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[bookmark: _Toc472502264][bookmark: _Toc57627119]Table A.1: SWOT analysis of emerging SAF production pathways.
	Production pathway
	Strengths
	Weaknesses
	Opportunities
	Threats

	Pyrolysis 

(Also known as HDCJ)
- Fast pyrolysis exposes small biomass particles of about 3mm in length to heat at about 500ﹾc. [3]

	- It can be done in existing oil refineries 
-Research shows evidence for production of drop-in jet fuel.
[10]
- Feedstocks can be quite heterogeneous. [5]

	- Broad outcomes from pyrolysis
- Catalyst used in upgrading are deactivated due to high water and oxygen content of the pyrolysis oil. 
	- Feedstock abundance – lignocellulosic biomass is widely available and also 6300 Mt of plastic waste generated as of 2015.
[11]
- UK strength in fast pyrolysis research at many institutions. [5]
	- Requires several upgrading technologies to improve the quality of bio-oil. 
[12]
- Closure of many pilot plants due to weak market conditions.
[13]
- FCC Carbon conversion of crude pyrolysis oil into liquid biofuels is only currently ~30%. [5]

	Aqueous Phase reforming (APR)

Hybrid route taking biochemical conversion of lignocellulosic feedstocks while synthesis takes place via catalysis.[3]
	-Hydrophobic Alkane products easily separated from the aqueous phase saving energy without additional distillation.
[14]
- More efficient and environmentally friendly than other pathways.
	- Failed ASTM certification due to flash point, inadequate removal of light components and density due to low aromatic content.
	- ASTM testing is underway. Virent working with Shell on development of Jet fuels and university research. Jet production should follow soon after core aqueous phase reforming technology is proven for gasoline production. Types of reactors have been scaled in the past. [15]
	-Only pursued by one or two developers so vulnerable to financial difficulties.
-Catalyst selectivity, tolerance and poisoning is a challenge.
- TRL 4-5, in development.
- Upgrading needs to be proven beyond the lab

	HTL – Hydrothermal Liquefaction  [5]
(Also known as CH – Catalytic hydrothermolysis)
- Conversion of wet biomass into liquid fuel in a hot, pressurized liquid water environment, then upgraded to fuel by hydrotreating.
	- Less extensive upgrading then pyrolysis oils
- High Lipid concentration not required [16]
- Highly efficient chemistry 
- HTL oils have High energy content (33-36 MJ/Kg), low oxygen contents and great stability.
	- TRL 4.
- Experience of upgrading HTL oils is limited to lab scale.
- High processing of recycling costs of wastewater.
	- Upgrading step could use standard refining processes.
- HTL oils expected to be used at high blend %.
- Use of wet feedstock
- Wide variety of feedstocks and products [17]

	- More testing required for 2G sugars to optimise yield
-  5-10 Years behind Pyrolysis oils
- High pressure requirements of biocrude will impact their potential for scale-up [3]


	Aerobic fermentation of 2G sugars to hydrocarbons [5]

- 2G Sugars are extracted by biomass pre-treatment technologies  and then biologically converted by aerobic fermentation 
	- Fermentation process of 1G sugars at TRL 8 with first commercial plants and ramping up

	- So far TRL 5
- Low maximum theoretical yields as oxygen has to be removed entirely and microbes have to grow and live on sugars.


	- Scale up of plants to achieve higher yields
- GM of microbes to utilise new sugar metabolic pathways

	- No UK industrial actors currently working on aerobic fermentation technologies
- Highly sensitive to feedstock prices
- Adaptation of microbes for 2G
- Max theoretical yield mass is 30%
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[bookmark: _Toc57627120]Table A.2: International sustainable aviation fuel initiatives.
	Country/Region
	Project/Initiative
	Year
	Objective
	Technology/Pathway
	Partners
	Website

	Australia
	Queensland Sustainable Aviation Fuel Initiative (QSAFI)
	2010 – 2013
	Facilitating construction and operation of a sustainable biofuel manufacturing facility in Queensland.
	· Sugar-to-alkane
· Microalgae
· Oleaginous
	· Australian Institute for Bioengineering and Nanotechnology and the Institute for Molecular Biosciences (The University of Queensland)
· James Cook University
· Boeing Research & Technology - Australia, 
· Virgin Australia 
· Mackay Sugar Limited 
· General Electric
· IOR Energy
· Amyris
	http://www.aibn.uq.edu.au/qsafi


	Australia
	Australian Initiative for Sustainable Aviation Fuels (AISAF)
	2012-2015
	Collaborating with USA and other countries in supporting the development of supply chains for sustainable aviation fuels in Australia.

