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Executive summary

Aviation is recognised as a hard-to-decarbonise sector. Reductions in fuel consumption 
can be delivered through more efficient aircraft and by various operational measures, but 
there is a limit to how much these can deliver. At the international level recent policy-
driven attempts to mitigate aviation emissions have been focused on carbon offsetting 
schemes, but most roadmaps for longer-term decarbonisation of aviation rely on the 
large-scale deployment of renewable “sustainable aviation fuel” (SAF). 

While aspirations for SAF have been high, adoption of these fuels has been slow, 
both in Spain and globally. This is due primarily to high production costs and the lack of 
adequately strong policy to drive deployment. This policy framework is set to change 
under the ‘Fit for 55’ climate package currently being negotiated by the European 
institutions, which includes a proposal for a new  ‘ReFuelEU’ Regulation that would 
impose binding 2030 targets for SAF supply. 

One technology route for SAF production is the hydrotreating of vegetable oils to 
produce ‘HEFA’ jet fuel. Several refineries in Spain already produce large volumes of 
hydrotreated renewable diesel fuel, mostly from palm oil. This capacity could in principle 
be reoriented to HEFA jet fuel production, but there are practical barriers to doing so. 
These include the need to switch from food-oils to waste oils to meet the sustainability 
requirement proposed for ReFuelEU, and the implications for diesel and renewable 
diesel production capacity if the relevant units were reoriented to jet fuel production. 
It may therefore be more likely that new dedicated facilities producing a high share of 
HEFA jet output will be required and that existing co-processing capacity will continue 
to produce renewable diesel.

A broader issue for vegetable-oil-based technologies is that they will have to compete 
for feedstock with the established market for renewable road fuel. This competition could 
raise prices for all consumers of hydrotreated renewable fuels, and raises the risk that 
feedstocks and renewable fuels are simply shifted from the road sector to the aviation 
sector without driving the production of additional volumes or delivery of additional 
carbon savings. There are also sustainability issues around the use of vegetable oils – 
the emissions benefits from these pathways are highly sensitive to the choice of input 
feedstocks, and the use of virgin vegetable oils, especially palm oil, is associated with 
large indirect land use change emissions such that increased demand for food oils to 
replace fossil fuels may cause net emissions to be increased rather than reduced.

Not all SAF is created equal however, and there are more advanced processes available 
that are more attractive options for decarbonisation. Technologies to produce biojet 
from cellulosic material can take advantage of biomass resources that are much more 
plentiful and less well utilised than vegetable oils, and therefore provide a biojet option 
that has more scalability to meet 2050 targets. ReFuelEU also proposes a sub-mandate 
for ‘electrojet’ fuels, which can be synthesised from renewable hydrogen. Electrojet 
production will require new renewable electricity generation, but has more long-term 
growth potential than either of the biofuel routes. The Renewable Energy Directive and 
ReFuelEU policies create a framework to provide preferential support for these more 
advanced technologies, but it is also important that the Spanish Government delivers a 
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domestic implementation of these EU policies that gives investors the value confidence 
to build new capacity. 

Currently, we are not aware of any of Spain’s airports (which together consume 6.9 
million tonnes of fuel per year), nor any of Spain’s airlines, having detailed plans to 
use SAF at commercial volumes. This said SAF represents an important plank of the 
Spanish airport operator Aena’sclimate plan, and Spanish airlines have been engaged 
with the government on SAF use through initiatives such as Bioqueroseno. Spain has an 
opportunity now to chart a forward-looking course, through policies and targets that 
provide a strong value proposition to developers of cellulosic biojet and renewables-
based electrojet fuels. Industrial stakeholders in the fuel refining space, and those in the 
aviation sector, should seek to commit to fuel technology options that present a viable 
and environmentally sustainable option for the future.
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Introduction

As part of the transition to a low carbon economy and the fight against climate 
change, alternative aviation fuels have been identified as an important tool to reduce 
the greenhouse gas intensity of the aviation sector. Some roadmaps for decarbonising 
aviation require an almost complete replacement of fossil jet fuel with these “sustainable 
aviation fuels” (SAF). Several SAF production routes have already been certified, there 
have been demonstration flights, and a small but growing number of European airports 
offer SAF fuelling options. Spain already has extensive capacity for producing on-road 
biofuels, and some of this capacity could be reoriented towards aviation markets. In this 
report, we review the policy situation for the deployment of SAF and the options for 
development of a Spanish SAF industry and consider some of the GHG and sustainability 
impacts that could be associated with growing SAF use. 

SAF technologies

The two fuels that dominate road transport biofuel markets in Europe (ethanol and 
fatty-acid methyl ester biodiesel) are both incompatible with jet engines, and therefore 
deploying increased volumes of alternative fuels for aviation requires the development 
of new technologies. 

The most mature alternative aviation fuel technology is the hydrotreating of vegetable 
oils and animal fats. Hydrotreating involves reacting oils and fats with hydrogen to 
remove oxygen and increase hydrogen content. Aviation fuel produced in this way is 
referred to as “HEFA”, which stands for Hydroprocessed Esters & Fatty Acids. Essentially the 
same process is already used at commercial scale to produce synthetic diesel fuel, referred 
to as “HVO” (hydrotreated vegetable oil) or “renewable diesel”. Producing aviation HEFA 
requires additional processing (Prussi et al., 2019), and therefore optimising processes 
for HEFA output will tend to impose additional costs and result in slightly reduced overall 
yields. Waste and residual oils such as used cooking oil could be used as feedstock for 
hydrotreating plants, but so can virgin oils such as palm oil – indeed, much of the world’s 
existing HVO capacity was built with the expectation of running on palm oil. 

It should be noted that producing HVO for on-road use or HEFA for aviation use is not 
an either/or decision for operators of hydrotreating plants. In practice, even if optimised 
for aviation fuel output, facilities are likely to produce fractions of both aviation HEFA and 
renewable diesel, plus some lighter hydrocarbons. Increasing or decreasing the fraction of 
the fuel output that is aviation compatible will be an operational decision. Most sources 
suggest that the maximum HEFA yield from hydrotreating processes will generally be in 
the range 50-70%. For example, Sustainable Aviation (2020) suggests a maximum jet fuel 
output of 70% while Prussi et al. (2019) suggests 60%. If optimised for total fuel output,a 
much lower jet fuel output would be expected– Sustainable Aviation (2020) suggests 14%.

The potential for HEFA fuels is limited by the availability of vegetable oil and animal 
fat resources, and by the cost of these resources – vegetable oil feedstocks often have 
a higher unit price than conventional jet fuel even before processing. The potential to 
expand vegetable oil production for fuel use is limited and it is generally understood 
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that HEFA fuels cannot be produced at the scale necessary to replace large percentages 
of overall aviation fuel consumption. 

Other alternative jet fuel technologies may enable the use of lower value resources, 
such as agricultural and forestry residues, as feedstock. The ReFuelEU impact assessment 
(European Commission, 2021a) identifies gasification of such biomass, followed by fuel 
synthesis using the Fischer-Tropsch process, as one possible pathway. In this process, 
biomass is heated to a high temperature, resulting in thermal decomposition producing 
hydrogen and carbon monoxide gas, which may then be reacted together to produce 
hydrocarbons. Other potential pathways include the upgrading of pyrolysis oils and 
hydrothermal liquefaction, both of which involve heating material to intermediate 
temperatures to produce low-quality oils and then upgrading these oils (by hydrotreating, 
for example) to produce transport fuels. The upgrading steps could take advantage of 
existing refinery expertise either by co-processing or through refinery retrofits. It is 
important to understand, however, that pyrolysis oils are more difficult to handle than 
vegetable oils, and that it would not be a trivial thing to switch from vegetable oil co-
processing to pyrolysis oil co-processing. Again, some of this material would be supplied 
to the aviation market and some would be supplied to road transport markets. 

Another technological route that has been explored is the upgrading of ethanol or 
isobutanol to produce jet fuel (‘AtJ’, alcohol-to-jet). Both ethanol and isobutanol are 
produced by fermentation and can be used directly as road transport fuels blended in the 
petrol supply, but they can be upgraded to meet jet fuel specifications through a series of 
additional chemical processes (dehydration, oligomerisation and hydrogenation, EPRS, 
2020). Alcohol to jet pathways can use any feedstock that can be fermented. This includes 
food resources such as corn or wheat, but in future could also include lignocellulosic 
materials if cellulosic ethanol production can be commercialised. 

Finally, there is considerable interest at the moment in the potential for electrofuels 
for aviation (‘electrojet’). Electrofuel processes involve the production of hydrogen via 
electrolysis and then using that hydrogen to synthesise hydrocarbons (for example using 
the Fischer-Tropsch synthesis step mentioned above). Electrojet has the advantage that 
it does not require biomass resources that are limited and that may be associated with 
sustainability issues. The major challenge of electrojet deployment is that production 
cost estimates are high even compared to other alternative aviation fuels (Malins, 2017c). 

