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1 EXECUTIVE SUMMARY

Regulatory status for SAF

The aviation industry is working towards more sustainable practices, including the use of sustainable aviation fuels
(SAF). SAF are drop-in fuels that can be produced through different pathways mimicking the natural formation of
hydrocarbon chains, using either biological or non-biological input factors. The large SAF volumes needed to
decarbonize aviation will challenge sustainable utilization of biological feedstocks, and establishing production of non-
biological SAF will be important. The sustainability of fuels, and hence what fuels can be called SAF, depends on the
origin of all input factors in the production value chain. Regulatory bodies are currently working towards defining
common international sustainability criteria for SAF.

There are proposed and emerging regulations and certification schemes involved in the development and uptake of
SAF, both in the EU, UK and US as is the focus of this report, but also other regions. The EU is leading the way in
developing legislation for biological and non-biological SAF, with the European Green Deal and the Fit for 55 package
as central policies. Within the Fit for 55 package, the main initiatives for the development of SAF in Europe are
ReFuelEU Aviation and the updates to the Renewable Energy Directive (REDII). The trialogue negotiators reached a
provisional agreement on the revised REDII (i.e. REDIII) in March 2023.

The EU regulatory framework is complex when it comes to definitions and criteria for non-biological SAF. REDII and
associated Delegated Acts (DAs) (on Article 27 and 28) defines Renewable Fuels of Non-Biological Origin (RFNBOSs)
and Recycled Carbon Fuels (RCF), as well as methodology to calculate GHG emission savings and emissions criteria
for these fuels. These DAs were in February adopted by the European Commission and are now being evaluated by the
European Parliament and the European Council, with a four-month period to accept or object the proposals.

In short, the categorisation of a fuel is based on where the energy in the fuel comes from: The energy in an RFNBO
comes from renewable electricity (these fuels are also known as e-fuels), and the energy in an RCF comes from non-
renewable waste streams or waste processing gas. “Low-carbon fuels” is a third category of fuels based on blue
hydrogen that previously has been discussed, but has not been included in REDII or the DAs.

Furthermore, the DAs specify that to qualify as a RFNBO or RCF, there is a GHG reduction requirement of 70%
compared to the fossil comparator. For RFNBOs, which are made from renewable “green” hydrogen and COz, the origin
of both the power used in the hydrogen production and CO: are important in the GHG calculation. Before 2041 (or 2036
if from electricity generation) fossil CO2 can be considered as “avoided” if it comes from an activity in EU ETS or other
effective carbon pricing scheme. From 2041 (or 2036 if from electricity generation), fossil CO2 must be included in the
emission calculation and only biogenic CO2, or CO2 from Direct Air Capture (DAC) can be considered as avoided.

April 25 2023 was an important milestone in the EU SAF sphere: After several rounds of trialogue negotiations under the
ReFuelEU Aviation initiative an agreement was reached on EU’s first regulation mandating sustainable aviation fuel
blending at European airports. The regulation includes binding volumetric SAF mandates and synthetic fuel sub
mandates, as well as what types of fuels and feedstocks qualify towards these. The overall SAF mandate will start at 2%
in 2025 and gradually increase to 70% in 2050, while the synthetic fuel sub-mandate will start at 1.2% in 2030 and
gradually increase to 35% in 2050. Key clarifications to previous uncertainties are that the synthetic sub mandate
includes all RFNBOs, the overall SAF mandate includes RCFs, while low-carbon fuels are not included. Figure 1-1
shows a simple illustration of the EU’s fuel categories and which are considered sustainable. These blending mandates
will significantly increase the European SAF demand (both biogenic and non-biogenic) towards 2050, and this decision
is essential to reduce uncertainty for fuel production projects. There is still uncertainty around how this will be
implemented in the EU countries and how Norway will follow up and adopt own national blending mandates.

Contradictions between international regulations have made it difficult for airlines and producers to make investments
and carbon reduction strategies. The International Civil Aviation Organization (ICAO) has provided high-level definitions
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and guiding values for climate effects through the Carbon Offsetting and Reduction Scheme for International Aviation

(CORSIA). In addition, several countries have introduced their own legislation to incentivize the production and use of
SAF, such as the US Sustainable Skies Act and the Aviation Climate Action Plan, the US Inflation Reduction Act of 2022
(IRA), and the UK's Transport Decarbonisation Plan and proposed SAF mandate.
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There are several barriers for the establishment of SAF production value chains in Norway, but also several drivers

compared to other countries. As SAF-production from waste products is a relatively new concept, with immature

technologies, processes and frameworks, there are several barriers to the establishment of this industry worldwide.

Many of these barriers are common and not country-specific, e.g. the barriers related to certification and traceability,

regulations, standards and technology costs and maturity. For Norway, the barriers are in general related to risk capital
and investments with uncertainty on subsidies or investment support. However, with blending mandates the added costs
may be sent to the end-user as increased flight ticket prices. Infrastructure constrains with access to the power grid, and
competition for feedstock, such as sustainable CO2 and renewable hydrogen are other barriers. The drivers, on the
other hand for Norway are; a high renewables share in the electricity mix, “relatively low” power prices (in some regions
due to bottle necks in the grid), and high-quality power supply. It is also planned further development of renewable
power, Norway has leading CCS and CCU competence and the first value chains are being constructed. In addition,
Norway has high standards for gas and fuel value chains, and Norwegian aviation has been an early mover in
sustainable aviation fuel sourcing and supply as the first country with a blending mandate.

