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Why would society care about aviation contrail cirrus clouds?
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Aircraft emissions affect air quality
downwind of airports, which can
have adverse health impacts on

society and the
local population
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These environmental effects will only increase in the future, as
air travel continues to grow at a rate of 2-3% per year.

“Frozen technology” emissions

Known technology, operations and infrastructure
measures

Biofuels and additional technology

Carbon-neutral growth 2020
Gross emissions trajectory
Economic measures

MNo action

CO,
emissions

| Efficiency |
gain

SN

e e e em e e e e e e —————

| CNG 2020

e T i e  50% by
;{sc:hemaﬁc}é ' ' 2050
2005 2010 2020 2030 2040 2050
Source |ATA



Ground tests with the NASA DC-8 CFM56 engines demonstrate
particle emissions reductions from burning alternative fuels
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However, cruise conditions are very different from conditions
on the ground, which necessitates in-flight testing

ot 2013-2014
ACCESS\ug
* Flight test series conducted at Edward AFB complex * Flight test series conducted in German air space
* Falcons are slow, but can sample exhaust up close  DC-8 is fast, but was required to sample > 5 km in trail
* Two fuels: Jet A and 50:50 Jet A and Biofuel Blend e Three fuels: Jet A and 2 blends of varying composition
* Corresponding ground test to link to past studies e Corresponding ground test

e Also sampled commercial aircraft flights of opportunity
in the national air space targeting advanced engines

LaRC HU-25 Falcon Source Aircraft: DLR ATRA

NRC CT-133 DERe Sampling Aircraft: NASA AFRC DC-8
g 4
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Biofuel blending reduces particle emissions from

aircraft engines at cruise conditions

Richard H. Moore!, Kenneth L. Thornhi
Michael [ichtenster
Ewan Crosb
Robert White

Aviation-related acrosol emissions contribute to the formation of
contrail cirrus dlouds that can alter upper tropaspheric radiation
and water budgets, and therefore climate'. The magnitude of air-
traffic-related aerosol cloud interactions and the ways in which
mt;emmnmnns might change in the fature remain uncertain®

Modelling studies of the present and future effects of aviation
on climate require detailed information about the number of
acrosol particles emitted per kilogram of fuel burned and the
microphysical properties of these acrosols that are relevant for
cloud formation?. However, previous observational data at cruise
altitudes are sparse for engines burning conventional fucls*, and
no data have previously been reported for biofuel use in-fight.
Here we report observations from research aircraft that sampled
the exhaust of engines onboard a NASA IMC-8 aircrafl as they burned
conventional Jet A fuel and a 50:50 (by velume) blend of Jet A fuel
and a biofue derived from Camelina oil. We show that

i ional fuels, biofuel i icle number
and mass emissions immediately behind the aircraft by 50 to
70 per cent. Our observations quantify the impact of biofuel
blending on acrosol emissions at cruise conditions and provide
key microphysical parameters, which will be useful to assess the
potential of biofucl use in aviation as a viable strategy to mitigate
climate change.

‘The global aviation sector contribules approximately 5% of the
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are typically formed via transesterification and subsequent hydropro-
cessing of plant and animal oils to produce a hydrotreated esters and
fatty acids (HEFA) fuel that has many of the properties of petroleum-
derived jet fuels'>"2, Promising plant-based feed stocks for future
aviation biofuels include Jatropha, Camelina and algae'”

Biojet feds have potential 3 3 future avistion fuel source that is not
dependent on fossilized carbon and that contains near-zero levels of
sulfur and aromatic species, which are commonly present in petroleum-
based jet fuels st levels of several hundred parts per million by mass
{p:p.m.m.} sulfur and around 20% aromatics by volume. Previous labo-
ratory and ground test experiments using bio-based fuels or synthetic
Fischer-Tropsch fuels produced from natural gasand coal feed stocks
show that the absence of sulfur and aromatic species within the fuel
substantially reduces the sulfate and black carbon particle emissions
from zircraft engines'4-'. These results are important for reducing
the impact of aviation on local air quality near airports and suggest
that similar reductions are likely to be cbserved st high-altitude cruise
conditions; however, the engine operating conditions on the ground
{for example, temperature, pressaure, fisel flow rates, fuel/sir ratio and
maximurn thrust) are very different from those in flight.

