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Project SkyPower’s missionis to pave the Delivery partners: Supported by:
way forthe firstlarge-scale e-SAF plantsin
EuropetoreachFinallnvestment Decision
(FID) by the end of 2025. Ourgoalisnotonly
to drive progress towards 2030 regulatory
targets (ReFuelEU Aviationand UK SAF
Mandate), but also towards e-SAF market
tipping pointsinthe 2030s and exponential
scale thereafter. Thevisionis to make e-SAF
acommercialreality this decade, bringing
the European aviationindustry avital step
closertoaloweremissions future.

Ourvision Our mission

Making e-SAF acommercial Paving the way for the first
reality this decade, bringing large-scale'e-SAF plants
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Foreword

Electro-sustainable aviation fuel (e-SAF) is central
to decarbonising aviation, but its success depends
on developing new, investable projects at scale.

The first commercial facilities face the familiar

headwinds of any first-of-a-kind (FOAK) technology:

integration complexity, constructionrisk, and the
challenge of translating promising engineering
into bankable cash flows.

Thisreport setsoutapractical blueprint to bridge
that gap. Its core messageis clear: targeted public
finance, deployed alongside private capitaland
insurance, canunlock the first wave of e-SAF
projectsand, following that, scale the wider market.
With ReFuelEU mandates taking effect from 2030,
projects needtoreach finalinvestment decision
(FID) withinthe next 18 months to meet typical
constructionandramp-up timelines. That makes
early, risk-tolerant capital, particularly senior debt
from public financialinstitutions, mission-critical.

Inthisreport, we set outhow to de-risk delivery
without displacing private expertise: direct
lendingto anchorproject debt; enhancements to
technology performanceinsurance; contingent
creditfacilities to manage overruns after
contingencies are exhausted; matched funding
forcomprehensive FEED studies; and targeted
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backstopswhere supplierguaranteesare
insufficient. Together, these tools alignrisk with those
bestplacedtomanageit: developers, EPCs, OEMs,
insurers, andlenders, while protecting taxpayers and
accelerating development. Crucially, such support
should taper off as privaterisk appetite deepens as
itbecomesmoreinformed.

Although focused one-SAF, the principles
outlinedinthisreportextend across FOAK climate
technologies. Europe now has anopportunity

to convertindustrialambitioninto delivery,
strengthening energy security, building green
supply chains, and creating quality jobs, while
signalling globalleadershipin climate innovation.

Project Skypowerand the GreenFinance Institute
are now working with public financial institutions,
investors, and industry to move fromplans to
projects. Therunway to 2030 is short. With the
right financial architecture, itis stilljust enough.

Dr. Rhian-MariThomas
CEO of the Green Finance Institute
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This report explores the critical aspects of
project delivery risk management for e-SAF
(electro-Sustainable Aviation Fuel) projects,
emphasising the role of public financial
institutions! (PFls) in mitigating project

delivery risk.

The primary focusis onthe construction,
commissioning and operational phase, whererisks
such astechnology maturity, integration, and delivery
partnerreliability are the most pronounced. Giventhe
First-of-a-Kind (FOAK) nature of e-SAF facilities, these
projects face elevated technicaland commercial

risks, making traditional project financing structures
challenging without targeted support.

Thereporthighlights the necessity of government
intervention to provide long-term, risk-tolerant
capitalthat complements the technical expertise
already presentinthe market. To address thisneed,
we propose a suite of financial instruments designed
to delivercritical capitaland credit enhancements,
ensuring project financing feasibility while
underpinninginvestorconfidence. Theseinstruments
are tailoredtovaryingrisk appetites of PFlsand are
evaluatedusing afinancial exposure vs.impact on cost
of capital framework, at the individual project level
andacrossthe broader funding envelope required

to advance the first wave of e-SAF projects through
FinalInvestment Decision (FID). While more intensive
supportwillbe necessary forthe earliest projects,

we expect PFlinvolvement to decline as market
momentum grows, and early proof pointsincrease
private sectorrisk appetite.

We evaluate therole of private market participants
including project developers, sponsors, construction
contractors, OEMs andtechnologylicensors, intaking
appropriate allocations of risk across the project
lifecycle. Thisis critical to ensurerisk andresponsibility
are assignedtothe partiesbest positioned to manage
them.Thereportalso explorestherole of private
insurance, highlighting existing market products that
can protectlenders fromtechnologyrisk through
mechanisms such as technology performance wraps.

With ReFuelEU e-SAF mandates set to take effect
in2030, the firstround of projects mustreach FID
withinthe next 18 months to align with the typical 4

to 5yearconstruction,commissioningandramp up
timelines. Fortheseinitial projects, immediate support
isessential. Therefore, we highlight that the most
impactfulrole aPFlcanplayistolenddirectly to e-SAF
facilities fromits existing product suite, by providing a
significant portion of the required debt capital. Even
atcommercialterms, this provides a crucial source

of large-scale, risk tolerant capital. Thisenables
insurance to significantly protect theremaining share
of commercialdebt fromtechnology performance
risk. Early capital commitments from PFls send a clear
signalthat the EUis committedto building a domestic
e-SAFindustryin-line with ReFuelEU targets.

1 APublicFinancial Institution (PFl) refers to agovernment backed financialinstitution, eitherat the EUlevel, such as the European Investment

Bank, oratthe memberstatelevel, suchas Export Credit Agencies.

Project SkyPower e-SAF Project Delivery Risk Management



o (» Executive Summary

Althoughthereportfocuses one-SAF, the principles
outlined arerelevantto FOAK climate technologies
more broadly. Accelerating the deployment of

these technologies willrequire public-private risk-
sharingmechanisms tailored to manage the unique
challenges of FOAK project deliveryrisk. By applying
theseinsights, Europe cannot only advance aviation
decarbonisationandenergy security but also position
itself asagloballeaderinclimate innovation.

Key Recommendations

Government-backedinstruments can complement
private solutions by providing:

@ Cornerstone lender to e-SAF projects: PFIs should
be amongthe first movers to provide senior project
finance debt to e-SAF projects to supplement
liquidityin the private sector project finance market
and build confidence in the bankability of this
nascentindustry. Where appropriate this finance
canbe structured to lowerriskto commercial
lenders, e.g., firstloss, subordination and other
creditenhancements.

@ Enhancements toinsurance products, leveraging
bestinclassriskassessment capabilities, whilst
ensuring debt protectionis adequate, providing
the necessary risk mitigation to ensure debt and
equity caninvestine-SAFinline with theirinternal
risk/returnrequirements.

@ Contingentreserve facilities that may be accessed
afterproject contingencies are depleted, allowing
projects to address essential remediation
requirements. These facilities may be hybrid or
convertible innature to provide flexibility.
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Note: Thisreport focuses exclusively on

project deliveryrisksand doesnot address
otherrisks such as offtake, feedstock, orenergy
supplyrisks. Offtakeriskis the greatest challenge
forfinancing e-SAF projects. However, for

the context of thisreport,itisassumed these
otherrisks willbe mitigated through traditional
commercial contracts or, forexample, the market
mechanism Project SkyPoweris proposing to
address offtakerisk.

@ FEED funding: comprehensive FEED studies are
crucialto prepare the financing and construction of
multi-contractor projects. PFls could match private
investmentinto FEED studies against a convertible
loanuponFID, repayable during operation.

@ Backstopping and enhancement of supplier
guarantees where they are insufficient to cover
underperformance orwhenweaker contractual
counterparties would be difficult to acceptin
aprojectfinance structure.

To discuss theinsights of thisreport,
pleasereachouttothe GreenFinance Institute
atjosh.garton@gfi.greenorinfo@gfi.green.
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o 1 Project Delivery Risk

Project delivery risk for an e-SAF facility refers to
the risk that the project will not be completed on
time, within budget, or perform to the expected

capacity and product specifications.

Thisreportfocusesonprojectdeliveryrisk during
these key phases of aprojectlife cycle:

@ Construction: Risks associated with the
engineering, procurement, and construction of the
plantuntilmechanical completion.

@ Commissioning: Risks when testing and starting
up the technology for the first time and scaling to
full production capacity at the expected product
specifications.

@ Operation: Risks around the stability of operations
suchthatthe plantdoesnot performto expected
capacity, efficiency, availability or quality levels
overtime.

Typically, key drivers of project delivery risk
revolve around:

@ Technology risk: Risk associated with the
performance of individual technology process
components.

@ Integrationrisk: Risk associated with the
integration of different technology components,
and how they performtogetherundervarying plant
production conditions.

@ Deivery partnerrisk: Risk that key project partners,
suchas construction parties or Original Equipment
Manufacturers (OEM), failto meet theirtechnical or
financial obligations, which can cause significant
delaysandloss of revenue.

First-of-a-Kind (FOAK) technology risk

Withno commercial-scale e-SAF?facilities yet
operational, the first deployment of aspecific e-SAF
technology pathway would by definitionbe FOAK,
grappling with elevated levels of technical, integration,
and commercial uncertainty. These projects must
navigate complexengineeringinterfaces, such
asrenewably powered hydrogen electrolysis,
CO2capture, reverse water gas shiftreactor, and
Fischer-Tropsch synthesis, without the benefit of
operationalbenchmarks, seriallearnings, orlearning-
curve effects. Thislack of precedent translatesinto
greateruncertainty across technology performance,
construction delivery,and market uptake.

2 Forthepurposeofthisreport,acommercial scale e-SAF facilityis one that produces +25kt of e-SAF.

Project SkyPower e-SAF Project Delivery Risk Management
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Financing structure of an e-SAF project

FOAK commercial-scale plants are typically
developedbylarge strategicinvestorsusing
on-balance-sheetfinancing. Fore-SAF, thiswould
likely involve major energy or oilcompanies, but

in Europe, these firms are notyet activeine-SAF
commercialisation. Instead, smallercompanies
supported by financial orinstitutionalinvestors are
driving projects. While some of these investors may
have the meansto ensure completionand operational
performance, when considering e-SAF projects
totalinstalled cost (TIC) of €1-1.5 billion,*they seek
tolimit theirliabilities and preferto partnerwith debt
providers duringboth constructionand operation
using project financing structures. These typically
involve structuringin “non-recourse” Special Purpose
Vehicles (SPVs)with funding based on anticipated
cashflowfrombankable contracts covering offtake,

feedstock supply, technology, construction, and
O&Magreements. Thisapproachrelies on the ability
to provide predictable cash flow, allowinginvestors
to evaluaterisk-adjustedreturns.