Mongstad as a location for SAF production

This analysis includes a pre-feasibility assessment of a production process for non-biological SAF on Mongstad. The
process is based on Municipal Solid Waste (MSW) as feedstock and includes the combination of gasification, blue
hydrogen and DAC to produce ethanol using proprietary technology from LanzaTech, followed by proprietary technology
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from LanzaJet to produce SAF. Further, a specific supplier of DAC technology at Kollsnes (Carbon Engineering), for
CO:2 supply to the plant at Mongstad, is included in the production process. Synergies with ongoing blue hydrogen
projects will be important to utilize the emerging value chains for CO2 transport and storage.

Feedstock constraints are apparent for the Mongstad location. Non-biological feedstocks may be mainly plastic waste
and MSW (excluding the biological fraction which may be counted as a biofuel from the same plant). A uniform
feedstock is key for the next steps of the process, and a higher calorific value is strongly preferred. The logistics and
variability of the feedstock supply and the related process control requirements are some of the key challenges facing
any SAF production process based on waste products. However, based on DNV’s assessment, local sourcing of MSW

“

is deemed not to be enough to produce the targeted amount of SAF, 113 million litres per year (LanzaTech’s “standard”
plant size). It must either be imported, or a regional and local feedstock will have to be complemented using on-site blue
hydrogen and CO: from DAC. There are also significant technology risks related to the proposed production process, as

particularly the gasification of waste products and the DAC process are still not mature.

The potential for production of SAF has been assessed through the review of three different scenarios, based on the
source and volume of MSW as a feedstock. The first scenario illustrates an ideal case where all feedstock can be sourced
locally, looking at both using solely MSW and a combination of MSW, (blue) hydrogen and CO2 from DAC. In the second
scenario, all feedstock is assumed to be imported from Italy and the UK. In the third scenario, the MSW deemed available
locally is combined with CO2 from DAC and (blue) hydrogen. These scenarios give significant variation in energy
consumption, CAPEX, OPEX and emissions. Also the categorisation of the fuel produced vary in the different scenarios
depending on the share of biogenic and non-biogenic feedstock going into the process, and the inclusion of blue hydrogen
and CO:2 from DAC.

The process and scenarios have GHG emissions of 21.2-27.9 gCO2eq/MJ of SAF, which corresponds to a CO2 reduction
in the range of 70-77 % GHG emissions reduction. These estimates are high level and rough estimates, and not detailed
Life Cycle Assessments (LCA), including all CO2z equivalents. The margin for the threshold of >70% GHG reduction
compared with the fossil comparator is likely reached.

The production process analysed in this report shows promising potential, with opportunities for relatively rapid scale-up
with a co-location of Alcohol-to-Jet at Mongstad, but there are still significant barriers to overcome. Some barriers are
project-specific, like the sourcing of feedstock and the optimization of conceptual and technical designs, but there are
also commercial and regulatory barriers related specifically to the uncertainties in the regulatory landscape and the
current competitiveness of non-biological SAF to biological SAF and regular jet fuel. The EU blending mandates and
clarifications around including RCFs but excluding low-carbon fuels are important to understand for this project. To meet
the climate target and the growing demand for SAF, incentives must be adopted, and industry actors and investors
should have a regulatory landscape with a higher degree of predictability and stability than apparent today.
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2 INTRODUCTION AND BASIS FOR WORK

In 2020, the Norwegian Airport Operator, Avinor, together with NHO Luftfart, LO, Widerge, SAS and Norwegian, set the
ambitious goal that Norwegian aviation should be fossil free by 2050. Sustainable aviation fuel (SAF) is expected to play
an important part in reaching that goal. In 2021, the same actors published a program for increased production and
uptake of SAF, with plans and recommendations to speed up the SAF development in Norwegian aviation.

Units: PJ/yr @Biomass @Efuels @Electricity @ Hydrogen @0Oil

Figure 2-1 shows DNV’s Energy Transition Outlook’s
view on European energy demand from aviation 2,000
towards 2050. It shows that energy demand from 1500
aviation is expected to increase significantly, and that

SAF will play an important part. But this “most likely

future” is far from what is required to reach emission 500
reduction targets — to reach these the SAF share 0
would have to increase significantly.

1,000

1980 19490 2000 2010 2020 2030 2040 2050
The small volumes of SAF produced and used today ’(:IID?\IL{;?ZZO_ZlZI)EurOpean aviation energy demand by carrier
are mainly based on waste oils, and pilot production
facilities for SAF from various biological feedstock are being established globally. There are seven approved value
chains for biobased SAF, and others are under development!. However, the large SAF production capacity needed to
reach the SAF targets will challenge sustainable utilization of renewable bio-based feedstocks - there are insufficient
bio-based feedstocks with no direct or indirect negative impact on emissions or other environmental aspects.
Establishing SAF production from other feedstocks is hence important for decarbonising the aviation sector.

European regulations are being shaped to accelerate the transition towards renewable energy and reduction in
greenhouse gas emission. In March 2023 there was a provisional agreement on the revised Renewable Energy
Directive, with a binding target of 1% RFNBOs of all fuels in the transport sector by 2030. In April 2023, ReFuelEU
Aviation came to a provisional agreement on binding SAF blending mandates including synthetic fuel sub-targets. Figure
2-2 shows proposed EU and UK SAF mandates and production capacity outlook?. The agreed mandates (increasing
from 2% in 2025 and 70% in 2050) are higher than the original proposal from Figure 2-2 (63% in 2050).