	· All
	· Air New Zealand
· Qantas Airways
· Virgin Australia
· Airbus
· Boeing
· GE
· Baker & McKenzie
· CSIRO
· Queensland Sustainable Aviation Fuels Initiative
· Australian Government
· The United States Studies Centre at the University of Sydney
· CAAFI
	www.aisaf.org.au​


	Australia
	Sustainable Mallee Jet Fuel Project
	2012-2014
	Conducting sustainability assessment of the proposed value chain for the growing and conversion of mallee biomass to jet fuel and other biofuels.
	· Lignocellulosic feedstock
· Pyrolysis
	· Airbus
· Axens
· Dynamotive Energy Systems Corporation (Dynamotive)
· Future Farm Industries Cooperative Research Centre (CRC)
· GE
· IFPEN
· Renewable Oil Corporation (ROC)
· Virgin Australia​
	http://www.futurefarmonline.com.au/research/new-woody-crops/sustainable-jet-fuel.htm


	Australia
	Qantas and Shell Aviation Biofuel Feasibility Study 
	2013
	Identifying environmental and economic challenges of the development of an Australian sustainable aviation fuel industry. ​
	· FT
· HEFA
	· Qantas
· Shell Australia 
· SKM (Sinclair Knight Merz)
· SkyNRG
· AltAir Fuels
· Solena
· ARC Centre of Excellence in Plant Cell Walls, University of Adelaide​
	http://www.qantas.com.au/infodetail/about/environment/aviation-biofuel-report.pdf


	Australia, New Zealand
	Flight Path to Sustainable Aviation Fuels
	2010-2011
	Investigating possible pathways to the development and commercialisation of sustainable aviation fuels industry in Australia and New Zealand.
	· All
	· CSIRO
· Air New Zealand
· Qantas 
· Virgin Australia
· Boeing 
· Airbus 
· Defence Science and Technology Organisation
· Biofuels Association of Australia
· Brisbane Airport
· Caltex
· GE 
· Macquarie
· Office of Trade
· Business & Industry
· NSW Government
· Pratt & Whitney
· Royal Aeronautical Society
· Rolls-Royce
· The Climate Group
· Honeywell UOP
	​http://www.csiro.au/science/Sustainable-Aviation-Fuels-Road-Map#a1


	Brazil
	ABRABA
	2010 – now
	Streamlining the development, certification and commercial production of sustainable biofuels for aviation.
	· All
	· Algae Biotechnology
· Amyris Brazil
· the Brazilian Association of Jatropha Producers (Associação Brasileira dos Produtores de Pinhão Manso – ABPPM)
· the Brazilian Aerospace Industry Association (Associação das Indústrias Aeroespaciais do Brasil – AIAB)
· Azul Brazilian Airlines 
· Embraer
· GOL Airlines
· TAM Airlines
· TRIP Airlines
· the Brazilian Sugarcane Industry Association (União da Indústria da Cana-de-Açúcar – UNICA)
	​http://www.abraba.com.br/en-US/Pages/home.aspx

	Brazil
	Sustainable Aviation Biofuels for Brazil (SABB)
	2012 - 2013
	Identifying challenges and opportunities for implementing an aviation biofuels industry in Brazil.
	· All
	· Boeing
· Embraer
· FAPESP
· Unicamp
· AIAB
· Amyris
· ANAC
· Andritz
· ANP
· APTTA
· Bioeca
· Byogy
· Climate Solutions
· CTBE
· Embrapa Agroenergy
· Ergostech
· GE
· GOL
· IAC/APTA/SP
· IAE/DCTA
· ICONE
· ITA/DCTA
· Lanzatech
· Life Technology
· Mount Rundle
· Neste Oil
· National Wildlife Federation
· Oleoplan
· Petrobras
· RSB
· SGB
· Sindicom
· Solazyme
· Unifei UOP
· USP
· Weyerhaeuser Solutions
· WWF
· 4 CDM
	http://www.nipe.unicamp.br/sabb/


	Brazil
	Brazilian Biojetfuel Platform (BBP)
	2012 – now

	Structuring a global collaborative initiative focused on biomass production, logistic optimisation and distributed processing to support the implementation effort of the Carbon Neutral Growth from 2020 (CNG2020).​
	· All
	· ABEAR 
· UBRABIO 
· Boeing 
· GE 
· GOL Airlines  

	http://cdieselbr.com.br/


	Canada
	Technical Feasibility of Bio-Based Jet Fuel Production in Canada
	2013 - 2014
	Investigating potential biojet feedstocks in Canada and identifying the most promising domestic production pathways by 2020 and beyond.
	· All
	· Airbus
· Air Canada
· BioFuelNet Canada
· Torchlight Bioresources
	n/a

	Canada
	BioFuelNet's Aviation Task Force
	2015 - 2017
	Addressing the challenges in advanced biofuels production, such as policy and availability of suitable and inexpensive feedstock.
	· Advanced biofuels
	· Air Canada
· Boeing
· CAAFI
· ASCENT
· Transport Canada
· National Research Council, 
· IATA
· SkyNRG
· Waterfall Group
· Fraunhofer Institute 
· Canadian universities
	http://www.biofuelnet.ca/


	Europe
	Sustainable Way for Alternative Fuels and Energy In Aviation (SWAFEA)
	2009 – 2011
	Developing a comparative analysis of different fuels and energy-carrier options for aviation, proposing a roadmap for their deployment in order to facilitate and support future policy decisions.
	· All
	· Airbus
· AirFrance
· Altran
· Bauhaus Luftfahrt
· Cerfacs
· Concawe
· DLR
· EADS-IW
· Embraer
· Erdyn
· IATA 
· INERIS
· IFPEN
· ONERA
· Plant Research International (WUR)
· Rolls-Royce UK and Deutschland
· Shell
· Snecma
· University of Sheffield
	http://www.swafea.eu/