The IEA’s Bioenergy Task 39 anticipates that the HEFA pathway “will predominate for 
at least the next ten-to-fifteen years” (van Dyk & Saddler, 2021), and numerous analysts 
agree that in the short term the production costs for HEFA fuels are likely to be below 
those for other alternative aviation fuels (e.g. Bullerdiek et al., 2021; Malins, 2021; 
Pavlenko, 2021; Sustainable Aviation, 2020). There is a tension in SAF policy between 
increasing the volumes of SAF supplied in the short term and building up to deliver 
scalable solutions in the long term. Deploying HEFA fuel production technology may 
be the fastest way to increase volumes now, but building new HEFA plants does little if 
anything to move forward commercialisation of the more scalable technologies needed 
in the 2050 timeframe. Similarly, focusing on more advanced technologies may make 
long-term targets more achievable but will make it harder to deliver commercial scale 
volume now. Given the cost hierarchy between the technologies, the introduction 
of undifferentiated SAF consumption mandates is likely to primarily support HEFA 
production. The development of non-HEFA aviation fuels would need to be driven by 
clear policy incentives that create a compelling value proposition for investors. 
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Legislative context

While the aviation industry is nominally committed to expanding the use of SAF, 
the price differential between fossil jet fuel and alternative jet fuels is so large that it 
is unlikely that SAF will be deployed at any significant volume without policy support, 
either via forms of subsidy or via mandates. The regulatory framework for Spanish SAF 
development will be determined by action at three levels. At the international level, the 
International Civil Aviation Organisation (ICAO) has created a framework that allows for 
SAF use to contribute towards national goals for reducing the climate impact of aviation. 
The European Union provides a framework to incentivise SAF use under the Renewable 
Energy Directive (RED II) and is in the process of setting SAF deployment goals through a 
proposed ‘ReFuelEU’ Regulation. Within these frameworks, the final legislative framework 
that fuel suppliers and airlines will have to work within will be set by the national 
government. These policies all exist in the context of overarching 2050 climate goals, but 
the defined requirements are set with a patchwork of timescales. CORSIA requirements 
are currently defined to 2035, RED requirements to 2030, and ReFuelEU targets go all 
the way to 2050, while the Spanish energy and climate plan is 2030-focused. In practical 
terms, delivering on these targets will require largescale production by 2030, which 
implies major investments coming online by 2025 at the latest. 

International level

CORSIA

The Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) 
is a mechanism introduced by ICAO with the intention of reducing the net climate 
impact of aviation (ICCT, 2017). This is to be delivered primarily through the purchase 
of offsets by airlines, but there is also the option for airlines to use SAF. The rationale 
behind the introduction of an offsetting scheme for aviation emissions is that it would 
be more expensive to deliver additional short-term emissions reductions within the 
aviation sector itself (for example through more efficient aircraft or through a program 
that supported only alternative fuel use without an option to use offsets) than to 
deliver equivalent emissions benefits in other sectors such as forestry. 

The CORSIA instrument is sometimes described as a mechanism to deliver on 
the aviation industry’s professed goal of ‘carbon neutral growth’ from the year 2020 
onwards1, but it should be noted that due to limitations in the scope of CORSIA this 
is not strictly true. Even if one assumes that all offsets bought under CORSIA deliver 
truly additional CO2 sequestration or emission reductions, net CO2 emissions from 
global aviation will continue to increase under the CORSIA scheme (this is illustrated 
in Figure 1). CORSIA also fails to consider non-CO2 climate impacts of aviation. On a 
100-year timescale, non-CO2 effects are believed to be responsible for more warming 
than the CO2 emissions from fuel combustion, and therefore these effects are vital 

1  See for example https://www.easa.europa.eu/eaer/topics/market-based-measures/corsia
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to a full characterisation of the climate impact of aviation. Heating from non-CO2 
effects can be expected to continue to rise, although the adoption of SAF should help 
reduce radiative forcing from contrail formation and contrail-induced cirrus (Moore 
et al., 2017). 

Offsetting required under CORSIA

Source: (ICCT, 2017)

CORSIA is to be implemented in three phases, with two ‘voluntary’ phases leading 
up to a mandatory phase from 2027 onwards. In this context, the voluntary aspect of 
the system is at the national level – ICAO Member States decide whether to participate 
in CORSIA in the period up to 2026. If they opt in, then airlines operating in those 
countries are bound by the CORSIA rules. 

For the period to 2035, ICAO has considered a range of carbon prices under CORSIA 
from 5 to 34€/tCO2e (ICAO, 2018). This price range is well below the carbon prices in the 
hundreds of €/tCO2e that would be necessary to support the deployment of advanced 
biofuels (Sustainable Transport Forum sub group on advanced biofuels, 2017). Given 
that the value signal from CORSIA is unlikely to be adequate to drive supply of (or 
investment in) SAF on its own, alternative fuels are only likely to become a significant 
contributor to compliance with CORSIA requirements if they are supported through 
complementary local policies. In the EU, this complementary support is planned 
through the Renewable Energy Directive and through the ReFuelEU programme. 

European Union

Renewable Energy Directive

The Renewable Energy Directive (RED) has been the European Union’s primary 
legislative driver of biofuel deployment since 2009 (European Union, 2009). Alongside 
overall targets for the use of renewable energy in the EU economy, it includes sub-
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targets for the use of renewable energy in the transport sector specifically. Since it 
was introduced as a mechanism primarily supporting first generation biofuels from 
food crops, the RED has evolved to have an increased focus on the supply of advanced 
biofuels, biofuels from wastes and residues and on other novel fuels2. The introduction 
of a recast Renewable Energy Directive in 2018 (European Union, 2018) also brought 
more focus to aviation fuels, providing a ‘bonus’ to the use of renewable fuels in the 
aviation and marine sectors by applying a multiplier of 1.2 to the contribution those 
fuels make to EU targets. 

The RED does not apply directly to airlines and fuel producers. As an EU directive, 
the RED creates legal obligations on EU Member States to create policy mechanisms to 
achieve targets. It is these Member State policy mechanisms that can provide a value 
signal to develop and supply SAF. Most EU states, including Spain, have implemented 
the RED through some form of alternative fuel supply mandate, creating legal 
obligations on fuel suppliers to ensure that a certain quantity of renewable fuel (in 
terms of volume or energy) is supplied to the market. The Spanish implementation is 
described in more detail below. Some Member States, notably Germany, have chosen 
to set mandates not in terms of the amount of energy or volume of fuel supplied but 
in terms of the GHG emission reductions delivered. This alternative approach echoes 
the structure of California’s Low Carbon Fuel Standard, setting targets for the overall 
reduction in the carbon intensity of the transport fuel mix. A proposed revision of 
the RED as part of the Fit for 55 package (European Council, 2021) would move the 
EU level targets from an energy basis to a GHG intensity basis, and encourage more 
States to adopt this structure for their domestic mandates. 

Whichever type of target is implemented at the national level, the RED represents 
a significantly stronger value proposition for SAF than is offered by CORSIA. While 
CORSIA is designed to allow compliance entirely with offsets, which are relatively 
cheap, the RED creates transport-sector targets that can only be met through the 
supply of alternative fuels. From an aviation perspective, the big question then 
becomes whether aviation alternative fuels can compete for market space with 
on-road fuels. The recently proposed ReFuelEU initiative is intended to remove that 
uncertainty by adding explicit minimum requirements for the supply of alternative 
fuels to European aviation. 

ReFuelEU

The ReFuelEU proposal (European Commission, 2021bis part of a package of 
measures proposed by the European Commission in mid-2021 intended to support 
a reduction of EU GHG emissions by 55% compared to 1990 levels by the year 2030. 

ReFuelEU introduces two complementary obligations, one on suppliers of aviation 
fuel and one on aircraft operators. The obligation on fuel suppliers is to ensure that 
increasing minimum fractions of the fuel supplied is SAF, including some quantity of 
electrofuel3. The required minimum shares are increased every five years as shown in 
Figure 2. The obligation on aircraft operators is that at least 90% of the fuel needed 
annually for flights from EU airports must be uploaded to planes at those EU airports. 

2  Electrofuels (fuels synthesised from electrolytic hydrogen) and ‘recycled carbon fuels’ (produced from waste fossil 
carbon resources). 

3  Referred to as “synthetic fuels” in ReFuelEU. 
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This requirement is to prevent aircraft operators from carrying excessive amounts 
ofcheaper fossil fuel from regions with no alternative fuel mandates (sometimes 
referred to as ‘tankering’), which could in some cases cut costs but increase emissions. 
Under the ReFuelEU proposal, SAF would follow the same sustainability requirements 
as biofuel supplied for road transport use, including adopting the use of voluntary 
sustainability schemes to demonstrate origin and sustainability compliance. 
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Required share of SAF under ReFuelEU proposal, including the minimum 
share that must be electrofuels

Source: European Commission (2021b)

The delivery of the ReFuelEU targets is supported by defined minimum penalties 
to aviation fuel suppliers and aircraft operators for non-achievement of targets. Fuel 
suppliers failing to meet the targets for alternative fuel supply would face penalties of 
no less than twice the product of the shortfall in alternative fuel supply with the price 
differential between conventional fuel and alternative fuel. Because these penalties 
are adjusted to reflect the market price of alternative fuels, they should ensure that 
it is always financially preferable for fuel suppliers to meet the targets than to pay 
the penalty. 

Not all alternative fuels will be eligible for the ReFuelEU targets. The proposal 
identifies advanced biofuels4, hydrotreated biofuels from waste oils5 and electrofuels6 
as eligible. Fuels from food oils will not be able to count towards the ReFuelEU targets. 
As it is currently drafted, ReFuelEU is the strongest alternative fuel support policy 
for aviation in the world. Meeting the ReFuelEU targets will require over two million 
tonnes of SAF to be supplied by 2030. 

The development of SAF markets in the EU in the coming decade will therefore 
be highly dependent on whether the ReFuelEU proposal is adopted by the European 
Union, and whether it is adopted in its current form or with amendments. In order 
to become law, a proposal of the European Commission must be approved by the 
European Parliament and the European Council of Ministers. The Parliament and/
or Council may request amendments to the proposed legislation, and therefore 
it is possible that the regulation could emerge with strengthened or weakened 
targets, or with other important changes to eligible fuels or enforcement systems. 