40 ~

Imports needed to satisfy mandates [__] EU SAF mandate - PtL
35 1 [] Power-to-Liquids ] Draft UKk mandate
30 - ] Alcohol-tojet [[] National mandates ‘top up’
25 4 [ Gasification + FT I EU SAF mandate - Bio-advanced
20 4 - Co-processing
15 - [ ] HvO/HEFA
10 -
0 e ncnn:n:nainnininininin'nininininininnininninn

2020 2025 2030 2035 2040 2045 2050

Figure 2-2: EU and UK SAF capacity outlook May 2022 (Mt) (SkyNRG, 2022)

1 DNV's Technology roadmap for sustainable aviation fuels describes status for biobased SAF (DNV, 2021).
2 SkyNRG, A Market Outlook on SAF (May 2022)
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While a challenge for biological SAF production is feedstock availability, a challenge for RENBO production can be
access to (and prioritization of) large amounts of renewable electricity and sustainable/biogenic CO2. Therefore, there is
also an increased focus on SAF production based on recycled carbon sources, so called Recycled Carbon Fuels (RCF).
In the European regulatory framework, the sources for carbon, hydrogen and energy in each production process are
defining for the categorization of fuels.

Norway is well positioned for production of various types of SAF. The industrial possibilities of producing biofuels have
been assessed earlier, but there is a need to develop knowledge and information regarding the possibilities related to
Norwegian production of SAF from other feedstocks.

Based on this, Avinor sees a need for extended knowledge on the different production pathways for SAF produced from
non-biological feedstocks, i.e. RFNBOs and RCFs. Relevant production pathways include gasified municipal solid waste
(MSW) and plastics, as well as synthesis gas (syngas) produced through a combination of carbon capture and utilization
(CCU) / direct air capture (DAC) and hydrogen. Avinor also seeks to understand the regulatory framework and the use
of measures internationally for these production paths. With this background, DNV has analysed the potential for
Norwegian SAF production from non-biological feedstocks and issued this report funded by Avinor and Innovation
Norway.

Part one of the report, chapters 3 to 5, gives an overview of status for SAF with a focus on RFNBOs and RCFs. Chapter
3 describes current and proposed regulation, chapter 4 describes production pathways, including maturity, planned
production projects, sustainability and costs, and chapter 5 lists drivers and barriers for establishing production in
Norway.

Part two of the report is a case study with focus on Mongstad as a location for SAF production.
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3 REGULATORY STATUS FOR SAF

In this chapter, DNV provides a high-level overview of regulatory status for SAF from non-biological feedstock, with
special consideration to EU, UK and USA. Norwegian climate commitments are expected to be aligned with those of the
EU. As policies and regulation on fuels and feedstocks are in development, this is a snapshot of the status as of March
2023.

Sustainable aviation fuels are subject to a variety of regulations, certifications, and criteria. Due to the high focus on
safety in the aviation industry, testing and certification of physical and chemical properties for new SAF are an important
aspect. The testing and certification of physical properties for aviation fuels are specified in the standards ASTM D7566
and DEF STAN 91-091. For SAF to be used in commercial flights, compliance with these standards is required.

Legislations in relation to SAF production and usage within the aviation industry is still developing within the different
markets where at present the EU is leading the process by having initially legislative frameworks in place for biofuels
and e-fuels. Not all of this is yet fully compliant with the needs and expectations of the aviation industry3. Other
jurisdictions such as North America (MoU Stainable Aviation Fuel Grand Challenge, U.S. Sustainable Skies Act) and
Asia are still in earlier stages of developing SAF programs.

Recent moves by the EU Commission to
further restrict biomass of unsustainable origin

. ) Acts
or marginal GHG benefits have put more focus and

on waste materials and streams. This is directives

evident in the EU Green Deal and Fit for 55.

Other aspects that also need to be considered Framework
Regulations

in the development of SAF legislation within the
different jurisdictions is that while within EU
much focus is towards e-fuels and waste-

based biofuels, North America sees a higher _
focus on expanding its SAF production through

its existing biomass production capacity (i.e.

corn to biofuel) with considerable less focus on

Figure 3-1 shows the EU regulatory framework, Company Internal Additional Requirements,
and “Industry best practice”

in generic terms, illustrating how directives set

the high-level ambitions with policies, and then
must be implemented by the lower steps, both on EU level, and national level. The industry also works on bottom-up
development to meet the policies and directives. Figure 3-1: EU regulatory framework

Currently there are no international definitions that

cover all the aspects of sustainability. In the following sections, the key players in policy formulation and the related
regulatory status across Europe, North America, and UK, is given. With the backdrop of existing and proposed EU
regulation, section 3.3 presents definitions for the different fuel terms used in this report, and section 3.4 discuss how
fuels from combinations of different hydrogen and carbon pathways fit with the SAF terminology and criteria. Section 3.5
describes regulation for testing and certification of aviation fuels.

3.1 EUregulation, definitions and classification of fuels

The overview provided by DNV in this report gives a “snapshot” of the current regulatory environment.

3 j.e. fuel technical compliance standards, namely ASTM D7566 and DEF STAN 91-091
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3.1.1 The EU’s Environmental and emissions legislation
The EU’s legislation for SAF is interlinked with the EU Green Deal and Fit for 55:

e The European Green Deal is the roadmap for

making the EU’s economy sustainable by turning
climate and environmental challenges into
opportunities across all policy areas and making the

transition just and inclusive for all. The European

Green Deal covers all sectors of the economy;

transport, energy, agriculture, buildings and industry.

e Fit for 55 is a package that consists of a set of
proposals to revise and update EU legislation and to
put in place new initiatives with the aim of ensuring

that EU policies are in line with the climate goals

agreed by the EU’s Council and the European

Parliament. Fit for 55 refers to the EU’s target of reducing
net greenhouse gas emissions by at least 55% by 2030,
compared to 1990. The proposed package aims to bring EU
legislation in line with the 2030 goal.* In the Fit for 55
package, the ReFuelEU Aviation initiative is central for the

development of SAF.

e  Within the European Green Deal and Fit for 55, there are

several EU Directives that are relevant for the production
and usage of SAF. These include the Renewable Energy
Directive (RED) and the Directive on deployment of alternative fuels infrastructure. The Delegated Acts (DAS)
are subsets of the directives to provide more details to what a directive means or how the directives should be

interpretated.®

EU Green
Deal

Specific
Directives
relevant for
SAF

Figure 3-2: EU legislation relevant for SAF

Legal train for Fit for 55

1. The commission presents a proposal

2. The EU member states (the Council) and the
parliament make negotiating positions

3. The Commission, the Council and the
Parliament meet for negotiations and agree

The Council and Parliament make decisions
The proposal can enter into force

6. Implemented in the member states
and the EEA

Figure 3-3 shows the current legal train status, where some affect aviation directly, and other indirectly for the

feedstocks, as well as biobased SAF.