	Europe
	European Advanced Biofuels Flight Path
	2011 – now

	Defining a roadmap with clear milestones in order to achieve a target of 2 million tons of sustainable biofuels used in European civil aviation by 2020.
	· All
	· Airbus
· AirFrance/KLM
· Biomass Technology Group 
· British Airways 
· European Commission (DG Energy)
· Lufthansa
· Neste Oils
· UOP
· UPM
· Chemtex Italia
	http://ec.europa.eu/energy/renewables/biofuels/flight_path_en.htm


	Europe
	Alfa-Bird
	2008 – 2012
	Developing an assessment of a selection of alternative fuels for aviation.
	· All
	· European Virtual Institute for Integrated Risk Management (EU-VRi) 
· Airbus
· Avio
· CNRS
· Technologica
· Dassault Aviation
· DLR
· INERIS
· LISBP
· IFPEN
· Lesaffre
· MTU
· Onera 
· Rolls-Royce
· Sasol
· Shell
· Snecma
· University of Sheffield 
· Unikarl 
· Gratz Technical University 
· University of Toronto
· INRA
	www.alfa-bird.eu-vri.eu


	Europe
	Initiative Towards Sustainable Kerosene for Aviation (ITAKA)
	2012 – 2016
	Developing a full value-chain in Europe to produce sustainable Synthetic Paraffinic Kerosene (SPK) at a large enough scale to allow testing in existing logistic infrastructures and in normal flight operations in Europe.
	· Oleaginous 
· Hydroprocessing
	· SENASA
· AirBP
· Airbus group
· Asociatia Centrul de Biotechnologiimicrobiene
· Avinor
· Compañía Logística de Hidrocarburos
· École Politechnique Federale de Lausanne
· Embraer
· Lufthansa
· The Manchester Metropolitan University
· Neste Oil
· SAS
· SkyEnergy
· Camelina Company España
· Consorzio per la Ricerca e la Dimostrazione Sulle Energie Rinnovabili​
· KLM Royal Dutch Airlines
· USAMVB (Universitatea de Ştiinte Agronomice şi Medicină Veterinară Bucureşti)
	www.itaka-project.eu


	Europe
	CORE-JetFuel
	2013-2016
	Supporting the European Commission in its dynamic and informed implementation of research and innovation projects in the field of sustainable alternative fuels for aviation. It links initiatives and projects at the EU and Member State level, serving as a focal point in this area to all public and private stakeholders.
	· All
	· Fachagentur Nachwachsende Rohstoffe e.V. - FNR (Germany)
· Bauhaus Luftfahrt - BHL (Germany)
· Servicios y Estudios para la Navegacion Aerea y la Seguridad Aeronautica - SENASA (Spain)
· IFP Energies Nouvelles - IFPEN (France)
· WIP Renewable Energy - WIP (Germany)
· EADS Innovation Works (France)
	www.core-jetfuel.eu


	Europe
	SOLAR-JET: Solar chemical reactor demonstration and Optimization for Long-term Availability of Renewable JET fuel
	2011-2015
	Demonstrating the full solar thermochemical process at laboratory scale and further assess the technology gaps, as well as the technological and economic scalability.
	· Solar fuel
	· ETH Zürich
· Bauhaus Luftfahrt
· Deutsches Zentrum für Luft- und Raumfahrt (DLR)
· Shell Global Solutions
· Shell Research
· ARTTIC
	http://www.solar-jet.aero/


	Germany 
	Aviation Initiative for Renewable Energy in Germany (AIREG)
	2011 - now
	Promoting the development and use of renewable liquid fuels in order to help achieve the carbon reduction targets of the aviation sector.  Targeting to replace 10% of the German jet fuel demand with sustainable, alternative aviation fuels by 2025.
	· All
	· AFS Aviation Fuel Services GmbH
· Airbus Group
· Bauhaus Luftfahrt e.V.
· Condor Flugdienst GmbH
· Deutsche Energie Agentur GmbH (dena)
· Deutsche Lufthansa AG
· Deutsche Post AG DHL
· Deutsche Shell Holding GmbH
· Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR)
· DVB Bank SE, Flughafen München GmbH
· Forschungszentrum Jülich GmbH
· Fraunhofer Institut für Bauphysik (IBP)
· Global Bioenergies S.A.
· ISCC System GmbH
· Jatro Solutions GmbH
· Karlsruher Institut für Technologie (KIT)
· Leuphana Universität Lüneburg
· Linde AG 
· MTU Aero Engines GmbH
· Neste Renewable Fuels Oy
· OMV Refining & Marketing GmbH
· Phytolutions GmbH
· RWTH Aachen
· The Boeing Company
· TOTAL Deutschland GmbH
· TU Hamburg-Harburg
· IUE
· TU München 
· TUIfly GmbH
· Clean Carbon Solutions
	​http://www.aireg.de/en/​


