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Biojet fuels
 Aviation is one of the strongest growing transport sectors:
 Current worldwide consumption of aviation is about 200 million
tonnes kerosene per annum
 In the period up to 2050, worldwide aviation is expected to grow by
4.5% annually.
 If fuel consumption and CO2 emissions were to grow at the same
rate, CO2 emissions by worldwide aviation in 2050 would be nearly
six times their current figure
 Historically, significant fuel efficiency gains have been achieved by
operational improvements and by technical progress (e.g. more
efficient engines, lighter airframes).
 As a consequence, aviation fuel consumption is forecast to grow by
3% annually.
 Even this implies a more than tripling of CO2 emissions by 2050.
Source: Achieving 2 million tons of biofuels use in aviation by 2020
http://ec.europa.eu/energy/technology/events/2011_05_18_biofuels_in_aviation_en.htm )

Biojet fuels
 IATA members have pledged the following goals:
 Improve fuel efficiency by 1.5% per year during the subsequent
decade
 Make all industry growth carbon-neutral by 2020
 Reduce net CO2 emissions by 50% by 2050, compared with 2005
levels

 Renewable Energy Directive (RED) applies also to biofuels
used in aviation
 Biofuels used in aviation count towards meeting the RED
target
 There is widespread recognition that biofuels are expected
to play a key role in achieving these goals.
http://ec.europa.eu/energy/technology/events/
2011_05_18_biofuels_in_aviation_en.htm

Biojet fuels: critical issues
 Drop in fuel:
 the globalization of demand and stringent conditions of use and
safety standards imposes the “drop-in” concept
 meet all the key properties of petroleum derived aviation fuel
(flash point, cold temperature performance, etc)
 mixed with conventional jet fuel, can use the same supply
infrastructure
 do not require adaptation of aircraft or engines
 Specification for biofuels drop-in is ASTM D405 (Standard
Practice for Qualification and Approval of New Aviation Turbine
Fuels and Fuel Additives
 GHG calculations
 Must attend the GHG reduction goals
 Food versus fuel debate
 Production of biojet fuel can not impact food supply
 Environmental impacts
 shall control loss of biodiversity, soil erosion, soil and water pollution
 Biojet fuels must be compliant with sustainability criteria

Sustainability Concerns
Sustainability Concerns
 Social and environmental agendas gained importance in recent years, especially within
the international context of the food versus fuel debate
 There is a need to demonstrate that the expanded use of biofuels (as replacements for
fossil fuels) will reduce greenhouse gas emissions
 Biofuels have to meet a number of environmental, social, and economic criteria, as
dictated by the main international certification standards, as a way of demonstrating their
sustainability

Environmental, social and economic aspects of biofuel and bioenergy production

Source: Technological Roadmap. Biofuels for transport. OECD/IEA, 2011

Biojet fuels
Demonstration and comercial flights
 Proven technology that converts bio-derived materials into synthetic kerosene
has already been developed and approved for use
 Many demonstration and commercial flights have been staged, involving more
than 20 airlines worldwide, flying with jet fuel made out of a variety of feedstock
including used cooking oil and oil crops such as rapeseed, jatropha, camelina,
and palm oil
 During the Conference Rio+20, two Brazilian airlines made demonstration
flights employing biofuels.
 Azul Airlines flew an EMBRAER E-195 using a drop-in renewable jet fuel
produced in Brazil from sugarcane by Amyris.
 Gol Airlines flew with a BOEING 737-800 using jet fuel blended with biofuel
derived from corn oil and used cooking oil supplied by UOP
 Previously in 2010, TAM had already tested a jet fuel containing 50% of fuel
made with jatropha seeds produced in Brazil
Source: A Flightpath to Aviation Biofuels in Brazil: Action Plan. SABB Project:
an initiative of BOEING/EMBRAER/UNICAMP and FAPESP. To be published

Project: Sustainable Aviation Biofuel Brazil
October 2011
 BOEING, EMBRAER (a Brazilian aerospace conglomerate that produces
commercial, military, and executive aircraft) and FAPESP (São Paulo
Research Foundation, one of the most important institution of research
promotion funds for the Scientific and Technological development in Brazil)
signed an agreement to investigate how could Brazil be part of the aviation
industry endeavor
 The Sustainable Aviation Biofuels for Brazil Project was financed primarily by
FAPESP, BOEING, EMBRAER, and UNICAMP
 In addition the Project also counted with the sponsorship of stakeholders listed
below:
ACA, AIAB, Amyris, ANAC, Andritz, ANP, APTTA, Azul, Bioeca, Byogy,
DCTA/ITA, Embrapa, Ergostech, GE/GRC, GOL, IAC, IFAD, INPE,
Lanzatech, Life, Mount Rundle, Neste Oil, NWF, Oleoplan, PETROBRAS,
P&G, RSB/EPFL, SG Biofuels, Sindicom, Solazyme, Terrabon, UNIFEI,
UOP, USP, Weyerhauser Solutions, WWF, 4 CDM

