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Technology Solutions Present Opportunities

Next-Generation Biofuels…

Structures and
Materials SystemsAerodynamics Engines

Of All the Non Business As Usual Solutions, Sustainable Biofuels have 
the Largest Potential Impact

Of All the Non Business As Usual Solutions, Sustainable Biofuels have 
the Largest Potential Impact

The Industry Is Supporting Many Technology Solutions

Presenter
Presentation Notes
Many factors contribute to reducing the impact on the environment.



Engine performance has significantly improved over time reducing both noise and emissions.



Improved aerodynamics has made it possible to fly further on less fuel.



New materials and better analysis tools have made it possible to make airplanes safer and lighter.



Systems on the airplane allow us to fly the airplane more precisely and enable us to fly low-noise takeoffs and landing.  These systems also allow us to be more efficient with our fuel use thus reducing our fuel burn and emissions.



We are implementing systems to make it more efficient to operate and fly our aircraft. These systems should increase throughput while decreasing loitering and associated fuel burn.



Improved tools and technology allow us to better integrate the engine and the airframe together to build an overall more efficient aircraft.





COPYRIGHT © 2008 THE BOEING COMPANY

Alternate fuel drivers

 Airlines are seeking to:
 Reduce exposure to fuel price volatility
 Position for future fuel policies
 Reduce aviation’s impact on global warming

Future oil availability
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Types of Alternative Fuels

Other (ethanol, methane, 
liquid hydrogen)

Space shuttle’s LH2 tankSpace shuttle’s LH2 tank

Synthetic (from gas, coal or bio)

Biofuels (from oil-based 
feedstock such as halophytes, 
algae, jatropha)

JatrophaJatropha

Presenter
Presentation Notes
Alternative fuels fall into three categories: 

Synthetics:  Synthetic kerosene can be made from coal, natural gas, or other hydrocarbon resources and can be produced by first turning the resource into gases, which are then recombined to form hydrocarbon liquids.  Synthetic kerosene can be tailored to have similar properties to petroleum kerosene, thus can be thought of as a “drop-in” replacement.  Synthetic kerosene from coal is currently approved for aviation use as a supplement to petroleum-based jet fuel and is anticipated to be approved for use as a total replacement.  Synthetic fuel production is an energy intensive process that, in the absence of proven methods to capture and sequester, produces significantly higher CO2 emissions than the production of petroleum-derived fuel.



Biofuels:  Biofuel can be made from the oils contained in crops/feedstock (e.g. soybeans and canola seeds) to produce petroleum-like oil that can be transformed into fuel similar to diesel fuel (i.e. biodiesel.)   An additional processing step needed to transform biodiesel into biojet fuel is currently being evaluated for its performance properties.  This is a renewable fuel, but conventional crops/feedstock require significant quantities of arable land to produce enough bio fuels to supply scaleable and sustainable fuel needs.  Other feedstocks with much higher oil yields (e.g. algae) are currently being evaluated.



Other:  Hydrogen, natural gas, ethanol, methanol, and propane (LPG) have been considered for alternative aviation fuels.  All represent significant challenges and would require new aircraft and fuel delivery systems.  Hydrogen and natural gas must be used in their liquid form, which requires storage at extremely cold temperatures. Hydrogen burns cleanly, but its production is very energy intensive and it emits large quantities of water vapor with uncertain effects on cloud formation and the atmosphere. 
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First-generation biofuels

 Inefficient and unsustainable sources of 
energy

 Require large landmasses and mostly 
grown for human consumption

 Derived from non-food crops utilizing new 
biomass-to-fuel-conversion technologies

 Exponentially more efficient and 
sustainable sources of energy

 Require small landmasses and 
proportionately less fertilizer and water

Second-generation biofuels

Soybean Babassu Algae

Examples:
New fuels from algae, jatropha,
switchgrass and other feedstocks

Examples:
Ethanol produced from corn 
and soybean feedstocks

Second-generation biofuels are efficient 
and sustainable

Presenter
Presentation Notes
Problem: using first-generation feedstocks to produce biofuels creates a scenario where two different applications—food source and fuel source—compete against one another, effectively driving up food prices (especially in developing countries).



