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from ethanol and biodiesel.

The reasoning behind this drive is that all
fuel combustion release CO2 into the
atmosphere, however, biofuels produce
lower emissions than mineral fuels. A
major hurdle to overcome is to decide
which feedstock is the most effective.
Rapeseed and palm are falling out of favor
with environmentalists because cultivating
these crops exhausts the land, and
requires expensive crop rotation and fos-
sil-based fertilizers. Growing rapeseed can
also prevent farmers from growing pro-
duce such as cereals or vegetables.

Against this backdrop, there is growing
excitement about the Jatropha Curcus
tree, which may provide a realistic solution
for a sustainable, large-scale source of
biodiesel. The non-edible shrub is com-
monly used as a hedge in both Africa and
India, where its beans are used in medi-
cine as a laxative. These beans also pro-
duce refinable oil. According to environ-
mental magazine Eco News, the plant
could be grown even if it didn’t yield biofu-
el. It has many uses, including restoring
soil, and providing fertilizer. Jatropha
requires minimal inputs of water — 300mm
per annum - and grows quickly in extreme-
ly poor soil. It also grows in vast areas
where deserts encroach, and where no
other plant can grow. Jatropha can even be
grown on semi-arid land using wastewater,
making it a useful tool in the prevention of
desertification. Each Jatropha tree can pro-
duce an average of 3.5 kilos of beans each
year depending on irrigation levels. The
Kyoto Treaty mandates that industrial and
commercial greenhouse gas emissions
must be reduced, so planting of biofuel
crops in developing countries has the
potential to create cash in the form of
emissions credits sales to industries in
developed countries.

However, it is the plant’s ability to grow
without displacing food crops that could
prove to the decider in its widespread
adoption. The Indian government sees it as
a particularly attractive potential solution
to the problem of how to fuel the country’s
booming transport sector. Demand for
diesel fuel is expected to grow from cur-
rent levels of 44 million tonnes to 67 mil-
lion by 2010. Former president of India and
aeronautical engineer Dr A PJ Abdul Kalam

said: “India needs to grow Jatropha to tack-
le dry land and generate biodiesel.” He is
not the only head of a developing nation to
take a serious look at the viability of biofu-
el production. The President of Burkina
Faso, Blaise Compaore also agrees. He
said: "By producing our own biodiesel, we
will gain greater energy security, save valu-
able foreign currency, and potentially
become an exporter of biodiesel.”

Since the planting, growing, and refining
of Jatropha seeds requires manpowetr, its
cultivation will also create large numbers
of jobs in areas of low employment.
PetroSAF, an African fuel distribution com-
pany, estimates that Jatropha plantations
are likely to create at least one job for
every four hectares of planted trees. Other
benefits come from byproducts, such as
glycerin for cosmetics and seed cake for
fertilizer and animal feed. Jatropha can
also potentially be intercropped with other
plants such vanilla or patchouli.

Commercial Cultivation Of Jatropha

Jatropha costs almost nothing to culti-
vate and can be grown in Africa, India, Asia
and the Americas, especially South and
West Africa, and South East Asia. D1 Qils, a
London-based company, has even built a
portable Jatropha biodiesel refinery.
According to D1's estimates, if 2,200
Jatropha trees are planted per hectare,
each hectare could yield up to seven
tonnes of beans per annum. Jatropha
beans can produce oil yields of up to 40%

New Report

and D1 expects each hectare to deliver
about 3,000 liters of biodiesel.

D1 has secured plantation agreements in
Burkina Faso, Ghana and the Philippines
totaling 37,000 hectares, with the option to
extend planting to approximately 990,000
further hectares of land in Burkina Faso and
5 million hectares of land in India. Philip
Wood, ceo says that the company is on the
way to delivering enough Jatropha biodiesel
to meet EC demand. “We have created a
unique business model and put in place the
right mix of technology, IPR and contracts,
as well as a strong team, to deliver results
and grow the business.” He continues:
“With six million hectares under option,
roughly the same size as two Belgiums, we
could be producing 18 billion liters of
biodiesel, which at current estimates would
meet demand expectations in Europe.” D1
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(UTC), has laid claim to a number of mile-
stones along its impressive timeline. In
1958 the company'’s turbojets powered a
Pan Am Boeing 707 on its maiden transat-
lantic voyage from New York to Paris. Then
in 11n 1966 the companyP&W developed
the first high-bypass turbofan engine, the
JT9D which graced the pylons of the first
commercial wide bodiedwide-bodied jet,
the Boeing 747.