	Germany
	BurnFAIR project
	2011
	Evaluating the consequences on engines health and the potential operational issues that may not have been identified in previous lab-tests and singular flights.
	· Oleagenous
· Hydroprocessing
	· Lufthansa
· DLR
· Technical University of Hamburg-Harburg
· Technical University of Münich 
· Bauhaus Luftfahrt
· Airbus Operations GmbH
· EADS 
· MTU Aero Engines 
· German Biomass Research Center
· Hamburg Airport
	http://www.puresky.de/en/#


	Indonesia
	Indonesian Aviation Biofuels and Renewable Energy Task Force (ABRETF)
	2014 – now
	Reducing GHG emissions through utilisation of sustainable alternative fuels and renewable energy. The mid-term goal is to reinforce Indonesian utilisation of bio-jet fuel by 2018.
	· HEFA (short-term)
· All (mid-term)
	· Ministry of Transportation
· Ministry of Energy and Mineral Resources
· Ministry of Finance 
· National Development Planning Agency
· Angkasa-Pura (airport operator)
· AirNav
· Garuda Indonesia
· Indonesia AirAsia
· IATA
· Indonesian National Air Carriers Association (INACA)
· Pertamina
· UOP Honeywell
· APROBI 
· Bandung Institute of Technology
· University of Indonesia
· Padjadjaran University
· Ikatan Ahli Bioenergi Indonesia (IKABI)​
	abretf@icao-ins.org


	International
	Sustainable Aviation Fuel User Group (SAFUG)
	2008 - now
	Accelerating the development and commercialisation of sustainable alternative fuels for aviation.
	· All
	· Air China
· AeroMexico
· Air France 
· Air New Zealand 
· Alaska Airlines 
· ANA
· AviancaTaca 
· British Airways 
· Cargolux 
· Cathay Pacific 
· Etihad
· GOL 
· GulfAir 
· JAL
· Jet Blue 
· KJM
· Lufthansa 
· Qantas 
· Qatar Airways 
· SAS
· Singapore Airlines
· South African Airways
· TAM
· TUI Travel PLC 
· United
· Virgin America
· Virgin Atlantic
· Virgin Australia
	www.safug.org


	Mexico
	Flight Plan Towards Sustainable Aviation Biofuel in Mexico
	2010-2011
	Identify and analysing the existing and missing elements in the supply-chain of aviation biofuels, with a focus on the HEFA track.
	· Oleaginous
· Hydroprocessing
	· Airports and Auxiliary Services (ASA) + 60 experts and more than 200 stakeholders.
· Strategic partners: Roundtable on Sustainable Biofuels (RSB), Boeing, Honeywell-UOP
· Sponsor: National Council for Science and Technology (CONACYT)
	http://www.asa.gob.mx


	Norway
	Oslo Initiative – Avinor Bioport
	2015 – now
	Integrating biojet fuel into the airport’s fueling system
	· FT (short-term)
· Cellulosic (long-term)
	· Norway
	n/a

	Qatar
	Qatar University Biofuels Project
	2010 - now
	Exploring pathways for producing affordable, sustainable biofuels which do not rely on the use of valuable arable land and which can be produced efficiently in the harsh climate of Qatar.
	· Microalgae
	· Qatar University
· Qatar Airways
· Qatar Science and Technology Park
	n/a

	Scandinavia
	Nordic Initiative for Sustainable Aviation (NISA)
	2013 - now
	Facilitating and strengthening the conditions for commercial and continuous access to sustainable jet fuels.
	· All
	· Airlines: SAS, Finnair, Norwegian, Icelandair, Air Greenland, Malmo Aviation, Atlantic Airway, TUI fly Nordic
· Organizations: DI/Transport, Svenskt Flyg, Svenska FlygBranchen, NHO, IATA
· Authorities: DK/Trafikstyrelsen, SV/Transportstyrelsen, NO/Avinor, FL/Transport
· Airports: DK/CPH, SV/Swedavia, NO/Avinor, FL/, Island, Karlstad Airport
· Producers: Boeing, Volvo, Airbus
	www.cleancluster.dk/NISA


	South Africa
	Project Solaris
	2014 - now
	Laying the basis for the development of a regional value chain for the supply of sustainable biojet fuel and supporting South African Airways’ environmental goals as well as national objectives for economic and rural development.
	· Oleaginous
· Hydroprocessing
	· Sunchem Biofuel Development South Africa
· SkyNRG
· RSB
· Boeing
· South African Airways
· U.S.A, Netherlands, Italy
	http://www.projectsolaris.co.za/


	Spain
	Bioqueroseno
	2010 – now
	Promoting the development of a sustainable bio-kerosene industry in Spain through the implementation of the entire value chain, using second generation sustainable crops as feedstock, giving priority to raw materials that minimise environmental impact, land use changes and the competition with food production markets.
	· Oilseeds
· Hydroprocessing
· Others

	· Partners Spanish Ministry of Industry, Tourism and Commerce
· Spanish Ministry of Transport
· Spanish Ministry of Environment and Agriculture
· IDAE (Spanish Institute for Diversification and Energy Saving)
· AESA (Spanish Air Safety State) 
· OBSA (Observatory of Sustainability in Aviation) from SENASA (Services and Studies for Air Navigation and Aeronautical Safety)
· Airbus
· Camelina Company España
· Tecbio 
· Repsol
· Cepsa 
· UOP
· Tecnalia
· CLH
· Iberia
· Aena Aeropuertos 
· Pulmantur Air
· Ciemat
· RSB
· Kurata Systems
	www.bioqueroseno.es


