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Why We Fly 
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Fuel Price Volatility 
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Budgets lock two years in advance 
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Operational Energy Strategy and 


the Air Force Energy Plan 


Ensure that the armed forces have the energy resources they 


require to meet 21st century challenges 


MORE FIGHT,  


LESS FUEL  


MORE OPTIONS,  


LESS RISK  


MORE CAPABILITY,  


LESS COST  


1 REDUCE DEMAND  


INCREASE SUPPLY  


CULTURE CHANGE:  


Increases energy awareness 
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Reduce Demand –  
Aviation Operations 


PROGRESS: 


 Fuel consumption reduced 4%  


 $165M saved  


 Cost to move 1 ton of cargo 1 


mile by air down 21% 


NEXT STEPS: 


 Expand AMC initiatives 


 Develop new technologies 
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Reduce Aviation Fuel Consumption 10% by 2015 GOAL 
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Increase Supply –  
Aviation Operations 
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Acquire 50% of domestic aviation fuel requirements  


via alternative fuel blend by 2016 
GOAL 


PROGRESS: 


 Testing multiple alternative fuels 


 1.3M gals of alternative fuels purchased 


NEXT STEPS: 


 Testing third ATJ fuel pathway 


 400M gals of alternative fuel by 2016 
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Fuel Flexibility 
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Aviation Firsts 
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Alternative Fuel Testing 
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Alternative Fuel Certification 
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Air Force will be a ready consumer by 2016 
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Alternative Fuel Pricing 
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Producer Type Amount (gals) Total Cost 


(millions) 


Price 


(per gal) 


Syntroleum Corp  FT 100,000 $2.000 $20.00 


Shell Malaysia FT 281,000 $0.958 $3.41 


SASOL FT 395,000 $1.541 $3.90 


Sustainable Oil HRJ 100,000 $6.680 $66.80 


Honeywell UOP HRJ 100,000 $6.400 $64.00 


Sustainable Oil HRJ 100,000 $3.490 $34.90 


Honeywell UOP HRJ 100,000 $3.240 $32.40 


Sustainable/Dynamic 


Fuels 
HRJ 35,000 $2.056 $58.74 


Gevo ATJ 11,000 $0.649 $59.00 
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MQ-9 Reaper Field Test 


Evaluation 
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PROGRESS: 


 MQ-9 Reapers: 11  


 Total Sorties performed: 152 


 Total fuel used to date: 40,000 gallons 


NEXT STEPS: 


 Project completion date: November 2012 


 After Action Report 2013 
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Engine Longevity Testing 
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Partnership – Aviation  
Commercial Aviation Alternative Fuels Initiative (CAAFI) 
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PROGRESS: 


 Developed fuel certification process 


 Durability testing of Alternative fuels 


 United, Lufthansa and Alaska Airlines 


using alternative fuels 


  Industry and government collaborate to  


promote alternative fuels 
GOAL 
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Alternative Fuel Standards 
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 Developed fuel certification process in MIL-HDBK-510 


 Incorporated into ASTM D4054 protocol 


 Harmonized MIL-DTL-83133 with ASTM D1655 & ASTM D7566 


 Shared research data with government and CAAFI 


 Voting members of ASTM 


 Certified all commercial derivative aircraft without testing 


 Provided data to support ASTM changes 


 Partnered with FAA on engine endurance  
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Conclusion 
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“Persistence and commitment will be needed to 


provide the energy options and flexibility our 


civilians and military leaders need.  By improving 


the way DoD uses energy, we can create a more 


agile, lethal, adaptable, and effective force.” 


 
 –Secretary Michael Donley 


United States Air Force 


7 August, 2012 
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Why Do The Airlines Want Alternative 
Jet  Fuels? 


∗ Caps on Carbon Emissions 
∗ European GHG Emissions Trading Scheme (ETS) 
∗ US Energy Independence and Security Act (2007) 


∗ Fuel Supply Security 
∗ Reliance on Imported Oil 


∗ Airline Economics 
∗ Surging Fuel Expense Offsetting Labor Restructuring 


∗ Fuel Availability 
∗ Demands from Other Transportation Modes 
∗ Peak Oil Production? 
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How Do We Meet Our Targets? 
Technology, Fuels, Operations & Infrastructure 


airlines.org 


Notional Example 


Potential Role for Carbon Credits to Bridge 


Potential role for carbon credits 


Key 
Contributor 
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How Do Renewable Fuels Offset Greenhouse 
Gases? 