Step 2: Processing

Proposals in the Fit for 55 package,
which are currently the earliest in the
legislative process:

Energy use in buildings

Methane emissions in the
energy sector (relevant for blue
H2 GHG)

Both are currently being
considered by the European
Parliament.

Step 5: The proposal can come into force

Step 3: Negotiations

The Member States and Parliament are
currently in trialogue negotiations on
these proposals, together with the
Commission:

Green fuel for ships and aviation
Renewable Energy (RED II & III)
Infrastructure for alternative fuels
Energy efficiency

Energy tax directive (only countries)

Step 4: To be approved

The member states and parliament
have agreed on these proposals,

and are in the process of adopting an
agreement on:

Purchase and trade of emission allowances
Emission targets for the EU countries
Emissions from forestry and land use
CBAM: Carbon border adjustment mechanism
CO,-standards for vehicles

Social climate fund

Step 6: Implemented in the member states and the EEA

Figure 3-3: EU Legal train status relevant for fuels.

4 https://www.consilium.europa.eu/en/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/

5 Implementing and delegated acts | European Commission (europa.eu)
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3.1.1.1 ReFuelEU Aviation

ReFuelEU Aviation is the EU’s first regulation mandating sustainable aviation fuel blending at European airports.® The
first proposal from the European Commission (EC) was released in July 2021, and a year later the Council of the EU
(CEU) and the European Parliament (EP) released suggested amendments. After several rounds of trialogue
discussions they came to a provisional political agreement April 25 2023 on binding volumetric SAF mandates from
2025 with synthetic aviation fuel sub mandates from 20307

e The overall SAF mandate starts at 2% in 2025 and gradually increases to 70% in 2050.
e The synthetic fuel sub mandate starts at 1.2% in 2030 and gradually increase to 35% in 2050.

The agreed mandates are more ambitious than the original European Commission proposal, but less ambitious than the
proposed amendments from the European Parliament. See Table 3-1 for the original proposal, the amendments and the
agreed mandates.

Table 3-1: Volume share of SAF and synthetic aviation fuels in the European Commission ReFuelEU proposal,
the European Parliament and the Council of the European Union amendments®, and the agreed mandates

Council of the
European Union
amendments

Original European
Commission proposal

European Parliament Agreed mandates

amendments (April 2023)

Overall
SAF
mandate

Synthetic
sub-
mandate

Overall
SAF
mandate

Synthetic
sub-
mandate

Overall
SAF
mandate

Overall
SAF
mandate

Synthetic
sub-

Synthetic
sub-

mandate mandate

2%

2%

0.04%

2%

5%

6%

2%

6%

*The press release did not include synthetic mandate for 2040 and 2045 (to DNV’s knowledge)

The trialogue discussions also included what types of fuel and feedstocks should be included in the overall SAF
mandate and the synthetic sub mandate. Table 3-2Error! Reference source not found. shows the original proposal,
suggested amendments and agreed definitions for the categories relevant in this report (definitions on what biofuels
qualify as SAF have also been agreed). The Commission and the Council's position was that the synthetic sub-mandate
only should include “drop-in electrofuels”, while the Parliament wanted to include all RFNBOs and renewable electricity.
The outcome of the negotiations includes renewable hydrogen in the synthetic sub mandate but excludes renewable
electricity. Another main uncertainty was related to RCF and low-carbon fuels, and it is now agreed that RCFs are

6 https://ec.europa.eu/info/%20strategy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en
7 https://www.europarl.europa.eu/news/en/press-room/202304241PR82023/fit-for-55-parliament-and-council-reach-deal-on-greener-aviation-fuels
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included in the overall SAF mandate (not part of the sub mandate), while low-carbon fuels are not included. Fuel
categories will be discussed further in chapter 3.3.

The provisional political agreement is now subject to formal approval by the Parliament and the Council. Once formally
adopted the new legislation will be published and enter into force with immediate effect. These blending mandates will
significantly increase the European SAF demand (both biogenic and non-biogenic) towards 2050, and this decision is
essential to reduce uncertainty for fuel production projects. Norway is expected to follow up with blending mandates in
line with the EU.

Table 3-2: ReFuelEU Aviation proposal, amendments and agreement on definitions of non-biological SAF.8

Original European | European Council of the Agreed definitions
Commission Parliament European Union (April 2023)
proposal amendments amendments

Synthetic aviation fuels Only drop-in All RFNBOs (e.g. Same as All RFNBOs
electrofuels qualify | green hydrogen) commission (including green

and renewable hydrogen)
electricity .
Not electricity

Allowing “low-carbon Not included Not included Included No

fuels” to count towards

the SAF mandates

Allowing RCF to count Unclear Unclear Unclear Yes

towards the SAF

mandates

3.1.1.2 The Renewable Energy Directive

In the European framework sustainability is defined in the Renewable Energy Directive (RED), first set forth in 2009. The
Renewable Energy Directive was revised in 2018 (REDII), but already in 2021, the European Commission proposed
another revision to better align with increased climate ambitions. The current timeline for the revision of RED is
illustrated in Figure 3-4. On March 30 2023 the European Council, European Parliament and European Commission
reached a provisional agreement on the revised REDII, so-called REDIII®. This will be submitted to the Committee of
Permanent Representatives in the Council and then to the Parliament for approval before it can be formally adopted and
enter into force.

