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Glossary 
 

ASTM American Society for Testing and Materials 

Bio SPK Synthetic Paraffinic kerosene from vegetable oils, here called HRJ 

BTL Biomass-To-Liquids 

CAAFI Civil Aviation Alternative Fuels Initiative 

CCC Committee on Climate Change 

CO2e Greenhouse gas emissions in carbon dioxide equivalents (includes six Kyoto 
greenhouse gas groups) 

Drop in fuel A fuel that meets all the requirements of the current jet fuel specification and does 
not require any modification to equipment or infrastructure 

Energy crops  Defined here as woody crops or grasses grown for energy uses 

EU ETS European Union Emissions Trading Scheme 

FT  Fischer-Tropsch synthesis, a step in a process  from biomass, coal or gas to fuels 

GHG Greenhouse gas 

HRJ Hydrotreated Renewable Jet ς an aviation biofuel derived from vegetable oils 

HVO Hydrotreated Vegetable Oil ς a road transport biofuel derived from vegetable oils 

IATA  International Air Transport Association 

ICAO International Civil Aviation Organization 

ILUC Indirect Land Use Change 

Lignocellulosic Biomass material containing lignin and cellulose e.g. wood, straw, grasses 

LUC Land Use Change 

Mha Million hectares 

OEM  Original Equipment Manufacturer 

OSR  Oilseed rape 

SAFUG Sustainable Aviation Fuel Users group 

SH Synthetic Hydrocarbons ς group of new routes from biomass to fuels 

SPK Synthetic Paraffinic Kerosene ς includes fuels from FT and  HRJ processes 

TTW Tank-to-Wake - emissions from  burning fuel in aircraft  

ULS Unlimited Skies ς highest of the Consave aviation fuel demand scenarios 

WTT Well-to-Tank ς emissions from fuel production 

WTW Well-to Wake ς emissions from fuel production and use in aircraft 
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Executive Summary 

The Committee on Climate Change (CCC) is an independent body which provides advice to Government 

on defining and setting carbon budgets, and on ǿƛŘŜǊ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎǎǳŜǎΦ ¢ƘŜ ///Ωǎ ŦƛǊǎǘ ǊŜǇƻǊǘΣ 

published in December 2008, recommended that the Committee report annually on UK trends in 

international aviation emissions, their climate impact, developments in abatement efforts and policy 

levers. More specifically, in January 2009 the Committee was asked by the Secretaries of State for 

Transport and Energy and Climate Change to report on how a new target to get aviation emissions in 

2050 below 2005 levels could be met. To address this question, the Committee has commissioned a 

series of studies modelling projected UK demand for aviation and the associated emissions, with a 

project on the potential for modal shift from air to rail, and this project on the potential for biofuels to 

reduce emissions from UK aviation, feeding into the overall assessment1.  

 

This project assessed the potential for biofuels in aviation globally, in terms of the potential uptake, and 

associated greenhouse gas (GHG) emissions savings, concluding that:  

Biofuels could supply between 35 and 100% of global jet fuel demand in 2050, with potential for high 

greenhouse gas savings,  provided that the risk of land use change from the production of feedstocks 

is managed effectively 

¶ Biomass derived aviation fuels are a viable alternative to conventional jet fuel, with certification of 

blends up to 50% in place or imminent, and potential for higher blends up to 100% biofuels in the 

future. 

¶ By 2020 biofuels could represent up to 1.6% of the fuel mix, if biofuel production plants and new 

crop types are successful, and are deployed quickly. Biofuels could then ramp up quickly from 2020 

to supply between 35% and 100% of jet fuel demand in 2050, based on the high end of jet fuel 

demand projections.  

¶ The variation between biofuels uptake scenarios is a result of changing assumptions on the oil and 

carbon price, the speed and success of development of new feedstock types and new biofuels 

processes, and environmental and social sustainability considerations.  

¶  In all of the scenarios, the average GHG emissions saving from the mix of biofuels used would be 

around 65-70% at the early stages of deployment, increasing to over 90% in 2050provided that land 

use change impacts can be avoided.  

The following sections explain what is driving interest in biofuels in aviation, how their use might be 

limited, and how these results were derived.   

  

                                                           
1
 The CCC are intending to use these scenarios to inform their analysis of the 2050 target, but scenarios and 

ŀǎǎǳƳǇǘƛƻƴǎ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ŎƘŀƴƎŜΦ !ǎ ǎǳŎƘ ǘƘŜǎŜ ǎŎŜƴŀǊƛƻǎ ǊŜǇǊŜǎŜƴǘ ΨǇǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎΩ ƛƴ ǘƘŜ ƻǾŜǊŀƭƭ /// 

work. Please see the final CCC report in December for the final analysis, results and recommendations 
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There are strong drivers for use of alternatives to conventional jet fuel  

Conventional jet fuel, commonly referred to as kerosene, is a blend of hydrocarbons produced by 

refining of crude oil. Historically, the main drivers for considering alternative fuels have been related to 

availability and security of supply, leading to development and use of blends containing coal-derived 

fuels in civil aviation in South Africa, and in military applications by the US Air Force. The current interest 

in alternatives, however, is driven by several other factors:  

¶ Jet fuel price ς this represents a large ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŀƛǊƭƛƴŜǎΩ ƻǇŜǊŀǘƛƴƎ ŎƻǎǘΣ ŀƴŘ Ƙŀǎ ŦƭǳŎǘǳŀǘŜŘ 

significantly. This drives development of aircraft and engine technology, and also provides a strong 

incentive for airlines to consider alternative sources of fuel, which they hope might bring greater 

flexibility and improved price stability.  

¶ Greenhouse gas emissions ς there is increasing concern in the aviation industry that aircraft 

operations will be required to pay for their carbon emissions, for example through the European 

Union Emissions Trading Scheme (EU ETS) from 2012. The International Air Transport Association 

(IATAύ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƘƛǎ ǿƛƭƭ ǊŜǎǳƭǘ ƛƴ ϵоΦр ōƛƭƭƛƻƴ ƛƴ ŀŘŘƛǘƛƻƴŀƭ Ŏƻǎǘǎ ŦƻǊ ŀƛǊƭƛƴŜǎ ƛƴ нлмнΣ ŜǉǳƛǾŀƭŜƴǘ 

to a 5% increase in fuel expenses. By 2020, IATA estimates that this could increase to 19%.  

Fuel price concerns have led to interest in a range of alternative fuels, including those derived from coal, 

gas, and oil shales, which have higher greenhouse gas emissions than conventional jet fuel, unless their 

production is coupled with carbon capture and storage. Development of biofuels is driven both by the 

potential for fuel cost reduction and greenhouse gas savings.  

Jet fuel specifications are being modified to include biofuel blends  

There are several constraints that limit the alternative fuel choices that the industry is considering: the 

very large investment in the existing fleet and jet fuel distribution system, and the typical lifetime of 

aircraft. These factors, coupled with stringent certification requirements for fuels, mean that airlines are 

ƴƻǘ ŎƻƴǎƛŘŜǊƛƴƎ ŀƴȅ ŦǳŜƭ ǘƘŀǘ ƛǎ ƴƻǘ ŀ ΨŘǊƻǇ-ƛƴΩ ǊŜǇƭŀŎŜƳent for petroleum-derived jet fuel. A Ψdrop-inΩ 

fuel is defined as a fuel that meets all the requirements of the current jet fuel specification and does not 

require any modification to equipment or infrastructure. 

Jet fuel specifications are defined in terms of the required performance of the fuel, including 

characteristics such as the energy content, freeze point, and thermal stability. The existing specifications 

include some coal-derived alternative fuels, but no biofuels as yet. However, there has been 

considerable activity in standards development over the last two years, leading to much faster progress 

than previously expected, with some biofuel blends included in US specifications this year, and several 

more expected to be included over the next few years.  

Several routes to biofuels for aviation are likely to be commercialised in the near to mid term 

¢ƘŜ ǘŜǊƳ ΨōƛƻŦǳŜƭΩ Ŏŀƴ ŜƴŎƻƳǇŀǎǎ ŀƴȅ ƭƛǉǳƛŘ ƻǊ ƎŀǎŜƻǳǎ ŦǳŜƭ ŘŜǊƛǾŜŘ ŦǊƻƳ ŀ ōƛƻƳŀǎǎ ǎƻǳǊŎŜΦ Production 

of biofuels involves conversion of a biomass feedstock, which can be a crop, residue, by-product or 

waste, through a conversion process to form one or more products. The most common types of biofuel 
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used in road transport today are not suitable for use as aviation fuels. In this study we consider only 

threŜ Ƴŀƛƴ ǘȅǇŜǎ ƻŦ ōƛƻŦǳŜƭǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ΨŘǊƻǇ-ƛƴΩ ǊŜǇƭŀŎŜƳŜƴǘǎ ŦƻǊ ƧŜǘ ŦǳŜƭΥ  

¶ Biomass-to-liquids (BTL) 

o This involves gasification of biomass feedstocks, followed by Fischer-Tropsch (FT) synthesis and 

upgrading steps, to produce jet fuel, diesel or gasoline. A similar process is used to produce jet 

fuels from coal.  

o Many different feedstocks can be used, from woody energy crops and grasses to municipal solid 

wastes. 

o The fuel produced is very similar to jet fuel, and identical to the fuel produced using coal. Blends 

of up to 50% BTL were included in US standards in August 2009. 

o The technologies that make up the BTL route are proven, but the whole process is at the 

demonstration stage, with plans for commercial scale plants from 2012/13. Plants are expected 

to need to be large in order to be viable, with high capital costs, and cost reduction is needed.  

