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Sustainable Fuels UK Road-Map

Summary

ENVIRONMENT

ECONOMIC

GOVERNMENT

Sustainable fuels have the potential to play an important role in achieving the
UKbds ambiti on temissiors éfamcaranspora This Read Map aims
to identify and forecast the potential for sustainable fuel production to 2050. Its
specific objectives are:

To highlight the potential contribution that sustainable fuels can
make to supporting the decarbonisation of the UK economy;

To explore the potential for job creation and economic growth in
the sustainable fuels sector;

To call for support from the UK Government to develop a shared
vision for sustainable fuels.

Global development in the sustainable fuels market is progressing rapidly with
those at the vanguard of new technology reaping the economic benefits of
early investment into commercialising fuels.

The UK should capitalise on its leadership in global aerospace and aviation
and seize the opportunities presented by the emerging sustainable fuel market
to reduce emissions, create jobs and bolster investments in science and
technology.

Environment

Sustainable Aviation (SA) is committed to the development of sustainable fuels
that meet strict technical approvals, significantly reduce life cycle greenhouse
gas (GHG) emissions over fossil fuel, meet stringent sustainability standards
and avoid direct and Indirect Land Use Change (ILUC).

The 2012 SA CO, Road-Map developed initial estimates of the impact of
sustainable fuels to UK aviation. This Road-Map takes that initial analysis a
stage further, with new independent research undertaken by sustainable
energy consultants E4tech.

This analysis has shown that the use of sustainable fuels in the UK can
contribute to a reduction in CO, emissions of up to 24% by 2050 for the
aviation sector. However, achieving this result will require a step change in
Government policy and investment frameworks.
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Economic

The UKG6s aer os p amestriea ard imgosantadntritutors to the
UK economy. The UK has the largest aerospace sector in Europe and UK
aviation provides £50 bhillion to the UK economy and around a million jobs.

If the UK can succeed in capitalising on the emerging sustainable fuels market,
the benefits to economic growth and high value employment could be
significant.

Scenario analysis estimates that in 2030 there may be 90-160 operational
sustainable fuel plants globally, producing aviation fuels in combination with
other fuels and products. Global revenue for these sustainable fuel plants is
estimated to be £8-17 billion in 2030.

Development of a domestic industry for the production of sustainable fuels
could generate a Gross Value Added (GVA) of up to £265 million in 2030
and support up 3,400 jobs. A further 1,000 jobs could be generated in global
exports.

Many of these novel technologies fail in the transition from development to
commercial scale production. This study outlines the need for support for the
growth of early stage technologies in the critical period to 2030. The ability of
the sector to decarbonise post 2030 will be curtailed without this support.

Investment risk & Volume of
Sustainable Aviation Fuel

w
Investment
Risk

Volume of
Sustainable
Aviation Fuel

2014 2030 2050

Enabling Sustainable Fuels Production by De-Risking Investment
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Government

Industry is rising to the challenge. SA members are currently committed to
developing a number of sustainable fuel initiatives. Success of these and future
projects is dependent on SA continuing to work with the Government to create
a shared vision for sustainable fuels. SA recommends the establishment of
a publici private sector initiative to progress this shared vision.

Long-term policy stability and financial support for the scaling-up and rollout of
sustainable fuel production capacity will also be needed. We therefore

recommend:
LEVEL PLAYING Allowing sustainable fuel producers to claim Renewable Transport
FIELD Fuels Obligation certificates in line with road transport fuels;
FINANCE SUPPORT The financing of projects through existing institutions such as the

Green Investment Bank, which involves the Government
underwriting risk at different development stages;

R&D That priority should be given to dedicated research and
development (R&D) into sustainable fuels. Some countries are
already providing R&D support for new feedstock sources and
processing technologies to reduce fuel cost.

SA wel comes t he Depart ment for Tr
demonstration scale advanced fuel plants as a positive first step. If the UK is to
lead innovation and development of advanced fuels technology and to be an
exporter, rather than importer of these technologies, a more focused approach
to sustainable fuels wildl be require
in relevant areas of science and technology.