Here we report aitborne measurements of jet engine exhaust, sam-
‘pled at craise conditions, from engines burning both a blended biofuel
and a conventional jet fuel. Research aircraft from NASA, the German
Acrospace Center (DLR) and the National Research Council (NRL)

current anthropogenic radiative forcing, owing to direct e
fossil-fuued CO; (28 mW m ) and the formation and evolution of con-
trails and contr

induced cirrus douds (S0mW m~2)'*3, OF these
effects, the largest uncertainties are associated with aviation-induced
cloudiness, both directly from contrail-induced cirrus clouds and
indirectly from the contribution of black carbon, organic and sulfate
aerosols that may act as cloud condensation nuclei and ice nuclei' %,
With emissions of €O, from fuel expected to more than double by
2050, aviation-related contributions to radiative forcing may increase
to 34 times the year 2000 levels”. Consequently, some governments
are explaring ways to curb these emissions, and the International Air
‘Transport Association (LATA) has targeted carbon-neutral growth by
2020 and a 50% reduction in carbon emissions by 2050 (ref. 9).
Sustainable biojet fuels are a promising route for mitigating green-
house gas emissions. However, many challenges remain beforeaviation
biofisels can be widely adopted. particularly with regard to cost and
sustainability. Jet fuels are more highly refined than the biofuels used
for surface transportation, with the latter perhaps presenting a “better
biomass opportunity cost™'". However, unlike for aviation, there are
‘many alternative energy solutions for surfsce transportation, other
than liquid hydrocarbon-based fuels, that are realizable in the near
future™". Biojet fuels consist of a mixture of Cg-Cy hydrocarbons that

Canada d with and sam-
‘pled the exhaust of the NASA DC-8 turbofan engines at atmospheric
and engine conditions that are exclusively met in light. The tests were
conducted during 2013-2014as part of the Alternative Fuel Effects on
Contrails and Cruise Emissions Study (ACCESS) at NASA Armstrong
Flight Rescarch Center in Palmdale, California, USA.

The DC-§ source aircraft has four wing-mounted CFMS6-2-C1
engines that can be fed fuel from any of four segregated fuel tanks
within the wings. During the flight experiments, these tanks con
tained either a medium- or low-sulfur-content Jel A ful, while 2
nk contained an 5050 (by
me) blend ofa low-sulfur-content fet A fuel and a Camelina based
HEFA biojel fuel (see Methods).

“The exhaust plumes from the left and right inboard DC-8 engines
were sampled by rescarch aircraft flying in a trailing formation at a
distance of 30-150m (plume age of about 0.15-.75 5) behind the
DC-§ (Fig. 1). This short distance assures that the plumes from specific
engines did not mix. Three different fucls and three different engine
thrust conditions were investigated, which bracket the range of real-

ns an the DC-8 flight curve (Fig. 1d). Commercial
fly at thrust conditions at or slightly above the
oint. al which the quotient of drag and Mach
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Finding: These Soot Particle Emissions Reductions Directly
Translate Into Contrail Ice Crystal Number Reductions!

Number of soot particles emitted Number of contrail ice crystals
per kilogram of fuel burn formed (normalized to fuel burn)
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New Citizen Science Project Combining GLOBE Observer
With FlightRadar24 Aircraft Augmented Reality

@ Alpena Elementary/Middle School, Alpena AR
@ Treadway Elementary, Leesburg, FL @ Lexington School for the Deaf, East EImhurst, NY © University of Toledo, Toledo, OH

Contact Marilé Coldon Robles — Marile.ColonRobles@nasa.gov
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Statistics Provided By The Students Enable NASA
Researchers To Test Their Contrail Prediction Models

Histogram of Contrails by Altitude  PDF Contrail Reports by Altitude
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Download the GLUBE Observer app
observer.globe.gov

N(#}LA Your planet is changing. We're on it.
Ty J_'
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