Aside from its growing lineage of com-
mercial and military grade engines, Pratt &
Whitney recognisedrecognized the need for
fuel efficiency and environmentally friendly
powerplants as far back as 1974. In that
year it developed the JT8D-200 series tur-
bofan. Q, quieter and, cleaner with reduced
fuel consumption, the powerplant had
sown the seeds of a green revolution that
would blossom a few decades later.

The momentum for environmental cor-
porate responsibility has seen Pratt &
Whitney actively partner with other organ-
isationsorganizations in the development
and research of bio-fuel alternatives to tra-
ditional fossil based Jet-A. The aero-engine
maker’s efforts on the sustainable fuel
front came to fruition in January 2009
when it conducted it first bio-fuel flight
using a Japan Airlines Boeing 747.

The company’s latest engine design the
PurePower™ 1000G with its patented
Geared Turbofan™ technology continues
the maker's OEM’s commitment towards
environmentally friendly powerplants. The
engine is destined for the Bombardier C-
Series regional jet and the Mitsubishi
Regional Jet. As of March 2009 Lufthansa
was officially unveiled as the launch cus-
tomer for the PurePower 1000G equipped
C-Series jetliner.

Jet Fuel Report (JFR) had the opportunity
to take of a closer look at the company'’s
activities in alternative fuel developments
through Pratt & Whitney's Alan Epstein,
Vice President president of Technology
technology & Environmentenvironment.

JFR: Does Pratt & Whitney have a devel-
opment programme which looks into
renewable fuels?

Epstein: There isn't is no a named pro-
gramme as such. , butilt can be described
as a cooperative initiative concerning how
fuels are used and tested. Iti's a joint effort
between P&W, the Canadian government

Pratt & Whitney’s Alan Epstein,
Vice President president of Technology
technology & Environmentenvironment

and Indian biofuel companies in to devel-
oping fuel alternatives for a variety of
engine types. We cater for all types fFrom
small, niche fuels for agricultural planes
and thento moving up the chain to turbo-
props and turbofans.

The Pratt & Whitney Canada subsidiary
manufactures small engines up to the 10,000
Ibs thrust category whereas East Hartford,
Connecticut is dedicated to the 17,000 to
100,000 |Ibs. thrust powerplants. The
PurePower™ Geared Turbofan™ represents
is the first time that both subsidiary locations
are involved in the design and development
process for delivering an engine that gives
15% more fuel economies, reduced emis-
sions, and and isbeing 20 decibels quieter.

There are enormous green programmess
throughout UTC (United Technologies
Corporation) and most are very far reach-
ing, having the goal of reducing greenhouse
gas emissions by 3% over three years. We
are’re looking at total emissions across the
group, in by reducing harmful gas output
and toxic materials in the manufacture of
our engines.

Environmental concerns are intrinsic to
all our operations. We strive to design air-
craft engines that have minimal impact
upon the environment. The green technol-
ogy aspect does not take anything away
from cost efficiency or reduce the reliabili-
ty of our engines and it's this which is valu-

able to our customers.

JFR: Within the context of current engine
developments does there exist a test
engine platform whichplatform, which is
used to run the various biofuel derivatives?

Epstein: We use a variety of turbofan
engines to test alternative fuel mixtures.
We take emission measurements and
ensure that the engines operate according
to expected performance parameters.
Furthermore we investigate the impact of
biofuels on engine life.