A stylised chart summarising the work of this Road-Map is shown on the next
page.
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Useful terms

Advanced fuel Advanced fuels are produced by more complex processing technologies
that are able to process wastes, residues and other feedstock types.
These successors to first generation of sustainable fuels usually yield
higher greenhouse gas savings and often avoid the land use concerns
associated with many first generation technologies and feedstocks.

Aviation fuel Current aviation fuel a kerosene-type fuel, commonly referred to as Jet A-
1 or Jet A. Jet A-1 is suitable for most turbine engine aircraft. It has a
flash point of 38°C and a freeze point maximum of -47 °C. Jet A is only
available in North America and has a higher freeze point (-40 °C).

Biofuel The term 6ébiofueld is generally u

from biomass, but itoés i mpthe sustamdbility od someoof
these can vary significantly depending on their source and processing.

Afdr-opo f uel s AFuel that can be used with current aircraft and engine technology and
does not require modifications to aircraft engines and fuel systems and
ground supply infrastructure.

Fossil fuel General term for buried combustible geological deposits of organic
materials, formed from decayed plants and animals that have been
converted to coal, natural gas or crude oil by exposure to heat and

pressure in the Earthdés crust over
Jet Al See aviation fuel above.
Low carbon fuel Fuels that provide high greenhouse gas lifecycle savings (>60%) when

compared with their fossil equivalents.

Sustainable fuel 6Sustainable fuel d can be derived
from other sustainable sources that have a lower overall carbon footprint
than fossil- or some biomass-derived fuels i such as fuels made from bio
or non-bio waste streams.

Synthetic aromatic A manufactured aromatic hydrocarbon product, i.e. one that contains
alternating single and double bonds between carbons. The simplest form
of which is known as a benzene ring with six carbon and six hydrogen
atoms. Some aromatic compounds in Jet fuel contain more complex
fused benzene compounds.

Synthetic fuel A manufactured hydrocarbon product which is chemically similar to the
fossil equivalent that can be substituted for or mixed with other aviation
fuels. It may or may not be produced from sustainable feedstock.

_____________________________________________________________________________________________________________________________________|
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ASTM

ATAG
ATJ
BtL
CAA
CAAFI
CCC
CH

CLEEN

CtL

DEF STAN
DOD
EASA

El

EPFL
EU RED
FAA
FQI

FT

GBP
GDP

GHG
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ASTM International. Previously known as American Society for Testing
and Material. Owner of the major Jet fuel specifications ASTM D1655,
ASTM D7566, ASTM D4054.

Air Transport Action Group

'Alcohol to jet' technology

Biomass to liquid technology

UK Civil Aviation Authority

Commercial Aviation Alternative Fuels Initiative

UK Committee on Climate Change

Catalytic Hydrothermolysis

US Federal Aviation Authorityds CL
Emissions and Noise Programme

Coal to liquid technology

UK Defence Standard

US Department of Defence

European Aviation Safety Agency

Energy Institute (Petroleum Industry professional body owner of many
industry standards an soon to be custodian of the DEF STAN 91-91
specification)

Ecole Polytechnique Fédérale de Lausanne

EU Renewable Energy Directive

US Government's Federal Aviation Administration

Fuel Quantity Indication

Fischer Tropsch (processing pathway for sustainable fuels)

Pound Sterling
Gross Domestic Product

Greenhouse gas

www.sustainableaviation.co.uk
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GtL

HDCJ

HEFA

IATA

ILUC

ISEAL Alliance

JIG

LCA

MBMs

NATS

NNFCC

RSB

SA

SAK

SIP

SK

SPK

uco

WWF
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Gas to liquid technology

Hydro treated depolymerized cellulosic jet
Hydrogenation of esters and fatty acids
International Air Transport Association
Indirect Land Use Change

International Social and Environmental Accreditation and Labelling
Alliance 1 the global association for sustainability standards

Joint Inspection Group (petroleum industry grouping of companies that
jointly operate many international airport fuel facilities)

Life Cycle Analysis

Market based measures

The UK's National Air Traffic Service

The National Non Food Crops Centre is a leading international
consultancy with expertise on the conversion of biomass to bioenergy,
biofuels and bio based products

Roundtable on Sustainable Biomaterials

Sustainable Aviation

Synthetic Aromatic Kerosene

Synthesized Iso-Paraffinic (fuel)

Synthetic Kerosene

Synthetic Paraffinic Kerosene

Used Cooking Oil

World Wildlife Fund for Nature

www.sustainableaviation.co.uk

Page 11 of 84


http://www.sustainableaviation.co.uk/

Chapter 1

Introduction

SUSTAINABLE
AVIATI®N

Cleaner. Quieter. Smarter.