4  Fuels produced from feedstocks listed in Annex IX Part A of the RED II. 

5  Oils and fats listed in Annex IX Part B of the RED II. 

6  Referred to in the RED II as ‘renewable fuels of non-biological origin’ (RFONBOs). 
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In particular, it is possible that the exclusion of food-based fuels from counting 
towards ReFuelEU targets could be revisited during the negotiation. If the feedstock 
requirements were to be relaxed during the negotiation to allow SAF to be produced 
from food-feedstocks, we would expect that food oils used as SAF feedstock would 
still be counted against the RED II’s cap on the overall use of food-based biofuels and 
would be subject to the phase out of support for feedstocks deemed to carry a high 
ILUC-risk.7

Spain

National RED implementation

In the first compliance period of the Renewable Energy Directive (2010-2020) 
Spanish biofuel mandates have developed through three phases (Guerrero & Clever, 
2020). The period to 2012 was characterised by relatively rapid expansion of the 
biofuel market with separate blend requirements set for ethanol and biodiesel, 
with the overall target for biofuels in transport reaching 6.5% in energy terms by 
2012. This period of rapid ramp-up ended in 2013 when Law 11/20138 reduced the 
requirement to 4.1% for both biodiesel and ethanol, which remained flat to 2015. This 
reduction occurred in the context of the ongoing ILUC and food versus fuel debates 
but is justified in the law on economic grounds. The third policy phase, from 2016 
to 2020, saw a return to growth with separated biodiesel and ethanol targets being 
replaced by a single transport energy target which rose to 8.5% in 2020. In 2018 an 
‘indicative’ advanced biofuel target of 0.1% by energy in 2020 was also introduced, 
defined based on the list of feedstocks in Annex IX Part A of the RED. It is proposed 
to increase the biofuel target to 10% by energy content in 20229, including a 0.2% 
mandatory advanced biofuels target (Ministerio para la Transición Ecológica y el 
Reto Demográfico, 2020). This target applies specifically to biofuel supply, and thus 
renewable electricity supply for electric vehicles does not compete with biofuel supply 
in the current implementation.

The Spanish integrated national energy and climate plan (Government of Spain, 
2020) anticipates that renewable energy will reach 11% of transport fuel by 2030, 
adjusted upward to 28% when taking into account the multipliers on advanced 
biofuels and renewable electricity use by vehicles in the RED II10. This level of 
renewable energy supply to transport in 2030 would be well above the minimum 
requirement of RED II. The plan suggests that the 2030 energy supply for transport 
would include a 6.8% contribution from food-based biofuels, a 1.7% contribution 
from UCO- and tallow-based biofuels (eligible to be double counted) and a 1.85% 

7  Currently the only feedstock that has been identified as high ILUC-risk is palm oil. The high ILUC-risk designations 
will be reviewed periodically by the European Commission. 

8 https://www.boe.es/buscar/act.php?id=BOE-A-2013-8187

9  The Spanish implementation includes double counting of advanced biofuels and biofuels from waste oils, and so 
compliance with the 10% target can be achieved with a ‘real’ energy content below 10%. 

10 The values quoted of 11% without multipliers and 28% with multipliers (Table A.15 of the plan) are not consistent 
with the levels of biofuel supply suggested (Table A.16 of the plan). It seems likely that the supply of renewable 
electricity to electric vehicles has not been included in the calculation of the 11% supply by physical energy. If so, 
we estimate that the 2030 supply in physical energy terms should be projected as about 14%. 
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contribution from advanced biofuels from Annex IX Part A of the RED II (also eligible 
to be double counted). 

National aviation fuel targets

In a paper submitted to ICAO’s Second ECAC Environmental Forum (10-11 
December 2018), Spain detailed an aspiration to reach “2% sustainable aviation fuel 
in 2025”. This is consistent with the subsequently introduced ReFuelEU target for 2025. 
The commitment to supporting advanced biofuels and SAF is confirmed in Article 13 
of Spain’s recently approved ‘Law on climate change and energy transition’ (Congreso 
de los Diputados, 2021), which provides for Spain to introduce regulations to deliver 
on alternative fuel objectives. Spain’s energy and climate plan (Government of Spain, 
2020) anticipates the introduction of an advanced biofuel mandate for the transport 
sector as a whole, targets for biofuel use in aviation, and of an “aid programme for 
advanced biofuel production facilities”. 
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Market context

Aviation fuel consumption in Spain

According to Spanish national fuel statistics (CNMC, 2021) national consumption of 
aviation kerosene11 had reached nearly seven million tonnes a year before the COVID crisis 
(Figure 3). This has been dramatically reduced in 2020/21, but it is expected that aviation 
demand will recover as COVID restrictions are lifted. Prior to COVID, the International 
Air Transport Association (IATA, 2019) forecast 2% average annual growth in passenger 
kilometres for flights leaving Spanish airports 2017-2037. Similarly, EUROCONTROL 
(2018) forecasts average annual growth of 1.8% 2018-2040. This rate of aviation growth is 
comparable to average annual aviation efficiency improvements –Rutherford (2020) reports 
2.3% improvements per annum since 2009, but that the rate of efficiency gains has been 
falling over time. If passenger growth more or less balances out efficiency gains to 2030, 
then we might expect that Spanish aviation kerosene consumption will return to around 
seven million tonnes a year and stay relatively stable to 2030. Spain is also a net exporter of 
aviation fuel: figures from the CNMC show domestic production to be consistently higher 
than demand. In 2019 (prior to COVID) kerosene production was reported as 10.2 million 
tonnes, compared to consumption of 6.9 million tonnes (CNMC, 2021).12

Aviation kerosene consumption in Spain

Source: CNMC (2021) and own projection to 2030. Consumption for 2021 estimated as reported consumption 
January to July plus 500 thousand tonnes a month for the rest of the year. 

11 This includes all jet A1 and jet A2 supplied to civilian and military aircraft at Spanish airports. 

12 Exports of kerosene are actually relatively modest. The statistics imply that a significant volume of kerosene grade 
material is being used as diesel blendstock (there is an apparent net deficit in diesel when comparing statistics 
production plus imports to consumption plus exports, and a comparable net surplus of kerosene
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Airlines and airports

In terms of greenhouse gas emissions, the 6.9 million tonnes of aviation fuel 
consumption translates to 22.3 million tonnes CO2e, of which 3.2 million tonnes was 
from flights within Spain and 19.1 million tonnes CO2e was from international flights13. 
According to logs of ETS credits redeemed by Spanish airlines in 2019, intra-EU flights 
contributed 5.5 MtCO2eto this total. 

We are not aware of data in the public domain that would allow us to attribute these 
emissions to specific airlines, either as individual greenhouse gas estimates or on the 
basis of fuel consumption. Emissions for flights within the EU can, however, be attributed 
from ETS data: the 5.5 MtCO2e total is shared between Vueling (40%), Jet2 (24%), Iberia 
(17%), Air Europa (12%), and Air Nostrum (7%).

The largest airports in Spain in terms of both passenger numbers and fuel consumption 
are Madrid, Barcelona, Palma de Mallorca, and Malaga. To the best of our knowledge, 
statistics are not directly available on aviation fuel consumption by airport, but Figure 
4 shows our best estimate based on cross-referencing available sources. The largest of 
the airports, Madrid-Barajas, is estimated to have consumed about 2.5 million tonnes of 
jet fuel in 2019. This means it would need to supply 125 thousand tonnes of SAF in 2030 
to meet the ReFuelEU target. 

Estimated quantity of aviation fuel in Spain consumed by flights departing 
the largest Spanish airports in 2019 (million tonnes)

Source: Own estimate based on cross referencing data from Aena (2021), Airport Tracker (2021), and EUROCON-
TROL (2021), assuming 19% of fuel burn is for freight and the rest for passenger flights (Graver et al., 2019)

13 Reported to the European Environment Agency (EEA) https://www.eea.europa.eu/data-and-maps/data/national-
emissions-reported-to-the-unfccc-and-to-the-eu-greenhouse-gas-monitoring-mechanism-17 and the UNFCCC 
https://unfccc.int/documents/270987. These figures include combustion GHG emissions only for the jet fuel – they 
don’t account for upstream or refining emissions or for non-CO2 climate forcing effects from aviation.
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Spain’s airports are operated by Aena. Aena’s “Climate Action Plan” sets a strategic 
objective to distribute 0.6% SAF in the fuel supply from 2022, 2.6% from 2025 and 
4.6% from 2030, although it is noted that this objective is ‘conditioned to the entry into 
force of European or national regulations regarding the establishment of production/
use percentages’, which suggests that the commitment may not go beyond regulatory 
compliance. The plan includes a commitment to ‘facilitate the distribution of SAF in the 
airport network’. Aena has a stated commitment to achieve zero emissions by 2040, 10 
years ahead of the target set by the Destination 2050 initiative (NLR & SEO Amsterdam 
Economics, 2021). The climate plan states that this accelerated passage to ‘net zero’ will be 
delivered in part by reducing emissions associated with flights and in part by offsetting 
with, “carbon absorption, capture and storage techniques”. Aena is also partnered with 
Avikor to allow passengers to make an additional payment to cover the cost of supplying 
a quantity of SAF equivalent to that consumed per passenger for a given flight, allowing 
some of the cost of compliance with regulations such as ReFuelEU to be transferred 
directly to climate-conscious passengers.14

ICAO list four Spanish airports as having supplied SAF15. Two, Madrid and Barcelona, 
are identified as offering ‘ongoing deliveries’ of SAF and the other two, Zaragoza and 
Seville, as having offered batch deliveries. We were not able to find supporting evidence 
for regular use of SAF by flights departing Madrid and Barcelona, and consider it 
likely that SAF use remains occasional at these airports. On the 4th of November, it 
was reported that an Iberia flight from Madrid to Bilbao had run on waste-based SAF 
produced by Repsol.16The International Airlines Group (IAG), of which Spanish airlines 
Iberia and Vueling are members, has stated a commitment to net zero emissions by 
2050.17IAG’s first interim goal is an emissions intensity reduction of 10% by 2025, and 
to this end, IAG has stated a commitment to purchase 1 million tonnes of SAF per year 
by 2030.

