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The industry is committed to action on 
climate change

– ATAG 2008 industry 
declaration for action 
on climate change

“…we are committed to a 

pathway to carbon-neutral 

growth and aspire to a 

carbon-free future.”

Presenter
Presentation Notes
Our industry’s contribution to human-produced emissions is small – and we are focused on keeping it that way.




Lancement du site web sur l’industrie de l’aviation et le 
changement climatique

www.enviro.aero
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Boeing Commercial Airplanes is 
committed to the environment

– Scott Carson, President & CEO 
Boeing Commercial Airplanes

“As a leader in the industry, Boeing has an 
obligation to be active in proposing solutions to 
our environmental challenges. 

We continue to invest significant resources 
towards advancing technologies that will enable 
the next great leap forward.”



How can we most effectively minimize aviation’s 
impact on the environment – specifically CO2 

emissions?

The principles that guide Boeing’s actions

Technology unlocks the future

CO2 and fuel are the priority

System efficiency is essential

A global approach involves and benefits everyone
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Boeing Commercial Airplanes is committed to creating a better future for all of us. 
 
We begin with a clear vision of how to improve the situation – technology is critical, as it drives advancement. We also believe focusing on improving fuel / CO2 and system efficiency first will have the greatest impact on emissions. Lastly, solutions need to work for everyone, and for this reason we advocate a global approach.



Our plan and commitments

75%15%25%

Pioneer new 
technology

Deliver 
progressive new 
products and 
services

Improve  
performance of 
worldwide fleet 
operations

100%

Relentlessly 
pursue 
manufacturing 
and life cycle 
improvements

Continuous improvement 
through ISO 14001for 
100% of Boeing 
manufacturing sites.

Maximize Lean and 
recycling.

Focus on 25% efficiency 
improvements in 
worldwide fleet fuel use 
and CO2 emissions by 
2020.

At least 15% 
improvement in CO2 

and fuel efficiency.

More than 75% of 
R&D will benefit environ- 
mental performance.



Building on a strong track record
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Aviation is one of the fastest advancing technology sectors in human history.  Since the beginning of the jet age nearly 40 years ago, technology has advanced the industry to achieve incredible reductions in the environmental impact of airplanes.  These advancements in technology have resulted in a 70% reduction in fuel consumption and therefore CO2 emissions (CO2 emissions from aircraft are directly proportional to the amount of aviation fuel consumed). In addition, today’s airplanes are 30dB quieter – or a 90% reduction in the noise footprint area when compared original commercial jets. 

This improvement trend will continue with the newest generation of airplanes – the 787 Dreamliner and 747-8 – both of which will offer an additional 15-20% improvement in fuel and CO2 as well as reduced noise footprints.  

The strong record continues in the 2000s with the introduction of winglets on the 737 Next Generation, further reducing fuel and CO2 by 3 to 6% and with the introduction of the 777-200LR and 777-300ER providing longer range capability with the same payload, or greater payload capability on existing routes.  And in 2008 the 777 Freighter will go into service followed by the 787 and 747-8F with further environmental benefits to be discussed later.



Boeing leading industry recycling

AFRA Goal:
Certified members will 
recycle more than 90 
percent of each 
aircraft by 2012.

The first comprehensive 
airplane recycling 
program

Member organizations have:


 

Recycled more than 6,000 commercial aircraft 


 

Recycled more than 1,000 military aircraft 


 

Re-marketed approximately 2,000 airplanes 

www.afraassociation.org
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As part of our dedication to recycling throughout our operations, in 2006 Boeing joined with 10 other companies to create a common industry working group called the Aircraft Fleet Recycling Association (AFRA). There are now 34 member companies from 9 countries. AFRA is committed to continuously improving aircraft recycling methods. And by working to efficiently process as many aircraft as possible, AFRA makes recycling more cost-effective for aircraft owners. This will ultimately ensure that aircraft recycling has an economically viable future in the marketplace. 
AFRA's goal is for its certified members to recycle 90-95% percent of each aircraft by 2012.
Collectively, member organizations have already:
Re-marketed (returned to service) approximately 2,000 airplanes 
Recycled more than 6,000 commercial aircraft 
Recycled more than 1,000 military aircraft (800 tactical) 

Boeing promotes recycling of all solid waste. We employ an enterprise-wide program for recycling aluminum cans and plastic bottles. We also engage employees in finding solutions for continually improving manufacturing and operating practices.  In 2005, nearly 34,000 computer monitors were recycled through Boeing Surplus Sales.