Duetothe FOAK status of e-SAF projects, equity
providers expect highreturns, while debt providers
seek stricterassurances of sufficient cash flow fordebt
servicing, arequirement heightened by regulatory
rules like the Basel frameworks. Lackingthe necessary
assurances, debt providers find it very difficult to
finance e-SAF projectsin the current market, which
means the mostlikely financing pathway would be
fullequity, which, with a significantly higher cost of
capital, would exacerbate already high Levelised Costs
of Production (LCOP)andraise minimum sale prices.
This makes securinglong-term offtake agreements,
essential forbankability and investor confidence,

more challenging.

3 Estimatedtotalinstalled costfora50ktpae-SAF facility based onmarketengagement.

Exhibit1

SPV diagramincluding key contractual parties

Project SkyPower e-SAF Project Delivery Risk Management
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Commercial challenges to project
delivery risk management

Acore principle of project financeis to shield the SPV
by transferringrisks to those best able to manageiit,
from equity sponsors to construction contractors,
technologylicensors,and OEMs. Sponsors assume
market and strategicrisks, contractors cover
constructionandintegration, andlicensors and OEMs
provide performance warranties. Yet each party
facesacute FOAK challenges: sponsors oftenlack
balance-sheetdepthforcostoverruns, contractors
confrontnewintegration challenges, andlicensors and
OEMs capliabilities onprocesses. These constraints
drive conservative contract structures, inflate
financing costs, and hamper the bankability of FOAK
projects (see section: Commercial Risk Management
& Residual Risk).
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The need for Public Financial Institution
(PFI) support

With ReFuelEU supply mandates approachingin 2030,
and constructionand commissioning timelines for
e-SAF projects of 4-5years, targeted PFlintervention
is essential to help theinitial FOAK projectsreach
FinalInvestment Decision (FID) as quickly as possible.
Without such support, thereis arisk of missing critical
delivery windows, jeopardising mandate compliance
and delaying the scale-up of acommercially viable,
long-term e-SAFindustry.

However, any PFlsupport should be targeted,
temporary, and designedto (i) complement or share,
notreplace, private sectoraccountability and/or
(ii)enhance the credit profile of the SPV. Item (i) is
important fortwo key reasons:

@ PFlsare notbest placedto carry project delivery
risk -the operational expertise required toresolve
productionissuesresideswith the stakeholders
mentioned above.

@ ExtendedPFIsupportcandistort marketdynamics,
suchas alack of motivationtoresolveissues or
excessiverisk takingi.e. moral hazard.

The successful delivery of the first wave of FOAK e-SAF
projectshingesona carefullybalanced allocation

of risk between public and private actors. Private
sectorstakeholders, including developers, sponsors,
licensors, contractors, andinsurers, should assume
the maximum level of risk they canreasonably carry,
based ontheirexpertise and financial capacity. To
complement this, PFls should stepinwith targeted
interventions, with optionsincluding development-
stage funding, firstlenderto FOAK projects, credit
enhancements, orguarantees. This shared-risk model
isessential to de-riskemerging e-SAF technology
pathways andunlock theinvestmentneededtobring
these projectsto FinalInvestment Decision.
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Technology &
Integration Risk
Analysis

— Technology Pathway: Reverse Water Gas Shift +
Fischer-Tropsch synthesis (RWGS + FT)

— Technology Pathway: E-Methanol to Jet (e-MTJ)

— Technology, Integration & Delivery Partner Risk

Project SkyPower e-SAF Project Delivery Risk Management
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The Green Finance Institute commissioned
ERM*to assess several technology pathways
for e-SAF projects. Two production pathways
were considered, reflecting the predominant
e-SAF technology pathways currently under
development across Euroye.

> Reverse Water Gas Shift +
Fischer-Tropsch synthesis (RWGS + FT)

> E-Methanol to Jet (e-MT))

The purpose of this analysis was tounderstand Initsresearch, ERM highlights thatit does not view
the distribution of risks across an e-SAF production therisksidentified to be significant barriers to the
process, bothonanindividualcomponentand ultimate production of e-SAF. Instead, the concerns
integrated systemlevel. To assess theserisks mainly relate to the economic performance of the
systematically, ERM applied aTechnology Readiness plantasawhole,i.e. affecting total capital expenditure,
Level (TRL) methodology, asdefinedinsection1.1of the consumption of key inputs (e.g.renewable

the Appendix, to evaluate the maturity of individual energy), the product specificationandyield, and
technology blocks andtheintegrationimplications plantutilisationrates.

of combining theminto anew configuration. While

many components are commercially provenin Thelikelihood and severity of the identified risks
otherapplications, theirintegration, particularly are higherforprocess steps andinterfaceswith
alongside less mature technologies, increases lower TRLs. However, as these technologies mature
integrationrisk. Theserisks are often difficult to and are provenatcommercial scale, the associated
manage, as they cannot easily be allocated through riskswillreduce. At present, therelatively low TRLs
standard contractual arrangements among project present financing challenges due touncertainty
stakeholders. inplanteconomics, which directlyimpacts the

project’s bankability.

4 ERM(Environmental Resources Management): https://www.erm.com/

Project SkyPower e-SAF Project Delivery Risk Management 14
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Technology Pathway: RWGS + FT

Reliesongreenhydrogenand carbondioxide as
feedstocksto produce ahydrocarbonmix, including
e-SAF, e-diesel, ande-naphtha.

Inthis pathway:

e Hydrogenand CO:zare fedintoan RWGS unitto
produce syngas, whichisthen processed through
FTsynthesistoyield atuneable mix of straight-
chainhydrocarbons.

e Thehydrocarbonsarethenfedintoa
hydrocracking/isomerisation unit, which
producesajet fuelcomponentforblendingatup to
50% with fossil jet.

The configurationtypicallyincludes one ormore
recycleloopstoimprove carbon efficiency:

e Unreactedcarbonmonoxideisrecycledback
intothe FTreactor.

e LightcomponentsfromFTarereformedand
fedbackinto the RWGS unit.

Exhibit 2

ERM Analysis: RWGS-FT -
Technology Process Flow Diagram

ERMhasassignedaTRL7 totheintegrated process
based onthe demonstration of theintegrated
technology by Ineratec and Infinium. It should be
notedthat there are several other credible technology
developers activein this pathway, developing their
own permutations of key process components e.g.
RWGS, FT.The TRL of individual components and of
the integrated pathway will vary depending on the
developer.

Many of the individual technology components of
this pathway have had some level of commercial
application, most notablyin Gas-to Liquids (GTL)
projects operated atlarge industrial scale. However,
the fullRWGS + FT pathway has notyet been
demonstrated atcommercial scale. This pathway
hasreceived ASTM certification forthe production
of e-SAF.

Forspecificrisks surroundingindividual components
andtheirintegration, pleaserefertosection1.2inthe
Appendix.

Note: DAC stands for Direct Air Capture, whichrefersto atechnology forextracting COzdirectly from the ambient air.

Source: ERMproprietary analysis.

Project SkyPower e-SAF Project Delivery Risk Management
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Technology Pathway: e-MT)J

Alsoreliesongreenhydrogenand CO2butuses
methanolas anintermediate.

The processinvolves:

e Methanolsynthesisviacatalytic
hydrogenation of COe..

e Upgradingmethanolthrough two steps:

— Methanol-to-0Olefins (MTO), producing
light olefins.

— Oligomerisation, converting olefins
intolonger-chain hydrocarbons.

e Finalupgrading(e.g., hydroprocessing)is
required forjet fuelcompliance.

ERMhas assignedthe e-MTJ pathway aTRLrange
of 5to 7. Thelowerend(TRL 5)reflects thelargest
operational plantwhichis currently below O.1kta
inscale. However, given that several technology
licensors have substantial experienceinrelated
process pathways, the upperboundissetatTRL7.
Thisisparticularly applicableif developers have

Exhibit 3

ERM Analysis: e-MT)J -
Technology Process Flow Diagram

Source: ERMproprietary analysis.
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successfullyaddressedkey limitations, most
notably within the methanol-to-olefins (MTO) to
oligomerisation steps, which are the main challenges
inthe process.

To date, the fulle-MTJ process hasnotbeen
demonstrated at commercial scale, withonly a

limited number of pilot projectsin operation. Jet fuel
producedviathe e-MTJrouteisnotyet certifiedunder
ASTM standards meaning fuel specificationremains
anactive area of development. However, industry
engagementindicates thatthe fuel's propertiesare
broadly consistent with those of already certified
ASTMfuels. To advance this pathway a dedicated
industry task force has been established and the e-MT)J
pathway is progressing throughthe ASTM qualification
process, currentlyunder OEMreview stage (review by
engine and aircraft OEMs). ERM does not foresee major
barriersto the approval of thisroute, though the exact
timing of approvalis not certain.

Forspecificrisks surroundingindividual components
andtheirintegration, pleasereferto section1.2inthe

Appendix.
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Technology, Integration &
Delivery Partner Risk

The deployment of e-SAF production facilities
presents aset of interrelatedrisks that stem directly
from the first-of-a-kind nature of the end-to-end
process. Thisintroduces several layers of uncertainty
that affectinvestorconfidence and create challenges
insecuring capitaltoane-SAF SPV.

Technology Risk

Sometechnology blocks (e.g., electrolysers, Fischer-
Tropsch, hydrocrackers)are commercially mature
(upto TRL9)but may still carry risk whenused at
scalesorunder conditions that differ from traditional
applications. Forexample, early electrolyser
deployments have faced challenges operating
efficiently atreducedloads.

Certaincomponents, suchas electriied RWGS
inRWGS + FTorthe oligomerisationstep asitis
configuredine-MTJ, have limited orno commercial
deployment. This createsuncertainty aroundlong-
termreliability and operational performance.