We are're concerned about the impact
on local air quality in addition to noise prob-
lems. The goal is to reduce the nitrogen
oxides (Nox) and C02 greenhouse gases
being pumped out into the atmosphere.
For instance the PurePower™ PW1000G
Geared Turbofan™ engine achieves a 50%
lower oxide of nitrogen emission content
than the levels certified by the ICAO
(iinternational Civil Aviation Organisation
Organization). The engine exceeds the par-
ticulate emissions established by an inde-
pendent body, so a the very pure bio-fuel
used in such an advanced powerplant will
result in even lower emissions.

We have confidence in our biofuels and
will test them through any engine includ-
ing the new PurePower™r PW1000G, So.
So it really does n't not matter what engine
is used to test the selected alternative and
biofuels.

JFR: You mentioned ‘alternative fuels’
does this come under the banner of fuels
derived from coal and gas using the
Fischer Tropsch (F-T) process?

Epstein: These are alternative in the
sense that they are not petroleum based,
but indeed derived from gas and coal. Pratt
& Whitney has been working with the US
Air Force by approving the use of Fischer
Tropsch coal to liquid and gas to liquid
fuels into fighter planes such as the F-22
Raptor and the F-15 Eagle. The transport
C-17 Globemaster Ill has also successfully
flown using such fuels and it won't will not
be long before FT blends will be approved
for commercial aviation use. The bad news
is that the conversion process in produc-
ing sused to produce such liquid fuels gen-
erates considerably more greenhouse
gases, especially if coal is used.

We have a Whatever the fuel there is the
goal of of certifying a biofuel before 2010.

continued on page 5
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And certificationCertification means get-
ting a consensus on the specification, test-
ing and paperwork as well as voting that
the blend properties are safe to be used for
commercial aviation purposes. The alter-
native FT-type derivatives would need to be
mixed with Jet-A to increase their viability
and potential for certification, which should
also happen by next year. Furthermore
there is the technical challenge of reducing
the emission content of FT derived fuels,
which will be eventually resolved.

Whatever tThe biofuel or alternative it
should be produced from a sustainable
source that has minimal impact upon the
environment, or, as in the case of bio fuels,
the feedstock doesn’t should competenot
compete with food production.

JFR: Given your success with the Jlapan
Airlines with one of its Pratt & Whitney
engines testing a biofuel mixture are there
any other flights planned this coming year?

Epstein: The JAL 747 flight, which took
place at the end of January, but | missed it
because | was marooned in London due to
the blizzards socking in Heathrow Airport.
The JAL flight had one of the 747's PW JT9D
turbofans using a biofuel blend consisting
of Jatropha, algae and camelina, which is
similar to rapeseed. The final blend was a
50/50 mix of biofuel and normal Jet-A.

We have're also partnered with the car-
rier Jet Blue on biofuel testing and also as
part of the consortium — International Aero
Engines (IAE).

JFR: Say for argument’s sake there is a
certified fuel specification. W, what could
possibly limit the implementation and
acceptance of commercial biofuels?

Epstein: For a certified drop in fuels
then the investment in planes, engines and
infrastructure is protected. The global avia-
tion industry consumes 70 billion barrels of
fuel each year and all resources and
pipelines are geared towards fossil based
jet fuels. With a certified drop in biofuels |
can use the same resources as Jet-A. | can
mix the little biofuel | can get hold of com-
mercially with Jet-A and as more becomes
available then | use more. The limiting fac-
tor becomes capital expenditure, because
of the high cost of producing biofuels
presently. But if the feedstock for the certi-
fied variety is cultivated close to the airport
and refined then my transport costs are

reduced as do are emissions.

The feedstock can come form several
sources, rapeseed for example shares no
common pests with other food crops and
farmers can elect to grow it to remove pests.

My aim is to engineer fuel flexible
engines that can run on biofuels derived
from different feedstocks providing that
the fuel meets the required certified spec-
ification. This means that the biofuel is
specified at the fundamental chemical
constituent level whichlevel, which pro-
vides the expected performance. If the
feedstock delivers the validated perform-
ance then it ‘sis immaterial to the jet
engine. But wWe are're a few years away

from this. However; however, the test data
collected will need to be shared between
all in the industry participants, including GE
and Rolls Royce, so that some agreement
on the eventual specification is achieved.