GHGs 
GHG


s 


Life Cycle Analyses (LCA) 
Petroleum-Derived Jet Fuel Bio-Derived Jet Fuel 



http://kalaalog.com/wp-content/uploads/2007/08/plant-big.png
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How Is the Aviation Industry 
Supporting Renewable Jet Fuels? 


www.caafi.org 


An Aviation Industry Coalition Established to… 


Facilitate and Promote the Introduction of 
Alternative Aviation Fuels 
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Who is CAAFI? 


∗ Sponsors 
∗ Airlines for America (A4A) 
∗ Federal Aviation Administration (FAA) 
∗ Aerospace Industries Association (AIA) 
∗ Airports Council International-North America (ACI-NA) 


∗ 300+ Members 
∗ Aircraft/Engine Manufacturers 
∗ Airlines (Cargo & Passenger) 
∗ Government Agencies 
∗ Military 
∗ Aviation Fuel Producers/Oil Companies 
∗ Alternative Fuel Developers/Producers 
∗ Universities/Research Organizations 
∗ Consultants 
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2010 


2009 


2011 


2012 


2013 


Approved Alternative Jet Fuels 


ASTM D7566 
Sept 1, 2009 


FT 
Sept 1, 2009 


HEFA 
July 1, 2011 


2014 


Coal 


Natural 
Gas Biomass 


Plant/Animal 
Oils 


2015 


Drop-In Fuel 
Spec 


Also Called HRJ or 
Bio-SPK 
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Airlines Are Now Flying With Drop-In 
Alternative Jet Fuels 


FT From 
Coal: 


FT From Natural Gas: 


HEFA From Plant Oils and Algae: 


1999 - Present 


July-Dec 2011 
(1,187 Flights) 


April 30th, 2010 


Nov 7th, 2011 
June 29th, 2011 Nov 2011 


(75 Flights) 


October 12th, 2009 
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But… Production Scale-Up is a Challenge 
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CAAFI Roadmap to Renewable Aviation Fuel 


Research & 
Development 


Certification & 
Qualification 


Environment 


Business & 
Economics 


Generate 
Ideas & 


Solutions 


Enable 
Supply 


Assess 
Impact 


Generate 
Demand & 


Target 
Funding 



http://kalaalog.com/wp-content/uploads/2007/08/plant-big.png
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http://kalaalog.com/wp-content/uploads/2007/08/plant-big.png
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Research & Development 


∗ Funding Research 
∗ FAA Continuous Lower Emissions, Energy, Noise (CLEEN) 


Program 
∗ Future Fuel Development 
∗ Testing of Future Fuels on Aircraft/Engines/Rigs 
∗ Advanced Jet Fuel Quality & Performance Control R&D Study 
∗ Alternative Jet Fuel Sustainability Evaluation 
∗ Materials Compatibility Study 


∗ Identifying Technology Gaps 
∗ White Paper Solicitation/Review 


∗ Developing Tools 
∗ Feedstock Readiness Level (FSRL) 
∗ Path to Fuel Readiness Guide 
∗ Fuel Readiness Level (FRL) Exit Criteria 
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Certification-Qualification: Future Fuels 


sugarcane 
Sugar 


Lignocellulose 


corn stover 


forest waste 


switchgrass 


Plant/Animal 
Oils 


Lignocellulose 


corn stover 


forest waste 


switchgrass 


Alcohol to Jet 
(ATJ) 


Direct Sugar 
to HC’s 
(DSHC) 


Hydrotreated 
Depolymerized 
Cellulosic Jet 


(Pyrolysis) 
(DHCJ) 


Catalytic 
Hydrothermolysis 


(CH) 


Other Catalytic 
Conversion 
Processes 


ARA 


KiOR 


Virent 


Amyris 


GEVO Byogy 
Coal 


FT-SKA 
SASOL 



http://earlytoday.files.wordpress.com/2008/08/woodpulp.jpg

http://earlytoday.files.wordpress.com/2008/08/woodpulp.jpg
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Environmental 