Integration Risk

While individualcomponents may be proven, they have
notbeendemonstratedinanintegrated, end-to-end
e-SAF productionsystem. Theintegration of less
provencomponents, such aselectriied RWGS, raises
additional uncertainty around the performance of
(otherwise mature) downstreamunitslike FT, reducing
overallTRLandincreasing therisk of system-level
issues.

Project SkyPower e-SAF Project Delivery Risk Management

Delivery Partner Risk

Giventhe complexity of developing an e-SAF facility,
underperformance or default by a critical partner/
system cantriggersignificant delays, cost overruns,
loss of revenue, businessinterruption and technical
setbacks.

As highlighted above, theserisks are not prohibitive
tothe eventual production of e-SAF; however, they
require careful considerationinthe structuringand
delivery of early-stage projects. Asthe underlying
technologies mature and are proven at commercial
scale, many of these uncertainties willbe reduced.
Intheinterim, targeted supportmechanisms are
neededtocomplement the existingrisk management
approaches(asdefinedinsection: Commercial
Risk Management & Residual Risk). Such supportis
essential to create the conditions necessary for the
development of the first projects which will enable
theindustry toscale.
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Commercial Risk
Management &
Residual Risk

— Risk Allocation: Contractual Arrangements
During Construction & Operation

— Stakeholder Challenges - Project Owners
(inc. sponsors & developers)

— Stakeholder Challenges -
Technology Licensing Companies & OEMs

— Stakeholder Challenges -
Construction Contractors

Project SkyPower e-SAF Project Delivery Risk Management
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Building on this analysis, we have assessed

the appetite and capacity of key market
participants to take on the identified project
delivery risks. This highlights where residual

risk remains, and where targeted government
support may be needed, whilst ensuring risks
are shared with the private sector stakeholders
best placed to manage them.

Risk Allocation: Contractual Arrangements
During Construction & Operation

Projectfinancelenders traditionally insistonalLump
SumTurnkey (LSTK) contract,underwhich a technically
capable, financially strong contractor guarantees
bothcompletionand operational performance.
This structure, commonin gas-fired power plants,
international oil & gas projects and road projects,
allows the project SPV andits financiers toinvoke
liquidated damages (LDs) or other contractual
penalties for construction delays orperformance
shortfalls, thereby protecting against financial risk
fromunderperformance.

Project SkyPower e-SAF Project Delivery Risk Management

Currently, EPC (engineering, procurement, &
construction) contractors are unlikely to provide LSTK
contracts fore-SAF projects due to the integration of
multiple new technologiesina first-of-a-kind setting,
makingithardto assessandacceptall processrisks.
These facilities combine unproveninterdependent
units, such as electrolysis, RWGS, Fischer-Tropsch
synthesis, and upgrading, that have yet to demonstrate
commercial-scale compatibility. This creates several
challenges:

e Unclearliability forpartiesinvolvedin plant delivery
and operation

e Technologyrisks persistevenformature
components due tointegrationissues

e L|STKcontracts-if/whentheyare evenavailable
- are costly because they must coverboth

technology and constructionrisk premiums

These factors make it complexto structure bankable
contractualagreements across multiple contractors.

19
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Conducting comprehensive FEED studiesis critical,
asthey establish the technicaland financial basis
necessary foreffective allocationand management of
integrationrisks, allowing parties tounderwrite well-
defined performance commitments. Inconstruction,
adoptingmore adaptable execution approaches, such
as EPCManagement (EPCM) or grouping the contracts
into work packages withmanageableinterfaces, can
aidinmanaging project complexity and enhancing
overall bankability.

Early offshore-wind projects showed that capital-
intensive, technology-heavy assets canbe financed
viamulti-contracting structures, with licensors,
OEMs and construction contractors each taking on
discreterisk scopes. By bundlingwork packages
into as few contracts as possible and placing LDs and
otherpenalty obligations with the most creditworthy
supplierineachpackage, developers create clearer
accountability and stronger bankability. However, itis
worthnoting thatinthe early stages of offshore-wind
development, PFls provided significant support
through directlending and completion guarantees.

Note: Risk accountability table definition: a
relative assessment of the amount of risk the
stakeholdercarries across projectlife cycle
stages. High = stakeholderis carrying a significant
amount of therisk. The risk accountability through
the projectlifecycle will vary with each project
andis dependent onthe limits of the project
contracts. The belowisindicative only.



o 3 Commercial Risk Management & Residual Risk

Stakeholder Challenges - Project
Owners (inc. sponsors & developers)

With alack of strategicinvestorinterestine-SAF
projects, developerslack the balance sheet strength
toplay amajorrole during construction. Typically, they
bringin externalinvestors (sponsors) to provide the
equityrequired forprocurement and construction.
Giventhessize of e-SAF projects, these will likely be
institutionalinvestors, that are sometimes prevented
by fund mandates frominvestingin projects withTRLs
below 8. Evenwhere these funds have appetite for
unproventechnology themselves, they willrequire
debtleveragetoachieve theirrequired equity returns
-andasindicated above, project financelenders

are conservative onnew technology. Afundamental
factorinaddressing these challengesisthe
implementation of acomprehensive, well-resourced
Front-End Engineering Design (FEED) study. This
processidentifies and mitigates primary risks, while
collaboratively establishing a sustainable execution
modelwith the construction contractor. Such analysis
significantly improves visibility into technical feasibility
and cost estimates, serving as the foundation for

5 Estimate based onmarketengagementwithindustry stakeholders.

Tablel

Project sponsorrisk accountability level

through the e-SAF project lifecycle

Construction

Technology
Medium

Commissioning

assessingrisk-adjustedreturns forboth equity
and debt providers.

AFEED studyis estimatedto costaround1.5% to 3%° of
the totalinstalled cost(TIC). For projectsranging from
€1-1.5billion, a FEED study could cost between€15M
and€45M,anamount that presents areal challenge for
developers given early-stage funding constraints. Yet
thisinvestmentis farmore than a technical formality:
itunderpins the ability tounlock capital, allocate risks
with confidence, and transform FOAK project ambition
into bankable, executable delivery.

Ine-SAF projects, risk allocationis shaped by the
contractual framework between the Project SPV and
delivery partners. Construction contractors typically
assume a portion of the construction-phaserisk, which
may extendinto commissioning based oncontract
terms. Nevertheless, the ultimate accountability
fordelivery throughout the entire projectlifecycle
sitswiththe project owners. Given balance sheet
andrisk appetite constraints, absorbing thisrisk
through capital buffers at the SPVlevelbecomes
particularly difficult.

Operation

Integration
Medium

Delivery partner

Note: See note at the beginning of Stakeholder Challenges sectiononpage 16 foran explanation of table definitions.

Project SkyPower e-SAF Project Delivery Risk Management 21
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Stakeholder Challenges -
Technology Licensing Companies & OEMs

Technology licensingcompanies and OEMs play a
pivotalroleinthe development of e-SAF projects by
providingaccesstothe core processtechnologies
thatenable the conversion of feedstocks into e-SAF.
Theselicensors supply theintellectual property,
proprietary designs, operational parameters, and
performance guarantees for critical units - such

as electrolysers, RWGS reactors, Fischer-Tropsch
synthesis, and productupgrading systems. Their
involvement and guarantees ensure that projects
canintegrate technology andleverage specialised
engineering know-how to build viable process flows.

While these suppliers may offerwarranties
orperformance guarantees, the coverageis
typically limited andinsufficient to address the
contractor’sliabilitiesinthe event of broader system
underperformance. Thisissue is compoundedwhen
the contractorisunable torectifyissuesinvolving
equipment orsystems thatrely on specialised,

Table 2

Technology licensorrisk accountability

through the e-SAF project lifecycle

proprietary know-how; and furthercomplications arise
fromthe factthatmanylicensors are specialised firms
withlimited credit strength, reducing the value of their
warrantiesin projectfinance terms.

Some of theserisks can be partially mitigated by
incorporating technologylicensors’ obligations
into broader contractual packages, fronted by more
financially robust counterparties, suchas OEMs or
construction contractors. Thisapproachenhances
bankability by strengthening creditworthiness and
increasingaccountability across key interfaces.
However, itdoes not fully eliminate the residual
performancerisksinherentin the overall project
structure andislikely to add apremiumto contract
costs, astheriskis effectively transferred to the
counterpartiesresponsible fordelivering the
contractual packages.

Construction Commissioning Operation
Technology
High Medium Medium
Integration
Low Low Low
Delivery partner
Low Low Low

Note: Seenote atthebeginning of Stakeholder Challenges sectiononpage 16 foranexplanation of table definitions.
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Stakeholder Challenges -
Construction Contractors

Construction contractors are pivotalto e-SAF
project delivery, managing full facility build-out
andintegrationacross complex, interdependent
technologies. Yet the lack of commercial precedent
makesitdifficult forthemto confidently estimate
costs, timelines, and performance outcomes. As a
result, contractors typically avoid assuming end-
to-endliability andinstead limit exposure through
discrete work packages. The high degree of interface
and commissioningrisk, where the performance of
one unitdirectly affects others, furthercomplicates
delivery, making LSTK commercially unviable.

Table 3

Tonavigate these uncertainties, contractors often
favour cost-reimbursable ortarget-price models that
allow foriterative execution and shared problem-
solving. While these structures offer flexibility,
theresultingrisk transferto the SPVis generally
unacceptable within project finance frameworks. This
underscoresthe needforsupplemental de-risking
instruments, such astechnology performance
insurance, contingent equity, or public-backed
financing mechanisms, to support bankability

and enable credible delivery pathways for early
e-SAF projects.

Construction contractorrisk accountability

through the e-SAF project lifecycle

Construction

Technology

Medium
Integration

Medium
Delivery partner

High

Commissioning

Operation
Medium Low
Medium Low
Medium Low

Note: Seenote atthebeginning of Stakeholder Challenges sectiononpage 16 foranexplanation of table definitions.
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Structuring around risk constraints (2) Packaging suitable work scopes across

. . . . multiple contractors
Contract structures willbe crucial to achieve project

financingforinitial e-SAF projects. . . .
9 Prol Multi-contractordelivery models assign

responsibility for distinct work packagesto
contractors based ontheirtechnical expertise;
forinstance, one may oversee the core process
plant (electrolysis, RWGS, FT, hydrocracking)
andbalance of plant, while anotherhandles grid
infrastructure and utilities. This structure reduces
risk concentration butintroducesinterface

risk between scopes, complicating execution
andfinancing.