JFR: How about bio diesel fuels, perhaps
mixed with Jet-A, have you tested that at all?

Epstein: Bio diesel is a poor substitute
for Jet-A because of the lack of its electri-
cal properties, you canno't get a good
reading from it due to poor conduction. It's
freezing point is too hiogh for use as an
caircraft fuel. Bio diesel won't will not go
through existing pipelines so it" is not ideal
for existing infrastructures. Also aAdd to
this the fact that that the first generation
biofuels like such as ethanol are history
given their low energy density.

JFR: Does P&W source the biofuel vari-
eties from third party suppliers or do you
possess an in-house refining process?

Epstein: All biofuels are supplied in col-
laboration with both Boeing and the US
government. There are no in-house refin-
ing systems and some supply comes from
the Canadian government.

JFR: Have you ascertained any nega-
tive effects on the components of test rig
jet engines used during alternative jet

fuel trials?

Epstein: To date testing of drop in sec-
ond generation fuels has suggested noth-
ing detrimental to engine core compo-
nents like the combustors - so far so good,
but we need to conduct more tests.

JFR: How does Pratt & Whitney view the
practical provision of readily available bio-
fuel alternatives on a commercial basis?

Epstein: Again the issue is capital expen-
diture and also solving some of the techni-
cal problems associated with biofuels.
Furthermore there is the need to source
the fuel from feedstock that does not com-
pete with food production. But there has to
be an agreement on the fuel specification
as already mentioned and how to invest in
planting the requisite feedstock.

A market needs to be created for biofu-
els and this is done by putting out tenders
to companies that can refine and produce
fuel alternatives. The goal is eventually to
have 5-10% of fuel used in aviation to be
biofuels. Airline consortium groups could
put out tenders for biofuels once certifica-
tion has been achieved. However the risk
is there in terms of the initial investment
by those companies with the expertise of
to produceing biofuels. But you can’t can-
not get anyone to produce biofuels if it" iss
not certified.

JFR: What's your view given the
claimsLobbyists claim that by lobbyists
that bio-fuels are n't not as carbon neutral
given their energy requirements and emis-
sions as a consequence of production.
What is your view?

Epstein: Evaluating how green is green
becomes a technical issue. It depends on
the source of the feedstock, how it is's
processed and transported. We need good
numbers to assess the net carbon balance
of biofuel feedstock varieties. Towards this
we're working with an FAA consortium
based out of the MIT (Massachusetts
Institute of Technology) to determine the
carbon emission outputs of generic biofu-
el production. But really it is dependeant
on what type of crop is selected and how
it is's grown.

There are’s also the efforts on to
improveing yields from jatropha and other
feedstocks and research into the means
of transporting the refined fuel. If a bio
diesel truck is used then emissions are

continued on page 8
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form a coalition partnership with a new
ruling class of fuels to keep the wings of
the civil aviation industry cruising at a
respectable altitude.

The New Sudden ‘Oil Shock’.

The demand for oil has never been
greater. From emerging powerhouse
economies enjoying double digit growth
through to the developed industrialized
nations frowning at the inflationary pres-
sures because of unchecked consumption.
In recent years market forces have dictat-
ed the price of oil, increasing geo-political
tensions and shifting the balance of power
to the oil producing nations. All industrial
sectors need this vital commodity to thrive,
vying for the same precious resource with
the expectation that a barrel of oil will one
day command a price tag of $200.

But the current talk of recession as a con-
sequence of the prolonged turmoil afflicting
financial markets has tranquilized the bullish
rise in the price of oil, falling from the sum-
mer highs of $147. However the respite in
this ‘new oil shock’ is likely to continue until
world economies heal and a more regulated
form of monetary credit flows again. Rising
prosperity and the price of oil are inextrica-
bly linked. City traders will once again move
from hedging investments from currencies
and other commodities to oil contracts fur-
ther fueling the price of crude.