∗ Life Cycle Analysis (LCA) of Greenhouse Gases (GHGs) 
∗ Ongoing GHG Efforts at PARTNER (MIT) and Argonne National Labs 


(GREET.1.2011) 
∗ New FAA Center of Excellence (COE) for Noise, Emissions, 


Alternative Fuels 
∗ Sustainability 


∗ Evaluation of Supply Chain Impact 
∗ Environmental Progression Milestones 
∗ FAA Funding of Sustainability Study 


∗ Support Development of Future Standard Procedure  


∗ Emissions  
∗ NASA Engine and Aircraft Tests 


∗ Fuel effects on performance and emissions 
∗ Contrail ice formation 
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Business & Economics 
∗ Support of Production/Feedstock Scale-Up and Commercialization 


∗ Defense Production Act (DPA) ($510M from USDA, DOE, USN) 
∗ Farm to Fly (USDA, Airlines for America™ (A4A) and Boeing) 


∗ Generate Demand 
∗ Military-Airline Procurement Alliance (Defense Logistics Agency and A4A) 
∗ Airline Off-Take Agreements 


∗ Communication/Marketing 
∗ Berlin Air Show (September 2012) 
∗ Paris Air Show (June 2011) 
∗ Australian Air Show (March 2011) 


∗ Engagement with US States 
∗ Georgia: Center of Innovation – Energy 
∗ Hawaii: Green Initiative for Fuels Transition –Pacific (GIFTPAC) 
∗ Ohio Aerospace Institute 
∗ Washington: Sustainable Aviation Fuels Northwest (SAFNW) 


∗ Engagement with Foreign Initiatives 
∗ Germany: Aviation Initiative for Renewable Energy in Germany (aireg) 
∗ Brazil: abraba & Sustainable Aviation Biofuels Brazil (SABB) 
∗ Australia: Australia Initiative for Sustainable Aviation Fuels (AISAF) 
∗ Spain: bioqueroseno  
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Francisco E. B. Nigro 
Escola Politécnica  


Universidade de São Paulo 
Gaithersburg: Nov. 14th, 2012  


4th International Conference on Biofuels Standards: 
Current Issues, Future Trends 


Sustainable Aviation Biofuels for Brazil 
SABB Project Status 



http://www.nipeunicamp.org.br/sabb/index.php





• SABB Project 


• Brazilian Biofuels Context 


• Construction of a Roadmap for Aviation 
Biofuels in Brazil 


• Overview of Workshops (1st to 6th) 


• Workshops to come 


• Final Remarks 


 


 


Presentation Outline 



http://www.nipeunicamp.org.br/sabb/index.php





Project objective – Comprehensive gap assessment 
of the technological, economic and sustainability 
challenges and of the opportunities to implement a 
sustainable aviation biofuels industry in Brazil 
Methodology – Convene a broad-based stakeholder 
group to create a high level roadmap that builds on 
local and international knowledge in a series of 
workshops for: 


• Scenario building and discussion 
• Biophysical and techno-economic  analysis 
• Preparation of a public report with inputs for research, 
business and policy agendas 


Project duration – 10 months starting on April/2012 


SABB Project 



http://www.nipeunicamp.org.br/sabb/index.php





Stakeholders 



http://www.nipeunicamp.org.br/sabb/index.php





Brazilian Biofuels Context 


• The green scenario for 2020 supposes that Brazil will be using B10 in 
all diesel fuel sold in the country, that 88% of the new autos sold will 
be flex-fuel and that hydrous ethanol will be priced competitive 
enough with gasohol to allow flex-fuel vehicles fleet to run 45% of 
time directly on ethanol. 


Jet fuel tanked in Brazil  – 240 PJ   



http://www.nipeunicamp.org.br/sabb/index.php





Brazilian Biofuels Context 


ANP presentation 


Ethanol Production 



http://www.nipeunicamp.org.br/sabb/index.php





Brazilian Biofuels Context 


• The green scenario for 2020 supposes that the we will be using B10 
in all diesel fuel sold in the country, that 88% of the new autos sold 
will be flex-fuel and that hydrous ethanol will be priced competitive 
enough with gasoline to allow flex-fuel vehicles fleet to run 45% of 
time on ethanol. 