@ Staged contracting and early-phase continuity

Engaging contractors earlyinthe process enables
themto develop adeepunderstanding of the
technicalcomplexitiesinherentinane-SAF project.
Earlyinvolvement, aligned with the selection of
technology providersi.e. pre-FEED, followed by
arobust FEED and detailed design phase, allows
contractorstomore accuratelyidentify and price
deliveryrisks,improving confidenceintimelines

: To partially mitigate this, developers can appoint
and cost estimates. P y mitig @ pp

anowner’sengineerto coordinate delivery
andimplementincentive mechanisms, such as
profit shares orback-ended payments, to align
contractor performance with project outcomes.
However, these carve-outsreallocate residual risk
backtothe project SPV, whichis challenging from
aproject finance perspective and may require the
SPVtohold additional financial contingencies.

To maximise the value of this early engagement,
aFEED-to-EPCroll-overmechanism, in which
the same contractorcontinuesinto the execution
phase, canprovide essential continuity. This
enablesthe owner, contractors, and technology
providerstojointly develop apracticaland
sustainable execution model during FEED,
ratherthanimposingit later through a traditional
EPCtenderprocess, which oftenlacks early
commercialalignment.

However, funding a high-quality FEED study
remains challenging due to the significant capital
required and the absence of secured offtake
agreementsorrevenue streams. Targeted public
support,inthe form of grants orrecoverable
finance, is therefore essential to bridge this pre-
investment gap and enhance project bankability.
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o 4 Technology Performance Insurance

Specialist insurers and agents are playing an
increasingly pivotal role in managing the risks
associated with delivering FOAK e-SAF projects.

Traditional project stakeholders - such as contractors,
OEMs, developers and sponsors - oftenlack the
technical capability orfinancing capacity (i.e. balance
sheet)to absorb the full spectrum of performance risks
thatthese novel projects entail. As aresult, specialist
insurance solutions are emerging to take onresidual
risk beyond what the market can conventionally bear,
thereby enhancing project bankability.

A growing suite of tailored productsis being
developedto bridge financingandrisk gaps. These
products have proventhemselvesinavariety of
othersectors by enabling billions of dollars’ worth of
investmentininfrastructure projects around the world.
These products are outlined onthe subsequent page.

Table 4

Followingtechnical completion of an e-SAF facility,
technology performanceinsurance serves asacritical
safeguard against sustained underperformance risks
during commissioning and the operational phase.
Asoutlined above, these instruments offer flexible
protectionlevels - ranging from coverage of specific
technology components(e.g. electrified Reverse
Water Gas Shiftreactor), to enhancementsto the
credit profile of key delivery contracts, interim debt
service coverage duringramp-up, and even full debt
protectionforup to10-years.

Technology performance insurance risk share

through the e-SAF project lifecycle

Construction Commissioning Operation
Technology
N/A Medium
Integration
N/A Medium
Delivery partner
N/A Medium

Note: Risk share table: arelative assessment of the amount of risk the technology performanceinsurance carries across projectlife cycle stages.

High = carrying asignificantamount of the risk. The risk through the projectlifecycle will vary with each projectandis dependent on the limits of

the project contracts. The aboveisindicative only.

Project SkyPower e-SAF Project Delivery Risk Management
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Table 5

Overview of Technology
Performance Insurance Products

Product Coverage Scope Risk Transfer Target Trigger Mechanism Investor Benefit
Equipment Underperformance Underperformance Equipment not Acts as credit
Warranty or failure under OEM and OEM default meeting enhancementto an
Backstop warranty terms pursuant to warranty performance spec OEM warranty,
obligations, or and OEM default, or potentially
(Technology Risk, underperformance equipment not increasing project
Delivery Partner beyond usual OEM meeting bankability;
Risk) warranty limits performance spec safeguards asset
ElaleNOI=\AVIVE]] integrity
warranty limits
exceeded
Technology Output, efficiency, Technology risk Verified shortfallin Secures debt
Performance or availability below acrossthe output during service and fixed
Wrap level required to integrated process commissioning or cost coverage;
meet minimum operations and underlying debt
capital service. shortfallsin cash protection; reduces
flow techrisk tolender
(Technology Risk, andreduces cost of
Integration Risk, debt
Delivery Partner
Risk)
Term As per ‘Technology As per ‘Technology As per ‘Technology Secures debt
Performance Performance Wrap’ Performance Wrap’ Performance Wrap’ service and fixed
covel cost coverage;

Project SkyPower e-SAF Project Delivery Risk Management

reduces techrisk to
lenderandreduces
cost of debt
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Warranty backstops functionto enhance the
bankability of warranty and long-term service
agreements and canevenenable warrantors to offer
increased limits of liability. They provide surety to the
project that the liabilities foundin these warranties and
service agreements willbe paid forby a highly credit
worthy counterparty, evenif the OEMorlicensoris
unabletodoso.

Wrap products typically contract with the projectitself
and are to the benefit of senior capital with the least
tolerance forrisk. Importantly, this coverage activates
only once primary project contingencies - such
ascostoverrunbudgetsand debt servicereserve
accounts(DSRA) - are fully exhausted. Insurance,
therefore, functions as the finallayer of risk transfer,
preserving project cash flows to senior capital. Asa
result, equity investors are shielded from foreclosure
duringunderperformance and canrecoverlosses

if performance improves. Senior capital protection
holds project owners accountable and prevents moral
hazard, while allowing them to benefit from higher
returns through low-cost senior funding.

Theseinstruments facilitate risk transferacross

the projectlifecycle. Construction contractors
typically assume primary performance liability during
construction, with risk gradually shifting to sponsors
andinsurers during commissioning, providing
continuity andreassurance forlenders. Nonetheless,
contractors oftenretain limited liability into early
operations, maintaining alignment andreinforcing
accountability.

If theinsurance policyiscalled,insome cases, once
performance stabilises, aportion of thelevered free
cashflowmayberepaidto theinsurer, which allows the
insurerto offerlowerupfront premiums.

Although theseinsurance products canimprove the
bankability of an e-SAF project, certain elements
require furtherconsideration:

e Limited globalinsurance capacity: Coverage
offered through technology performance
insurance may fall short of lenderrequirements,
particularly for capital-intensive e-SAF plants. For
instance, a€1.5billion project financedata 60/40
debt-to-equity splitwouldrequire €0.9 billionin
debt. However, market feedbackindicates that the

Project SkyPower e-SAF Project Delivery Risk Management

globalinsurance market capacity for technology
risk may only coverup to €0.45 billion perpolicy,
leaving €0.45 billion of debtexposed. This gap
limits the ability of suchinstruments to fully derisk
projects forfinanciers, especially wherelong-term
debtrelieson firm cash flow assurances.

e Upfrontpremium costs: The novelty andlimited
deployment history of e-SAF technologies mean
thatinsurance providers must priceinaheightened
level of uncertainty. Indicative pricing suggests
premiums inthe upperbounds of the 5-10%range
which, whenappliedtolarge-scale projects,isa
significant cost. These costsreflect the lack of
operationalbenchmarks and the complexity of
performancerisk. Premiums for the life of cover
are generally paid at financial close, front ending
financing costs. However, these premiums can
beincorporatedinto the total financing package
and drawndown alongside other project costs.
Importantly, therisk transfer provided by insurance
should decrease financing costs over the life of
the asset.

e Addedcomplexityincreditassessment:
Commerciallenders are often constrained by
conventional assessment frameworks, meaning
unfamiliarinsurance products, particularly those
new to sustainableinfrastructure, cancomplicate
duediligenceandactasabarrierto credit
approval. The application of theseinsurance
products andtheireffect on capitalrequirements
may also be subject to furtherdiscussionswith
bankregulators.

Insurance canplay avaluablerolein coveringrisksin
e-SAF project financing, particularly withregard to
performance and delivery uncertainties. However,
coverage limits, premiums, and credit assessments
make it difficulttorely oninsurance alone for

FOAK projects. Tounlock bankability and mobilise
investment, targeted government financial support
should complementinsurance and help de-risk the
initial wave of FOAK e-SAF projects.
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Outstanding Residual Risks

The successfulexecution of ane-SAF project
ultimately depends onthe availability of both technical
expertise and liquidity. While the market can supply
expertise via project developers, contractors and
Technology Licensors/OEMs, accesstolong-term,
risk-tolerant capitalremains a core constraint.

For FOAK projects, long-term capital support
typically comes from strategic investors with strong
balance sheets alongside operational expertise.
Fore-SAF projects, these strategic investors are not
currently activein Europe, and sponsors are often
institutionalinvestors who may be constrained by fund
mandatesto provide flexible and/oropen-ended
capitalsupport. Debt capitalis essential to the
financing of commercial scale e-SAF projects.

Nevertheless, due to the breadth of project delivery
risksandinsufficient capacity of sponsorstoabsorb
theserisks,commerciallenders are not able to extend
the necessarylevel of debt financing fore-SAF
projectsviatraditional project finance structures.
While technology performanceinsurance can offer
ameasure of senior capital protection, the global
insurance market currently possesses only enough
capacity to partially cover the capital atrisk. There
remains a significant financing gap for FOAK e-SAF
projects.

Project SkyPower e-SAF Project Delivery Risk Management

Targeted PFl Support

PFls are well positioned to fill the financing gap.
However, the form of government support must

be carefully designedto maintain private sector
accountability and ensure that those with operational
expertiseremainincentivised andresponsible
fordelivery.