¶ Hydrotreated renewable jet (HRJ) 

o Vegetable and algal oils can be converted to an aviation fuel through a process including 

treatment with hydrogen. 

o Conventional vegetable oils such as palm and soy can be used, but new oil crops are being 

considered, such as jatropha and camelina, and oil extracted from photosynthetic algae could 

also be used. Further research, development and demonstration of new crops and algae will be 

needed to achieve the potentials currently being suggested. 

o This type of fuel was used successfully in the recent tests by several airlines. Certification of 

blends containing up to 50% HRJ is expected by the end of 2010. 

o The technology is very similar to that currently used for producing hydrotreated vegetable oil 

biodiesel for road transport. Production of jet in these plants is expected from 2010, and in 

dedicated plants from 2011.  

¶ Ψ{ȅƴǘƘŜǘƛŎ ƘȅŘǊƻŎŀǊōƻƴǎΩ 

o There are a number of proposed routes from biomass feedstocks to jet fuels based on novel 

biological or chemical processes, which we have considered together in this category.  

o These routes would use the same feedstocks as BTL, or sugar and starch crops. 

o These are being developed by companies, principally in the US, and several of them are at the 

stage of pilot scale testing, plus testing against jet specification. Demonstration of these routes 

may be as early as 2013, but we modeled commercial availability from 2020. 

 

Other routes are possible, including those based on upgrading of pyrolysis oils, and routes from algal 

biomass. However, the three types above were those considered in more detail in this analysis  in terms 

of greenhouse gas savings, economics, sustainability, and potential speed of uptake, leading to scenarios 

of overall biofuels penetration, with a combination of biofuel types.   
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Greenhouse gas savings from biofuels can be high, but depend on how the feedstocks are produced 

Considering the greenhouse gas (GHG) impacts of fuels by looking at the whole production chain for 

each fuel type, is often known in aviation as well-to-wake analysis. This can be split into well-to-tank and 

tank-to-wake portions. Considering the well-to-tank GHG emissions for biofuels involves assessing the 

inputs to feedstock production, feedstock transport, the conversion process, fuel transport, and co-

products. For petroleum derived jet, it involves extraction and refining of crude oil. In the tank-to-wake 

part, the CO2 emissions from fossil jet are included, but those from biofuels are not, as the CO2 produced 

when biofuels are burnt is not from a fossil source, being absorbed when the plants are grown. Note 

that the non-CO2 tank-to-wake emissions from both jet and biofuels have not been considered, and are 

likely to be the same for each fuel. 

The GHG savings from biofuel chains depend heavily on the type of feedstock used, and how it is 

produced, as shown in the summary of results below. Those chains based on using energy crops (woody 

crops and grasses), residues and wastes, low input oil crops, or algae, have significantly lower emissions 

than those based on conventional oil crops, that have much higher inputs to their production.  

Table I: Greenhouse gas emissions of biofuels for aviation 

Route Feedstock  Emissions, g CO2e/MJ fuel Savings CO2e vs jet 

Fossil jet (baseline) - 87.5 - 

BTL 
Energy crops  7.3 92% 

Forestry residues 4.8 95% 

HRJ 

Conventional oil crops 
(rapeseed, palm , soy etc) 

40-70 (averages) 20%-54% 

Jatropha  30 66% 

Camelina  13.5 85% 

Tallow  10 89% 

Algae (Open ponds)  
-21 (best case) 

1.5 (realistic case) 
124% (best case) 

98% (realistic case) 

Synthetic hydrocarbons Not specified 
 

70-90% 

 

The figures above do not include direct land use change impacts: they assume that the risk of high GHG 

impacts from direct conversion of high carbon stock land to land for feedstock for aviation biofuels is 

ƭƻǿΣ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŀƛǊƭƛƴŜǎΩ ŎƻǊǇƻǊŀǘŜ ǎƻŎƛŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŎƻƴŎŜǊƴǎΣ ŀƴŘ ōƛƻŦǳŜƭǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘǎ 

in development. They also do not include indirect land use change impacts. This may occur if crops for 

biofuels are grown on agricultural land, displacing other crops. This may cause supplies of those crops to 

decrease, stimulating production elsewhere. If this new production involves converting new land to 

agriculture, there can be large GHG and other sustainability impacts, particularly if the land previously 

had high carbon stocks, such as forest. The risk of indirect land use change is greatest for conventional 

crops, as they are grown on agricultural land, lower for energy crops and new oil crops, which can be 

grown on lower quality marginal land, and negligible for algae production, which does not require 

productive land.  
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Establishing the causes of indirect land use change, and the magnitude of the impact that can be 

attributed to production of bioenergy feedstocks, is difficult and is the subject of considerable current 

global research. In particular, there is no agreement on a quantitative factor that can be included in GHG 

calculations for individual biofuels. Indirect land use change is more difficult to control through biofuels 

standards and policy than direct land use change, as it is several steps removed from the feedstock 

production. However, the GHG and other impacts of indirect land use change could be large, enough to 

negate the benefits of biofuels use. As a result, we have considered indirect land use change risks 

throughout the report, in particular when defining scenarios for biofuels uptake.  

Each of the biofuels routes has projected costs that can be competitive with jet fuel, particularly if the 

cost of carbon emissions are considered, but in most cases only if feedstock costs are low 

We compared the projected costs of the three biofuels types with the projected costs of jet fuel under 

four jet fuel price scenarios ($70-160/bbl in 2050), and four carbon price scenarios (£100-300/tCO2 in 

2050).  

¶ BTL costs depend heavily on the feedstock used, with early deployment likely to rely on low cost 

residues and waste. Technology learning is needed to bring BTL costs down significantly in the first 

15 years of deployment. With a central oil price and mid range feedstock cost, BTL would not break 

even with jet fuel until the 2030s, but factoring in the cost of carbon brings this back to the early 

2020s. 

¶ HRJ costs using conventional oil crops were modelled in two ways, as future price projections for 

vegetable oils are highly uncertain. If the recent potential link between crude oil and vegetable oil 

prices continues, HRJ from these feedstocks would not break even with fossil-derived jet in most 

scenarios.  If we assume that vegetable oil prices instead drop to the low end of the range seen over 

the past five years, albeit a level considered unlikely to be seen in the near term, HRJ would break 

even with jet in the near term, even without a carbon price. 

¶ HRJ costs using new oil crops and algae could be competitive with jet, assuming that they will be 

introduced commercially only when feedstock costs drop to the low end of the vegetable oil range.  

¶ Synthetic hydrocarbons are projected to have very low costs, but little information is available on 

the assumptions behind the projections. Assuming that they can achieve the costs suggested, they 

would be competitive with jet as soon as they were commercially introduced.    

 

Sustainability of biofuel routes should be assessed and certified. The potential for sustainable 

feedstock supply is high for some routes  

Feedstocks for biofuels can have environmental and social sustainability impacts, including effects on 

biodiversity, soil quality, water quality, land rights and workers rights. Aviation industry interviewees 

emphasised the importance of sustainability, and several have made commitment to sustainable fuel 

use. Nevertheless, continued development of sustainability standards, and assessment of new 

feedstocks and impacts will be needed to ensure feedstock production is sustainable.   
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Table II: Summary of feedstock sustainability 

Feedstock Factors affecting sustainability and potential  
Likelihood 
of impact  

Energy crops  
¶ High yields, low agricultural inputs, can have sustainability benefits  

¶ Could avoid land use impacts if grown on land not needed for food production.  
Mid-low 

Residues and 
wastes 

¶ Large resource, even when limited to sustainable extraction levels 

¶ Can have impacts if diverted from another use 
Low 

Conventional 
oil crops 

¶ Direct land use change e.g. deforestation has GHG and biodiversity impacts 

¶ Grown on agricultural land and so risk indirect land use change in the short term 
High 

New oil crops 
¶ Could grow on poorer quality land than conventional crops, potentially with lower 

fertiliser inputs, though concerns remain over yields on this land 
Mid-low 

Algae 
¶ Can be grown on non-productive land, with high yields 

¶ Potential impacts from GMOs and non-native species in open ponds 
Low 

 
Estimates of the potential feedstock resource from some crops are high, even when sustainability 
constraints are taken in to account: 

¶ BTL and synthetic hydrocarbons could be produced from energy crops, residues and wastes, for 

which the combined potential is high. This considers the potential for energy crops that could be 

grown without competition with food, limited by the rate at which crops can be planted. The 

potential for agricultural and forestry residues and wastes considers the proportion that can be 

collected and extracted sustainably.  

¶ New oil crops such as jatropha and camelina are being considered as feedstocks for HRJ as they are 

considered to have the potential to grow on low quality land. Whilst there is poor information on 

land suitability for camelina, analysis has shown that areas of land suitable for jatropha production 

are large.  

However, for any of these crops, it will be important to ensure that they are grown on the lower quality 

land identified, rather than being grown on better quality, higher yielding, land, leading to the risk of 

indirect land use change. It is also important to ensure that social and environmental impacts of growing 

crops on any type of land are avoided.  

The potential for sustainable use of conventional crops may be limited. Despite the potential for yield 

increases for some crop types, there is a risk that use of vegetable oils for biofuels would lead to price 

increases, and increased production of the marginal oil crop ς currently palm oil ς with risks of indirect 

land use change, such as deforestation.  

HRJ from algal oil could have a very large potential, as production of algae is not limited by land 

availability. Algae can be grown on entirely non-productive land, with the potential for very high yields.  

Considering all of these factors together with estimates of the speed of deployment of each 

technology gives a range of  uptake scenarios  

Uptake scenarios were developed for each combination of oil price and carbon price scenario, and then 

varied depending on the assumptions made on the use of conventional vegetable oils, and the speed 
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and success of technology development in new oil crops, algae, and synthetic hydrocarbons. In all 

scenarios, uptake was limited by the speed with which new conversion plants could be built, and new 

crops and algae plants established. Uptake is given as a percentage of the highest global aviation fuel 

demand scenario used in the IPCC 4th Assessment report (Consave ULS). 

The full set of 18 scenarios was then narrowed down to five summary scenarios: 

¶ The summary scenarios cover the set of combinations of oil and carbon price: High for high oil price 

scenarios, Central for the central oil price scenario with a carbon price, Low for the central oil price 

scenario without a carbon price and the low oil price scenarios with a carbon price, and Very Low for 

the low oil price scenario with no carbon price.  