Sustainable
Aviation is
committed to the
development of
sustainable
solutions for the
aviation sector.

1.1 Sustainable Aviation

Sustainable Aviation (SA) is committed to working collaboratively to accelerate
the development and commercialisation of advanced sustainable fuels in the
UK. Aviation fuels are most efficiently produced alongside other high value
products such as advanced diesel and other bio-chemicals.

SA was launched in 2005 and brings together the main players from UK
airlines, airports, manufacturers and air navigation service providers. SA has
established a long term strategy that sets out the collective approach of UK
aviation to tackling the challenge of ensuring a sustainable future for our
industry. The aerospace and aviation sectors make a vital contribution to the
UK economy (the economic benefits of the sector are provided in Appendix 1).

In 2012, Sustainable Aviation published its Carbon Dioxide (CO,) Road-Map,
setting out our combined view that UK aviation is able to accommodate
significant growth to 2050 without a substantial increase in absolute CO,
emissions. We also support the reduction of net CO, emissions to 50% of 2005
levels through internationally agreed carbon trading. This is shown in the chart
below.

2.5
# Demand Growth

W Operations & ATM
= Imminent Aircraft
¥ Future Aircraft
W Sustainable Fuels
1.5 Carbon Trading
= Net Emissions

B &
Fuel-Burn
Reduction

Fuels

Trading

0.5

Change in CO2 Emissions relative to 2010

2010 2020 2030 2040 2050

Figure 1.1 The SA CO2 Road-Map
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SA estimated that by 2050 sustainable fuels will offer between 15% and 24%
reduction in CO, emissions attributable to UK aviation. This assumption was
based on a 25-40% penetration of sustainable fuels in to the global aviation
fuel market, coupled with a 60% life-cycle CO, saving per litre of fossil fuel
displaced. For the purposes of our Road-Map, we assumed an 18% reduction
in CO, emissions from UK aviation through the use of sustainable fuels.

In recent years, significant technical progress has been made towards the

commercialisation of sustainable alternatives to fossil fuel. Several

demonstration flights havadmbagdns oulnudtei
replicate the characteristics of fossil fuel. Many different fuel production and

conversion processes are being developed, using an array of different

feedstocks including municipal waste and waste gases from heavy industry,

algae, and sustainable crops i.e. those grown on non-agricultural land having

no ILUC (Indirect Land Use Change) impacts and crop residues.

Following the approval, by the ASTM International fuels standards committee,
of three processes for generating sustainable fuels, airlines have flown
revenue flights - carrying fare paying passengers - using sustainable fuels
blended with fossil fuel. Thus technically-feasible solutions already exist.
However, at the moment, the market is at a nascent stage of development, and
these fuels are produced in small volumes at relatively high cost, and therefore
are not yet commercially competitive. The ultimate goal is to develop
commercial, sustainable, i d r-iompfiiel solutions to form an increasingly
significant proportion of the fuel supplied at airports in the UK, and at airports
for flights to the UK.

Since publishing its CO, Road-Map in 2012, SA has continued to review its
earlier assumptions about the role of sustainable fuels in achieving an 18%
reduction in total CO, emissions from UK departing flights by 2050. As a
consequence, SA believes the time has now come to develop a more detailed
assessment of the contribution from sustainable fuels, their pathway towards
commercialisation, and the economic and policy conditions that would
maximise this potential.

