











Flight trials - evaluation of engine performance during all phases of flight: including a number of extraordinary “manoeuvres” (e.g. shutting down the engine in-flight
and ensuring it can restart)

This flight profile is an example of one of the biofuel trials conducted in early 20089.
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Certification of biofuels for aviation use
= Once flight trials are successfully completed,
biofuels need to be certified for commercial use.

= This is the role of the fuel specification bodies
responsible for testing aviation fuels according
to key criteria before the fuel is certified
for commercial use.

= The certification approval process looks at
a minimum of 11 key performance properties.

m The target is to certify biofuels as safe for
aviation use by 2073, but latest information is
that certification could be completed before 2071.

| , ,
- biofuels need to be certified as safe

and appropriate for commercial use. §
Following the success of flight trials, biofuels need The target is to certify aviation biofuels by 2013, although
to be certified as safe and appropriate for commercial there is now a possibility that a 50/50 blend of biofuels
use. The aviation industry is working closely with fuel mixed with Jet A-1fuel could be certified before 2071.
specification bodies, such as the American Society Due to recent advances in research and technology,
for Testing and Materials (ASTM) International aviation biofuel might be available for commercial use
and the UK's Defence Standards Agency. within five years, once the feedstock production process

has been set in motion.
The approval process has three parts: the test
programme; the original equipment manufacturer
internal review; and a determination by the specification
body as to the correct specification for the fuel.
The approval process looks at a minimum of 11 key
properties, including energy density, freezing point,
appearance, composition, volatility, fluidity and many other
characteristics which would make it fit for aviation use.

Test the biofuels

in the aircraft
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£ The target is to certify biofuels as safe for
aviation use by 2013, but latest information is
that certification could be completed before 2011. )y
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Economic viability of biofuels for aviation
m Sustainable biofuels will become economically
viable and compete with petroleum-based
fuels as costs are lowered by improvements in
production technology and through economies
of scale in production.

m They may also provide valuable economic
opportunities to communities who can develop
new sources of income - including in many
developing nations.

Key oil-producing regions of the world

Circles represent current oil reserves
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The fossil fuel industry has a 100-year head start
compared to sustainable biofuels, which are still
emerging technologically. A concerted effort by
governments is required to foster these promising
renewable options to help drive their long-term viability.
Supporting this case are two major trends developing
in the economics of fuel.

First, fossil fuels are forecast to become increasingly
scarce and as a result will become more expensive.
Second, advanced biofuels that stem from sustainable
feedstocks will become less expensive as the relevant

science and business models mature. It is estimated
that 85% of biofuel production costs relates to the

cost of the feedstock. As technology to harvest and
process these feedstocks progresses and as they become
available in commercial quantities, the price will drop.
Owing to their renewable nature, these feedstocks can
continue to be produced, over and over again.

The price of oil can vary substantially, falling from a high
of USD$147 per barrel in June 2008 to $40 in December
2008. This makes it difficult to project when biofuels
would be competitive, but there are strong indications




that biofuels would become cost-comparable with
traditional jet fuel, Jet A-1 by around 2020.

However, there may be costs to using fossil fuels in
addition to the price of the fuel itself. Legislation passed
by the European Union in 2008 to include aviation in the
EU’s emissions trading scheme (ETS) will add a carbon
cost to aviation, requiring airlines to pay for their carbon
emissions from 2012.

It is possible that emissions trading schemes will also
be developed in other parts of the world. This makes

alternative fuel technologies, which reduce emissions
compared to traditional jet fuel, especially attractive.
Under the European ETS legislation, biofuel use is zero-
rated for emissions. Other palicies could reduce tax levels
on low-carbon fuels such as biofuel. The United States
and other governments are on course to make significant
investments in sustainable biofuel development.

Many companies are developing ways to refine advanced
biofuels, including the use of bacteria and other natural
processes, cheaper conversion and refinement, or the use
of less costly feedstocks, including waste products.

Biofuels may provide valuable
economic opportunities to
communities who can develop
new sources of income - including
in many developing nations.

Optimum land for growing sustainable
aviation biofuels

Algae
® Jatropha
Camelina

Circles indicate potential locations for biofuel feedstock
growth (indicative estimate)

Beginner’s Guide to Aviation Biofuels: Page 17



™~

A

\
N/
X

S

-

y ~ P

rom the fields to the wings
N v VU

\

F

Bringing biofuels from feedstock to jet

fuel supply

m This will require the production of sufficient
sustainable raw materials and the industrial
capability to process and refine it into fuel.

= The worldwide aviation industry consumes
some 1.5 to 1.7 billion barrels of traditional
jet fuel annually.

m Analysis suggests that a viable market for
biofuels can be maintained when as little
as 1% of world jet fuel supply is substituted
by a biofuel.

m Some estimates indicate that biofuels will
be commercially viable when they reach 1%
of the total jet fuel supply.