More than 58% of the waste generated in 2006 was recycled.  Materials included paper, cardboard, plastics, wood, concrete, asphalt and soil.




Key Operational Efficiency and Environmental 
Performance areas

Integrated 
Airline 

Operations

Fuel ManagementFuel Management Onboard OperationsOnboard Operations Crew ManagementCrew ManagementFleet ManagementFleet Management

Flight OperationsFlight OperationsTrainingTraining

Maintenance OperationsMaintenance OperationsAirport OperationsAirport OperationsATC / ATM OperationsATC / ATM Operations Airplane ModificationsAirplane Modifications

Fuel ManagementFuel Management Onboard OperationsOnboard Operations Fleet ManagementFleet Management Crew ManagementCrew Management

Flight OperationsFlight Operations

Airplane ModificationsAirplane ModificationsMaintenance OperationsMaintenance OperationsAirport OperationsAirport OperationsATC / ATM OperationsATC / ATM Operations

TrainingTraining
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The underlying need is systems that improve efficiency, safety, and environmental footprint.
Operational systems in at least ten inter-connected domains are affected:
Passenger Management, Fuel Management, Onboard Operations, Fleet Management, Crew Management, Flight Operations, Optimization and Recovery, Maintenance Operations, Airport Operations, and ATC/ATM Operations.
Jeppesen provides solutions in those that are labeled in blue, or 7 out of the 10 domains listed.



ASPIRE Flights Demonstrate Environmental 
Benefits

Airline

Date 12 September 2008 22 October 2008 14 November 2008
Flight Auckland to San 

Francisco
Los Angeles to 
Melbourne

Sydney to San 
Francisco

Airplane Boeing 777 Airbus A380 Boeing 777
Fuel savings (gallons) 1,200 1,200 1,564
CO2 emission reduction 
(pounds)

30,000 24,250 32,656

Governor Arnold Schwarzenegger welcomes ground breaking 
green flight to California, 14 November 2008

“…it’s time for aviation to move into the 
future, which requires modernizing air 
traffic control systems and a 
commitment to cooperation like that we 
have seen today. It is the right thing to 
do for not only the environment but also 
for our future generations.”



Working together to improve air traffic 
management efficiencies

– Scott Carson, President & CEO 
Boeing Commercial Airplanes

Boeing and Airbus signed an 
agreement to work together to ensure 
global interoperability in air traffic 
management.

GOAL: To accelerate improvements to 
the world's air transportation 
management system in order to 
increase efficiency and eliminate traffic 
congestion.

“While our approaches often differ, we are working 
towards the same goal – to reduce aviation’s 
environmental impact.”



Actively pursuing technology research for fuel, CO2and noise efficiency

Researching next generation 
materials

Example: Next generation composites
Result: Reduces weight, which reduces fuel 

use and emissions

Researching less energy-intensive electric 
systems

Example: Reducing pneumatic systems
Result: Improving electrical efficiency improves fuel efficiency

Designing aerodynamic improvements
Example: Advanced wing design, raked wing tip
Result: Reduces drag which reduces fuel use and emissions

Researching improved propulsion systems
Example: Integrating new, more efficient engines
Result: Reduces fuel consumption and emissions and lowers 
noise
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Boeing is focused on developing technology to improve the environmental performance of its products.  There are many design factors which result in more environmentally efficient design.  Here are a few examples of areas where we are focusing our research and technology.

Boeing continuously looks for airplane improvements in four areas of efficiency, structural, aerodynamic, propulsion and systems.  The use of carbon for major primary structure on commercial airplanes was pioneered on the 787 in order to reduce weight.  Research continues on applying the next-generation composite materials to future products to provide even more weight reduction which translates into less fuel used and lower CO2 emissions. Nanotechnology is studying carbon fiber tubes which walls are one carbon cell thick.  

