG, these regulations include new recordkeeping and reporting
requirements designed to track the volume of renewable fuel, including ethanol.”). See also USEPA,
MTBE Home Page, at <http://www.epa.gov/otag/consumer/fuel s'/mtbe/mtbe.htm>.

8 This percentage may change in response to future legislation.
% Hjelmco Oil AB, at <www.hjelmco.com>.
%1 Telephone Interview with Earl Lawrence, VP of Industry and Regulatory Affairs, EAA, Jan. 28, 2008.

9 However, there is debate within the standards committees about whether thisfuel, as an unleaded fuel,
conformsto ASTM D910, since D910 states the maximum lead content for each fuel but does not specify a
minimum amount of lead.

% Lycoming, Service Instruction No. 1070N, Specified Fuels (June 14, 2006), availableat
<http://www.lycoming.textron.com> (approving 91/96UL for diverse Lycoming engines). Teledyne
Continental approved 80/87 “for any TCM-AP engine originally certified for thisfuel.” Letter from J.G.
(Jim) Whedlock, Mgr., Piston Engineering, Teledyne Continental Motors, Jan. 24, 1991 (letter on filewith
author) (also placing 80/87 ahead of 100LL in the order of preference of fuel usage for anewly overhauled
engine certified for use of avgas 90/87). Rotax, Service Instruction, Selection of Suitable Operating Fluids
for Rotax Engine Type 912 and 914 (Series), Aug. 28, 2006, available at <www.rotax-
owner.com/si_tb_info/serviceinfo/si912016914019.pdf>, and specified Russian radia engines per
Approva From The Exec. Dir., Osrodek Badawczo-Rozwojowy Przemyslu Rafineryjnego w Plocku,
Service Bulletin No. 129/52006 (Oct. 20, 2006) (for operation of the ASz621R and Al-14RA engine
family in all configurations and versions) (copy on file with author).

Hjelmco also assertsthat “ The EASA approval of the Polish heavy radia whichis 1050 HP (sitsin the AN
2 biwing aircraft) automatically then coversthe smaller radias of the ex. Soviet Union.” Email from Lars
Hjelmberg, Pres., Hjelmco Oil AB, Feb. 20, 2008. Collectively, these approvals provided support for Mr.
Hjelmberg' s assertion that his 80/87 fuel “ carries engine manufacturer approvals for more than 90% of the
entireworld GA fleet.” Email from Lars Hjelmberg, Feb. 15, 2008 (also stating “Our 91/96 UL meet the
standard for AVGAS 80 UL of D910 but with the difference that 91/96 has higher octane numbers and the
standard for AVGAS 80 UL says minimum octane numbers.”).

% By GAMI in2002. Engine testing was with a substantially modified 350 hp Lycoming TIO-540 engine.

% AVGAS80UL in D910-81 was undyed. Dye denotes|ead per international agreement. “In Sweden we
thus have national legidation requiring transparent /undyed fuelsif they are unleaded. As80 UL isno
longer in D910, the 91UL took its place asregards to having no dye.” Email from Lars Hjelmberg, Feb. 20,
2008.

% Reintroductionin ASTM was undertaken by General Aviation Modifications, Inc. (GAMI).

" Earl Lawrence, VP, Industry and Regulatory Affairs, EAA NEws, Dec. 10, 2001, at
<http://www.esa.org/media/pr/011207_|awrence.pdf>.

% The precise percentage of the fleet that can safety do so isin play, as discussed in this commentary.
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% Telephone Interview with Douglas C. Macnair, EAA VP Gov't Relations, Feb. 5, 2008.

100 Roger G. Gaughan, Unleaded aviation gasoline, U. S. Patent 5,470,358, Nov. 25, 1995, and USPTO
Application #: 20060225340, Oct. 12, 2006, available at
<http://www.patentstorm.us/patents/5470358.html > (Aromatic amines effective in increasing the motor
octane number of aviation; a MON of at |east 98).

101 Telephone Interview with Earl Lawrence, VP, EAA, Jan. 28, 2008 (noting that ExxonMobil modified a
molecule in one of the amines—with low temperature modification and is undergoing cancer studieswith
rats). Someindustry observers suggest that “ExxonMobil management ‘aren’t going anywhere with it.’
They thought they could not deliver it for lessthan $ 15 Gal. Can you get an amine to work -- yes? Doesit
satisfy certification of 100LL (it isactually 104/108 octane). So, if you had enough amine maybe, but it is
hazardous and cancer causing. Europe has already said they are not touchingit. They think it will go to
$15 gal and then that iswhen they will offer thefix. Becausethat is what the distribution guys aretelling
us.” Telephone Interview with Anonymous, Aviation fuel standards expert, Jan. 21, 2008.

102 CRC, Exec. Summary, CRC Research Results, Unleaded High Octane Aviation Gasoline, Apr. 24, 2008,
at p. 9 (emphasis added) (copy on file with author).

103 As ahistorical note, thisis reminiscent of early automotive fuel issues. “The burden fals upon the
engine, it must adapt itself to lessvolatile fud, and it must be made to burn the fuel with lesswaste. . . .
Automotive engineers must turn their thoughts away from questions of speed and weight . . . and comfort
and endurance and focus on averting the calamity.” The Declining Supply of Motor Fudl, Sci. AM., Mar. 8,
1919, at p. 220.

104 Manufacturers of high compression reciprocating engines have been put on notice (perhaps admonished)
that it is“unconscionable’ for them to manufacturer aircraft knowing that they may not have afue supply
withinten years. Telephone Interview with Douglas C. Macnair, EAA VP Gov't Rdations, Feb. 5, 2008.

See Textron Lycoming, Press Release, Lycoming Engines Announces 10/O-360 Automotive Gas Approval
Program, June 2, 2008 (unleaded automotive gasoline approva program — 93 AKI automotive gasoline
conforming to either Euro Norm EN228 or ASTM D4814), available at
<http://www.lycoming.textron.com/news-and-events/press-r el eases/rel ease-06-02-08.j Sp>.

105 Other fuels (specific to diesdls) include: Diesdl No. 1 (C8-C19), Diesal No. 2 (C9-C21), and Diesel No.
4 (C25+), further described at <http://www.af cee.brooks.af.mil/PRO-ACT/fact/petfuel s.asp>.

106 ASTM D1655-07el Standard Specification for Aviation Turbine Fuels, at <www.astm.org/cgi-
bin/SoftCart.exel DATABASE.CART/REDLINE_PAGES/D1655.ntm?E+mystore>. See ExxonMobil
Auviation, Product Descriptions, at

<http://www.exxonmobilavi ation.com/ Avi ationGl obal /ProductsServices/product_ descriptions.asp>
(summarizing aviation fuel specifications).

197 Available at <http://www.astm.org/cgi-
bin/SoftCart.exel DATABASE.CART/REDLINE_PAGESD6615.htm?E+mystore>.

108 See generally USAF, PROACT Fact Sheet, at <http://www.af cee.brooks.af . mil/PRO-
ACT/fact/petfuels.asp#t4>. Additionally, JP-8+100— Thisis JP-8 fuel with improved heat sink/thermal
stability performance by the inclusion of an additional additive package.

109 | nterview with Anonymous, Aviation fuels producer, Jan. 21, 2008.

19 Or, hexadecane, an alkane hydrocarbon that is also a shorthand measurement for detonation (ignition
delay) in diesd fud, at <http://en.wikipedia.org/wiki/Cetane>. See Wikipedia, Cetane nunber, at
<http://en.wikipedia.org/wiki/Cetane number>. Diesdl enginesare addressed in Part 1V. AIRBORNE
EMISSIONS, below.

11 Nonetheless, producers are surveying what current levels of cetane are used and its affect on detonation.
Notethat the ASTM Biodiese standard, Specification D6751, provides for a cetane number of 47 whereas
conventional diesel fuel requires aminimum cetane number of 40.
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12 oee eg., Ben Vissar, Jet Avs. #2 diesel: Which isbetter?, GEN. Avi. NEws, Apr. 22, 2005, available at
<www.gener al aviationnews.com> (For example, diesel fudl’sfreezing point is approximatel yO°C at sea
level, cleanliness requirements vary, and engi ne manufacturers may not have approved it.); Robert Goyer,
Skyhawk With a Bang, FLYING, Apr. 2008, at p. 67 (Cessnachose not to certify its 172TD (turbo diesdl) for
diesdl fud andinstead certified it only for Jet A even though the engineis certified to use diese fuel in
other applications. “[T]he ever-changing spec of automotivediesd . . . convinced Cessnathat the safer
route would beto stick withold rdiablejet-A . .." id.).

113 5ee e.g., FAA, Fuel Properties, Effect on Aircraft and Infrastructure, Aviation Rulemaking Advisory
Committee, available at <http://www fire.tc.faa.gov/pdf/TG67.pdf>.

114 see, e.9., Agency for Toxic Substances and Disease Registry, Public Hedlth Service, US DHHS,
Toxicological Profile for Jet Fuels JP-5 and JP-8, Aug. 1998, available at
<http://www.atsdr.cdc.gov/toxprofiles/tp121-p.pdf>, and health effects, at
<http://www.atsdr.cdc.gov/toxprofiles/tpl21-c2.pdf>. Seealso U.S. Oil and Refining Co., Jet A, available
at <http://www.usor.com/pdfsmsds/fuels/Jet Fuel MSDSpdf> (various Materia Safety Data Sheets
(MSDYS) for aviation fuelstoxicity noting tumors, central nervous system, and respiratory risks).

15 5ee, e.9., Coordinating Research Council, Jet Fuel Storage Stability, CRC-327, 4/58, available at
<http://www.crcao.com/reports/aviafuel/storstab.htm>.

16 At <wwwv.biodiesel .org/pdf_files/fuel factsheets/L ubricity.PDF> (lubricity of diesel).

17 Dan Elwell, Ass't Admin'r for Avi. Policy, Planning and Env’'t, FAA, Presentation at the FAA Forecast
Conference, Panel 2 Environmental Challengesfor Aviation-A Panel Discussion, in Wash., D.C., Mar. 10,
2008.

118 Energy security refersto sufficient confidence that supply will not be interrupted (or made cost
prohibitive) by foreign politica action. See GovTrack.us, H.R. 6--110th Congress (2007): ENERGY
INDEPENDENCE AND SECURITY ACT OF 2007, GovTradk.us, at

<www.govtrack.us/congress/bill xpd?bill=h110-6& tab=summary> (addressing energy security). But see
Jad Mouawad, Promise of Biofuel Clouded by Weather Risks, N.Y. TIMES, July 1, 2008, at pp. A1, A15
(crop failureissues create energy security issuein use of biofuels).

119 5ee DOE, Alternative Fuels & Advanced V ehicles Data Center, at <www.eere.energy.gov/afdc/>.

120 Alternative fuels can be viewed in four classes: Fischer- Tropsch fuels (synthesi zed largely from fossil
fuels), biodiesd (e.g., derived from fatty acid methyl esters), hydrogenated bio-oils, and a cohols (such as
ethanol). Tim Held, Genera Electric Aviation, quoted in BUSINESS & CoMmM. Avi., Sept. 2007, at p. 88,
available to subscribers at <www.aviati onweek.com/awst>.

121 Oren Hadaller, Alternative Aircraft Fuels, in ASTM STANDARDIZATION NEWS (Apr. 2007), at
<www.astm.org/cgi-bin/ SoftCart.exe/ SNEWS APRIL_2007/hadaller_apr07.html ?E+mystore>.

122 Flisabeth Rosenthal, Europe, Cutting Biofuel Subsidies, Redirects Aid to Stress Greenest Options, N.Y .
TIMES, Jan. 22, 2008, at p. C3 (“Thereisincreasing evidence that the total emissions and environmental
damage from producing many ‘clean’ biofuels often outweigh their [ower emissions when compared with
fossil fuels.”). See Air Transport Ass n, ATA Alternative Fuels Principles Document, at

<www.airlines.org>.

12841 jfe cycle assessment (also known aslife cycle andysis or cradle-to-grave anal ysis) is the assessment
of the environmenta impact of agiven product or service throughout its lifespan, including al phases: raw
materia production, manufacture, distribution, product use and disposal and all intervening transportation
steps.” World Resources Institute / World Business Council on Sustainable Devel opment, Greenhouse Gas
Protocol Initiative, Questionnaire on Supply Chain and Life Cycle GHG Emissions Accounting, Nov. 2007,
available at <www.ghgprotocol.org/files/ghg-protocol -life-cycl e-suppl y-chain-questionnaire.doc>.

122 USEPA, at <http://www.epa.gov/otag/renewabl ef uel 420f07035.htm> (“ The fuels are compared on an
energy equivalent or BTU basis. Thus, for instance, for every BTU of gasolinewhich isreplaced by corn
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ethanol, the totd lifecycle greenhouse gas emissions that would have been produced from that BTU of
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17 Nat’| Science and Technology Council, Nat'| Plan for Aeronautics Research and Devel opment and
Related Infragructure (Dec. 2007), a p. 27, availableat
<http://www.aeronautics.nasa.gov/releases/aero_rd plan fina 21 dec 2007.pdf> (“Lifecycle’ refersto
the emissions created in producing the fuel aswell as expendingit.).

180 gee e.g., EU, Biofuelsin the European Union A Vision for 2030 and Beyond (Mar. 14, 2006), available
at <http://ec.europa.eu/research/energy/nn/nn_rt/nn_rt_bm/article 4012_en.htm>, and
<http://ec.europa.eu/research/energy/pdf/draft_vision report_en.pdf>. Seealso ICAO, The Potential Use
of Alternative Fuelsin Aviation, Working Paper Presented by the U.S., A36-WP/307, EX/100, 22/9/07,
available at <http://www.icao.int/icao/en/assembl/a36/wp/wp307_en.pdf> (summarizing U.S aternative
energy initiatives); the ENERGY PoLICY ACT OF 1993 (EPAct), at

<http://www1.eere.energy.gov/vehi clesandfuel s/epact/petition/index.html > (DoE recognizing various
alternative fuels). Seegenerally USEPA, Renewable Fuel Standard Program, at
<http://www.epa.gov/otag/renewablefuel /> (requiring at least 7.5 hillion gallons of renewable fuel to be
blended into auto fuel sold inthe U.S. by 2012 and to help reduce gasoline use by 20% within 10 years by
growing renewable and alternative fuel useto 35 billion gallons by 2017).

181 G, Patrick Ritz, Ph.D. & Michad C. Croudace, Ph.D., Biodiesel or FAME (Fatty Acid Methyl Ester):
Mid-Infrared Determination of Ester Concentration in Diesdl Fuel, PetroSpec Application Note, available
at <http://www.rofa-praha.cz/upl/katal 0g/100098s CETANE.pdf>.

182 5ee USEPA, Biodiesd, at <http://www.epa.gov/smartway/ growandgo/documents/factsheet-
biodiesd .htm>.

183 ASTM, Standard Specification for Biodiesel Fuel Blend Stock (B100) for Middle Distillate Fuels,
available at <http://www.astm.org/cgi-
bin/SoftCart.exe) DATABASE.CART/REDLINE_PAGES/D6751.htm?E+mystore>.

184 The Nationa Biodiesel Accreditation Commission, BQ 9000, at <http://www.bg-9000.0rg/>.

185 US DoE, BIODIESEL Handi ng and Use Guidelines, DOE/GO-102006-2358, 39ed, Sept. 2006, at p. 5,
available at <http://www.nrel .gov/docs/fy060sti/40555.pdf>. Diesd emissions are addressed in Part 1V.
Airborne Emissions, below.

18 Alexel Barrionuevo, It's Corn vs. Soybeansin a Biofuels Debate, N.Y. TIMES, July 13, 2006, at p. C4
(describing a study finding that ethanol provides 25% more energy per gallon than required for its
production whereas biodiesal provides 93% more energy); Jason Hill & Erik Nelson, et a, Environmental,
economic, and energetic costs and benefits of biodiesel and ethanol biofuels, PROCEEDINGSOF THENAT' L
ACADEMY OF SCIENCE OF THE U.S. (July 25, 2006), available at
<http://www.pnas.org/cgi/content/short/103/30/1120>.

187 A poisonous Central American shrub. Galp Energia, a Portuguese oil company plansto develop
biodiesal from jatropha, claiming that it will cut carbon dioxide emissionsup to 70%. Portuguese
Company Devel ops Vegetable Oil Refining Process, PROPWASH, Dec. 3, 2007. And yet, Jatropha has been
banned as an invasive species by two Australian states.

188 Elisabeth Rosenthal, New Trend in Biofuels Carries New Risks, N.Y. TIMES, May 21, 2008, at p. A6,
available at

<http://www.nyti mes.com/2008/05/21/sciencelearth/21biofuel s.html ?_r=1& ref=science& oref=dogin>
(reporting that most second-generation crops identified for biofue production have been I abeled by
scientists asinvasive species). See UN Environment Programme — World Conservation Monitoring Centre,
at <http://www.unep-wcme.org/>.

189 See Nat’| Renewable Energy Laboratory - Air Force Office of Scientific Research, Workshop on Algal
Oil for Jet Fuel Production, Feb. 2008, availableat

<http://www.nrel .gov/biomass/algal_oil_workshop.html>; On a Wing And . . . Pond Scum?, AERO-
NEWS.NET (July 17, 2007), at <http://www.aero-news.net/news/commair.cfm?ContentBlocklD=1ba9ef37-
2al6-41dc-a0ch-7bbd4be2c5ad& Dynamic=1> (“New Zealand' s Independent Financia Review reports
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Boeing and Air New Zed and are secretly working with Aquaflow Bionomic Corporation, a Blenheim-
based biofuel developer, to come up with an environmentally friendly aviation fuel made from wild
algee”). Seealso, Ariz. State U., Researchers Evaluate Algae Jet Fudl, Aug. 21, 2007, at
<http://asunews.asu.edu/20070821 agae> (DARPA-funded research with UOP, aHoneywell company for
JP-8 adgae-based biofud —“the oil yield of algaeis projected to be at least 100 times that of soybean per
acre of land on an annual basis.”); Miles O’ Brien, Fuel from scum, CNN, Feb. 1, 2008, video at
<www.cnn.com/video/#/video/tech/2008/02/01/solutions.fuel .from.scum.cnn>;

<http://www.val cent.net/i/misc/Vertigro/index.html>. Note: The 2007 Energy Security and |ndependence
Act of 2007, PL: 110-140. includes language promoting the use of algae for biofuels.

1% David L. Daggett, Boeing et ., Alternative Fuelsfor usein Commercial Aircraft, Boeing Co. (2007), at
p. 7, available at <http://www.boeing.com/commercial/environment/pdf/at_fuels.pdf>; Eric E. Jarvis,
Ph.D., National Renewable Energy Laboratory, National Bioenergy Center, Aquatic Species Program
(ASP): Lessons Learned, NREL-AFOSR Joint Workshop on Algal Qil for Jet Fuel Production, Feb. 2008,
available at <http://www.nrel .gov/biomass/pdfg/jarvis.pdf>.

191 Gunther Matschnigg, Sr. VP of Safety, Operations and Infrastructure, IATA et d., |ATA 2007 Report on
Alternative Fuel (Mar. 1998), availableat <www.iata.org>, and at

<http://www.iata.org/NR/rdonl yres/329E1C20-1A46-4E02-9F68-
BADS5C9080F31/60972/ReportonAlternativeFuel s.pdf>. See James Ott, Algae Advances, AvI. WEEK &
SPACE TECH., Mar. 17, 2008, available at

<http://www.aviati onnow.com/search/ AvnowSearchResul t.do?reference=xml/awst_xml/2008/03/17/AW_0
3 17 2008 p66-35819.xmlé& query=al gae>.

%2 David Biello, Biodiesal Takesto the Sky, Sci. AM. (Nov. 30, 2007), at

<http://www.sciam.com/arti cle.cfm?id=biodi esel -takes-to-the-sky> (describing the 37 minute flight on Oct.
2,2007); Greenflight Int’l, Press Release, World’ s First Jet Flight Powered Entirely On Renewable
Biodiesdl Fue (Oct. 5, 2007), at <http://www.greenflightinternational .com/pr.htm>.

193 Bjofuel, Party from Nuts, Istested on an Airline Flight, N.Y. TIMES, Feb. 25, 2008, at p. C7, available at
<www.nyti mes.com/2008/02/25/bus ness/25virgin.html ?ref=business>, and Virgin Atlantic media, at
<http://www.di gi tal newsagency.comv/story/view/739-virgin-atl anti c-becomes-the-worl ds-first-
airline/video> (25% babassu nut and coconut oil blend with Jet-A running one unmodified GE turbine for a
flight from London to Amsterdam). Cf. Biofuel aircraft not viablefor at least five years, TIMES ONLINE,
Feb. 25, 2008, at <http://www.timesonline.co.uk/tol/news/environment/article3430055.ece> (claiming that
the Virgin flight used only 5% biofud).

Additionally, Branson stated, “Two years ago, people said that wasimpossible. They said it would freeze
at 20,000 feet.” id. Nonetheless, one expert commented, “Y ou can take a current bio material, run it
through a hydrocracker, and make it impossible to know it was bio. But fatty acids have temperature
constraints — you cannot have wax crystals[injet fuel] — so you have to do other processing. That redly is
the other issue— very smpleissue. It must havetheright balance. It isreally processing steps and cost —
[and will be] the big dedl for years.” Telephone Interview with Anonymous aviation fuels standards expert,
Jan. 21, 2008.

The Virgin Atlantic flight came 10 months earlier than Virgin—or project partners Boeing and GE
Aviation—had planned. Al Yoon, Virgin Atlantic 747 to test biofuel in early 2008, REUTERS, Oct. 15, 2007,
available at <www.reuters.com/article/technologyN ews/idUSN1535208020071015>; see UPI, Virgin
Atlantic to Test Biofud, Feb. 6, 2008, at

<http://www.upi.com/NewsTrack/Top News/2008/02/06/virgin_atlantic to_test jet biofuel/1281/>.

194 Telephone I nterview with Doug Rodante, Pres., GreenFlight Int’|, Feb. 12, 2008.

1% Continental, Press Release, Continental Airlines, Boeing and GE Aviation Announce Plans for
Sustainabl e Biofuels Flight Demonstration, Mar. 13, 2008, available at

<http://www.conti nental.com/web/en-USapps/vendors/def ault.aspx?i=PRNEWS> (using aBoeing 737 and
CFM56-7B engines).
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1% YSDoE, BIODIESEL Handing and Use Guidelines, DOE/GO-102006-2358, 3 ed., Sept. 2006, at p. 9,
available at <http://www.nrel.gov/docs/fy060sti/40555.pdf > (B100 beginsto cloud at between 35-56° F;
additives can reduceits pour point asmuch as 30° F. id. at p. 20).

See Rick Barrett, Minnesota aimsto get biodiesal back in gear, JSONLINE, Jan. 31, 2006, at
<http://www.jsonline.com/story/index.aspx?id=389013> (“clogging truck fuel filters, perhaps because of
high glycerin levels that gelled in cold weather.”).

197 Timothy Searchinger et a., Use of U.S. Croplands for Biofuels Increases Greenhouse Gases Through
Emissions from Land-Use Change, SCIENCE, Feb. 7, 2008, at pp. 1,238-1,240, available at
<http://www.sciencemag.org/cgi/content/abstract/319/5867/1238?maxtoshow=& HITS=10& hits=10& RES
UL TFORM AT=& andorexacttitleabs=and& ful ltext=Searchinger+& andorexactful l text=and& searchid=1& F
IRSTINDEX=0& resourcetype=HWCIT> (findi ng that prior analysis “havefailed to count the carbon
emissions that occur as farmers worldwide respond to higher prices and convert forest and grassland to new
cropland to replace the grain (or cropland) diverted to biofuels.”); Organization for Economic Co-operation
and Development (OECD), Economic Assessment of Biofuel Support Palicies, 2008 available at
<http://www.oecd.org/dataoecd/19/62/41007840.pdf > (Government support of biofuel costly, marginaly
reducing greenhouse gases and improving energy security, impacts world crop prices significantly).

1% Michad A. Taverna, Coming Clean, Avi. WEEK & SPACE TECH., June 11, 2007, at p. 48, available to
subscribers at <www.aviationweek.com/awst>. See David Nielson, Boeing, Commercial Aircraft
Alternative Fuels, Presentation to the Transport. Resource Bd. (2007), at
<http://www.trbav030.0rg/pdf2007/TRBO7_dt_fuel.pdf> (Boeing states that a 16% hio-Jet fuel blend to
satisfy the USfleet would require 2.04 billion gallons, requiring 34 million acres of land — about 10% of
the entire crop land in the US, or about 78% of current soybean production!).

19 Rachelle Hill & Dr. Tamin Younous, The Water Cooler — Theinterwined tale of energy and water,
VirginiaTech, Virginia Water Resources Research Center, at <www.vwrrc.vt.edu/watercool er.html >

(biodiesel production requires up to 75,000 gal of water per million BTUs, and “biodiesel and ethanol

production arein conflict with protecting water resources.” id.).

20 gep, eg., Sdly Beatty, Branson's Big Green Investment, WALL ST. J., Sept. 22, 2006, at
<http://onlinews].com/article/SB115884903873170054.html > (Sir Richard Branson, Virgin Atlantic CEO
invests $400 million into renewabl e fuels seeking ultimatel y to replacejet fuel); Netjets, Press Release,
NetJets Europe Announces Comprehensive New Climate Initiative, Sept. 13, 2007, available at
<http://www.netj etseurope.com/presscentre/english/Press _rel eases/2007/276/2/> (mentions a“Low
Emission Jet Fuel Project” to develop “an ultra-low emission jet fuel”). Seeinfra Fuels and Emissions
Initiatives (identifying diverse biofuels research and devel opment initiatives). See also Universities, below.

201 gift Enterprises, Ltd., Swift Renewable Fuels, Presentation to the CRC Aviation Gasoline Group, Apr.
28, 2008 (copy of presentation dides on file with author).

202 Td ephone Interview with Jon Ziulkowski, Principal Investigator & Chief Pilot, Swift Enterprises, Ltd.,
May 9, 2008.

203 gift Enterprises, Ltd., Press Release, Designer Aviation Fuel May Provide Cleaner, Greener, Cheaper
Alternative, May 5, 2008, available at

<http://www.bus nesswire.com/portal/site/google/?ndmViewl d=news view& newsld=20080505005358&n
ewsl ang=en>. Seegenerally Swift Enterprises Website, at <http://www.swiftenterprises.com/>.

204 Zjulkowski, supra note 202.

25 E. Dendy Sloan, Jr., Fundamental principles and applications of natural gas hydrates, NATURE, Nov.
20, 2003, at p. 354, available at <http://www.gas-hydrate.org.cn/permafrost/perm_11.pdf>. See generally
Robert C. Hendricks, Glenn Research Center, Methane Hydrates: More Than a Viable Aviation Fuel
Feedstock Option, AIAA-2007-4757, Nov. 2007, available at

<http://ntrs.nasa.gov/archive/nasal/cas .ntrs.nasa.gov/20070038170_2007037800.pdf>.
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206 Robert F. Service, Porous Storage Gives Methane a Leg Up, SCIENCENOW DAILY NEWS, Jan. 23, 2008,
available at <http://sciencenow.sciencemag.org/cgi/content/full/2008/123/2> (concerning devel opment of a
new, highly porous compounds called metal -organi ¢ frameworks (MOFs)).

27E g.,, Air Energy, The AE-1 dectric sailplane, at <http://www.airenergy.de/html/index_english.html >
(claiming a 2,000 ft. self-launch capability); and Pipestrel’ s Taurus Electro, at
<http://www.pipistrel.si/news/739>.

28 E|ectric Aircraft Corp., at <www.dl ectraflyer.com> (presenting the Electrafl yer-C).

299 5onex Video, at <http://www.youtube.com/watch?v=P8Pb_psj1A8>. See Sonex Aircraft Press Release,
Sonex Aircraft, LLC and AeroConversions Unveil E-Flight Initiative for Soort Aircraft Alternative Energy
Research & Devel opment, July 24, 2007, at

<http://www.sonexaircraft.com/press/rel eases/pr_072407.html > (stating that its el ectric motor is planned to
be over 90% efficient and capable of flying over one hour). See Randy Hansen, EAA, Petition for
exemption from Federal Aviation Regulations, Parts 1 (definition of Light-Sport Aircraft) and 103.1
(Ultralight Vehicle), to permit the devel opment of electric motors and their required battery packsasa
viable alternative to fossil-fuel -powered reciprocating aircraft engines, FAA-2008-0501, Apr. 24, 2008
(“E-Motor Petition”), available at <www.regulation.com>, and <http://tinyurl.com/58vpet> (EAA has
sought regulatory exemption to permit LSA and ultralight use of electric motors and ASTM E-motor
standard).

210 For example, the Electraflyer-C, at <http://www.el ectraf| yer.com/el ectraf| yerc.html> (18 HP electric
motor-powered aircraft cruisesat 70 mph, stallsat 45 mph, with a1.5 hr. battery duration); and the Lange
Avi ation GmbH, Antares 20E, at <http://www.lange-

flugzeugbau.de/htm/english/products/antares 20e/antares 20E.html> (el ectric self-launch glider).

211 Ron Gremban, Tech. Lead, The Cal. Cars Initiative, Hybridizing Light Aircraft, Presentation at the Cafe
Foundation’ s Electric Aircraft Symposium, in San Francisco, Apr. 26, 2008, available at
<http://cafefoundation.org/v2/pdf_pav_electricaircraft/2008/ron.gremban.hybridizing.light.aircraft.pdf>.

%12 5ep ., MIT, Laboratory for Electromagnetics and Electronic Systems, Carbon Nanotube Enhanced
Ultracapacitors, at <http://lees.mit.edu/lees/ultracapacitors.htm>.

213 Email from David J. Bents, Glenn Research Center, NASA, July 17, 2008.

214 Carey W. King & Michagl E. Webber, The Water Intensity of the Plugged-In Autorotive Economy,
ENVIRON. Sci. TECH, Feb. 20, 2008, available at <http://pubs.acs.org/cgi-

bin/sampl e.cgi/esthag/2008/42/i12/html/es0716195.html > (more than three times the water consumed and
over seventeen times water withdrawn than used by petroleum — “widespread shift to grid-based
transportation would be substantial enough to warrant consideration for relevant public policy decision-
making.” id.).

215 5ee US EPA, Hazardous Waste, at <http://www.epa. gov/epaoswer/osw/hazwaste htm#hazwaste>
(defining hazardous waste). Seeinfra text accompanying notes 514-520 (introducing Universal Wastes).

216 NASA, Power Requirements Determined for High-Power-Density Electric Motors for Electric Aircraft
Propulsion, available at <http://www.grc.nasa.gov/WWW/RT/2004/RSRS19S-johnson.html >.

2" Many e ectric motors provide full torque even at the lowest power settings.

218 Seg, e.g., Alan Cocconi, Optimized Electric Drive Systems, Presentation at the 2008 CAFE Foundation
Electric Aircraft Symposium, Apr., 2008, available at
<http://cafefoundation.org/v2/pdf_pav_electricaircraft/2008/al an.cocconi .opti mized.el ectric.drive.systems.p
df> (describing, in part, the DHARM A motor design — double Halbach aferrous radia airgap, motor
assembly); Glenn Research Center, at <http://www-psao.grc.nasa.gov/topstoryar chive006.html >
(describing performance of afuel-cell powered small eectric airplane).