The Spanish Government leads an initiative called “Bioqueroseno”18 to promote the 
roll out of SAF, which has members across the SAF value chain. Bioqueroseno was initially 
active in the early 2010s, and according to the ICAO Global Framework for Aviation 
Alternative Fuels this initiative has been reactivated in parallel with the proposal to 
create a SAF mandate, although its website has not been updated recently. The airlines 
Iberia and Wamos (still listed as Pullmantur) were members alongside Airbus, Repsol 
and Cepsa (among others). 

Existing HEFA jetand renewable diesel capacity

Currently HEFA jet fuel production is quite limited. The International Air Transport 
Association estimates that about 100 million litres of alternative aviation fuel will be 
produced in 2021 (IATA, 2021) – if achieved this would mark a significant increase on 
average production of 6 million litres a year estimated for the years 2016-18 by ICAO 
(2021). Current global vegetable oil hydrotreating capacity is much greater than this, 

14 https://avikor.com/

15 https://www.icao.int/environmental-protection/GFAAF/Pages/Airports.aspx

16 https://www.repsol.com/en/press-room/press-releases/2021/repsol-iberia-first-flight-with-biofuel-produced-from-
waste-in-spain/index.cshtml

17 https://www.iairgroup.com/en/sustainability/flightpath-net-zero

18 http://www.bioqueroseno.com/
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and currently in a phase of rapid expansion. IRENA (2020) reported global vegetable oil 
hydrotreating capacity at about six billion litres. Based on projects identified by Biofuel 
Digest (2021) currently ongoing capacity expansions, plant construction and refinery 
conversions will take global capacity to 17 billion litres within the next couple of years. 
Prussi et al. (2019) anticipated about 4 billion litres of capacity in the EU by 2025, which is 
broadly consistent with the EU projects identified by Biofuel Digest (2021). The intended 
feedstocks for these facilities are a combination of virgin vegetable oils (primarily soy, 
palm, and rapeseed) and waste and residual oils such as used cooking oil. 

While it is quite clear that the vegetable oil hydrotreating industry is experiencing a 
capacity boom19, it is more difficult to predict how much of this capacity will be directed 
to aviation fuel production. Prussi et al. (2019) suggests a ‘typical’ jet fraction of about 
15% of total output for these facilities, and a maximum jet fraction of 60%, which are 
similar to the values (14% and 70% respectively) suggested in Sustainable Aviation 
(2020). Most hydrotreating facilities currently active have not been equipped to produce 
jet specification fuel, but with the strengthening of policy (assuming ReFuelEU is adopted 
in something like its proposed form) it is reasonable to assume that plant operators will 
look to increase jet output at the expense of renewable diesel capacity. 

Capacity for non-HEFA SAF production is growing much more slowly. ReFuelEU 
creates a sub-mandate for electrojet but creates no additional distinction between 
advancedcellulosic biojet technologies and HEFA technology. Advanced biojet would 
be eligible for additional support under the RED, however, which may help accelerate 
the deployment of these other technologies as the decade progresses. Biofuel Digest 
(2021) identifies plans for about 210 million litres of alcohol-to-jet capacity, but most 
of this is being developed by Gevo whoare expected to use corn as feedstock20, which 
would make this fuel ineligible to count under ReFuelEU and therefore likely to target 
the American market. 

Capacity in Spain

Statistics for 2019 show production of 430 thousand tonnes of HVO renewable 
diesel in Spain (CNMC, 2020), production having increased more or less steadily 
since 2011 (Figure 5). Total HVO production capacity is reportedly nearly double 
this at 740 thousand tonnes per year of co-processing potential spread across seven 
existing oil refineries (Guerrero & Clever, 2020). Three of these refineries are owned 
by CEPSA (Huelva-La Rábida, Algeciras – San Roque, and Tenerife), four by Repsol 
(La Coruña, Tarragona, Bilbao and Cartagena) (Guerrero & Bickford, 2017). An eighth 
refinery operated by Repsol at Puertollano is also reported as producing HVO (Refinitiv 
Streetevents, 2020). Up until now, the overwhelming majority of Spanish HVO 
production has been palm oil based.Data from CNMC (2020) shows that more than 
98% of HVO produced in each year from 2015 to 2019 was palm oil based. In 2020, this 
reduced to 90% due to an increase in the use of used cooking oil, presumably driven 
by the introduction of double counting at the end of 2019 (Guerrero & Clever, 2020). 
Almost all HVO produced in Spain in the past has been supplied for road transport. 

19  It has been suggested by (Stratas Advisors, 2020) that the announced capacity may exceed market demand, in 
which case some projects may be cancelled or facilities may produce below their capacity, as is already the case 
in the EU biodiesel industry. 

20  https://www.reuters.com/business/sustainable-business/chevron-gevo-join-hands-invest-sustainable-aviation-
fuel-2021-09-09/ 
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HVO production in Spain

Source: CNMC (2020)

Capacity development

Up to now, Spanish HEFA output has been limited to demonstration-scale batches.21 
Delivering the volumes required to achieve targets such as those set by ReFuelEU would 
require either major investment in new capacity or a concerted effort to redirect co-
processing capacity from renewable diesel to HEFA jet fuels. 

Given the large existing HVO capacity of 740 thousand tonnes per year identified by 
Guerrero & Clever (2020), adding HEFA jet output at these facilities would seem on face 
value to be an obvious way to deliver production, but this may not be simple. There are 
two major barriers to large-scale reorientation of co-processing capacity to produce jet 
fuel, which may make HEFA production at standalone facilities more attractive. 

Firstly, it is presumed that most of the co-processing capacity at existing Spanish 
refineries operates by adding vegetable oil into the input feed for distillate hydrotreaters. 
These units are used for hydrodesulphurisation of diesel fuel to meet the ultra-low 
sulphur diesel specification, and when vegetable oil is added to the feed, oxygen (in 
water) can be removed from the vegetable oil alongside sulphur from the fossil diesel. 
In general, these units are unlikely to be treating molecules intended for jet fuel, as jet 
fuel has a much higher maximum sulphur limit. It may be possible to separate some jet-
fuel compatible molecules from the diesel output of these units by adding an additional 
fractionation step, but this is unlikely to be a large fraction. Certainly, it would not be 
readily possible to shift between renewable diesel and HEFA jet production using a 

21  See e.g. https://www.repsol.com/en/press-room/press-releases/2020/repsol-produces-airplane-biofuel-for-the-
first-time-in-spain/index.cshtml, https://www.spglobal.com/platts/en/market-insights/latest-news/oil/082521-
repsol-makes-spains-first-batch-of-biojet-from-waste-at-bilbao
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distillate hydrotreater in the same way as at some standalone HVO plants. Jet kerosene 
could potentially be co-processed with the vegetable oil through the unit instead of 
diesel, but this would leave the refineries short of diesel treatment capacity. It may 
therefore be difficult to produce a significant jet fuel share by co-processing without 
adding additional hydrotreating units – at which point it might be more cost effective 
to develop a standalone facility. 

A second challenge to the use of co-processing capacity for jet fuel is that the co-
processing pathway approved for jet fuel use by the standard-setting body ASTM22 is 
limited to a maximum of 5% bio-oil in the input feed of any refinery unit (Humphris-Bach 
et al., 2020); i.e.,if producing jet fuel, a hydrotreating unit must co-process at least 95% 
petroleum feedstock and up to 5% bio-feedstock. We are not aware of any statement by 
the Spanish refiners directly stating what bio-fraction is used by existing units, but we 
believe it is likely to be in the range 10% to 15%, and one source suggests that Repsol 
run bio-oils at up to 30% of the input feed by weight (Johnson, 2019). Even if the truth 
is closer to 10%, this implies that any co-processor producing even small volumes of 
jet fuel as a co-product would have to halve total vegetable oil throughput in order to 
respect the 5% limit. To illustrate this, consider as an example a co-processor taking 10% 
vegetable oil in the input feed and producing 20,000 tonnes of renewable diesel a year. 
Adding an additional fractionation step to extract 2,000 tonnes a year of jet-appropriate 
material would result in a 12,000-tonne reduction in renewable diesel output to 8,000 
tonnes, which is unlikely to be attractive if renewable diesel demand is robust. 

It should be noted, however, that the limit at 5% bio-oil content for co-processing 
is not set in stone, and could potentially be changed in the coming years if it can be 
demonstrated to the ASTM that co-processing bio-oil at larger fractions could be done 
with no risk to aircraft.