Aerodynamic design and engine research leads to lower drag, less fuel consumption and noise reduction.

The 787 was designed using state of the art optimization methods and features an advanced wing design which minimizes the drag and weight of the airplane to provide unmatched fuel efficiency and low CO2 emissions—20% lower compared to the airplanes it replaces.  Research continues to develop an even more efficient next generation of wings for future Boeing products.  Elements of these new designs include improved airfoil technology and advanced tip treatments with many more evolutionary and revolutionary technologies being researched.  Concepts such as the raked wing tip continue to enable new more structurally efficient and hence, more fuel efficient design.

The 787 pioneered the use of the “more electric architecture” to improve fuel efficiency by reducing the need to bleed pressurized air from the engines to power pneumatic systems.  System efficiency leads to power efficiency and less demand on the engine, which has environmental benefit. Work continues to further improve the efficiency of the electrical systems to provide even greater fuel efficiency benefits.






Actively pursuing noise reduction technologies

Recent Research – Chevrons
Boeing and its partners tested – and 
proved – new chevron designs that 
dramatically reduce noise

2001: Quiet Technology 
Demonstrator 1 (QTD1)

2005: Quiet Technology 
Demonstrator 2 (QTD2)

New innovations in noise reduction technology –


 

Variable Area Fan Nozzle (VAFN): Adjusts nozzle geometry according to operating 
conditions to reduce noise 



 

Chevron Core Nozzle with Microjets: Enhance the mixing rate of the adjacent flow streams 
by the right amount to reduce jet noise



 

Shape Memory Alloys: change shape in response to variations in temperature eliminating 
the need for heavy hydraulics
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RECENT RESEARCH:  Chevron design tested during the October 2001 Quiet Technology Demonstrator (QTD)�Using a newly built Boeing 777 on loan from American Airlines, Boeing and Rolls-Royce tested the new chevron design at QTD. The tests revealed dramatic improvements, demonstrating that two engines equipped with the new chevrons produced equivalent noise to one unmodified engine.
Variable Geometry Chevron design tested during the August 2005 Quiet Technology Demonstrator 2 (QTD2)�Developed by Boeing, and flight-tested in conjunction with industry partners General Electric, Goodrich Corporation, NASA, and All Nippon Airways using a Boeing 777, the new Variable Geometry Chevron design tested at QTD2 is made with temperature-reactive Shape Memory Alloys. These “smart” chevrons automatically bend into the jet exhaust flow during takeoff and landing to reduce noise, and then revert to a streamlined position at cruise altitude. 

NEW TECHNOLOGY RESEARCH:
Variable Area Fan Nozzle (VAFN)
This technology enables jet engines to operate optimally through various flight regimes by adjusting nozzle geometry according to operating conditions. Reduced jet velocities and optimized fan loading are responsible for the community noise reduction. Depending on the amount of area change, a cumulative decrease of 2-3 EPNdB (Effective Perceived Noise in Decibels) is potentially achievable. Most of this reduction is achieved during take-off, though the approach phase of flight also benefits. 

Chevron Core Nozzle with Microjets
Chevrons—the zigzag or sawtooth shapes at the end of the engine nacelle—enhance the mixing rate of the adjacent flow streams by the right amount to reduce jet noise. The combination of these chevrons with the injection of air from high-speed microjets further reduces noise. 

Shape Memory Alloy (SMA)
Shape memory alloys change shape in response to variations in temperature. Also known as smart materials, these metals “remember” two different shapes. In some applications, this eliminates the need for heavy hydraulics. Boeing developed the noise-reducing Variable Geometry Chevron using SMA technology. Additionally, this technology is present in the Variable Area Fan Nozzle (VAFN) on display. This enables the shape to be optimized for maximum noise reduction at various phases of flight.



ENERGY HARVESTING TECHNOLOGIES

Electrodynamic: Powering light switches with your finger. 

Thermoelectric: Using temperature gradients to power 
dimmable windows.

