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Aircraft operating on leaded aviation gasoline (avgas) are used for many critical purposes,
including business and personal travel, instructional flying, aerial surveys, agriculture,
firefighting, law enforcement, medical emergencies, and express freight.

What is avgas?

Avgas is a specialized fuel used to power piston engine aircraft. Aviation gasoline is a
complex mixture of hydrocarbons that vary widely in their physical and chemical properties.
The properties of avgas must be properly balanced to give reliable and safe engine
performance over a wide range of aircraft operating conditions. Manufacturers typically
certify their engines and aircraft to run on fuels that meet American Society of Testing
Materials (ASTM) Standards, or other consensus standards such as the United Kingdom’s
Defense Standards, or U.S. Military Standards, which govern the chemical, physical and
performance properties of avgas.

The various grades of avgas are identified using the Motor Octane Number (MON) combined
with the following alpha-designations to indicate lead content: low lead (LL); very low lead
(VLL); or unleaded (UL).

Although there are various ASTM Standards for avgas, almost all avgas on the U.S. market
today is low lead, 100 MON avgas (100LL). This grade of avgas satisfies the requirements of
all piston engines using avgas, regardless of their performance level. Jet aircraft and turbine-
powered, propeller aircraft do not use avgas, but instead use fuels very similar to kerosene,
which does not contain a lead additive.

Why is octane so important?

Octane is a measure of the performance of a fuel as it burns in an engine combustion
chamber. It is a measure of a gasoline’s ability to resist detonation, or “knock”. Octane is
important to the safe operation of an aircraft or automobile engine. High compression, high
displacement engines, such as those found in many high performance, piston engine aircraft,
require high octane fuels so that detonation, which is the uncontrolled ignition of the fuel in
the combustion chamber, does not damage pistons and other engine components and result in
engine failure. High performance engines allow an aircraft to operate at increased speeds and
with more payload, but these engines require higher octane avgas. Operating aircraft or
automotive piston engines on fuels with lower octane than they require may result in damage
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from knock, but it is generally safe to operate piston engines on fuels of a higher octane rating
than their minimum requirement. In other words, it is safe to go up in octane, but not down.

What is Tetraethyl Lead (TEL)?

TEL is an organic compound that contains lead and, in small quantities, is very effective in
boosting octane. The ban of TEL in automobile gas was phased in over a number of years and
was largely completed by 1986 and resulted in significant reductions of lead emissions to the
environment. TEL was has not yet been banned for use in avgas, because no operationally
safe alternative is currently available.

Is TEL Toxic?

All forms of lead are toxic if inhaled or ingested. Lead can affect human health in several
ways, including effects on the nervous system, red blood cells and cardiovascular and immune
systems. Infants and young children are especially sensitive to even low levels of lead, which
may contribute to behavioral and learning problems and lower IQ in Children have increased
sensitivity due to their developing nervous systems.

How are aircraft emissions regulated?

Under the Clean Air Act (CAA), the Environmental Protection Agency (EPA) has the
authority (in consultation with the FAA) to regulate emissions from aircraft. The CAA
specifies that, in setting standards, the agencies must consider the time needed to develop
required technology, consider cost, and must not adversely impact aircraft safety or noise. At
present, there are no regulations that apply to emissions from aircraft that use leaded fuel.
However, FAA enforces existing emission standards for commercial jet aircraft and engines
through the certification process of engines. Commercial jet engine manufacturers have
responded to requirements for emissions reductions through technology changes by
improving jet engine designs and efficiency. If the EPA finds that aircraft emissions present
an endangerment to public health or welfare, they can establish limits on aircraft emissions,
and then the FAA has the authority to regulate aircraft emissions through the development of
standards for the composition or chemical or physical properties of an aircraft fuel or fuel
additive.

Why keep using leaded fuel?

First and foremost, the use of leaded fuels is an operational safety issue, because without the
additive TEL, the octane levels would be too low for some engines, and use of a lower octane
fuel than required could lead to engine failure. As a result, the additive TEL has not been
banned from avgas. Aircraft manufacturers, the petroleum industry, and the FAA have
worked for over a decade to find alternative fuels that meet the octane requirements of the
piston engine aircraft fleet without the additive TEL. However, no operationally safe, suitable
replacement for leaded fuel has yet been found to meet the needs of all of the piston engine
aircraft fleet.