This food-versus-fuel issue is primarily related to agricultural ethanol, and it is of lesser significance for agricultural related biodiesel.



Commercial passenger jets cannot use ethanol, so the food displacement issue is primarily a concern for first-generation ground transport applications.



Algae: Simple, photosynthetic plants lacking leaves and roots�Babassu: A native-growing Brazilian tree also with a high-oil-yield nut�Halophytes: Salt marsh grasses and other saline habitat species�Jatropha: A widely distributed tropical plant featuring a high-oil-yield nut�Switchgrass: A hardy, drought-resistant grass



Production costs per gallon are improving—bringing economic viability clearly into view



Because they are grown regionally, second-generation feedstocks have the potential to deliver entirely new fuel supply models



We’re focusing our low-carbon alternative fuels development efforts on new sustainable biofuels from second-generation feedstocks because they present an economically viable opportunity to sustainably power the world’s commercial aircraft fleet. In addition to offering greater environmental and socio-economic benefits, the bottom-line implications of second-generation biofuels are increasingly promising.
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Sustainable Biofuels Are Being Tapped to Create 
Economic Engines to Mitigate Deforestation

Widespread deforestation (Haiti & Madagascar pictured) is driven by lack 
of economically & environmentally sustainable options.  

Jatropha for biofuel will be one of the first solutions

Widespread deforestation (Haiti & Madagascar pictured) is driven by lack 
of economically & environmentally sustainable options.  

Jatropha for biofuel will be one of the first solutions
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Feedstocks Which Can Mitigate 
Deforestation Will Have Positive Impact

Slash and burn deforestation

Global CO2 emissions that cause 
global warming

Source:  www.Nature.org, 2007

Petroleum
31%

Natural Gas
15%

Coal
26%

Deforestation
25%

Other
3%
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Soybean versus algae: comparing first-
and second-generation biofuels

Supplying the worldwide commercial 
airline fleet with 100% 1st-gen biofuel 
from soybeans would require a 
landmass nearly the size of the entire 
continental United States.

Supplying the  worldwide commercial 
airline fleet with 100% 2nd-gen biofuel 
from algae might require a landmass as 
small as the size of West Virginia.

Estimates assume a yield of 10,000 gallons of oil per 
acre of algae, or about 150X more than soybeans.

Presenter
Presentation Notes
Boeing Commercial Airplanes and its partners are actively accelerating development of second-generation biofuels. 



In a world where carbon has a high cost, sustainable biofuels that move the industry toward carbon-neutrality are going to be economically advantageous.



Second-generation biofuels have the greatest opportunity to deliver this advantage. 



Realizing this vision will require the continued collaborations of governments, industry and financiers.













COPYRIGHT © 2008 THE BOEING COMPANY

Boeing is pursuing alternate fuels that have 
low life-cycle CO2 emissions
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Sustainable biojet fuel development 
timeline

Establish Feasibility

Research and Development

Commercial Viability 

2006 2007              2008               2009 2010           2011

• Biojet fuel technical performance demonstrated

• Second-generation biojet fuel research & development
• Infrastructure integration challenges identified & worked

• Cost-effective, environmentally 
progressive options move forward 

Presenter
Presentation Notes
Who will participate?

Airlines

OEMs

Engine Companies

Research Institutions

Governments

Energy Project Financiers

Fuel Producers



Sustainable Biojet Fuels are characterized by the following criteria:

Total life cycle greenhouse gas emissions are lower than petroleum Jet fuel

The cultivation and production process has a much lower impact on land use, food production, and water use than current generation biofuels such as corn based ethanol

Must be a cost effective option for air carriers

Sustainable biojet fuels are expected to stem from so called Second Generation biofuel technologies these are both processing and feedstock technologies

Potential second generation feedstocks:

Algae

Jatropha (caster bean tree relative)

South American Babassu (tropical tree, naturally occurring)

Waste cellulose

Potential Second Generation Processing Methods:

Hydrotreating (hydrogen is used to process plant oils into jet a fuels)

Supercritical conversion (water & a catalyst are used to convert biomass to a bio-crude oil)

Synthetic biology organisms that convert cellulose biomass to either a biocrude or directly to Jet A
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Commercial aviation fuel performance 
criteria