¶ Each summary scenario includes a BTL component and an HRJ component, and some a synthetic 

hydrocarbon (SH) component.  

¶ None of the summary scenarios included use of conventional oil crops for HRJ, as a result of 

potential sustainability impacts, and the likelihood that prices will remain above the level needed to 

make production competitive with conventional jet fuel. 

¶ In all scenarios, the speed of BTL development is determined by the oil and carbon price. 

¶ In High and Central (High) scenarios, new oil crops are introduced from 2012, and algae from 2017 

and synthetic hydrocarbons from 2020. We assumed that only half of new oil crop production is 

available for plants producing HRJ, with the rest being used for plants only producing road transport 

fuels or for other uses.  

¶ In the Central (Low), Low and Very Low scenarios, commercial introduction of new crops and algae is 

delayed by five years, and the development of synthetic hydrocarbons is not successful for jet fuels. 

  

Figure I: Uptake of biofuels to 2050 under the five summary scenarios  
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The analysis shows that:  

¶ The uptake is lower in the near to mid term than some industry projections, which suggest that 5-

10% of jet could be biofuels in 2013-2015 and 10% by 2020. The uptake is limited by the build rate of 

BTL plants and by the availability of new oil crop feedstocks. Even if conventional oil crops were 

used, achieving these levels by 2020 would require a very fast ramp up of HRJ plants. For 

comparison, current total biofuels production for road transport is equivalent to 13% of 2020 jet 

demand. 

¶ In the longer term, fast ramp up leads to biofuels supplying 35 to 100% of 2050 demand. This is a 

result of new feedstock and technology availability, and the shape of plant growth curves. These 

levels are comparable to some long term industry projections. The lower levels of uptake are seen 

where BTL and new oil crop development is slow, and synthetic hydrocarbons are not successful. 

¶ GHG savings from the biofuels used start at around 65-70% and increase to over 90%, as the fuel 

mix shifts from new oil crop HRJ towards algae, BTL and in some cases, synthetic hydrocarbons. This 

relies on crops being grown with low GHG impacts, including avoiding land use change. 

¶ The feedstock resources required to supply this level of production are projected to be achievable, 

even considering sustainability constraints, and competition with food and other uses of biomass. 

Many of the routes also produce co-products such as animal feed, heat and power, and so do not 

supply aviation alone. 

o The highest use of energy crop and residue feedstocks is in the High scenario, where supplying 

100% of the 2050 jet demand using the fuel mix projected would require 200Mha of land for 

energy crops (equivalent to 12% of the projected energy crop resource) or 8% of the total 

projected energy crop and residue resource. For comparison, projected demands for these 

feedstocks for heat, power and road transport biofuels in other studies are around 3% of the 

energy crop and residue resource, partly as a result of other options available to these sectors. 

o The highest use of new oil crops is in the Central (High) scenario, where 19 Mha jatropha, 20 

Mha camelina and 7 Mha algae plants would be required. The areas for jatropha and camelina 

can be compared with the current areas for other oil crops, of 14 Mha for palm, 30 Mha for 

rapeseed, and 90 Mha for soybeans, although they could be grown on lower quality land. The 

area for algae is much smaller, as a result of greater algal yields.  

¶ Biomass and biofuels are also likely to be used to some extent in heat, power, chemicals and 

materials, and in other transport modes. Meeting demand in other sectors may result in 

competition for low cost feedstocks, in particular whilst energy crops and algae plants are more 

widely developed. While there may be competition in the longer term, the analysis in this report 

shows that there are likely to be sufficient resources to accommodate use of biomass for aviation 

biofuels, as well as use in other sectors.  

 

This level of biofuels deployment, and the associated greenhouse gas savings, will rely on feedstock 

availability, technology development and valuing avoided carbon emissions  

Achieving greenhouse gas emissions reduction in aviation through sustainable biofuels use to the extent 

seen in the summary scenarios will rely on several key factors: 
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¶ Availability of low cost, sustainable feedstocks ς the sustainable energy crop and new oil crop 

potentials shown rely on ramping up planting rates, and ensuring that they are grown on land that is 

not converted from land with high carbon stocks, and is not needed for food production. Whilst 

studies have shown that this type of land is available, this does not mean that new crops will 

necessarily be grown on this land. In addition to this, new crops and algae require further research 

and development to improve their yields, and reduce costs, with wider availability of the results of 

this activity to allow the industry and policymakers to assess their potential and their impacts.  

¶ Technology development and deployment ς rapid deployment of conversion technologies close to 

commercialization, such as HRJ and BTL will be required to achieve the levels of biofuels uptake seen 

in these scenarios and projected by the industry. In addition to this, if the potential of these 

technologies is limited as a result of slower cost reduction than expected, low oil prices, or lack of 

ŦŜŜŘǎǘƻŎƪǎ ŦƻǊ IwWΣ ƴŜǿ ƭƻǿŜǊ Ŏƻǎǘ ΨǎȅƴǘƘŜǘƛŎ ƘȅŘǊƻŎŀǊōƻƴΩ ŎƻƴǾŜǊǎƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƻǳƭŘ ōŜ 

needed if high potentials are to be achieved. 

¶ Valuing avoided carbon emissions ς in several of the scenarios, biofuels only break even with jet 

fuel when the cost of carbon is considered, particularly when oil prices are low.  

¶ Recognising differences between biofuels ς The EU ETS considers that biofuels have 100% GHG 

savings compared with fossil jet, without taking into account the emissions in biofuels production, 

most of which are not themselves covered by the EU ETS. Not recognising the differences in GHG 

performance between biofuels used in aviation in policy could lead to much lower savings than 

those given above. Industry members interviewed understood the differences in GHG savings and 

sustainability between biofuels routes, and several have pledged only to use sustainable routes with 

high GHG savings. However, this alone is unlikely to stop unsustainable fuels and those with lower 

GHG savings from entering the supply chain.  
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1 Introduction to the project 

The Committee on Climate Change (CCC) is an independent body which provides advice to Government 

on defining and setting carbon budgets, and on wider climate change issues. The ///Ωǎ ŦƛǊǎǘ ǊŜǇƻǊǘ, 

published in December 2008, concluded that international aviation should not be explicitly included in 

ǘƘŜ ¦YΩǎ ŎŀǊōƻƴ ōǳŘƎŜǘΣ ōǳǘ ǎƘƻǳƭŘ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ¦YΩǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǎǘǊŀǘŜƎȅ, given the growing 

contribution of international aviation to global greenhouse gas emissions. This is needed to ensure that 

GHG reduction in international aviation is achieved, as without this contribution to savings, other 

sectors will be required to make savings of more than 80% below 1990 levels by 2050.  

The report recommended that the Committee report annually on UK trends in international aviation 

emissions, their climate impact, developments in abatement efforts and policy levers. More specifically, 

in January 2009, Geoff Hoon asked the Committee to ǊŜǇƻǊǘ ƻƴ Ƙƻǿ ŀ ΨƴŜǿ ǘŀǊƎŜǘ ǘƻ ƎŜǘ ŀǾƛŀǘƛƻƴ 

ŜƳƛǎǎƛƻƴǎ ƛƴ нлрл ōŜƭƻǿ нллр ƭŜǾŜƭǎΩ ŎƻǳƭŘ ōŜ ƳŜǘΣ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ DƻǾŜǊƴƳŜƴǘΩǎ ǎǘŀǘŜƳŜƴǘ ƻƴ .ǊƛǘŀƛƴΩǎ 

Transport Infrastructure. In order to address this question, the Committee has commissioned projects 

covering projected UK demand for aviation and the associated emissions, the potential for modal shift 

from air to rail, and this project on the potential for biofuels to reduce life-cycle emissions from UK 

aviation2. The results from the latter two projects feed back into the first project.  

This project aims to assess the potential for biofuels in aviation globally, in terms of their technical 

suitability, cost, sustainable potential and likely uptake. This will show whether or not biofuels could 

make a substantial contribution to GHG savings in UK and global aviation, and whether this is likely given 

other potential uses of biomass feedstocks, oil and carbon prices, sustainability constraints, technology 

development, and aviation demand. The report is broken down into seven chapters, covering the 

questions below, plus annexes: 

2. Introduction to alternative fuels in aviation ς what has driven interest in alternative fuels in 

aviation? What is driving current interest in biofuels?  

3. Fuel requirements and certification ς what are the requirements of a jet fuel? How are new fuels 

certified? What testing has been done?  

4. Technical suitability of biofuels for aviation ς which biofuels could be used? How are they 

produced? When will they be commercially available?  

5. Greenhouse gas savings ς how are greenhouse gas savings from biofuels in aviation assessed? What 

are the savings from different biofuel chains?  

6. Economic case ς how do biofuels costs compare with fossil-derived jet? How does this change with a 

carbon price? How likely is it that biofuels will be used in aviation, given other potential uses of 

biofuels and their feedstocks? 

7. Sustainable potential ς what are the sustainability benefits and impacts of each biofuels chain? How 

does the potential sustainable feedstock resource compare with aviation demand? What are the 

competing demands for the feedstock?  

                                                           
2
 CCC aviation reports http://www.theccc.org.uk/reports/aviation-report 
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8. Uptake scenarios ς considering the time to commercialisation, costs, and sustainability constraints 

on biofuels, how fast could their use in aviation develop? How is this affected by changing scenarios 

of oil price, carbon price, feedstock prices, and technology success?   
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2 Introduction to alternative fuels in aviation 

2.1 The history of alternative fuels in aviation 

Conventional jet fuel, commonly referred to as kerosene, is a complex blend of straight chain, cyclic and 

aromatic hydrocarbons made up of molecules with typically 8 to 16 carbon atoms per molecule. It is 

produced through the refining of petroleum crude from both the direct distillation of crude (straight-

run) as well as from the hydro-cracking of heavier crude fractions such as distillation bottoms. Both the 

straight-run and hydro-cracked fuel streams usually need to be upgraded through hydro-treating and 

processed to remove acidic compounds (sweetening)3.  