Developing this Road-Map presented some challenges as it is inherently
difficult to forecast the size and shape of a new supply market. In the case of
sustainable fuels, the industry is very much in its infancy. ICAO is presently
working at a global level to model scenarios setting out the global potential of
sustainable fuels. Inevitably the technical potential for this new industry will be
realised only if governments support the development of sustainable fuel
supply chains.

|
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1.2 Purpose

This Sustainable Aviation Fuels Road-Map explores the opportunities for
reducing UK aviation carbon emissions through the use of fuels from
sustainable sources.

The Road-Map identifies the opportunities that exist to progress sustainable
fuels and offers proposals on the roles that industry and the UK government
can play to realise this opportunity. The aerospace industry already has
experience of successful collaborative initiatives working with government to
grow and promote high value technologies and jobs i SA firmly believes that
this model would form a good foundation to develop a similar approach for
sustainable fuels.

The specific objectives of this Road-Map are:

1. To identify and forecast global and UK potential sustainable fuel
production volumes out to 2050 and to relate these to the
assumptions made in the 2012 SA CO, Road-Map;

2. To show the extent that UK produced sustainable aviation fuels
can contribute to the decarbonisation of the UK economy and
enhance UK fuel security;

3. To demonstrate a viable market potential for advanced
sustainable fuels to producers, refiners, investors and other
stakeholders;

4. To highlight the potential for this new industry in terms of job
creation, growth and improved fuel security in the UK;

5. To secure government engagement and support for sustainable
fuels for aviation.

Phot copyright British Airways 2014
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1.3 Developing sustainable fuels process

Developing sustainable fuels requires a number of processes to come
together. This is depicted in the diagram below:

Certification

ASTM and DEF STAN
standards

Process for evaluating and
approving new and

Reporting

Accounting for use of
sustainable fuels by airlines

Determining life cycle green
house gas emission
savings for the UK aviation

emerging sustainable fuel
processing methods

Sustainable
feedstocks

Standards for sustainable
feedstock generation

Feedstock suitable for
aviation fuel

industry Forecast growth in suitable

SUSTAI NABLE feedstocks to 2050
FUELS
FOR

Use AVIATION Processing

Current and imminent

= i in!
Meeting “drop-in processing technology

requirements for existing
aircraft View of future processing
opportunities

Aircraft airframe and engine Policy and investment

Delivery

technology improvements challenges
for future aircraft

Blending of sustainable and
fossil based aviation fuel

Meeting fuel quality
requirements

Figure 1.2 Elements required to deliver sustainable fuels

1.4 The need for odr o mfoels?

There has been great progress in the development of sustainable alternatives
to fossil fuel. These new fuels are often referred to as fi d r-ioniels as they
have a similar chemical composition to fossil fuels and can be completely
blended with existing fuels. New fuels that meet the performance
specifications (referred to as certified fuels) are able to be delivered into bulk
storage and delivery systems at airports and can be used alongside fossil fuel.

The fact that the fuels are fi d r-iorqeans that no modifications have to be
made to existing aircraft and engines or to airport infrastructure. This
innovation has led to the creation of a new generation of fuels that often
deliver emissions benefits alongside sustainability benefits.

www.sustainableaviation.co.uk
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Over the longer term, both aircraft and engine manufacturers are working on
new innovative propulsion systems. These include electric hybrid systems, full
electric propulsion systems and the use of solar power. All these have the
potential over the longer term to reduce and possibly eliminate the need for
liquid hydrocarbon fuels; however, these are not likely to reach commercial
production within the next thirty years. The timeframe of the Road-map, i.e. to
2050, will focus exclusively on liquid hydrocarbon fuels that can be
manufactured from renewable feedstock.

1.5 Structure of this Road -Map

This Road-Map considers each of the key elements in Figure 1.2, to ensure
any fuels used in aircraft are safe and meet the sustainability criteria required.
SA has worked closely with E4tech who have worked at the interface between
energy technology, environmental needs, and business opportunities since
1997. Last year Edtech produced an EU harmonised Auto-Fuel biofuel
roadmap” to 2030 giving them a thorough understanding of the biofuel market.
E4tech has also recently advised the UK Government on the future potential of
advanced sustainable fuels.