There is also a third drawback to refiners if they were to co-process for HEFA because of 
the ReFuelEU feedstock requirements. Under the Fit for 55 policy package, food oils would 
be eligible for use for renewable diesel targets, but not under ReFuelEU. To continue the 
example above, a facility looking to move from 20,000 tonnes a year of renewable diesel 
production to 8,000 tonnes of renewable diesel and 2,000 tonnes of HEFA jet production 
would need to source waste oils for the entire feedstock supply (as it is not normally 
allowable under mass balance accounting rules to use a mixed waste/virgin oil feed 
and then claim that all of the waste oils are passed through to the jet fuel co-product). 
This means sourcing about 10,000 tonnes of waste oil to produce only 2,000 tonnes of 
ReFuelEU eligible HEFA. It might be seen as preferable to use those waste oil resources 
at standalone hydrotreating facilities able to deliver a higher jet fuel yield. 

Below, we further discuss potential HEFA capacity development by Repsol and Cepsa. 

Repsol

Repsol is one of Spain’s major oil refining companies, with a total capacity of 42.4 
million tonnes per year from five plants; this represents about 60% of Spain’s total 
refining capacity and accounts for a similar fraction of its production of transport fuel 
(de Albornoz, 2019). They supply about four million tonnes per year of conventional 
aviation fuel.

22  The American Society for Testing and Materials, which sets globally used standards for jet fuel composition and 
quality. 
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Repsol has reported that it produces 380 thousand tonnes of HVO per year (Refinitiv 
Streetevents, 2020; Repsol, 2019). This would represent about 90% of the Spanish HVO 
production reported by CNMC (2020). We believe, however, that this claim may be 
overstated and potentially reflects capacity rather than production – Repsol have also 
stated that they will “double production of high-quality biofuels from vegetable oils 
(HVO) to 600 thousand tonnes by 2030”(Repsol, 2020b), which would imply current 
production closer to 300 thousand tonnes. At least one other source quotes 380 
thousand tonnes per year as a capacity value rather than production value.23

The HVO production increase to 600 thousand tonnes per year (Repsol, 2020a) will 
be delivered through a combination of  ‘debottlenecking’24 at existing facilities and 
construction of a dedicated 250 thousand tonne plant due for completion in 2023 
(Repsol, 2020b). A Repsol official is quoted by Refinitiv Streetevents (2020) stating that 
total capacity could reach 850 thousand tonnes per year or more by 202525. It is not 
clear whether Repsol plan to reorient any significant amount of co-processing capacity 
to jet fuel production, but as noted above it may be unattractive to them to do so. 

To date, Repsol has produced only three batches of HEFA. The batches are co-
processed and Repsol reports the GHG saving delivered and the total batch size 
including fossil content – we have estimated the bio-component assuming that it 
delivers a reportable GHG saving of 60% for non-waste feedstock and 70% for waste 
feedstock. Calculated on that basis the three batches were: 180 tonnes produced in 
Puertollano in 202026 (presumed palm oil based); 260 tonnes produced in Tarragona 
in early 202127(presumed palm oil based); and 110 tonnes in Bilbao later in 2021 (from 
feedstock described as waste28). 

The new 250 thousand tonne facility announced by Repsol for construction at 
Cartagena would process waste oils into a range of renewable hydrocarbons using 
Axens’ “Vegan” technology29 (Repsol, 2020a). If Repsol delivers on the stated intention 
to process waste oils rather than virgin oils this facility would represent a significant 

23 https://www.chemanalyst.com/NewsAndDeals/NewsDetails/repsol-to-set-up-low-emission-biofuel-plant-in-
cartagena-spain-3396, 

24 Debottlenecking is the process of increasing overall capacity by identifying the process steps that are limiting 
total production and increasing maximum throughput for those steps. For example, if HEFA aviation fuel must 
pass through both a hydrogenation step and an isomerisation step and the capacity for isomerisation was 20 
thousand tonnes a year less than the capacity for hydrogenation then debottlenecking would require increasing 
the maximum isomerisation throughput. 

25  Repsol CEO Josu Jon Imaz San Miguel is quoted as follows on 29 October 2020: “We are changing our previous 
target. … Today, we are producing 350,000, 380,000 tons of HVO per year. On top of that, we are going to produce 
250,000 tons per year from 2023 on in this advanced biofuel plant we are building in Cartagena. On top of that, 
we are [de]bottlenecking our HVO production capacity, so the hydro treatment capacity we have in our 5 refineries 
today. And from this way, we are going to increase 250,000 additional tons per year our HVO capacity by 2025. All in 
all, it seems to me that we are going to be close to … 800,000 tons per year in 2025. And on top of that, … we are 
going to produce more or less 150,000, 170,000 tons of advanced ethanol by that year. So all in all, 1 million tons 
per year could be today the most accurate figure to fit with what is going to be the biofuel production of Repsol 
in our 5 refineries by 2025. And what we have now on track perhaps is going to allow us to achieve a figure close 
to 1.3 million, 1.4 million tons per year by 2030.”

26 https://www.repsol.com/en/press-room/press-releases/2020/repsol-produces-airplane-biofuel-for-the-first-time-
in-spain.cshtml

27 https://cwebportal.repsol.com/en/press-room/press-releases/2021/repsol-produces-aviation-biofuels-in-tarragona.
cshtml

28 https://www.repsol.com/en/press-room/press-releases/2021/repsol-produces-spains-first-aviation-biofuel-from-
waste/index.cshtml

29 https://www.ogj.com/refining-processing/article/14187214/spains-repsol-adding-biofuels-plant-at-cartagena-
refinery
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shift away from palm oil as primary feedstock, and any produced jet-quality material 
could be eligible to be supplied under ReFuelEU.

It is not clear what fraction of this production will be dedicated to jet fuel production. 
Axens states that their process allows full switching between renewable diesel and HEFA 
in response to market conditions (Axens, 2021a), with typical yields when configured 
for summer diesel, winter diesel or jet fuel as illustrated in Figure 6. The jet yield from 
this process could be taken as high as 80%, although selecting for jet fuel does result in 
increased co-production of naphtha and light ends30 (which will generally have a lower 
value than diesel or jet fuel). In full jet fuel configuration this suggested that Cartagena 
could output as much as 200 thousand tonnes of HEFA per year. 

Fuel products from the Axens Vegan process

Source: Axens (2021b)

Repsol has also stated an intention to invest in electrofuel production at the 
Petronor facility in Bilbao, delivering about 2.4 thousand tonnes a year from the initial 
development and potentially becoming operational by 2024 (Repsol, 2020c). 

Cepsa

Cepsa is another major refining company in Spain, with capacity of 23.6 million 
tonnes split between two locations31. Compared to Repsol, Cepsa produces a slightly 
higher fraction of aviation kerosene in its output, supplying 3.2 Mt in 2019 (Ernst & 
Young, 2020), accounting for 32% of Spain’stotal kerosene production(CNMC, 2021).

30  Hydrocarbons with only a small number of carbon atoms that could be supplied for applications such as liquefied 
petroleum gas (LPG). 

31 12.6 Mt/y at the San Roque refinery complex in Cadiz, and 11 Mt/y at La Rábida in La Huelva.
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To the best of our knowledge Cepsa do not report HVO production volumes 
directly. An article by Greenea32 suggests that Cepsa’s co-processing capacity is 180 
thousand tonnes per year, while European Alternative Fuels Observatory (2019) 
identifies production at 60 thousand tonnes (though this may be out of date as they 
state that Repsol’s production is also about 60 thousand tonnes, which has not been 
correct for some years). Cepsa (2018) states that 1.1% of the on-road diesel supplied 
from their Huelva-La Rábida refinery is constituted of HVO, and Landälv et al. (2018) 
reports the total HVO capacity as 278 thousand tonnes (based on CNMC reporting 
it is assumed that the feedstock for this will have been almost exclusively palm oil). 
We are not aware of any announcement by Cepsa of an intention to add capacity to 
produce HEFA for aviation at its facilities. 

Others

The BP refinery in Castellón has HVO co-processing capacity reported as 80 
thousand tonnes a year by Rutz et al. (2020) and given a range of 60 to 120 thousand 
tonnes per year by Landälv et al. (2018). BP recently announced supply of waste-based 
HEFA from this facility to the Spanish airline network, with an anticipated 1,000 tonnes 
in the first year33.

Smaller refining companies are also mobilising to retrofit old facilities in order to 
enter the market for road and aviation fuels – for example, it was announced in 2019 
that a 36 thousand tonne biodiesel facility in Navarra would be converted to HVO 
production34. It is part-owned by a company that specialises in trading waste and high-
acid oils35, so one might expect that fuel production will primarily use these feedstocks.

Potential for Spanish SAF consumption

Given that there is no prospect of SAF becoming price competitive with fossil jet fuel in 
the short to medium term, the development of the Spanish SAF market can be expected 
to be policy rather than market driven. As discussed above, if the ReFuelEU regulation is 
adopted by the EU Parliament and Council, it will become the most important regulation 
for the SAF industry in Europe and is likely to determine the amount of SAF supplied. 
The proposed ReFuelEU target for 2% SAF in 2025 matches the target suggested in the 
development of Spain’s climate law, and thus we assume that Spain will not impose 
requirements beyond those of ReFuelEU. 

In order to explore the implications of the evolving policy environment for the Spanish 
market we consider two scenarios for SAF supply in Spain:

 f “ReFuelEU” – in this scenario ReFuelEU is passed without significant amendment. 

 f “Reduced ambition” – in this scenario ReFuelEU is passed with the target for the 
2030 SAF share halved from 5% to 2.5% of total aviation fuel, and no sub-target 
for electrojet. 

32  Exhibit 1 of http://www.greenea.com/publication/new-players-join-the-hvo-game/

33 https://www.bp.com/en/global/air-bp/news-and-views/press-releases/Airbp-announces-netjets-europe-first-to-
purchase-iscc-plus-saf.html.