Inpractice, government-backedinstruments can
complement private solutions by providing:

e Cornerstonelenderbackingto e-SAF projects:
PFls should be among the first movers to provide
seniorproject finance debt to e-SAF projectsto
supplement the private sector project finance
market and build confidenceinthe bankability of
thisnascentindustry.

e Enhancementstoinsurance products, leveraging
bestinclassrisk assessment capabilities, whilst
ensuring debt protectionis adequate, providing
the necessary risk mitigation to ensure debt and
equity caninvestine-SAFinline with theirinternal
risk/returnrequirements.

e Contingentreserve facilities thatmay be accessed
afterproject contingencies are depleted, allowing
projectsto address essential remediation
requirements.

e FEED funding: comprehensive FEED studies are
crucialto prepare the financing and construction of
multi-contractor projects. PFIs could match private
investmentinto FEED studies againsta convertible
loanatFID, repayable during operation.

e Backstoppingand enhancement to supplier
guarantees where they are insufficient to cover
underperformance orwhenweaker contractual
counterparties would be difficulttoacceptina
project finance structure.
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Design Considerations

We initially explored structuring PFlinstruments to
triggeronly under specific, predefined circumstances,
to preserve market discipline and minimise moral
hazard. However, feedback from stakeholders
highlighted that overly narrow triggers can create
interfacerisk, leadingto delays and disputes over

fault attribution.

Instead, thereis astrong preference forholistic,
flexibleinstrumentsi.e. those thatcanbe triggered
based onoverall project performance. This helps
ensure that capital canbe accessed by the project
whenneeded; reducing therisk of default, preserving
project continuity, protectinginvestorreturns, and
sustaininginvestor confidence.

State Aid Rules

While support provided at the Europeanlevel, such as
by the EIB Group usingits ownresources, is generally
not considered state aid, any involvement of Member
State funding (e.g. grants, guarantees) will likely trigger
state aidrules. Thismeans anadditional approval
process may berequired. UnderEU law, state aid refers
to any advantage granted by a public authority using
stateresources that may distort competitionand
affecttrade between Member States.

Intherecently adopted Clean Industrial Deal state aid
guidelines (CISAF),¢sustainable aviation fuelhasbeen
recognised among the eligible sectors that contribute
tothe EU cleanindustrial objectives. Among other
measures, de-risking solutions for these sectors are
considered compatible with the internal marketrules.
Some of theinstruments we suggestonthe EUlevelin
thisreport could thus be implemented by individual
member states onthe conditionthat they meet all of
CISAF and general state aidrules.

6 FrameworkforState Aid measuresto supportthe CleanIndustrial Deal (CISAF), July 2025, available at:

EUR-Lex-52025XC03602 - EN - EUR-Lex



https://eur-lex.europa.eu/eli/C/2025/3602/oj
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The following instruments are intended to
provide a conceptual framing of a selection

of EU or member-state level PFl product
options that could address project delivery risk
associated with e-SAF project financing.

They target differentlevels of interventionacross

the capital stack, to support project delivery and
mitigate varyinglevels of commercialand FOAKTisk,
improving the financing viability of e-SAF projects. Itis
not expectedthataproject wouldrequire all of these,
butratherwould significantly benefit from accessing
any single one, with varyinglevels ofimpactonthe
overallcost of financing, asindicatedin theinstrument
impacttables, alongwithanassessment of the
financial exposure to the PFI.

Disclaimer

The calculation of financial exposure through this
sectionisbased onstakeholderengagement
and market estimates. Actual figures will vary by
projectandtherelative assessment of risk.

Cornerstone Lender to FOAK
e-SAF projects

The mostimpactfulrole aPFlcanplayisactingasa
cornerstone lenderto FOAK e-SAF projects, offering
immediate, large-scale, long-term, risk-tolerant
capital through existing productlines - evenon
commercial terms. If a PFl provides 50% of the debt
requirements of ane-SAF project, forexample, this
significantlyreduces the volume of commercial debt
required and has the potential toreduce requirements
fromcommerciallendersto alevelthatiswithin

the current privateinsurance market capacity of
€450 million (as describedin section: Technology
PerformanceInsurance).

The privateinsurance covereffectively actsasa
partial guarantee, covering aportion of the debt

Project SkyPower e-SAF Project Delivery Risk Management

up toapredefinedvalueinthe case of default due
totechnology performanceissues. Inthe scenario
where aPFlacts as firstlenderto the project, this
insurance can cover the majority (if not all) of the
commercial debt, giving commerciallenders greater
certainty and supporting aviable financing structure.
However, as theinsurance only covers defaultsrelated
totechnology performance, additional de-risking
measures (such as secure offtake) would still be
required withinabankable SPV structure.

If PFls are willing to take on additionalrisk, they can
furtherstrengthen project bankability by offering
more flexible structures, including covenants, first
loss provisions, subordination and other credit
enhancements. Forexample, if afacility is operational
butunderperforms due to technicalissues, PFIs could
reduce cash flow strain by extending grace periods,
consideringlongertenors orsculptingrepayments
usinglower debt service coverratiosin the first few
years of operation. These features would help stabilise
the SPV’s financial position, allowing projects to
focus onremediation, restoring performance, and
demonstratingcommercial viability.

Product table definitions
Impactonfinancing cost- arelative measure (1-5):
5 =significantimpact onreducing financing cost.

Technology & Integrationrisk- arelative measure
(1-5): 5 =theinstrument has highimpacton
reducingresidualtechnology andintegration
risk not covered by the private sectorduring

that phase (not applicable to Recoverable Grant
forDetailed FEED Studies as thisoccursinthe
development stage)
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In consideration of more targeted financial
products, the following PFl instruments have
been set out as credible options that an EU
or member-state level PFI could provide to

e-SAF projects.

Recoverable Grant for Detailed
FEED Studies

Althoughthereport primarily addresses project
deliveryrisk during construction, commissioning,
and operation, the significance of high-quality
FEED studiesremains essential for effective project
execution. Therefore, itwas deemed appropriate to
include thisinstrumentrecommendation.

PFI financial exposure €8-22.5M
per project
Impact on financing cost 2

Note: See '‘Producttable definitions’ atbeginning of this section
foranexplanation of table descriptions.Assumptions: PF|financial
exposure perprojectreferstothe estimatedrisk exposure for the PFI
oneachproject,basedonatotal projectcostof €1-1.5billion, acost
of FEED of 1.5-3% of total cost,and the PFl providing 50% of the cost.
Forthefinancialexposure analysistoaPFlacross proposedsolution
combinations, FEED is assumed at 2% of total cost.

Project SkyPower e-SAF Project Delivery Risk Management

Context

To advance fromplanning to FinalInvestment Decision
(FID) and ultimately into construction, projects must
complete arobust FEED study that delivers a clear,
defensible assessment of technical feasibility and
costestimates. ForFOAK e-SAF facilities, this step

is especially vital as, without comparable historical
data, investorsrely heavily on FEED outputs to
evaluaterisk-adjustedreturns. Partneringwith an
engineering firm capable of transitioninginto the
construction contractorrole post-FID adds continuity
and credibility, helping to streamline delivery while
enhancinginvestorconfidence.
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Issue

Securing private capitalto support the crucial

FEED stageremains asignificanthurdle fore-SAF
projects. The FEED study can costbetween€15Mand
€45M. Most available equityis channelled through
infrastructure funds whose constitutionalmandates
precludeinvestmentin projectswithTRLsbelow 8. The
limited pool of investors that are willingtocomein at
that stage often seekreturns of 2-3 times theirinitial
investment via development fees orsale of the SPVto
the constructioninvestoratanincreased valuation.”
While undertaking a comprehensive FEED study can
help de-riskthe opportunity and improve visibility into
futurereturns, accessing the upfront capital to execute
itis challenging. Public-sectorsupport, suchas the EU
Innovation Fund, isintended to fill this gap; however,
e-SAFinitiatives often fail selection criteriadue to the
Fund’s prioritisation of projects with the lowest cost

of emissions abatement, effectively sidelining early-
stage, higher-cost e-SAF technologies.

Solution

Funding couldbe allocated to an existing EU PFI,
creatingadedicated callfocused one-SAF projects,
that could provide 50/50 public/private funding
fordetailed FEED studies. Eligibility criteria could
include independentvalidation of credible pre-FEED
studies and projectalignment with ReFuelEU. This
supportwould sharpenassessments of technical

and commercial viability, helping to attract a broader
base of equityinvestors willing to commit at more
moderaterisk-adjustedreturnthresholds. Offtake
pricing could also be optimised, ultimately lowering
costs forfuel suppliers, airlines and passengers. For
developers andtheirproject delivery partners, robust
FEED outputs would provide a firmer foundation for
structuring deliveryrisk-sharing mechanisms, thereby
reducing exposure and enhancing bankability forboth
commercialand PFllenders. The funding mechanism
should take the form of arecoverable grant, designed
totransitioninto a subordinatedrepayable obligation
oncethe projectreachesFID. (There beingnorecourse
onthe grantif the projectdoesnotreachFID).

7 Returnexpectationsbased onmarketengagementwithindustry stakeholders.

Exhibit4

While the most advanced projects may not
need FEED support, itis likely support may
extend to alarger number of projects than

other proposed products.

Project SkyPower e-SAF Project Delivery Risk Management
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Technology Licensor / OEM -

Performance Guarantee

Context

Ane-SAFfacility comprises aseries of interconnected suchaselectrolysis, electrified reverse watergas
technology processunits, eachplaying a distinctrole shift, Fischer-Tropsch synthesis, andrefining, is
within the production chain. Consistent achievement essential forensuring theintegrated performance
of nameplate output across theseindividual systems, of the overall plant.

Construction Commissioning Operation
Technology & integration
s 2 2 1
riskimpact
PFI financial exposure
per contract €5-15M

Impact on financing cost

Note: See ‘Producttable definitions’ at beginning of this section foran explanation of table descriptions. Assumptions: PFlfinancial exposure per
projectreferstothe estimatedrisk exposure forthe PFloneachtransaction. The value percontracthasbeenestablished through stakeholder
engagement. Asingle project may require multiple guarantees, whichwouldincrease the overall financial exposure fora given project.
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Issue

Technology unitmanufacturersandlicensors usually
provide limited performance warranties, often
coveringonly part of the License Fee orequipment
replacement. Whenaunit fails, it can cause costly
problems fordownstream systems, leading to overruns
andrevenuelossesthroughout the plant. Licensors
may also lack the financial strength to fulfilwarranties
inworst-case scenarios, and contractors are unable to
replace proprietary equipment due to technicaland
IP constraints. Privateinsurance can fill these gaps by
extending warranty coverage and transferring residual
risk to more creditworthyinsurers. However, insurers
may have limits ontheirunderwriting capacity.