8 https://theicct.org/wp-content/uploads/2022/09/refueleu-definitions-trilogue-sep22.pdf

9 https://www.consilium.europa.eu/en/press/press-releases/2023/03/30/council-and-parliament-reach-provisional-deal-on-renewable-energy-directive/
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Figure 3-4: Timeline for the Renewable Energy Directive (RED II)

The provisional agreement raised the share of renewable energy in EU’s overall energy consumption to 42.5% in 2030
(with an additional 2.5% indicative top up). For the transport sector, the member states can choose between:

e abinding target of 14.5% reduction of greenhouse gas intensity in transport from the use of renewables by
2030

e or a binding share of at least 29% of renewables within the final consumption of energy in the transport sector
by 2030

In addition, there is a binding sub-target of 5.5% advanced biofuels and RFNBOs, with a minimum requirement of 1%
RFNBOs. This was significantly lower than the European Parliament’s proposal of 5.7% RFNBOSs in transport. There are
no overall EU targets for the use of RCF.

We refer to REDII in this report, but in the future, after the final approval and adoption of the revision this will probably be
referred to as REDIII.

REDII defines a series of sustainability and GHG emission criteria for renewable transport fuels. For RFNBOs the
criteria is 70% emission reduction compared to fossil fuels'®. Definitions and criteria for fuel categories are summarised
in chapter 3.3.

For RFNBOs and RCFs, Article 27 and 28 of REDII are important. The European Commission last spring published two
draft Delegated Acts (DAs)'! on these articles, and initiated a hearing round which received numerous feedback
statements. These DAs present a methodology for determining the GHG savings of RCFs and RFNBOs and criteria for
them being considered “sustainable”. In February 2023, the European Commission adopted the two DAs and they were
submitted to the European Parliament and the Council for approval. The scrutiny period of the DAs is four months where
the European Parliament and the Council will have to accept or object the Commission’s proposal.’? The DAs on Article
27 and 28 are strongly connected to the ambitions of ReFuelEU, as they specify how fuels shall be produced to be
credited towards the blending mandates. Below is an overview of how the DAs for Article 27 and 28 will impact the
RFNBO and RCF market:*?

10 https://joint-research-centre.ec.europa.eu/welcome-jec-website/reference-regulatory-framework/renewable-energy-recast-2030-red-ii_en

1 Delegated acts are non-legislative acts adopted by the European commission that serve to amend or supplement the non-essential elements of the legislation
12 https://ec.europa.eu/commission/presscorner/detail/en/ganda_23_595

13 Delegated Acts on Art. 27 and 28 explained: How they will shape the PtX market ramp up - PtX Hub (ptx-hub.org)
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e The DA on Article 274 sets the requirements for renewable electricity used to produce renewable transport
fuels. A RFNBO facility can source electricity either through a direct connection to renewable electricity
generation, or through the grid. For grid-connected production of RFNBOs, the production can either be located
in a bidding zone with more than 90% renewable electricity share or there are specific requirements to
additionality, temporal correlation and geographical correlation to fulfil the REDII-criteria.

e The DA on Article 285 sets the requirements to the methodology to assess greenhouse gas emission savings
from RFNBO and RCF (Article 1), but it also defines the threshold for GHG emissions savings from the use of
RCFs at 70% (Article 2), i.e. the same as for RFNBOs. The methodology for assessing GHG emissions
savings from RFNBOs and RCFs is based on the emissions from use of fuel, which further is based on the
emissions from the supply of inputs, the processing, the transport and distribution, the combusting and
potential savings from CCS. It further specifies what types of CO2 can be considered as “avoided” and be
subtracted from the emission calculations (see chapter 3.3.2 for details).

3.1.1.3 Directive on deployment of alternative fuels infrastructure

The EU also has a directive on deployment of alternative fuels infrastructure, but in relation to aviation this is mainly
targets for electric charging for stationary aircraft at airports.1®

3.2 Other environmental and emissions regulation

There are varying definitions of what is sustainable when it comes to aviation fuels. This is especially evident when
comparing EU regulations with regulations in other regions, mainly because there are contradictions towards the use of
biomass as a feedstock. Two examples for this are that US regulations opens for the use of wheat, and Thailand
regulations opens for the use of palm oil. The contradictions in international proposed SAF regulations make it difficult
for airlines to make investments and/or carbon reduction strategies, and in turn this also affect the producers. At the
moment, this is mostly evident for SAF based on biological feedstock, but similar challenges may occur also for SAF
based on non-biological feedstock. The International Civil Aviation Organization (ICAO) is one of the actors that could
facilitate common international regulation, and have partly succeeded through the CORSIA, further described below.

ICAO CORSIA

ICAO has through the market-based mechanism, “Carbon Offsetting and Reduction Scheme for International Aviation”
(CORSIA), provided high level and general definitions and guiding values for climate effect. For a SAF to be eligible for
use within the ICAO CORSIA offsetting-mechanism, it has to meet a set of sustainability criteria. Several of the criteria
are related to SAF produced from bio-sources, but there are also criteria that affect non-biological SAF. The criterion
related to emissions is:

e Criteria 1.1: SAF (as per the CORSIA definition) will achieve net greenhouse gas emissions reductions of at
least 10% compared to the baseline life cycle emissions values for aviation fuel on a life cycle basis (applicable
before 2024)

In addition, there are criteria related to Carbon stock, Water, Soil, Air, Conservation, Waste and Chemicals, Human and
labour rights, Land use rights and land use, Water use rights, Local and social development and Food security.