34 https://navarracapital.es/extracte-lur-producira-en-caparroso-biocarburantes-ecologicos-avanzados/

35 http://www.oleofat.es/
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For these two scenarios we assume that a Spanish implementation based on ReFuelEU 
will impose gradually increasing annual targets to smooth the trajectory between the 
2025 and 2030 targets proposed in the draft ReFuelEU regulation, and calculate absolute 
required supply volumes based on the aviation fuel consumption projection shown in 
Figure 3 above. 

Blend scenarios

The blend fractions and associated fuel supply volumes associated with our two 
scenarios are shown in Table 236. In the first scenario, based on the proposed ReFuelEU 
targets, Spanish aviation biofuel consumption would increase to 290 thousand tonnes 
by 2030, and electrofuel consumption to 47 thousand tonnes. In the second scenario, 
Spanish aviation biofuel consumption would increase to 167 thousand tonnes by 
2030, with no significant electrojet consumption. 

Biofuel and electrofuel blends in the two scenarios

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Scena-
rio 1

Bio-
fuel 

(HEFA)

Blend 
% 0.4% 0.7% 1.1% 1.5% 2.0% 2.4% 2.9% 3.3% 3.8% 4.3%

kton-
ne 13.8 48.3 72.9 99.5 133.5 161.5 190.8 221.3 253.3 287.0

 Elec-
trofuel

Blend 
% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.2% 0.4% 0.7%

kton-
ne 0.0 0.0 0.0 0.0 0.0 4.8 9.7 15.5 24.6 46.7

Scena-
rio 2

Bio-
fuel 

(HEFA)

Blend 
% 0.0% 0.3% 0.6% 0.8% 1.1% 1.4% 1.7% 1.9% 2.2% 2.5%

kton-
ne 6.9 24.1 36.5 49.7 66.7 83.1 100.2 118.4 139.0 166.8

Delivering the level of HEFA biofuels supply required under the high demand 
scenario from domestic production would require prioritisation of HEFA production 
over renewable diesel, and almost certainly need additional capacity deployment 
beyond current plans. If the new Cartagena Repsol facility delivered the maximum 
potential HEFA output (200 thousand tonnes a year) this could meet the demand 
in the reduced ambition scenario, but at least an additional 90 thousand tonnes of 
HEFA would be required to meet the full ReFuelEU targets. The capacity additions 
discussed above would bring the HVO co-processing capacity in Spain to perhaps 
one million tonnes a year, so 90 thousand tonnes would representjust under10% of 
the identified co-processing capacity, but for the reasons stated above at the start of 
the section on ‘Capacity Deployment’ we believe that it is unlikely that co-processing 
will deliver significant volumes. Fully meeting the ReFuelEU target with HEFA would 
therefore probably require either at least one additional standalone facility or to 
import renewable jet from outside Spain. 

36  Remembering that this assumes that Spanish aviation fuel consumption returns to pre-COVID levels and is then 
more or less stable to 2030. 
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An alternative pathway to delivering the necessary SAF volumes for these 
scenarios would be to commercialise the more advanced SAF pathways discussed 
above, such as SAF production from cellulosic resources. For example, the ReFuelEU 
impact assessment (European Commission, 2021a) anticipates rapid reductions 
in the production cost of AtJ SAF with cellulosic ethanol as a feedstock, although 
the modelled cost for this pathway remains more than 60% higher than for HEFA, 
and historically the roll out of cellulosic ethanol production has repeatedly lagged 
expectations (Malins, 2018). Despite this cost differential, and the lack of existing 
commercial scale AtJ capacity in Europe, the impact assessment foresees more 
cellulosic AtJ SAF consumed in Europe in 2030 than HEFA in most of the policy 
scenarios considered. The deployment of cellulosic biofuel technologies should be 
supported by the RED target for the consumption of biofuels made from resources 
listed in Annex IX Part A of the Directive, but based on the current status of the market 
we consider it highly likely that the impact assessment is over-confident about rates 
of deployment of these more advanced technologies.

Table 2 also shows that 47 million tonnes of electrojet production would be 
necessary by 2030 to meet the ReFuelEU target. Delivering this electrojet target will 
be extremely challenging given the timeframe. The announced Repsol electrofuel 
project aims for 2.4 thousand tonnes of output capacity, but even if this was all jet 
fuel it is only a 20th of what is needed. Meeting the electrojet part of the ReFuelEU 
target would therefore require some combination of capacity expansion from the 
announced facility and the construction of several additional facilities, or else reliance 
on imported electrojet. 

Sustainability implications

The sustainability risk associated with SAF production is largely feedstock dependent. 
As it stands, the ReFuelEU proposal excludes food-based biofuels from being considered 
towards targets. If this is not changed during negotiations between the Parliament, 
Council and Commission, the most relevant feedstocks are therefore waste oils such as 
used cooking oil and animal fats37, and cellulosic materials38.

Used cooking oil has generally been recognised as one of the more sustainable 
feedstock options used in the EU biofuel industry; the RED gives a typical GHG emission 
reduction of 87% for UCO HVO. In Europe, there are restrictions on the use of used 
cooking oil in potential alternative applications such as animal feed, and therefore energy 
recovery through biofuel production is considered an environmentally appropriate 
option with high reportable GHG emission reductions under the RED carbon accounting 
system. Concerns have been raised in recent years relating in particular to imports of 
used cooking oil, however, with two issues attracting most attention. The first of these 
is the risk of indirect impacts in other markets, in particular in cases where used cooking 
oil is already utilised as an animal feed ingredient. The second is the risk of identification 
fraud – that vegetable oil batches identified as used cooking oil may never actually have 
been used for cooking. 

37  Which are listed in Annex IX Part B of the RED. 

38 Which are listed in Annex IX Part A of the RED.
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Concerns about indirect effects from UCO displacement are legitimate, but there 
are reasons to expect that these indirect emissions will be relatively low compared to 
virgin vegetable oils and even some other waste oils. For one, because UCO is produced 
on a very distributed basis at restaurants and by households there is still considerable 
potential to improve rates of collection (Greenea, 2016). Collecting additional UCO 
reduces environmental issues associated with inappropriate disposal and avoids indirect 
emissions. This feature of the UCO market makes it distinct from waste streams generated 
at centralised industrial facilities (such as animal fats) where there tends to be limited 
scope for increased recovery. Secondly, where UCO is used for animal feed applications 
it may be substituting other low-cost feeds, rather than competing with virgin vegetable 
oils. If UCO displaced from feed applications is replaced by grains, we expect lower 
associated ILUC emissions than if it was replaced by soy or palm oil. 

The fraud issue is a real one, as mislabelling virgin vegetable oil as UCO is a simple 
fraud to commit and not always easy to identify (van Grinsven et al., 2020). This issue is 
by no means unique to UCO – wherever similar materials are given different regulatory 
incentives an opportunity is created for mislabelling fraud. It is important for the integrity 
of the EU biofuel supply chain that adequate systems are in place to identify attempted 
frauds, and this will become an increasingly important issue over the coming decade. 

Animal fats are also a concern in terms of displacement impacts, because low-grade 
animal fats39 are more or less completely collected and utilised already, mostly as a fuel for 
heat and/or power but also in some niche oleochemical applications (Malins, 2017b).In 
some cases, removing animal fats from existing applications is likely to result in increased 
use of fossil fuels such as fuel oil or natural gas. In oleochemicals, animal fats could be 
replaced by virgin oils such as palm oil. Malins (2017b) suggested an indirect emission 
value of 30 to 50 gCO2e/MJ for animal fats. Adding 30 gCO2e/MJ of indirect emissions 
to the typical GHG value for animal fat HVO given in the RED gives a GHG emissions 
reduction of 51% for animal fat renewable diesel. 

In the context of ReFuelEU, the other question that arises in relation to the use of 
waste oils as biofuel feedstocks is whether the policy will simply displace them out of 
on-road fuel production into aviation fuel production. European UCO and animal fats are 
already in high demand for biofuel use (Malins, 2017b; van Grinsven et al., 2020), and 
therefore perhaps the most likely displacement if the use of HEFA increases. Stakeholders 
in the existing industry producing biodiesel from waste oil have argued that shifting this 
material into aviation uses instead of road uses would deliver little if any net CO2emission 
reduction while requiring additional capital investment to replace existing biodiesel 
plants and putting those existing suppliers out of business40. It is certainly true that 
waste oils have limited scalability as an aviation feedstock (Malins, 2021), and there is 
therefore a strong case that investment in more scalable technologies such as cellulosic 
renewable jet and electrojet should be prioritised by the aviation sector. Even if Spain 
could mobilise sustainably available waste oil resources such as used cooking oil to meet 
its SAF needs, HEFA cannot be produced in the volumes needed to deliver on aviation 
decarbonisation targets. Investing now into more vegetable oil hydrotreating capacity 
develops a technology that has limited applicability in the long-term, and that may well 
be used to process food oil in countries outside the EU. If Spain’s SAF targets can help 

39  High grade animal fats fit for human consumption are not included in Annex IX of the RED. 

40  See https://www.euractiv.com/section/biofuels/news/eu-green-jet-fuel-mandate-will-carve-out-market-for-big-
players-industry-warns/
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develop solutions with less associated sustainability risk this could multiply the true 
climate value of near-term investments many times over. 