ANP presentation 


Biodiesel Production 


Typical Feedstock 
Soybean  - 80% 
Tallow – 14% 
Cotton seed – 3% 
Other – 3% 



http://www.nipeunicamp.org.br/sabb/index.php





Brazilian Biofuels Context 


ESALQ- USP Presentation ; IBGE 2005 


Land Occupation 



http://www.nipeunicamp.org.br/sabb/index.php





Problem 
Develop a sustainable aviation biofuel, with high GHG mitigation 
potential, that meets jet fuel performance requirements, requires 
no changes to airplanes, engines or infrastructure, and can be 
mixed or alternated with petroleum based jet fuel. 


Scope 
Identify the existing gaps or challenges involved in sustainable 
biofuels for aviation and create a public report that: 
• Identifies barriers and opportunities 
• Identifies alternative paths and actions to be pursued with respect 
to feedstocks, processing and delivery 
• Identifies economic and environmental sustainability levels 
• Provides a fact based input for future research agenda, business 
and policy decisions 


Leadership, sponsorship and resources 
SABB Steering Committee, Stakeholders and Research Team; 
Workshops. 


Construction of a Technology Roadmap 
for Aviation Biofuels 



http://www.nipeunicamp.org.br/sabb/index.php





1st Workshop: Project Overview – 
FAPESP, São Paulo, April 25th & 26th 



http://www.nipeunicamp.org.br/sabb/index.php

http://www.nipeunicamp.org.br/sabb/index.php





1st Workshop: Project Overview – 
FAPESP, São Paulo, April 25th & 26th 



http://www.nipeunicamp.org.br/sabb/index.php





Themes of Workshops 
2nd – Feedstocks 
3rd – Refining Technologies 
4th – Sustainability 
5th – Policy and Incentives 
6th – Logistics and Support 
7th – R&D and Commercialization Gaps 
8th – Briefing  to Stakeholders 
9th – Project Conclusion 


1st Workshop: Project Overview – 
FAPESP, São Paulo, April 25th & 26th 



http://www.nipeunicamp.org.br/sabb/index.php





Sucrose/starch bearing 
Sugarcane 
Sweet Sorghum  
Cassava 
 


Oil bearing 
Soybean 
Palm 
Jatropha 
Camelina 
Photosynthetic Algae 
Sunflower  
Peanut 
Rapeseed 
Other Palm Trees 


 
 


2nd Workshop: Feedstocks – ESALQ, 
Piracicaba, May 22nd & 23rd 


Lignocellulosis 
Eucalyptus  
Paulownia  
Sugarcane Bagasse  
Grasses 
Forestry  & Wood Residues 
Industrial Forestry Residues 
Agricultural Residues 
 


Wastes 
CO-rich Gases,  
Municipal Solid Waste,  
Used Cooking Oil,  
Tallow 
Sewage 


 


 


 Feedstocks Evaluated 
 



http://www.nipeunicamp.org.br/sabb/index.php





2nd Workshop: Feedstocks – ESALQ, 
Piracicaba, May 22nd & 23rd 


Sugarcane without 
Irrigation 


Center- South Region Locations 


2011 
Sugarcane – 620 Mt 
Planted Area – 9 Mha 
Sugar – 38 Mt 
Ethanol – 27 Mm³ 
Electricity – 1 GWavg 
Total Energy – 600 PJ CTC & NIPE (2006) 



http://www.nipeunicamp.org.br/sabb/index.php





2nd Workshop: Feedstocks – ESALQ, 
Piracicaba, May 22nd & 23rd 


Soybean Plantations  


Legend 
Soybean crushers 


Soybean Production (10³t) 
Sub-regions - 2010 2011 


Soybean – 69 Mt 
Planted Area – 25 Mha 
Potential Oil – 13 Mm³ 
Potential Energy – 480 PJ 


ESALQ-LOG (2010) 



http://www.nipeunicamp.org.br/sabb/index.php





2nd Workshop: Feedstocks – ESALQ, 
Piracicaba, May 22nd & 23rd 


Forest Plantations  


Planted Area by Companies (ha) 