Some of the conversion processes already have CORSIA default Life Cycle Emission values.’

U.S Sustainable Skies Act and the Aviation Climate Action Plan

14 https://energy.ec.europa.eu/system/files/2023-02/C 2023 1087 1 EN ACT partl v8.pdf

15 https://energy.ec.europa.eu/system/files/2023-02/C 2023 1086 1 EN ACT partl v5.pdf

16 https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/698795/EPRS BRI(2021)698795 EN.pdf

17 |cAO 2022 Environmental report https://www.icao.int/environmental-protection/Documents/EnvironmentalReports/2022/ICAO%20ENV%20Report%202022.pdf)
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The Sustainable Skies Act was introduced to the House of Representatives in May 2021 and to the Senate in June
2021. The Sustainable Skies Act is a bill that “allows a business-related tax credit through 2030 for each gallon of
sustainable aviation fuel used by a taxpayer in the production of a qualified mixture (i.e., a mixture of sustainable
aviation fuel and kerosene that is sold for use in certain U.S. aircraft).”*® The bill is targeted for blenders that supply
sustainable aviation fuel.*® The timeline of the adoption of the bill is unknown.

The bill defines sustainable aviation fuel as “liquid fuel that consists of synthesized hydrocarbons, meets certain
recognized international standards, is derived from biomass, waste streams, renewable energy sources, or gaseous
carbon oxides, is not derived from palm fatty acid distillates, and achieves at least a 50% life cycle greenhouse gas
emissions reduction in comparison with petroleum-based jet fuel.” Further, the legislation requires eligible SAF to utilize
the full set of ICAO sustainability criteria as one of the safeguard provisions to ensure its environmental integrity.

In a statement from September 2021, the Biden administration also shared a new Sustainable Aviation Fuel Grand
Challenge to increase the production of sustainable aviation fuels to at least 3 billion gallons per year by 2030 and
announced new and ongoing funding opportunities to support sustainable aviation fuel projects and fuel producers
totaling up to USD 4.3 billion.?°

In the statement, the US Aviation Climate Action Plan was announced, which was published in November 2021. The
action plan follows the goal of net-zero GHG emissions from the U.S Aviation Sector by 2025, and sustainable aviation
fuel is one of the key topics. The plan proposes actions to reduce the cost of SAF, enhance the sustainability of SAF
and expand supply and end use of SAF on a high level.?!

The U.S. Inflation Reduction Act of 2022 (IRA)

In the United States’ plan to reduce high inflation, a new set of tax credits for sustainable aviation fuel were defined. The
inflation act lays down a two-phased plan to incentivize the production and use of SAF, but following the specifications
of the plan the SAF should be based on biomass material and is only required to have GHG emissions savings of 50%.
The focus on biomass for production of SAF is contradictory to the general development in the UK and EU, where in
general the focus is shifting towards production that is not based on biological feedstock.

However, the IRA includes a range of hydrogen support mechanisms, such as the hydrogen production tax credit (PTC),
which supports clean hydrogen production with credits ($/kg) increasing with GHG reductions relative to grey
hydrogen?2. Carbon capture and storage is also heavily supported under the IRA.23

UK initiatives to stimulate supply and proposed SAF mandate

The UK launched a “Transport decarbonisation plan” in July 2021 that sets the approach to reach the goals of net-zero
aviation emissions by 2050 and domestic aviation net-zero emissions by 2040. In the plan, the SAF industry
competition, “Green Fuels, Green Skies”, is also mentioned as one of the steps to accelerate the production and use of
SAF in the UK. The plan further specifies that the UK will mandate the supply or use of SAF by 2025.2*

In July 2021, the UK Department for Transport ran a consultation with industry actors that lead to a definition of a
mandate for the use of SAF in the UK. The consultation concluded that the UK Government will introduce a SAF
mandate equivalent to at least 10% (around 1.5 billion litres) of jet fuel to be made from sustainable sources by 2030.%°

18 https://www.congress.gov/bill/117th-congress/house-bill/3440/text

19 https://schneider.house.gov/media/press-releases/schneider-introduces-bill-decarbonize-aviation-fulfill-climate-commitments

20 https://www.whitehouse.qgov/briefing-room/statements-releases/2021/09/09/fact-sheet-biden-administration-advances-the-future-of-sustainable-fuels-in-american-
aviation/

21 https://www.faa.qgov/sites/faa.gov/files/2021-11/Aviation_Climate Action Plan.pdf

22 https://www.nrdc.org/experts/rachel-fakhry/ira-hydrogen-incentives-climate-hit-or-miss-thd

23 https://www.globalccsinstitute.com/news-media/latest-news/ira2022/

24 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1009448/decarbonising-transport-a-better-greener-britain.pdf

25 https://www.gov.uk/government/consultations/mandating-the-use-of-sustainable-aviation-fuels-in-the-uk
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The consultation further specifies that the mandate should be operated as a GHG emissions reduction scheme with
tradeable certificates and that the mandate will apply to jet fuel suppliers and will begin in 2025.

The UK mandate defines eligible fuels to be waste-derived biofuels, recycled carbon fuels (based on unrecyclable
plastic and waste industrial gases) and power to liquid fuels. The GHG emissions savings requirement is 50% relative to
fossil jet fuel. Further, the mandate specifies that SAF derived from hydro-processed esters and fatty acids will be
capped and a PtL sub-target will be introduced to “encourage the development of strategically important SAF12110
pathways”.