29D J. Bents, et d., Propulsion Systemfor Very High Altitude Subsonic Unmanned Aircraft, SAE
Transactions 1998, Proc. SAE Aerospace Power Systems, NASA TM 1998 206636, in Williamsburg Va,,
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Apr. 21-23, 1998; Email from David Bents, July 21, 2008 (“It becomes a much harder problem at high
altitude because of the air density lapse. . . air density isreduced 50 percent for every 15 knots of dtitude .
.. S0 although OAT isdropping as you climb, the air mass available to dissipate hest to is dropping even
faster. That means you have to have bigger inlets and ducts, more heat exchanger surface areaetc.”).

220 E_Motor Petition, supra note 209, at p. 6 (Also asserting that it expects to see type-certified recreational
and GA aircraft within5to 10 years. id. at p. 8).

21 | nterview with Earl Laurence, VP Industry and Gov't Affairs, EAA, in Marysville, Cal, June 7, 2008
(also noting that since most recreational aircraft “sit around so much,” they can be charged for the duration
by windmill or solar cells.”).

22 ASTM F37, at <http://www.astm.org/COMMIT/COMM I TTEE/F37.htm> (developing, in part, an
international standard for e ectric-motors, and possibly e ectric controllers).

223 See Horizon Fue Cdll, at <http://www.horizonfuel cell.com/aerospace.htm> (describing arecord-
breaking hydrogen cell powered UAV flight of 310 miles).

224 Martin G. Schultz et al., Air Pollution and Climate-Forcing Impacts of a Global Hydrogen Economy,
SCIENCE, Oct. 24, 2003 (claiming a 50% reduction in anthropogenic emissions of NOy), available at
<http://www.sciencemag.org/cgi/reprint/302/5645/624.pdf>.

225 Email from David J. Bents, Ph.D., Glenn Research Center, Mar. 27, 2008 (“The biggest technical
challengeis power density and energy density — neither are competitive with ‘ conventional” air breathing
aeropropulsion.”); James Dunn, Adv. Tech. Products, Fuel Cell Electric Aircraft —Energy Challenge,
Presentation at the Electric Aircraft Symposium, CAFE Foundation, in San Francisco, Cal., May 23, 2007,
at <http://cafefoundation.org/v2/pav_eas 2008.php> (claiming an energy density of “2-3X battery
density”).

226 Herbert W. Cooper, Fuel Cells, the Hydrogen Economy and You, CHEMICAL ENGINEERING PROGRESS,
Nov. 2007, at p. 34, available to members at <www.aiche.org/cep>. Cooper’sarticleisbased upon a
corresponding paper, available at <www.dynal ytics.com>. See generally Fuel Cells, at
<http://www.fuelcdls.org/>.

221 Ryunosuke Kikuchi, Penetration of hydrogen-based energy systemand its potential for causing global
environmental change: Scoping risk analysis based on life cycle thinking, SCIENCEDIRECT (Sept. 2005), at
<http://www.sciencedirect.com/science? ob=ArticleURL& _udi=B6V9G-4HSMYBC-

2& _user=10& _rdoc=1& _fmt=&_orig=search& _sort=d&view=c& _acct=C000050221& _version=1&_urlV
ersion=0& userid=10& md5=e4aef578475fb12a360304careD1fb64> (stating possibility of escaping
(vaporizing) hydrogen could contribute to depletion of stratospheric ozone, and cause temperature and
hydrides cycle change).

228 Boeing, New Release, Boeing Successfully Flies Fuel-Cell Powered Airplane, Apr. 3, 2008, availableat
<http://www.boeing.com/news/rel eases/2008/g2/080403a._nr.html>, and
<http://video.boeing.com:8080/asx_external/events/fuel _cell powered airplane 56.asx> (video of first
flight); Liz Moscrop, Across the Pond #3: Fuel-Cdll Planes and More VLJs, AVWEB, Apr. 25, 2007, at
<http://www.avweb.com/news/acrossthepond/across the pond fuel_cell_194954-1.html>. See Robert
Wall, Energy Exploration, Avi. WEEK & SPACE TECH., Apr. 28, 2008, at p. 45 (describing various future
commercial aircraft applicationsto include: running galey or inflight entertainment systems, taxiing of
aircraft, lavatory water, and fuel-inerting systems).

2914, [Boeing]

230 Cooper, supra note 226, at p. 34. See David L. Daggett et al., Boeing Commercia Airplane et d.
Alternative Fuelsfor usein Commercial Aircraft, Boeing Co. (2007), a p. 1, available at
<http://www.boeing.com/commercial/environment/pdf/alt_fuels.pdf> (*50-plusyear horizon”). Cf. Romeo
Giulio, Prof. of Airplane Design and Aerospace Structures, Turin Polytechnic Univ., quoted in First fuel-
cell powered, manned aircraft to be designed in EU, WHAT SNEW IN SCIENCE AND TECH., July 5, 2007, at
<http://www.whatsnextnetwork.com/technol ogy/index.php/2007/06/05/first fuel_cell_powered manned_ai
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reraft> (“Hydrogen and fuel cell power technol ogies have now reached the point where they can be
exploited to initiate anew eraof propulsion systemsfor light aircraft and small commuter aircraft.”); Blake
A. Moffitt, ThomasH. Bradley et al., Design Space Exploration of Small-Scale PEM Fuel Cell Long
Endurance Aircraft, 6™ Am. Inst. of Aeronautics and Astronautics Aviation Technology, Integration and
Operations Conf., Sept. 25-27, 2006, in Witchita, Kan., at

<http://www.prism.gatech.edu/~qtg406v/ATIO v3.4.2pdf.pdf>.

21 Email from David J. Bents, Ph.D., Glenn Research Center, Mar. 27, 2008.

232 John Botti, CTO, EADS, quoted in Robert Wall, Sketching the A30X, Avi. WEEK & SPACE TECH., Feb.
4, 2008, at p. 40, available to subscribers at <www.aviationweek.com/awst> (characterizing fuel cell
APUs as “a very strong contender”); Airbus Letter, Emissions Free Power for Civil Aircraft, Jan./Feb.
2008, at p. 2, at <http://www-

org.airbus.com/store/mm_repository/press kits/att00005531/media object_file Airbusletter JanFeb08 E
N.pdf> (Airbus and Michelin completed fuel cell test in A320 used to generate 20 kW electricity and
operate hydraulic pump); see Glenn Research Center, Propulsion Systems Division, Combustion Branch,
Hydrocarbon Reformer, at <http://www.grc.nasa.gov/WWW/combustion/zReformer.htm> (transforming
Jet A fuel into syngasfor aircraft fuel cell APU application).

28 Future Aviation, ASIAN AIRLINE AND AEROSPACE, July 2007, available at
<http://www.adprconsult.com.my/Articless AAA_Jul07_CoverStory.pdf>.

234 5ee NASA, Solar-powered Gossamer Penguin in flight, at
<http://www.dfrc.nasa.gov/Gall ery/Photo/AlbatrossHTML/ECN-13413.html >.

25 NASA, Solar-Powered Research and Dryden, at

<http://www.nasa.gov/centers/dryden/news/Fact Sheets FS-054-DFRC.html >; and

<http://www.sol arimpul se.com/en/challenge/index.php?idContent=18& idindex=7> (presenting a brief
history of solar-powered aviation).

236 gee generally NASA, NASA Pathfinder Solar-Powered Aircraft, at
<http://www.nasa.gov/centers/dryden/news/Fact Sheets FS-034-DFRC.html >.

27 splarimpul se, at <http://www.sol arimpul se.com/en/index.php>; Lisa Airplanes, at <http://lisa-
airplanes.com/uk/innovation/el ectric-flight.php> (trans-oceani ¢ solar-hybrid powered). See Trina Solar
Ltd., Trina Solar to Provide Photovoltaic Cellsfor Hy-Bird: The First Airplaneto Fly Around the World
Using Only Renewable Energies, July 14, 2008, at

<http://www.trinasol ar.com/front/en/news.php?newid=73> (cooperative agreement with Lisa Airplanesto
supply solar cellsto power fuel cell and e ectric engine).

ZBDARPA, Tactical Tech. Office, at <http://www.dar pa.mil/ucar/programs/vul ture.htm > (describing the
Vulture program).

29 David Edler, Alternative Fuelsfor Jet Engines, Avi. WEEK & SPACE TECH., quoting Tim Held, GE, Sept.
17, 2007, available at
<http://www.avi ati onweek.com/aw/generic/story _generic.jsp?channel=bca& id=news/bca0907p3.xml>.

240 Tl ephone Interview with Owen Busch, VP Supply, AvFuel, June 12, 2008 (The avgas supply chainis
composed of disparate parts that require coordination; distribution points are fragmented and multimodal —
if interruption, thereisvariability of supply. Capacity constraints (e.g., shortages during the summer of
2007) resulted fromrail limitations).

241 See Commentary to AMCC V .a (on environmental regulation), at <http://www.secureav.com/Comment-

AMCC-V .a-Environmental .pdf>; seeinfra text accompanying notes 680-721 (describing gaseous
emissions regulations).

242 geeinfra text accompanyi ng notes 406-481 (describing such incentives).

243 Eyropean Commission, Joint Technology Initiative (Clean Sky), at
<http://ec.europa.eu/research/transport/info/jti_en.html> (promulgated by the Advisory Council for
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Aeronautical Research, and includes the goa of moving technologies closer to market). See Advisory
Council for Aeronautics Research in Europe (ACARE), The Challenge of the Environment, available at
<http://www.acaredeurope.org/docs/es-volumel-2/volume2-03-environment.pdf>; and Chris Kjelgaard,
Europe Launches New Aviation Research Program, SPACE.coMm, Oct. 19, 2007, at
<http://www.space.com/busi nesstechnol ogy/071019-european-avi ation-research-proj ects.htm>.

244 At <http://ec.europa.eu/resear ch/transport/projects/article 5114 _en.html>. See Robert Wall et d.,
Europe Pushes Green Technol ogy Research Forward, Feb. 8, 2008, at

<http://www.avi ationweek.com/aw/generic/story_channel.jsp?channel=comm& id=news/CLEAN02088.xm
|>. But see James Canter, Europeans Reconsier Biofuel Goal, N.Y. TIMES, July 8, 2008, at p. C1, available
at <http://www.nytimes.com/2008/07/08/bus ness/worl dbusiness/08fuel .html ?ref=business> (describing “a
major about-face’).

%5 gee Transatlantic Plan to Cut Aircraft Emissions Lifts Off, ENVIRONMENTAL NEWS SERVICE, June 18,
2007, at <http://www.ens-newswire.com/ens/jun2007/2007-06-18-04.asp>; FAA Managers Ass n, Clean
AIRE and Green, MANAGING THE XIES, Sept./Oct. 2007, & p. 6, available at
<http://www.faama.org/files/mts issuessMTS0907.pdf> (AIRE described as “the First Large-Scale Green
Initiative Joining Players from Both Sides of the Atlantic,” which “fitsin with the cooperation protocol
signed by the Commission and the FAA to coordinate two major programs on air traffic control
infrastructure modernization, Single European Sky ATM Research (SESAR) in Europe and NextGenin the
US” id.). SeeEU, Air Transport Porta of the European Commission, at
<http://ec.europa.eu/transport/air_portal/traffic_management/environment/aire_en.htm>, and EU, EU
Commission and FAA Launch Transatlantic Action Plan to Cut Emissions, June 18, 2007, at
<http://www.eurunion.org/news/press/2007/2007071.htm> (describing AIRE); SESAR — European
Consortium — The “operationa” part to the legidlative packages of the Single European Sky (proposing a
new approach to reform the ATM structure in Europe), at <http://sesar-consortium.aero/phasel.php>; and
EC, Single European Sky ATM Research, at
<http://ec.europa.eu/transport/air_portal/sesame/index_en.htm>.

246 National Plan for Aeronautics Research and Development and Related Infrastructure [Hereinafter Plan],
available at <http://www.aeronautics.nasa.gov/releases/aero_rd plan final_21 dec 2007.pdf>. See
NASA, Press Release, President Bush Approves National Plan For Aeronautics Research And
Development And Related Infrastructure, Dec. 21, 2007, available at
<http://www.aeronautics.nasa.gov/releases/12_21 07_release.htm>.

See Exec. Order No. 13419, National Aeronautics Research and Devel opment (Dec. 20, 2006), available at
<http://www.aeronauti cs.nasa.gov/rel eases/exec_order_for_aero policy dec 2006.pdf>; Nat'| Science and
Tech. Council, Office of Science and Tech Policy, National Aeronautics Research and Development
Policy, Dec. 2006, available at <http://www.ostp.gov/pdf/national aeronauti csrdpolicy06.pdf> (preceded
the current policy, above).

247 Co-chaired by the Office of Science and Technology Policy <http://www.ostp.gov/>, and NASA.

28 plan supra note 246, at pp. 28-30. See NASA, Fact Sheet for National Plan for Aeronautics Research
and Devel opment and Related Infrastructure, Description of the Plan (Dec. 2007), available at
<http://www.aeronautics.nasa.gov/releases/aero_rd plan press fact sheet 21 dec 2007.pdf>. See
Editorial, U.S. Should Follow Europe's Clean Sky Exanple, Editoria, Avi. WEEK & SPACE TECH., Feb. 4,
2008, at p. 58, available to subscribers at <www.aviationweek.com/awst> (suggesting that the US
aerospace i ndustry should seek an American version of the EU’ s Clean Sky initiative for both
environmenta and competitive reasons).

29 p|an, supra note 246, a p. 1.

20 Gerald L. Dillingham, Ph.D., Dir. Physical Infrastructure Issues, US GAO, Testimony Before the
Subcommittee on Aviation, Committee on Transportation and Infrastructure, US House of Representatives,
Aviation and the Environment, GAO-08-706T, May 6, 2008, at p. 14, available at
<http://www.gap.gov/new.items/d08706t.pdf > (further explai ning that “ Improving the scientific
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understandi ng of aviation emissions can hel p guide the devel opment of approachesto reducing emissions
by improving aircraft manufacturers and operators’ and policy makers ahility to assess the environmental
benefits and costs of aternative policy measures.” id.).

%1 Membersinclude the Aerospace Industries Ass n (AIA), ATA, FAA, and Airports Council Int’l-N.
America(ACI-NA). See FAA, CAFFI Fact Sheet, Jan. 3, 2008, at
<http://www.faa.gov/news/fact sheets/news story.cfm?newsld=10112>.

22 The“five pillars’ template reflects the US view of how to manage and reduce carbon emissions:

* Perform the necessary science to determine what needs to be solved;

* Accelerate improvements of existing operations procedures through agreementslike AIRE;
* Accelerate theintroduction of better emissions reducing technol ogy;

* Quickenthe US s Commercial Aviation Alternative Fue Initiative;

* Implement market based measures to reduce pollution, like emissions trading.

Carl Burleson, Dir., FAA Office of Env’'t and Energy, quoted in Cathleen Cummins Mifsud, Cleen AIRE
and Green Skies Ahead?, MANAGING THE SKIES, FAAMA, Sept./Oct. 2007, available at
<http://www.faama.org/files'mts issuesMTS0907.pdf>

253 Adopted May 24, 2006 by AlA/ATA/FAA-sponsored workshop with DoE, DoD, and NASA
stakeholders, at

<http://www.faa.gov/news/conferences eventdaviation forecast 2007/agenda_presentation/media/9-
%20Rich%20Altman.pdf>. See <http://www.faa.gov/news/fact _sheets/news story.cfm?newsld=9433>
(mentioning CAAFI’ sintended contribution to the FAA’s broader environmental strategy),
<http://www.faa.gov/news/conferences eventdaviation forecast 2007/agenda_presentation/media/9-
%20Rich%20Altman.pdf>, and <http://www.faa.gov/news/speeches/news story.cfm?newsld=8988>.

254 CAAFI, Brochure, availableat <http://web.mit.edu/aeroastro/partner/caafi/caafi-descri p.pdf>.

25 CAAFI Brochure, id. See Richard Altman, CAAFI, Alternative Aviation Fuels Alphabet Soup, A Primer
(Jan. 21, 2007), available at <http://www.trbav030.0rg/pdf2007/TRBO7_Altman-CAAFI.pdf>; Richard
Altman, Overview of Alternative Fuels and CAAFI, Aviation and the Environment: A Primer for North
American Stakeholders, available at <http://www.airlines.org/NR/rdonlyress CASFDDE7-1A65-4DD4-
8A1C-4935EB6A48C9/0/13AltmanThursB845.pdf>.

26 pARTNER Website, CAAF| joins PARTER Board, Jan. 14, 2008, at
<http://web.mit.edu/aeroastro/partner/news/caafi-board.html >.

57 | nterview with Earl Lawrence, VP Regulatory Affairs, EAA, in Marysville, Cal. June 7, 2008.

28 Td ephone Interview with Curtis A. Holscraw, Mgr., Emissions Division, Office of Energy and Env't,
FAA, Mar. 5, 2008 (speaking of FAA’ sinitiativesfor dternativefuds, “ That'sit [CAAFI] for FAA.” id.).

Z9FAA, Aviation Policy, Planning & Env't, at
<http://www.faa.gov/about/office org/headquarters offices/aep/>.

20 FAA, William J. Hughes Technical Center, Unleaded Fuel Research Program, within the Airport and
Aircraft Safety Research and Development Division, Airworthiness Assurance Research and Devel opment
Branch, available at <http://www.tc.faa.gov/its’cmd/visitors/datal AAR-430/unl eaded.pdf>.

261 See Mohan Gupta, Ph.D., Office of Env't & Energy, FAA, PARTNER Research on Air Quality and
Health Inpacts due to Aviation-Related Air Pollutants, Presentation at the ANERS 2007 Meeting, in La
Baule, France, June 25, 20007, available at

<http://www.faa.gov/about/office org/headquarters offices/asp/model ghistory/media/ ANERS hedlth imp
act.pdf>, <http://web.mit.edu/aeroastro/partner/>, and
<http://web.mit.edu/aeroastro/partner/projects/project17.html > (Project 17, Alternative Fuels); PARTNER,
Emissions Characteristics of Alternative Aviation Fuels, at
<http://web.mit.edu/aeroastro/partner/projects/project20.html >; ICAO, CAEP, Partnership For Air
Trangportation Noise And Emissions Reduction (Partner) Center Of Excellence Research Activities And
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International Collaboration, Information Paper, CAEP/7-1P/27, Jan. 24, 2007, available at
<http://web.mit.edu/aeroastro/partner/reports/caep’/caep7-ip027-partneractivities.pdf> (“ The group
conducts basi ¢ research and engi neering devel opment to reduce uncertainties associated with aviation's
environmenta impact and prototype solutionsto mitigate theseimpacts.”). See generally lan Waitz &
Jessica Townsend et a., Report to the United States Congress: Aviation and the Environment, Dec. 2004,
available at <http://web.mit.edu/aeroastro/partner/reports/congrept_aviation envirn.pdf>. GAO: FAA
Centers of Excellence are FAA partnerships with universities and affiliated industry associations and

busi nesses throughout the country that conduct aviation research in anumber of areas, including advanced
materials, aircraft noise, and aircraft emissions. PARTNER is a cooperative research organization that
includes 10 collaborating universities and approximatel y 50 advisory board members who represent
aerospace manufacturers, airlines, airports, state and local governments, and professional and community

groups.
%62 At <http://web.mit.edu/aeroastro/partner/index.html >.
23 Dan Elwell, Ass't Admin'r for Avi. Policy, Planning and Env't, A Primer for North American

Stakeholders Administration, Presentation at Aviation and the Environment: Mar. 19, 2008 (“Addressing
environmenta challengesis at the heart of the NextGen plan.” id.).

24 Dan Elwell, Ass't Admin'r for Avi Policy, Planning, and Env’'t FAA, Before the House Transportation
and Infrastructure Committee, Subcommittee on Aviation on Aviation Emissions, May 6, 2008, available
at <http://www.faa.gov/news/testimony/news_story.cfm?newsld=10217> (in part, “focused on accel erating
the maturation of lower energy, emissions.”).

25 Bobby Sturgell, FAA Acting Admin'r, ASPIRE To Green, Presentation at the Aviation Leadership
Summit, 2008 Singapore Air Show, Feb. 18, 2008, available at
<www.faa.gov/news/speeches/news story.cfm?newsld=10169>.

26 New Zedland Airlines, Press Release, Airways New Zealand signswith USand Australia to reduce
aircraft emissions, Feb. 22, 2008, available at
<http://www.airways.co.nz/about_Airways media/media_emissions2008.asp>.

%7 EAA, Fact Sheet, NextGen, Feb. 14, 2007, at
<http://www.faa.gov/news/fact sheets/news story.cim?newsld=8145>. See JPDO Website, at
<http://www.j pdo.gov/>.

28 Joint Planning and Devel opment Office (JPDO), at <http://www.jpdo.gov/nextgen.asp>.

269 5ee FAA, JPDO, Concept of Operations for the Next Generation Air Trangportation System, Ver. 2.0, at
p. 7-1, June 13, 2007, available at <http://www.jpdo.gov/library/NextGen v2.0.pdf>.

219 |d. [NextGen ConOps

21 Dan Elwell, Ass't Admin'r for Avi. Policy, Planning and Env't, FAA, Pane 2 Environmental
Challengesfor Aviation-A Paned Discussion, Presentation at the FAA Forecast Conference, Mar. 10, 2008,
inWash., D.C., availableat

<http://www.faa.gov/news/conferences events/aviation forecast 2008/agenda _presentation/>.

22 3IPDO, NextGen in Brief, a p. 7, available at <http://www.jpdo.gov/library/In_Brief_2006.pdf>.

213 qtephen A. Merrill, Aeronautics Innovation: NASA's Challenges and Opportunities, at
<http://cafefoundation.org/v2/pdf pav_tech/PAV.SATS.demographs/PAV.NRC.Report. NASA.Aero.pdf>.

2" NASA, NASA and the Next Generation Air Transportation System, June 26, 2007, available at
<http://www.aeronauti cs.nasa.gov/docs/nextgen whitepaper 06_26 07.pdf>.

25 Michadl T. Tong & Scott M. Jones, NASA, Glenn Research Center, An Updated Assessment of NASA
Ultra-Efficient Engine Technologies, ISABE-2005-1163 (2005), available at
<http://ntrs.nasa.gov/archive/nasal/cas .ntrs.nasa.gov/20080002273_2008000933.pdf>.
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276 See generally Glenn Research Center, Combustion Branch, Propulsion Systems Division, at
<http://www.grc.nasa.gov/ WWW/combustion/>;
<http://www.nasa.gov/centers/glenn/research/power.html > (Power and Propulsion Office); Dan Bulzan,
NASA Glenn Research Center, Combustion, Fundamental Aeronautics 2007 Annual Meeting, in New
Orleans, La(Oct. 31, 2007), available at

<http://ntrs.nasa.gov/archive/nasal/casi .ntrs.nasa.gov/20080003894 2008003839.pdf > (presenting an
overview of emissions-related research).

277 At <http://www.nasa.gov/centers/glenn/about/fs10grc.html >, and <http://www-psao.grc.nasa.gov/>.

28 Seg, e.g., Mark D. Moore, NASA Langley Research Center, Electric Propulsion Enabled Advanced Air
Vehicles, Presentation at the Cafe Foundation Electric Aircraft Symposium, Apr. 26, 2008, availableat
<http://cafefoundation.org/v2/pdf_pav_electricaircraft/2008/mark.moore.eas2008.pdf>.

219 Gerald L. Dillingham, Ph.D., Dir. Physical Infrastructure Issues, US GAO, Testimony Before the
Subcommittee on Aviation, Committee on Transportation and Infrastructure, US House of Representatives,
Aviation and the Environment, GAO-08-706T, May 6, 2008, at p. 23, available at
<http://www.gao.gov/new.items/d08706t.pdf>.

20 geg, e.g., Roger Drinnon, C-17 uses synthetic fuel blend on transcontinental flight, AIR FORCE LINK, at
<http://www.af.mil/news/story.asp?id=123079891> (“The Air Forceistaking aleadership rolein testing
and certifying the use of synthetic fuel inarcraft,” Michad W. Wynne, Sec’'y, USAF, id.).

Peak oil isaforecast date at which maximum worldwide oil production reachesits peak, with reductionin
readily accessibl e sources of raw crude and increasing exploitation, production and transportation costs
leading to adeclinein tota petroleum-products production afterward. See Int’| Energy Agency, Medium
Term Oil Market Report, July 2008, at <http://www.iea.org/w/bookshop/add.aspx?id=402> (global oil
supply failing to meet rising demand); Clifford Krauss, Oil Demand to Grow Despite Prices, Report Says,
N.Y.TIMES, July 2, 2008, at p. C4, available at

<http://www.nyti mes.com/2008/07/02/business/020il .html >.

%1 Dr, Theodore K. Barna, Ass't Dep'y Under Sec’y of Defense, Advanced Systems and Concepts, OSD
Assured Fudl s Initiative (2006), at <http://www.trbav030.org/pdf2006/265 Harrison.pdf>.

22id. at p. 19.

23 DARPA Strategic Technology Office, Biofuels (July 5, 2006), at
<http://www.darpa.mil/sto/solicitations/BioFuel §/>.

24 DoE, About DOE, at <http://www.energy.gov/about/index.htm>.
25 DoE, id.

26 Energy Information Agency, DoE, at <http:/www.eia.doe.gov/environment.html>.

%7 See Neil Rossmeissl, US DoE and Jay Kdller, Sandia Nat'| Lab, U.S. DoE, Biomass and Biofuels
Program, Presentation at the Caf e Foundation’ s Electric Aircraft Symposium, Apr. 26, 2008, at
<http://cafefoundation.org/v2/pdf_pav_electricaircraft/2008/jay.keller.usdoe.pdf>.

28 geg, e.g., CRC, Atmospheric Impacts, at
<http://www.crcao.com/publications/atmospherelmpacts/index.html > (listing CRC environmental studies).

29 CRC Website, at <www.crcao.coms>.

20 CRC, Unleaded AV GAS Deve opment Group, Mission Statement, available at

<www.regul ati ons.gov/fdmspublic/component/mai n?mai n=DocumentDetai | & 0=090000648027c336>
(emphasis added); Clifford A. Moses, Fudsand Lubricants Tech. Dept., SW Research Institute,

Devel opment of the Protocol for Acceptance of Synthetic Fuels Under Commercial Specification, Final
Report, Dec. 2007, prepared for Coordinating Research Council, available at <http://www.crcao.com/>.
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21 CRC, Exec Summary, CRC Research Results, Unleaded High Octane Aviation Gasoline, Apr. 24, 2008,
at p. 3 (copy on filewith author) (also providing a genera update of CRC avgas devel opments).

292 A dopted June 1969 by ASTM, at <http://www.astm.org/COMM I T/SCOPES/D02.htm>.
293 At <http://www.astm.org/COMM I T/COMMITTEE/DO2.htm>.

2% 5ee ASTM, Technical Committee D02.J0 on Aviation Fuels, at <http://www.astm.org/cgi-
bin/SoftCart.exe/ COMM I T/SUBCOMMIT/D02J0.htm?L +mystore+waty1066+1201032458>;
<http://www.astm.org/cgi-

bin/SoftCart.exe/ COMMIT/SUBCOMM I T/D02J0.htm?L +mystore+hqji8033+1204943690>, ASTM,
Standard Secification for Biodiesel Fuel Blend Sock (B100) for Middle Digtillate Fuels, available at
<http://www.astm.org/cgi-

bin/SoftCart.exe DATABASE.CART/REDLINE_PAGESD6751.htm?E+mystore>.

2% Cafe Foundation, at <http://www.cafef oundation.org/v2/aboutcafe home.php>.

2% At <http://caf ef oundation.org/v2/pav_gatchallenge.php>; and
<http://cafefoundation.org/v2/pav_gatchallenge rules.php#greenprize> (Challenge details).

27 At <http://cafefoundation.org/v2/pav_eas 2008.php>. Some of the recent devel opments noted at the
conference included: feasibility and benefits of hybrid aircraft, wingtip propellers/wind turbines; nano-
filament Li-ion battery (potentially offering a 10X improvement in specific energy and cost), and
ultracapacitors. Email from Brian Seeley et al., Apr. 27, 2008.

2% pt <http://lindberghfoundati on.org/medi a-resources/medi a-press- kit/f oundati on-backgrounder. html >;
and <http://www.lindber ghf oundati on.org/contribute/contribute/parti ci pate-avi ati on-green-investment-
program.html> (presenting its Aviation Green Investment Program).

29 geeinfra text accompanyi ng notes 382-384 (describing direct injector fuel nozzles research and
devel opment).

300 Automotive X Prize Website, at <http://auto.xprize.org/>.

301 % Prize Foundation Website, Press Releasss, at <http://auto.xprize.org/auto/press-rel eases/rss>.

302 At <http://www.xprize.org/future-x-prizes/ener gy-and-environment>.

3% DT, Volpe Center, B—NEXTGEN Alternative Fuel Devel opment Roadmap, at
<http://www2.fbo.gov/spg/ DOT/RITA/VNTSC/DTRT57-08-R-20016/SynopsisP.html>. Other alternative
energy prizes may be funded by the US Federa government. See, e.g., DoT, U.S. Transportation Secretary
Peters Announces New Near and Longer Term Measuresto Help Aviation Industry Sruggling with High
Fuel Costs, DOT 96-08, July 10, 2008 <http://www.dot.gov/affairs/dot9608.htm> (FAA
participation/funding of an X Prize competition for renewable aternative jet fue); Brian Knowlton,
McCain seeks new energy approach, INT' L HERALD TRIBUNE, June 24, 2008 (proposing creation of 300
million dollar prize to devel oper of breakthrough car battery technology).

3% Roger Pidke, Jr. & Tom Wigley et a., Commentary, Dangerous Assumptions, NATURE, Apr. 2, 2008,
availablefor fee at <http://www.nature.com/nature/journal /v452/n7187/full/452531a.html > (asserting that
technical challenges are greater than anticipated). Nobuo Tanaka, Exec. Dir., Int’| Energy Agency, Press
Release, Now or Never - |[EA Energy Technology Perspectives 2008 shows pathways to sustained economc
growth based on clean and affordabl e energy technology, June 6, 2008, at

<http://www.iea.org/ Textbase/press/pressdetail .asp?PRESS REL _1D=263> (“technological transition on
an unprecedented scale” required).

305 At <http://www.bayior.edu/bias/index.php?id=111> (ethanol and other aviation aternative fudl).

306 At <http://www.col ostate.edu/features/clean-energy.aspx>.

307 At <http://www.erau.edu/er/newsmedi a/newsrel eases/2008/biofuel .html > (aviation biofue research
within the Aviation Maintenance Department, College of Aviation; and a design project (ana ytica study)
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by the Aerospace Engi neering students-Propul sion Track—gas turbine engine desi gn modified to optimize
its operation when using biofudl.).

308 At <http://www.fcbt.gatech.edu/>.

309 At <http://www3.imperial .ac.uk/i cept/ourresearchactivities>.

310 At <http://web.mit.edu/aeroastro/index.html>.

311 At <http://www.mcagill.ca/> (includes collaboration with Pratt & Whitney, Canada).
312 At <http://coe.mst.edu/>.

313 Seg, eg., <http://news.uns.purdue.edu/x/2008a/080623T-Stanl eyBiof uel .html >.

814 At <http://airquality.ucdavis.edu/pages/events/2007/aviation presentations/index.html>; Univ. Cal.,
Davis, Flying Green Program, at
<http://airquality.ucdavis.edu/pages/events/2008/flying_presentations/index.html>.