E4tech has led Chapter 5 of our Road-Map which reviews current sustainable
feedstocks and the processing options for the conversion of sustainable
feedstocks to aviation fuels. The chapter estimates how much sustainable fuel
is likely to be available for aviation, based on a range of possible future
scenarios. From this E4tech has derived a view on how much sustainable fuel
could be produced by 2050.

The other chapters of this Road-Map will explore the remaining elements
identified in Figure 1.2. Earlier in 2014, we presented a discussion document,
Fuelling the Future, outlining our initial thinking in this area. Chapter 10 of the
Road-Map outlines our feedback from stakeholders, including Government
policymakers, Non-Governmental Organisations (NGOSs), industry and fuels
experts.

The Road-Map will conclude with how much sustainable fuel could be available
for aviation, with specific commitments from the aviation industry to take
sustainable fuels forward and requests to Government for help in realising the
potential.

! E4tech (2013) A Harmonised Auto-Fuel biofuel roadmap for the EU to 2030. Available from:
http://www.e4dtech.com/auto-fuel.html

|
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el Chapter 2

feedstocks

SUSTAINABLE
FUELS
FOR
AVIATION

Sustainability and aviation fuels

At a glance
1. SA supports advanced fuels production and any policy mechanisms to ensure
that ILUC risk is addressed and mitigated.

2. The UK Government and aviation industry have a role to ensure that global
aviation policy frameworks address the issue of sustainability and that
sustainable fuels are incorporated into global climate change policy for

aviation.
2.1 Definition of sustainable fuels
Definition of SA members are committed to the development of sustainable fuels that offer
Sustainable low significantly reduced life cycle greenhouse gas (GHG) emissions over fossil
carbon fuels fuels, including fuels that are produced from wastes, residues and non-food

crops grown on degraded lands. These fuels must:

1 Meet stringent sustainability standards with respect to land, water, and
energy use;

1 Avoid Direct and Indirect Land Use Change (ILUC) impacts, for example
tropical deforestation;

1 Not displace or compete with food crops;

Provide a positive socio-economic impact;

1 Exhibit minimal impact on biodiversity.

=

Fuel pathways and technologies modelled in this study by E4Tech use this
definition of sustainable fuel and this is referred to more fully in section 5.1.

SA members are actively supportive of the Roundtable on Sustainable
Biomaterials (RSB), widely recognised as the most robust global sustainability
standard®. The RSB is an international, multi-stakeholder standard organisation
that has developed a feedstock-and technology-neutral global standard for
sustainability.

In addition to the direct impacts that can generally be measured and attributed

WWF I nternational (2013) Europeds biofuels not
Available from: http://wwf.panda.org/?uNews|D=212791
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to a fuel production method, we recognise that there is concern that the use of
land can have negative unintended consequences on the environment. Indirect
Land Use Change (ILUC), whereby the production of newly demanded
products on existing cropland displaces other agricultural activity to other high
carbon stock land (e.g. tropical forest), is a significant concern.

The possible extent of negative ILUC and the resulting GHG emissions that
may occur as a result of additional demands for a variety of crops in different
regions is not fully understood. Considerable work has been done to identify
policies and practices that mitigate the risk of causing negative ILUC®. SA
members have been heavily engaged with NGOs and policy-makers to ensure
that the sustainable fuels they are seeking to develop do not lead to negative
ILUC impacts. One major way of mitigating the risk of ILUC is through the use
of feedstock based on waste materials and residues for these sustainable
fuels.

SA welcomesthe UKgover nment 6s recent work o
and support the move to ensure that ILUC risk is identified and accounted for.
SA members have been focused on understanding best practice in this area
and are working with the International Civil Aviation Organisation, (ICAO) and
the International Air Transport Association, (IATA), EcoFys and NGOs to
develop globally harmonised sustainability criteria. As the UK was at the
forefront of standards development in the EU, SA believe that this is an area
where the aviation sector and government should work together to ensure that
sustainability of fuels production globally is prioritised as a complement to the
development of a global climate change policy for aviation.