Now that biofuels for aviation are a confirmed viable
option and the certification process is underway, one of
the biggest challenges is cultivating the required quantity
of feedstocks. The worldwide aviation industry consumes
some 1.5 to 1.7 billion barrels of Jet A-1annually (about
250 billion litres, or 70 billion gallons). Analysis suggests
that a viable market for biofuels can be maintained when
as little as 1% of world jet fuel supply is substituted by

a biofuel (or, put another way, 10% of the world’s aircraft
fleet is running on a mix of 10% biofuel and 90% Jet A-1).

So, when will the industry be able to reach that point?
If the certification process goes well, it could be as early
as 2015. Some parts of the industry are aiming to operate
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the fleet using 25% biofuel by 2025, which would be
increased to 30% by 2030. However, for these targets
to be reached, it is necessary to produce sustainable
feedstocks in commercial-scale quantities.

Growing biofuel feedstock

Second-generation biofuels can be grown in fairly harsh
conditions, requiring little or no fresh water and soil that
is not at a premium for food crops. So how much land will
it take to grow enough feedstock to supply the warld's
airline fleet with biofuel?

Most of the potential biofuel feedstocks can be grown
as normal crops. They just need to be planted and cared
for, cultivated and harvested before being processed.
Jatropha can be grown on the land surrounding other
crops, as a natural barrier on the edge of fields. It can
also be grown on wasteland and in areas where other
crops would not survive.

While algae can grow in almost all types of water,
including seawater, on wastewater ponds and in
lakes, they grow fastest in algae incubators called
photo bioreactors, or in special ponds to enhance

Land area equivalents required to produce enough fuel to completely supply the aviation industry

1. Algae: 68,000 sg km
2. Ireland: 70,000 sq km

3. Montana: 380,000 sq km
4. \World annual corn crop: 809,000 sq km
5. Camelina: 2,000,000 sq km

6. Jatropha: 2,700,000 sq km

7. Australia: 7617930 sq km

These diagrams represent

a conservative estimate

of the amount of land

that would be needed to
completely replace the
amount of traditional jet
fuel currently used with just
one of these sources (as
well as a comparison with
different land areas).

It is unlikely that aviation
will rely on just one type of
biofuel, so a combination of
these and other sources will
be used.




the amount of carbon dioxide and sunlight they
can capture to grow.

Increasing the productivity through advanced methods,
while decreasing the cost-to-unit ratio, is one of the
major challenges facing the scaling up of algae
feedstock production.

Processing

Once the crop has been harvested, oil needs to be
extracted from its biomass. The feedstock is pressed,
which produces oil and a leftover substance: the meal.

In many cases this meal can also be used. The solid waste
left from the processing of jatropha, for example, can be
used as fuel for burning on fires and in stoves. The meal

Processing: turning raw feedstock into oil

One of the biggest challenges in developing biofuels is
cultivating the guantities of feedstock needed to produce it
and developing the facilities to process and refine the fuel.

from algae oil production can be used for fertiliser, animal
feed and other purposes, and camelina meal can be used
as animal feed.

Refining the bio-oil

The bio-oil can then be refined into renewable jet fuel
using conventional hydro-praocessing technology
applied in petroleum refineries around the world
today. The process first removes oxygen from the
feedstock oil. The product is then further refined
through isomerisation, a process by which one
molecule is cracked open and re-arranged to form
another shape of molecule, to meet the specifications
needed for jet fuel.

Blending of fuels and delivery to the aircraft
Once it is refined, the biofuel needs to get to the aircraft
tank, initially as a drop-in blend with traditional jet fuel.
Because the industry is pursuing biofuels that can be
blended with existing fuel supplies, the industry can start
using the new fuel as it becomes available, in increasing
guantities, as a “drop-in” to traditional fuel.

As the aviation industry and potential fuel suppliers

go through the process of certification and production
development, they will also be investigating how to
deliver the vast quantities of fuel to the world's airports.
During the years when blending of biofuel and traditional
Jet A-1fuel takes place, a blending may be undertaken at
a biofuel refinery, a petroleum-fuel refinery, at a separate
facility, or even at the airport fuel facility itself.

Raw material

<® )‘Qj

Pressing process

End-result
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ensuring a steady supply of the feedstock
is grown and then processed into biofuel;

ensuring that the facilities are in place to refine
and blend the biofuel into current jet fuel;

ensuring that the cost is right, in order to
compete with petroleum-based jet fuel;

ensuring that aviation is allocated its share
of biofuel supply despite competition for that
supply with other forms of transport; and

ensuring that the industry is looking to
governments to help with incentives for fuel
suppliers to bring enough of the fuel to market.

With the testing process nearing completion and

an accelerated certification programme underway,
sustainable biofuels could be just a few years away from
introduction to commercial flights. The aviation industry

has set itself the task of developing a set of sustainability

criteria - to ensure that the biofuels it is being supplied
are genuinely sustainable and have no negative impact
on the communities that grow them. The main hurdles
are in attracting investment for biofuels production
and distribution and ensuring that the industry has
access to this biofuel stock, at a price that is cost-
competitive with traditional jet fuel.
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The industry has called on governments to assist
potential biofuel suppliers to develop the necessary
feedstock and refining systems - at least until

the fledgling industry has achieved the necessary
critical mass.

The positive incentives required include:
Assistance in identifying the most suitable areas
in which to grow these crops.