	The Netherlands and Finland
	Dutch Initiative - 'Bioport Holland'
	2013-2019
	Promoting a shift from single projects to the continuous production and supply of sustainable bio jet fuel for the Netherlands and Europe, aimed at upscaling the deployment of sustainable biofuels in the aviation sector.
	· All
	· KLM
· SkyNRG
· Schiphol Airport
· Neste Oil and Port of Rotterdam
· the State Secretary of Infrastructure and the Environment and the Minister of Economic Affairs
	n/a

	The Netherlands and Sweden
	Fly Green Fund
	2014 – now
	Bridging the current premium for sustainable biojet fuels and enabling investments in the development of sustainable biojet fuel production from forestry residues and waste in the Nordic region.​
	· Biomass
	· SkyNRG
· Karlstad Airport
· Nordic Initiative on Sustainable Aviation (NISA)
· Swedavia 
· SAS
· Braathens
· KLM
· EFS European Flight Service
	http://skynrg.com/nordic/fly-green-fund/


	USA
	Commercial Aviation Alternative Fuels Initiative (CAAFI)
	2006 - now
	Promoting the development, evaluation, and commercialisation of drop-in alternative jet fuel options that offer equivalent levels of safety and compare favourably on cost with petroleum based jet fuel, while also offering environmental improvement and security of energy supply for aviation.​
	· All
	· Sponsors: FAA, ACI-NA, AIA, A4A
· Participants: 800+ stakeholders, 350+ organisations
· Federal Agencies in Public-Private-Partnerships: 9
	http://www.caafi.org


	USA
	Northwest Advanced Renewables Alliance (NARA)
	2011 – 2016
	Creating a sustainable industry to produce aviation biofuels and important co-products, focusing on overcoming key obstacles that prevent wood-based jet fuel and petrochemical substitutes from being economically viable.
	· Cellulosic feedstock
	· Catchlight Energy
· CLH
· Cosmo Specialty Fibers
· Facing the Future
· Gevo 
· Montana State University
· Oregon State University
· Pennsylvania State University 
· Salish Kootenai College
· Steanfast Management
· Tomas Spink Inc
· University of Idaho
· University of Minnesota
· University of Montana
· University of Utah 
· University of Washington
· USFS Forest Products Laboratory 
· USFS Pacific Northwest Research Station
· Washington State University
· Western Washington University
· Weyerhaeuser​
	http://www.nararenewables.org/


	USA
	Sustainable Aviation Fuels Northwest (SAFN)
	2010 - 2011
	Mapping a flight path to develop a safe, sustainable and economically viable aviation biofuels industry in the Northwest.
	· All
	· Alaska Airlines
· Boeing
· Port of Portland
· Port of Seattle
· Spokane International Airport
· Washington State University
· + 40 stakeholders
	www.safnw.com


	USA
	Midwest Aviation Sustainable Biofuels Initiative (MASBI)
	2012 - 2013
	Advancing aviation biofuel development in a 12-states region holding significant promise for biomass feedstock, technology development, job creation and sustainable commercialisation, and delivering a comprehensive evaluation of the region’s biofuel potential and a plan to support regional and national needs in a responsible manner.
	· All
	· United Airlines
· Boeing
· Honeywell’s UOP
· the Chicago Department of Aviation and the Clean Energy Trust​
	www.masbi.org



	USA
	Farm-to-Fly
	2010 - now
	Accelerating the availability of a commercially viable and sustainable aviation biofuel industry in the United States, increasing domestic energy security, establishing regional supply chains, and supporting rural development.
	· All
	· U.S. Department of Agriculture (USDA)
· Airlines for America (A4A)
· Boeing Company 
· U.S. Department of Energy (DOE)

	http://www.usda.gov/documents/usda-farm-to-fly-report-jan-2012.pdf


	United Arab Emirates
	Masdar’s Sustainable Bioenergy Research Consortium
	2011 – now
	Laying the foundation for arid land and saltwater-based sustainable aviation fuels.
	· Salicornia
	· Masdar Institute of Science and Technology
· Etihad Airways
· Honeywell (UOP)
· The Boeing Company
· Safran
	​​​​http://www.masdar.ac.ae


	United Kingdom
	Green Sky London
	2010 - now
	Building a first of a kind biofuel plant in London, which will convert municipal waste into biofuels for use in British Airways flights from London airports.
	· FT waste-to-liquid
	· British Airways 
· Solena
	www.solenafuels.com




Source: http://www.icao.int/environmental-protection/GFAAF/Lists/Initiatives%20and%20Projects/Projects.aspx
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	Company
	Region
	Specialisation
	Details
	Production Capacity
	Website

	Biojet Corporation
	Europe, The Americas, Africa & Middle East, China & North Asia, Asia Pacific
	Feedstock, Production
	· Process: Hydroprocessing, BTL, CTL, GTL, FT
· Products: Bio-SPK, FT-SPK
· Feedstock: Oils, Algae, Cellulose, Waste, Starch / Sugar
	560,000,000 L/y (2014), projected
	www.biojetcorp.com