315 At <http://www.udri .udayton.edu/NR/exeres/ EE10C8B-08CB-4756-8A85-1CACD0426763.htm>.

316 At <http://www.undeerc.org/>. “ The EERC's present activities for DARPA arefocused on producing a
drop-in compatible jet fuel that complieswith the physical characteristics defined in the military
specification MIL-DTL-83133E. ... To date, we have been successful in producing a 100% bio-derived
jet fud from processing crop oil such that the resulting fuel meetsthe critical military specifications of JP-8
(Mil-DTL-83133E) as determined by the Air Force Research Laboratory at Wright-Paterson Air Force
Base” Email from Chad Wocken, Research Mgr., EERC, Mar. 25, 2008. Additionaly, EERC s

devel oping and commercidizing a“dropin” renewable jet fuel compatible with petroleum-derived Jet A-1
and/or JP-8; and now designing a 2-million-gallon-per-year renewable oil refinery capable of producing jet
fuel, diesdl fuel, gasoline, and naphtha, and securing a site and financing for building and operating the
refinery. Email from Ted Aulich, Sr. Research Mgr., EERC, July 14, 2008.

317

(developing the EU’ sfirst hydrogen- powered aircraft).

318 Univ. of N. Dakota, Energy & Environmenta Research Center, at
<http://www.undeerc.org/centersofexcel lence/nafl . aspx>.

319 Fuels and Combustion Research Laboratory, at <http:/engine. princeton.edu/>, and
<http://www.princeton.edu/~combust/database/other.html >; Hilary Parker, Green skies: Engineer’ s work
may reduce jet travel’ srolein global warming, NEWSAT PRINCETON, Sept. 13, 2008, at
<http://www.princeton.edu/mai n/news/archive/S18/96/92S56/index.xml > (describing the Next Generation
Jet Fud Project).

320 At <http://www.niar.wichitaedu/>.

321 For example, Pratt & Whitney' s Biofuel Research Project, Press Release, Pratt & Whitney Canada
Leads Groundbreaking Biofuels Research Project, July 13, 2008, at

<http://www.pwc.calen/O_0/0 0 8/0 0 8 1 1 1.a5p?id news=496> (four-year project to assess biofudls,
study their effect on engine component, devel op appropriate technologies and design changesto
accommodate them, and conduct tests comparing current jet fuels with biofuels); Telephone Interview with
Sam Sampath, Ph.D., Mgr. & Sr. Fellow, Pratt & Whitney Canada, July 11, 2008 (underscoring that
“biofuels, by definition, will improve [turbine] carbon footprint”); Pratt & Whitney' s“ Green Engine
Program,” Pratt & Whitney Canada Corp., Imagine the Power (undated brochure) (“des gning engines with
the environment in mind”) (copy on file with author); Jayant Sabnis, Chief Engineer, Systems Anaysis &
Aerodynamics, P& W, Green Engine Devel opments for Next Generation Aircraft, Presentation at the UC
Davis Symposium, Aviation Noise and Air Quality, in San Francisco, Cal. (2007), available at
<http://airquality.ucdavis.edu/pages/events/2007/aviation_presentations/Sabnis.pdf>; Pratt & Whitney
Canada, Green, 2007, Making Blue Skies Greener (copy on file with author) (“P&WC isinvesting $1.5
billion Cdnin research and development over the next five years to create its next generation of green

engine technol ogies, with support from the Canadian government and through partnershi ps with leading
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Canadian universities and research centres.”) Pratt & Whitney, Press Release, Pratt & Whitney Canada
Brings Greener Enginesto Market, June 17, 2007, available at

<http://www.pwc.calen/O_0/0_ 0 8/0 0 8 1 2 2.a5p?d news=45>; CFM, Press Release, CFM Unveils
New LEAP-X Engine, July 13, 2008, available at
<http://www.cfm56.com/press/news/cfm+unveilstnew+leap-x+engine/441> (highlighting Ceramic Matrix
Composite (CMC) technology and engine announcement); CFM, CFM Successfully Tests Ester-Based
Biofud On Cfnb6-7b Engine, June 15, 2007, at
<http://www.cfm56.com/index.php?level2=blog_viewpost&t=395> (CFM’sjoint venture between GE and
Snecma- adivision of the French aerospace company SAFRAN Group; James M. Guyette, Pres. & CEO,
Rolls-Royce N. Am., Press Rel ease, Rolls-Royce wins $2.6BN Trent 1000 order from Virgin Atlantic and
launchesjoint environment initiative, Mar. 3, 2008, available at <http://www.rolls-
royce.com/media/showPR.jsp?PR_ID=40618> (*We share acommon agendato address environmental
issues, and the new environmental partnership will help speed up research and development into reducing
carbon emissions.”); Rolls-Royce, Rolls Royce and the environment, at <http://www.rolls-royce.com/rolls-
royce-environment/fag.html> (describing arange of environmental initiaitaves); Lycoming, Advanced
Technology Center, at <http://www.lycoming.textron.com/company/advanced-technol ogy-center.jsp>.

322 «The AOPA does not have a‘ stated policy position’ on aviation [environmental matters], but has a god
to have such apolicy by the end of 2008.” Telephone Interview with Melissa Rudinger, VP, Regulatory
Affairs, AOPA, Mar. 7, 2008. Nonetheless, the AOPA hasalong history of advocacy that includes
environmental matters. See, e.g., supra note 48 (Andrew Cebula s comment on behalf of the AOPA
regarding TEL). Notethat the Int’| AOPA (IAOPA) issued an “Environmentaly Friendly Fuels’
resolution, No. 23/6 (June 2008), availableat <http://www.iaopa.org/policies-and-
positions/resolutions.html> (providing “that although general aviation aircraft engine exhaust emissions on
atmospheric pollution are minimal, |AOPA strongly supports the enhanced production of aviation gasoline
and jet fuel containing environmentally friendly materias of biologica origin that will meet aviation fuel
standards.”). The AOPA views environmental issues as one ot the two “next big challenges for both
genera aviation and for airports.” Warren D. Morningstar, Airportsa tip priority, Boyer tells execs,
quoting, Phil Boyer, Pres., AOPA, AOPAOnline, July 14, 2008, at

<http://www.aopa.org/advocacy/ arti cles/2008/080717aaae.html >

32 Air Transport Association, at <http://www.airlines.org/government/environment/> (presenting the
ATA'senvironmentd affairs). See James C. May, Pres. & CEO, Air Transport Ass n, The Commercial
Airlines’ Climate Change Commitment, Statement before the House Select Committee on Energy
Independence and Global Warming, Apr. 2, 2008, a p. 5, available at
<http://globalwarming.house.gov/tool s/assets/files/0467.pdf> (“ATA carriers have made acommitment to
achieve an additional 30 percent systemwide fuel efficiency improvement through 2025, on top of prior
improvements. That equatesto an additional 1.2 billion metric tons of CO, saved — roughly equivalent to
taking over 13 million cars off theroad each year.”); ATA, Press Release, ATA Names Nancy Young as VP,
Environmental Affairs, June 26, 2007, at <http://www.airlines.org/news/rel eases/’2007/news 06-26-
2007.htm>.

324 Ajr Transport Action Group (ATAG), at <http://www.atag.org/content/default.asp>. See
<http://www.enviro.aero/Home.aspx> (“ The only global industry association that brings together
organi zations and compani es throughout the air transport chain . . . addressing the environmental
challengesfacing theindustry.” id.).

325 (BBGA), at <http://www.bbga.aero/news.html> (describing BBGA's environmental initiatives).
326

(EBAA), at <http://www.ebaa.org/content/dsp page/ pagec/currentissues> (proposing, inter alia, an
exemption for business aviation from the EU’s ETS based on itslow level of emissions (<3% of aviation
emissions) and small size; proposing a voluntary offset scheme, and the block purchase of emissions
credits).

32 The EAA hastaken a leadership rolein alternative fuels policy and standards development. See, eg.,
Earl Lawrence, VP, EAA, An Update on Advocacy Issues, EAA SPORT AVIATION, May 2008, at p. 21.
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328 GAMA, at <http://www.gama.aero/home.php> GAMA has authorized an “ Environmental Committee”
to focus on abroad range of environmental issues. See GAMA, Environment Committee, at
<http://www.gama.aero/committees/committeeHome.php?commiD=35>.

329

(IATA), Environment Webpage, at <http://iata.org/whatwedo/environment> (IATA maintains an
Environmental Committee, at <http://iata.org/workgroups/env.htm>, and an Alternative Fuels Project).

30 (IBAC), at <www.ibac.org> (The IBAC has an Environmental Issues Work Group (EIWG). The IBAC
claimsthat business aircraft are responsible for 0.04% of global man made emissions. IBAC Emissions
Policy 30-5, Jan. 15, 2004, at <www.ibac.org/Library/policy2/30_5.htm>).

331

(NATA), at <http://www.nata.aero/>. NATA has a so established an environmental committee pursuing
a“Climate Initiative’ which includes carbon offsets and best management practices. See generally James
K. Coyne, Pres., NATA, Statement of the Nat’l Air Transp. Ass n before the Subcommittee on Aviation,
Committee on Transportation and Infrastructure, U.S. House of Representatives, Hearing on Aviation and
the Environment: Emissions, May 6, 2008, available at

<http://www.avi ati onai rportdevel opmentl aw .com/Coyne%20Wri tten%20Comments.pdf >.

332 At <www.nbaa.org>.

333 Bryan Walsh, Why Green isthe New Red, White and Blue, TIME, Apr. 28, 2008, at p. 46, available at
<http://www.time.com/time/special §/2007/article/0,28804,1730759 1731383 1731363,00.ntml>. See
generally Cleentech, at <www.cleantech.com>.

33 FDEP & Embry-Riddle Aeronautica Univ., Preflight Fuel Dumping (brochureon file with author);
Myles Accessories, Detrimental Impact Study Of Aircraft Fuel Sampling and Year 2000 Followup
Addendum (1989, 2000), at <http://www.reidhillview.com/Lead 4 times car_fuel.htm> (providing
multiple derivations to support an average of 2,345,272 Gal. per year); Weday Stagg, quoted in Dale
Smith, Busted! Pre-Flight Fuel Dumping Under Fire, Avi. MAINTENANCE, June 2002, a p. 24.

Cf. James B. Burrows, Jr., Private Analysis of the FAA s General Aviation and Taxi Activity Survey
CY2000 Embry Riddle' s Fuel Dunping Data (2003) (copy on file with author) (anaysis concluding:
“Clearly the 3 million gallons a year number is based on a single anal ysis of one set of data and three
highly suspect assumptions. When you make adjustments to correct for these assumptions you end up with
avolume of disposed fuel that isafactor of 3.6 timeslessand [another data set] 22 timesless. Clearly the
true amount of fuel disposed of on the ground from preflight operationsisway |ess then the commonly
quoted 3 million gallon number.” id.).

The Nationa Academy of Sciencesreportsthat: “[n]early 85 percent of the 29 million gallons of petroleum
that enter North American ocean waters each year asaresult of human activities comes from land-based
runoff, polluted rivers, [and] airplanes.” Nat’'| Research Council of the Nat’l Academies, Oil inthe Sea lll,
Inputs, Fates, Effects (2002) (emphasis added), available at
<http://books.nap.edu/books/0309084385/html/R1.html#pagetop>.

33 Jack Haun, ERAU, Aviation Environmental Responsibility, supra note 1 (aviation instructional video).

3% A noninclusive list of aviation-based groundwater-polluting items includes: used oil, parts, washer fluid,
sump fuel or waste fuel, non-empty aerosol cans, stripped pai nt residue, expired oxygen generators, alodine
waste (brushes, wipes, swabs), any liquid in contact with chlorinated solvents used to clean parts, used oil
filters, batteries and battery acid, used shop towels, hydraulic fluid, turbine wash resi due, expired
chemicals. DoT, Research and Specia Programs Administration, Office of Hazardous Materials Safety,
available at <http://hazmat.dot.gov/>.

337 Some pilots and others assert that fuel discharges are not amateria problem, pointing to astudy
concerning leaking underground fuel tanks that observes that microorganisms break down harmful
chemicals. See David W. Rice et al., Recommendations To Improve the Cleanup Processfor California’s
Leaking Underground Fuel Tanks (LUFTS) (UCRL-AR-121762 — report submitted to the Cal. State Water
Resources Control Board (SWRCB), Underground Storage Tank (UST) Program) (Oct. 16, 1995),
available at <http://www-erd.lInl.gov/library/121762.pdf>. Notwithstanding, considerable fuel from the
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tarmac is carried by sewers and other mechanisms that do not discharge underground. And “thevery high
amount of lead in aviation gasoline easily kills microorganisms so there is no breakdown of harmful
chemicals.” Email from Lars Hjelmberg, Exec. Dir., Hjelmco Oil (Apr. 13, 2003).

338 Some pilots urge that for small slop tanks, the combination of fuel and water can simply be alowed to
evaporate. However, this practice releases hydrocarbonsinto theair. For larger dop tanks, more
sophisticated remediation systems are required. Lars Hjelmberg describes fuel sumping equipment
appropriate for small GA airportsthat uses a stainless steel drum with afunnel pipe and cap, afunne
separating water and dirt from the fuel, and a hand-driven fuel pump for the removal of clean fuel from the
drum. Drainagefue isfiltered through thefilter-funnel into the drum (whichis closed when not in use).
Periodically, fuel isreturned to the main fuel farm using the hand pump or some other approved method.
Email from Lars Hjelmberg, Exec. Dir., Hjelmco Qil (Oct. 19, 2002).

See generally DALE DE REMER, PH.D., AIRCRAFT SYSTEMS FOR PILOTS (Jeppesen Sanderson 1996), at pp.
91-94 (providing an overview of fuel contamination).

339 Nevertheless, some airport communities have implemented responsi ve programs. See, e.g., the Ventura

County's Airport Used Qil Collection Program, available at

<http://portal .countyofventura.org/portal/page? pageid=827,1102055& dad=portal& _schema=PORTAL&
caledfrom=2>. Some airport associations have taken initiatives to improve responsible fuel sampling.

See, e.g., Palo Alto Airport Ass n, GATS Jar Project, at <http://www.pal oaltoairport.aero/gats.htm>.

30 ginceit involves “operational issues,” thisis an airplane certification issue. Manufacturers should not
design aircraft that impede environmentally safe fuel sampling. For example:

» New Piper Saratogaairplanes contain afuel “strainer sump quick drain” that requires depressing a
lever &ft of the copilot seat to drain fuel ported from the aircraft’ s belly, which, as a practical
matter, challenges environmentall y safe fuel sampling.

» Mooney Aircraft have agascolator fuel drain under the aircraft. To drain thefuel, one pullsona
lever located between the pilot and co-pilot seat. Thedrainisbelow the belly pan.

» Older Cessna172sand 152s have afudl sump drainlever by the dip stick under the engine cowl
(below the front of the nose cowl), checking the fuel requires one to reach both the lever and the
drain tube — a distance of forty or more inches.

Highwing aircraft that require the pilot to use aladder to sampl e and recycle sampled fuel back into its
tanks al so discourage good fuel practices. Also, manufacturersthat supply small fuel sampling containers
may promote undesirable behavior (encouraging pilotsto spill or discard the samples on the ground). Such
containers are not as effective as larger containers anyway, since they cannot hold a complete set of pre-
flight fuel samples.

341 See DALE DEREMER, PH.D., AIRCRAFT SYSTEMS FOR PILOTS (Jeppesen Sanderson 1996), at Ch. 6
(presenting an overview of good fuel sampling practices); FAA, AC 150/5230-4A, Aircraft Fuel Storage,
Handling, and Dispensing on Airports, June 18, 2004, available at <www.faa.gov>, also available at
<http://www.airweb.faa.gov/Regulatory and Guidance Library/rgAdvisoryCircular.nsf/0/165e9c832474d
05886256edd006ceb58/$FIL E/150-5230-4A. pdf>.

342 pilots are more likely to return larger samples to the tank if only to save on fuel costs, and less likely to
pour larger samples on the ground because the percei ved environmental impact is greater than with small
samples. See Aviation Specidists, at

<https://airsport.com/aviagear/merchant.ihtml ?pi d=84& | astcatid=75& step=4> (manufacturer of the GATS
Jar).

343 Guidancefor jet fud quality control a airportsis covered by the Air Transport Ass n de facto standard
ATA-103. Reevant guidance from ATA-103 isnot typically enforced, and thereis not comparable GA
guidance. “The [GA] industry has not pushed it [developing and adhering to fuel quality guidance].”
Telephone Interview with Mickey Kellum, ExxonMobil Fuels Marketing Co., Jan. 15, 2008 (Kellum aso
mentioned the compar ative superiority of jet fuel tank storage, “floating suction” in contrast to avgas tank
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storage the latter of which “takes suction right off the bottom of thetank.” He further observed that [FBO]
customers tend to view water absorption unitsas“fail safe” id.). See Air Transport Ass n, ATA103
(2006), at <http://www.airlines.org/products/pubs/product-detail .htm?Product=9>. See generally Core, Jet
Fuel Storage Fuel Safety Practices, at <www.core-es.com/news etter/avi ationcodes.htm> and
<www.hsac.org/RPs/2004-02.pdf > (suggested standard practicesfor jet fuel handing). But see ATA Spec
103, AIRPORT BUSINESSMAG. (Apr. 2001), at <http://www.airportbusiness.com> (presenting ATA 103
limitations, including that it “doesn’t cover general or corporate aviation,” but recognizing that it is“an
important part of regular safety and mai ntenance procedures”).

34 Thisis particularly important when fudling during the early morning or evening, since daytime
temperature increases will tend to result in discharged fudl. In addition, fumesfrom fuel run-off increase
therisk of ahangar fire. Electrical equipment in hangarsis not typically designed to prevent fuel vapor
explosions.

35 Cf. FAA, Airworthiness Standards, 33 C.F.R. § 67, available at
<http://ecfr.gpoaccess.gov/cgi/t/text/text-

idx?c=ecfr& sid=6d56ea087534ch74bab89933f625314c& rgn=div5& view=text& node=14:1.0.1.3.16&idno
=14> (fuel systems); FAA AC 34-1B, Fud Venting and Exhaust Emission Requirementsfor Turbine
Engine Powered Airplanes (June 27, 2003), at

<http://rgl.faa.gov/Regulatory and Guidance Library/rgAdvisoryCircular.nsf/0/e41ladd77de4b208086257
0a6005b36ed/$FILE/AC34-1B.pdf>; USEPA, 40 C.F.R. 8 87 [47 Fed. Reg. 58,462-58,472], Control of
Air Pollution From Aircraft and Aircraft Engines; Emission Standards and Test Procedures (Dec. 30,
1982), at §87.11 (“No fuel venting emissions shall be discharged into the aamosphere from any new or in-
use aircraft gas turbine engine subject to this subpart.”). See Bruce C. Jordan, An Assessment of The
Potential Air Quality Impact of General Aviation Aircraft Emissions, US EPA, Office of Air Quality
Planning and Standards, OMSAPC-78-1, June 17, 1977, a p. 35 (copy on file with author) (“evaporation
losses during refueling may be significant”).

Most GA aircraft have open-vented fuel systems. This meansthat the fudl tanks are vented to the
atmosphere using a pipe originating from the top of the tank, to a*“snifter valve” (anti-siphon valve) at the
pipe s highest point, then out the bottom of the airframe or wing. Often, if thetank isfilled to capacity, and
the fuel expands asit warmswhile sitting on a hot ramp, fuel isforced out the vent tube. If the anti-siphon
valve mafunctions, fuel may continue to siphon overboard, especialy with flexible bladder-type tanks.
The collapse of theflexible bladder keeps the fuel leve at or above the venting point, causing fuel to
continue to siphon until the tanks are nearly empty.

Anti-siphon val ves are particularly susceptible to insect damage. Insects can crawl into the small spaces
around these valves and die there from toxic fumes. Eventually, their bodies clog the valve by physically
obstructing the valve. For example, Mud Dauber wasps often construct mud nests on or near the valves
then abandon the hardened mud when fumes are detected. Theresult istheloss of considerable fuel which
stains the tarmac, implicating the aircraft owner asthe polluter. Solutionsto this problem may include: (1)
refraining from topping off the tanks until just prior to departure, and (2) ensuring the anti-siphon val ves
areinspected regularly for contamination and proper function. Pilots should learn how to check these
valves, and check them periodically.

Closed fudl systems are not vented to the atmosphere. Instead, they are pressurized by some means. A
pressurized-closed fuel system prevents vaporization at higher altitudes.

346 However, that fueling procedures must conform to the requirementsin the applicable aircraft Pilots
Operating Handbook (POH).

347 « Ground support equipment” may include piston-powered aircraft tows, pre-heaters, eectrical
generators, and HV AC units. Consider that the US EPA has proposed a standard to limit hydrocarbon
emissions that evaporate from or permeate through gas cans starting with contai ners manufactured in 2009.
It is expected that the new cans will be built with asimple and i nexpensi ve inner coating and other minor
modificationsto comply with the proposed standards. EPA, Control of Hazardous Air Pollutants from
Mobile Sources, Proposed Rule, 40 Fed. Reg. 15,804 (May 29, 2006), available at
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<http://www.epa.gov/otag/regs/toxics/420f06021.htm#gascan>. See generally USEPA, Outdoor Air-
Trangportation: Gas Cans— Additional Information, at
<http://www.epa.gov/air/community/details/gascan_addl_info.html#activity3>.

348 PV A- and nitrile-based gloves are recommended for their ability to prevent fuel absorption. Int'|
Occupational Safety and Hedth Info. Centre Website, at
<http://www.ilo.org/public/english/protection/saf ework/cis/products/saf etytm/sol ann.htm> (such gloves
should be at least 11 mil. thick). SeeInt’| Labour Org., at

<http://www.il0.org/public/english/protecti on/saf ework/ci §/products/i csc/dtasht/icsc14/icsc1400.htm>
(describing dangers and handling of gasoline— including use of protective gloves).

349 Seg, eg., US Army Petroleum Center, Information Paper, Subject: Fuel Ethanol (E85) AMSTA-LC-
CJPL (710), Apr. 24, 2001, at <http://usapc.army.mil> (* Protective gloves should be worn while handling
E85 [ethanol] or any petroleumproduct.” (emphasis added)).

30 Seg, eg., Gov't of New Brunswick, Green Smart, Handling Small Petroleum Spills, at
<http://www.gnb.ca/0009/0011-e.pdf>.

%1 See supra Alternative Fuels, text accompanying notes 117-242.

%2 Seg, eg., Lycoming, Service Instruction 1070N, Specified Fuels (June 14, 2006), available at
<http://www.lycoming.com/support/publications/service-instructions/pdfs/SI1070N.pdf> (listing approved
enginesfor 91UL fud).

353 § 403; FLA. ADMIN. CODE, r. 62-710 and r. 62-730 (authorizing fines up to $10,000 per violation for
dumping fuel); and 40 C.F.R. 88 260 - 266, 268 and 279. See FLA. STAT ANN. ch. 403.727. Violations,
defenses, penalties, and remedies, available at

<http://www.flsenate.gov/ Statutes/index.cf m?App_mode=Display Statute& Search String=& URL=Ch040
3/Sec727.HTM>.

%4 The FDEP' s Hazardous Waste | nspection Report (Aug. 20, 2001) complaintant’s Summary of Potential
Noncompliance Items and Recommended Corrective Actions stated:

a 40 C.F.R. 265.31 Maintaining and Operating a Facility

Embry Riddle Aeronautical University, failed to minimize the possibility of fire, explosion, or any
unplanned sudden or non-sudden release of hazardous waste to air, soil, or surface water which
could threaten human headth and the environment. Specificaly, Embry-Riddle Aeronautica
University failed to implement a procedure to prevent the release of aviation fuel after inspecting
for contaminants.

3% The Consent Order included a requirement that “6. Respondent must ensure that al employees and
students are thoroughly familiar with proper waste handling and emergency procedures, relevant to their
responsibilities during normal facility operations and emergencies.” FDEP vs. Embry-Riddle Aeronautical
University, OGC File No. 02-0168, EPA ID No. FLD981745177 (FDEP, Centrd Dist. 2002) (copy onfile
with author). A fueling practices video production by the University, entitled Aviation Environmental
Responsihility, isavailable at <http://pal oaltoai rport.aero/AER.mpeg>.

3% Consider, for example, the Aeronautica Civil de Venezuela (Venezuelan Civil Aeronautics Law) which
states:

Principle of Environment Preservation, Article 6: The environment will enjoy specia protection
regarding the effects that development of aeronautical activities may produce. Regulations dictate
that the Aeronautical Protection and Maintenance Authority will be oriented to the adaptation and
performance of the ruling judicial code and those methods and regulations recommended by
specialized local and international organizations.

The no compliance to this disposition will result in sanctions as stated in the present law and on
those specia |aws that rule the matter.
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Venezuelan Aeronautical Law, available at

<http://www.gobiernoenlinea.ve/docM gr/shar edfil es/L eyAeronauticaCivil .pdf >. Note: “ The last sentence
of the Venezuelan Law pertainsto the laws and regulation dictated by the VVenezuelan Environment and
Renewabl e Resources Ministry - something like the EPA in the US but with far more reach - and other
international agencies. Later on, the samelaw statesinits Article 146: *Who in contravention with that
already established in thetechnical regulation, pollutes an aerodrome or airport environment or surrounding
areas, by any means or during the practice of any aeronautical activity or in connection with it, will be
punished with three to five years of imprisonment’.” Email from Tony Alvarez, Oct. 18, 2006.

37 John King, King Schools, Letter to the Editor, Bus. & CoMM. Avi., Jan. 2008, at p. 9, available to
subscribers at <wwuw.aviationweek.com/awst>.

3% B.H. Carlson, U. Naval Academy, Fue Efficiency of Small Aircraft, AIAA-80-1847, Paper presented at
the AIAA Aircraft Systems Meeting, in Anaheim, Cal. (1980), a p. 1, available at
<http://cafefoundation.org/v2/pdf pav_tech/PAV.MPG.enginesy AIAA.1980.1847.B.H.Carson.pdf> (“ An
objective observationisthat aircraft are desi gned with a basic mismatch between the aerodynamics of the
airframe and the amount of power required to redize its most efficient use, and that as aresult, aircraft are
operated in awasteful fashion.” id.).

39 Andrew C. Revkin, A Shift in the Debate Over Global Warming, N.Y. TIMES, Apr. 6, 2008, a p. WK 3,
available at
<www.nytimes.com/2008/04/06/weekinreview/06revkin.html ?_r=1& ref=environment& oref=5 ogin>.

30 See Jeanne Yu, Dir. Environ. Performance, Boeing Comm. Airplanes, Commitment to a Better Future,
Mar. 2007, availableat

<http://www.faa.gov/news/conferences eventgaviation forecast 2007/agenda presentation/medial/7-
%20Jeanne%20Y u.pdf> (Saving one pound of fuel means not emitting 3.1 Ibs. of CO,. Yu aso parses
environmenta performance as follows: engine, aerodynamics, structures and materials, systems, air traffic
management, and engine/airframe integration.). Notethat thelisted technologies arelargel y focused on
reciprocating engines.

31 See Airbus, Getting to Grips with Fuel Economy (July 2004), available at

<http://www.i ata.org/NR/ContentConnector/CS2000/Sitei nterf ace/sites/whatwedo/fil e/Airbus Fuel_Econo
my_ Materia.pdf> (surveying “significant operating variables that aff ect fuel economy”). See generally
ICAO, Asia/Pacific Office, ICAO Specid Implementation Project (Sp), Workshop On The Devel opment
Of Business Case For The Implementation Of Cns/ Atm Systems, Environmental Benefits Of CngAtm
Systems, SIP/2007-WP21 (Bangkok, July 23-27, 2007), available at
<http://www.bangkok.icao.int/meetings/2007/sip_cnsatm/wp21.pdf> (surveyi ng approaches and methods
for calculating emissions).

%2 RITTRs expedite movement of IFR overflight traffic around or through certain congested terminal
airspace via IFR-approved RNAV (initially GPS) equipment without reliance on terrestrial navigational
aidesor ATC. Establishment of Area Navigation Ingrument Flight Rules Terminal Trangtion Routes
(RITTR), Charlotte, NC, Fina Rule, 70 Fed. Reg. 34,649 (June 15, 2005) (effective Sept. 1, 2005),
available at <http://www.lion.com/Reference Library/Federal Register/2005/Junel5/05-11760.pdf>.
RITTRs provide more direct routing and thus lessfuel burn. Telephone Interview with Paul Gallant,
Airspace and Rules, Office of System Operations and Safety, FAA (Nov. 28, 2005).

%3 See FAA, RVSM, at

<http://www.faa.gov/about/office org/headquarters offices/ato/service units'enroute/rvsm/> (adomestic
fleet fuel savings of 2 percent is estimated), Daniel K. Elwdl, Ass't Admin'r, Office of Avi. Policy,
Planning & Env't, FAA, Statement before the Select Comm. On Energy Independence and Global
Warming, Hearing on Avi. Emissions, Apr. 2, 2008, a p. 4, available at

<http://gl obal warming.house.gov/tool s/assets/files/0466.pdf> (3 million tons of CO, annually).

%4 FAA, Concept of Operations for the Next Generation Air Transportation System, v2.0, Joint Planning
and Development Office (June 2007), available at <http://www.jpdo.gov/library/NextGen v2.0.pdf>;
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NextGen, Webpage, at <http://www.faa.gov/regulations _policies/reauthorization/>; Lourdes Maurice,
Ph.D., Chief Scientist, FAA Office of Env't and Energy, Presentation at Women in Aviation, in San Diego,
Mar. 14, 2008 (“Environment is a the heart of the [NextGen] plan.”).

See Bruce Bunce, Pres. and CEO, GAMA, Press Release, GAMA Callsfor Focuson Air Traffic
Modernization, GAMA NEWS 08-4, Feb. 12, 2008, at <www.gama.aero/mediaCenter/pr.php?id=162>
(“Achieving the Next Generation Air Transportation System (NextGen) objectives goeswell beyond
simply reducing congestion and air traffic delays,” said Bunce. “ It will bring tangible environmental
benefitsaswell.” id.). Seealso USDoT, Fiscal Year 2009 Budget in Brief, available at
<http://www.dot.gov/bib2009/htm/Env&e.html > (funding CLEAN — Continuous Low Energy, Emissions,
and Noise Program with 10 million USD to “accelerate the introduction of quieter and cleaner technology
in commercia fleets, and to initiate a NextGen Environmental Management System” id.).

35 E.g, Applied Aeronautical Systems, Inc., Pilots Performance Advisory System, at
<http://www.avionco.com/pdfs/aas .pdf> (suggesting a 2-5% fuel burn savings).

3% Ed McK enna, Technology Lightens, AvioNics, Dec. 2007, at pp. 32-35, available at
<WWW.avioni csmagazine.com>.

367 Automatic Dependent Surveillance Broadcast system (ADS-B) alows pilotsand ATC to view and
control aircraft more precisely over afar larger area of the Earth's surface. Such precision and control can
result in moreflight patterns, thereby reducing fuel consumption and emissions while maximizing flight
effectiveness. See generally ADS Technologies, Inc., at <http://www.ads-b.com/home.htm>; David Edler,
ADS-B’sImpact on Business Aviation, BUSINESS& CoMM. AvI., Nov. 2007, at pp. 68-80 (recognizing
enhanced operationa efficiency and fuel savings), available to subscribers at
<www.aviationweek.com/awst>.