Piezoelectric: A vibration-powered wireless sensor

The Spectrolab solar cell: Concentrating solar power to make 
it cost-effective

FUEL CELLS
The Boeing Fuel Cell Demonstrator, achieved the first manned 
mission where straight-level flight was powered solely by a 
hydrogen fuel cell. 

Actively pursuing renewable energy sources
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ENERGY HARVESTING TECHNOLOGIES
Electrodynamic: Powering light switches with your finger. 
Electrodynamic push-button switches convert finger pressure into electrical power to send a wireless signal used to control a system. Examples of this technology are controls for building lighting and motorized window shades.
Boeing is investigating the use of these switches to control lighting, such as overhead Passenger Service Unit (PSU) reading lights. When combined with powering the PSUs via their mounting structure, this concept allows the elimination of all custom wiring to the PSUs, reducing airplane weight and fuel use.
Thermoelectric: Using temperature gradients to power dimmable windows.
Thermoelectric devices convert a temperature gradient into electrical power. When one side of the device has a greater temperature than the other, electrical power is generated through a phenomena known as the Seebeck effect.
Thermal gradients exist on commercial airplanes in abundance. In the electrochromic dimmable windows application, a thermoelectric generator will be placed on the fuselage structure behind the return air grill below each passenger window. This structure is -30°C during flight while the warm cabin air flowing through the return air grill is +20°C. This gradient generates approximately 30 milliwatts of power. 
Piezoelectric: A vibration-powered wireless sensor
Piezoelectric energy harvesters convert vibration energy into electrical energy by way of the piezoelectric effect, which can be used to power devices like wireless sensors.
In this application, a cantilevered bi-morph piezoelectric beam converts fuselage vibration into electrical energy, which is conditioned to power a wireless transmitter. The transmitter could be used to monitor structural health, leading to simplified aircraft maintenance procedures and extended vehicle life.

SOLAR
 The Spectrolab solar cell
Solar cell technologies capture the sun's energy and convert it directly converted into electricity. These cells are called “photovoltaic”—photons in, volts out.
Boeing’s solar cell technologies are honed through development for space applications, from satellites to roving explorers on Mars. The technologies are unique, utilizing a high reflector-to-solar-cell area ratio to allow large amounts of light to be concentrated on a small cell to provide a cost-effective yet highly efficient system. We are now leveraging this technology to generate clean, terrestrial energy generation. Spectrolab—a subsidiary of Boeing—holds the world record for solar cell efficiency (the percentage of power converted from incident sunlight to electrical energy) at just over 40 percent.

FUEL CELLS
In 2007 the Boeing Fuel Cell Demonstrator, achieved the first manned mission where straight-level flight was powered solely by a hydrogen fuel cell. 
A two-seat Super Dimona motor glider was modified to include a proton exchange membrane (PEM) fuel cell/lithium-ion battery hybrid system. During take-off and climb, the aircraft drew from the combined power of the lithium-ion batteries and the fuel cell. The fuel cell then provided all power for the cruise phase of flight. While Boeing envisions fuel cells providing power to ground-based support vehicles (rather than primary power for commercial airplanes), demonstrations like this help pave the way for using this technology in the future.
The Fuel Cell Demonstrator research project has been underway since 2003 at Boeing Research and Technology — Europe (BR&TE), located in Madrid, Spain. BR&TE has worked closely with its Spanish partners, and with companies in Austria, France, Germany, the United Kingdom and the United States to design and assemble the experimental airplane.




Boeing is focusing on sustainable biofuels

Sustainable biofuels address industry challenges:

Oil price: New technology 
enabling affordable fuel 
supply and new business 
models

Environmental impact: 
Sustainable biofuels reduce 
life cycle emissions + more 
upside



Plant-based feedstocks naturally remove CO2from the atmosphere

Plant feedstocks re-absorb CO2 
emissions as they grow

Petroleum releases CO2 that 
has been locked underground

Petroleum-based fuel Plant-based fuel

No CO2 
removed

CO2 
removed
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Situation:  Fuel used in aircraft has unique requirements compared to other modes of transportation; it must provide a high energy content relative to its weight and volume. A heavy, inefficient fuel source isn’t viable.  