9ȄǇŜǊƛŜƴŎŜ ǿƛǘƘ άŀƭǘŜǊƴŀǘƛǾŜ ŦǳŜƭǎέ ƛƴ ŀǾƛŀǘƛƻƴ Ƙŀǎ ŎŜƴǘǊŜŘ ƻƴ ǎȅƴǘƘŜǘƛc fuels and in particular those 

derived from the Fischer-Tropsch (FT) process. The drivers behind the testing of alternative fuels have 

been largely political in civil aviation applications and to achieve enhanced performance and increased 

energy security in military applications. 

The most extensive experience with synthetic fuels in aviation is with the FT synthetic fuels developed 

by Sasol in South Africa. Since 1950 Sasol (South African Synthetic Oil) worked to develop and produce 

liquid fuels from coal (and more recently also from natural gas). South Africa, which has abundant coal 

reserves but very limited petroleum resources, was concerned about the need to import significant 

quantities of petroleum products. This became increasingly true as the South African apartheid policies 

ƭŜŘ ǘƻ ǘƘŜ ƛǎƻƭŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅ ŦǊƻƳ 9ǳǊƻǇŜŀƴ ŀƴŘ ƻǘƘŜǊ ǘǊŀŘƛƴƎ ǇŀǊǘƴŜǊǎΦ {ŀǎƻƭΩǎ ǎŜƳƛ-synthetic jet 

fuel blend (50% petroleum derived, 50% coal-derived FT jet fuel) was approved for use with aircraft in 

1999 after a 7 year certification process4Φ {ŀǎƻƭΩǎ рл҈ ǎȅƴǘƘŜǘƛŎ ōƭŜƴŘ Ƙŀǎ ōŜŜƴ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ǳǎŜ ŀǘ OR 

Tambo International Airport in Johannesburg since then, so there have been over ten years of 

experience with this blend. Starting in 1999 Sasol pursued the certification of a fully synthetic jet fuel 

and a specification for such a fuel was added to the British Def Stan 91-91 jet fuel standard in 2008 and 

is expected to be included in the equivalent ASTM standard in 20095. However, to date, there have been 

no flights with 100% synthetic fuel6. 

The US Air Force (USAF) has initiated an extensive program to certify the entire USAF fleet to operate on 

a 50/50 blend of petroleum derived and FT synthetic JP-8. The primary objective is to improve the 

energy security of the USAF by reducing reliance on petroleum imports. The program, which started in 

                                                           
3
  Chevron, Aviation Fuels Technical Review, 2006, [Accessed May 6, 2009], 

http://www.chevronglobalaviation.com/docs/aviation_tech_review.pdf 
4
  Flightglobal, Coal ς Jet fuel of the future?, Feb. 2008, [Accessed 11 May, 2009], 

http://www.flightglobal.com/articles/2008/02/25/221766/coal-jet-fuel-of-the-future.html 
5
  Aviation Today, Sasol - 100% Synthetic Fuel Wins First-Time Approval for Use Internationally in Commercial 

Aviation, April 2008, [Accessed 11 May, 2009], http://www.aviationtoday.com/pressreleases/Sasol-100-

percent-Synthetic-Fuel-Wins-First-Time-Approval-for-Use-Internationally-in-Commercial-Aviation_20968.html 
6
  Flightglobal, RAF ditches attempts to fly 100% synthetic fuel on TriStar, March 2009, [Accessed 11 May, 2009], 

http://www.flightglobal.com/articles/2009/03/11/323656/raf-ditches-attempts-to-fly-100-synthetic-fuel-on-

tristar.html 
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2006 with tests on the B-52 bomber7, has so far certified three (B-52, C-17, B-мύ ƻŦ ǘƘŜ ¦{!CΩǎ ƳƻǊŜ ǘƘŀƴ 

30 types of aircraft and started testing on a further six aircraft types (F-22, F-16, B-2, KC-135, C-5, T-38)8. 

The USAF plans to certify its entire fleet to use the synthetic blend by 2011, and to have a semi-synthetic 

fuel blend (<50%, blend not specified) replace half the jet fuel that it consumes in domestic operations 

by 20168. Once the aircraft are certified, the USAF can operate them with 50/50 blends of petroleum 

derived and FT synthetic jet fuel regardless of the feedstock used to produce the FT synthetic fuel (e.g., 

coal, natural gas, biomass, shale oil). The broad range of possible feedstocks greatly enhances the value 

of using FT synthetic fuels since this only increases the number of potential resources on which the USAF 

could draw. However, the Energy Independence and Security Act (EISA) of 2007 prohibits the US 

Government from procuring an alternative fuel for any transport-related purposes that is more carbon 

intensive than the equivalent conventional fuel produced from petroleum9. At current technology levels 

this effectively rules out the use of FT fuels from coal, natural gas or shale oil since these all have higher 

life-cycle greenhouse gas emissions than equivalent conventional petroleum-derived fuels10. It is 

possible that with carbon capture and storage, and combining biomass feedstocks with coal11 that some 

of these routes will become allowed under the terms of EISA. 

2.2 Current drivers and constraints for alternative fuels in commercial aviation 

The cost of fuel has been a major driver in the development of aircraft and engine technology 

throughout the history of jet powered flight. Historically, fuel has represented about 10-15% of an 

airlines operating cost (Figure 1). The recent increase in crude oil prices caused fuel to increase to about 

30% of airƭƛƴŜ ƻǇŜǊŀǘƛƴƎ ŎƻǎǘΣ ŀ ƭŜǾŜƭ ǿƘƛŎƘ ŀƛǊƭƛƴŜǎ ƘŀǾŜ ƴƻǘ ǎŜŜƴ ǎƛƴŎŜ ǘƘŜ ŜŀǊƭȅ мфулΩǎΦ ¢ƘŜ ǇǊƛŎŜ ƻŦ 

crude has dropped again relative to the peak reached in 2008, however, the large fluctuations in the 

cost of fuel have provided a strong incentive for airlines to consider alternative sources of fuel. The hope 

for the airlines is that a broader range of sources would give them greater flexibility in meeting their 

needs and improved price stability. Biofuels are clearly a possible alternative, but other, less 

                                                           
7
  FlightGlobal, Fuel Renewal: The US Air Force tests synthetic fuel on a B-52 as part of foreign fuel reliance 

reduction drive, Oct. 2006, [Accessed 11 May, 2009], 

http://www.flightglobal.com/articles/2006/10/04/209576/fuel-renewal-the-us-air-force-tests-synthetic-fuel-

on-a-b-52-as-part-of-foreign-fuel-reliance.html 
8
  DefenseNews, Synthetic Future, March 2009, [Accessed 11 May, 2009], 

http://www.defensenews.com/story.php?i=3969089&c=FEA&s=TEC 
9
  Energy Independence and Security Act of 2007, Sec. 526: Procurement and Acquisition of Alternative Fuels, 

Jan. 2007, [Accessed 17 June, 2009], 

http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=110_cong_bills&docid=f:h6enr.txt.pdf 
10

 Wong, H.M., Life-cycle assessment of greenhouse gas emissions from alternative jet fuels, MS Thesis, MIT, 

Sept. 2008. 
11

 Sigma: Energy Security, From coal and biomass to synthetic fuel, David Gray et al, Noblis, Dec. 2007, [Accessed 

28 July 2009], http://www.noblis.org/MissionAreas/ees/Services/Documents/SigmaCoalBiomass.pdf 
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environmentally beneficial sources such as coal-to-liquid (CTL), gas-to-liquid (GTL), shale oils and tar 

sands are being considered as well12.  
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Figure 1: Historical values of fuel related operating cost for US airlines compared to the cost of a barrel of 

crude
13,14

. 

In addition to the direct cost of fuel, there is increasing concern in the aviation industry that aircraft 

operations will be required to pay for their carbon emissions. The Kyoto Protocol instructed Annex 1 

countries (industrialised nations) to pursue emissions reductions or limitations through the International 

Civil Aviation Organization (ICAO).  There is wide expectation that aviation emissions will be included in 

any agreement that comes out of the upcoming UN Framework Convention on Climate Change 

(UNFCCC) meeting in Copenhagen in December 2009. More immediately, the European Commission has 

issued a directive to include aviation activities of aircraft operators that operate flights arriving or 

departing from the European Union (EU) in the EU Emissions Trading Scheme (ETS) effective from 

                                                           
12

  Qatar Fuel, Gas-to-Liquids Jet Fuel Development, Feb. 2009, [Accessed 12 May 2009], 

http://www.icao.int/WAAF2009/Presentations/8_Alsobai.pdf 
13

  Air Transport Association, Quarterly Cost Index, U.S. Passenger Airlines, 2009, [Accessed 12 May 2009], 

http://www.airlines.org/economics/finance/Cost+Index.htm 
14

  Energy Information Administration, World Crude Oil Prices, 2009, [Accessed 12 May 2009], 

http://tonto.eia.doe.gov/dnav/pet/pet_pri_wco_k_w.htm 
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January 201215. The International Air Transport Association (IATA) estimates that the EU ETS will result in 

ϵоΦр ōƛƭƭƛƻƴ όϷпΦлōƴύ ƛƴ ŀŘŘƛǘƛƻƴŀƭ Ŏƻǎǘǎ ŦƻǊ ŀƛǊƭƛƴŜǎ ƛƴ нлмн ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀ р҈ ƛncrease in fuel expenses 

(shown in Table 1). By 2020, IATA estimates that this could increase to 19% if airlines have to buy all of 

their EUETS allowances and the allowance cost increases16. During interviews, airline representatives 

indicated that they expected compliance with the EU ETS to increase their fuel expenses by about 10%. 

The use of biofuels could help airlines minimize this additional expense as all biomass-derived fuels will 

be counted as zero i.e. emitting no CO2
17. 