368 See Capt. Karen Lee, UPS Dir. Ops., NextGen CDA's Solutions for Aviation Environmental Challenges
— ABrave New World!, Presentation at the 32" FAA Aviation Forecast Conference, in Wash, D.C., Mar.
16, 2007, available at

<http://www.faa.gov/news/conferences eventgaviation forecast 2007/agenda presentation/medial/6-
%20K aren%20L ee.pdf> (reporting 34% reduction in NOx below 3000 ft. and 250-465 Ibs. lessfuel
burn/flight); David Hughes, ATM IsNo ‘Silver Bullet,” Avi. WEEK & SPACE TECH., Aug. 20/27, 2007, & p.
66, availableto subscribers at <www.aviationweek.com/awst> (claiming that CDAs can save 10% of fuel
used in descent); Wayne Rosenkrans, ASD-B On Board, AEROSAFETYWORLD, Nov. 2007, at p. 45,
available at <http://www.flightsafety.org/asw/nov07/asw_nov07 p44-47.pdf> (describing “ near-idle”
power setting descent from the flight levelsto the runway); UK, Dept. of Transport, Arrivals Code of
Practice, at 142, available at

<http://www.dft.gov.uk/pgr/avi ation/environmental i ssues/arrival scodeof practi ce/arrival scodeof practi ce>
(CDAs can provide “vauable reduction in the amount of carbon dioxide and combustion by-products
produced by each arrival.” id.).

359 See FAA, AC 90-101, Approval Guidance for RNP Procedures with SAAARAC (Dec. 15, 2005),
available at <www.faa.gov>, also available at

<http://www.airweb.faa gov/Regulatory and Guidance Library/rgAdvisoryCircular.nsf/0/821acaba?48d6a
€2862570ed00536340/$FIL E/AC90-101.pdf>. Capt. David Carbaugh, Good for Business,
AEROSAFETYWORLD, Dec. 2007, at p. 12, available at

<http://www.flightsafety.org/asw/decO7/asw_decO7 p11-15.pdf> (RPN-based fuel savings over alarge
fleet called “ astonishing”).

Advanced avionicsfor air traffic management (ATM) aso make acompelling environmental proposition.
Itiswiddy believed that ATM globally could eliminate the claimed 12 percent inefficiency viatechnology
integration and such that “halving ATM inefficiency by 2012 could save 35 million tonnes of CO2.”
George Marsh, Europe' s Green Pursuit, AVIONICS, Mar. 2008, at p. 31, available at <http://www.avionics-
digital.com/avionics/200803/?sub_id=DHUNh7cKpJ 1eF&folio=26>.
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370 Email from Todd Petersen, Feb. 28, 2008. See Email from Dave Atwood, FAA W.J. Hughs Technical
Center, Propulsion and Fuel Systems Branch, Mar. 3, 2008 (“I have read and heard great things about water
- alcohol injection inits ahility to greatly reduce engine octane requirement. We have yet to test anything
at our facility but may get a chance as we move into the next phase away from fuels and toward engine
modifications. This could bevery promising technology.”). Notethat all warbirds are certified for 91
octanefud.

371 BSFC isthe wei ght of the fuel burned per hour to produce a given amount of brake horsepower in a
reciprocating engine — expressed in | bs burned/hr.

372 For example, the DeltaHawk® is designed to BSFC (brake specific fuel consumption) of .37 Ib/hp/hr
versus current avgas-powered aviation engine book BSFC of .59 Ib/hp/hr at 75%, at
<http://www.del tahawkengines.com/Brochure_Oshkosh 2003.shtml>.

373 paul Bertordlli, Thielert Diesal Reliability: Mixed at Best . . . ,” Avi. CONSUMER (Dec. 2007), available
to subscribers at <www.aviationconsumer.com/issues/37_12/industrynews/5729-1.html>; Paul Bertorelli,
Flight Fuel Efficiency: IsDiesdl Really Better?, Avi. CONSUMER (Apr. 2008), available to subscribers at
<http://www.avi ationconsumer.com/issues/38_4/industrynews/5772-1.html>.

374 Cf. Email from Thomas Turner, June 1, 2008 (“| teach alot of LOP and don'’t think the savings are quite
that impressive—instead, the savings are probably closer to 15% in most cases for an equivalent MP/RPM
combination. Also consider the power losswith LOP vs. ROP [rich of peak] cruise settings—although fuel
flow isreduced, timeenrouteisincreased. A Beech Baron, for instance, loses about 10 to 15 KTAS off
high-power cruiseif mixtureis changed from 75F ROP to about 20F LOP. On longer flights the total fuel
savings are lessimpressive than asimple comparison of the GPH suggests.”).

375 Email from Tom Ehresman, Mar. 1, 2008 (asserting that the reliability of FADEC in dieselswill likely
be comparable to gasoline engine FADEC systems).

376 Seg, e.g., Aerosance, PowerLink FADEC, available at <www.fadec.com/overview.html>, and GAMI,
PRISM (Pressure Reactive Intelligent Spark Management), at <www.gami.com/prism.html>. Seealso
Rhett Ross, CEO, TCM, Interview by Paul Bertorelli, Av. CONSUMER, Feb. 18, 2008, at
<http://www.avweb.com/podcast/podcast/197170-1.html > (FADEC “ affords the potential to extend
maintenance intervals, it affords the potential to make 100 hr and annual inspections much easier. .. . And
it affords the potential to extend the TBO onengines.” id.).

Peter A. Bedell, Controlling tomorrow’ s powerplants, AOPA PILOT, June 2000, available at
<www.aopa.org/pil ot/features/future0006.html > (surveying FADEC products); Liberty Aircraft, FADEC,
at <http://www.libertyaircraft.com/airplane-liberty-xl2/7-engine.php>. See Fred George, How They Work:
Turbine Engine Fuel Controls, Bus. & ComM. Avi., Nov. 2007, at pp. 38-41 (describing development of
three progressi vel y sophisticated and capable turbine engine fuel controls: hydromechanical fuel control
units, supervisory e ectronic engine controls, and most recently, FADEC).

37 Aerosance, PowerLink FADEC, System Overview, at <http://www.fadec.com/overview.asp> (claiming
up to 15% reduced fuel consumption).

378 Bryan Lewis, Pres., Teledyne Continental Motors, quoted in THE SOUTHERN AVIATOR, Power Link™
FADEC System Installations Emerge, July 30, 2003, at <www.southern-
aviator.com/editorial/articledetail | asso?-token.key=7606& -token.src=press& - nothing> (“PowerLink
FADEC has the potentid to providelong-term answers allowing the use of lower octane, unleaded fuels.”
id.); Rhett Ross, CEO, TCM, Interview by Paul Bertorelli, Av. CONSUMER, Feb. 18, 2008, audiocast at
<http://www.avweb.com/podcast/podcast/197170-1.html> (“I think long term [FADEC] definitel y will
hel p [accommodate use of unleaded grade avgas].” “Roughly a 96 octane or trying to go to themid or
high-grade auto fuelslike the 90-91 grades.” “We are looking at how do we dedl if we' reforced down to
an autogas gradein the 87/97 - 91/93 octane rating — and the variahilities you find in autogas.” id.).

Cf. George Braly, Chief Engineer, GAMI, Comment in response to EPA Docket No. OAR-2007-0294
Petition Requesting Rulemaking To Limit Lead Emission from General Aviation Aircraft; Request for
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Comment, Mar. 17, 2008, available at

<http://www.regul ati ons.gov/fdmspublic/component/mai n?mai n=DocumentDetail & 0=09000064803fc92b>
("If theindustry were to move to a base unleaded fud formulation that would consistently measurein the
98 MON range, then the fuel could be enhanced with minimal additional anounts of lead. Theselevels
would be smaller levels than the existing 100LL fuels, but the fuel would still contain some amounts of
lead. then the fuel could be enhanced with minimal additional amounts of lead.”).

Telephone Interview with Bill Brogden, Teledyne Continental Motors, Feb. 29, 2008 (The use of unleaded
and lower octane fudl with FADEC “is an issue that we do need to address and address formally.”).

37 Tl ephone Interview with Braly, supra note 62.

3% However, the production of a97-98 MON unleaded fuel faces challenges, such as providing adequate
margins to ensure minimum octane in the fuel delivered downstream at the pump and into the aircraft fuel
tank. Petroleum manufacturerswould need confidence that they could guarantee thisfuel’s octane. Also, it
would be somewhat more expensive fuel to manufacture. However the costs may be offset by reduced
transportation expenses as aresult of eimination of the TEL. Braly, id. Cf. Email from Lars Hjelmco,
Pres., Hijelmco Qil AB, Feb. 15, 2008 (*We have both 95 MON UL fuelsand 99+ MON fuelseasy to
produce and at no higher cost than current AVGAS and include CO2 neutral components.”).

%1 Braly, id.

%82 For example, GAM ljectors, available at General Aviation Modifications, Inc., at
<http://www.gami.com>.

383 Tom Ehresman, Spark Ignited Direct Injection Nozze White Paper (undated) (copy on file by author);
Tom Ehresman, Creating a Direct Injection Igniter Fuel Nozze to Eliminate Use of Leaded Fuelsin
Existing High Power Density Aircraft Piston Engines, Lindbergh Foundation, Funded Grant Projects: 2007,
at <http://www.lindberghfoundation.org/grants/2007-funded-grants/ehresman-thomas. html>; Textron,
News Release, Inventor Tom Ehresman Awarded Lycoming Engines and the Lindbergh Foundation Grant
to Focus on Eliminating Leaded Aviation Fud (duly 25, 2007), at <http://phx.corporate-
ir.net/phoenix.zhtml 2c=110047& p=irol -newsArticle& ID=1035088& highlight>.

34 Email from Tom Ehresman, Mar. 1, 2008.

3% Seg, eg., LoPresti Speed Merchants, at <http://www.speedmods.com/|sm-mods.htm>, and Knots2U,
Ltd., at <http://www.knots2u.com/> (offering various speed modifications for GA aircraft).

3% See generally Fred George, Piaggio Aero P180 Avanti 11, BUSINESS& COMM. Avi., Sept. 2007, at pp.
116-125 (describing the extensive devel opment and use of laminar flow and other drag-reduction
technol ogies and techniques).

387 By reducing induced drag, winglets have produced fuel economies of up to 4-5 percent. Boeing, AERO
No. 17, at <http://www.boeing.com/commercia/aeromagazi ne/aero_17/winglet_story.html>. Winglets
also create aforward forceontheaircraft. NASA, Langley Research Center, C-17 Fact Sheet, at
<http://www.nasa.gov/centers/| angley/ news/factsheets/C-17.html>. Winglets reduce “ spanwise flow” —
“the higher pressure air underneath the wing [] trying to get to the lower pressure above. Asit flows
around the end of the wing and over the top we can see that it would flow outward on the bottom of the
wing and inward at thetop. The wing moves on and thisflow circulates behind it, creating vortices.” Ross
Detwiler, Aerodynamics to Go the Distance, BUSINESS & CoMM. AvI., Jan. 2008, at p. 51.

3% pierre Sparaco, Go Green, Now, Avi. WEEK & SPACE TECH., June 23, 2008, at 67.

389 see Power Flow Systems, Inc., at <http://www.powerflowsystems.com/fags. php#ql2> (referencing fuel
savingsof 1.12 to 1.9 gallons per hour).

390 Are You Wasting Avgas?, Avi. CONSUMER, Nov. 2005, at pp. 12, 32, available at
<http://www.aviationconsumer.com/issues/35_11/misc/5497-1.html>. See generally ICAO Circular 303 —
Operational Opportunitiesto Minimize Fuel Use & Reduce Emissions (Feb. 2004), at
<http://www.icao.int/envcl g/clq07/Presentations/McDonal d.pdf>.
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391 Vern Raburn, CEO, Eclipse Aviation, The New Eclipse 400, Presentation, June 5, 2008, AERO-NEWS
NETWORK, at <http://www.aero-news.net/i mages/content/commav/2008/AeroTV -Eclipse-ECJ-
0308d_tn.jpg> (“Economy is going to become a byword i n aviation—fuel economy.”).

%92 | nterview of Brian Sedley, Pres., CAFE Foundation, Fuel Economy: We re Getting Serious Now,
AVWEB AuDIO NEWS, Mar. 25, 2008, availableat <http://www.avweb.com/podcast/podcast/197454-
L.html> (*1 think we' re going to see amove toward aircraft that use lessfuel, have smaller engines, and the
trade off of very high horsepower high speed aircraft toward slower aircraft that have smaller engines and
get better fuel economy, whether that be with avgas or biofuel.”). Interview of Marc Cook, Editor,
KITPLANES, by AvWeb Audio, id. (“We are moving in that general direction” (from speed to MPG asa
primary consi deration)). Cf. Vern Raburn, FAA, Presentation at the FAA Forecast Conference, Pandl 2
Environmental Challengesfor Aviation-A Panel Discussion, Mar. 10, 2008, in Wash., D.C. (“Just smaller
isbetter” —“You burn apound of Jet A, you produce 2.62 pounds of CO,.”).

3% B.H. Carlson, U. Naval Academy, Fue Efficiency of Small Aircraft, AIAA-80-1847, paper presented at
the AIAA Aircraft Systems Meeting, in Anaheim, Cal. 1980), at p. 7, available at
<http://cafefoundation.org/v2/pdf _pav_tech/PAV.MPG.engines/ AIAA.1980.1847.B.H.Carson.pdf> (urging
manufacturers to include supplemental operational data for optimal cruise performance).

39 Jeff Van West, Making it a Low-Cal ILS, IFR, Jan. 2008, at p. 2. Seegenerally IATA, Guidance
Materials and Best Practicesfor Fuel and Environmental Management, Dec. 2004, available at
<http://www.britfli ght.com/wingfil es/systems/fuel actionpl an.pdf>.

3% Scott McCartney, Sparing Fliers Even Higher Airfares, WALL ST. J,, June 6, 2006, at p. D4 (United
Airlines has lowered cruise speed on some flightsto achieve fuel savings.); Like Motorids, Airlines Are
Reducing Their Speed to Save Fud Costs, N.Y. TIMES, May 2, 2008, at p. C3, availableat
<http://www.nytimes.com/2008/05/02/business/02air.html > (including Southwest, Northwest, JetBlue, and
American Airlines).

3% provided ampletimeis available for engine warm-up, airport conditions (such as weather and ramp
grade) providefor safety, and aircraft engine procedures do not prohibit it. Also, lack of support and fire
services should be considered.

397 Do not interpret these recommendations to suggest ground operations should be rushed, that important
safety checks (like engine run-up) be skipped/abbreviated, or that aircraft configuration or predeparture
checks should be done while taxiing to the detriment of positional awareness, taxi safety and runway
incursion avoidance. Safety remains moreimportant than minute reductions in environmental impact.

3% Managing fuel load requires, among other factors, that the pilot have confidencein the amount of fuel
loaded, and the fuel flow of the aircraft.

3% Of course, this suggestion must be tempered by safety considerations. Pilots should carry more fuel
than required by legal minimums, particularly on cross-country flights and when anticipating flight in
instrument meteorologica conditions (IMC).

4% Even airlines have reduced the number of magazines carried onboard. Scott McCartney, Sparing Fliers
Even Higher Airfares, WALL ST. J., June 6, 2006, at p. D4 (Alaska Airlines removed five magazines from
each plane — saving $10,000 in fuel/yr).

401 USEPA, Procedures for Emission Inventory Preparation, Vol. IV.: Mobile Sources, EPA420-R-92-009,
Dec. 1992, at §5.3.2.2, p. 192, available at <http://www.epa.gov/otag/invntory/r92009.pdf> (A take-off
using lessthan full power —sometimes of 90% or less—as a function of the worst-case operating
conditions.). See Remy Gutierrez, Boeing, Noise and Emissions Impacts of De-rated Engine Thrust, Mar.
2008, at <http://airquality.ucdavis.edu/pages/events/’2008/flying_presentations GUTIERREZ.pdf>
(contributing to lower NOX).

42 See, eg., GAMI, GAMI’s Lean Test, available at <www.gami.com/gamileannew.html>. Seealso
Thomas P. Turner, Leading Edge#17: Having a Say in Fuel Costs, AVWEB, Apr. 28, 2008, at
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<http://www.avweb.com/news/| eadi ngedge/leading edge 17 having a say in fud costs 197668-
1.html>.

493 Telephone Interview with Andrew DeMond, Pres., iFly, Apr. 15, 2008 (“We seereally good fuel burn
levels[using lean-of-peak operations] — afew gallonsless per hour.”). However, some FBOswith a mixed
fleet (afleet not fully engi neered to accommodate LOP operations) may tend to discourage LOP operations
dueto risks of improper LOP procedures and non-uniform LOP traini ng.

404 « Asamatter of customer service, and customer ease of use, rental arrangements aretypically structured
per “wet hour” (Hobbs). Thisalowsthe aircraft to bere-fueled as needed (not over-filled) by
appropriately trained personnel with adequate saf ety equipment. The wet rate a so promotes safer engine
operation because wet-rate pricing does not incentivize renters to over-lean with high power settings.
Moreover, with dry-rate schemes, most pilotswill fuel the plane to the top, because any other system (fill to
tabs, fill to 2 inches below thetop, etc.) leaves some pilotsfedling like they got the short end of the stick.
So apost-flight accounting for a pilot’ s fuel usage resultsin overloaded aircraft with excessive fuel lesking
onto the tarmac. Consequently, although the wet hour arrangement is thought to discourage fuel
conservation, its benefits outweigh its down-side.” Email from Josh Smith, Gen. Mgr., West Valley Flying
Club, Feb. 12, 2008.

4% See Paul C. Stern, Toward a Coherent Theory of Environmentally Significant Behavior, J. OF SOCIAL
ISSUES, Fall 2000, available at <http://findarticles.com/p/articles/mi_m0341/is 3 56/ai_69391495>
(“public policies can change the behaviors of many people and organizations at once’). But see Michael
Fitzgerald, Home Brew for the Car, Not the Beer Cup, N.Y. TIMES, Apr. 27, 2008, at p. BU 5, available at
<http://www.nyti mes.com/2008/04/27 /technol ogy/27proto.html > (“ There are plenty of consumers who
want to reduce their carbon footprint and are willing to make an upfront investment to do it — consider the
success of the Prius.”).

4% US Cong. Budget Office, Preface, Policy Options for Reducing CO, Emissions, Feb. 2008, available at
<http://www.cbo.gov/ftpdocs/89xx/doc8934/toc.htm>.

47 Daniel K. Elwedll, Ass't Admin'r, Office of Avi. Policy, Planning & Env't, FAA, Statement before the
Select Comm. on Energy Independence and Global Warming, Hearing on Avi. Emissions, Apr. 2, 2008, at
p. 8, available at <http://gl obal warming.house.gov/tool s/assets/fil es/0466.pdf>.

%8 All grades of avgas (specifiedin ASTM D910 or military specification MIL-G-5572) are taxed by the
U.S. a therate of $0.194 per gallon, and kerosene at the rate of $ 0.244 per gallon. U.S. Internal Revenue
Service, Fuel Taxes, available at <http://www.irs.gov/publications/p510/ch01.html#d0e2009>. See
generally Wikipedia, Aviation Fuel Taxes, at

<http://en.wikipedia.org/wiki/Fuel_tax#US Aviation Fuel_Taxes .28Federal_Excise Tax.29>. Cf. FAA,
Current Aviation Excise Tax Structure pursuant to the Taxpayer Relief Act of 1997, available at
<http://www.faa.gov/about/office org/headquarters offices/agp/aatf/media/ Smplified Tax_Tablexls>
(updated 2/7/07 - stated avgasrate at 0.193/ga and jet fuel at 0.218/gal). Such taxes help fund the Airport
and Airway Trust Fund, established pursuant to the Airport and Airways Revenue Act of 1970, 49 USC §
1742(a), later repeal ed and reestablished under the Tax Equity and Fiscal Responsibility Act of 1982, PL
97-248, Sept. 3, 1982, and other legidation. FAA, Airport and Airway Trust Fund, at
<http://www.faa.gov/airports airtraffic/trust _fund/>. See variousversions of the Airport and Airway Trust
Fund Financing Bill of 2007, HR 3539, US House of Representatives, available at
<http://www.govtrack.us/congress/bill xpd?bill=h110-3539> (proposing increases of avgas taxes from
more than 19 to more than 24 cents per gallon, and jet fuel from more than 21 to more than 30 cents per
gallon).

“% For example, a$ 0.06 per gallon fuel tax in Wisconsin. Wis. Dept. of Revenue, General Aviation Fuel
Tax Information, Apr. 2006, available at <www.dor.state.wi.us/pubs/mf-108.pdf>. Californiaimposesan
excisetax onjet fuel a $ 0.02 per gallon (21.9 cents/gal for noncommercia aviation jet fuel), and gasoline
(incl. avgas) and diesel fuel at $0.18 per gallon. Ca. Energy Commission, Transport Fuel Tax Rates for
2006, at <http://www.energy.cagov/gasoline/fuel _tax_rateshtml>. See Cal. Reg. 1101, Motor Vehicle
Fuel Tax Regulations, available at <http://www.boe.ca.gov/sptaxprog/pdf/reg1101.pdf> (Caifornia
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includes aviation gasoline as motor vehicle gasoline for tax purposes); AOPA, Fuel Tax Refunds, at
<www.aopa.org/membersffiles/'topics/fuel_refunds.html>.

410 Seg, e.g., David Morris, VP, Institute for Local Self-Reliance, Green Taxes, at
<http://www.ilsr.org/ecotax/greentax.html>, Monica Prasad, On Carbon, Tax and Don’t Spend, N.Y.
TIMES, Mar. 25, 2008, available at

<http://www.nyti mes.com/2008/03/25/opi nion/25prasad.html 7em& ex=1206590400& en=c527510ca0d880
3f& ei=5087%0A>.

“ 5ee eg., Earth Policy Institute, Selected Examples of Explicit Environmental Tax Reform Packages,
available at <http://www.earth-policy.org/Updates/Updatel4 data.htm>.

“2 NBAA, The Fuel Tax— TheMost Effective Payment System For General Aviation, at
<http://web.nbaa.org/public/govt/issues/fueltax.ph>. Cf. Telephone Interview with Henry Ogrodzinski,
Pres. & CEO, Nat'l Ass' n of State Aviation Officials (NASAO), Feb. 28, 2008 (“Philosophicaly, NBAA
isn't wrong. In most states though, you get amore straight forward view of “look, we need the money for
theinfrastructure. 1 don’'t know of any state that uses fuel taxes as an incentive or disincentivefor flying. |
don’t know if the public policy of those taxes goes beyond maintai ning and building i nfrastructure.”).

13 Seeinfra text accompanying notes 478-480 (addressing impact of higher fud prices).

“14 Lourdes Maurice, Ph.D., Chief Scientist, FAA Office of Env't and Energy, Presentation at Womenin
Auviation, in San Diego (Mar. 14, 2008).

15 See US DOE, Energy Efficiency and Renewable Energy, Alternative Fuels & Advanced Vehicles Data
Center, State Incentives and Laws, at <http://www.eere.energy.gov/afdc/progs/in_matrx.php> (cataloging
incentives encouraging aternative fuel use and fudl conservation); IRS, Fuel Tax Credits and Refunds, Pub.
378, No. 46455F, Apr. 2005, available at

<http://web.nbaa.org/public/ops/taxes/irsforms/p378 200504.pdf> (providing tax creditsfor alcohol and
biodiesal fuel mixture production). See also The American Jobs Creation Act of 2004, PL 108-357
(biodiesdl tax incentives); Volumetric Ethanol Excise Tax Credit, Energy Policy Act of 2005, at
<http://www.eere.energy.gov/afdc/progs/view_ind mtx.php/in/ TAX/US0> (tax creditsfor aternative fuel
infrastructure — up to 30%).

46 E g., OR Act, (Effective Jan. 1, 2008), available at

<http://www.|eg.state.or.us/O7reg/m: /hb2200.dir/hb2210.en.
<http://www.deg.mt.gov/Energy/bioenergy/Biodiesel_Production Educ Presentations/21Taxes Mont_BIO
DIESEL_V_0Olson_Nov2007.pdf> (Montana Biodiesel Production Incentive 15-70-601, Apr. 28, 2005 -
ten cents/gallon tax incentive payable to biodiesal producersfor increasesin annual production for the first
three years of production).

“I" David G. Victor & Danny Cullenward, Making Carbon Markets Work, Sci. AM., Dec. 2007, & pp. 70-
77, availableat <http://www.sciam.comy/arti cle.cfm?id=making-carbon-markets-work>. See Matthew L.
Wald, For Carbon Emissions, A Goal of Less Than Zero, N.Y. TIMES, Mar. 26, 2008, at p. H7, available at
<http://www.nyti mes.com/2008/03/26/busi ness/busi nessspeci al 2/26negative.html > (explai ning that the
response to globa warming may require “carbon negative’ rather than only carbon neutral — and that tax
incentives may be needed to achieveit).

18 US Cong. Budget Office, Policy Options for Reducing CO, Emissions, Feb. 2008, at ch. 2, available at
<http://www.cbo.gov/ftpdocs/89xx/doc8934/toc.htm>.

19 Editors, Enough Hot Air Already, Sci. AM., Dec. 2007, at p. 40, available at
<http://www.sciam.com/article.cfm?id=enough-hot-air-already>. Perhaps a particularly hei nous result
would be a doubl e taxation resulting from theimposition of both carbon taxes and carbon trading schemes.
SeeNancy Young, VP, Env't Affairs, Air Transport Ass n, FAA, Presentation at the FAA Forecast
Conference, Panedl 2 Environmental Challengesfor Aviation-A Panel Discussion, Mar. 10, 2008, in Wash.,
D.C. ("Weare very concerned about [legidative] proposals that take money out of aviation. If you take
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money out, then you take away our ability to make tech improvements. If you tax us/charge us and send
our money to ExxonMobil, we' Il have less money to do that.”).

420 See Martin Feldstei n, Tradeable Gasoline Rights, WALL ST. J., June 5, 2006, at p. A10, available at
<http://www.nber.org/fel dsteinf'ws 060506.html > (proposing a system of tradable gasoline rights that
would rely on market price for the TGRs. Unlike agasoline tax which “lowers everyone srea income,”
the TGR “createswinners as well aslosers.” TGRswould “create an incentive to economize on gasoline
[and provides] both an economic and a political advantage.”). Prof. Feldstein believes that TGRs are viable
for GA although he has “not thought through an explicit schedule.” Email from Martin Feldstein, Harvard
Univ. (June5, 2006). The details of atradable fud rights program in the United States are not yet well-
defined.

421 Carbon and other environmental emissions are presented in Section IV (Airborne Emissions) of this
Commentary to AMCC V..

422 5ee |CAO, Environmental Unit, Collected Voluntary Activities Against Global Warming (Feb. 2007),
available at <http://www.icao.int/icao/en/env/info_collected.pdf> (listing diverse voluntary effortsto
reduce carbon emissions). See also ICAO, Report on Voluntary Emissions Trading for Aviation,
Preliminary Ed. — Apr. 15, 2007, a p. 7, available at <http://www.icap.int/env/vets report.pdf>
(acknowledging that “[ v]ariousinterpretations exist asto what is meant by voluntary emissions trading and
specifically what is meant by the term voluntary and that in practice, voluntary mechanisms are generaly
combined with incentives’).

423 Radiative forcing is presented in The Greenhouse Effect in Part IV of this Commentary to AMCC V.b,
in the text accompanyi ng notes 583-586.

424 See Development Brief No. 45, The cost of air pollution abatement, The World Bank, Jan. 1995,
available at <http://www.worldbank.org/html/dec/Publications/Briefs DB45.html > (* The highest
abatement costs for apollutant are often 10 times greater-and sometimes 100 times greater-than the lowest
costs. . . theseresults suggest animportant lesson. . .. Optima regulation would attain the desired
reduction in pollution while equalizing the marginal cost of abatement across sectors.”).

425 Tdlephone Interview with Jeffrey G. Witwer, Ph.D., President, Carbon Neutral Airplane, Apr. 1, 2008
(“Aircraft areaready so efficient. Even an old Continental engine has a BSF consumption whichis quiet
low . ..sothemargina cost of offsetting aircraft is always |ess expensive by paying someone elseto do it.
It'sjust the cheapest way by far to do it.”).

426 See generally US EPA, Cap-and-Trade Resources, at <http://www.epa.gov/airmarkets/resource/cap-
trade-resource.ntml>; USEPA, Clean Air Markets, at <http://www.epa.gov/airmarkets/index.html >
(explaining cap and trade as“a market based policy tool for protecting human health and the
environment”), ICAO, Air Transport Bureau, Environmental Unit, Emissions Trading System, at
<http://www.icao.int/i cao/en/env/EmissionsTrading.htm>; US Cong. Budget Office, The Implications of
Design Decisionsfor the Performance of Cap-and-Trade Programs, June, 2001, available at
<http://www.cbo.gov/doc.cfm?index=2876& type=0& sequence=3> (considering, inter alia, allocation
allowances and the efficacy of ceilings).

42 See Environmental Economics, ECON 101: Carbon Tax vs. Cap-and-Trade, at <http://www.env-
econ.net/carbon_tax_vs_capandtrade.html> (distinguishing carbon tax and cap-and-trade policies); Jane
Hupe, Chief, Environmental Unit, ICAQ, citing CAEP/5, Economic Analysis of cost-effectiveness of
Potential Market-based Options for Reduction of CO2 Emissions from Aviation, Jan. 2005, available at
<http://www.icao.int/env/meetings/ Giacc/ ICAOCAEP.pdf> (“Open emissions trading was found to be the
most economically efficient approach, as compared with taxes and charges and voluntary measures for
meeting the specified targets and the only viable one capable of meeting the most stringent (K yoto Protocol)
emission reduction targets.”). Cf. Andrew C. Revkin, A Shift in the Debate Over Global Warming, N.Y.
TIMES, Apr. 6, 2008, available at

<http://www.nyti mes.com/2008/04/06/weeki nreview/06revkin.html ?ex=1365134400& en=83072b90ebe?29
35f& ei=5088& partner=rssnyt& emc=rss> (“...whatever benefits the cap approach yields, it will be too little
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and cometoo late.” id.); Tess Taylor, AClear Sense of Emission, N.Y. TIMES MAG., Apr. 20, 2008, at p.
51, availableat <http://www.nytimes.com/2008/04/20/magazi ne/ 20Act-t.html ?pagewanted=1>
(characterizing CO, equivaents as possibly “the most complicated currency on world marketstoday.”).

See, e.g., The Chicago Climate Exchange, at <http://www.chicagoclimatex.com/> (North America sfirst
and only voluntary, but legally binding, emissions-trading market). The cost of offsets has varied from
about 3 cents, downto 2 cents, and is currently about 6 cents. The conversions factors work out such that
the cost in cents per gallon, isroughly the same as cost in dollars per metric tons.). Taylor, id. a p. 51
(carbon trading a 30 billion market in 2008 — trading approximately 1.7 billion tons of CO,).

428 |CAO, Report on Voluntary Emissions Trading for Aviation, Preliminary Ed. — Apr. 15, 2007, at p. 7,
available at <http://www.icao.int/env/vets report.pdf>.

429 Consider, for example, that the US EPA has issued an Advanced Notice of Proposed Rule Making for
Greenhouse Gases under the Clean Air Act, at <http://www.epa.gov/regul ations/documents/ail-epa-
mar2008-20080415-corrected.pdf> (which includes aviation sources).

%0 See AnjaKollmuss, SEI-US & Helge Zink, Tricoronaet a., Making Sense of the Voluntary Carbon
Market: A Comparison of Carbon Offset Standards, WWF Germany, Mar. 2008, at pp. iv-v, available at
<http://www.sai-us.org/wwif_offset standards execsum.pdf>.