While the ReFuelEU proposal excludes food-based fuels, it is not guaranteed that it 
will be adopted without amendment. It therefore remains possible that food oils may be 
given a place in the European feedstock mix for SAF in the coming decade. HEFA from 
food oils is associated with higher production GHG emissions than HEFA from waste 
oils, and with higher expected ILUC emissions. Palm oil and (to a lesser extent) soy oil 
are particularly problematic, because the expansion of production of these crops is 
associated with tropical deforestation, and in the case of palm with peat drainage (Malins, 
2019a). One ILUC assessment for the European Commission, using the GLOBIOM model, 
suggested that the ILUC emissions from palm oil use as a biodiesel feedstock could be 
as high as 231 gCO2e/MJ (Valin et al., 2015), making the use of palm oil biofuels three 
times worse for the climate than the use of fossil diesel. Other studies confirm that the 
ILUC emissions from palm oil biofuels are likely to be large, but generally report smaller 
ILUC values (cf. Malins, 2017a). Combining the typical fuel production emissions for palm 
oil HVO given in the RED with the average ILUC emissions reported by two studies for 
the European Commission (Laborde, 2011; Valin et al., 2015) gives a GHG intensity for 
palm oil HEFA that is twice the fossil fuel comparator – i.e. based on this calculation, the 
use of palm oil HEFA would increase emissions by about 100% compared to fossil jet. 
While the ILUC emissions for other vegetable oils such as soy, sunflower and rapeseed 
are expected to be lower than those for palm oil, they are still high enough to eliminate 
or significantly reduce any net climate benefit from their use in biofuel production. If 
the ReFuelEU targets are opened to food-based fuels it would therefore lead to large 
reductions in the expected climate benefit of the policy. 

The more advanced biofuel technologies allow the use of cellulosic material, for 
example woody residues from forestry operations, straw as a residue from agriculture 
and non-food energy crops. The RED states a typical GHG emission reduction of 83% for 
bio-based diesel produced by the Fischer-Tropsch process; moreover, these resources 
are sustainably available in significant quantities (Harrison et al., 2014) and therefore the 
sustainability risks associated with these technologies are considered lower than for food 
crops as biofuel feedstock. The ReFuelEU proposal itself does not give these cellulosic jet 
technologies preference over HEFA jet fuel, and therefore investment in these approaches 
would be dependent on the value proposition provided by sub-targets within the 
overall RED target for renewable energy in transport. If Spain can put in place support 
mechanisms for these cellulosic fuel technologies that deliver a strong value proposition 
to investors, there is potential for deployment that would make a significant contribution 
to the supply of both SAF and renewable road fuel. While cellulosic SAF production is 
much more scalable than HEFA production, delivering the very high levels of biomass 
mobilisation that would be required to fully replace aviation fuel would still be difficult 
and have major ecological implications (cf. Searle & Malins, 2015).

Finally, electrojet is expected to perform well on sustainability metrics providing it is 
produced using renewable electricity (Malins, 2017c). While there are important issues 
to resolve regarding accounting principles for treating electrojet as fully renewable 
(Malins, 2019b), for the purpose of this report we assume that those can be resolved 
and that electrojet supplied under ReFuelEU will be produced with additional renewable 
electricity. We assume that electrojet from renewable electricity can deliver a 95% GHG 
emission reduction. 
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Table 3 summarises expected GHG emission reductions for the alternative aviation 
fuels discussed above. As synthetic jet fuel production pathways are very similar to 
synthetic diesel pathways, we have used emissions values for diesel substitutes given 
in the RED. It would be possible to source values calculated specifically for synthetic jet 
production from the literature, but it would not make a large difference to the analysis 
presented in this report. The emissions uncertainty associated with feedstock choice, 
production practices and indirect emissions assumptions is much greater than the 
difference in emissions between diesel and jet as fuel outputs. 

Illustrative GHG emission reductions for alternative aviation fuels (negative 
value represents an emission increase)

Pathway GHG emission reduction

HEFA UCO 87%

HEFA animal fat 51%

HEFA palm oil -99%

Fischer-Tropsch biojet 83%

Power-to-liquids (electrojet) 95%

Impact on CO2emissions

The impact on CO2 emissions of a shift to SAF is dependent on the amount of 
fuel supplied, and the GHG performance of the fuels used. In order to illustrate the 
potential CO2 impact of SAF deployment we have considered the impact of the two 
SAF deployment scenarios for 2030 detailed above on the emissions for six flights 
from Spanish airports, given three different biofuel feedstock mixes. The flight routes 
are from Madrid (MAD) or Barcelona (BCN) to New York (JFK), Brussels (BRU) or Málaga 
(AGP). Emissions per flight and passenger are taken from the ICAO Carbon Emissions 
Calculator41.The SAF mixes considered are: 

 f 2030 SAF deployment: 4.3% biojet, 0.7% electrojet

 f Biojet feedstocks 50% UCO, 50% animal fat 

 f Biojet feedstocks 50% UCO, 50% cellulosic residues

 f Biojet feedstocks 50% UCO, 50% palm oil

 f 2030 SAF deployment: 2.5% biojet

 f Biojet feedstocks 50% UCO, 50% animal fat 

 f Biojet feedstocks 50% UCO, 50% cellulosic residues

 f Biojet feedstocks 50% UCO, 50% palm oil

41 https://www.icao.int/environmental-protection/CarbonOffset/Pages/default.aspx
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CO2e emission reductions delivered by various SAF mixes on six example 
flights (negative values represent emissions increase)

From MAD BCN

To JFK BRU AGP JFK BRU AGP

CO2e per flight (tonnes) 271.3 38.7 12.4 289.4 34.0 28.3

CO2e 
per 

flight 
(ton-
nes)

Case:

1.1 9.85 1.41 0.45 10.51 1.23 1.03

1.2 11.72 1.67 0.54 12.5 1.47 1.22

1.3 1.13 0.16 0.05 1.2 0.14 0.12

2.1 4.68 0.67 0.21 4.99 0.59 0.49

2.2 5.77 0.82 0.26 6.15 0.72 0.6

2.3 -0.39 -0.06 -0.02 -0.42 -0.05 -0.04

CO2e per passenger (kilograms) 644.9 264.8 149.1 717.4 229.4 172.6

CO2e 
per 
pas-

senger 
(kilo-

grams)

Case:

1.1 23.42 9.62 5.42 26.06 8.33 6.27

1.2 27.86 11.44 6.44 30.99 9.91 7.46

1.3 2.68 1.10 0.62 2.98 0.95 0.72

2.1 11.13 4.57 2.57 12.38 3.96 2.98

2.2 13.70 5.63 3.17 15.25 4.88 3.67

2.3 -0.94 -0.38 -0.22 -1.04 -0.33 -0.25

Note that these CO2e values do not consider any potential non-CO2 GHG impacts occurring in flight, such as 
contrails and induced cloudiness. 

Table 4 shows that the largest CO2 reductions would be delivered by the most 
ambitious and advanced renewable fuel blend (case 1.2), where 5% blending in 2030 is 
associated with a 4.3% GHG intensity reduction. For international flights between Spain 
and New York, the use of this blend would save about 12 tCO2e per flight, about 30 kgCO2 
per passenger. For a shorter intra-EU flight from Barcelona to Brussels, the potential 
reduction is 1.5 tonnes CO2e for case 1.2. If, however, palm-based HEFA were to be added 
as half of the biofuel contribution to the targets, the benefits are severely undermined. 
In the case with palm oil HEFA and no electrofuels in the mix, there is actually a slight 
increase in estimated CO2 emissions.

We may also consider the implied value of these CO2 abatements. Taking an indicative 
carbon price of 50 €/tonne, the carbon savings in case 1.2 on a long-haul flight to New 
York would be worth about €300, equivalent to about €1.50 per passenger. 
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Prices

It is widely recognised that SAF will remain more expensive than fossil jet fuels for the 
foreseeable future – the ReFuelEU proposal notes that, “the production costs of synthetic 
aviation fuels are currently estimated at 3 to 6 times the current market price of fossil 
aviation fuel.” Expanding the use of SAF may therefore be expected to increase the cost 
of fuel to airlines and therefore of flight tickets to consumers. 

Predicting the future price of SAF fuels is not simple, as prices paid by airlines will 
be affected by not only the cost of production but also the degree of competition 
for available SAF volumes in the market. This can include competition within the EU 
SAF market itself, competition with the on-road biofuel market and competition with 
alternative fuel users outside the EU, in North America in particular. If the total supply 
available to the EU aviation market is less than the amount of SAF required to meet 
targets this can be expected to result in increased prices as aviation fuel suppliers 
compete for the available volume in order to avoid penalties. Given that ReFuelEU sets a 
minimum penalty that is dependent on the identified price of SAF, there is no theoretical 
limit on the price that SAF could be sold for under the regulation. Aviation fuel suppliers 
will be reliant on SAF producers to react to market demand and thereby control prices 
from becoming excessive by increasing fuel supply, but any delay between observing 
higher prices and delivering additional supply could lead to significant price spikes. This 
is particularly likely to occur once every five years when the ReFuelEU targets increase – if 
fuel suppliers do not successfully plan to meet the associated jump in demand, supply 
shortages are not at all out of the question in these years. Given the proposed structure 
of the ReFuelEU regulation we would not be at all surprised to see very high prices for 
SAF in the tail end of 2030 as fuel suppliers scramble to meet their obligations. 