Table 1: Estimated global commercial aviation revenues and fuel expenses
18 

Year 
Revenue 

US$ (billion) 

Fuel expenses 

US$ (billion) 

2008 528 165 

2009 448 106 

 

Industry players cite a range of motives for their interest in alternative fuels. For instance, the Air 

Transport Action Group (ATAG), an industry coalition that represents more than 70 players in all areas of 

the global aviation industry, states: 

άΧ concerns about rising fuel costs, energy supply, energy security and aviation emissions have called 

for a fresh look at the use of alternative fuelsΦέ19 

Similarly, Boeing recognizes both the environmental and economic motives behind its interest in 

biofuels: 

άǎǳǎǘŀƛƴŀōƭŜ ōƛƻŦǳŜƭǎ ǊŜǇǊŜǎŜƴǘ ŀ ƳŀƧƻǊ ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ǊŜŘǳŎƛƴƎ Ǝƭƻōŀƭ ŀǾƛŀǘƛons greenhouse gas 

ŜƳƛǎǎƛƻƴǎΦ !ƴŘ ŦǳŜƭ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ Ŏƻǎǘǎ ŦƻǊ ŀƛǊƭƛƴŜǎ ŀƴŘ ǘƘŜƛǊ ǇŀǎǎŜƴƎŜǊǎΦέ20 

                                                           
15

  European Commission, Aviation and Climate Change, [Accessed 12 May 2009], 

http://ec.europa.eu/environment/climat/aviation_en.htm 
16

     IATA 2008 Report on Alternative Fuels http://www.iata.org/NR/rdonlyres/03FE754C-D30A-4E77-8C92-

5A05AF75C614/0/IATA2008ReportonAlternativeFuels.pdf 
17

  Directive 2008/101/EC of the European Parliament and of the Council of 19 November 2008 amending 

Directive 2003/87/EC so as to include aviation activities in the scheme for greenhouse gas emission allowance 

trading within the Community, Nov. 2008, [Accessed 17 June, 2009] 

http://eur -lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0101:EN:NOT 
18

  IATA Financial Forecast, June 2009, [Accessed 17 June, 2009], 

http://www.iata.org/NR/rdonlyres/DA8ACB38-676F-4DB1-A2AC-5BCEF74CB2C/0/Industry_Outlook_Jun09.pdf 
19

  Air Transport Action Group, Fuel consumption & alternative fuels, [Accessed 29 Apr. 2009], 

http://www.at ag.org/content/showissue.asp?pageid=1084&level1=3&level2=472&level3=1084 
20

  Boeing, Biofuel Resource Center, 2008, [Accessed 29 Apr. 2009], 

http://www.newairplane.com/environment/sustainablebiofuels/ 



Biofuels in aviation 
E4tech, August 2009 

21 

 

The Commercial Aviation Alternative Fuels Initiative (CAAFI), an industry association with a United States 

focus, also highlights the issues of fuel cost, energy security, environmental impact and sustainability.21 

While there are several pressures that are pushing the aviation industry to consider alternative fuels, 

there are also constraints that limit the range of choices that the industry is willing to consider. The most 

significant constraint is the very large investment in the existing fleet. The Air Transport Action Group 

(ATAG) estimates that globally, airlines currently have a fleet of nearly 23,000 aircraft22. For reference, 

the list price of a Boeing 737, the jet airliner with the largest production, is $50-90 million, while larger 

aircraft such as the Boeing 787 cost around $150-200 million23. These numbers suggest that the existing 

fleet represents a past investment of hundreds of billions or even trillions of dollars (without even 

considering the investment in related infrastructure such as the jet fuel distribution system). 

Furthermore, aircraft have a typical life of 25 to 30 years, meaning that a significant fraction of the 

current fleet will be operational to 2020 or even 2030 and beyond. This long life cycle and high cost, 

coupled with stringent certification requirements for fuels, mean that airlines are not willing to consider 

ŀƴȅ ŦǳŜƭ ǘƘŀǘ ƛǎ ƴƻǘ ŀ ΨŘǊƻǇ-ƛƴΩ ǊŜǇƭŀŎŜƳŜƴǘ ŦƻǊ ŎǳǊǊŜƴǘΣ ǇŜǘǊƻƭŜum-derived jet fuel24. A drop-in 

replacement fuel is defined as an alternative fuel that meets all the requirements of the current jet fuel 

specification and does not require any equipment modification. 

 

 

 

                                                           
21

  Commercial Aviation Alternative Fuels Initiative, 2009, [Accessed 29 Apr. 2009], 

http://www.caafi.org/about/caafi.html 
22

  Air Transport Action Group, Facts and Figures: Aviation in General, 2009, [Accessed 12 May 2009], 

http://www.enviro.aero/aviationenvironmentfactsfigures.aspx 
23

  Boeing, Commercial Airplanes: Jet Prices, 2008, [Accessed 12 May 2009], 

http://www.boeing.com/commercial/prices/ 
24

  Sustainable Aviation Fuel Users Group, Commitment to Sustainable Options, 2008, [Accessed 12 May 2009], 

http://www.boeing.com/commercial/environment/pdf/sustainable_aviation_fuel_users_group.pdf 
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3 Fuel requirements and certification 

3.1 Jet fuel requirements 

The property requirements for jet fuel developed somewhat organically with the development of the jet 

ŜƴƎƛƴŜ ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎŀǘŀƭȅǘƛŎ ŎǊŀŎƪƛƴƎ ǇǊƻŎŜǎǎŜǎ ƛƴ ǘƘŜ ǊŜŦƛƴƛƴƎ ƛƴŘǳǎǘǊȅ ǎǘŀǊǘƛƴƎ ƛƴ ǘƘŜ мфнлΩǎ 

ŀƴŘ олΩǎΦ CǊƻƳ ƛǘǎ ƻǊƛƎƛƴǎΣ ǘƘŜ ǎƻǳǊŎŜ ƻf jet fuel has been the refining of petroleum crude. As with most 

outputs of the refining process, jet fuel is a mixture of a large numberτas many as a thousand or 

moreτ of different hydrocarbons. Indeed, modern analytical techniques are still not powerful enough 

to fully identify all the individual species that make up the mixture25. Because of this, jet fuel 

specifications and requirements are largely defined in terms of required performance rather than, say, a 

target composition (although limits on amounts of certain classes of compounds such as aromatics are 

part of the specification). Several of the key performance characteristics most relevant to the 

introduction of biofuels, are listed and described below. 

Energy content 

The primary function of the fuel on an aircraft is to act as a store of chemical energy that can be 

converted into the work required to fly the aircraft. Since the volume available to store fuel on the 

aircraft and the mass of fuel that the aircraft can carry are both constrained, the energy content of the 

fuel will have a significant impact on the aircraft performance. Specifically, for commercial aircraft, this 

means that the maximum range of the aircraft is set, in part, by the energy content of the fuel. The 

energy content of different hydrocarbon species is different and so, as the exact composition of a given 

batch of jet fuel is variable, so is the actual energy content. The standards define a minimum net heat of 

combustion, which is the gravimetric energy density (or energy per unit mass) of the fuel usually defined 

in MJ/kg. However, the volumetric energy density (or energy per unit volume) is also important, since, 

for a full load of fuel in a fixed volume tank, the higher the volumetric energy density of the fuel, the 

greater the total energy that the aircraft can carry. 

Freeze point 

Modern aircraft operate for extensive periods of time at high altitudes where air temperatures can be as 

low as -50°C or lower. The main fuel tanks in modern commercial jets are in the wings, thus on long 

flights, the fuel in the tanks will cool to very low temperatures. It is clearly important that the fuel 

remain pumpable even at these low temperatures. The fuel standards therefore define a maximum 

allowable freezing point. Since jet fuel is a blend of many different hydrocarbon species it does not 

freeze solid at a single temperature the way water does, for instance. Rather, the hydrocarbons with the 

highest freezing temperatures will solidify first, creating small waxy crystals suspended in the remaining 

liquid. As the temperature continues to drop, more and more of the species will begin to solidify and the 

fuel will change first to a slushy mixture and eventually to an almost solid wax block. 
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  Chevron, Aviation Fuels Technical Review, 2006, [Accessed May 6, 2009], 

http://www.chevronglobalaviation.com/docs/aviation_tech_review.pdf 
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Thermal stability 

On the way to being burned in the aircraft engine, the fuel is used for a variety of other functions. One 

of these is to cool the engine lubrication oil and other engine components. At elevated temperatures, 

some of the more reactive species in the fuel can begin to undergo chemical reactions that can result in 

the formation of gums and insoluble coke particulates in a process typically referred to as coking. These 

gums and particulates can deposit on fuel system components such as filters and reduce or disrupt the 

fuel flow. In addition, they can also clog fuel injection nozzles or small cooling holes in the combustor or 

in the turbine resulting in the need for increased maintenance. The chemistry of the coking reactions is 

extremely complex, involving interactions between many components and trace chemicals, and so the 

thermal stability of the fuel cannot be predicted. Thus the standards define a performance test where 

fuel is flowed through a heated tube at a specified flow rate and tube temperature for a fixed amount of 

time and any deposits are evaluated. 

Viscosity 

Inside the engine, the liquid fuel is injected at high pressure through nozzles that break the fuel up into a 

fine spray of droplets. The viscosity of the fuel impacts both the spray pattern coming out of the fuel 

nozzle as well as the size of the resulting droplets. An increase in the droplet size can result in 

incomplete combustion of the fuel and can also make the engine harder to relight at altitude (should 

that prove necessary). A change in the spray pattern can also result in sub-optimal combustion of the 

fuel as well as creating uneven temperature distributions that can damage the combustor or the turbine 

downstream. The fuel standards include a maximum allowable fuel viscosity to avoid these problems. 