® WWF International, Ecofys and EPFL (2012) The Low Indirect Impact Biofuels (LIIB) Methodology.
Available from: http://www.ecofys.com/files/files/12-09-03-liib-methodology-version-0-july-2012.pdf
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2.2 Feedstock availability and sustainability

Feedstock types Aviation fuels are produced by taking a feedstock and converting it via

and availability industrial processes into a fuel. A range of different potential feedstocks have
been identified. Some are based on oil crops such as algae and other non-food
feedstock while others are based on waste sources such as municipal solid
waste, used cooking oil and waste industrial gases. More sophisticated
processing technologies necessary for the manufacturing of aviation fuels will
widen the number of available feedstock types, and many of these are low
grade, low value materials.

The European Climate Framework and the International Council on Clean
Transportation recently published a report on the availability of cellulosic
wastes and residues in the EU?, supported by SA members which identified a
potential of 900 million tonnes of available waste material in the EU. Of this it is
estimated that 220-230 million tonnes can sustainably be recovered for energy
production. The conversion of this into sustainable fuels could generate 36.7°
million tonnes of advanced fuel for all transport modes.

Some SA members are part of the ICAO international Advanced Fuels Task
Force, which is currently assessing the availability of feedstock and
technologies based on a 2050 timeframe. The group is also working to derive
harmonised life cycle assessment methodologies.

There have been a number of reports over recent years outlining both
feedstock availability and the significant potential for the development of
conversion technologies in the UK.®’

2.3 Indirect impacts

Indirect impacts Direct impacts can generally be measured and attributed to the party that
need to be caused them. However, there is also concern that fuel production can have
addressed. negative unintended consequences with the most cited examples being

indirect land use change (ILUC) in which the production of newly demanded
products on existing cropland displaces other agricultural activity to previously
non-productive land. The possible extent of negative ILUC and the resulting
GHG emissions that may occur as a result of additional demands for different
crops in different regions is an issue that is a great concern to policy makers.

‘Eur opean Climate Foundation (2014) Wasted: Europeobs
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
> This is a technical potential calculated on the basis of feedstock potential and assumes no limit in

terms of conversion capacity.

® Low Carbon Innovation Coordination Group (2012) Technology Innovation Needs Assessment
(TINA). Bioenergy Summary Report, Available from:
www.lowcarboninnovation.co.uk/document.php?0=9

’ Great Britain, Parliament, House of Commons (2014) Waste or resource? Stimulating a
bioeconomy. London: Science and Technology Select Committee. HL 141 (2013-14). Available from:
http://www.publications.parliament.uk/pa/ld201314/Idselect/Idsctech/141/141.pdf

|
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Considerable work has been done to identify policies and practices that
mitigate the risk of causing negative ILUC®. Members of the aviation industry
have been heavily engaged in discussions with NGOs and policy-makers to
ensure that the sustainable fuels they are considering using do not generate
risks of having negative ILUC impacts. One major way of mitigating the risk of
ILUC is through the use of feedstocks based on waste materials and residues.
Other ways in which the risk of ILUC impacts can be mitigated are:

1 Producing feedstock on unused land i that is land that is not currently
used to provide provisioning services (i.e. arable land and forestland).

1 Increasing feedstock availability for sustainable fuels without increasing
the pressure on land use through increased yield or land productivity.

I Feedstock production on underused land - land that falls between the
above two categories

1 Increased feedstock availability through reduction in post-harvest waste.

1 Integrating food and fuel production in ways that lead to higher overall land
productivity.

I Using feedstocks that require little land such as algae.

Sometimes fuels are referred to in terms of the generation of the technology
with which they are associated (1%, 2™ 3 etc) or O6Advancec
early types of feedstock and processes, as a shorthand way of distinguishing
sustainable from non-sustainable fuels. Such classifications can sometimes be
overly simplistic and do not provide a consistent indication of sustainability.

The aviation industry has been very focused on understanding best practice in
this area and SA members believe the key determinate ofaf uel 6 s s u
is whether it can meet a robust independent standard which is independently

audited.

Photo Copyright Boeing 2014

8 WWF International, Ecofys and EPFL (2012) The Low Indirect Impact Biofuels (LIIB) Methodology.
Available from: http://www.ecofys.com/files/files/12-09-03-liib-methodology-version-0-july-2012.pdf
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