Exhibit 5

Solution

AnEU ormember-state level PFl could back
performance guaranteesissued by technology
licensing companies, increasing the creditworthiness
of the supplierand therefore the whole project
contracting structure, reducing therisk forsponsors
andlenders. Thisis aproveninstrument, most
recently applied towind turbine and grid equipment
manufacturersinthe EU. Theinstrument should
complement, not compete with, private insurance,
providing coverage above policy caps. This could
allow due diligenceresponsibilities to shift partly to the
insurer, reducing the burden on the PFI.

SPV contractual agreements and fund flows for

Technology Licensor Guarantee

Project SkyPower e-SAF Project Delivery Risk Management
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Contingent Reserve Facilities

Context

Aconstruction contractoris typically responsible
forconstructing projects and achieving mechanical
completion. However, given the relative immaturity

of certaintechnological process flows, the scope

and clarity of theircompletion obligations canvary
significantly, as highlightedin ‘Stakeholder Challenges
- Construction Contractors.’ Project finance structures
generallyembed contingency allowancesinthe base
case forunforeseencosts, but debt providers, on

Construction

advice fromtheirtechnical advisors, may require
sponsors to provision foradditional contingencies
if they considerthat thereis ahighrisk the modelled
(base case) contingency willbe exhausted. These
additional bufferswould serve to absorb overruns
beyondthe coverage of the construction contract
beyondbase case contingencies, preserving
financial stability and ensuring the project’s ability
toreach commissioning withoutjeopardising
lenderconfidence. These facilities, where appropriate,
may be hybrid orconvertible in nature depending on
the needs of developersandlenders.

Commissioning Operation

Technology & integration
riskimpact

PFI financial exposure
per contract

€60-90M

Impact on financing cost

Note: See ‘Product table definitions’ at beginning of this section foran explanation of table descriptions. Assumptions: PFl financial exposure
perprojectreferstothe estimatedrisk exposure forthe PFloneachtransaction, based onatotal project cost of €1-1.5 billionwith 60/40 debt/
equityratio,and atechnicaladvisorrequiring an additional sponsor contingency of 10% of TIC, with the PFl providing the debt portion.

Project SkyPower e-SAF Project Delivery Risk Management
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Issue

Although project sponsors may have considerable
accessto capital, the additional contingent equity
requirementsintroduced by the FOAK nature of e-SAF
projects canbe challenging for sponsors tojustify
within the financing structure while stillmaintaining an
appropriaterisk/return profile for the investment.

Exhibit 6

Solution

AnEU ormember-state level PFl could offera
contingency ‘top-up’ facility to coverthe debt share
of therequired additional contingency. The facility
would only be called once allbase case contingencies
are exhausted and could be structured withrepayment
via a cash sweep facility or potentially via conversion
into equity. By reducing the equity overhangrequired
fromsponsors, the facility would accelerate capital
formationfor FOAK e-SAF projects andimprove
project bankability.

SPV contractual agreements and fund flows for

the Contingent reserve facility

Project SkyPower e-SAF Project Delivery Risk Management
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PFl Financing Support behind
Technology Performance Insurance

The nexttwo options propose PFldebt facilities that
standbehind atechnology performanceinsurance
policy. This could present an efficientandresponsible
use of government creditin that they are standing
behind onlywhat commercialinsurerswillinsure,
benefitting from best available underwriting and
standing atameaningful distance fromtherisk.

Option1-Debt Service Protection

Context

Inproject financing structures, lenders typically
require projects tomaintain Debt Service Reserve
Accounts (DSRAs)to safeguard debtrepayment post-
completion. Thesereserves serve as aliquidity buffer
againstany temporary cash flow fluctuations. Insurers
areincreasingly providing various forms of technology
performanceinsurance (see section: Technology
Performance Insurance) to cover forunderlying
technology performanceissues, providing further
debt protection.

Construction

Technology & integration
riskimpact

PFI financial exposure
per contract

Impact on financing cost

Thiswould put government behind the terms of the
policyitself. The PFIremains shielded up to the sum
insured, while commerciallenders benefit from
reducedrisk exposure, enabling them to price debt
atmaterially lower spreads and therebyimproving
overall project economics.

Issue

DSRAs offervaluable protection for servicing debt
obligations, however, given FOAKuncertainty for
e-SAF projects the bufferrequiredto service debtin
the case of commissioning delays could be significant
and gobeyondthe temporary cash fluctuations
covered by DSRAs. Technology performance
insurance term cover can provide debt service
protection formore permanent cash flowissues, but
withlimits onthe total suminsured, 50% of the debt
service may remainunprotected by the policy.

Commissioning Operation

€90-230M

Note: See ‘Product table definitions’ at beginning of this section foran explanation of table descriptions. Assumptions: PFlfinancial exposure per
projectreferstothe estimatedrisk exposure forthe PFloneachtransaction, based onatotal project cost of €1-1.5 billion with 60/40 debt/equity
ratio. PFlprovide 36 months of debt protection ontop of underlying technology performance insurance cover of €200 million, withannual debt
service basedon12-yeardebttermand é6%interestrate withcombined PFlandinsurerprotectionon80% of debt service.

Project SkyPower e-SAF Project Delivery Risk Management
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Solution

AnEU-level PFl could establish a debt service facility
thatstands behind atechnology performance
insurance policy. The PFIfacility could standinthe
excesslayer, providing debt service coverage above
thelimits put up by commercialinsurers. The facility
could be time-bound, offering coverage for 36
months,® covering up to 80%° of debt service (inclusive

of insurance policy). Access to these facilities could
require anupfront transaction fee, calibrated similarly
to guarantee-type feesandbased onthe estimated
financialexposure. If and whenthe plantregains
performance stability, levered cash flows could be
usedtorepay thefacility throughacash sweepon
terms proportionate to the underlyingrisk, orinthe
case of ahybridinstrument, convertinto equity’.

8 Alignstothe optional coverage providedunderaTerm Covertechnology performanceinsurance policy.
9 80%debtcoveragealignstoguaranteetypeinstruments provided by PFlsin othersettings (e.g. ECAs).

Exhibit7

SPV contractual agreements and fund flows
for Debt Service Protection with Technology

Performance Insurance

Project SkyPower e-SAF Project Delivery Risk Management
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Option 2 - Debt Guarantee

Context

Successful project financing hinges on the ability to
demonstratereliable, forecastable cash flows within
the SPV,anchoredinprimary cash flows backed by
bankable contractualagreements. These contracts,
primarily long-term offtake, feedstock supply and
project delivery and operations service agreements,
provide the certainty thatlenders andinvestorsrequire
to evaluaterisk-adjustedreturns and deploy capital
with confidence.

Construction

Technology & integration
riskimpact

PFI financial exposure
per contract

Impact on financing cost

Issue

Due to the FOAK nature andintegration complexities
of e-SAF facilities, no single private sectoractoris
positionedto assume fullend-to-end construction
and commissioningrisk. Thisleavesresidual risk within
the project structure that constrains the ability of debt
and equity providers to commit capital. Technology
performanceinsurance offersacompelling solution
fortransferring thisresidual exposure away from

the SPV, enhancingits financial resilience. However,
maximum coverage limits oftenfall short of fully
covering debt (see section: Technology Performance

Insurance), and there may be gapsinpolicy cover that

leave some project deliveryrisks unprotected. With
capitalreadily deployable into more conventional
opportunities, this additional complexity may prove
tobeabarrierinadvancing e-SAF projects through
creditapprovals.

Commissioning Operation

€150-450M

Note: See ‘Producttable definitions’ at beginning of this section foran explanation of table descriptions. Assumptions: PFlfinancial exposure per
projectreferstothe estimatedrisk exposure forthe PFloneach transaction, based onatotal project cost of €1-1.5billion with 60/40 debt/equity
ratio. Underlyingtechnology performanceinsurance policy cover of €450 million, with PFl providing added protectionondebtup to 80% of total

debtcoverage, plus1-yearof debtservice coverageinscenariowhere some debtserviceisrequired priorto guarantee being called.

Project SkyPower e-SAF Project Delivery Risk Management

42



o 6 Proposed PFlInstruments

Solution 20% remaining atrisk to private lenders to ensure
effective due diligence. Access to thesefacilities
couldrequire anupfront transaction fee, calibrated
similarly to guarantee-type feesand based onthe
estimated financial exposure. Once the plantregains
performance stability, levered cash flows could
beusedtorepay the facility through a cash sweep
onterms proportionate to the underlyingrisk. This
would significantly de-risk project debt finance and
dramaticallyincrease project financing viability.

An EU-level PFl ornational guarantors, such as export
creditagencies, could offeradebt guarantee that
stands behind a technology performanceinsurance
wrap. Whereas the above ‘Debt Service Protection’
would only coverdebt service foratime boundperiod,
thiswould provide both debt service coveranda

debt guarantee overthe term of the debt, matching
the terms of the underlying Technology Performance
Wrap policy (see section: Technology Performance
Insurance). Effectively,increasing the total suminsured
toaproject SPVup to 80%'° of the debt capital, with

10 80% debtcoveragealignsto guarantee typeinstruments providedby PFlsin othersettings (e.g. ECAs).

Exhibit 8
SPV contractual agreements and fund flows for Debt
Guarantee with Technology Performance Insurance

Project SkyPower e-SAF Project Delivery Risk Management
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PFl e-SAF Sector Financing Requirements

Tosupportthe scaling of the sector, different
combinations of the proposed solutions canhelp de-
risk project financing. Different combinations will have
varyingimpacts onoverall financing costs and project
feasibility. Importantly, PFlsupport withhigherrisk
toleranceis expectedtobeneeded only forthe first
wave of e-SAF projects, until the various technology
pathways are commercially proven.