	Gevo, Inc.
	Europe, The Americas
	Technology, Production
	· Process: Enzymatic, Biological
· Products: Bio-SPK
· Feedstock: Cellulose, Starch / Sugar
	500,000,000 L/y (2013), projected
	www.gevo.com


	Neste Oil
	Europe, The Americas, Asia Pacific
	Technology, Production, Distribution
	· Process: Hydroprocessing
· Products: HRJ
· Feedstock: Biomass, Oils, Waste animal and fish fats
	2,000,000 t/y, Installed
	http://www.nesteoil.com/


	SkyNRG
	Europe, The Americas, Africa & Middle East, China & North Asia, Asia Pacific
	Feedstock, Production, Distribution
	· Process: Hydroprocessing, BTL, CTL, GTL, FT
· Products: Bio-SPK, FT-SPK
· Feedstock: Oils, Algae, Cellulose, Waste
	2500 t/y, current output)
100,000 t/y (2014), projected
	www.skynrg.com


	AlgaeLink N.V.
	Europe, The Americas, Africa & Middle East, China & North Asia, Asia Pacific
	Feedstock, Technology, Production
	· Process: Enzymatic, Biological
· Products: Bio-SPK
· Feedstock: Algae
	500 t/y, current output
500 t/y, installed
5,000 t/y (2011), projected 
	www.algaelink.com


	B&C Business and Consulting, S.r.l.
	Europe, Africa & Middle East
	Feedstock
	· Feedstock: Oils, Camelina, Jatropha

	40,000 t/y, current output
40,000 t/y, installed
40,000 t/y (2011), projected
	www.bc-consulting.it


	BioOil Holding N.V.
	Europe, The Americas, Africa & Middle East, Asia Pacific
	Feedstock, Production
	· Process: Chemical, thermal
· Feedstock: Waste
	25,000 t/y, installed
	www.bio-oil-holding.eu


	Camelina Company España S.L.
	Europe
	Feedstock
	· Feedstock: Oils, Camelina
	2,000 t/y, current output
2,000 t/y, installed
40,000 t/y (2012), projected
	www.camelinacompany.es


	Chemrec AB
	Europe
	Technology
	· Process: BTL, CTL, GTL, FT
· Products: Methanol, DME
· Feedstock: Forest Biomass, Black Liquor
	1,400 t/y, installed
140,000 t/y (2014), projected
	www.chemrec.se


	Clean Energy Fuels Ltd.
	Europe
	Technology, Production
	· Process: BTL, CTL, GTL, FT
· Products: FT-SPK
· Feedstock: Alchohols (C1-C5)
	n/a
	www.biogtl.com


	North Energy Systems
	Europe, China & North Asia, Asia Pacific
	Technology, Production
	· Process: Enzymatic, biological, chemical, thermal
· Products: Biodiesel, Biogas, Methanol/Ethanol
· Feedstock: Biomass, Oils
	n/a
	www.northenergysystems.com


	Pacific Oil Products
	Europe, China & North Asia, Asia Pacific
	Feedstock, Technology, Production, Distribution
	· Process: BTL, CTL, GTL, FT, hydroprocessing, enzymatic, biological, chemical, thermal
· Products: FT-SPK, HRJ, BTL, biodiesel, methanol/ethanol
· Feedstock: Biomass, Oils, Algae

	40,000,000 L/y, current output
40,000,000 L/y, installed
120,000,000 L/y (2012), projected
	www.pacificoilproducts.com


	Sustainable Technologies, Inc.
	Europe, The Americas, Africa & Middle East
	Feedstock, Technology, Production
	· Process: KDV (catalytic pressure less depolymerisation)
· Products: Synthetic Jet Fuel and Synthetic Diesel matching characteristics and requirements of petrol fuels 100%
· Feedstock: Biomass, Oils, Waste
	80,000,000 L/y (2012), projected
	www.t-sos.com


	Verdo Renewables
	Europe
	Feedstock
	· Feedstock: Biomass, wood pellets
	n/a
	http://www.verdorenewables.co.uk/


	Brazilian Association of Jatropha Growers – ABPPM
	The Americas
	Feedstock
	· Feedstock: Oils
	n/a
	www.abppm.com.br


	CURCAS
	The Americas
	Feedstock, Production
	· Process: Hydroprocessing
· Products: HRJ
· Feedstock: Oils
	80,000 t/y (2013), projected
	www.curcas.com.br


	Dynamic Fuels
	The Americas
	Production
	· Process: Hydroprocessing
· Products: HRJ, Renewable (Green) Diesel
· Feedstock: Oils, waste animal fats and greases
	200,000 t/y, current output
200,000 t/y, installed
200,000 t/y, projected
	www.dynamicfuelsllc.com


	GFE Global
	The Americas
	Feedstock, Technology, Distribution
	n/a
	n/a
	www.gfeglobal.com


	Illinois Clean Fuels
	The Americas
	Feedstock, Production
	· Process: BTL, CTL, GTL, FT
· Products: FT-SPK
· Feedstock: Coal/Gas, Cellulose, Waste
	470,000,000 L/y (2015), projected
	www.cleancoalfuels.com