Combustion characteristics 

Certain classes of hydrocarbons typically present in petroleum-derived jet fuel, such as aromatic26 

compounds, are more likely to form small carbonaceous particles during combustion. These particles 

can have several detrimental effects on engine performance. Firstly, the particles become incandescent 

in the combustor and emit additional infrared radiation that can increase the wall temperatures in the 

combustor, potentially damaging the combustor. Secondly, the particles can be deposited on engine 

internal surfaces, potentially disrupting the air flow or clogging cooling holes or other features. Thirdly, 

the particles can erode downstream engine components. And finally, some of the particles can be 

emitted as visible smoke from the engine. In addition, the presence of sulphur in the fuel can result in 

the emission of fine particulates with detrimental air quality effects due to the formation of sulphur 

oxides. The fuel standards define maximum allowable concentrations of aromatic compounds and 

sulphur to minimize these problems27. 
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  Aromatic hydrocarbons are compounds such as benzene that include one or more rings of carbon atoms that 

are joined by alternating single and double covalent bonds. 
27

  Chevron, Aviation Fuels Technical Review, 2006, [Accessed May 6, 2009], 

http://www.chevronglobalaviation.com/docs/aviation_tech_review.pdf 
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Lubricity 

Another of the functions served by the fuel is to provide lubrication to various moving parts in the fuel 

system and engine controls. These include the fuel pumps, as well as fuel controls and hydraulic engine 

controls. There are two separate mechanisms that help the fuel provide lubrication. The first is 

hydrodynamic lubrication whereby a thin layer of fuel separates two mechanical surfaces. The higher 

the fuel viscosity, the greater the hydrodynamic lubrication will be. The second mechanism is boundary 

lubrication which occurs in regions of very high pressure or where clearances are too tight to allow a 

hydrodynamic fuel layer to exist. Boundary lubrication occurs when fuel molecules adhere to the metal 

surfaces and form a protective layer. The ability of a fuel to be a good boundary lubricant is attributed to 

the presence of trace amounts of sulphur, oxygen and nitrogen containing compounds as well as 

aromatics. Unfortunately, the lubricity of a given batch of fuel cannot be predicted based on bulk 

chemical properties such as the average sulphur or aromatic content and again, the standards define a 

performance based requirement that the fuel must meet27. 

Material compatibility 

During distribution and use, jet fuels come into contact with a wide variety of metals, coatings and 

elastomers. Some of the compounds present in petroleum derived fuels such as organic acids and 

mercaptans can cause corrosion of metal parts. To mitigate these problems the specifications include 

limits on the total acidity of the fuel as well as the maximum allowable concentrations of mercaptans. 

An overall corrosivity test is also specified. 

The presence of certain aromatic compounds in the fuel can cause the elastomers present in the aircraft 

fuel systems to swell. There is concern in the industry that alternative fuels that do not have these 

aromatic compounds could result in fuel system leaks if the seals do not swell as much28. 

Safety properties 

The two Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŦǳŜƭ ǇǊƻǇŜǊǘƛŜǎ ǘƘŀǘ ǊŜƭŀǘŜ ǘƻ ǎŀŦŜǘȅ ŀǊŜ ǘƘŜ ŦǳŜƭΩǎ ŦƭŀǎƘ Ǉƻƛƴǘ ŀƴŘ ƛǘǎ ŜƭŜŎǘǊƛŎŀƭ 

conductivity. The flash point is the lowest temperature at which fuel vapours above a flammable liquid 

will ignite if an ignition source is applied. 

Pumping of fuel through handling equipment can generate static electric charge in the fuel. The 

conductivity of jet fuel is extremely low meaning that this static charge dissipates slowly and can 

potentially build up. If a high enough static charge builds up, it can result in a spark which in turn could 

initiate an explosion if the mixture of air and fuel vapour above the fuel is in the flammable range. 

The standards include requirements for minimum flash point and electrical conductivity to minimize the 

risks of explosions in fuel handling systems and aircraft fuel tanks. 
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Summary 

Table 2 gives a summary of the discussion above. It should be emphasized that both the discussion 

above and, in particular, the table below cover only a subset of the characteristics that are listed in the 

current specifications. 

Table 2: Summary of jet fuel requirements 

Requirement Reason Specification 

Energy content Affects aircraft range Minimum energy density by mass 

Freeze point 
Impacts upon ability to pump fuel at low 

temperature 

Maximum allowable freeze point 

temperature 

Thermal stability 
Coke and gum deposits can clog or foul fuel 

system and nozzles 

Maximum allowable deposits in 

standardized heating test 

Viscosity 
Viscosity impacts ability of fuel nozzles to 

spray fuel and of engine to relight at altitude 
Maximum allowable viscosity 

Combustion 

characteristics 

Creation of particulates in combustor and in 

exhaust 

Maximum allowable sulphur and 

aromatics content 

Lubricity 
Impacts upon ability of fuel to lubricate fuel 

system and engine controls 

Maximum allowable amount of wear in 

standardized test  

Material 

compatibility 

Fuel comes in to contact with large range of 

metals, polymers and elastomers 

Maximum acidity, maximum mercaptan 

concentration, minimum aromatics 

concentration (new) 

Safety To avoid explosions in fuel handling and tanks 
Minimum fuel electrical conductivity 

and minimum allowable flash point. 

 

3.2 Certification 

Certification of aviation turbine fuel in Europe and the US is governed by two standards: ASTM 1655 of 

the American Society for Testing and Materials29 and Def Stan 91-91 of the UK Ministry of Defence30. The 

two standards are largely equivalent except for a few minor areas where Def Stan 91-91 is more 

stringent (e.g., maximum allowable freezing point is -47°C in Def Stan 91-91 and -40°C in ASTM 1655). 

Certification of new fuels is a collaborative consensus process between the sponsor of the new fuel, the 

original equipment manufacturers (OEMs)τin this case primarily the aircraft engine manufacturers and 
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  American Society for Testing and Materials, ASTM 1655-08a: Standard Specification for Aviation Turbine Fuels, 

2008, [Accessed May 7, 2009], http://www.astm.org/Standards/D1655.htm 
30

  UK Ministry of Defence, Defence Standard 91-91, Turbine Fuel, Aviation Kerosine Type, Jet A-1, April 2008, 

[Accessed May 7, 2009], http://www.dstan.mod.uk/data/91/091/00000600.pdf 
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airframersτand the standard issuing body such as the ASTM. Figure 2 shows an overview of the ASTM 

approval process for new fuels or additives31. The three main parts of the process are: 

¶ Test program: With guidance from the OEMs, the sponsor of the new fuel or additive conducts a 

test program and prepares a research report that is submitted to the OEMs. 

¶ OEM Internal Review: The OEMs review the research report and can either request additional 

testing or information or, approve the fuel. If they approve the fuel, OEMs forward the research 

report and an OEM review report to ASTM for balloting. 

¶ Specification change: The relevant committee of ASTM reviews the research report and OEM review 

reports and puts the proposed specification changes to ballot by all its members. Any negative votes 

are reviewed for merit and additional testing or information may be requested. The process is 

repeated until all issues have been addressed at which point the committee approves the 

specification changes. 

The process typically goes through several iterations. Once the specification changes are approved, 

ASTM publishes the revised specification and the OEMs issue updated service bulletins or engine 

manuals that indicate their approval of the new fuel. 

Figure 2: Overview of the ASTM fuel and additive approval process 
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  ASTM Standard Practice for Qualification and Approval of New Aviation Turbine Fuels and Fuel Additives, 

D4054, in press, http://www.astm.org/Standards/D4054.htm 
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The existing specifications do already include some alternative fuels. Annex D of Def Stan 91-91 lays out 

the requirements for fuels containing synthetic compounds and includes approval of two specific 

alternative fuels produced by Sasol: Sasol Semi-Synthetic Blends (Җ50% Sasol iso-paraffinic synthetic 

kerosene, with no synthetic aromatic compounds) and Sasol Fully Synthetic Jet Fuel (8-25% aromatic 

content). 

ASTM D1655 includes specific approval for Sasol Semi-Synthetic Blends but does not yet include 

approval for the Sasol Fully Synthetic Jet Fuel. 

In December of 2008, the ASTM International Aviation Fuels Subcommittee approved the following 
change proposals: 

¶ Acceptance of generic semi-synthetic aviation fuels from the FT process (i.e. not just from Sasol 

plants, and from any feedstock). 

¶ Acceptance of Sasol Fully Synthetic Jet Fuel. 

¶ A new specification (previously referred to as DXXXX in the industry, and since August 2009 called 

D7566) that constructs a framework for the use of multiple alternative fuels. D7566 enables use of 

FT fuels now, with hydrotreated renewable fuels and other alternatives to be included in future 

annexes as data from technical evaluations is obtained. 

These change proposals were approved by the ASTM International Aviation Fuels subcommittee at their 

meeting on 24 June 2009,32 and D7566 was formally adopted in August 200933. In their press release the 

Civil Aviation Alternative Fuels Initiative (CAAFI) also indicated that the research report needed to 

support the approval of hydrotreated renewable jet (HRJ) is expected by the end of 2009 which should 

lead to incorporation of HRJ fuel blends into the new specification by the end of 2010.32  

3.3 Testing 

The aviation industry has been conducting a series of tests with a range of different biofuels in order to 

collect the data required for the research report needed to support certification of alternative fuels 

(Table 3). The main players in these tests have been the large airframe manufacturers (Boeing, Airbus), 

aircraft engine manufacturers (GE Aviation, Rolls-Royce, Pratt & Whitney and their respective joint 

ventures CFM and IAE) and the petroleum, petrochemical and gas process technology supplier, UOP. 

The public face of this testing is the flight tests that have been conducted over the last few months 

(Table 3), however, prior to the flight tests, a broad range of laboratory and ground testing on 

components and full engines was conducted. 