The tablesbelow outline preliminary analysisonarange
of interventionlevels and associated funding envelope
requirements, providing a high-levelindication of
what level of commitment may be needed fromEU
ormemberstate-level PFls overthe next 3to 4years
under 3example scenarios. The aggregate funding
amountsrepresent the total financial exposure
associatedwith the broaderfunding envelope needed
toadvancethe firstwave of e-SAF projects through
Finallnvestment Decision (FID); a criticalinflection
point forachievingindustry-scale.

Key assumptionsonlevel of supportrequired:

e Number of FEED projects: Supporting atleast
10 projects across diverse technology pathways
inthe e-SAFindustry willbe essential to validate
technicaland financial feasibility. Funding these
early stages willhelp lay a strong foundation for the
sector'slong-termdevelopment.

e Numberofe-SAF SPVs: Early e-SAF projects
arelikely to face financing challenges. Providing
targetedsupporttothe first5e-SAF SPVscan
enable these projectstoreach FID, creating the
crucial proof points needed to buildinvestor
confidence and unlock broader private capital
participation.

e Distribution of balance sheet as projects mature:
These calculationsdonot takeinto account the
ability of PFIs to selldown debt and/or package
debtandequity positionsinto funds to crowdin
capital markets as projectriskdeclines.’

Allotherassumptions are based onthe financial
exposure assumptions outlined foreach product.

Project SkyPower e-SAF Project Delivery Risk Management

Scenario 1: Highestimpact -
Direct Lending + FEED

Direct PFllending fromits existing product suite at
FID, making a significant contribution to the capital
stackforthe first five e-SAF projectsin Europe. Paired
with FEED support for10 projects, structured as a
recoverable grant.

PFlInstrument Aggregate Funding

FEED funding for 10 projects €0.10bnto €0.15bn

PFlasdirectlenderto5
project SPVs

€1.50bnto €2.25bn

Total €1.60bnto€2.40bn

Scenario 2: Low intervention scenario -
Contingent Reserve + FEED

Contingent credit for first five e-SAF projects paired
with FEED support for10 projects. Lower financial
exposure to PFland capitalisearmarked as a
contingencyratherthandirect capital outlay.

PFlInstrument Aggregate Funding

FEED funding for 10 projects €0.10bnto€0.15bn

Contingent Creditto 5 €0.30bnto€0.45bn
project SPVs
Total €0.40bnto €0.60bn
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Scenario 3: Highintervention
scenario (without directlending) -
Debt Guarantee + FEED

Debt guarantee providing atop-up to technology
performanceinsurance which covers debt service and
buyoutinthe event of technology non-performance.
Applicable to the first five e-SAF plants, alongside
FEED supportfor10 projects.

Exhibit 9

PFlInstrument

FEED funding for 10 projects

Debt guaranteeto 5
project SPVs

Total

Visual representation of when proposed PFI
instruments would be activated and called
uponduring the lifecycle of an e-SAF project

(excl. PFl as direct lender)

Project SkyPower e-SAF Project Delivery Risk Management

Aggregate Funding

€0.10bnto€0.15bn

€0.75bnto€2.25bn

€0.85bnto €2.40bn
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o 7 Conclusion

With ReFuelEU e-SAF mandates set to take
effect in 2030, the first round of projects must
reach FID within the next 18 months to align
with the expected 4 to 5 year construction,
commissioning and ramp up timelines.

Fortheseinitial projects,immediate supportis
essential. Themostimpactfulrole aPFlcanplayis
tolenddirectly to e-SAF facilities fromits existing
product suite, committing a significant portion of
the debt capital. Evenat commercial terms, this
provides a crucial source of large-scalerisk tolerant
capital. Byreducingreliance oncommerciallenders,
thisenables the effective use of available insurance
products, such as technology performance wraps,
to de-risk the remaining debt capital. Early capital
commitments from PFls also sends aclearsignal that
the EUis committed to buildinga domestic e-SAF
industryinline withReFuelEU targets.

Atthe sametime, werecognise the needfora
diversified set of financialinstruments thatreflect
varyinglevels of risk tolerance among PFls. The
instruments proposed are structured across arange
of financialexposurelevels, assessed bothonan
individual project basisandinaggregate to support

the firstwave of FOAK e-SAF projectsto FID - a critical
inflection point forindustry scale. While more intensive

supportwillbe necessaryforthe earliest projects,
we expect PFlinvolvement to decline as market
momentum grows, and early proof pointsincrease
private sectorrisk appetite.

Project SkyPower e-SAF Project Delivery Risk Management

Ultimately, to manage FOAK project deliveryrisk,
thereisarequirementforlong-term, risk-tolerant
capitaltocomplement the technical expertise
already presentinthe market. Inthis context, we see
aclearneedforholistic, flexible instruments that are
triggered based onoverall project performance to
ensure capitalis available when needed and avoid
interfacerisk.

Finally, while thisreport focuses on e-SAF, its

insights are relevantto FOAK climate technologies
more broadly. Thereisanurgentneedto scale climate
technologies fasterthantraditional development
timelines. Achieving this willrequire well-designed
public-private risk-sharing mechanisms to de-risk
the technology stack. Thelearnings outlined here can
helpinformhow such support could be structured to
accelerate progress towards critical climate targets.
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Appendix

1.1 ERM Definition of Technology Readiness Level (TRL)

1.2 ERM Analysis: Technology & Integration Risks

1.3 ERM Analysis: Technology and integration
deployment examples
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1.1 ERM Definition of Technology
Readiness Level (TRL)

TRL Type of plant Scale Definition
1 Basic principles observed
2 Technology concept formulated
3 Lab Experimental proof of concept
4 ] o) Technology validatedinlab
5 Pilot <O kt/yr Technology validatedinrelevant environment
(industrially relevant environment in the case of
enabling technologies)
6 Demonstration 0.1-2kt/yr Technology demonstratedinrelevant
(small) environment (industrially relevant environment
in the case of key enabling technologies)
7 Demonstration 2-20 kt/yr System prototype demonstrationin
(Elge3)] operational environment
8 FOAK Commercial >20 kt/yr System completed and qualified
9 Commercial Actual system provenin operational

Project SkyPower e-SAF Project Delivery Risk Management

environment (competitive manufacturing
in the case of key enabling technologies)
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TRL of individual technology components

Component TRL = Highest TRL successfully
demonstrated - points for differencesine-and
bio-fuels context

If theindividual process component would operate
atdifferent process conditions(e.g. temperature,
pressure, catalyst) orataconsiderably different
scaleinthe context of e- and bio-fuels processes,
the TRL may bereducedby1-2 pointsbased onERM’s
judgementtoaccount forthe technologicalrisks
associatedwithnot havingbeen provenat these
conditions/scale.

TRL of technology interfaces

Interface TRL = minimum TRL of individual
components - 1 point based onintegrationrisks

If two process components are standing at different
TRLs, the minimum TRL valueis selected forthe
interface. If two processcomponentsare atthe
same (minimum) TRL value, theinterface TRL could
bereducedbylpoint(dependingontechnology
integrationrisksidentified by ERM).

Project SkyPower e-SAF Project Delivery Risk Management
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TRL of integrated pathways

If thereis a successfully operating example of the
integrated pathway:

Integrated pathway TRL = Highest TRL successfully
demonstrated for the integrated pathway

If thereisno successfully operating example of the
integrated pathway:

Integrated pathway TRL = Min TRL of individual
components - 1 point based onintegrationrisks

e TheTRLofanintegrated pathway cannotexceed
the minimum TRL of itsindividual components.

e |fseveralindividualprocesscomponentsare atthe
same (minimum) TRL value, the integrated pathway
TRLmay bereducedbylpoint(dependingon
technologyintegrationrisksidentified by ERM).
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1.2 ERM Analysis:
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Technology & Integration Risks

RWGS + FT: Technology Component Risks

Electrolysis: Key risks

e Despitebeingamature technology,
electrolyserprojects often performbelow
OEMspecs, e.g. operating atareducedload.
However, performance guarantees are offered
by some OEMs.

e Electrolysermembrane degradationispoorly
understood due to the currentlack of long-term
operationdata. This degradation can potentially
cause higherelectricity requirements and
unplanned downtime, raising OPEX.

e Higher CAPEXrequirementsand project delays
are possible, due to the lack of standardization
across balance of plant systems currently.

Deployment example: Sinopec Kuqu' -
China(2023)20 ktaH2

Project SkyPower e-SAF Project Delivery Risk Management

Carbon Capture: Key risks

Point-source CO2 capture systems are highly
sensitive to flue gasvariability shiftsin temperature,
pressure, orcontaminants (e.g. SOx, NOx) which
canreduce solventorsorbent efficiency, risking
lower CO2recovery.

DAC captures andseparates CO2atlow
concentrations, which makesit particularly
energy intensive and currently high cost.
Performanceis also affected by humidity,
temperature and extreme weather conditions,
which canreduce capturerates.

Deployment example: Climeworks Mammoth,
Iceland (2024) DAC capacity ~36 kta CO2
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Reverse Water Gas Shift: Key risks

e RWGSrequireshightemperaturestoachieve
high CO2 conversions, whichis associated
with specialised material requirements, high
operating costs, and catalyst stability. Long term
performanceisunproven.

e CokingtypicallyoccursonRWGS catalystsdue to
the high operating temperatures, which canreduce

jetfuel production. Efficient decokingisrequired
tominimise down-time.

e Methaneisapotentialby-product, whichcould
leadtolowerjet fuelyields. Selective catalysts
and careful selection of operating conditionsis
required.

Deployment example: Ineratec ERA ONE,
Germany (2025) SAF capacity ~2.5ktpa

FT Synthesis: Key risks

e Dependingonreactordesign(varyingacross
developers), reactiontemperature control can
be challenging, which can affect producedjet
volumes.

e FTsynthesistypically hasarelatively low single pass
conversion,sounreacted CO needstoberecycled

into thereactor, to minimise carbonlossesand
increasejet fuelyields. Sub-optimalrecovery of
unreacted CO willreduce jet fuel production (or
increase feedstock consumption).

e TheTRLpresentedaboveisbasedonfossil
applications. TRLforFTine-fuelswillvary
dependingonthe developerandscale of
application (lower TRL for smallscale).