	LI-ENERGIA
	The Americas
	Feedstock, Production
	
	
	

	Pacific Oil Products
	The Americas
	Feedstock, Technology, Production, Distribution
	· Process: BTL, CTL, GTL, FT, hydroprocessing, enzymatic/biological, chemical, thermal
· Products: FT-SPK, HRJ, BTL, biodiesel, methanol/ethanol
· Feedstock: Biomass, Oils, Algae
	40,000,000 L/y, current output
40,000,000 L/y, installed
120,000,000 L/y (2012), projected
	www.pacificoilproducts.com


	Solazyme, Inc.
	The Americas
	Feedstock, Technology
	· Process: Hydroprocessing
· Products: Bio-SPK
· Feedstock: Algae
	n/a
	www.solazyme.com


	Syntroleum Corporation
	The Americas
	Technology
	· Process: BTL, CTL, GTL, FT, Hydroprocessing
· Products: FT-SPK, HRJ, BTL, CTL, GTL
· Feedstock: Biomass, Oils, Halophytes, Algae, Coal/Gas
	100,000 t/y, current output
200,000 t/y, installed
200,000 t/y (2011), projected
	www.syntroleum.com



Source: http://www.iata.org/whatwedo/ops-infra/fuel/biofuel-directory/Pages/index.aspx





[bookmark: _Toc472502269][bookmark: _Toc57627122]Table A.4: Biojet fuel demonstration flight.
	Airline (Aircraft)
	Flight journey
	Date
	Feedstock
	Main partner / Biofuel supplier
	% biofuel blend
	Highlight
	Ref

	KLM Royal Dutch Airlines
(Embraer 190)
	Oslo - Amsterdam
	31 March 2016
(over 5-6 weeks)
	Camelina
	SkyNRG

	47
	· 80 flights have been operated.

	[1]
[2]

	Hainan Airlines
(Boeing 747-800)
	Shanghai - Beijing
	21 March 2015
	Waste cooking oil from restaurants in China
	Sinopec
Boeing
	50
	· Carried more than 100 passengers
	[3]

	Norwegian
(Boeing 737-800)
	Bergen - Oslo
	11 November 2014
	Used cooking oil
	SkyNRG Nordic
Avinor
ZERO
	50
	· Emitted 40% less CO2 compared to an average flight with regular fuel
	[4]

	Scandinavian Airlines -SAS
(Boeing 737-800)
	Trondheim - Oslo
	11 November 2014
	Used cooking oil
	SkyNRG Nordic
Avinor
ZERO
	48
	
	[4]

	Scandinavian Airlines -SAS
(Boeing 737-800)
	Stockholm - Oslo
	7 October 2014
	Used cooking oil
	SkyNRG Nordic
	10
	
	[5]

	Finnair
(Airbus A330)
	Helsinki – New York
	23 September 2014
	Used cooking oil
	SkyNRG Nordic
	10
	
	[6]

	Lufthansa
(Airbus A320)
	Frankfurt - Berlin
	15 September 2014
	Farnesan
	TOTAL
Amyris
	10
	
	[7]

	GOL Airlines
(Boeing 737)
	Cities across Brazil
	June and July 2014
	Inedible corn oil and used cooking oil
	Honeywell UOP
	~50
	· 200 commercial flights during 2014 FIFA World Cup in Brazil
	[8]

	KLM Royal Dutch Airlines
(Airbus A330-200)
	Amsterdam - Aruba
	16 May 2014
	Used cooking oil
	SkyNRG
	20
	· 10-hour flight
	[9]

	LAN Colombia (now known as LATAM Colombia)
(Airbus A320)
	Bogota - Cali
	21 August 2013
	Camelina
	Terpel
	33
	· Carried 174 passengers
	[10]

	KLM Royal Dutch Airlines
(Boeing 777-200)
	New York – Amsterdam
	8 March 2013
	Used cooking oil
	SkyNRG

	20
	
	[11][12]

	KLM Royal Dutch Airlines
(Boeing 777-200)
	Amsterdam – Rio de Janeiro
	19 June 2012
	Used cooking oil
	SkyNRG

	n/a
	· Flight to the Rio+20 United Nations Conference on Sustainable Development in Rio de Janeiro, Brazil. Passengers include State Secretary of Infrastructure and the Environment, Joop Atsma.
	[13]

	Azul Brazilian Airlines
(Embraer E195)
	Campinas – Rio de Janeiro
	19 June 2012
	Sugarcane
	Amyris
GE
	50
	
	[14]

	AeroMexico
(Airbus 777)
	Mexico City – Sao Paulo
	18 June 2012
	Bio-Synthesized Paraffinic Kerosene (Bio-KPS), derived from a mixture of recovered cooking oil (88%), Camelina oil (10%) and Mexican Jatropha oil (2%).
	ASA
	50
	· Flight to the Rio+20 United Nations Conference on Sustainable Development in Rio de Janeiro, Brazil.
	[15]

	Air Canada
(Airbus A319)
	Toronto – Mexico City
	18 June 2012
	Used cooking oil
	SkyNRG
	50
	· Flight to the Rio+20 United Nations Conference on Sustainable Development in Rio de Janeiro, Brazil. Passengers include Secretary General of the International Civil Aviation Organization (ICAO) Raymond Benjamin.
	[16]