 Final Report: By end of May, 2013
"Any opinions, findings, and conclusions or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect the views of the
funding parties, including The Boeing Company and Embraer S.A.”

Sustainable Aviation Biofuels for Brazil Project
The main objectives of the project are:
 To develop a Roadmap to identify the gaps and barriers related to the
production, transportation and use of biofuels for aviation in Brazil
 Although some companies are already producing and selling biofuels for
aviation to be used in mixture with fossil jet fuels, aviation biofuels have
not been thoroughly used, and a fully commercial industry has not yet
been developed
 To create the basis for a Research & Innovation Center – CEPID for aviation
biofuels co-financed by FAPESP, BOEING, EMBRAER and other companies
and create a research center to overcome the identified barriers
 To develop a sustainable aviation biofuel, with high GHG mitigation potential
 Establish the foundation to launch a new and innovative industry in Brazil to
produce sustainable biofuels for aviation
Source: A Flightpath to Aviation Biofuels in Brazil: Action Plan. Sustainable
Aviation in Brazil Project: an initiative of BOEING/EMBRAER/UNICAMP and
FAPESP. To be published

Sustainable Aviation Biofuel Brazil Project
Eight workshops were held in Brazil during 2012:
 Project Overview
 Feedstocks (sucrose, oil, cellulosic, waste)
 Refining Technologies
 Sustainability (gaps to compliance)
 Policies and Incentives
 Logistics and Transport
 R&D gaps
 Briefing to Stakeholders

Biojet fuels
Main biomass sources of feedstocks
 Sucrose
 Sugarcane, cassava, sweet sorghum
 Cellulosic
 Agricultural residues (straw, grasses)
 Forestry wood residues and industrial forestry residues (pulp,
sawdust, bark)
 Co-products: Cane bagasse
 Oil-bearing
 Soybean, palm, camelina, jatropha, sunflower, peanut, camelina,
sunflower, rapeseed, other native palm trees
 Photossynthetic algae
 Used Cooking oil
 Tallow
 Waste
 Municipal solid waste
 Flue gas
 sewage

Roadmap Methodology
Main components of the Technology Road Map (TRM) process:
Feedstock, Refining Technologies and Logistics, including Sustainability
as a critical issue to be considered in the process.

Source: A Flightpath to Aviation Biofuels in Brazil: Action Plan. Sustainable
Aviation in Brazil Project: an initiative of BOEING/EMBRAER/UNICAMP and
FAPESP. To be published

Biojet fuels
Conversion and refining technologies
 Current technologies allow conversion of biofeedstocks to dropin fuel
 gasification
 rapid pyrolysis
 solvent liquefaction
 enzymatic hydrolysis of cellulosics and lignocellulosics,
alcohol oligomerization to jet fuel (ATJ)
 hydroprocessing of esters and fatty acids (HEFA)
 fermentation of sugars and wastes (i.e., municipal solid
waste, flue gases, industrial wastes) to alcohols,
hydrocarbons and lipids
 all these technologies shall be considered for the production of
jet biofuel
Source: A Flightpath to Aviation Biofuels in Brazil: Action Plan. SABB Project: an
initiative of BOEING/EMBRAER/UNICAMP and FAPESP. To be published.

Sustainable Aviation Biofuels for Brazil Project
Workshop IV: Sustainability
 Aimed to enhance the discussion on sustainability of
biofuels for aviation, related to environmental, social,
economic, and institutional aspects
 Focus on feedstock groups (sucrose, oils, cellulosic,
waste) rather than industrial process
– Most sustainability issues are related to feedstock production/
processing rather than refining technologies

 Use of most known sustainability criteria for analysis (RSB,
Bonsucro, ISCC)
– They are focused especially on:
GHG emissions reductions
• Impacts on water and biodiversity
• minimization of socio-economic impacts.
•

Sustainable Aviation Biofuels for Brazil Project
Methodology
The sustainability
requirement will have
positive or negative
impacts on the
Business Plan the
economic agents
have today?