The five flight tests conducted to date have all been of blends of fossil fuel with up to 50% of an 

alternative fuel. Four of the tests have used fuel derived from a range of biomass feedstocks, while one 

has used a Fischer-Tropsch (FT) fuel derived from natural gas. While this last fuel from a gas-to-liquid 

(GTL) process is not a biofuel, the functional similarity of the derived fuel means that data from this 
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 CAAFI, Landmark synthetic jet fuel specification passes critical hurdle, June 2009, [Accessed 26 July, 2009], 

http://www.caafi.org/files/altfuelstandard-rls6-09.pdf 
33

  DǊŜŜƴ !ƛǊ hƴƭƛƴŜ Ψ{ȅƴǘƘŜǘƛŎ ƧŜǘ ŦǳŜƭ ōƭŜƴŘǎ ǊŜŎŜƛǾŜ Ŧƛƴŀƭ ǎǘŀƳǇ ƻŦ ŀǇǇǊƻǾŀƭ ŀƴŘ ǇŀǾŜ ǘƘŜ ǿŀȅ ŦƻǊ ƧŜǘ ōƛƻŦǳŜƭ 

ŎŜǊǘƛŦƛŎŀǘƛƻƴΨ http://www.greenaironline.com/news.php?viewStory=565 
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flight test is being used to support certification of other alternative fuels made from biomass feedstocks 

by the FT process. 

¢ƘŜ ŦƭƛƎƘǘ ǘŜǎǘǎ ǊŀƴƎŜŘ ŦǊƻƳ мΦр ǘƻ о ƘƻǳǊǎ ŘǳǊŀǘƛƻƴ ŀƴŘ ƛƴŎƭǳŘŜŘ ŀ ǊŀƴƎŜ ƻŦ άƴƻǊƳŀƭέ ŀƴŘ άƴƻƴ-ƴƻǊƳŀƭέ 
manoeuvres such as: 

¶ Rapid throttle excursions (acceleration, deceleration), 

¶ Engine shutdown and relight (in flight), 

¶ Gravity or suction feed (one of the fuel pumps turned off, test of lubricity/viscosity), 

¶ Simulated touch and go (simulated aborted landing done at altitude), 

άbƻƴ-ƴƻǊƳŀƭέ ƳŀƴƻŜǳǾǊŜǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ŀǎ ǇŀǊǘ ƻŦ ŀƭƭ ǘŜǎǘƛƴƎ ƻŦ ŀƛǊŎǊŀŦǘ ǎƛƴŎŜ ŀƛǊŎǊŀŦǘ Ƴǳǎǘ ōŜ ŎŜǊǘƛŦƛŜŘ ǘƻ 

operate under a much wider range of operating conditions than are normally encountered during a 

routine commercial flight. 

To date, the companies involved in the flight tests have only made a limited amount of information 

about the test flights available publicly. Principally this consists of announcing the success of the flight 

test and issuing general statements from the test pilots such as the following from the JAL test flight: 

ά9ǾŜǊȅǘƘƛƴƎ ǿŜƴǘ ǎƳƻƻǘƘƭȅΦ ¢ƘŜǊŜ ǿŀǎ ƴƻ ŘƛŦŦŜǊŜƴŎŜ ŀǘ ŀƭƭ ƛƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ŜƴƎƛƴŜ ǇƻǿŜǊŜŘ ōȅ 

ǘƘŜ ōƛƻŦǳŜƭ ōƭŜƴŘΣ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ǘƘǊŜŜ ŜƴƎƛƴŜǎ ŎƻƴǘŀƛƴƛƴƎ ǊŜƎǳƭŀǊ ƧŜǘ ŦǳŜƭΦέ34 

And these comments from the Air New Zealand test flight: 
άWe undertook a range of tests on the ground and in-flight with the jatropha biofuel performing well 

through both the fuel system and engine, just as laboratory tests indicated it wouldΦέ35 

Boeing information on the Air New Zealand, Japan Air Lines and Continental Airlines test flights36, 

indicates that fuel consumption when using biofuels was reduced by 1.07% (by mass), as a result of a 

1.08% increased energy density, relative to the specification value. Note that in interviews, industry 

fuels experts have pointed out that the energy density of the biofuel, while higher than the 

specification, is well within the range of actual energy densities that aircraft see due to the natural 

variability of petroleum products. 

Four additional planned flight tests have been announced by JetBlue, British Airways, Qatar Airways and 

Interjet respectively. British Airways has indicated that it had difficulty sourcing the 60,000 litres of 

biofuel that it required to conduct the test37 since biofuels producers could not supply them with the 

required volumes of fuel. Qatar Airways has announced that it expects to fly a biofuel test flight from 
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  Boeing, Biofuel Press Release, Jan. 2009, [Accessed 28 Apr. 2009] 

http://www.newairplane.com/assets/environment/downloads/Jan_30_Biofuel_Press_Release.pdf 
35

  Air New Zealand, World-First Biofuel Test Flight, Dec. 2008. [Accessed 28 Apr. 2009] 

http://www.airnewzealand.co.nz/aboutus/biofuel-test/default.htm 
36

  Boeing, Evaluation of Bio-5ŜǊƛǾŜŘ {ȅƴǘƘŜǘƛŎ tŀǊŀŦŬƴƛŎ YŜǊƻǎŜƴŜǎ ό.ƛƻ-SPK), [Accessed 26 July 2009], 

http://www.boeing.com/commercial/environment/pdf/PAS_biofuel_Exec_Summary.pdf 
37

  Aimée Turner, BA's search for biofuel candidates continues, Flightglobal.com, [Accessed 29 Apr. 2009], 

http://www.flightglobal.com/articles/2009/04/06/324794/bas-search-for-biofuel-candidates-continues.html 
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London Gatwick to Doha in October 200938, Airbus and JetBlue have confirmed that their planned test 

flight will take place in 201039, and Interjet has announced that it expects to fly an Airbus A320 using a 

biofuel blend derived from halophytes in 2010.40 
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 Flightglobal, Qatar Airways to have biofuel trial in October, June 2009, [Accessed 27 July 2009], 

http://www.flightglobal.com/articles/2009/06/10/327668/qatar-airways-to-have-biofuel-trial-in-october.html 
39

 GreenAirOnline, Airbus confirms that its first biofuel commercial aircraft test flight will not take place until 

2010, Feb. 2009, [Accessed 27 July 2009], http://www.greenaironline.com/news.php?viewStory=376 
40

 Flightglobal, Mexico's Interjet plans alternative fuels trial in early 2010, March 2009, [Accessed 27 July 2009], 

http://www.flightg lobal.com/articles/2009/03/19/324119/mexicos-interjet-plans-alternative-fuels-trial-in-
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Table 3: Summary of civil aviation test flights to date 

Date Airline Fuel supplier Blend 
Airframe 
manufacturer 

Engine 
manufacturer 

No of 
engines 

Flight 
duration 

24 Feb. 
2008

41
 

Virgin Atlantic 
UOP, Imperium 
Renewables 

20% coconut and 
babassu methyl ester 

Boeing 747-400 GE CF6-80C2 1 of 4 3 hours 

1 Feb. 
2008

42,43
 

Qatar Airways 
Shell International 
Petroleum, Qatar Fuel 

40% GTL Airbus A380 
Rolls-Royce Trent 
900 

1 of 4 3 hours 

30 Dec. 
2008

44,45
 

Air New 
Zealand 

UOP, Terasol 50% jatropha Boeing 747-400 
Rolls-Royce RB211-
524G 

1 of 4 2 hours 

7 Jan. 
2009

46
 

Continental 
Airlines 

UOP, Terasol, Sapphire 
Energy 

47.5% jatropha, 2.5% 
algae 

Boeing 737-800 CFM56-7B 1 of 2 2 hours 

30 Jan. 
2009

34,47
 

Japan Air Lines UOP, Sustainable Oils 
42% camelina, 7.5% 
jatropha, 0.5% algae 

Boeing 747-300 
Pratt & Whitney 
JT9D 

1 of 4 1.5 hours 

Oct 2009
38

 Qatar Airways       

2010 Jet Blue UOP  Airbus A320-200 IAE v2500   

2010
40

 Interjet  Halophyte derived Airbus A320 CFM56   

TBA British Airways       
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  Virgin Atlantic, Biofuel flight demonstration, Feb. 2008. [Accessed 28 Apr. 2009] http://www.virgin-atlantic.com/en/gb/allaboutus/environment/biofuel.jsp 
42

  Qatar Airways, Alternative Fuels, Feb. 2008. [Accessed 28 Apr. 2009] http://www.qatarairways.com/global/en/csr-fuel.html 
43

  Fonta, Philippe, Gas to Liquid (GTL) ς A viable precursor to biofuels, Airbus, ICAO Workshop on Aviation and Alternative Fuels, Feb. 2009. [Accessed 28 Apr. 

2009] http://www.icao.int/WAAF2009/Presentations/10_Fonta.pdf 
44

  Air New Zealand Public Affairs, Biofuel test flight completed, Dec. 2008. [Accessed 28 Apr. 2009] 

http://www.newairplane.com/assets/environment/downloads/30.12.08_Biofuel_test_flight_completed.pdf 
45

  Air New Zealand, World-First Biofuel Test Flight, Dec. 2008. [Accessed 28 Apr. 2009] http://www.airnewzealand.co.nz/aboutus/biofuel-test/default.htm 
46

  Continental Airlines, Jan. 2009, [Accessed 28 April 2009], https://w ww.continental.com/web/en-US/content/company/globalcitizenship/environment.aspx 
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  Abe, Yasunori, JAL Biofuel Flight Demonstration, JAL, ICAO Workshop on Aviation and Alternative Fuels, Feb. 2009, [Accessed 28 Apr. 2009] 

http://www.icao.int/WAAF2009/Presentations/15_Abe.pdf 
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3.4 Outlook for future development and testing 

As discussed above, Sasol semi-synthetic blends of FT fuels derived from coal are already certified. The 

Sasol fully synthetic fuel is already included in the Def Stan 91-91 specification and is expected to be 

added to ASTM D1655 by the end of 2009. Jet fuel blends with up to 50% biofuel from an FT process 

were certified in August 2009 and 50% blends of hydrotreated vegetable oil biofuels are expected to be 

certified by the end of 2010,48 with several interviewees having confidence in meeting this timescale.   