	Porter Airlines
(Bombadier Q400)
	Montreal - Toronto
	18 June 2012
	Camelina sativa
Brassica carinata

	Bombadier
SkyNRG
Honeywell UOP
Agrisoma Bioscience
Sustainable Oils
	49
1
	· Flight to the Rio+20 United Nations Conference on Sustainable Development in Rio de Janeiro, Brazil. Passengers include Secretary General of the International Civil Aviation Organization (ICAO) Raymond Benjamin.
	[17]

	Jetstar Airways
(Airbus A320)
	Melbourne - Hobart
	19 April 2012
	Used cooking oil 
	SkyNRG
	50
	
	[18]

	Porter Airlines
(Bombadier Q400)
	Toronto - Ottawa
	17 April 2012
	Camelina sativa
Brassica carinata

	Bombadier
SkyNRG
Honeywell UOP
Agrisoma Bioscience
Sustainable Oils
	49
1
	
	[19]

	All Nippon Airways
(Boeing 787)
	Everett – Tokyo 
	16 April 2012
	Used cooking oil
	Boeing
	15
	
	[20]

	Qantas 
(Airbus A330)
	Sydney - Adelaide
	13 April 2012
	Used cooking oil
	SkyNRG
	50
	
	[21]

	LAN Colombia (now known as LATAM Colombia)
(Airbus A320)
	Santiago – Concepcion
	7 March 2012
	Used cooking oil
	SkyNRG
	
	
	[22]

	Lufthansa
(Boeing 747)
	Frankfurt – Washington DC
	12 January 2012
	NExBTL (mixture of vegetable oil and waste animal fats)
	Neste Oil
	50
	· Reduced 38 tonnes CO2
	[23]

	Thai Airways
(Boeing 777-200)
	Bangkok – Chiang Mai
	22 December 2011
	Used cooking oil
	SkyNRG
	50
	
	[21]

	Alaska Airlines
(Boeing 737s and Bombadier Q400s)
	Seattle – Portland,
Seattle - Washington
	9 November 2011
	Used cooking oil
	SkyNRG
	20
	· Operated 75 scheduled flights
	[24]

	United Airlines
(Boeing 737-800)
	Houston - Chicago
	7 November 2011
	Algae oil
	Solazyme
	40
	
	[25]

	Air China
(Boeing 747-400)
	Beijing
	28 October 2011
	Jatropha
	PetroChina
Honeywell UOP
Boeing

	50
	· Took off and landed in Beijing in 1 hour

	[26]

	Air France
(Airbus A321)
	Toulouse - Paris
	13 October 2011
	Used cooking oil

	SkyNRG
	50
	· Achieved fuel efficiency of 2.2 litres per passenger – 100 km.
· Reduced ~50% of CO2 emission compared to normal flight (CO2 emission of 54 grams per passenger-km).
	[27]

	Thomson Airways
(Boeing 757-200)
	Birmingham - Arrecife
	6 October 2011
	Used cooking oil
	SkyNRG
Dynamic Fuels
	50
	· Carried 232 passengers
· Daily flight from 2012 for 6 weeks
	[28]
[29]

	Iberia
(Airbus A320)
	Madrid - Barcelona
	3 October 2011
	Camelina
	Honeywell UOP
	25
	
	[30]

	AeroMexico
(Boeing 777)
	Mexico City - Madrid
	1 August 2011
	Jatropha
	ASA
	30
	· Carried over 250 passengers.
	[31]

	Interjet
(Airbus A320)
	Mexico City – Tuxtla Gutierrez
	21 July 2011
	Jatropha
	Hoenywell UOP
ASA
	27
	
	[32]

	Finnair
(Airbus A321)
	Amsterdam - Helsinki
	18 July 2011
	Used cooking oil
	SkyNRG
	50
	
	[33]

	Lufthansa
(Airbus A321)
	Hamburg - Frankfurt
	15 July 2011
	Hydrotreated vegetable oil
	Neste Oil
	50
	
	[34]

	KLM Royal Dutch Airlines
(Boeing 737-800)
	Amsterdam - Paris
	22 June 2011
	Used cooking oil
	SkyNRG
	n/a
	· 200 flights between Amsterdam and Paris using biokerosene from September 2011.
	[35]

	Japan Airlines JAL
(Boeing 747-300)
	Tokyo
	30 January 2009
	Camelina (84%), Jatropha (~16%) and algae (~1%)
	Honeywell UOP
Pratt & Whitney
	50
	
	[36]

	Continental Airlines
(Boeing 737-400)
	Houston (test flight)
	7 January 2009
	Algae and Jatropha
	GE Aviation
CFM
Honeywell UOP
	50
	· 1.1% increase in fuel efficiency compared to traditional jet fuel.
	[37]

	Air New Zealand
(Boeing 747-400)
	Auckland - Hauraki Gulf (test flight)
	30 December 2008
	Jatropha
	Rolls Royce
Honeywell UOP
	50
	
	[38]

	Virgin Atlantic
(Boeing 747-400)
	London – Amsterdam
	23 February 2008
	Coconut and Babussa
	GE Aviation
	20
	
	[39]
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