Support in starting the farming and production of algae

- building of facilities, hiring labour resources, buying
seeds and setting up any irrigation components.

Incentives for companies to develop the processing
and refining capacity needed to turn raw feedstock
into biofuel crude oil and then into biojet fuel.

Paositive fiscal and legal framewaorks to facilitate
the economic viability of these new types of fuels
so that airlines can use them as quickly as possible.

While these are not minor hurdles, they are not
insurmountable. The history of aviation is marked
by people achieving extraordinary things, despite
the conventional wisdom of the time telling them
it couldn't be done.

The aviation industry is now on the verge of another
extraordinary step - but it is a challenge that the entire
industry needs to take on together. The industry is
committed to sustainable biofuels use in commercial
flights to become a reality by 2012 and a significant
supply of biofuel in the jet fuel mix should be a reality
before 2020.

Itis now up to dedicated stakeholders across the aviation
sector, with help from governments, biomass and fuel
suppliers to ensure that the low-carbon, biofuelled
future for flight becomes a reality.

The history of aviation is marked
by people achieving extraordinary
things, despite the conventional
wisdom of the time telling
them it couldn’t be done.



Alternative fuel: the general term to describe any
alternative to petroleum-based fuels, including liquid
fuel produced from natural gas, liquid fuel from coal

and biofuels. While the aerospace sector is investigating
some of the gas-to-liquid and coal-to-liquid fuel
production processes, these are not generally considered
to be significantly greener than current petroleum-based
fuel supplies. Indeed, many of these products will produce
far more CO, when their production is taken into account.
Aviation is already making limited use of these fuels

and this may increase in the future, but the real solution
to reducing emissions is to leave all fossil fuels behind.
Biofuels are therefore the answer for sustainable energy.

ASTM International: originally known as the American
Society for Testing and Materials, this international
standards organisation develops and publishes
voluntary consensus technical standards for a wide
range of materials, products, systems, and services.
ASTM International works with aircraft and engine
manufacturers, government authorities and fuel suppliers
to set the standards for aviation fuels such as the
required characteristics for Jet A-1and, soon, biojet.

Biodiesel: diesel fuel produced from biomass.
Not suitable for use in aviation.

Biofuel: fuel produced from renewable resources.
First-generation biofuels: biofuels produced from
biomass that competes with food production and fresh
water use, and/or causes deforestation or reduced
biodiversity. Examples include sugar cane, corn and wheat.

Second-generation biofuels: sustainable biomass
that is not a food source and does not impact the

food supply chain or fresh water resources, or cause
deforestation. Examples include jatropha, camelina,
halophytes and algae. Also known as next-generation
or sustainable biofuels.

Biojet fuel: jet fuel produced from bio-derived resources.

Biomass: any renewable material of biological origin
(plants, algae, waste and so on).

Carbon footprint: net amount of carbon dioxide
emissions attributable to a product or service (emissions
from production and combustion, minus absorption
during growth). For fossil fuels, the absorption of carbon
dioxide occurred millions of years ago and so their carbon
footprint is simply 100% of their carbon output.

Carbon neutral: being carbon neutral, or having a net

zero carbon footprint, refers to achieving net zero carbon
emissions by balancing a measured amount of carbon
released with an equivalent amount sequestered or
offset. Biofuels represent a step towards carbon neutrality
because most of the CO, they release during combustion
has been previously absorbed by growing plants and
absorbed again afterwards as new plants grow.

Carbon-neutral growth: where the same amount of
carbon dioxide is emitted year on year. For the aviation
industry this means being able to continue to increase
passenger traffic and aircraft movements, while keeping
aviation industry emissions at the same level.

Drop-in fuel: a fuel that is chemically indistinguishable
from conventional jet fuel, so no changes would be
required in aircraft or engine fuel systems, distribution

Sources for diagrams and a reference version of this document are available at www.enviro.aero/biofuels

infrastructure or storage facility. It can be mixed inter-
changeably with existing jet fuel.

Ethanol: a fuel produced from sugar-rich crops such
as corn and sugarcane and used by ground vehicles.
Not suitable for aviation use.

Feedstock: raw material from which fuels are produced.
Jet A: Commercial jet fuel specification for North America.

Jet A-1: Common jet fuel specification outside North
America. (These two fuels are very similar and
throughout this guide we used the term jet fuel

to mean the fuel used by aviation).

Kerosene: the commaon name for petroleum-derived jet
fuel such as Jet A-1, kerosene is one of the fuel sources
that can be made by refining crude oil. It is also used
for a variety of other purposes.

Greenhouse gases: emissions of gases such as carbon
dioxide (CO,), methane (CH,) and oxides of nitrogen
(NO,), arising from fossil fuel combustion and land-use
change as a result of human activities. These gases trap
the warmth generated from sunlight in the atmosphere
rather than allowing them to escape back into space,
replicating the effect glass has in a greenhouse.

Sustainability: the ability for resources to be used in
such a way so as not to be depleted. For humans to live
sustainably, the earth's resources must be used at a rate
at which they can be replenished, providing economic
growth and social development to meet the needs

of today without compromising the needs of tomorrow.
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