31 Seg, eg., USEPA, Personal Emissions Calculator, at
<http://www.epa.gov/climatechange/emissions/ind _calculator.html>; and Sustainable Travel Int’l, at
<http://www.sustai nabl etravel inter national .org/documents/op _carboncalcs.html>; Anja Kollmuset d.,
Voluntary Offsets For Air-Travel Carbon Emissions: Evaluations and Recommendations of Thirteen Offset
Companies, Dec. 2006, at <http://www.geo.ucl.ac.be/Pacte/Rapport-ONG-compensationsCO2.pdf >
(providing a survey of carbon offset companies and their calculators).

432 See, for example, thefollowing:

Advance At <http://www.cheap-parking.net/flight-carbon-emiss ons. php#form>
Parking

CarbonFund | “CO,emissionsinair travel vary by length of flight--ranging from .24 kg CO, per
passenger mile for short flights down to .18 kg CO, per passenger mile for long flights.
Our new calculator (as of April 2007) alows the user to take the issue of radiative
forcing into account.” At

<http://www.carbonfund.org/site/pages/carbon_cal cul ators/category/ Assumptions/>

Climate Care | Dr. Christian N. Jardine, Calculating the Environmental Impact of Aviation Emissions
(June 2005), available at
<http://www.climatecare.org/medi a/documents/pdf/Aviation Emissions &_Offsets.pdf>

Climate At <https.//climatefriendly.com/flight>. Using anairt ravel GHG multiplier of 2.7, and
Friendly implementing tools to cal culate GHG provided by the Greenhouse Gas Protocol
Initiative, at <http://www.ghgprotocol.org/cal cul ation-tool s/all -tool s>

Conservation | .0099 Tons of CO, per private jet flight mile. At
Internationa <http://www.conservation.org/act/live green/carboncal ¢/Pages/methodol ogy.aspx>

EPA Greenhouse Gas Equivalencies Calculator, at <http://www.epa.gov/cleanenergy/energy-
resources/cal culator.html> (provides atool to help put emissionsin perspective)

ICAO At <http://www2.icao.int/public/cfmapps/carbonoffset/carbon calculator.cfm>

Sustainable At <www.sustai nabl etravelinternational .org/offset cusomers/op carboncalcs 4.html>
Trave Int’l
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433 Egtimates are wide-ranging, but generally between 2 and 4 times that of CO, alone. IPCC, IPCC
Special Report-Aviation and the Global Atmosphere, Summary for Policymakers (1999), 84.4 at p. 7,
available at <http://www.ipcc.ch/pub/av(E).pdf>.

434 At <http://www.climatecare.org/> (ClimateCare, now part of J.P. Morgan, has devel oped (arguably)
supportable metrics for calculating aviation carbon emissions and offsets).

%35 susan Trumbore, U. of Cdl. Irvine, What is the weight ratio of CO2 released to fuel burned?, Sci. AMm.,
Feb. 12, 2008, available at <http://www.sciam.com/article.cfm?id=experts-weight-ratio-co2-fuel>
(explaining the science resulting in aroughly 3 to 1 ratio of CO, produced per octane molecul e burned).

4% “|t is my experience. . . that environmental critics of offsetting do not like offsetting because they want
to achieve ancillary changes to society through climate change concerns, e.g., devel opment of solar energy,
grounding of private jets (see www.planestupid.com), promotion of electric cars, etc. and offsetting does
not directly achieve these other goals. Because | think offsetting is so essential to the future of GA, | am
very cautious about repeating what | think areill-informed and disingenuous criticisms of it.” Email from
Jeffrey G. Witwer, Ph.D., Pres., Carbon Neutra Plane, Apr. 1, 2008.

37 Ejlene Zimmerman, Undoing Your Daily Damage to the Earth, for a Price, N.Y. TIMES, Nov. 11, 2007,
a p. 5, available at

<http://www.nyti mes.com/2007/11/11/business’yourmoney/11carbon.hntml ?_r=1& adxnnl=1& oref=dogin&
adxnnix=1197051057-ghiK2DK e+JOpnrpoqTUPRIiQ>. Others suggest that offsetting is better than doing
nothing.

438 Another Inconvenient Truth, BUSINESSWEEK, Mar. 26, 2007, available at
<http://www.bus nessweek.com/magazine/content/07 13/b4027057.htm>.

4% E|isabeth Rosenthal, Lofty Pledge to Cut Emissions Comes With Caveat in Norway, N.Y. TIMES, Mar.
22, a p. 1, available at

<http://www.nytimes.com/2008/03/22/worl d/europe/22norway.html ?ex=1363924800& en=396a7f4a207c2
0a4& e1=5088& partnher=rssnyt& emc=rss>.

40 Rosenthal, id.

4L voluntary Carbon Standard, World Business Council for Sustainable Development, at <http://www.v-c-
s.org/about.htm>; VVoluntary Carbon Standard, 2007, at <http://www.v-c-s.org/docs/V CS%202007.pdf>;
The Gold Standard, at <www.v-c-s.org> (“ensures that carbon offsets that businesses and consumers buy
can betrusted and have real environmental benefits.” id.). See Carbon Fund, at <www.Carbonfund.org>,
LiveNeutral, at <http://www.liveneutral .org/>, and Sustainable Travel Int’'l, at <Sustainable Travel

[nter national >.

42 See, .., Green-e Climate, Press Release, Green-e Climate Begins Certification of Retail Carbon Offset
Products, Feb. 13, 2008, at <http://www.resource-solutions.org/where/pressrel eases/'2008/021308.htm>;
American National Standards Ingtitute (AN SI) at

<http://www.ansi .org/conformity assessment/accreditation programs/greenhouse gas.aspx?menuid=4>
(presenting a new pilot accreditation program for the Greenhouse Gas validation/verification bodies — to
operate per 1SO 14065:2007). Applicable Standards/Protocols include:

e 1SO 14064-1:2006 Greenhouse gases — Part 1: Specification with guidance at the
organization level for quantification and reporting of greenhouse gas emissions
and removal s

e 1SO 14064-2:2006 Greenhouse gases — Part 2: Specification with guidance at the
project level for quantification, monitoring and reporting of greenhouse gas
emission reductions or removal enhancements

o The Climate Registry (TCR) V erification Protocol (currently under revision; final text expected
prior to ANSI assessments of the applicant’s program)
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3 See Louise Story, F.T.C. Asksif Carbon-Offset Money IsWinding Up True Green, N.Y. TIMES, Jan. 9,
2008, at p. C1, available at

<http://www.nyti mes.com/2008/01/09/busi ness/09offsets.html? r=1& ref=business& oref=9 ogin>
(questioning where carbon-offset money is being used, Federal Trade Commission plansto investigate, and
wide-spread acknowledgement of aneed for greater scrutiny); FTC Chairman Deborah Platt Mgjoras,
Statement — Carbon Offset Workshop Opening Remarks, Jan. 8, 2008, available at

<http://www .ftc.gov/speeches/maj oras/080108carbonow.pdf > (asserting that carbon offsets have “a
heightened potential for deception”); Vaerie Gibbons, Brown calls on feds for carbon offset standards,
LEGALNEWSLINE.COM, Mar. 19, 2008, available at <http://www.legal newsline.com/news/209421-brown-
calls-on-feds-for-carbon-offset-standards> (Cal. Att’y Gen. Jerry Brown warnings of rampant fraud and
abuse and calling on the US government to regulate carbon offsets.).

444 UN, The K YOTO PROTOCOL TO THE UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE
(1998), available at <http://unfccc.int/resource/docs/convkp/kpeng.pdf>; and UN Framework Convention
on Climate Change Handbook (2006), available at
<http://unfccc.int/resource/docs/publications/handbook.pdf>. Clean Development Mechanisms provide “ (b)
Real, measurable, and long-term benefits related to the mitigation of climate change; and (¢) Reductionsin
emissionsthat are additional to any that would occur in the absence of the certified project activity.” 1d. at
Art. 12 (B) & (C). See UNFCC, Clean Development Mechanisms, at
<http://unfccc.int/kyoto_protocol/mechanisms/clean_devel opment_mechani sm/items/2718.php>;
Commentary to AMCC V .a,, at <http://www.secureav.com/Comment-AMCC-V .aEnvironmental . pdf >
(introducing the Kyoto Treaty).

%5 ClaudiaH. Deutsch, Saving the Plant?, Not With My Money, N.Y. TIMES, Mar. 26, 2008, at p. H2
(companieslost 0.9 percent of their market value after joining an industry environmenta association or
announcing environmental goals). Consider that “the market hasn't rushed to reward firmsthat are
preparing for afuture of Kyoto targets and carbon taxes.” Gabriel Sherman, Green on the Outside, WIRED,
April 2008, at p. 126, available at <http://www.wired.com/techbiz/it/magazine/16-04/bz_green>.

46 Nat'| Ass nof Mfgrs, at <http://www.nam.org/s_nam/sec.asp?CID=202493& DID=23620>. But see
Nathaniel Koehane, Ph.D. & Peter Goldmark, Environmental Defense Fund, What Will it Cost to Protect
Oursealves from Global Warming?, 2008, at <http://www.edf.org/documents/7815 climate _economy.pdf>
(“In present-val ue terms, the medi an projected impact of climate policy on U.S. GDP isless than one-half
of one percent for the period 2010-2030, and under three-quarters of one percent through the middle of the
century.” ida iv). Seelnt’l Monetary Fund, Climate Change, the Environment and the Work of the IMF,
at <http://www.imf.org/external/np/exr/facts/enviro.htm> (includes links to IMF economic and policy
papers on climate change).

447 See generally Letter from 100 Scientists to Ban Ki-Moon, Sec’y Gen., United Nations (Dec. 13, 2007),
available at <http://www.middl ebury.net/op-ed/un-signatories.html> (urging that anthropomorphic global
warming is unfounded, that the IPCC cease development of responsive and economically destructive
restrictions, and that it is“irrational” to apply the “precautionary principle, because many scientists
recognize that both climatic coolings and warmings are redlistic possibilities over the medium-term
future.”). Seealso Proceedings of The 2008 Int’l Conf. on Climate Change, Mar. 2-4, 2008, inNYC,
available at <http://www.heartland.org/NewY ork08/proceedings.cfm>; S. Fred Singer, ed., Nature, Not
Human Activity, Rulesthe Climate, Summary for Policymakers of the Report of the Nongovernmental Int’|
Panel on Climate Change, 2008, the Heartland Inst., available at
<http://heartland.temp.siteexecutive.com/pdf/22835.pdf>; Editorial: The Great Global Warming Hoax?,
The Middlebury Community Network, at <http://www.middlebury.net/op-ed/global-warming-01.html>;
Alfred Schack, Der industrielle Warmeubergang [The industria heat transfer] (Verlag Stahleisen m.b.H.,
Dussdldorf, 1. Auage 1929, 8. Auage 1983), quoted in S, Fred Singer, Global Warming - Scientific
Controversiesin Climate Variability, Int'l Seminar at The Royal Ingtitute of Tech. (KTH), in Stockholm,
Sweden, Sept. 11-12, 2006, available at <http://gamma.physchem.kth.se/~climate/> (urging that water
vapor isresponsi ble for most absorption of the infrared radiation in the Earth’s atmosphere; that the

wavel ength of the radiation absorbed by carbon dioxide isonly afraction of the entireinfrared spectrum,
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and that it does not change considerably by raising its partial pressure); Gerhard Gerlich & Ralf D.
Tscheuschner, Falsification Of The Atmospheric CO, Greenhouse Effects Within The Frame of Physics,
ver. 3.0, arXiv:0707.1161v3 [physics.ao-ph], Sept. 9, 2007, at p. 94, available at
<http://arxiv.org/PS_cache/arxiv/pdf/0707/0707.1161v3.pdf> (denyi ng an atmospheric greenhouse effect,
in particular a CO,-greenhouse effect i n theoretical physics and engineering thermodynamics; and that it is
thus “illegitimate to deduce predictions which provide a consulting solution for economics and
intergovernmental policy.” id.).

48 T ephone Interview with Frank Hofmann, IAOPA Rep. to ICAO, May 1, 2008. Moreover, Kyoto
Treaty CO, capsdon’t consider industry growth rates. Cf. Testimony by James C. May, Pres. & CEO, Air
Transport Ass' n, Apr. 2, 2008, at p. 5, available at

<http://globalwarming.house.gov/tool s/assets/files/0467.pdf> (“Commercid jets arefive to six times more
fuel efficient than corporatejets. The mathissimple: carrying 200 people and cargo across the country in a
single plane burnsalot lessfuel than 33 separate corporate jets, each flying six people.”).

449 Green Mountain Energy, Press Release, Cerulean Jet First Private Charter Service to Offset Its Carbon
Emissions, Apr. 10, 2007, at <http://www.greenmountai nenergy.com/>, and

<http://www.greenmountai nenergy.com/news/current_pr/2007/4 10 _07.shtml> (Green Mountain Energy
Company providing carbon offsetsto GA, such asto Cerulean Jet, amajor charter service). See Cerulean
Jets, at <http://www.cerul eanjet.com/>.

%0 For example, TerraPass provides offsets to fractional owners, such as AvantAir. See Avantair, Press
Release, Fractional Operator Avantair Goes Green With TerraPass, Aug. 15, 2007, at
<http://phx.corporate-ir.net/phoenix.zhtml ?c=207263& p=irol -newsArticle& ID=1040577& highlight=>
(Avantair, aFlorida-based fractional operator of the Avanti P.180 turboprop aircraft, provides each of its
300 fractional ownerswith carbon offsets for the next 5 hours of their aircraft use.).

41 At <http://www.ecosecurities.com/> (EuroSecurities providing carbon-offsets to Netjets); Netjets, Press
Release, NetJets Europe Announces Comprehensive New Climate I nitiative, Sept. 13, 2008, at
<http://www.netj etseurope.com/climate/>, and

<http://www.prnewswire.co.uk/cgi/news/rel ease?id=207113>:

NetJets Europe is working with EcoSecurities. . .. The company isinvestingin Verified
Emissions Reductions (pre-registration offsets) from Kyoto-level CDM registered
projects to offset the carbon emissions of both the company and its clients. Particular
care has been taken to ensure that the offset projects undertaken are genuinely additional
under the definition introduced in Article 12.5 of the Kyoto Protocol. Only projects
which achieve CO, reductions that would not have happened without carbon financing
are certified under the Kyoto Clean Development Mechanism (CDM).

At the heart of the emissions neutraizing initiative is a decision to include carbon
offsetting in NetJets pricing as of October 1, 2007. All new clients and all existing
customers who renew their contracts will purchase carbon credits that neutralise al the
carbon emissions associated with their aircraft usage. Existing customers will aso be
encouraged to sign-up to the program and offset their flying immediately.

42 Seg, eg., Angd City Flyers, Long Beach, Cal., at <http://www.angel cityfl yers.com> (participating in
Carbon Neutra, and claiming “that it is one of the most environmentally friendly flight schoolsinthe
nation”).

453 Carbon Neutra Plane, at <http://www.carbonneutral plane.com>.

454 Bombardier, MARKETWIRE (Sept. 18, 2007), at

<http://www.marketwire.com/mw/rel ease.do?id=771070> (purchasing one-year’s carbon offsets; “[N]ew
aircraft buyerswill have the option to take part i n a carbon offset program managed by UK -based Climate
Care. The cost to offset one year’ s average carbon emissions from the aircraft will beincluded in the
aircraft purchase price. The fundswill be invested through Climate Care in green energy projects to reduce
an equivaent amount of carbon . .. Bombardier is enrolling its demonstration fleet and PartsExpress
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aircraft in the Climate Care carbon offset program, an annual investment in excess of approximately
$250,000 US."). SeeClimate Care, at <http://www.climatecare.org/>.

455 At <http://mww.worldlandtrust.org/>.

4% See BUSINESS AND COMM. AV, Intelligence, Apr. 2007, availableat <www.aviati onweek.com/bca>.

457 At <http://www.ungl obal compact.org/About TheGC/TheTenPrinci pl es/environment.html > (presenting
the Compact’ s environmental provisions). The Global Compact, FAQ, at

<http://www.ungl obal compact.org/About TheGC/fag.html> (“The Global Compact is not a code of
conduct. Rather, it offersapolicy framework for organizing and developing corporate sustainability
strategies while offering a platform - based on universal principles - to encourage innovative initiatives and
partnerships with civil society, governments and other stakeholders.”).

“%8 All Nippon Airways, Press Release, ANA Reveal s Ecology Plan 2008-2011 — becomesfirst airline to set
own absolute CO2 reduction targets, May 22, 2008, available at

<http://www.ana.co.j p/eng/aboutanal corporate/csr/index.html > (implementing an “ Ecology Plan” to reduce
CO emissions consistent with Kyoto level reductions).

%9 For example, Air New Zealand (offsets via TrustPower and funds a three-year tree planting program),
British Airways, Cathay Pacific (FLY greener carbon offset programme), Continental, Delta (via donations
to the Conservation Fund), KLM (CO, Zero Program), Qantas, SAS, and Virgin Atlantic Airlines.

40 See |eila Abboud, Carbon King — Economist Strikes Gold in Climate-Change Fight, Mar. 13, 2008,
available at <http://onlinews.com/article_email/SB120535230851631199-
IMyQjAXMDI14MDA1IMTMwN TEYW;j.html> (carbon permits nearly doubled [in 2007] to about $60
billion US; the Chicago Climate Exchange transacts about ninety percent of trading on carbon exchanges).
See generally EPA, Clean Air Markets, at <http://www.epa.gov/airmarkets/>.

1 |CAO Website, at <http://www.icao.int/icao/en/env/aee.htm>, and ICAO, Assembly Resolutionsin
force (as of 8 October 2004), Doc. 9848, at <http://www.icao.int/icao/en/env/A35-5.pdf>. ICAOisa
specialized agency of the United Nations that seeks to “ensure the saf e and orderly devel opment of
international civil aviation.” 1CAO arose out of the Chicago Convention on Internationa Civil Aviation
(Dec. 7, 1944), available at <http://www.mcgill .calfiles/iad/chicago1944apdf>. See 15 U.N.T.A. 295,
ICAO Doc. 7300/6™ ed. (1980). The Chicago Convention’s preambl e includes acommitment to “public
safety,” [Chicago Convention, Art. 37(b)] and is “conscious of the adverse environmental impacts that may
be related to aircraft activity . . . and on the quaity of the human environment.” ICAQO Resolution A22.12,
22™ Sess, (Sep./Oct. 1977), available at <http://www.icao.org>.

Relevant ICAOQ initiativesinclude those through its Committee on Aviation Environmental Protection
(CAEP). CAEP was established by ICAO in 1983, superseding the Committee on Aircraft Noise (CAN),
and the Committee on Aircraft Engine Emissions (CAEE). See ICAO, A35-7: Consolidated Statement of
Continuing ICAO Policies and Practices Related to Environmental Protection, in Assembly resolutionsin
force, Oct. 8, 2004, Appendix H: Environmenta impact of civil aviation on the atmosphere, available at
<http://www.i cao.int/i cao/en/env/a33-7.htmith>.

Other initiatives include though through the United Nations Framework Convention on Climate Change
(UNFCCC), available at <http://unfccc.int/not_assigned/b/items/1417.php>. UNFCCC' s “ultimate
objective,” in part, is “to achieve. . . stabilization of greenhouse gas concentrationsin the atamosphere a a
level that would prevent dangerous anthropogenic i nterference with the climate system. Such alevel
should be achieved within atime frame sufficient to allow ecosystems to adapt naturally to climate change,
to ensure that food production is not threatened and to enable economic development to proceed in a
sustainable manner.” Id. at Art. 2, available at

<http://unfccc.int/essential _background/conventi on/background/items/1353.php>.

Other nongovernmental organizations (NGOs) have aso played a profound rolein international
environmenta standards and regulation, including the Intergovernmental Panel on Climate Change (IPCC —
formed in 1998), available at <http://www.ipcc.ch/>, and the World M eteorol ogical Organization (WMO),
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available at <http://www.wmo.ch/>. The IPCC’'sand WMO'’s scientific report on greenhouse gassesin
1990 served asthe catal yst for The UN Framework Convention (1992) which focused on implementing the
Kyoto Protocol (thefirst formal binding legislation under the Convention), available at
<http://unfccc.int/resource/docs/convkp/conveng.pdf>. See the Kyoto Protocol to the UNFCCC, available
at <http://unfccc.int/resource/docs/convkp/kpeng.htmi>; Dr. Kotaite, quoted in ICAO, News Release,
International Civil Aviation Day Callsfor the Greening of Aviation (Nov. 30, 2005), available at
<http://www.icao.int/cgi/goto_m.pl?/icao/en/search icao.html> (The entry into force of the Kyoto Protocol
to the [UNFCCC] on 16 February 2005 gave new impetusto ICAO’ swork i n addressing greenhouse gas
emissions and reinforced ICAQO’ sleadership role on aviation and climate change. Specifically, the Protocol
calsonindustrialized countries of the world to work through ICAQO to pursue the limitation of greenhouse
gas emissions from internationa civil aviation,”).

2 |CAO, Press Release, Sharp Focus on Safety and Environmental Protection in 2007, PIO 14/07, Dec.
28, 2007, available at <http://www.icao.int/icao/en/nr/2007/pio200714 e.pdf> (emphasis added) (The
ICAO " Assembly agreed to a programme of action to address the issue of aircraft emissions more
effectively. A resolution adopted by consensus called on the ICAO Council to form anew ‘ Group on
International Aviation and Climate Change,’ [ hereinafter GIACC] composed of senior government officials.
Its purposeisto devel op an aggressi ve Programme of Action on International Aviation and Climate
Change.”).

483 |CAO and EPA standards use the equivalent of 6,000 of thrust as aregulatory threshold. Among the
many fears of such regulationisthat GA would not be treated fairl y because the same “ yardstick” would be
used for both GA and the airlines. Also, consider that GA tendsto fly lower and does not comparably get
preferred routing by ATC. It has been suggested that GA should instead be compared to automobile use
(using amiles per gallon standard), perhaps with emphasis on trips such as between Las Vegasand Los
Angel es (where considerable mountainous terrain demonstrates the rel ative efficiency of flight).

464 Matthew Wald & James K anter, Plan to Cut Jet Pollution is Approved in Europe, N.Y. TIMES, Nov. 14,
2007, at p. C3, available at

<http://www.nyti mes.com/2007/11/14/business/worldbusiness/14emissions.html ?_r=1&oref=slogin >. See
DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending Directive 2003/87/EC so as
to include aviation activitiesin the scheme for greenhouse gas emission allowance trading withi n the
Community, available at <http://eur-

lex.europa.eu/LexUri Serv/site/en/com/2006/com2006_0818en01.pdf>.

“85 European Commission, Emission Trading Scheme (EU ETS), at
<http://ec.europa.eu/environment/climat/emission.htm>.

46 Robert Wall, quoting Giovani Bisignani, in Curbing Carbon, Avi. WEEK AND SPACE TECH., Jan. 7,
2008, at p. 21, availableto subscribers at <www.aviationweek.com/awst>.

7 Testimony of Thomas S. Windmuller, Sr. VP, Int'| Air Transport Ass n, Before the Sdect Committee
on Energy Independence and Global Warming, Fromthe Wright Brothersto the Right Solutions: Curbing
Soaring Aviation Emissions, US House of Representatives, Apr. 2, 2008, at p. 5, available at
<http://globalwarming.house.gov/tool s/assets/files/0470.pdf> (further claiming it violates the Chicago
Convention, isatax, and suffersinconsistency). See Jeffrey S. Sachs, Keysto Climate Protection, Sci. AM.,
Apr. 2008, at p. 40, availableat <http://www.sciam.com/article.cfm?id=technol ogical -keys-to-climate-
protection-extended> (Asserting that “ Europe’ s carbon-trading system may or may not have modestly
reduced emissions, but it has not shown much capacity to generate | arge-scal e research nor to develop,
demonstrate and deploy breakthrough technologies. At the margin, atrading system might marginaly
influence the choices between coal and gas plants or provoke a bit more adoption of solar and wind power,
but it will not lead to the necessary fundamental overhaul of energy systems.” id.).

“%8 Editorial, Potential Cost of Cap and Tax, AvI WEEK & SPACE TECH., June 9, 2008, at p. 66.

489 See NextGen, Environmental Management Framework, available at
<http://www.faa.gov/about/office_org/headquarters offices/ato/publications/nextgenplan/0608/solution_set

107



File: <www.secureav.com/Comment-AMCC-V.b-Environmental . pdf > e
Last Updated: July 25, 2008 Al
THE AVIATORS MODEL CODE OF CONDUCT (AMCC) isavailable at <www.secureav.com>.

g/ssefindex.cfm?print=go> (OI-6019 Mitigate Impacts of Aviation on Climate). Cf. GAMI, 2007 General
Aviation Statistical Databook & Industry Outlook, at p. 3, available at

<www.gama. aero/events/air/dl oads’2007GAMA DatabookOutl ook.pdf> (“GAMA supports ICAO

devel opment of science-based standards and practicesin order to reduce carbon emissions.”). But see Rick
Piltz, Dir., Climate Science Watch et al., NextGen Air Transportation System Progress Reports Ignore
Climate Change, July 2007, available at

<http://www.climatesci encewatch.org/index.php/csw/details/gnn_interview/> (*Under the current
administration, the leadership of . .. NextGen appears to be engaging in a deliberate effort to disconnect
aviation planning from the global warming problem.”).

470 See Peter Liese, EU Lawmaker, quoted in Proponentsof EU Carbon Caps Await US Presidential
Election, AERO-NEWS NETWORK, May 8, 2008, available at <http://www.aero-
news.net/index.cfm?ContentBlocklD=b98dedea-5196-4e51-a883-674bfdad5f52> (“Until afew months
ago, it was very unredistic that other major playerswould link to our [EU] scheme, but times have
changed.”).

4’1 |CAO, GIACC, First Meeting, Summary of Discussion— Day 3, Agenda Item 3: Planning of actions
and policy elements to bedeveloped by group, GIACC/1-SD/3, Feb. 8, 2008, a p. 3, in Montredl, Can.,
available at <http://www.icao.int/env/meetings/Giacc/sd3_en.pdf>.

42 John M. Broder, Panel Passes Bill to Limit Greenhouse Gas Emissions, N.Y. TIMES, Dec. 6, 2007, at p.
A29, availableat <http://www.nytimes.com/2007/12/06/washington/O6energy.html?_r=1&oref=slogin>
(passed by the Senate Environmenta and Public Works Committee - seeking aroughly 70 percent
reduction from 2005 levels by 2050 in CO, and other greenhouse gases.). See Rep. Edward Markey,
Chairman, Select Committee on Energy Independence and Global Warming, Letter to USEPA Admin'r
Stephen Johnson, Jan. 8, 2008, availableat

<http://global warming.house.gov/mediacenter/pressrel eases?id=0153> (asserting that “[t]he EPA hasa
clear roleto play in protecting Americans from the worst impacts of heat-trappi ng emissions that cause
global warming.”). See Andrew Ross Sorkin, On an Island Paradise, Seeking Global Warming’s Slver
Lining, N.Y. TIMES, Mar. 22, 2008, at pp. B1, B7, available at

<http://www.nyti mes.com/2008/03/22/busi ness/worl dbusi ness/’22deal .html ?scp=1& sg=andrew-+sorkin+-
+on+an+id and+paradise& st=nyt> (stating that Tony Blair predicts that the US will soon adopt a cap and
trade system and asserting skepticism that the EU’ s cap and trade system “will work unlessit’ s part of a
global ded.” id. a B7); Vicki Arroyo, Dir. of Policy Analysis, Pew Center on Global Climate Change,
Climate Change Policy Overview, Presentation at the ATA, Aviation and the Environment: A Primer for
North American Stakeholders, Mar. 20, 2008, at p. 19, available at
<http://www.airlines.org/NR/rdonlyresy AF534BE6-F179-4B3A-BF65-
C318905DAS56E/0/LUNCHArroyoThurs1200.pdf> (stating that in 2007, there were over 110 climate-
related-hearings, around 150 bills mentioning climate change, and the US EPA was directed and funded to
draft arulefor green house gasregistry in al sectors).

See, e.g., US Senate S.2191, the Lieberman-Warner Climate Security Act of 2007, available at
<http://www.govtrack.us/congress/bill xpd?bill=s110-2191> (seeking to cut carbon to 2005 levels by 2012
and 70% below 2005 levels by 2050); Sheryl Gay Stolberg, Bush Callsfor U.S. to Halt Risein Gas
Emissionsby 2025, N.Y. TIMES, Apr. 17, 2008, at p. 19, available at

<http://www.nyti mes.com/2008/04/1 7/washi ngton/17bush.html 7ex=1366171200& en=2c6f0cechd8a06e5&
ei=5124& partner=permalink& exprod=permalink> (quoting Pres. George W. Bush, “It is now time for the
U.S. to look beyond 2012 and take the next step . . . . The wrong way isto raise taxes, duplicate mandates,
or demand sudden and drastic emissions cuts that have no chance of being realized and every change of
hurting our economy.”).

473 Consider that the U.S. Supreme Court reversed a Federal Appellate Court’ s decision to prohibit the US
EPA’sregulation of carbon emissions under the Clean Air Act. Massachusettset al. v. Environmental

Protection Agency et al., 549 U.S. __, 127 S.Ct. 1438, 415 F.3d 50 (Apr. 2, 2007), reversed and remanded,
available at <http://www.law.cornell.edu/supct/html/05-1120.Z0.html> (holding, in part, that “ §202(a)(1)
of the Clean Air Act authorizes EPA to regul ate greenhouse gas emissions from new motor vehiclesin the
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event that it formsa*judgment’ that such emissions contribute to climate change” and that EPA’ sfailureto
regulate was “arbitrary [and] capricious.” id.); USEPA, Advanced Notice of Proposed Rulemaking,
Regulating Greenhouse Gas Emissions under the Clean Air Act, July 11, 2008, available at
<http://www.epa.gov/epahome/ pdf/anpr20080711.pdf > (responding to the aforementioned Sup. Ct.
decision but failing to take affirmative action).

4" For example, Canadian offsets, at <http://www.airlines.org/NR/rdonl yres/96D813C7-558E-4DD3-
A487-21404075B63A/0/23ManzoThurs315.pdf>; Japan Carbon Offsets Forum, at <http://www.j-
cof.org/el/index.html>.

47 See Chrigtine Larson, A New Way to Ask, ‘How Green Is My Conscience?’, N.Y. TIMES, June 25, 2006,
a p. 6, available at

<http://www.nyti mes.com/2006/06/25/busi ness'yourmoney/25green.html ?ex=1151899200& en=fb58f43bc
6dad75b& ei=5070& emc=etal>. Cf. Renee Martin-Nagle, VP & Generd Counsel, AirBusN. America
Holdings, Inc., Presentation at Women in Aviation, in San Diego (Mar. 14, 2008) (“Both Airbus and
Boeing feel a deep responsibility” for environmental stewardship.); Boeing, Environmental and Climate
Change Policies, at <http://www.boei ng.com/aboutus/environment/policies.html > (“Work together with
our stakeholders on activitiesthat promote environmental protection.”).