What is FAA doing about eliminating leaded aviation fuels?
Four initiatives have been established to develop a safe unleaded replacement aviation
gasoline:

First and most important, the FAA sponsored an Aviation Rulemaking Committee (ARC)

involving EPA and industry stakeholders, which developed the process, cost estimate, and
time line to replace existing leaded aviation fuels with unleaded solutions. The final report
and recommendations, known as the Unleaded Avgas Transition (UAT) Committee Final

Report was published on February 17, 2012. The report is available to the public on our
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website. This report contains five key recommendations (and fourteen additional
recommendations) to facilitate the development and deployment of a replacement unleaded
aviation gasoline. The plan calls for government research and development (R&D) funding
and in-kind funding from industry to identify an unleaded fuel by 2018 that could be used by
aircraft currently operating on leaded avgas.

Second, the FAA has established an Agency performance metric that states: “A replacement
fuel for leaded aviation gasoline is available by 2018 that is usable by most general aviation
aircraft.” Unfortunately, differences in the Piston Aviation Fuels Initiative (PAFI) fuels as
compared to 100LL had issues and were evaluated for impacts and mitigations. While these
issues were assessed, PAFI flight testing and some engine testing had been halted. These
evaluations continue to take time and ultimately affect the schedule of the test program. Based
on current projected activities and timelines, the testing completion date for the PAFI program
will be in 2021 (previously December 2018).

Initially to help meet this goal, the FAA asked the world’s fuel producers on June 10, 2014 to
submit proposals for fuel options that would help the general aviation industry make a
transition to an unleaded fuel. The FAA assessed the viability of candidate fuels in terms of
their impact on the existing fleet, their production and distribution infrastructure, their impact
on the environment and toxicology, and economic considerations. The FAA received 17
submissions from 6 fuel offerors. They were reviewed by the Technical Evaluation
Committee, TEC, and 4 fuels were selected into Phase 1 on the PAFI program. Phase 1 test
program consisted of laboratory rig, and engine test which began in March 2015. The FAA
once again convened the TEC and 2 of the fuel offerors were selected to go into Phase 2,
Swift and Shell. Engine and aircraft testing in Phase 2 revealed issues and testing was halted
in 2018. Swift announced a suspension inn their PAFI work activities to pursue another fuel
outside of the program. Shell continues to actively work on their fuel formulation within their
specification to mitigate identified issues.

During this time the FAA was seeking a new authority for the FAA Administrator to
authorize the use of the unleaded fuel in engine and aircraft. This authorization was granted
on Oct 2018 under the HR 302 Section 565.

There are approximately 167,000 aircraft in the United States and a total of 230,000
worldwide that rely on 100 low lead avgas for safe operation. It is the only remaining
transportation fuel in the United States that contains the addition of TEL.

Third, Section 910 of the 2012 FAA Modernization and Reform Act established an unleaded
aviation gasoline R&D program with deliverable requirements for an R&D plan and report.
The FAA has issued the Unleaded Avgas Transition (UAT) Action Plan that will integrate
these three activities.

The fourth initiative involves private-sector companies that have applied for Supplemental
Type Certificates for specific piston engine and aircraft models to operate with new, unleaded
aviation gasoline formulations. The FAA is actively working to support all of these
initiatives.

What is FAA doing in the short-term to reduce lead emissions?

Despite the delay of the testing completion, the PAFI mission endures and both FAA and
industry partners continue their commitment to successfully evaluating and identifying
unleaded fuel candidates that can be authorized for use by the vast majority of the GA piston
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engine fleet. FAA’s goal for an unleaded avgas is the long term solution that will, ultimately,
allow for the elimination of lead emissions from aircraft that use leaded fuel. The FAA and
industry continue to pursue all alternative unleaded avgas solutions, both within the PAFI
R&D program and outside the program.. The FAA is working with other high-octane
unleaded fuel developers on a non-interference basis to the ongoing PAFI program. The FAA
invited fuel producers currently developing high-octane unleaded fuels to bring their data to
the FAA for evaluation, and a screening process is underway. Those that pass the screening
process will participate in a Cooperative Research and Development Agreement (CRADA)
testing program to conduct a sub-set of the PAFI testing. The testing is anticipated to include
detonation and some performance testing at the FAA's William J. Hughes Technical Center,
to give the FAA visibility into all unleaded fuel formulation development activity across the
industry.
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