 Low freezing point

 High temperature
thermal stability

 Energy density

 Storage stability

 Elastomeric compatibility

 Compatible when mixed with Jet-A

Must be a replacement solutionMust be a replacement solution

Biofuel

Presenter
Presentation Notes
Replacement means that it is a one-for-one replacement for petroleum-based jet fuel – no fuel system or engine modification required.  It can be used without modifications in all commercial jet airplanes in the current worldwide fleet.
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Several non Fischer-Tropsch Fuels Are 
Very Promising
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Feedstock to Fuel Conversion:
Many emerging and efficient methods
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In order for GTL/BTL to be Viable in Long Run, You Must Assume:
1) None of the enzymatic/microbial conversion technologies will be viable
2) Stranded natural gas is best used for transport, not LNG to powergen
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Several marine operators have been running 
biodiesel in their aero-derivative engines

Aero-derivative LM2500 Cruise Ship EngineCF6 Aero Engine (core of LM2500 engine)
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What Boeing is Doing

Evaluate bio
feedstocks

Identify required 
processing 
methods

Help create “drop-
in” carbon neutral 

Bio-Jet fuel

Demonstrate use
of biojet fuel 

2007 2008 2009 2010 2011 2012

Feasibility Production Viability Commercial Capability

Biojet test flights
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Sustainable biofuel demonstrations 
take flight

Algae feedstock

 Demonstrating technical feasibility

 Identifying sustainable biofuel sources

 Promoting the development of viable 
commercial markets

Sustainable biofuel demo flights are 
designed to highlight the viability of low 
carbon life-cycle alternative fuels by:

Presenter
Presentation Notes
Biofuel demonstration flights are designed to help accelerate the development of viable and sustainable alternative fuels for commercial aviation uses. Boeing is exploring second-generation biofuel feed stocks and processes that have the potential to reduce greenhouse gases throughout their entire lifecycle.



Boeing is in discussions with fuel-source providers around the globe to identify potential biofuels that are available in suitable quantities for laboratory and jet-engine performance testing and in compliance with stringent aviation requirements. Additional details will be announced closer to the actual demonstration flight date.



The bio-jet fuel demo flights will highlight the suitability of environmentally progressive fuel solutions (bio-jet fuels) that differ from traditional biofuel development. Bio-jet fuels will incorporate second-generation methodologies relative to sustainable feedstock source selection and fuel processing, which are uniquely suited for aerospace applications. These bio-jet fuels can potentially be blended with traditional kerosene fuel (Jet-A) to reduce dependency on petroleum-based fuels. Additionally, sustainable bio-jet feedstock sources avoid deforestation practices and potential competition with global food resources, while helping to lower aviation carbon dioxide outputs. 



The Virgin Atlantic demonstration flight occurred in February 2008 using a Virgin Atlantic 747-400 equipped with GE engines.  The Air New Zealand demo flight will occur during the second half of 2008 using an Air New Zealand Boeing 747-400 equipped with Rolls-Royce engines.  The Continental Airlines flight with CFM equipped Next Generation 737 in the first half of 2009.
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The first sustainable biofuel demonstration 
flight with Virgin Atlantic and GE

February 24, 2008
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Making Progress:  The 2nd

Sustainable Biofuel Demonstration

Scheduled 2008

Presenter
Presentation Notes
Feedstock
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First North American 
Sustainable Biofuel Demonstration

Scheduled 2009

Presenter
Presentation Notes
Feedstock
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Market Viability Will Enable Much Greater 
Levels of Innovation and Adoption

Timing of Market Viability for SUSTAINABLE Fuels 
Influenced By:

•Aviation industry willingness to help innovate

•Aviation industry ability to spur investment 

•Ability to build coalitions with entities outside aviation

•Future oil prices
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Conclusions

 Identify sustainable alternative fuels that work in today’s airplanes

 Emerging low cost production technology and sustainable bio-feedstocks
offer economically viable and environmentally attractive options in near 
term

 Fischer Tropsch fuels are by no means the only game

 Algae-based fuel sources, jatropha, halophytes, and other cellulose 
perennials all hold great promise and some are affordable today

Governments, academia and industry need to continue to work together