The sustainability
requirement will have
positive or negative
impacts on the level
of commercial risks
the economic agents
operate today?

Financial
Impacts

Compliance

Commercial
Impacts

Technical
Impacts

How difficult it is to
be compliant (or
keep being
compliant) with each
sustainability
requirement?

The sustainability
requirement will have
positive or negative
impacts on the level
of technical risks the
economic agents
operate today?

Sustainability Requirements
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	
  

Sustainable Aviation Biofuels for Brazil Project
Sustainability gaps
Major sustainability gaps and issues identified during the IV Workshop:
General issues
 Food vs. Fuel debate: in Brazil, there is enough land to produce
food and biofuels
 agricultural expansion in degraded pasture areas
 there are synergies between production of biofuel and food
 According Nassar (2013) some characteristics of the Brazilian
agriculture suggest that the indirect effects caused by the expansion
of biofuels, both in terms of emissions associated to land use
change and of impacts on food prices and food security, have
not been seen as major concern in Brazil:
 Brazilian agriculture is facing process of intensification and
efficiency gains with increasing yields in crops and livestock
 There still is a lot of space for intensifying cattle production in
Brazil. Technical yields such as slaughter age, calves birth rate
and meat produced per hectare are still low in Brazil

Sustainable Aviation Biofuels for Brazil Project
Sustainability gaps
Food vs. Fuel debate:
 Brazil has developed a double cropping system allowing the integration
of soybean and corn in the same year. The double cropping is already
responsible for half of the total corn production and since 2000 all corn
production expansion has taken place as a second crop
 The expansion of sugarcane for ethanol, although very strong, has not
undermined the expansion of other annual and perennial crops.
Therefore, rather than food versus fuel, the reality in Brazil shows a
food and fuel situation
 Specifically for sugarcane, rotational systems, with the cultivation of
oilseeds in the area under renovation, is also promoting the food
and fuel situation
 Internationally: there is a misunderstanding of the brazilian
conditions

Sustainable Aviation Biofuels for Brazil Project
Sustainability gaps
Major sustainability gaps and issues identified during the IV Workshop:

General issues


Compliance with national laws and regulations:


great number of rules and laws, sometimes conflicting and
more strict than sustainability requirements



lack of knowledge on how to apply laws



adaptation of laws to rural context (especially labor laws),
legal uncertainty (e.g., forest code)



scale (difficulty for small producers to comply): compliance
with sustainability standards requires investments, which
may be a barrier for smaller producers.

Sustainable Aviation Biofuels for Brazil Project
Knowledge gaps
Major knowledge gaps identified during the Project:



Knowledge gaps:




Economic sustainability: lack of data on costs of biojet fuels
since there is no scale production in Brazil

Methodologies for calculating ILUC and GHG emissions:
widespread discussions on methodologies for calculation and
variation across countries and processes

Sustainable Aviation Biofuels for Brazil Project
General findings and recommendations
 Positive aspects: job creation, income generation, regional development
 Reduction in GHG emissions compared to fossil fuels,
 Need for a clear price policy for biofuels: in order to make the production
economically sustainable and to attract private investments and promote the
use of jet biofuels
 Development of protocols and standard methodologies for GHG and ILUC
calculations
 Continuous improvement and development of sustainability standards and
criteria
 Harmonization of standards among themselves and with national standards:
minimization of conflicts and promotion of more sustainable operations

Sustainable Aviation Biofuels for Brazil Project
Research Team:
Luís Augusto Barbosa Cortez, FEAGRI & NIPE/UNICAMP (Project
coordinator);
Francisco Emílio Baccaro Nigro, EPUSP/ Fuels & Engines and
Logistics (project co-coordinator);
André M. Nassar, ICONE/ Land Use & Sustainability, LCA;
Heitor Cantarella, IAC/APTA/Agriculture Sustainability;
Luiz Augusto Horta Nogueira, UNIFEI/ Biofuels Legislation & Policies;
Márcia Azanha Ferraz Dias de Moraes, ESALQ/USP/Social Aspects
& Sustainability;
Rodrigo Lima Verde Leal, NIPE/UNICAMP/Roadmap Specialist;
Telma Teixeira Franco, FEQ/UNICAMP/ Refining Technologies;
Ulf Schuchardt, IQ/UNICAMP/Refining Technologies.

Coordinator of the Labor Market Research and Extension Group

http:www.esalq.usp.br/gemt
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