Then add to this volatile mix the growing
concern for the environment and climate
change brought about by the combustion of
fossil fuels. The aviation industry has been
singled out as the greatest contributor of
aerial pollutants. It is estimated that the air
travel contributes to 3% of C02 emissions
within the EU, purportedly more than some
intensive manufacturing industries. Some
speculate that civil aviation will be responsi-
ble for 5% of the global warming pie.

Filling Up With Jet-Algae?

No wonder then that bio fuels are seep-
ing into industry as a viable and possible
fuel alternative. Such fuel blends consist of
traditional jet kerosene mixed with bio-
mass derived from sustainable resourced
vegetable growth matter. With the recogni-
tion of the price of oil filtering into high-tick-
et surcharges for air travelers and the need

to reduce emissions; airlines, together with
aero engine and airframe manufacturers
are steadily gearing towards accepting bio-
fuels as a necessary near future alternative.

Aero engine manufacturers such as
CFM, General Electric, Pratt & Whitney and
Rolls Royce are all investigating the feasi-
bility of using bio fuels especially the bio-
mass components that deliver high
enough energy vyields. For instance British
Airways has partnered with Rolls Royce,
providing them with a spare RB211 Boeing
747 engine to test various blend mixtures.
Following a tendering process, Rolls Royce
has short listed a few biomass substitutes
and is presently conducting ground engine
running tests until March 2009.

CFM'’s biofuel test programme is further
along, having paired up with Continental
Airlines with the intention of testing a bio

fuel blend through a supplied Boeing 737-
800. Following encouraging ground tests
the aim is to fly the CFM56-7B powered
737 using the selected fuel blend of 50%
jet fuel combined with 50% biomass
derived from algae and jatropha plants.
This demonstration flight without passen-
gers scheduled for Jan 7th 2009 will be the
first undertaken by an American carrier
using an algae based fuel derivative and
the first using a twin engined aircraft.

The prospective algae powered
Continental 737 follows on from the test
flight conducted by a Virgin Atlantic 747 in
February 2008 using a fuel blend composed
of coconut and babassu oils. The flight from
London Heathrow to Amsterdam had one of
the four fuel tanks topped up with 20% of
the fuel blend injected into one engine. Amid
a blaze of publicity the Virgin flight was a
joint effort between the carrier, Boeing, aero
engine maker General Electric and the bio
mass supplier Imperium Renewables.

According to the Boeing press release
surrounding the event, Richard Branson

New Report

President of Virgin said: “Today marks a
biofuel breakthrough for the whole airline
industry. Virgin Atlantic and its partners
have proved that you can find an alterna-
tive to traditional jet fuel and fly a plane on
biofuel. This pioneering flight will enable
those of us who are serious about reduc-
ing our carbon emissions to go on devel-
oping the fuels of the future, fuels which
will power our aircraft in the years ahead.”

Virgin is not the only pioneering carrier to
be working with Boeing. Air New Zealand is
due to undertake a test flight at the end of
this month with the help of a jatropha oil
derivative fuel blend. The ‘drop-in’ fuel sub-
stitute (namely one which has the same
properties as traditional Jet-A without
requiring modification to either engine or
airframe) will be piped through one of the
747-300's Rolls Royce RB211 engines. The

demonstration flight from Auckland Airport
represents another milestone as it would
be the first time a carrier used a commer-
cially viable and sustainable fuel alternative
to pure kerosene derivatives.

Biofuels Versus Food Production...

The partnerships involving airlines, aero
engine makers and airframe manufactur-
ers represent a serious commitment
towards developing fuels from renewable
as well as sustainable resources. The vast
sums being invested in the processing and
refining technologies in the blending alche-
my of low emission fuel should win many
plaudits and support across the spectrum
of interested parties. However the biofuel
industrial machine with its heart in the
right place appears to be stuck between a
rock and a hard place.

Environmental groups advocating fur-
ther stringent measures in support of cli-
mate change controls have argued that
the sudden exponential demand for bio-

continued on page 7
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mass feedstock has resulted in social dep-
rivation as well as negligible reduction in
carbon emissions. Campaigners point
towards the displacement of food produc-
tion in favor of lucrative biomass crop des-
tined for biofuel refinement.