Email from Bill Rhodes, Ph.D., July 1, 2006 (“[ Carbon-offset] programs must consider cultural issues, and,
rather than “repairing damage” (asisthefocus of TerraPass), a“second-order” approach might be
favorable”). Seegenerally Commentary to AMCC Vll.e, at <http://www.secureav.com/Comment-AMCC-
Vll.e-Ethics.pdf> (on ethics). But see Steven Pinker, The Moral Instinct, N.Y. TIMES MAG., Jan. 13, 2008,
at p. 58, available at <http://www.nytimes.com/2008/01/13/magazine/13Psychology-

t.html? r=1& ref=todayspaper& oref=dogin> (“Though voluntary conservation may be one wedgein an
effective carbon-reduction pie, the other wedges will have to be morally boring, like carbon tax and new
energy technologies, or even taboo, like nuclear power and deliberate mani pulation of the ocean and
atmosphere.”) (emphasis added). British Businessand Genera Aviation Ass n, BBGA Environmental,
Headline News, accessed July 20, 2008, at <http://www.bbga.aero/headline-news.php> (* As a sector we
realise we have to go further; politically and morally we need to minimise our impact on the
environment”); Julian Sinclair, quoted in Leah Koenig, The Green Issue, N.Y. TIMES, Apr. 20, 2008, at p.
68, availableat <http://www.nytimes.com/2008/04/20/magazine/20Live-a

t.html? r=1& pagewanted=3& oref=d ogin> (Observing a growing theologically based environmental
movement. Religion has been “in the behavior-changing businessfor 3,000 years.” id.). See, eg.,
Evangelical Environmental Network, at <http://www.creationcare.org/>, and the Jewish Climate Initiative,
at <http://wwwv.jewishclimatei nitiative.org/home/index.php>.

476 | ntegrated carbon offsets and insurance products have aso been developed. For example, ClimateSure
has consolidated carbon offsetsin itstravel insurance product. At
<http://www.climatesure.co.uk/insurance-cover.html> (“When you buy a policy, Climatesure will caculate
the CO2 you produce by flying overseas* and pay for it to be ‘offset’ by Climate Care, aleading carbon
offset company. Thispayment ispart of the price, and doesn’t cost you any extra. Climate Care offsets
your CO2 emissions through funding sustainable energy projects, which will reduce CO2 emissions by the
same amount as your activities produce.” At <http://www.climatesure.co.uk/how-it-works.html>). See
<http://www.carbonfund.org/site/pages/bus nesses/category/ All state%20Green%20Agency%20Program/>
(CarbonFund.org teams with Allstate for reforestation and other projects).

47" Testimony of Thomas S. Windmuller, Sr. VP, Int’l Air Transport Ass n, Before the Sdect Committee
on Energy Independence and Global Warming, Fromthe Wright Brothersto the Right Solutions: Curbing
Soaring Aviation Emissions, US House of Representatives, Apr. 2, 2008, at p. 7, available at

<http://gl obal warming.house.gov/tool s/assets/files/0470.pdf>.

478 Testimony of James C. May, Pres. and CEO, Air Transport Ass n, Apr. 2, 2008, at p. 6, available at
<http://gl obal warming.house.gov/tool s/assets/files/0467.pdf>.

49 Seg, eg., Daniel K. Elwell, Ass't Admin'r, Office of Avi. Policy, Planning & Env't., FAA, Statement
before the Select Comm. On Energy Independence and Global Warming, Hearing on Avi. Emissions, Apr.
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2, 2008, a p. 4, available at <http://globalwarming.house.gov/tool s/assets/files/0466.pdf> (also referencing
a 2001 finding by ICAO’s Committee on Aviation Environmental Protection that fuel prices eliminate the
need for CO, emissions standards), Ed M cKenna, Technology Lightens, AvioNics, Dec. 2007, at p. 33,
available at <www.avionicsmagazine.com> (describing higher fuel costs as“motivationa”); USEPA, US
Greenhouase Gas Inventory Report, Inventory Of U.S. Greenhouse Gas Emissions And Sinks: 1990-2006,
USEPA #430-R-08-005, Apr. 2008, at p. ES-4, availableat
<http://www.epa.gov/climatechange/emi ssi ons/downl 0ads/08_ES.pdf> (*restraint on fuel consumption
caused by rising fuel prices, primarily in the transportation sector”); and AOPA, AOPA supports move to
lower gasprices, AOPA Online, July 10, 2008, at

<http://www.aopa.org/advocacy/ arti cl es/’2008/0807100il .html >(reporting that %™ of its members have
“scaled back their flight time” dueto high avgas prices); S.O.S.NOW (Stop Oil Speculation Now), at
<http://www.stopoil specul ationnow.com/> (urging, in part, reform of commoditiestradingin oil).

“80 See supra note 406 (concerning behavior).

81 USEPA, Used Oil Management Program, at
<http://www.epa.gov/epaoswer/hazwaste/usedoil/index.htm>. See USEPA, Nonpoint Source Pollution:
The Nation’s Largest Water Quality Problem, EPA841-F-96-004A, at
<http://www.epa.gov/nps/facts/point1.htm> (Oil as a contributing nonpoint source pollutant).

82 USEPA, Used Oil Management Program, id. See USEPA, Collecting Used Oil for Recycling/Reuse,
Tipsfor Consumers Who Change Their Own Motor Oil and Filters, EPA 530F-94-008 (Mar. 1994),
available at <http://www.epa.gov/epaoswer/non-hwi/recycle/recy-oil.pdf>.

%83 USEPA, Municipal Solid Waste, Oil, at <http://www.epa.gov/epaoswer/non-hw/muncpl/oil .htm>. See
Utah Dep't of Environmental Quality, Used Oil Section, at

<http://www.usedoil .utah.gov/UsedQil Section.htm>. A specific break-out for improper disposa of oil in
the aviation sector was not identified.

“8 Todd Peterson, Aviation Oil Lead Content Analysis, Report # EPA 1-2008, Jan. 2, 2008, available at
<www.regul ations.gov/fdmspublic/component/mai n?mai n=DocumentDetail & 0=09000064803a128f >.
Also, consider thetoxicity of oil additives and synthetic oils.

“85 Rufus Browning, Public Research Institute, San Francisco State Univ., DI Yers—Who Are the Best
Targets? (May 4, 2005), available at
<http://www.ciwmb.ca.gov/HHW/Events/ Annua Conf/2005/April 28/Sessiond/DIY ers/D1Y Target. pdf >.

In Pennsylvania, for example, do-it-yourself oil changers dispose of 11 million gallons per yesr;
approximately 14% (1.5 million gallons) of thisoil isrecycled; and the remaining 9.5 million galons are
improperly dumped. Penn. Dept. of Environmental Protection, Used Oil, Recycled Used Motor Oil - When
you do-it-yourself, do it right, available at
<http://www.depweb.state. pa.us/l andrecwaste/cwp/view. asp?a=1239& Q=463396>.

“86 Furthermore, consider that “ your high-users of aircraft (such as rental organizations, shared management
groups, part 135 and 121 operators), and high use maintenance shops are licensed and inspected regularly
by fire, water, and local hazmat officials—-most of which use bulk oil (not bottled), hence require less plastic
storage and bottle disposal. Additionally such high-users are required to dispose of the used oil, filters, oily
rags. . ., etc., through avery expensive (albeit effective) recovery process. Consequently, high-volume
users of engine oil and supplies can be compared to auto service centersthat dispose of the oil using
environmentally safe processes. Indeed, GA’s imprint on the environment is minisculein comparison to
that of automobiles, energy, and industry sectors.” Email from Josh Smith, Gen. Mgr., West Valley Flying
Club, May 12, 2008.

“87 See Cal., The Facts About Re-Refined Oil, available at
<http://www.ciwmb.ca.gov/Publications/UsedOil/33297014.doc> (explaining that used oil undergoes
extensive re-refining “to remove contaminants to produce a good-as-new base oil.”). Seealso Cal.
Integrated Waste Board, at <http://www.ciwmb.ca gov/UsedOil/Rerefined/>.
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“88 Separately, the biodegradability of |ubricants has been the focus of an ASTM standards-making group.
See ASTM, Committee D02.12 on Environmental Standards for Lubricants, at <http://www.astm.org/cgi-
bin/SoftCart.exe/ COMMIT/SUBCOMM I T/D0212.htm?L +mystore+Ixmg0500+1131297416>.

“89 Unless a used oil handler disposes of used oil, or sendsit for disposal. 40 CFR 279.10(a), available at
<http://ecfr.gpoaccess.gov/cai/t/text/text-

idx?c=ecfr& sid=076d86b286941392df cf95f{60856b82d& rgn=div8& view=text& node=40:26.0.1.1.8.2.47.1
&i1dno=40>. Seegenerally USEPA, Oil Management Program, at
<http://www.epa.gov/epaoswer/hazwaste/usedoil /#pubs>.

90 40 C.F.R. Part 279, pursuant to the Solid Waste Disposal Act (§§ 1006, 2002(a), 3001-3007, 3010,
3014, and 7004, as amended (42 U.S.C. 88 6905, 6912(a), 6921 through 6927, 6930, 6934, and 6974),
available at <http://ecfr.gpoaccess.gov/cgi/t/text/text-

idx?c=ecfr& sid=b976066d6eff2d44127a9730db5ea374& rgn=div5& view=text& node=40:26.0.1.1.8&idno=
40>; USEPA, Hazardous Waste M anagement System; Identification and Listing of Hazardous Waste;
Recycled Used Oil Management Standards, Final Rule, 57 Fed. Reg. 41,566 (Sept. 10, 1992), available at
<http://www.epa.gov/epaoswer/hazwaste/usedoil /fr/fr091092.txt> (EPA determined (consistent with
RCRA § 3014) that recycled used oil need not be listed as a hazardous waste since EPA’ s used oil
management standards are adequatel y protective of human health and the environment — to be listed as 40
CFR 279).

91 One airport manager stated that its oil collection facilities are kept locked to prevent exotic chemicals
(e.g., solvents and other chemicals other than used oil) from contaminating the collection tanks and to
ensure that the contents are accounted for. Qil recovery companies test/ana yze the contents of the oil
collection tank before agreeing to take custody of it. One airport manager explained that asingleincident
where a solvent had been improperly dumped in the oil collection tank cost the airport over $1,700.
(Anonymous).

“92 Tl ephone Interview with John Frymyer, Whitman Airport Manager (Nov. 29, 2005); Telephone
Interview with Mike Gloss, Petaluma Airport Manager (Nov. 29, 2005).

The concentrations of lead in used oil from aircraft enginesthat burn 100LL fuels aretypically above 1000
ppm. Asthisis abovethe EPA regulatory leve identifying a solid waste as “hazardous waste,” this used
oil must be managed as “hazardous waste” if disposed. Thereis, however, an exemption in the hazardous
waste regulations for “used oil” that isrecycled. [40 CFR 261.6(a)(4)]. Most often used oil is recycled by
being burned as a fuel substitute. When recycled in this manner, the lead concentration in the used oil must
be below 100 ppm. [40 CFR 279.11]. Some used oil recyclers may accept off-specification used oil and
mix it with automotive and/or diesel engine oil to achieve the specification, whereas othersrecyclers may
not. When arranging for a shipment of used oil from 100LL-fueled engines, you should alwaystell the
recycler in advance that the used oil may be * off-specification.” By doing so, you will avoid the possibility
of the recycler reecting the shipment, and possibly holding you financially liable for shipping an
“unusable’ load of used oil. Another option that has worked for many used oil generatorsisto burnthe
off-specification used oil onsitein a space heater (or furnace) to heat the shop or hanger. [40 CFR
279.20(b)(3)]. Thisoptionisprohibited in some states, so you are advised to check your local and state
laws prior to setting up aused oil program, especially for used oil from 100LL-fueled engines. Email from
Ben Visser, Aviation fuels and lubricants expert and columnist for GENERAL AVIATION NEWS, July 21,
2008, and Charles Corcoran, Office of Policy, Dept. of Toxic Substances Control, State of California, July
21, 2008. Nonetheless, such burning of lead-contaminated used oil raises ethical and health issues that
deserve consideration.

%3 0Oil leaves an engi ne through evaporation at high temperatures, leaks, and blow-by past the piston rings
during operation. Bill Coleman, The Facts about Engine Oil, SW AVIATOR ONLINE, available at
<http://www.Swavi ator.com/html /i ssuejaD2/Hangar 7802.html>. “Typical oil consumption for alarge
turbocharged engine such asthe —AE2A may vary between 3-10 hours per quart depending on thetimein
service” Textron Lycoming, Operating Recommendations for TIO-540-AE2A Enginein New Piper
Aircraft Malibu Mirage (2000), available at
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<http://www.lycoming.textron.com/support/troubl eshooting/resources/ SSP400.pdf>. Continental cited %
gts. consumption per hr. of operation for its 550 engines. Telephone Interview with Teledyne Continental
Customer Service Representative (Nov. 28, 2005).

% The FAA estimates that GA piston aircraft flew 20,900,000 hoursin 2002. Thistransatesinto
2,090,000 quarts of oil for replenishment (at the conservative rate of 1 gt. per each 10 hours of operation) —
and may represent over 2 million quart bottles of waste annually from GA. GAMA, GENERAL AVIATION
STATISTICAL DATABOOK 2002, citing FAA, U.S. Flight Hours by Type and Aircraft, available at
<http://www.gama.aero/dl oads/2004 S ati stical Databook.pdf>. This may represent over 15,625 US gdl.
(representing approximately 1 oz. unrecovered residua oil in each quart bottle).

% On May 10, 2007, the USEPA’s Oil Program office issued a statement that afacility must prepare or
amend and impl ement its Spill Prevention, Control, and Countermeasure (SPCC) Plan no later than July 1,
2009. The USEPA proposed further revisionsto the SPCC rulein Oct. 2007, at
<http://www.epa.gov/emergenci es/content/spcc/spec_oct07.htm>. See USEPA, at
<http://epa.gov/oilspill/>.

“% For oil changes, instruct your FBO to replace only the stable amount of oil. Consider, for example, that
aLycoming T1O-540 series engine has an oil capacity of 12 quarts and yet aminimum saf e quantity of 2%
quarts. New Piper, SARATOGA Il TC INFO. MANUAL, § 8-11 (1997). A “stable” amount of oil for this
engineistypicaly 8-10 quarts.

7 For example, Californiarequires that “ The drai ned filters must be accumulated, stored, and transferred
inarain-proof container that is capabl e of containing any oil that may separate from the filters.” CAL.
CoDE REGS. § 66266.130. See, eg., Los Angeles County, Certified Unified Program Agency, Health
Hazardous Materia s Division, Fact Sheet 02-04-HW, Management of Used Oil Filters (Oct. 2002),
available at <http://fire.lacounty.gov/HealthHazM at/PDFs/MamtUsedOil Filters.pdf>. See generally Oil
Stopper, Quick Facts about Hot Topics, at <http://www.oilstopper.info/quick facts.html>.

Gasolinefud filters aso require careful labeling and disposal. See, eg., 22 CAL. CODE REGS. §
66266.130(c)(3), and CAL. HEATH & SAFETY CODE § 22250.22(b)(1), referenced at
<http://www.cal guard.ca.gov/caev/Documents/CA_TeamG/POL .doc>.

“%8 Bob Cerullo, Waste Oil At Your Disposal, MOTOR, Jan. 2000, at
<http://findarticles.com/p/articles'mi_qa3828/is 200001/ai_n8893427>.

4% Earth 911, Do-It-Yourself (DIY) Oil Changing Tips - Handle Your Oil Like A Pro, at
<http://www.earth911.org/master.asp?s=lib& a=oil/doityoursel f.asp>.

590 See <http://oil spill products.com/spillkits.htm> (providing oil spill kits suitable for personal GA use).

%1 see FAA, AC 150/5300-14A, Design of Aircraft Deicing Facilities (Sept. 19, 2007), availableat
<http://www.airweb.faa.gov/Regulatory and Guidance Library/rgAdvisoryCircular.nsf/0/FBA78D44CD4
4A12086257364006879D6?0OpenDocument> (“ Since deicing/anti-icing fluids are chemica products with
environmenta consequences, deicing facilities shall have runoff mitigating structures.”). See generally US
EPA, Airport Deicing Effluent Guidelines, at <http://www.epa.gov/guide/airport/index.html>; Alaska
Proposed Deicing Regulation (Oct. 21, 2007), at

<http://www.adn.com/money/i ndustries/aviati on/story/9396702p-9310029¢.html > (proposed revisions to
the Alaska Oil and Other Hazardous Substances Pollution Control regulationsin 18 AAC 75).

%02 CAROLE BLACKSHAW, AVIATION LAW & REGULATION 251 (Krieger Publ’g Co. 1992).

03 see FAA, AC 150/5320-15, Change 1 to Management of Airport Industrial Waste (Apr. 22, 1997),
available at <http://www.aopa.org/members/files/ac/ac150-5320151.pdf>.

%% Seeinfra text accompanyi ng notes 576-577 (considering the ozone layer), and text accompanying notes
578-579 (0zone depleting compounds).

%5 USGAO, CHEMICAL REGULATION, Options Exist to Improve EPA’s Ability to Assess Health Risks and
Manage Its Chemical Review Program, Report No. GAO-05-458 (June 2005), availableat
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<http://www.gapn.gov/new.items/d05458.pdf>; Michael P. Wilson, School of Public Hedlth, UC Berkeley,
guoted in Susan Moran, A Turn to Alternative Chemicals, N.Y. TIMES, Mar. 26, 2008, at p. H2, available at
<http://www.nyti mes.com/2008/03/26/busi ness/busi nessspeci a 2/26chemica .html ?_r=1& oref=d ogin>
(describing toxic chemical oversight as “amajor regulatory and market failure,” and stating that 62,000
chemicals were grandfathered in before the Toxic Substances Control Act), available at
<http://www.access.gpo.gov/uscode/titlel 5/chapterb3 .html>). See Better Living Through Chemurgy, THE
EcoNomIsT, June 28, 2008, at pp. 71-72, available at

<http://www.economist.com/busi ness/displaystory.cfm?story id=11632861> (Technol ogies coupled with
meteoric oil prices have catal yzed new initiativesto use agricultural feedstock (that is, renewable
alternatives from diverse chemicals and products) in substitution for petroleum. A branch of applied
chemistry chemurgy may produce a whole new class of chemicals with corresponding new or novel toxic
and polluting properties.).

SeeNat'| Science and Tech. Council, National Plan for Aeronautics Research and Devel opment and
Related Infragructure (Dec. 2007), a p. 52, availableat
<http://www.aeronautics.nasa.gov/releases/aero_rd plan fina 21 dec 2007.pdf> (long-term (>10 yrs) US
goa to “[e]nable environmentally improved aircraft materials and handling of fuel and de-icing fluids.”).
Cf. EU Reg. 1907/2006 on the Registration Evaluation and Authorisation of CHemicals — REACH in brief,
Euro. Comm., Environmental Directorate General, Feb. 2007, at
<http://ech.jrc.it/DOCUMENTSREACH/REACH_in brief 0207.pdf> (explaining the new framework for
chemical substances); EU, REACH Website, at
<http://ec.europa.eu/environment/chemicalSreach/reach_intro.htm> (requiring inventory of substances, gap
analysis, registration, risk management, disclosure, transparency).

5% Each product with harmful chemicals is accompanied by a Material Data Safety Sheet (MSDS), or each
MSDSisavalableon-line. See, eg., U.S. Dep't of Labor, Occupational Safety & Health Administration,
Hazardous Communications: Foundation of Workplace Chemical Safety Programs, at
<http://www.osha.gov/SL TC/hazar dcommuni cations/index.html >; the MSDS FAQ), at
<http://www.ilpi.com/msds/fag/parta. html#whatis>. See generally CDR Jay Dudley MC, USN, Aviation
Toxicology, U.S. Army School of Aviation Medicine, Presentation, at

<http://www.usarmyavi ation.com/pubs/Aeromed/av_tox.ppt> (providing asurvey of physiological hazards
from aviation chemicals). The Chemica Abstract Services (CAS), at <http://www.cas.org/> (provides an
extensive chemical/scientific data base relevant to chemical safety).

SO At p. 5, at <http://www.secureav.com/Comment-AMCC-V .a-Environmental .pdf>.

%8 See FAA, AC 43-205, Guidance for Selecting Chemical Agents and Processes for Depainting and
General Cleaning of Aircraft and Aviation Products (Sept. 25, 1998), available at
<http://rgl.faa.gov/Regulatory and Guidance Library/rgAdvisoryCircular.nsf/0/8a26d5587e43ce69862569
b600737e07/$FILE/ATTPDGFY /acA3-205.pdf>.

5% Determine and adhere to any limitations on awash rack’s permissible use of chemicals. Also, dthough
many GA airports provide a“wash rack” to mitigate environmental impact from aircraft degreasing and
washing, much of this maintenance is often done at environmentally unprotected tie-down or hangar
locations. See ICAO, Airport Planning Manual, Doc. 9184 — AN 902.P.2 (date), at 13.2 (addressing water
contamination by airport waste disposal and drai nage systems), available at <http://www.icao.org>.

510 Centers for Disease Control, at <http://www.atsdr.cdc.gov/tfacts96.html>.

1 qubstitution And Recycling Of Aircraft Deicing Products, THE JOINT SERVICE P2 OPPORTUNITY
HANDBOOK, at Sect. 6-1-7, available at <http://p2library.nfesc.navy.mil/P2_Opportunity Handbook/>.
See generally Joint Service Pollution Prevention and Sustainability Technical Library, at
<http://p2library.nfesc.navy.mil/index.htm>.

%12 5ee US EPA, Hazardous Waste, at <http://www.epa. gov/epaoswer/osw/hazwast e htm#hazwaste>
(defining hazardous waste); Carmen R. Wieher, Hazardous Waste Curriculumfor Aviation Maintenance,
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Fla. Dept. of Envtl. Prot., available at
<http://www.dep.state.fl.us/waste/quick topics/publications/shw/hazardous/avi ationmai ntcurriculum.pdf>.

13 USEPA, at <http://www.epa.gov/epaoswer/osw/hazwaste htmithazwaste> (stating that these wastes
have one or more of four properties: toxicity, reactivity, ignitability, and corrosivity).

*14 See USEPA, Universal Waste, at <http://www.epa.gov/epaoswer/hazwaste/id/univwast/index.htm>; US
EPA, Universal Waste Rule, 40 C.F.R. Part 9 et d., May 11, 1995, availableat <http://www.epa.gov/EPA-
WASTE/1995/May/Day-11/pr-223.html> (“ These wastes share severa characteristics: — They are
frequently generated in awide variety of settings other than theindustria settings usually associated with
hazardous wastes, — They are generated by a vast community, the size of which poses implementation
difficulties for both those who are regulated and the regul atory agencies charged with implementing the
hazar dous waste program; and — They may be present in significant volumesin non-hazardous waste
management systems.”).

515 This i ncludes nickel-cadmium, most alkaline, carbon-zinc, and lead-aci d batteries.

%16 See USEPA, Mercury-Containing Equipment, at
<http://www.epa.gov/epaoswer/hazwaste/id/univwast/mercury.htm>. See generally United Nations
Environment Programme - Chemicals, Mercury Programme, at <http://www.chem.unep.cy MERCURY />
(providing diverse scientific and policy materials, and links about mercury).

*" USEPA, Universal Waste Rule (Hazardous Waste Management System, 60 Fed. Reg. 25,491 (May 11,
1995), available at <http://www.epa.gov/docs/fedrgstr/EPA-WASTE/1995/May/Day-11/pr-223.html> (For
example, EPA proposal to maintain the current exemption from hazardous waste regul ations for lead-acid
batteries under subpart G, part 266). Cf. CAL. CODE REGS., Ch. 23 of Div. 4.5, Title22 C.C.R.or H.S.C. §
25201.16. SeeCad. Universal Waste Regulations, available at

<http://www.dtsc.ca.gov/L awsRegul ationsPoliciesy UWR/index.html >; Mercury-Containing and
Rechargeable Battery Management Act, 110 Stat. 1329 (May 13, 1996), available at
<http://www.epa.gov/epaoswer/hazwaste/state/policy/pl 104.pdf>. See generally USEPA, Mercury
Website, at <http://www.epa.gov/mercury/>.

%18 National programsinvolving tens of thousands of participating | ocations have eased the challenges of
responsible disposal, such as via the Rechargeabl e Battery Recycling Corp., at <www.call2recycl e.org>.

%19 Cal. EPA, Managing Universal Wastein California, Fact Sheet, June 2003, available at
<http://www.dtsc.ca.gov/Hazar dousWaste/ EWaste/upload/ HWM_FS UWR.pdf>.

520 See USEPA, Source Water Protection Practices Bulletin, Managing Aircraft and Airfield Deicing
Operationsto Prevent Contamination of Drinking Water (Aug. 2002), available at
<http://cfpub.epa.gov/saf ewater/sourcewater>.

%21 For example: “It shall be unlawful to discharge, or cause, alow or permit to be discharged into any part
of the storm water system or watercourses any sewage, industrial wastes, hazardous waste, anti-freeze,
petroleum or petroleum products, cod tar, chemicals, detergents, solvents, paints, contaminated or
chlorinated swimming pool water, pesticides, herbicides, fertilizers, soil sediments, washwater, cans,
bottles, refuse, animal wastes, cement powder, concrete waste, broken concrete, construction-site waste or
debris, motor or other vehicles or partsthereof, or any materia that may be deleteriousto aquatic life.”
County of Santa Clara Ordinance Code, Ch. 11. Dischargesto Storm Water System, § B11 1/2-4 (Ord. No.
NS-517.74, 8 1, 10-17-06), Discharge prohibition, availableat
<http://www.sccgov.org/scc_ordinance/31202001.HTM>. See generally USEPA Stormwater Regulations,
available at <http://cfpub.epa.gov/npdes/regresult.cfm?program_id=6& view=all&type=1>.

52 FAA, Sdlect Resource Materials and Annotated Bibliography on the Topic of Hazardous Air Pollutants
(HAPs) Associated with Aircraft, Airports, and Aviation, Prepared by URS Corp. for FAA, Office of Env't
and Energy (July 1, 2003), available at

<http://www.faa.gov/regulations policies/policy guidance/envir_policy/media/HAPS rpt.pdf>.
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52 GAO, Aviation and the Environment, Strategic Framework Needed to Address Challenges Posed by
Aircraft Emissions, Report to Congress, Report GAO-03-252 (Feb. 2003), at p. 1, available at
<http://www.gap.gov/new.items/d03252.pdf>; EPA, Regulatory Announcement: New Emission Standards
for New Commercial Aircraft Engines, at

<http://www.epa.gov/otag/regs/ nonroad/avi ation/420f05015.htm>.

52 GAMA, 2007 General Aviation Statistical Databook & Industry Outlook, at p. 3, available at
<http://www.gama.aero/events/air/dloads/’2007 GAMAD atabookOutl ook.pdf >.

5% |PCC, IPCC Special Report-Aviation and the Global Atmosphere, Summary for Policymakers (1999), §
4.1, available at <http://wwuwv.ipcc.ch/ipccreports/sres/aviation/006.htm#spm4l>.

5% USEPA, Greenhouse Gas Emissions fromthe U.S. Transportation Sector 1990-2003 (Mar. 2006), at §
5.1, available at <http://www.epa.gov/oms/climate/420r06003.pdf>. Ed. — the precise percentage of
aviation's contribution to CO, emissions is amatter of debate.

527 USEPA, id.

528 The NBAA asserts | ess than 0.6 percent.

52 Seg, eg., Sir Nicholas Stern, Stern Review on the Economics of Climate Change, Oct. 2006, available at
<http://www.hm-

treasury.gov.uk/independent_reviews/stern review_economics climate change/sternreview_index.cfm>
(approximately 0.016% of total emissions).

5% Renee Martin-Nagle, VP and General Counsel, AirBus N. AmericaHoldings, Inc., Presentation at
Womenin Aviation, in San Diego, Ca. (Mar. 14, 2008) (claiming a 50% reduction).

%31 |PCC, Aviation and the Global Atmosphere, 1999, at Ch. 7.9, available at
<http://www.grida.no/Climate/ipcc/avi ation/112.htm>.

%32 |_ourdes Maurice, Ph.D., Chief Scientist, FAA Office of Env't and Energy, Aviation and the
Environment: Problems and Strategic Solutions, Presentation at Women in Aviation, in San Diego, Mar.
14, 2008 (“ getting toward carbon neutrality is where we need to go.”).

%3 Renee Martin-Nagle, VP and General Counsel, AirBus N. AmericaHoldings, Inc., Presentation at
Women in Aviation, in San Diego, Ca. (Mar. 14, 2008) (asserting that the fleet will grow from 16,800 in
2006, to 34,430 by 2020 — citing the Airbus Global Market Forecast).

3% FAA, Office of Env't and Energy, Aviation & Emissions - A Primer (Jan. 2005), at p. 4, available at
<http://www.faa.gov/requlations policies/policy guidance/envir_policy/medial AEPRIMER.pdf> (aviation
creates under .4% of NOy emissions and piston powered aircraft are, by implication, a small fraction of
that; nonethel ess, greenhouse gas emissions from aircraft are projected to increase 60 percent by 2025. id.
a pp. 5, 10). Nonetheless, the injection of NOy into the upper aimosphere is problematic because NOy
concentrations at atitude are negligible. At atitude, thelifetime of NOx is 10 timesthat a ground level.).

FAA, Background Materials on Air Quality: FAA Order 1050.1DCHNG4, Policies and Procedures for
Considering Environmental Impacts (1999), see FAA Order 5050.4A, Airport Environmental Handbook
(Oct. 8, 1985), available at

<http://www.faa.gov/requlations policies/policy guidance/envir_policy/airquality handbook/> (Air
quality guidelines and assessment for new airports, new or extended runways -- contains expanded
information on ARP procedures to meet the Council on Environmental Quality’s (CEQ) NEPA
implementing regulations as they relate to ARP’ s administration of the Airport Improvement Program);
FAA, Air Quality Handbook, available at

<http://www.faa.gov/regulations policies/policy guidance/envir_policy/airquality handbook/index.cfm?pr
int=go> (includes instructions on preparing emission inventories and conducting atmospheric dispersion
modeling).
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53 Td ephone Interview with Curtis Holsclaw, Mgr., Aviation Policy, Planning and Env't, FAA (May 17,
2006) (“Someone needsto tell usthisisanissue[for GA].” id.).

5% The regulation of airborne emissionsisintroduced in the Commentary to AMCC V .3, available at
<http://www.secureav.com/Comment-AMCC-V.a-Environmental .pdf>.

537 See Stepan Faris, Conspiracy Theory, ATLANTIC, June 2008, available at

<www.theatl anti c.com/doc/200806/conspiracy> (federa lawsuits against 24 oil, coal, and dectric
companies claiming responsibility for global warming and conspiracy to cover-up anthropomorphic threat.
Also suit by Union of Concerned Scientists agai nst ExxonMobile claiming ExxonMobil established “front”
groups akin to the tobacco industry' s strategy to promote writersto exaggerate scientific uncertainties of
smoking hazards to health); Matthew L. Wald, George Judge Cites Carbon Dioxide in Denying Coal Plant
Permit, N.Y. TIMES, July 1, 2008, a p. C4 (Sup.Ct., Fulton County, GA, by the S erra Club and Friends of
the Chattahoochee rel ying on U.S. Sup. Ct. decision permiting regulation of CO,); Kofi A. Annan, Opening
Address, Global Humanitarian Forum, in Geneva, Switz., June 24, 2008, at <http://www?2.ghf-
ge.org/multimediacentre.cfm?tab=20& id=72> (asserting, “We must have climate justice.”); and Alice R.
Thomeas et d., Earthjustice, Petition for Rulemaking Under the Clean Air Act to Reduce the Emission of Air
Pollutants from Aircraft that Contribute to Global Climate Change, Dec. 31, 2007, available at
<http://www.earthjustice.org/library/legal_docs/petiti on-to-epa-on-aircraft-gl obal -warming-emissions.pdf>
(seeking findi ngs and environmental rulemaking to mitigate aircraft emissions producing greenhouse
gases).