2011 
Eucalyptus – 4.7 Mha 
Pinus – 1.8 Mha 
Paper Mills  – 45 Mm³ 
Saw Mills – 26 Mm³ 
Energy  Use – 128 Mm³ 
Total Energy – 830 PJ source: Statistical Yearbook 2012, ABRAF 



http://www.nipeunicamp.org.br/sabb/index.php





3rd Workshop: Process Technology – 
UNICAMP, Campinas, July 11th & 12th 



http://www.nipeunicamp.org.br/sabb/index.php





3rd Workshop: Process Technology – 
UNICAMP, Campinas, July 11th & 12th 



http://www.nipeunicamp.org.br/sabb/index.php





4th Workshop: Sustainability – FIEMG, 
Belo Horizonte, August 22nd & 23rd 


Evaluation of Social, Environmental and Economic aspects 
of Sustainability for principal feedstock of each class: 


Sugar/starch; Oil bearing; Cellulosic; and Wastes 
 


 


Large organized production sectors shown to be more law 
compliant than small farm agriculture: Importance of 
treating Sustainability as a Process and not a Snap Shot 


Laws and International 
Conventions 
Land Rights 
Employment, Wages and Labor 
Conditions 
Human Health and Safety 
GHG emissions 
Biodiversity and Ecosystems 
Soil 
Water 
Air 
Waste 


Crop Management and 
Agrochemical Use 
Direct Land Use Changes 
Social and Environmental Impact 
Assessment 
Rural and Social Development 
Contractors and Suppliers 
Engagement and Communications 
with Stakeholders 
Economic Viability and Production 
and Processing Efficiency 
Food Security 



http://www.nipeunicamp.org.br/sabb/index.php





5th Workshop: Policy & Incentives – 
Embrapa, Brasilia, Sept. 12th & 13th 


Objective: Analyze and discuss the relevant 
institutional aspects, such as the government 


role on regulatory and incentive issues 
• ANP – ”National Agency of Petroleum, Natural Gas and 
Biofuels” is revising ANP ACT 37/2009 to allow the commercial 
use of jet biofuels that conforms with ASTM D7566 
• BNDES –”National Bank for Development” is financing 
demonstration and industrial plants that can produce jet 
biofuel in Brazil 
• FINEP – the federal government “Studies and Projects 
Finance Organization” has several credit lines for stimulating 
science, technology and innovation both in research 
institutions and private companies. 
• FAPESP – “Sao Paulo Research Foundation” is a major 
stakeholder of this project through BIOEN (Bio-energy 
Program) and intends to support a FAPESP CEPID (Research, 
Innovation and Dissemination Center) on the subject. 



http://www.nipeunicamp.org.br/sabb/index.php





5th Workshop: Policy & Incentives – 
Embrapa, Brasilia, Sept. 12th & 13th 


Demonstration Flights during Rio+20 
• Gol Airlines flew from São Paulo a Boeing 737-800 on a 
Bio-SPK HEFA/Jet A1 blend according to ASTM D7566 
• Azul Airlines flew from Viracopos an Embraer 195 on a 
blend of DSHC (Direct Sugar to Hydrocarbon)/ Jet A1, 
produced in the country by Amyris 



http://www.nipeunicamp.org.br/sabb/index.php





Jet Fuel Production 


6th Workshop: Logistics & Support – 
ANP, Rio de Janeiro, Oct. 17th & 18th 


In 2011 Brazil imported 23% of 
jet fuel tanked in the country 



http://www.nipeunicamp.org.br/sabb/index.php





6th Workshop: Logistics & Support – 
ANP, Rio de Janeiro, Oct. 17th & 18th 


Jet Fuel Consumption 


The pinpointed sites respond for 
88% of jet fuel consumption and 


most of them have a nearby 
supply source 



http://www.nipeunicamp.org.br/sabb/index.php





Next Workshops and Final Remark 


• R&D and Commercialization Gaps – Nov. 
28th & 29th   
• Briefing  to Stakeholders – Dec. 12th & 13th 


• Project Conclusion – Feb/2013 
 


The Roadmap construction process has 
been essential to coordinate the actions of 


government and private sectors to 
implement a sustainable aviation biofuels 


industry in Brazil 



http://www.nipeunicamp.org.br/sabb/index.php
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