The vast majority of the world’s engines can use energy from three categories of fuels:
Synthetics derived from gas, coal and other feedstocks containing hydrocarbons

Biofuels from oil-based feedstocks such as soy beans, canola and algae

Other alternative fuels, including ethanol, methane and liquid hydrogen

Compared to the others, biofuel is the only fuel where the source feedstock absorbs CO2 from the atmosphere, reducing the overall net CO2 emissions.

Our Approach:  Together with our partners, BCA is focusing its alternative fuel research on sustainable biofuels. We’re collaborating with experts around the world to develop, demonstrate and deploy viable sustainable biofuel technologies.

Ultimate Benefit:  When fossil fuels are extracted and burned, the result is an increase in the amount of CO2 in the Earth’s atmosphere. When biofuels are burned, the result could be a zero net increase in CO2 emissions. That’s because biofuel feedstocks work as hard at absorbing CO2 from the atmosphere as they do at producing jet fuel to power aircraft engines.



Viable and sustainable feedstock alternatives

Viability is based on timing, technology and local resources

AlgaeJatropha

Halophytes CamelinaCamelina

Presenter
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Are all biofuels equal?  Not at all. Many people are familiar with ethanol and biodiesel, biofuels primarily derived from corn and soybeans. Yet corn and soybeans are staple food crops and require large amounts of land and resources. This makes them unsustainable sources for biofuel. Sustainable biofuels don't compete with food sources; they require minimal land, water and energy to produce, and they provide economic value to the communities where they're grown. 

It's unlikely that the demand for alternative fuels will be met by a single biofuel plant source, which makes a portfolio of solutions the best approach. Within this portfolio, examples of promising plant sources that meet the sustainability criteria include algae, babassu, halophytes and other saline grasses, jatropha and switchgrass.

Algae are simple, photosynthetic plants lacking leaves and roots. Algae have the potential to deliver 150 times the oil yield of soybeans.

Halophytes are salt marsh grasses and other species growing in saline habitats. They don't compete with food because they grow in environments unsuitable for traditional crops. Early testing on these plants shows that they have high lipid—or plant-oil—content and can deliver very high yields per unit of land. 

Jatropha is a widely distributed, non-edible plant that grows well on non-arable land and features a high-oil-yield nut. It shows strong potential to help fight desertification in arid regions and thereby reduce climate change impacts and add economic value to developing-world economies if grown sustainably. 



Viable and sustainable feedstock alternatives

Viability is based on timing, technology and local resources

Camelina

Algae                  ready: 8-10 years

Benefits
High productivity
Potential for scale

Challenges
Major process tech. innovation 
needed; GMO risks

Jatropha                ready: 2-4 years

Benefits
Uses marginal land
Agronomy is sufficiently advanced

Challenges
Warm climates only
Mechanical harvesting not yet mature

Halophytes                      ready:  2-4 years

Benefits
Uses desert land and salt water
Part of system designed for GHG 
reduction

Challenges
Proven at pilot scale to-date
Improve agronomy for cost reduction

Camelina                       ready: now

Benefits
Ready-to-go
Can integrate with traditional ag.

Challenges
Limited total potential owing to yield
Somewhat tied to grain market swings

Presenter
Presentation Notes
Are all biofuels equal?  Not at all. Many people are familiar with ethanol and biodiesel, biofuels primarily derived from corn and soybeans. Yet corn and soybeans are staple food crops and require large amounts of land and resources. This makes them unsustainable sources for biofuel. Sustainable biofuels don't compete with food sources; they require minimal land, water and energy to produce, and they provide economic value to the communities where they're grown. 

It's unlikely that the demand for alternative fuels will be met by a single biofuel plant source, which makes a portfolio of solutions the best approach. Within this portfolio, examples of promising plant sources that meet the sustainability criteria include algae, babassu, halophytes and other saline grasses, jatropha and switchgrass.

Algae are simple, photosynthetic plants lacking leaves and roots. Algae have the potential to deliver 150 times the oil yield of soybeans.