While prices cannot be reliably forecasted, as they are driven by the interplay of cost of 
production with supply and demand, the production cost itself is less uncertain. Pavlenko 
et al. (2019) provides a characterisation of expected levelised production costs for a range 
of SAF pathways. The cost of HEFA production from used cooking oil, anticipated to be the 
lowest cost SAF pathway in a 2030 timeframe, is estimated at 0.88 €/litre. This assumes a 
feedstock price around 550 €/tonne, but the cost of HEFA production is highly sensitive 
to the price of UCO as feedstock is the largest part of the cost profile. HEFA from virgin 
oils (palm or soy) is modelled as slightly more expensive to produce, €1.0 to €1.1 per 
litre, which is consistent with the range of HEFA production costs quoted in the ReFuelEU 
impact assessment. It is relevant to note that since March 2021 reported UCO prices have 
climbed above 1000 € per tonne (Greenea, 2021), nearly double the ICCT assumption. The 
ICCT modelling suggests that feedstock prices at this higher level would raise expected 
HEFA production cost by a further 50% to around 1.3 €/litre. 

The current spike in used cooking oil prices is led by high prices for vegetable oils in 
general – these have been driven by factors including increasing demand for biofuel 
applications and supply challenges for palm oil in Malaysia and canola oil in Canada42. 
Looking forwards, the combination of ReFuelEU, increased ambition for the RED under 
Fit for 55 and increased ambition for lower carbon fuel deployment in other regions, 
notably North America, are likely to maintain pressure on UCO markets through the 
coming decade. Given that waste-oil-based fuels will attract higher prices than food-

42 https://www.reuters.com/business/world-food-prices-hit-10-year-peak-fao-2021-10-07/, https://www.bloomberg.
com/news/articles/2021-10-25/palm-oil-at-heart-of-edible-oil-boom-to-see-supply-crunch-endure
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based fuels, it is likely that waste oil prices will sometimes or even persistently rise above 
virgin vegetable oil prices, raising the cost of ReFuelEU-eligible HEFA. 

Even with UCO prices at 1000 €/tonne HEFA fuels are likely to remain competitive 
with cellulosic or power to liquids alternatives in the near term. Pavlenko et al. (2019)
suggests levelised production costs43 for advanced biofuels from cellulose from €1.3 per 
litre to €1.9 per litre depending on feedstock, while the impact assessment for ReFuelEU 
quotes a range from €1.7 to €2.5 per litre. The feedstock represents a smaller fraction 
of the levelised cost for advanced fuels (about a quarter of the cost for advanced fuels 
from energy crops or agricultural residues, as compared to feedstocks representing 50% 
or more of the cost for HEFA fuels)(see Annex 16 of European Commission, 2021a). This 
means that there may be more scope to deliver cost reductions for these pathways over 
time (in general there is more scope to reduce capital costs than feedstock costs). This 
said, the plants operational in 2030 will largely be from the first generation of commercial 
scale facilities developed, so the scope for cost reductions in a 2030 timeframe may be 
limited. 

The highest cost alternative fuel pathway at the moment is electrojet production. 
Pavlenko et al. (2019) suggests an example levelised production cost of €2.4 per litre, 
which is in the range from €1.8 to €3.5 reported in the ReFuelEU impact assessment. The 
main driver of the cost of electrojet production is the price of the electricity required as 
an input (Malins, 2017c). 

Given that alternative fuels are likely to cost at least twice as much to produce as fossil 
jet fuel for the short to medium term, alternative fuel mandates in aviation will impose 
additional costs on airlines, and therefore on passengers. If one assumes that biofuels 
will cost twice as much as fossil jet fuel in 2030 and electrojet will cost five times as much, 
the ReFuelEU targets imply an increase of about 7% in expenditures on aviation fuel by 
European airlines in 203044. Since fuel comprises roughly 25% of airline operating costs 
(European Commission, 2021a), passing these extra costs though to consumers would 
result in a 1–2% increase in ticket prices.

43  Levelised cost means the cost of production including capital expenditures, operational expenditures and capital 
servicing averaged over the expected lifetime of a facility. 

44 Note that the impact assessment reports a price impact of half this, around 3.3% - this is primarily because the 
Commission impact assessment assumes that the price of fossil jet fuel will have doubled in this period which is 
based on its oil price modelling. Given the reductions in oil demand implied by the energy transition we prefer to 
assume that fossil fuel prices will be relatively stable rather than increasing in the 2030 timeframe. 
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Conclusions

The SAF industry has been waiting to ‘take off’ for many years now, but commercial 
deployment of SAF in any significant volume has remained out of reach in the absence 
of firm policy support. The expected implementation of new policies to introduce 
legally binding targets for SAF supply is likely to force the European SAF industry into 
a new phase, one of commercial scale investment and rapid capacity expansion. While 
there is a clear desire to turn commercial scale SAF supply into a reality over the coming 
decade, important decisions will be made during and after the finalisation of the Fit 
for 55 package that will affect the way that the industry develops and determine the 
resources that it uses. The suggested targets under ReFuelEU are challenging and imply 
costs to be borne by airlines and passengers (we estimate an average impact on ticket 
prices of 1% to 2%), but these costs are reasonable in the context of the importance of 
the climate change challenge. 

In Spain, a large vegetable oil hydrotreating industry already exists, co-processing 
vegetable oil with fossil oil to produce part-renewable diesel. This existing capacity is 
overwhelmingly reliant on palm oil as feedstock, which is associated with sustainability 
issues and high GHG emissions and is therefore due to become ineligible for support 
under EU legislation. In principle some of this hydrotreating capacity could be redirected 
to produce HEFA SAF, but the flexibility of co-processing facilities is likely to be limited 
for technical reasons and therefore we would expect that output of co-processed HEFA 
jet fuel will be limited. 

Instead of changing practices at refineries that are already co-processing vegetable 
oils, SAF production could be expanded by construction of new facilities. One already 
announced project is the 250 thousand tonne per year hydrotreating plant proposed by 
Repsol for Cartagena. It has not yet been announced whether this facility will produce 
road fuel or jet fuel, but if the ReFuelEU proposals are adopted and Repsol are able 
to source waste oil feedstock a business model focused on HEFA is likely to be very 
appealing. 

While HEFA production from waste oils may appear attractive as a SAF pathway in 
the near term, in the longer term it is limited by the availability of waste oil feedstocks. 
Even now used cooking oil resources in Europe are already fully utilised, and shipments 
of old restaurant grease reach European ports from all over the world to meet the 
existing demand for biodiesel and renewable diesel. SAF producers would need to 
compete for these resources with producers of on-road biodiesel. This competition will 
tend to increase the price of these resources, increasing costs to airlines, and reinforcing 
incentives for mislabelling fraud (labelling virgin vegetable oils as ‘used’). Competing for 
limited resources also raises a question mark over the net climate benefit of the action 
taken – if waste resources are simply displaced from other productive applications there 
may be little overall environmental advantage. 

ReFuelEU sets ambitious goals for SAF use in Europe with a long-term perspective, 
with the aim to displace more than half of all jet fuel by 2050 – and as the impacts 
of climate change become more and more apparent this ambition is only likely to 
increase. Delivering SAF supply on the scale necessary to meet these long-term supply 
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targets will require focusing on the use of feedstocks that are available in much larger 
quantities than waste oils are. This will require investment in cellulosic fuel production 
technologies and in electrofuel technologies. Cellulosic fuels are already supported by a 
sub-target in the RED, and the proposed revisions to the RED currently being considered 
would increase that sub-target. Electrofuels are not strongly supported in the existing 
legislation, but new and ambitious sub-targets are proposed in the Fit for 55 package 
for both aviation and on-road use. It is investments in these technologies rather than in 
expanding HEFA and HVO capacity that will put European aviation on the pathway to 
deep decarbonisation. 

At present, we are not aware of any planned investments in Spain in cellulosic biojet 
production, but Repsol has announced plans for a demonstration scale electrofuel facility. 
Commercial interest in developing these types of projects in the coming decade will be 
determined by how the Spanish Government implements the RED and ReFuelEU policies 
once they have been finalised by the European Institutions. 
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Recommendations

For the Spanish government:

 f Building on past government-industry cooperation such as Bioqueroseno the 
Spanish Government should create a forum within which government and 
industry can identify barriers to deployment of more advanced SAF technologies 
and find ways to overcome them. 

 f Achievement of the sub-targets for advanced biofuels and electrofuels that are 
to be set under the RED and ReFuelEU should be understood as an industrial 
development challenge. The Spanish Government should seek to implement 
the RED targets in a way that maximises value certainty for potential investors in 
advanced cellulosic fuel and electrofuel plants. Mandates without complementary 
measures are unlikely to provide the strong market pull required. 

 f Seek to provide clear indications of the type of policy support that will be available 
for SAF production not only to 2030 but also in the longer term.

 f Advanced biofuel technologies provide an opportunity to valorise resources 
with little current value and thereby support rural development. Identifying 
available resources and supporting the creation of new value chains can help 
bring investment to Spain. 

 f Support the exclusion of food oils from the ReFuelEU targets.

For Spanish refiners: 

 f The Spanish HVO industry is currently highly dependent on palm oil, which is 
not sustainable either in environmental terms due to the high ILUC emissions 
or in policy terms due to the ‘high ILUC-risk’ rules in the RED II. Operators of co-
processing refineries should actively seek alternatives, by developing waste oil 
supply chains and by considering opportunities for low ILUC-risk vegetable oil 
farming. 

 f Building on vegetable oil co-processing expertise, the refining industry should 
consider the potential to support cellulosic fuel production by processing pyrolysis 
oils and/or Fischer-Tropsch waxes at existing refineries. 

For all potential investors in the Spanish biofuel industry: 

 f Work with the Spanish Government to put in place support systems that provide 
a strong value proposition for advanced technology projects. 
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