The UK government also has an updated draft legislation for “The Renewable Transport Fuel Obligations” which
regulates the renewable fuels used for transport by requiring suppliers of transport fuel to be able to show that a
percentage of the fuel they supply comes from renewable and sustainable sources. The legislation is set to affect
suppliers with supply above 450 000 litres a year, and the aviation sector is also included. The legislation includes a
range of fuels, divided into obligations for development fuels and main obligations, as illustrated below.?® The RTFO
defines a range of feedstocks eligible for use, containing both biological and non-biological types.?” The development
fuel target is related to fuels that are produced through production pathways that are not technically or commercially
mature today.

Obligation period (1 Jan - 31

Dec) Main obligation Development fuel target Total obligation
2021 10.679% 0.556% 11.235%
2022 12.599% 0.908% 13.507%
2023 13.078% 1.142% 14.220%
2024 13.563 % 1.379% 14.942%
2025 14.054% 1.619% 15.673%
2026 14.552% 1.863% 16.415%
2027 15.056% 2.109% 17.165%
2028 15.566% 2.358% 17.924%
2029 16.083% 2.611% 18.694%
2030 16.607% 2.867% 19.474%
2031 17.138% 3.127% 20.265%

2032 onwards 17.676% 3.390% 21.066%

Table 2 The obligation trajectory. These percentages are converted to quantities by multiplying them by the obligated amount. The
percentages for the 2021 obligation year are provided for information.

Figure 3-5: RTFO obligations for suppliers.

3.3 Definitions and fuel categories

It is important to understand how different fuels are categorized and fit with regulation and SAF mandates. Even after
the DAs with the fuel definitions have been adopted, some of the formulations are still vague and unclear. In the “SAF-
sphere” terms like “biofuel”, “e-fuel” and “synfuel” are often used interchangeably, and it can be confusing to understand
what types of feedstocks and processes are included when the terms are discussed in reports and regulations. In this
chapter we define what is meant by the different fuel terms in this report, which is based on the newly adopted EU
regulation. Categorizing the different fuels is often complex because they can be based on sources that are a
combination of fossil, renewable, biological, and/or non-biological. Section 3.4 highlights this topic and shows an
overview of how combinations of different feedstock fit with current EU regulation.

26 hitps:/www.legislation.gov.uk/uksi/2021/1420/pdfs/uksiod 20211420 en.pdf

27 https://www.gov.uk/government/publications/renewable-transport-fuel-obligation-rtfo-feedstock-materials-used-for-creating-renewable-fuels/rtfo-list-of-feedstocks-
including-wastes-and-residues
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3.3.1 Sustainable aviation fuel (SAF)

There is currently no clear international definition of what is considered “sustainable” aviation fuel, but the regulatory
bodies are working on establishing definitions and sustainability criteria. In general, SAF is aviation fuel with lower
emissions from production and combustion than ordinary fossil-based aviation fuel, and fulfils various sustainability
criteria. Consequently, this means that “SAF” includes lower emission fuels with several types and variations of:

1) Chemical compounds
2) Production processes
3) Feedstocks and energy inputs

In the recently agreed ReFuelEU Aviation regulation, SAF is defined as drop-in fuels that are either synthetic or biofuels
(see Table 3-2 from the ReFuelEU trialogue negotiations), that fulfils GHG emission reduction criteria from REDIII.

3.3.2 Synthetic fuels

General definition of synthetic fuels:

While fossil fuels are hydrocarbon chains formed naturally underground over millions of years, synthetic fuels are
produced by mimicking these processes?®. Synthetic fuels can be made through various production pathways, which will
be presented later in this report. Feedstock can typically be natural gas, coal, biomass or waste, but also CO2 from
industrial flue gases or direct air capture, combined with hydrogen. As such, synthetic fuels can be either fossil,
renewable or a combination. Sustainability criteria must be met for a synthetic fuel to be classified as SAF.

EU definition of synthetic aviation fuels:

EU regulation uses a narrower definition of synthetic aviation fuel and uses the term to formulate sub-mandates for SAF.
Here, fossil and bio-based fuels are not included in the definition of synthetic fuels. In the original proposal from the
European Commission, only “electrofuels” qualified as synthetic aviation fuels, while the negotiations with the European
Parliament and Council of the EU resulted in the definition expanding to include all RFNBOSs, which also include green
hydrogen.

The scope of this report includes RFNBOs, RCFs and low-carbon fuels, which are defined below:

e RFNBO — Renewable fuels of non-biological origin: Renewable fuels of non-biological origin means liquid or
gaseous fuels, other than biofuels or biogas, which are used in the transport sector, the energy content of
which is derived from renewable sources other than biomass (RED Il definition®?). This means it can be pure
hydrogen, ammonia, hydrocarbon gases or liquids. The draft delegated act specifies this further: As a principle,
liquid and gaseous fuels of non-biological origin are considered renewable when the hydrogen component is
produced in an electrolyser that uses renewable electricity®C. Since RFNBOs are based on renewable electricity
they are often referred to as E-fuels, electrofuels, Power-to-X (PtX), Power-to-Liquid (PtL), but the benefit
of using the RFNBO-definition is that this is in the process of being well defined by EU, which is not necessarily
the case for the other fuel names used.

o Criteriato be classified as RFNBO: 70% emission reduction compared to a fossil fuel comparator,
which implies a maximum emission of RFNBO = 28.2 g CO2eq/MJ (REDII).

e RCF - Recycled Carbon Fuels: Liquid and gaseous fuels that are produced from liquid or solid waste streams
of non-renewable origin which are not suitable for material recovery in accordance with Article 4 of Directive

28 https://synhelion.com/news/synthetic-fuels-explained

29 https://ec.europa.eu/commission/presscorner/detail/en/ganda_23 595
30 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=P| _COM:Ares(2022)3836651
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2008/98/EC?! or from waste processing gas and exhaust gas of non-renewable origin (which are produced as
an unavoidable and unintentional consequence of the production process in industrial installations). The key
difference between RFNBO and RCF is that the energy in RFNBOs comes from renewable electricity, while the
energy in RCFs comes from fossil waste streams.