With farmland diverted away from the
production of staples concern has been
voiced over food shortages and the
inevitable inflationary effects on food
prices. Environmental lobbyists also allude
to the uprooting of indigenous populations
as well as the increased greenhouse gases
liberated as a consequence of slash and
burn deforestation practice as land is
cleared for the growth of biofuel crop.

The carbon neutral credentials of biofuels
have therefore been challenged as many
believe that much more energy is used to
cultivate the biomass stock. Some suggest
that bio-fuel processing has superseded the
carbon emissions in the refinement of tra-
ditional fossil fuels when the entire life cycle
of biofuel production is examined.

However Virgin, Boeing, Air New Zealand
and associated aero engine makers have
insisted that the feedstock suppliers have
contributed their biomass content from
both sustainable and ethical sources.
Furthermore they have been keen to stress
that the land used for the growth of biofuel
crops neither competed with food produc-
tion nor contributed towards deforestation.

But despite the skepticism the next evo-
lutionary stalk in the growth and develop-
ment of biofuels will likely germinate from
high yield stocks and greener processing
methodologies.

The technological compromise

The key towards the long-term supply of
abundant carbon neutral biofuels to serv-
ice the entire aviation sector will depend
on both technology and the next genera-
tion of high-energy yielding fuel alterna
tives. The tentative first forays into biofu-
els are encouraging given the plethora of
test flights already conducted. But to rely
on conventional feedstock derived from
rapeseed, maize, Soya, corn in sufficient
and viable quantities to service demand
would necessitate a dedicated landmass
the size of continental Europe. The dis-
placement of food production, increased
emissions and energy used in the conver-

“Today marks a biofuel breakthrough for
the whole airline industry...”
— Richard Branson, President of Virgin

sion to jet engine ready ‘drop-in’ biofuel
would negate any of the perceived social,
economic and environmental benefits.

The so-called second generation bio-
fuels appear to offer a greater return in
both supply and energy vyields without
compromising the coveted green creden-
tials. Feedstocks would come from the effi-
cient use of land where crops can be har-
vested in their entirety-and not just parts of
the plant growth- in the provision of raw
input. Furthermore such second-genera-
tion fuels are reportedly sown upon land
deemed unsuitable for food production
due to the acidity of soil. Algae offers much
hope as a viable source for commercial
bio-feedstock given that it produces a sig-
nificantly higher yield of bio oil than tradi-
tional land hungry maize, Soya or corn.

Furthermore it can be grown on ponds
or large lakes, flourishing in either salt or
freshwater. This means it could be culti-
vated in oceanic environments or perhaps
upon wastewater. Algae also absorb con-
siderably more C02 - 1kg of algae will suck
in about 3kg of the greenhouse gas making
it an attractive proposition as an environ-
mentally friendly crop.

However the technology for processing
such potential fuel stock is still in its infancy.
Presently the energy content required to
produce sustainable quantities on a com-
mercial scale is much greater than conven-
tional kerosene refinement. Therefore the
scope of developing zero emission biofuel
production techniques is very much still
within the confines of research laboratories.

New Repc

The alternative fuel debate continues

Aside from the efficient and ethical pro-
duction of biofuels, there is a further rea-
son why dependence upon conventional
kerosene will continue for a number of
decades to come. Fuels developed from
biomass tend to freeze during normal
cruising altitudes hence the need to blend
with normal Jet-A to ensure thermal stabil-
ity at low temperatures. However there
exists another alternative, which is leaner
and greener without sacrificing perform-
ance during normal temperature extremes.

The United States Air Force has been
pioneering the use of a synthetic fuel
blend dubbed ‘Syntroluem’ in its B-52
Stratofortress and B-2 Spirit bombers. The
fuel blend is composed of normal JP-8
mixed with 50% synthetic Syntroleum or
FT produced using the Fischer-Tropsch
process. Developed by German chemists
during the 1920's the Fischer-Tropsch
method converts coal and natural gas feed
stocks into synthetic fuel.