53 RUIJGROK, supra note 11, a p. 149.

539 USEPA, Criteria Pollutants, at <http://www.epa.gov/oar/oagps/greenbk/o3co.html>; USEPA, National
Ambient Air Quality Standards (NAAQS), available at <http://www.epa.gov/air/criteriahtml>

%0 gee USEPA, NOx: What isit? Where doesit come from?, at
<http://www.epa.gov/air/urbanair/nox/what.html>. See US EPA, Health and Environmental Impacts of
NOX, at <http://www.epa.gov/air/urbanair/nox/hith.html>; US EPA, Integrated Science Assesment for
Oxides of Nitrogen — Health Criteria (Final Report), July 11, 2008, available at
<http://cfpub.epa.gov/ncealcfm/recordi splay.cfm?dei 0=194645>.

41 See 73 Fed. Reg. 16,436 (Mar. 27, 2008) (lowering ozone concentrations from 0.08 PPM to 0.075 PPM
in an eight-hour period). The ozone NAAQS is an 8-hour standard which is met when the fourth highest
daily maximum 8-hour average o0zone concentration measured over a 3-year period islessthan or equal to
0.084 parts per million (PPM). The former 1-hour ozone standard was revoked i n June 2005. USEPA,
National Ambient Air Quality Standards for Ozone; Final Rule, 62 Fed. Reg. 38,855 (duly 18, 1997),
available at <http://www.epa.gov/fedrgstr/EPA-AIR/1997/July/Day-18/a18580.htm>. USEPA, Final Rule
to Implement the 8-Hour Ozone National Ambient Air Quality Standard — Phase 1, Fina Rule, 69 Fed.

Reg. 23,951 (Apr. 30, 2004), available at <http://www.epa.gov/fedrgstr/EPA-AIR/2004/April/Day-
30/e9153.htm>. See generally USEPA, Air Quality Criteria for Ozone and Related Photochemical
Oxidants (Final), at <http://cfpub.epa.gov/ncealcfm/recordisplay.cfm?dei d=149923>.

%2 USEPA, NAAQS, available at <http://www.epa.gov/air/criteriahtml>.

%43 40 C.F.R. § 81, Protection of Environment — Designation of Areas for Air Quality Planni ng Purposes,
available at <http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?c=ecfr& sid=d1dbOaff 7b575f1a10494bb6cd8deadf & tpl =/ecfrbrowse/Title40/40cfr81_main 02.tpl>.

> USEPA, Summary of Results for the 1999 National-Scal e Assessment, Technology Transfer Network,
at < http://www.epa.gov/ttn/atw/natal999/risksum.htmi>. A cancer risk of 10 inamillionisconsidered a
key threshold.

> |CAO, CAEP Information Paper, infra note 564 at p. A3.

6 FAA, Office of Env't and Energy, Roger L. Wayson et a., Consideration of Air Quality Impactsby
Airplane Operations at or Above 3000 feet AGL, Fina Report, FAA-AEE-00-01, DTS-34 (Sept. 2000), at
p. 11, available at
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<http://www.faa.gov/requlations policies/policy guidance/envir_policy/medial/catex.pdf> (explaining that
the “mixing heights” to determine effect on alocal area are “less than the minimum altitude of airplane
operations being evaluated, even at the smaller GA airports.” id. at p. 3 (emphasisadded). Abovethe
mixing height, “pollutants that are released generally do not mix with ground level emissions and do not
have an effect on ground level concentrationsinthelocal area. Accordingly, if airplane operations occur
above the mixing height, they will have negligible eff ect on ground level concentrations.” id.).

4" The mixing height is variable as afunction of season and meteorological conditions.

58 Contrails result from high-altitude water vapor that collects on condensation nuclei (tiny particles) that
crystallizes, forming stresks of frozen water vapor. USEPA, Aircraft Contrails Factsheet, EPA 430-F-00-
005 (Sept. 2000), available at <http://www.epa.gov/otag/regs/nonroad/aviation/contrails.pdf>. The
environmenta impact of contrailsremains under study. Theintroduction of very light jets (VLJs) and
“personal jets’ that operate at higher-flight levels may bring new attention of “small GA’s’ contribution to
climate change.

%49 Additionally, some emissions may “have an impact on amospheric composition.” U.N.,
Intergovernmental Panel on Climate Change, IPCC Special Report-Aviation and the Global Atmosphere,
Summary for Policymakers (1999), at § 2, available at <http://www.ipcc.ch/pdf/special -reports/spm/av-
en.pdf> (“ These gases and particles ater the concentration of atmospheric greenhouse gases, including
carbon dioxide (CO,), ozone (O3), and methane (CH,); trigger formation of condensation trails (contrails);
and may i ncrease cirrus cloudiness—all of which contribute to climate change.” id.). Greenhouse gases
absorb thermal radiation from earth’ s surface and have a blanketing effect onit.

%0 FAA, Office of Env't and Energy, Aviation & Emissions - A Primer (Jan. 2005), at p. 2, available at
<http://www.faa.gov/requlations policies/policy guidance/envir_policy/medial AEPRIMER. pdf>.

1 See, eg., South Coast Air Quality Management District, Multiple Air Toxics Exposure Study in the
South Coast Air Basin, (MATES-111), Draft for Public Review (Jan. 2008), at p. 6-1 [hereinafter Mates-111],
available at <http://www.agmd.gov/prdas/matesl | 1/draft/ch6.pdf>, and
<http://www.agmd.gov/prdas/matesl I I/matesl11.html>. See ICAO, Resolutions Adopted by the Assembly,
36" Sess,, in Montreal, Sept. 18-20, 2007, at p. 15, available at
<http://www.icao.int/icao/en/env/A36_Res?22 Prov.pdf> (“the impacts of aviation emissions of NOx
(nitrogen oxides), PM (particul ate matter), and other gaseous emissions [on local air quality] need to be
further assessed and understood”).

52 USEPA, Control of Air Pollution From Aircraft and Aircraft Engines; Emission Sandardsand Test
Procedures, Nov. 17, 2005, at <http://www.epa.gov/fedrgstr/EPA-AIR/2005/November/Day-
17/a22704.htm>. See generally USEPA, Particulate Matter, at
<http://www.epa.gov/air/particlepollution/i ndex.html >.

%3 RUIIGROK, supra note 11 at p. 289.

4 MATES 11, supra note 552, at p. EA-6.
®5|d. at p. 6.1.

%6 1d. at p. 6.1.

" See eg., id. at p. 6-1.

%8 Hien T. Tran, Ph.D. et a., Methodol ogy for Estimating Premature Deaths Associated with Long-term
Expoauresto Fine Airborne Particulate Matter in California, Cal. EPA, May 22, 2008, at p. 32, available
at <http://www.arb.ca.gov/research/heal th/pm-mort/pm-mortdraft.pdf> (with 3-20 percent confidence
interval. id. at p. 32. Moreover, “[t]reating diesel PM and ambient PM as equally toxic and using the new
PM2.5-mortality function, staff estimate that statewide, public exposuresto diesel PM can be associated
with about 3,900 desths, with uncertainty ranging from 1,200 to 7,100.” id. at p. 39). See USEPA, at
<http://www.epa.gov/ord/resear chaccomplishments/particulate_matter.html >, Prof. Lynda Lisabeth et d.,
Ambient Air Pollution and Risk of Ischemic Strokeand TIA, ANNALSOF NEUROLOGY, July 2008, available
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at <http://www.interscience.wiley.com> (finding that exposureto PM increases the risks of stroke). See
infra notes 622-625 (health risks of diesel emissions). See generally, USEPA, PM Research, at
<http://www.epa.gov/pmresearch/pm_research accomplishments/> (providing asurvey of current research
and findings on PM).

%% Christopher J. Sequeira, Candidate for Master’s Degrees in Aeronautics and Astronautics and the
Technology and Policy Program at the Massachusetts Institute of Technology, Relationship Between
Emissions-Related Aviation Regulationsand Hurman Health, Presented at the 10" PARTNER Advisory
Board Mesting, in Ottawa, Ont., Mar. 15, 2008, at p. 17, available at
<http://web.mit.edu/aeroastro/partner/reports/hartman/sequeira-08.pdf>.

0 Acidificationisthe unnaturally high level of acidin precipitation and in the Earth’s surface generally
(i.e., soil, oceans, and groundwater). It iscaused by nitrogen oxides (NOy), sulfur dioxide (SO,), and
ammonia (NHg) —all of which are emissions produced from burning fossil fuels. See US EPA, Acid Rain,
at <http://www.epa.gov/acidrai n/index.html>. Acidification decimates fish populations by making lakes,
rivers, ponds, and oceans uninhabitable. It also destroys property and is detrimental to human health. See
Nat’| Science and Technology Council, National Acid Precipitation Assessment: Report to Congress,
(2005), available at <http://www.esr|.noaa.gov/csd/ AQRS/reports/napapreport05.pdf>. See generally US
EPA, Control of Air Pollution From Aircraft and Aircraft Engines, Emission Sandardsand Test
Procedures, 70 Fed. Reg. 69,665, 69,672-3 (Nov. 17, 2005), available at
<http://www.epa.gov/fedrgstr/EPA-AIR/2005/November/Day-17/a22704.pdf>.

%61 USGS, Toxic Substances Hydrology Program, Eutrophication, at
<http://toxi cs.usgs.gov/definitions/eutrophication.html > (*a process whereby water bodies, such aslakes,
estuaries, or low-moving streams receive excess nutrients that stimulate excessive plant growth”).

%2 See NRC, PROTECTING VISIBILITY IN NATIONAL PARKS AND WILDERNESS AREAS, Nat'| Academy of
Sciences Committee on Hazein Nat'| Parks and Wilderness Areas (Nat’'| Academy Press, Wash, D.C.
1993), available at <http://www.nap.edu/books/0309048443/html >.

%63 |CAO, CAEP, Science Update: Effects of Aircraft Emissionson Climate and Local Air Quality,
Information Paper, CAEP/7-1P/8, Oct. 27, 2006 (“ CAEP Science Update’), at p. A-2, availableat
<http://www.tc.gc.calcivil aviati on/Internati onal /I CAO/ committee/pdf/information/CAEP7_IPO8.pdf>.

%64 EPA, at <http://www.epa.gov/fedrgstr/EPA-AIR/2005/November/Day-17/a22704.htm>.
%5 By the South Coast Air Quality Management District, SoCal, available at <http:/www.agmd.gov/>.

5% philip M. Fine, Ph.D., Atmospheric Measurements Mgr., South Coast Air Quality Management District,
AQMD Airport Monitoring Sudies, Side Presentation, Jan. 21, 2008 (describing monitoring in
communities around GA airports 2005-2007) (copy on file with author).

Another airport ground-based emissions monitoring initiative—at Santa Monica Airport—highlights the
political fallout from some such studies, having been characterized by the AOPA as* potentialy crippling.”
Phil Boyer, Pres., AOPA, Special Noticeto Members (May 30, 2006) (responding to Cdl. legidative
initiative AB 2501 seeking to require the Santa Monica Airport to undertake 24/7 emissions monitoring
notwithstanding prior studies finding no evidence of eevated rates of mortality; and the AOPA claiming
theinitiative' s purposeisto restrict GA). See Kevin Herrera, LA zeroesin on airport, SANTA MONICA
DAILY PRESs, May 20, 2006, available at <http://www.smdp.com/article/articles/1363/1/L A-zeroes-in-on-

airport/print/1363>.
%7 RUIIGROK, supra note 11 at p. 114.

8 EPA, Aircraft Contrails Factsheet, EPA 430-F-00-005 (Sept. 2000), available at
<http://www.epa.gov/otag/regs/nonroad/aviation/contrails.pdf>. See generally RUIJGROK, supra note 11 at
p. 309.

%% RUIJGROK, supra note 11 at p. 311.
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570 Nicola Stuber, et a, Theimportance of the diurnal and annual cycle of air traffic for contrail radiative
forcing, NATURE (July 2006), at pp. 864-867, available at

<http://www.nature.com/nature/journal /v441/n7095/full/nature04877 .html >;

<http://ncas.ner c.ac.uk/meetings/past/aviation_impacts/talks/forster.pdf>.

"L |ICAO, CAEP, Science Update: Effects Of Aircraft Emissions On Climate And Local Air Quality, in
Montreal, Feb. 5-16, 2007, a p. A-11, at
<http://www.tc.gc.calcivilaviation/I nternational /ICAO/ committee/pdf/information/ CAEP7_1P08.pdf>.

5”2 Email from Lourdes Maurice, Ph.D., FAA Office of Env't and Energy, July 15, 2008.
53 Lourdes Maurice, Ph.D., Presentation at Women in Aviation, in San Diego, Cdl., Mar. 14, 2008.

™ RUIJGROK, supra note 11 at p. 128, 145 (UVC is one of three bands of ultraviolet radiation: UVA 320-
400 nm [<3.2x 107°- 40 x 107], UVB 280-320 nm [<2.8 x 10— 3.2 x 107], and UVC 100-280 nm [<2.8
x 107]. The depletion of the stratospheric ozone layer may cause pilots proportionally more harm than any
other class because of pilotsflying at higher dtitudes. [Gammaradiation [<10™4 1079, the most energetic
and destructive (to lifeforms) of al types of radiation, isalso partialy absorbed by the ozone layer).

> RUIJGROK, supra note 11 at pp. 157-162.

576 Alternative fire suppression chemicals/systems have been developed. For example, Eclipse’s PhostrEx
fire suppression system using a non-halon agent. See Eclipse Aviation, at <www.eclipseaviation.com>.

5" See, e.g., European Environmental Agency, at
<http://glossary.eea.europa.eu/EEAGlossary/O/ozone depletion potential>.

578 These gases have internal modes that absorb energy in the sameinfrared wave engths as emitted by the
surface of the Earth, and in doing so, reflect hest.

57 But see supra notes 444, et seq. (regarding CO,).

%80 RUIIGROK, supra note 11 at p. 143. See USEPA, California v. Johnson, Petition for Rule Making
Seeking the Regulation of Greenhouse Gas Emissions from Aircraft, available at
<http://cdn.sfgate.com/gate/pi ctures/2007/12/05/ga._aircraftpet6.pdf> (characterizing greenhouse gasesto
include: carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbonsm, and sulfer
hexaflouride.).

%81 |PCC, Climate Change 2001: Working Group 1: The Scientific Bass, § 6.1.1, Definition, Contribution
of Working Group | to the Third Assessment Report of the IPCC, available at
<http://www.grida.no/climate/ipcc_tar/wgl/214.htm#611>.

82 |d. Cf. IPCC, Glossary (1995), available at <http://wwuwv.ipcc.ch/pdf/gl ossary/ipec-glossary.pdf>, and
IPCC, Glossary, Annex 1, a p. 951, available at <http://www.ipcc.ch/pdf/gl ossary/ar4-wgl.pdf>; Joyce E.
Penner et al., Aviation and the Global Atmosphere, IPCC, 1999, § 6.2.1, available at
<http://www.grida.no/climate/ipcc/aviation/070.htm>; P. Forster & V. Ramaswamy et a., Changesin
Atmospheric Constituentsand in Radiative Forcing, in Climate Change 2007: Mitigation, Contribution of
Working Group 111 to the Fourth Assessment Report of the IPCC, 2007, S. Solomon et d. eds., Cambridge
Univ. Press., § 2, at pp. 129-234, available at <http://www.i pcc.ch/pdf/assessment-report/ar4/wgl/ard-wgl-
chapter2.pdf>. Estimates are wide-ranging, but generally RF is considered between 2 and 4 times that of
CO, alone. IPCC, IPCC Special Report-Aviation and the Global Atmosphere, Summary for Policymakers
(1999), § 4.8, available at <http://wwwv.ipcc.ch/ipcereports/sres/aviation/007.htm>.

%83 RUIIGROK, supra note 11 at p. 140. See generally Susan Solomon & Dahe Qinet ., IPCC, Areport
accepted by Working Group | of the Intergovernmental Panel on Climate Change but not approved in
detail (1977), TS.2.5, available at <http://ipcc-wgl.ucar.edu/wgl/Report/ARAWG1 Print TSpdf> (*Net
Global Radiative Forcing, Globa Warming Potentials and Patterns of Forcing”); ICAO, CAEP Information
Report, supra note 564, at p. A-6 (Table: Instantaneous RF from cumul ative emissions of the historical
fleet for 1992 and 2000).
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%8 |PCC, IPCC Special Report-Aviation and the Global Atmosphere, Summary for Policymakers (1999), at
§6.2.3, at <http://wwwv.i pcc.ch/ipccreports/sres/aviation/071.htm>.

%85 |PCC, at <http://www.ipcc.ch/>. RUIJGROK, supra note 11 at p. 144 (noting disputein the scientific
community regardi ng the accuracy of the GWP because of these gasses purported indirect influence on
atmospheric warming and dependent on many variables, including location, season, and dtitude. id. at p.
168). See Commentary to AMCC V .a (introducing the IPCC).

%86 |pCC, Aviation and the Global Atmosphere, Special Reports, Sect. 6.6.2, available at
<http://www.ipcc.ch/ipccreports/sres/aviation/071.htm> (“GWP has provided a convenient measure for
policymakers to compare the relative climate impacts of two different emissions. However, thebasic
definition of GWP has flaws that make its use questionable, in particular, for aircraft emissions. For
example, impacts such as contrails may not be directly related to emissions of a particular greenhouse gas.
Also, indirect RF from O3 produced by NO, emissionsis not linearly proportiona to the amount of NOx
emitted but depends a so on location and season. Essentialy, the buildup and radiative impact of short-
lived gases and aerosols will depend on the location and even the timing of their emissions. Furthermore,
the GWP does not account for an evolving atmosphere wherein the RF from a 1-ppmincreasein CO, is
larger today than in 2050 and the efficiency of NOx at producing tropospheric O3 depends on concurrent
pollution of the troposphere.

In summary, GWPs were meant to compare emissions of long-lived, well-mixed gases such as CO,, CH4,
N20, and hydrofluorocarbons (HFC) for the current atmosphere; they are not adequate to describe the
climate impacts of aviation.”).

%87 Kahn Ribeiro, S. S. Kobayashi et d., Transport and its Infrastructure, in Climate Change 2007:
Mitigation, Contribution of WG 111 to the Fourth Assessment Report of the IPCC, 2007, B. Metz et al. eds,,
Cambridge Univ. Press., § 5.5.2.1., a p. 376, available at <http://www.ipcc.ch/pdf/assessment-
report/ar4/wag3/ar4-wg3-chapter5.pdf> (characterizing it as“ A major difficulty in developing amitigation
policy”).

%8 USEPA, The Clean Air Act Amendments of 1990, List of Hazardous Air Pollutants, at
<http://www.epa.gov/ttn/atw/origl89.html>.

%89 URS Corp., Select Resource Materials and Annotated Bibliography on the Topic of Hazardous Air
Pollutants (HAPs) Associated with Aircraft, Airports, and Aviation, Prepared for FAA, Office of Env't and
Energy (July 1, 2003), at p. ES-4, available at

<http://www.faa.gov/regulations policies/policy guidance/envir_policy/media/HAPS rpt.pdf>. See
generally USEPA, Environmental Indicators: Ozone Depletion, at
<http://www.epa.gov/Ozone/science/indicat/>.

%0 URS Corp., id. at ES-6 (emphasis added).

%1 URS Corp., id. at p. ES-2 (The URS-EPA’s tableincludes 29 HAPs. Thistable to the Commentary to
AMCC Vb presents ethylbenzene as its 11" HAP, whichis a TEL reactant and critical component of
leaded avgas). See US EPA, Air Toxics Website, at <http://www.epa.gov/ttn/atw/188polls.html>
(presenting the original list of HAPS); US EPA, Summary of Results for the 1999 National-Scale [ Air
Toxics] Assessment, at <http://www.epa.gov/ttn/atw/natal 999/risksum.html>.

%92 |CAO, CAEP Information Paper supra note 564, at p. A-3.

%% Seg, eg., Carl Burleson, Dir., FAA Office of Env't and Energy, Key Environmental Goals and
Objectives, Integrated Product Teams, Next Generation Air Transportation System Ingtitute, available at
<http://www.ncat.com/pdf/Needs¥20Statement-Environment-Round%202.pdf>.

Toxic Assessment rather than CAA coverage: Neither airports nor aircraft are specifically included among
the sourcesidentified in the Clean Air Act (CAA) § 112, nor do they meet the definitions of the covered
sourcetypes. Rather, they are characterized under the National Air Toxics Program (NATP) as an example
of complex facilitiesthat produce aggregates of pollutants, including HAPSs, from multiple source types.
FAA guidelines pertaining to air quality do not specifically address HAPs.
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As part of the NATP, the US EPA initiated the National Air Toxics Assessment (NATA) to collect and
evaluate information on ambient levels of HAPSs, including the near- and long-term patterns and trends;
devel op tools and techni ques for conducting emission inventories and dispersion modeling of HAPs; and
identify the primary areas of air pollutant concerns (or “risks”) to human and natura environments. See
<http://www.epa.gov/ttn/atw/nata/>. Similarly, the EPA initiated the Integrated Urban Air Toxics Strategy
(IUATS) — a complex and multifaceted approach to assessing HAPs and their sources. See USEPA, Air
Toxics Strategy: Overview, at <http://www.epa.gov/ttn/atw/urban/urbanpg.html >.

% Lourdes Maurice, Ph.D., Chief Scientist, FAA Office of Env't and Energy, Presentation at Womenin
Aviation, in San Diego, Cal., Mar. 14, 2008.

%% Gerad L. Dillingham, Ph.D., Dir. Physical Infrastructure Issues, US GAO, Testimony Before the
Subcommittee on Aviation, Committee on Transportation and Infrastructure, US House of Rep., Aviation
and the Environment, GAO-08-706T, May 6, 2008, at p. 4, available at
<http://www.gao.gov/new.items/d08706t.pdf>.

%% Consider the following three aviation engines, each of whichisaleading enginein its respective class:

» Textron-Lycoming 10-540 — A version of one of the manufacturer’s main post- World War 11 era
GA engines. The Lycoming 10-540 isasix-cylinder, horizontally opposed direct drive engine of
540 cubic inch displacement, equipped with carburetors (referred to as*“ 0-540") or turbochargers
(known as “TIO-540"). Generally these engines produce 260 to 315 horsepower. They are
installed on many Aero Commanders, Piper Navaos, Chieftans, Aztecs, Saratogas, Comanches,
and Aerostars. See Textron Lycoming, at <http://www.|ycoming.textron.com/company/our-
history.jsp>, and <http://www.prime-mover.org/Engines/L ycoming/Lyc_Cert_list.html>.

» Continental 10-520 and 10-550 — Developed in the 1960’ s as turbocharged and fuel injected
engines, these engines are the primary competition to the Textron-Lycoming 10-540 series. See
TCM, at <http://www.tcmlink.com>.

» Textron-Lycoming 360 — An air-cooled, carbureted, four-cylinder horizontally opposed piston
aircraft engine— a version of one of the manufacturer’s main post-World War |1 era GA engines
successfully installed in thousands of aircraft including Cessna 172s, Piper Cherokees/ Archers,
Grumman Tigers, and many home-built aircraft. See <www.lycoming.textron.com/company/our-
history.jsp>; and <www.prime-mover.org/Engines/Lycoming/Lyc Cert_list.html>.

%7 K egpin mind that conventional aircraft piston engines have served the community well and have
commendabl e efficiencies.

%% | nterview with Jorge Alonso, Pres. & CEO, Crossflow Aero Corp., in Orilla, Ontario (June 22, 2006).

%% See Crossflow Aero Corp., Engine Cooling System, availableat

<http://www.crossflow.com/tech info/cooling_system/cooling_system.html>; Steven W. Ells, Threeto go,
AOPA PILOT, July 2006, a p. 134, available at <http://www.aopa.org/pilot> (“There' s some prejudicein
the field—by both technicians and pilots—against liquid cooling, but it’s proven to be an effective method
of controlling cylinder head temperatures (CHTS).”). Seealso Bombardier, at

<http://machi nedes gn.com/Contentltem/61999/Thefl yingV sarecoming.aspx>.

%0 And (emissions) effective muffler systems. A “three-way” catal ytic converter converts engine
emissions of nitrogen oxides (NO,, carbon monoxide (CO) and unburned hydrocarbons from fuel (C,Hy)
into water (H,0), carbon dioxide (CO,), and nitrogen (N). RUIJGROK, supra note 11 at pp. 16-17.

601 See <hitp://www.eere.energy.gov/de/pdfs/ares program.pdf>. But see Textron Lycoming, Press
Release, Lycoming Engines Announces |0/O-360 Automotive Gas Approval Program, June 2, 2008,
(unleaded automotive gasoline approval program — 3 AK1 automotive gasoline conforming to either Euro
Norm EN228 or ASTM D4814), available at <http://www.lycoming.textron.com/news-and-events/press-
rel eases/rel ease-06-02-08.jsp>.
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892 For example, the Bombardier V220 and VV300T aircraft engines, at

<http://www.brp.com/NR/rdonl yres/3BOCFB18-5606-43F8-A09D-
DO5SE2F8E7523/0/englbackgrounder_v220v300tlogo.pdf>, and <http://www.brp.com/en-
CA/Innovation/Technol ogy/V220.V 300T.Aircraft.Engines.htm>, and the Crossflow six cylinder engines
weigh less than 460 Ibs., and the four cylinder engines weigh under 360 Ibs. However, the comparative
weight of awater-cool ed engine should include the weight of aradiator, coolant, and cooling pump.
Moreover, air cooled engines are generally aluminum, except for the crankshaft.

893 For example, 10.8-to-1 for the 220-hp engine, and 9-to-1 for the 300-hp engine.

604 Rotax, at <http://www.rotax-aircraft-engines.conmv/>.

6% These companies include: Jibaru, at <http://www.jabiru.net.au/>, and Ecofly, see TODAY’ SPILOT, July
2004, at <http://www.ecofly.de/ Assets/Todays pilot_07 04.pdf>.

8% Two-stroke engines are responsible for about 32% of mobile source emissions. historically two-cycle
engines dump 20-30% of their fuel unburned. The USEPA assertsthat two-cycle enginesemit 30 times
the hydrocarbons (benzene, butadiene, and pol ycyclic aromatic HC) and 40 times the PM of four-cycles.

897 Concerning reliability, because of the highly varied quality of maintenancein thefield, it is difficult to
establish if two-cycles engines are less reliable than the four-cycles, but the typica failure mode of atwo-
cycleis much more sudden than that of afour-cycle. This may contribute to the common belief that four-
cycles are much morereliable. Regardless, the four-cycles have many qualities that make them attractive
despite their price and weight penalties.

6% Matthew L. Wald, Diesel a Savior in Squeeze on Energy? Obstacles Exist, N.Y. TIMES, May 29, 2006,
a p. A13, available at <http://www.nytimes.com/2006/05/29/us/29diesdl.html?_r=1& oref=login> (stating
that one gallon of diesdl fuel produces 128,000 BTU versus 115,000 for gasoline, and diesel engines offer a
better pre-combustion air-fuel mixture). Email from Phil Franklin, Wilksch Airmotive Ltd (WAM), Apr.
21, 2008 (“We have seen significant (10-30%) operational fuel consumption improvements when aircraft
have been fitted with WAM diesals of existing avgas burning engines.”).

609 Cf. USEPA, at <http://www.epa.gov/otag/hi ghway-diesel/index.htm>.

810 For example, until its bandruptcy, the Thielert diesel was offered in the Diamond Aircraft Industries
DA42 Twin Star, see Diamond, at <http://www.diamondair.com/aircraft/da42_private/index.html>; aswell
asinthe Cessna Skyhawk 172Sand TD (turbo diesdl Thielert Centurion 2.0 litre engine with FADEC,
turbocharged, 155 hp at 2,300 rpm, liquid cooled engine, with a fuel consumption of 30 percent less than
the gasoline-powered version). Thielert’s bankruptcy demonstrates the aviation diesel industry’s
immaturity and, the* drama at Thielert may well be that the engine simply was certified too soon.” Frank
Thielert knows a lot about diesel engines, less about GA conditions of customer service, and not enough
about managing a public company, DIESEL AIRNEWSLETTER, Apr. 27, 2008, at
<http://www.dieselair.com/>. Notethat TCM plans for a300 HP diesd to be certified by 2009-10.

1 Thidert claimsto have been awarded more than 110 international certifications. STCs cover nearly the
entire Cessna 172 product range. SMA (Société de Motorisations Aéronautique) has obtained an STC for
the Cessna 182 [230 HP SR305] and is near completion of an STC for the Piper PA 28. Cessna Aircraft
announced plans to offer diesel-powered single-engine piston airplanesin its 2009 model year and was well
along with test flights of a Thielert-equipped Skyhawk before abruptly suspending development in response
to Thielert’ s bankrupty.

612 Andre Teiss er-duCros, Publisher, The progression of aero diesd production and availability will
coincide with a mutation of the world market of piston-engined airplanes, DIESEL AIRNEWSLETTER, Dec.
15, 2007, at <http://www.dieselair.com/>. See Rhett Ross, CEO, TCM, Interview by Paul Bertordli, Av.
CONSUMER, Feh. 18, 2008, at <http://www.avweb.com/podcast/podcast/197170-1.html> (TCM “kicking
off amajor aerospace-specific [diesel] engine design” with the goa of type-certificationin late 2009 to
early 2010). See Austro Engine, Jet Al Piston Engines, at <http://www.austroengine.at/produkte/jet-al-
piston-engines/> (Diamond Aircraft equipped with the Austro Engines AE 300).
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613 A Wilsch WAM 120-equipped Thorpedo from IndUS Aviation. A three-cylinder, 120-horsepower
engine burning 3 ga. hour of Jet-A. See <www.indusav.com>, and
<http://www.indusav.com/indusav/newsdetails.php?sid=58> (first ASTM standards-compliant diesel LSA).

834 | nterview with Earl Lawrence, VP, Industry and Regulatory Affairs, EAA, in Marysville, Cal. (June 7,
2008) (also acknowledging that the small volume of enginesin GA are not asignificant incentive to fund
such rigorous testing regimes).

615 Diane Doers, quoted in David Kowalsky, The Future of Diesel?, PIPERS, June 2006, a p. 49 (“Thereare
parts of the world where genera aviation fleets are effectivel y grounded because they cannot buy avgas.
Andif it'savailable, thecost is 3 to 5 timeswhat U.S. pilots pay.”).

816 For example, the Thidert Centurion 2.0 engine, at <http://www.centurion-engines.cony/>.

617 See Wikipedia, Brake specific fue consumption, at
<http://en.wikipedia.org/wiki/Brake specific fuel consumption> (explaining BSFC).

618 Email from George Braly, Chief Engineer, GAMI, Feb. 26, 2008 (aso noting that, “for example, an
available 350 Hp diesdl aircraft engine has an al up installed wet weight that is more than 225 Ibs heavier
than the approximatel y 500 pound weight of a popular 350 Hp gasoline powered aircraft engine.”). Cf.
“Diesdl engines have been around since the * 20's, built specifically for aviation. Events of WWII and the
need to rapidly manufacture and deploy aircraft and engines necessitated the production of already well-
researched gasoline engines. Using datafrom the past and new technology, manufacturers such as Thielert
have been able to manufacture engines of comparable weight and power with bsfc’s at .36 and lower. The
main advantage of dieselsistheir fud efficiency at takeoff and climb as well astheir good cruise
efficiency. Even takeoff and climb staysin the .3 bsfc range whereas gasoline engines, even with fadec,
areat .4 or .5 ranges in takeoff and climb for cooling. Rdiability of Thielertsis mainly aff ected by the
fadec and will likely be comparable to gasoline engine FADEC systems. Continental s recent
announcement of development of a300-350 HP diesdl or *heavy fudl* engine for about the same wei ght
and power asthe |0-550 areinteresting and timely.” Email from Todd Petersen, Petersen Aviation, Inc.,
Mar. 1, 2008.