More novel fuels will likely require more extensive testing. Indeed the recently updated ASTM approval 

protocol for jet fuels states: 

ά¢ƘŜ h9aǎ ǎƘƻǳƭŘ ōŜ ŎƻƴǎǳƭǘŜŘ ŀƴŘ ǿƛƭƭ ǇǊƻǾƛŘŜ ƎǳƛŘŀƴŎŜ ƻƴ ǿƘƛŎƘ ǘŜǎǘǎ ŀǊŜ ŀǇplicable. Applicability 

will be based on chemical composition of the new fuel or additive, similarity to approved fuels and 

additives, and engine manufacturer experience. Departure from engine manufacturer experience 

requires more rigorous testing.έ49 [Emphasis added] 

Indeed, industry experts have indicated that one of the reasons that certification of 50% FT biofuel is 

likely to happen this yearτwithin 3 years of beginning the approval processτis that these fuels 

benefitted from the experience gained in the 7 year process of approving the Sasol semi-synthetic FT 

blend. 

To facilitate a common understanding and discussion of the maturity of different fuel types the Civil 

Aviation Alternative Fuels Initiative (CAAFI) has proposed the use of a Fuel Readiness Level (FRL) system 

(Figure 3) that is modelled on the Technology Readiness Level system originally developed by NASA and 

used widely in the United States at both NASA and the Department of Defense. The proposed system 

seems to provide a good framework for assessing the maturity of fuel production and testing. However, 

it is important to note that all of the biofuels routes have a number of potential feedstocks, some of 

which are not yet commercially available, and are at varying stages of development.  
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 CAAFI, Landmark synthetic jet fuel specification passes critical hurdle, June 2009, [Accessed 26 July, 2009], 

http://www.caafi.org/files/altfuelstandard-rls6-09.pdf 
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  ASTM Standard Practice for Qualification and Approval of New Aviation Turbine Fuels and Fuel Additives, 

D4054, in press, http://www.astm.org/Standards/D4054.htm 
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Figure 3: Fuel readiness levels proposed by CAAFI. The table shows the various stages in the maturation of a new 

fuel technology from identification of a new alternative fuel (FRL1) to full scale production (FRL9). It indicates 

what development stage and product 
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4 Technical suitability of biofuels for aviation 

In this section we provide a technical assessment of biofuels likely to be suitable for aviation now or in 

the future. For each biofuel route, we: 

¶ Introduce the fuel chains ς what feedstocks are used, and how they are converted to an aviation fuel 

¶ Describe challenges for use in aviation, including: 

o Technical challenges. This is primarily challenges for aircraft engines ς such as energy density, 

low temperature operability, thermal stability, flash point, lubricity, materials compatibility, 

viscosity, density, need for added components to meet fuel specifications. We also consider here 

whether there are other technical challenges for use in aviation ς fuel distribution and storage at 

airports, supply chain challenges.  

o Certification status and outlook, 

o Potential breakthroughs in meeting these technical challenges, and the likelihood of these being 

achieved, 

¶ Likely time scale for development and commercialisation, including whether the same, or a similar 

technologies will be used in other sectors, such as in biofuels for road transport, 

4.1 Introduction to biofuels 

¢ƘŜ ǘŜǊƳ ΨōƛƻŦǳŜƭΩ Ŏŀƴ ŜƴŎƻƳǇŀǎǎ ŀƴȅ ƭƛǉǳƛŘ ƻǊ ƎŀǎŜƻǳǎ ŦǳŜƭ ŘŜǊƛǾŜŘ ŦǊƻƳ ŀ ōƛƻƳŀǎǎ ǎƻǳǊŎŜΦ Production 

of biofuels involves conversion of a biomass feedstock, which can be a crop, agricultural or forestry 

residue, or other by-product or waste, through a conversion process, which can be biological, thermal, 

chemical, or a combination of these, to form one or more products.  

The most common biofuels types in use in road transport today are not suitable for use as aviation fuels: 

bioethanol, biodiesel from transesterification of vegetable oils and fats (FAME)50, and biogas from 

anaerobic digestion. Here we consideǊ ƻƴƭȅ ōƛƻŦǳŜƭǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ΨŘǊƻǇ-ƛƴΩ ǊŜǇƭŀŎŜƳŜƴǘǎ ŦƻǊ ƧŜǘ ŦǳŜƭΣ 

summarised in Figure 4 below.  
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 .ƛƻŘƛŜǎŜƭ όŦŀǘǘȅ ŀŎƛŘ ƳŜǘƘȅƭ ŜǎǘŜǊ ƻǊ C!a9ύ ǿŀǎ ǳǎŜŘ ƛƴ ±ƛǊƎƛƴ !ǘƭŀƴǘƛŎΩǎ ǘŜǎǘ ŦƭƛƎƘǘΣ ōǳǘ ƛǎ ƴƻǘ ŀ ŘǊƻǇ ƛƴ ŦǳŜƭΣ ŀƴŘ 

so is not considered to have potential for widespread use.  
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Biodegradable MSW, 

sewage sludge, wet 

wastes, macro-algae, 

microalgal residue

Gasification and FT

Woody energy crops, 

forestry residues,  

agricultural residues
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Figure 4: Overview of biofuels routes considered 

4.2 Biomass-to-liquids (BTL) 

Introduction 

Biomass to liquids (BTL) involves gasification of biomass feedstocks, followed by Fischer-Tropsch 

synthesis of the gas produced, to form a range of products. Jet fuel, diesel and gasoline replacements 

can all be produced through variations of this process. Jet fuel produced by this route is often referred 

to as synthetic paraffinic kerosene (SPK) or sometimes FT-SPK.   

Many different biomass feedstocks can be gasified, from woody energy crops to municipal solid wastes. 

Problems can arise with some feedstocks, such as agricultural residues, and so use of these may be 

limited with some gasifier types. Most current projects focus on wood, although other feedstocks have 

been tested. Some projects use pretreatment steps before gasification, which densify the biomass 

feedstock. This could be of interest as BTL plants may need to be large in order to be economically 

viable, requiring large volumes of feedstock, which may need to be transported from further away. 

Densification could improve the economics and GHG impacts of feedstock transport.  

After gasification, the gas composition is adjusted through a series of reactions, and various gas cleaning 

steps are used to remove tars and impurities. The syngas is then converted into liquid hydrocarbons 

such as gasoline, diesel and jet using Fischer-Tropsch synthesis. The yield of each fraction can be 
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modified either by changing process parameters or by adding additional steps such as selective 

hydrocracking and fractionation.  

Use in aviation 

Figure 5 below compares representative compositions for typical petroleum-derived jet fuel (Jet A-1) 

and a synthetic jet fuel derived from the FT process (although using natural gas as the feedstock). 

Although the feedstock for the FT fuel is different, the resulting composition is still representative of 

what would be obtained from an FT fuel synthesized from gasified biomass. 

As can be seen in the figure, the synthetic fuel has a similar distribution of normal and iso-paraffins to 

the petroleum-derived jet fuel, although the range of carbon numbers present in the FT fuel is slightly 

narrower. The biggest difference between the two fuels, however, is the absence of napthenes and 

aromatics from the synthetic fuel. The performance characteristics of jet fuel, however, rely on a 

balance between the properties of the compounds in the various classes of hydrocarbon as no single 

class of hydrocarbon has entirely favourable characteristics. Table 4 below gives a high level summary of 

the impact of each hydrocarbon class on some overall fuel performance characteristics.  

This table suggests that a synthetic fuel consisting solely of straight-chain paraffins would have a 

significantly worse low temperature performance than a petroleum derived fuel (due to the absence of 

napthenes and isoparaffins). Thus the upgrading process for producing jet fuel from FT proposed by 

UOP, for instance, includes an isomerisation process step to ensure that the low temperature 

performance requirement is satisfied. In addition, the absence of aromatics will likely reduce the 

volumetric energy content of the fuel. Another issue caused by the absence of aromatics is that the seals 

in the fuel system have been designed accounting for the presence of aromatics which cause the seal 

elastomers to swell. These issues combined mean that the SPK produced by the FT process will need to 

be blended with petroleum derived jet fuel to ensure that all the jet fuel performance specifications are 

met. Indeed, the alternative fuel that is most likely to receive near term certification is a 50% blend of 

synthetic FT jet fuel with 50% petroleum-derived jet fuel. At blending levels above 50-60% SPK, 

compounds such as napthenes and aromatics derived from another process may need to be added.  
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Figure 5: Composition of synthetic GTL jet fuel (left) and typical Jet A-1 fuel (right) by carbon number and 

hydrocarbon class, with structures of each hydrocarbon class51. 

Table 4: Impact of hydrocarbon class on jet fuel properties52 

 Hydrocarbon class 

Jet fuel property n-paraffin iso-paraffin napthene aromatic 

Energy density     

Gravimetric  + + 0 ҍ 

Volumetric ҍ ҍ 0 + 

Combustion quality + + + - 

Freeze point ҍҍ 0/+ + лκҍ 

+: favourable effect, 0: neutǊŀƭ ƻǊ ƳƛƴƛƳŀƭ ŜŦŦŜŎǘΣ ҍΥ ƴŜƎŀǘƛǾŜ ŜŦŦŜŎǘ 

Timescale for development and commercialisation 

Many of the individual technologies used in the production of FT liquids are commercially available, such 

as feedstock production/collection, pre-treatment technologies and FT processes. Biomass gasification is 

used for heat and power production, although generally at smaller scales than envisaged for BTL plants. 

                                                           
51

  Bogers, Alternative Fuels for Aviation ς Industry Options and Challenges, Shell Aviation, ICAO Workshop on 

Aviation and Alternative Fuels, Feb. 2009, [Accessed 28 Apr. 2009] 

http://www.icao.int/WAAF2009/Presentations/11_Bogers.pdf 
52

  Chevron, Aviation Fuels Technical Review, 2006, [Accessed May 6, 2009], 

http://www.chevronglobalaviation.com/docs/aviation_tech_review.pdf 
































































































































