Such synthetic fuels bear a closer sem-
blance to carbon-based fossil fuels but are
much cleaner to burn and offer greater
efficiencies when injected through jet
engines cores. Unlike some plant-based
biofuels, FT synthetic fuels are truly ‘drop
in" replacements to conventional Jet-A
having almost the same performance
attributes as the latter.

Unfortunately the current FT process for
the production of synthetic crude is expen-
sive, requiring more energy and pumping
out nearly twice the amount of C02 than
oil based Jet-A. FT derived fuels will capti-
vate the civilian sector in the instance that
technology harnesses a greater output of
useable fuel at the same time as reducing
or absorbing the CO2 produced.

Following successful trials with the B-52
and B-2 bombers, the USAF plans to have all
of its aircraft certified to use the synthetic
fuel blend within five years, thereby reduc-
ing its reliance on imported oil.

Other potential future alternatives include
liquid hydrogen and methane, both with
next to zero carbon emissions to their cred-
it. Hydrogen could be produced using solar
power with methane derived from the vast
deposits trapped as methane hydrates on
the ocean floor. Aside from the complexities
of extraction, purification as well as energy

continued on page 8
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and advanced technological demands there
will be a need to radically adapt engine and
airframe designs to accommodate such
fuels. Therefore such alternatives cannot be
considered as ‘drop in’ replacements when
compared with the current crop of biofuel
and synthetic oil substitutes.

Biofuels are bere to stay

From the plethora of government
backed emission targets turning into legis-
lation and green taxes inspired by global
agreements such as the Kyoto protocol
Treaty, the focus upon climate change is
likely to sharpen. With environmental
groups pressing for more severe emission
controls, particularly in the aviation sector,
the future for biofuel development and

eventual commercial use is assured.

Consider also the reduction in the dis-
covery of new crude oil reserves, increas-
ing immeasurably the influence of the oil
producers over international markets. Then
complicate it further by the limited refining
capacity in the event demand outstrips
supply once the global economic power-
house bounces back to recovery.

These are challenging times for the avia-
tion industry, however much private invest-
ment is being made towards the creation of
sustainable alternatives to traditional crude
oil derivatives. Commercial air travel is a nec-
essary component of a thriving global econ-
omy and its engines will surely continue to
hum perhaps a little more efficiently as bio-
fuels become part of everyday life and not
just headlines. How things change indeed m

continued from page 5

reduced. The ILong term future of com-
mercial aviation is in biofuels and there are
a lot of people gravitating towards this
growth industry. It is's our belief that
through technology, newer fuel efficient
engines and biofuel use that aviation will
be carbon neutral by 2050.

JFR: Do you have aAny last personal
thoughts on the viability of alternative
sources to fossil fuels that you can impart?

Epstein: | have been astonished at the
rate of progress on biofuels — it is it's
unprecedented. We are're just celebrating

the 50th anniversary of an American
Airlines 707 making its first run from Los
Angeles to New York and we are're still
using the same fuel.

But the makeup of the industry in the
next two to three years will rapidly change
as safe fuel alternatives become certified. It
is's only two years since that second gen-
eration fuels were developed and we are’re
constantly presented with many vials con-
taining blends promising even better per-
formance. We are seeing It's an unprece-
dented, consolidation of thinking and this
biofuel juggernaut has just started to roll m
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has built a portable refinery that uses a vari-
ant of this process to produce 22,000 liters
of biodiesel per day, or up to eight million
liters of biodiesel per annum.

The company is also in discussions with
the Indian government to see how it can
help India meet its biodiesel targets. D1
estimates that India will need two million
hectares of Jatropha, so has been working
with the Tamil Nadu agricultural university
on research into Jatropha and large-scale
planting. D1 is aiming to plant Jatropha in
the states of Tamil Nadu, Madhya Pradesh,
Rajasthan and Chhattisgarh.