Aviation diesdl engine's SFC similarity to that of existing avgas-burning engines has been explained as
follows:

o thediesd engine's higher compressionratio (CR) will help give amore efficient cycle

e ahigh-compression gasoline engineis not far behind because the effect of CR isvery small above
12:1

o thediesd engine's higher air:fuel ratio will aso help give a more efficient cycle

e lean-burn gasoline engines are about equivalent to the high air:fuel ratio of adiese
o theunthrottled diesal cycle (obvioudy) does not suffer throttle losses ever

e at WOT agasoline engine has no throttle loss

e good turbocharging will significantly improve an engine — because a diesel does not suffer knock
it can run a much higher boost pressures, where the turbo’ s contribution to fuel economy isthat
much greater

e & high atitude a gasoline engine can a so accept high boost pressure ratios because of the thin
coldair

Email from Phil Franklin, Wilksch Airmotive Ltd (WAM), Apr. 21, 2008.

9 Braly, id. [Feb. 26, 2008]; see George Braly, Comment in response to EPA Docket No. OAR-2007-0294
Petition Requesting Rulemaking To Limit Lead Emission from General Aviation Aircraft; Request for
Comment, Mar. 17, 2008, available at
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<http://www.regul ati ons.gov/fdmspubli ¢/component/mai n?mai n=DocumentDetail & 0=09000064803fc92b>
(listing diesdl engine disadvantages). Additionally, consider that diesel fuel weights more than avgas.

620 Seg, e.g., Environmental Defense, Scorecard — Diesel Emissions, at <http://www.scorecard.org/env-
releases/def/hap_diesel.html> (overview of risksfrom diesel fuels— including that “ cancer risksfrom diese
emissions are about ten times higher than the cancer risksfrom all other hazardous air pollutants
combined.” id.); USEPA, National Center for Environmental Assessment, Office of Research and
Development, Health Assessment Document for Diesal Engine Exhaust, Quality, US EPA/600/8-90/057F
(2002), available at <http://oaspub.epa.gov/eims/eimscomm.getfile?p download i1d=36319> (“assessment
concludes that long-term (i.e., chronic) inhalation exposureislikely to pose alung cancer hazard to
humans, aswell as damage the lung in other ways depending on exposure. Short-term (i.e., acute)
exposures can causeirritation and inflammatory symptoms of atransient nature, these being highly variable
across the population. . . . evidence for exacerbation of existing allergies and asthmasymptomsis
emerging.”); South Coast Air Quality Management District, Multiple Air Toxics Exposure Study in the
South Coast Air Basin (MATESH11), Draft for Public Review (Jan. 2008), at § 6.3, a p. 6-1, available at
<http://www.agmd.gov/prdas/matesl | I/draft/ch6.pdf>, and

<http://www.agmd.gov/prdas/matesl | I/matesl 1 1.html> (Finding that “[d]iesel exhaust wasthe key driver for
air toxicsrisk, accounting for an estimated 84% of thetotal.”). Seegenerally USEPA, National Clean
Diesd Campaign, at <http://www.epa.gov/cleandiesel/publications.htm#casac-apr06>, and
<http://www.epa.gov/otag/highway-diesal/index.htm> (summarizing initiatives to improve diesel
emissions); supra text accompanying notes 553-560 (describing PM).

621 See MANOJ S, PATANKER ET AL., SAFETY ETHICS (Ashgate 2005), at p. 168.

622 USEPA, Clean Trucks, Buses, and Diesel Fuel Proposed Rule, at
<http://www.epa.gov/otag/regs/hd2007/dd -nprm.htm>. See supra note 68 (May 1, 2008 US EPA petition
to further tighten lead standards). See also Claus Wahl, Theo Rindisbacher, et d, Microphysical and
Chemical Properties of Nanoparticles Emitted by Flight Engines, Sept. 13, 2005, available at
<http://hjelmco.com/upl/files/2419.pdf> (Avgas-powered reci procating engines found to emit nanoparticles
of soot and lead bromide, at least during rich mixture conditions).

623 PATANKER, supra note66 at p. 167 (“It ismy contention, and that of many others, that in the absence of
apoint estimate or a plausible range of estimated unit cancer risks(s), which reflect the conservative and
non-conservative risk estimates for this pollutant, it remains uncertain how appropriate health-protective
policy can be adopted and an effectiveinformed debate can occur.” id.).

624 Email from Phil Franklin, Wilksch Airmotive Ltd (WAM), Apr. 21, 2008.

62 There are two types of compressors used in turbine engines — centrifugal and axial flow. Axial flow
compressors are more efficient producing higher compression ratios, and are the predominant type used in
GA turbines.

62 See NASA, Beginner’s Guide to Propulsion, at <http:/www.grc.nasa.gov/WWW/K -
12/airplane/bgp.html>, and NASA, Turbine Animation, at <http://www.grc.nasa.gov/WWW/K -
12/airplane/ Animation/turbtyp/ettm.html >.

627 NASA, Quest for Performance: The Evolution of Modern Aircraft, Ch. 10, available at
<http://www.hq.nasa.gov/office/pao/History/SP-468/ch10-3.htm>.

628 USEPA, Control of Air Pollution from Aircraft and Aircraft Engines, May 8, 1997, at p. 7, availableat
<http://epa.gov/otag/regs/nonroad/avi ation/airrsd.pdf>.

629 |CAO, Committee on Aviation Environmental Protection (CAEP), Engine Emissions Databank, at
<http://www.caa.co.uk/defaul t.aspx?categoryi d=702& pagetype=90> (but limited to jet engines producing
rated output greater than 26.7 kN).

630 See NASA, Turboprop Engine, at <http://www.grc.nasa.gov/WWW/K -12/ai rpl anef/aturbp.html >
(smulation).
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831 Raffi Babikian, Stephen P. Lukachko & lan A. Waitz, MIT, The Historical Fuel Efficiency
Characteristics of Regional Aircraft from Technological, Operational, and Cost Perspectives (undated), at
p. 8, available at <http://web.mit.edu/aeroastro/peopl e/waitz/publicati ons/Babikian.pdf>.

632 Id

633 RUIIGROK, supra note 11 at p. 268.
634 Based upon a chart in RUIJGROK, supra note 11 at p. 269.
835t <http://www.utc.com/profile/facts/history.htm>.

8% Turboprops fly back in favour as greener and cheaper options, TIMESONLINE, Apr. 21, 2008, at
<http://busi ness.timesonline.co.uk/tol/business/industry sectors/transport/article3745007.ece>.

837 See Generdl Electric, Press Release, General Electric Company To Acquire Walter Engines (Aug. 27,
2007), available at

<http://www.genewscenter .com/content/Detail .asp?Rel easel D=2666& NewsAreal D=2>; Stephen Singer,
Asso. Press, GE Aviation buys Czech turboprop engine maker, FORBES.coM, July 3, 2008, at
<http://www.forbes.com/feeds/ap/2008/07/03/ap5182828.html>. The Walter M601 engineis used on more
than 30 aircraft types. GE’s purchase invokes direct competition with Pratt & Whitney.

838 RUIIGROK, supra note 11 at p. 283 (“Complete combustion of a hydrocarbon fuel given by CxHy
[means] no dissociation, so that al fuel carbon Cisfoundin CO, and all fuel hydrogen H isfound in Ha.
The necessary condition for obtaining compl ete combustion isthat the air-fuel ratio is stoichiometric, i.e.,
the quality of oxidizer air isjust the amount required to completely burn a quantity of fuel CxHy.” id.).
NOx formation varies exponentially with the stoichiometric flame temperature. id. a p. 300. Higher
combustion temperatures (increasingly designed into newer engines) create greater thermal efficiency and
yet greater thermal NO, formation. id. at p. 301.

SeeV. Ramanathan & G. Carmichael, Global and regional climate changes dueto black carbon, NATURE
GEOSCIENCE, Mar. 23, 2008, at pp. 221-227, available for fee at
<http://www.nature.com/ngeo/journal /v1/na/full/ngeol56.html > (citing black carbon, or soot, asthe
“dominant absorber of visible solar radiation in the atmosphere” caused by fossil fuel combustion).

839 RUIIGROK, supra note 11 at p. 289.
640 RUIIGROK, supra note 11 at p. 239.
841 RUIIGROK, supra note 11 at p. 79.

842 Charl otte Adams, Green Engines, AVIATION MAINTENANCE, May 2008, available at
<http://www.avtoday.com/am/categories/commercial/21556.html >.

643 Rick Kennedy, GE Aero Engines, quoted in David Esler, A New Engine Class Emerges: The‘10Ks,
BUSINESS& CoMM. AvI., Aug. 2007, a p. 48.

64 Guy Norris, Testing Times, Avi. WEEK & SPACE TECH., Dec. 10, 2007, at p. 48, available to subscribers
at <www.aviationweek.com/awst>; Pratt & Whitney, Press Release, Pratt & Whitney Announces New
Geared Turbofan Technology Partnership, July 18, 2006, availableat <http://www.pw.utc.com/vgn-ext-
templ ating/v/index.j sp?vgnextoi d=2e35288d1c83c010V gnV CM 1000000881000aRCRD& prid=281905820
72de010V gnV CM 100000c458529f >,

645 Bob Saia, VP Production, Pratt & Whitney, quoted in Guy Norris, Composite Question, Avi. WEEK &
SPACE TECH., Mar. 31, 2008, at p. 48, available to subscribers at <www.aviationweek.com/awst>.

646 pratt & Whitney, Press Release, Pratt & Whitney's Geared Turbofan™ Demonstrator Engine Achieves
Full Power, Dec. 4, 2007, available at <http://www.pw.utc.com/vgn-ext-

templating/v/index.jsp?vgnextoi d=2e35288d1c83c010V gnV CM 1000000881000aRCRD& pri d=eacceb66a86
6a6110VgnV CM100000c458529f>. Paul Adams, Sr. VP of Engineering, Pratt & Whitney, quoted in
Michael Mecham, Group Talents, Avi. WEEK & SPACE TECH., May 12, 2008, at p. 61 (anticipating a 1%
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per year reductionin SFC “for therest of the decade.”). See MTU Aero Engines, Clare— Clean Air
Engines, at <http://www.mtu.de/en/technol ogies/claire/index.html> (targeting significant reductionsin fuel
burn).

847 See Pratt & Whitney, Press Release, Airbusto Flight Test Pratt & Whitney Geared Turbofan Engine,
Apr. 21, 2008, available at <http://www.pw.utc.com/vgn-ext-

templating/v/index.jsp?vgnextoi d=2e35288d1c83c010V gnV CM 1000000881000aRCRD& prid=eacceb6686
626110V gnV CM 100000c45a529f >,

648 pratt & Whitney, Press Release, Pratt & Whitney Launches Geared Turbofan Engine with Mitsubishi
Regional Jet, Oct. 9, 2007, available at <http://www.pw.utc.com/vgn-ext-

templ ating/v/index.j sp?vgnextoid=2e35288d1c83c010V gnV CM 1000000881000aRCRD& prid=5148df489
cb65110V gnV CM100000c458529f > (14,700-17,000 Ibs. thrust).

649 SBAC Aviation and Environmental Briefing Papers, 3. Open Rotor Engines, Society of British
Aerospace Companies, Apr. 3, 2008, available at

<http://www.sbac.co.uk/community/news/downl oad.asp?a=4738>; Robert Wall & Michagl Mecham, Open
for Business, AvI. WEEK & SPACE TECH., Feb. 25, 2008, available at

<http://www.aviati onweek.com/aw/generic/story _channel.jsp?channel =commé&: id=news/aw022508p3.xml
> (considering the Leap56 research initiative by GE and Snecmato devel op open-rotor and counter-rotating
fan technologies). Cf. DouglasBarrie et a., Open Question, Avi. WEEK & SPACE TECH., Oct. 22, 2007, at
p. 26, available at

<http://www.aviati onweek.com/aw/generic/story _channel.jsp?channel =commaé&: id=news/aw102207p2.xml
> (suggesting that actua fuel-burn improvement of open rotors may be 10% or less, rather than the target
15%, in part, due to extraweight; and that geared turbofans may be more competitive).

80 Guy Norris, Open Warfare, Avi. WEEK & SPACE TECH., May 12, 2008 (GE collaborating with NASA to
revive unducted fan technology studies).

&1 Guy Norris, HEART of the MATTER, AvI. WEEK & SPACE TECH., May 12, 2008, at p. 48.
82 RUIIGROK, supra note 11 at p. 307.

853 |ATA, Destination Zero, The Journey Towards . . . CO,-freeflight, video at
<http://i ata.org/iata/video/homePage/destinationzero.asx>.

84 Centrifugal compressors (vs. axial compressors) are more efficient on engines producing under 12,000
Ibs. of thrust, and offer better protection agai nst FOD and bird strikes.

85 Flying by the Nurrbers, Emission Control, PRIVATE AIR, Mar./Apr. 2008, a p. 168, available at
<www.privateairdaily.com>.

6% USEPA, Control of Air Pollution From Aircraft and Aircraft Engines; Emission Sandardsand Test
Procedures, 70 Fed. Reg. 69,664, 69,675 (Nov. 17, 2005), available at <http://www.epa.gov/EPA-
AIR/2005/November/Day-17/a22704.htm>.

87 Telephone Interview with Sam Sampath, Mgr. and Sr. Fellow on Combustion and Emissions, Pratt &
Whitney (May 26, 2006).

8 |PCC, supanote 434 at §7.9.5.3.

9 H.C. Eatock & P. Sampath, Low Emissions Commbustor Technology for Small Aircraft Gas Turbines,
Paper presented at the 82™ Symposium, Technol ogy Requirements for Small Gas Turbines, Advisory
Group for Aerospace Research and Development, Oct. 1993, AGARD Propulsion and Energetics Panel,
Speciaised Printing, Sussex Ltd., Laughton, Essex, UK, cited in IPCC, supra note 434.

80 USEPA, Control of Air Pollution from Aircraft and Aircraft Engines; Emission Standardsand Test
Procedures, 70 Fed. Reg. 69,665, 69,673 (Nov. 17, 2005), available at <http://www.epa.gov/fedrgstr/EPA-
AIR/2005/November/Day-17/a22704.pdf>. See USEPA, 43 Fed. Reg. 12,615 (Mar. 24, 1978) (6,000 Ibs
thrust or equivalent power or greater, used for commercial applications).

126



File: <www.secureav.com/Comment-AMCC-V.b-Environmental . pdf> e
Last Updated: July 25, 2008 AMLL
THE AVIATORS MODEL CODE OF CONDUCT (AMCC) isavailable at <www.secureav.com>.

%1 Eclipse Aviation, Specifications, available at <http://www.eclipseaviation.com>.

82 Jack L. Marinelli & Roger L. Benefiel, Beech Aircraft Corp., Designing For Noise And Emission
Control In General Aviation, AIAA-1973-1158, Presented at the CASA/AIAA Aeronautical Meeting in
Montresal, Oct. 29-30, 1973, available for fee at

<http://www.ai aa.org/content.cfm?pagel d=406& gT abl e=mtgpaper& glD=95334>.

863 Seeinfra notes 701-703 (referencing ICAO and other emissions database).
84 Td ephone Interview with Walter Desrosier, GAMA, July 3, 2008.

85 This engine has a wide-cord fan, multi-stage axial-flow compressor, straight-through, low emission
combustor, 5 high and low pressure turbine stages, no centrifugal -flow compressor, pressureratio of 25:1
to 26:1, 4.5:1 bypassratio, specific fuel consumption > 0.525 |bs/thrust, 50% lower NOx, 35% lower CO,
and lower CO, than ICAO CAEP/6. Seegenerally CAEP, at <http://www.icao.org>. It isclaimed by the
manufacturer that this engine has afuel burn 5-10% |less compared with current leading engines, will
reduce CO by over 35%, and NO, UHCs, and smoke emissions by over 50% below ICAO standards,
satisfyi ng anticipated emissions standards for the next 10 to 15 years.

666 See Walter Engines, at <http://www.wal terengines.com/products/ai rcraft-engi nes/description.htm>, and
<http://www.wal terengines.com/editor/image/downloadl_soubory/4.doc> (listing aircraft types using
Walter turbines).

87 | ncorporating TALON 2 combustor technology; surpassing ICAO emission standards by 33%, meets
Zurich 5 low-emission requirements for no surcharges.

668 Djamond, at <http://www.diamond-air.at>.
669 A scaled derivative of the Williams FJ44.

670 ern Raburn, CEO, Eclipse Aviation, The New Eclipse 400, Presentation, June 5, 2008, AERO-NEWS
NETWORK,, at <http://www.aero-news.net> (an hourly fuel burn at max cruisethrust at 350 kts. at 45 and %2
gal per hour — 305 pounds per hour).

671 “Green Factor” - Eclipse Aviation promotes the “green factor” of itstwin engine V LJ touting low
emissions and noise from the 500’ s P& W engines, reductionsin hazardous materials in the manufacturing
process, and recyclability of materials used in the aircraft itself.

672 Eclipse Aircraft, at
<http://www.eclipseaviation.com/index.php?option=com newsroom& task=viewpr&id=1044& ltemid=348
>,

673 Reduced SFC by 3.5%, NO, by 17%, and smoke 50%.
674 Honda Turbofan Engi ne, at <http://worl d.honda.com/Hondalet/Background/ TurbofanEngine/>.

675 Note: (&) some engine power ratings are periodically upgraded, (b) power ratings are for single engines,
and (c) Smoke Number refersto the take-off phase of flight.

676 Flying by the Nurrbers, Emission Control, PRIVATE AIR, Feb./Mar. 2008, at p. 168, availableat
<http://www.privateai rdail y.com/magazine/article/15629.html >.

677 Eclipse Aviation, Press Rel ease, Eclipse Aviation Introduces Eclipse 400 Sngle-Engine Jet, May 30,
2008, available at
<http://www.eclipseaviation.com/index.php?option=com_newsroom& task=viewpr&id=1378& ltemid=52>.

678 Supra text accompanyi ng notes 406-475.

679 Section 231(8)(2)(A), 42 U.S.C. § 7571(a)(2)(A), available at <http://www.epa.gov/air/caalcaa.txt>
(authorizing the US EPA Administrator to issue emission standards for aircraft and aircraft engines“which
in hisjudgment causes, or contributesto, air pollution which may reasonably be anticipated to endanger the
public health or welfare.”). See Commentary to AMCC V .a, available at
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<http://www.secureav.com/Comment-AMCC-V .aEnvironmental .pdf> (i ntroducing the CCA and
describing the relationship of international environmental accords, such asvia ICAO, on domestic aviation
emissions standards).

880 CAA § 231(a)(2)(B)(i), available at <http:/www.epa.gov/air/caa/caa.txt>.

81 USEPA, Control of Air Pollution From Aircraft and Aircraft Engines; Emission Sandardsand Test
Procedures, 70 Fed. Reg. 69,665, 69,676 (Nov. 17, 2005), available at <http://www.epa.gov/fedrgstr/EPA-
AIR/2005/November/Day-17/a22704.pdf >, citing Husgvarna AB v. EPA, 254 F.3d 195 (D.C. Cir. 2001),
available at <http://casel aw.|p.findlaw.com/cqgi-bin/getcase. pl 2court=D C& navby=case& no=001270A>.

82 USEPA, Control of Air Pollution from Aircraft and Aircraft Engines, Emission Standards and Test
Proceduresfor Aircraft, 38 Fed. Reg. 19,088-19,103 (July 17, 1973) [Title 40 — Protection of Environment,
Ch. 2, EPA, Part 87 — Control of Air Pollution from Aircraft and Aircraft Engines]. Therulealso created a
separate classfor turboprop engines.

683 1d. at 19,089 [USEPA, July 17, 1973].

684 38 Fed. Reg. 19,092 (July 17, 1973), at § 87.41 (for engines manufactured on or after Dec. 31, 1979).
This standard was promulgated primarily to control CO emissions at high-activity GA airports. 45 Fed.
Reg. 1,420 (Jan. 7, 1080).

685 USEPA, 38 Fed. Reg. 19,089 (July 17, 1973).
686 See supra note 342 (fuel venting regulations).

87 USEPA, 43 Fed. Reg. 12,615 (Mar. 24, 1978) (aso extending the effective date for al newly
manufactured turbine gaseous emissions standards that would have otherwise been effectiveon Jan 1, 1979
—until Jan. 1, 1981).

68 USEPA, 45 Fed. Reg. 1,419 (Jan. 7, 1980).

%9 USEPA, 47 Fed. Reg. 58,468 (Dec. 30, 1982).

80 USEPA, 45 Fed. Reg. 1,420 (Jan. 7, 1980).

81 USEPA, 43 Fed. Reg. 12,618 (Mar. 24, 1978).

892 USEPA, 47 Fed. Reg. 58,464 (Dec. 30, 1982).

89 USEPA, 47 Fed. Reg. 58,472 (Dec. 30, 1982) (SN-187 (rO) 1% for r0=100 kW).
8% USEPA, 62 Fed. Reg. 25,356 (May 8, 1997).

% USEPA, Control of Air Pollution from Aircraft and Aircraft Engines; Emission Standardsand Test
Procedures, 70 Fed. Reg. 69,664-69,687 (Nov. 17, 2005) [Rules and Regs], at
<http://www.epa.gov/fedrgstr/EPA- AIR/2005/November/Day-17/a22704.htm> (A unit of measure equal to
1000 newtons. The newton (N) isthe unit of forcein the International System of Units (Sl) required to
accel erate abody with a mass of one kilogram at arate of one meter per second.).

% USEPA, Control of Air Pollution From Aircraft and Aircraft Engines; Emission Sandardsand Test
Procedures, 70 Fed. Reg. 69,665, 69,673 (Nov. 17, 2005), available at <http://www.epa.gov/fedrgstr/EPA-
AIR/2005/November/Day-17/a22704.pdf > (withdrawing emission standards “for al gas turbine engi nes
used only for general aviation applications’ and for gas turbine engi nes of rated thrust lessthan or equal to
26.7 kN). See US EPA, Control of Air Pollution from Aircraft and Aircraft Engines, Emission Standards
and Test Procedures, Final Rule, 47 Fed. Reg. 58,462 (Dec. 30, 1982), at pp. 38-39, available at
<http://www.epa.gov/otag/regs/ nonroad/avi ation/420r05004. pdf >, and
<http://www.epa.gov/otag/aviation.htm>.

87 USEPA, 68 Fed. Reg. 56,226 (Sept. 30, 2003).
6% At <http://www.icao.int/icao/en/env/aee. htm>.
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9 |CAO, Committee on Aviation Environmental Protection (CAEP), Engine Emissions Databank, at
<http://www.caa.co.uk/default.aspx?categoryid=702& pagetype=90> (but limited to turbine engines
producing rated output greater than 26.7 kN). See generally CAA, Aircraft Engine Emissions, Emissions
Databank, at <http://www.caa.co.uk/default.aspx?catid=702>.

"0 Seg, eg., FAA, Emissions and Dispersion Modeling System, at
<http://www.faa.gov/about/office org/headquarters offices/agp/models’edms model/> (utilizing the ICAO
assessment mechanisms).

™1 E.g., psiA Consult, Final report on Air Traffic Emissions, 5" Framework Program, Project ARTEMIS,
Assessment and reliability of transport emission models and inventory systems project funded by the
European Commission within The 5th Framework Research Programme, DG TREN Contract No. 1999-
RD.10429, Deliverable No. 8 (2001), Sect. 4, available at <http://www.inrets.fr/ur/lte/publi-

autresacti ons/fichesresul tats/ficheartemi s/non_road4/Artemis del8_air.pdf>.

92 |CAQO's environmental work is undertaken primarily by its Committee on Aviation Environmental
Protection (CAEP). Its periodic meetings have produced aircraft engi ne emissions standards. CAEP has
held six meetings (convened every three years) asfollows: 1986 (CAEP/1), 1991 (CAEP/2), 1995
(CAEP/3), 1998 (CAEP/4 — implementation date Dec. 31, 2003), 2001 (CAEP/5), 2004 (CAEP/6 —
implementation date Dec. 31, 2007), and 2007 (CAEP/7).

%3 Theinterpolation is based upon the rated output to determine the NOx limits for such engines: Oxides of
Nitrogen: (37.572 + 1.6(rPR) - 0.2087(rO)) gramg/kN rO.

%4 Moreover, from a marketing/sal es perspective, commercial operators fly some Part 91 operations; other
buyers recogni ze the larger market and resale value of aircraft that satisfy commercial standards.

%5 |CAO, CAEP, WG3, Definition Of Technological Feasibility In The Context Of Considering Revised
Engine Exhaust Emissions Standards And Transition Goals To Sandards, Feb. 5-26, 2007, at
<http://www.tc.gc.calAviationCivil &/Inter national e/ OACI/comites/pdf/working/ CAEP7_WP09.pdf >
(Emissions standards must be based on technologica feasibility). USEPA, Control of Air Pollution From
Aircraft and Aircraft Engines, Emission Standards and Test Procedures, 70 Fed. Reg. 69,665, 69,676
(Nov. 17, 2005), available at <http://www.epa.gov/fedrgstr/EPA- AIR/2005/November/Day-
17/822704.pdf> (US EPA requirements can be “technology-forcing” but are not required to be such. “EPA
has greater flexibility . . . in determining what standard is most reasonabl e for aircraft engines.” However,
EPA must “provide the necessary time to permit the development and application of the requiste
technology.” id. at p. 69,667); Train v. Natural Resources Defense Council, 421 U.S. 60 (1975) (Congress
intent for Clean Air Act to be technology-forcing).

7% See Bruce C. Jordan, An Assessment of The Potential Air Quality Impact of General Aviation Aircraft
Emissions, USEPA, Office of Air Quality Planning and Standards, OM SAPC-78-1, June 17, 1977, a p. 40
(copy on filewith author) (concluding, in part, that there are “some preliminary i ndications that
substantially more benfits can be gained through [ control of] evaporative emission control” than via
exhaust emissions controls.). See supra note 345 on evaporative emissions.

"7 Seg, eg., USEPA, Emission Standards Reference Guide for Heavy-Duty and Nonroad Engines,
EPA420-F-97-014, Sept. 1997, at p. 15, available at <http://www.epa.gov/OTAQ/cert/hd-cert/stds-
eng.pdf>; US DoT, Federal Exhaust Emissions Standards for Newly Manufactured and In-Use Aircraft
Engines, Table 4-34, at

<http://www.bts.gov/publications/national _transportation statigics/html/table 04 34.html>.

Until the CAEP/4 standards, ICAO/EPA applied standards (at separate implementation dates) to newly
manufacturerd (already certified) and newly certified engines. ICAO adopted amore stringent NOx
standard that became effective in 2008 (2008+), and the EPA intends to adopt equivalent standardsin the
future. ICAO’s latest standards for newly certified engines are 16.72 + 1.4080(rPR) for engines with a
pressureratio of 30 or lessand 1.04 + 2(rPR) for engines with a pressureratio of more than 30 but less than
82.6. rPR standsfor rated pressureratio. Email from Brian Manning, EPA, July 15, 2008.
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%8 |CAO, CAEP, Science Update: Effects Of Aircraft Emissions On Climate And Local Air Quality, in
Montreal, Can., Feb. 5-16, 2007, at p. A-10, at
<http://www.tc.gc.calcivilaviation/I nternational /ICAO/ committee/pdf/information/ CAEP7_1P08.pdf>.

" Roger L. Wayson & Greg G. Fleming et d., Derivation of A First Order Approximation of Particulate
Matter From Aircraft, Paper 69970, DoT Volpe Transp. Center, available at

<http://www.vol pe.dot.gov/air/docs/69970.pdf> (For example, “ Small particles are not well represented by
the smoke number, the combustion process varies by engine design, and the fuel -to-air ratio will change
with each mode.” The paper aso highlights an approach to assess afirst order approximation method for
PM in commercia transport operations — “an emission index, such as grams of pollutants per kilogram of
fuel burn, to be determined beginning with aknown, reference emission index, and then corrected by
changing smoke numbers (SN). The underlyi ng assumption isthat the change in mass emissionsis
correlated to the changein SN.”).

10 For example, Pollution Number [P= EI/(V/F) P expressed in g/km] quantifies emissions efficiency, such
as NOy efficiency which can be expressed as the amount of pollution produced per passenger Km —
incorporating emission index, fuel consumption, and productivity.

"1 The SN represents the extent to which darkening occurs; itsrangeis SN=1-99. See USEPA, 38 Fed.
Reg. 19,095 (July 17, 1973), at § 8782 (system for measuring smoke exhaust emissions).

"2 H W. Jentink & J.F.F. van Veen, In-Flight Spectroscopic Aircraft Emission Measurements, Nationaal
Lucht-en Ruimtevaarlaboratorium, National Aerospace Laboratory NLR, Netherlands Organisation for
Applied Scientific Research NTO, Report NLR-TP-98390, Mar., 1999 (full report), citing ICAO,
Environmental Protection, International Standards and Recommended Practices, Annex 16, vol. |1,
Aircraft Emissions, 2" ed. (1993), available at <http://www.nlr.nl/id~4633/lang~en.pdf>.

"3 RUIIGROK, supra note 11, at p. 354 (table data). See USEPA, Procedures for Emissions Inventory
Preparation, Vol. IV, Ch 5, at <http://www.epa.gov/oms/invntory.htm> (Generalized emissions tables).

"4 See supra note 367 (describing ADS-B).
15 See supra note 369 (describing RNP).

"8 FAA, System for Assessing Aviation's Global Emission (SAGE), Ver. 1.5, Global Aviation Emissions
Inventories for 2000 through 2004, FAA-EE-2005-02, Sept. 2005, revised Mar. 2008, available at
<http://www.faa.gov/about/office org/headquarters offices/agp/model s/sage/>.

"7d. at Table B-5, Seected Country Fuel Burn and Emissions Inventory for 2004, at pp. 69-70, available
at <http://wwwv.i pcc.ch/i peereports/sres/avi ation/016.htm#135> (presenting the U.S domestic flight
emissionsinventory for 2004).

"8 H.W. Jentink & J.JF. van Veen, In-flight spectroscopic aircraft emission measurements, Nationaal
Lucht- en Ruimtevaartlaboratorium, Nat’'| Aerospace Laboratory, NLR-TP-98390, Mar. 29, 1999, available
at <http://www.nir.nl/id~4633/lang~en.pdf>.

9 Regulation may focus on flight operations near and above the tropopause because of itsimpact on global
warming. Such regulation may consider restrictions of high-altitude flight in addition to engine and aircraft
design. RUIJGROK, supra note 11, at p. 358.

2 Code Exanples are examples from relevant codes of conduct that are presented for background,
perspective, and comparison. Code Examples are not necessarily endorsed by the AMCC Commentary.

2L At § 1.2 (emphasis added), available at
<http://www.tcaa.go.tz/Public%20Reqister/public_register body.php?pagelD=29>.

722 pvailable at <http://www.fai.org/environment/node/8>.

2 At <http://www.canso.org/canso/web/> (copy on file with author).
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