Halophytes are salt marsh grasses and other species growing in saline habitats. They don't compete with food because they grow in environments unsuitable for traditional crops. Early testing on these plants shows that they have high lipid—or plant-oil—content and can deliver very high yields per unit of land. 

Jatropha is a widely distributed, non-edible plant that grows well on non-arable land and features a high-oil-yield nut. It shows strong potential to help fight desertification in arid regions and thereby reduce climate change impacts and add economic value to developing-world economies if grown sustainably. 



Successful test program demonstrated biofuel 
viability


 

Demonstrated technical feasibility


 

Identified sustainable biofuel sources


 

Promoted development of viable commercial markets


 

Demonstrated diverse engine / airframe combinations

20%
Coconut &
Babassu

Feb 2008

50%
Jatropha

Dec 2008

50%
Algae & 
Jatropha

Jan 2009

50%
Camelina, 

Jatropha & Algae

Jan 2009

Increasing level of test objectives
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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. 

Test objectives:
Virgin Atlantic (Feb 2008) – First test flight, engine / airframe impacts
Air New Zealand (Dec 2008) – First test with Jatropha
Continental (Jan 2009) – Extensive inflight testing, including engine re-light
JAL (Jan 2009) – First test with Camelina, engine re-light
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http://www.susoils.com/index.php


 Freezing point
High temperature thermal stability
Energy density
Storage stability

 Elastomeric compatibility
Must be a replacement solution
Meet ASTM fuel specs
 Have a low CO2 footprint

Sustainable biofuels performing better than 
Jet-A fuel

Key fuel requirements:

Detailed Requirements of Aviation Turbine Fuels

Property
Jet fuel 

specification
Comparison of bio and 

petroleum jet performance
ASTM Test 

Method

Jatropha
Petroleum JP-8 

(same as Jet A1)

Fluidity

Freezing point, degrees Celsius max -40 Jet A -69 -51
D 5972, D 7153, 

D 7154, or D 2386

-47 Jet A-1

Combustion

Net heat of combustion, MJ/kg min 42.8 43.5 43.2
D 4529, D 3338, 

or D 4809

more energy denselower freeze point
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Must have equal or better energy content and work in today & tomorrow’s airplanes and fueling infrastructure without changes



Sustainable biofuels – Boeing’s plan and 
approach

Achieve near-term market viability 
of sustainable biofuels 
for commercial aviation

Fuels 
Development

Demand DrivenFeedstock 
Feasibility

Education Public 
Policy

Flight and 
Engine
Tests

Demonstrate Technical Capability Drive Commercial Viability
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Demonstrate Technical Capability
Flight tests: promote awareness and innovation of sustainable biofuels for aviation.

Fuels development: ensure sustainable biofuels meet fuel properties requirements; facilitate initial certification through an accepted technical method.

Feedstock roadmap: Establish long-term sustainable biofuel feedstock roadmap in cooperation with academia.

Drive Commercial Viability
Demand Driven: Leverage the interests and capabilities of key first-movers in early production/start-up.

Education: Promote awareness of and support for sustainable biofuels with key stakeholders.

Public Policy:  Establish favorable public policy to enable sustainable biofuels commercialization.
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Addressing the fuel challenge

• Strong interest from air carriers

• Users Group represents 
approximately 20% of industry fuel 
use

•Working across governments, 
industry and trade groups and 
environmental NGOs to ensure a 
secure and stable fuel supply



First mover groups are forming

Sustainability partner (TBD): 
Provide guidance and verification

Feedstock
Provider (TBD)

Fuel Conversion Provider
Infrastructure

Provider (TBD)

Feedstock 
project

Biofuel 
processing 

project

Biofuel 
delivery 

infrastructure

Airline 
use

3 – 5 years
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Meeting the needs of today without compromising the future
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We are committed to a better future

Near-term Solutions


 

Air Traffic Management

Mid-term Solutions
 Sustainable biofuels

today 2015

Current Solutions
 Airplane programs
 Operational efficiency

Integrated 
Airline 

Operations
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We are committed to a better future

THANK YOU
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