Refining

What is exciting for the aviation industry
is that Jatropha can be used as a source a
jet fuel. To refine biodiesel today vegetable
oil is usually esterified, ie reacted with
methanol and sodium hydroxide, which
produces diesel and glycerin. Airlines such
as Air New Zealand and Continental are
using the UOP “ecofining” process. This
forces hydrogen to break down a hydro-
carbon’s structure to form a type of
kerosene that is mixable with convention-
al fuels. Fuels such as palm oil and
Jatropha lend themselves to this process
since they require less hydrogen to con-
vert than other vegetable oils.

UOP and Eni of Italy jointly developed
the ecofining process. It leverages existing
infrastructure to drive down capital and
operating costs, enabling licensees to
position themselves with a low cost
advantage while meeting biofuel targets.
When blended into an existing petroleum
diesel pool, the high cetane and low densi-
ty of green diesel can enhance the pool's
performance characteristics. Lifecycle
analysis of the resulting green diesel
shows greenhouse gas (savings of over
50% relative to fossil diesel.

To produce biofuels on a large scale
requires serious investment and scale, and
D1 is exploring the possibility of supplying
to bigger producers. Given the speed in
which the industry is growing, and rapid
adoption by airlines, this is becoming an
attractive prospect. Companies such as
Finland’s Neste Qil, for example, are open-
ing huge biodiesel refineries. It won't cost
peanuts to produce, but Rudolph Diesel
would surely have approved m
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New Report

AAG Executive Session and Awards Banquet

September 17 - 18, 2009

Edwardian Hotel, London Heathrow

ProGRAM: Attendance includes access to
all executive sessions, the AAG Special
Report, Lunches, Coffee Breaks, Awards
Banquet and one month subscription to
Jet Fuel Report (JFR), New Fuels Report
(NFR) and the AAG Daily Briefings.

REGISTRATION FEES: £300 for JFR
subscribers and AAG Customers,

£400 for all others.

Register online at
www.armbrustaviation.com/Conference2009
or contact Barb Moreno,

Conference Manager,

phone: 561.355.8488 ext. 104,

email: bmoreno@armbrustaviation.com.

~Armbrust

AVIAT/ION GROUP

SEPTEMBER 17, 2009

1030 - 1130  Registration
1130- 1300 Opening Lunch

1300 - 1400  Session One: AAG Special Report
Jet Fuel 2015: Challenges and Opportunities - The Next Five Years

The Session will offer a presentation that will focus on clear and
important trends that promise to have a definite impact on global jet
fuel markets over the next five years. Discussion will center on the
five key trends — Major Market Consolidation, Government
Intervention, Jet Fuel Infrastructure, Alternative Jet Fuels, The emer-
gence of the BRIC’s (Brazil, Russia, India and China) — and the AAG
forecast through the period 2015.

Jobn H Armbrust, Armbrust Aviation Group
1400 - 1530  Session Two: Risk Management

The Session will empanel airline executives and risk management
providers to discuss strategies to reduce market volatility.

Olle Bjork, SAS (invited)

Keith Carter, Star Alliance

Jonathan Pardoe, Virgin Atlantic (invited)
Jamie Trillow, Deutsche Bank

Aidan Shilling, Standard Bank, Moderator

1530 - 1700  Session Three: European Supply Demand Fundamentals

The Session will empanel airline executives and jet fuel suppliers to discuss
current supply demand issues in Europe with focus on regional refinery
production and import requirements.

Robert Bijl, KLM

Helmut Fredrich, Lufthansa

Nick Nigel, Q8 Aviation (invited)
Gary Woodward, Shell Aviation
Jobn H. Armbrust, AAG, Moderator

1700 - 1800  Session Four: Finance and Credit Terms
(To be Announced)

1915-2000 Board Buses to Awards Banquet

2000 - 2300 AAG Awards Banquet at Wentworth Club

SEPTEMBER 18, 2009

0830 - 0930 Breakfast

0930 - 1030 Session Five: Charter Airlines
(To be Announced)

1030 - 1130  Session Six: Alternative Fuels
(To be Announced)

1130- 1300 Closing Lunch
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