The latter regarding energy in RCFs is not explicitly stated in the regulation, and clarifications on this was
requested in the hearing round of the Delegated Act, but DNV’s interpretation is that only using COz (not
containing energy) from industrial processes will not qualify as an RCF. DNV’s interpretation is emphasized by
the methodology for mixed fuel output being based on the relevant energy input qualifying as a RCF source. A
statement from ART Fuels forum confirms this. With the current formulation DNV’s interpretation is that fuels
produced from blue hydrogen does not qualify as RCF since the energy comes from blue hydrogen and not
fossil waste streams. If regulation does not require the energy to come from the fossil carbon source, waste
incineration will nevertheless not fall under the category of “production process in industrial installations”.

o Criteriato be classified as RCF: 70% emission reduction compared to a fossil fuel comparator,
which implies a maximum emission of RFNBO = 28.2 g CO2eq/MJ (REDII Delegated Act, Article 28).

e Low-carbon fuels: REDII and the associated DAs do not mention so-called “low-carbon fuels”. In ReFUelEU
Aviation negotiations The Council of the European Union wanted low-carbon fuels to count towards the SAF
targets (see Table 3-2). They described low-carbon fuels as "SAF produced from blue hydrogen and a Fischer-
Tropsch process to produce aviation fuel”. The Council’s proposal states that low-carbon SAF would also need
to meet a 70% GHG reduction requirement. The final agreement within the ReFuelEU does not allow low-
carbon fuels to count towards the SAF targets.

The Delegated Act on Article 28 in REDII sets the requirements to the methodology to assess greenhouse gas emission
savings from RFNBO and RCF. Key formulations to understand are what types of emissions can be considered as
“avoided”, i.e. what COz2 sources does not have to be included in the emission calculations and can be used to produce
an RFNBO. Important formulations in the draft delegated act on Article 28 related to GHG emission calculates are
((details are found in the annex of the DA3?):

e Emissions from existing use or fate include all emissions in the existing use or fate of the input that are avoided
when the input is used for fuel production. These emissions shall include the CO2 equivalent of the carbon
incorporated in the chemical composition of the fuel that was or would have otherwise been emitted as CO2
into the atmosphere. This includes CO2 that was captured and incorporated into the fuel provided that at least
one of the following conditions is fulfilled:

a) The CO:2 has been captured from an activity listed under Annex | of Directive 2003/87/EC and has
been taken into account upstream in an effective carbon pricing system and is incorporated in the
chemical composition of the fuel before 2036. This date shall be extended to 2041 in other cases than
CO2 stemming from the combustion of fuels for electricity generation; or

(b) The COz2 has been captured from the air, or;

(c) The captured CO:2 stems from the production or the combustion of biofuels, bioliquids or biomass
fuels complying with the sustainability and greenhouse gas saving criteria and the CO2 capture did not
receive credits for emission savings from CO2 capture and replacement, set out in Annex V and VI of
Directive (EU) 2018/2001, or;

31 Article 4 of Directive 2008/98/EC presents a waste hierarchy as a priority order in waste prevention and management legislation. It is not clear on what types of
waste are “not suitable for material recovery”. An additional element to the definition of RCF is that the emissions from compensating the current use of the
carbon source must be accounted for in the emission calculation, e.g. the CO: footprint to compensate for produced electricity/heat from waste incineration.

32 https://energy.ec.europa.eu/system/files/2023-02/C_2023_1086_1_EN_annexe_acte_autonome_partl_v4.pdf
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(d) The captured CO2 stems from the combustion of renewable liquid and gaseous transport fuels of
non-biological origin or recycled carbon fuels complying with the greenhouse gas saving criteria, set
out in Article 25(2) and Article 28(5) of Directive (EU) 2018/2001 and this Regulation; or

(e) The captured CO2 stems from a geological source of CO2 and the CO2 was previously released
naturally;

The above text means that at least one of the conditions above must be fulfilled for CO2 emissions to be
considered as avoided. To reach the 70% emission reduction criteria, most of the CO2 emissions must be
considered as “avoided”. Annex | of Directive 2003/87/EC, referred to in (a), lists activities that are included in
the EU ETS. CO:2 from activities that are not on this list (such as incineration of MSW or hazardous waste) can
not be considered as avoided, not even before 2036/2041. For CO2 from activities that are listed under Annex |
of Directive 2003/87/EC, the DA states that the origin of carbon used for the production of RFNBOs or RCFs is
not relevant in the short or medium term as there are abundant sources for carbon, but in the long term,
namely from 2041 (or 2036 if from electricity generation), capturing of emissions from non-sustainable sources
should not be considered as avoiding emissions.

This means that, based on DNV'’s interpretation of current regulation, before 2041 (or 2036 if from electricity

generation) fossil COz can be considered as avoiding emissions if the activity is in the EU ETS (or is listed in

Annex | and is in another carbon pricing scheme). From 2041 (or 2036 if from electricity generation), the CO2
must be biogenic, geological and naturally released, come from direct air capture, or from the combustion of

RFNBOSs or RCFs, to be considered as avoided.

An additional important element for RCF is also emissions from compensate of current use of source (eg. CO2
footprint to compensate for produced electricity/heat from waste incineration).

As mentione