Deployment example: Ineratec ERA ONE,
Germany (2025) SAF capacity ~2.5 ktpa

Project SkyPower e-SAF Project Delivery Risk Management
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Hydrocracking/isomerisation: Key risks

The hightemperature required forhydrocracking
andisomerisation canleadto catalyst cokingand
deactivation affecting plantuptime. Efficient
catalyst decoking procedures arerequired to
minimise down-time.

Careful process controlisrequired to achieve the
desired amount of cracking to maximise jet yields
and minimise lights production.

Potentially expensive, specialised materials are
required forthe hydrocracking unit, due to the high
temperaturesinvolved.

Deployment example: Shell Pearl GTL,
Qatar (2011) Hydrocracking capacity ~5,300kt/y

Source: ERM proprietary analysis
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RWGS + FT: Integration Risks

RWGS + FT

FTtypically producesa fraction of less valuable
lighthydrocarbons. Process conditions and
catalyst selectivity are essentialto targetjet-range
hydrocarbons. Lighthydrocarboncomponents
(e.g.methane)needtoberecycledtothe RWGS
forconversionto syngas to minimise feedstock
usage. The ability of RWGS toreform these lights
isunknown over extended periods of operation.
Alternatively, theselights could be fed to a partial
oxidationunit, butitis not clearif thishasbeen
testedinane-fuels context.

Higherthanexpected concentrations of COzinthe
feed streamtothe FTsection(forcobaltbased FT
catalysts)negatively affect theirperformancein
terms of by-product (methane) formation.

FT + Hydrocracking/isomerisation

Thisisamatureinterfaceinfossilapplications,
butthe scales of e-fuels plants are orders of
magnitude lower, introducing technology
integrationuncertainties.

Project SkyPower e-SAF Project Delivery Risk Management

/
N
S

e
)|

Ay
)
M
A
=<

Electrolysis + COzcapture + RWGS + FT +
Hydrocracking/isomerisation

Theintegrated pathwayis not proven at
commercial capacity, although thisis expected
within the next few years.

lts performance overthelongtermisnotprovenfor
the largest operating plants as they have notbeen
operating forextended periods of time. [t remains
to be seenwhetherkey economic parameters like
hydrogenand CO2consumption, SAF production,
energy consumption change overtime.

The compatibility of the RWGS process withawide
range of COz2sourcesisnot proven. Inadequate
clean-up of COz, particularly from point sources
which could containminortrace components
thatare poisonous to the catalyst, may negatively
impact RWGS performance.

Some technology developers are pursuing direct
production of fuels from the FT step, without

the needforhydrocracking/isomerisation. This
configuration could have challenges to achieving
highjet productionrate atlarge scale, due to the
typically limited selectivity of multifunctional
catalysts.

Deployment examples

Ineratec ERA ONE, Germany (2025) SAF capacity
~2.5ktpa

Infinium Project Pathfinder, USA (2025) ~6.3ktpa
(mixed hydrocarbons, mostly diesel)

Source: ERMproprietary analysis
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e-MTJ: Technology Component Risks

Electrolysis: Key risks

e Despitebeingamaturetechnology, electrolyser
projects often perform below OEM specs,
e.g.operatingatareducedload. However,
performance guarantees are offered by some
OEMs.

e FElectrolysermembrane degradationis poorly
understood due to the currentlack of long-term
operationdata. Thisdegradation can potentially
cause higherelectricity requirements and
unplanned downtime, raising OPEX.

e Higher CAPEXrequirementsand projectdelaysare
possible, due to the lack of standardization across

balance of plant systems currently.

Deployment example: Sinopec Kuqu -
China(2023) 20 kta H2

Carbon Capture: Keyrisks

e Point-source CO2capture systems are highly

sensitive to flue gasvariability shiftsin temperature,

pressure, or contaminants (e.g. SOx, NOx) which
canreduce solventorsorbent efficiency, risking
lower CO2recovery.

e DAC capturesandseparates COzatlow

concentrations, which makesit particularly energy

intensive and currently high cost. Performance
isalso affected by humidity, temperature and
extreme weather conditions, which canreduce
capturerates.

Deployment example: Climeworks Mammoth,
Iceland (2024) DAC capacity ~36 kta CO2
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Methanol Synthesis: Key risks

Direct CO2hydrogenationis challenging due
to CO2’slowreactivity, whichlimits per-pass
conversionandrequires alargerecycleloop,
drivingup energy use and CAPEX.

Additionally, the waterformed as a byproduct
limits methanol conversionand gradually degrades
the catalyst, reducingits performance overtime.
Both effectsreduce overall process efficiency
andincrease costs due to more frequent catalyst
replacementand higherrecyclerates.

Deployment example: European Energy Kasso,
Denmark - (2025) e-methanol capacity 42 kta

MTO: Key risks

CokingisamajorchallengeinMTO synthesis, asitis
the primary cause of catalyst deactivation, leading
toreducedolefinyield, increased feedstockand
energy demandtocompensate forlosses.

Toremove this coke, the catalyst must be
regenerated through high-temperature treatments
(500°C-600°C)thatdegradeitovertime, leading
tohigherreplacement costs, unplanned downtime,
andreduced processreliability. Energy use also
increases, furtherimpacting overall production
efficiency.

Deployment example: Shenhua, Baofeng,
China (2018) olefin capacity 833 kta
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Oligomerisation: Key risks

e Themostmature oligomerisationrouteisfrom
ethylene feed, Howeverevenforethylene the
performance of the process and quality of the
productisnotknown at full scale.

e InMTJtheoligomerisationinnotusing ethylene
alone, butinmost cases a mixed olefin stream this
introduces anumberofrisks as outlined below.

e Sub-optimalorunprovenreactionconditions
canleadto excessive undesired products(e.g.
naphtha, diesel)which are eitherlost orneed
energy-intensive separation. Thisreduces overall
SAFyield.

Deployment example: No plants currently
oligomerize methanol-derived olefins tojet fuel.

Source: ERM proprietary analysis
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e-MTJ: Integration Risks

Electrolysis + carbon capture +
methanol synthesis

e CO2capturedfromflue gasesorDAC systems
oftencontainsimpurities (e.g. O2, NOx, SOx) that
canpoisonmethanol synthesis catalystsreducing
outputandincreasing downtime.

e While one commercial-scale planthasvery
recently begunoperation,ithasyettoreachfull
capacity, highlighting the ongoing challenges
inscaling the process.

MTO + Oligomerisation

e IntheMTJprocess,inmostcasesthe MTO step
produces amixof olefins primarily C2-Cé. When
this mixed stream enters the oligomerisation step,
co-oligomerisationisrequired whichisamore
complexandtechnicallyimmature process. Thisis
duetotheneedtobalance the differing catalytic
needs of C2 (whichrequires metal catalysts)and
C3-Cé(whichrequire acidic catalysts).

e Thismismatchatthe MTO-oligomerisation
interfaceis akeyintegration challenge and
currently the lowest-TRL bottleneckin the MT)J
chain. While this contributes to some uncertainty
aroundjet fuelyields and product quality, efforts
are underway to optimise the process. The MTJ
routeis progressing through the ASTM qualification
process, currentlyunder OEMreview stage
(review by engine and aircraft OEMs).

Project SkyPower e-SAF Project Delivery Risk Management
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Electrolysis + Carbon capture +
Methanol synthesis + MTO + Oligomerisation +
Hydrogenation

e Thefullyintegrated MT) pathway hasyettobe
demonstrated at commercial scale, withonly a few
small pilot plants currently in operation. Therefore,
itslong-termreliability and process efficiency
remainunverified

e NewMT]processintensificationmethods are being
exploredsuchas hydro-oligomerisation (Hydro-
OLl) by Topsoe which combines oligomerisation
and hydrogenationinone step to save energy and
equipment. However, thisapproach carries therisk
of over-hydrogenating olefins, reducingjetyield
andlimitingrecycle opportunities.

e Recycling C2-Crolefins (outside the jet fuelrange)
backto eitherthe MTO or oligomerizationreactor
cantheoreticallyimprove selectivity to as high
as 95%. However, itisunclearhow widely this
high-recycle approachhasbeenimplemented
inpractice.

Deployment examples

o EuropeanEnergy,Kasso Plant, Denmark (2025)
e-methanol capacity ~42 kta

e ExxonMobil, Pilot, Belgium (2023) <O.Tkta (e-SAF)

Source: ERM proprietary analysis
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1.3 ERM Analysis:

Technology and integration
deployment examyples

Reverse Water Gas Shift + Fischer Tropsch

il
% ERM

Technology Developer Location COz2source Capacity (ktpa) Plant startup Status
Individual components
Electrolysis Sinopec Kuga N2 20 (H2) 2023 Operational
(China)
DAC Climeworks Iceland DAC 36 (CO2) 2024 Operational
Point source Archer Daniels USA Biogenic CO2 1,000ktpa 2017 Operational
COz2 capture Midland, fromcorn biogenic CO2
Schlumberger ethanol plant
RWGS Infinium USA Undisclosed, 6.3ktpa (mixed 2025 Operational
likely point hydrocarbons,
source fossil mostly diesel)
FT synthesis (fossil) Sasol South Africa Syngas 5,700 (mixed 1980 Operational
from coal hydrocarbons)
gasification
FT synthesis Ineratec Germany Biogenic 2.5 ktpa (SAF) 2025 Operational
(non-fossil) (from waste
recycling plant)
Hydrocracking/ Reliance India N/A 4,194 (mixed 1999 Operational
isomerisation Industries hydrocarbons)
Integrated technologies
Point source CO2 + Ineratec Germany Biogenic 2.5ktpa (SAF) PAOKAS) Operational
Electrolysis + RWGS (from waste
+ FT + Hydrocracking recycling plant)
/isomerisation
Point source CO2 + Infinium USA Undisclosed, 6.3ktpa (mixed 2025 Operational
Electrolysis + RWGS likely point hydrocarbons,
+ FT + Hydrocracking source fossil mostly diesel)

/isomerisation

Source: ERMproprietary analysis
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e-Methanolto Jet

Technology Developer Location COzsource Capacity (ktpa) Plant startup Status

Individual components

Electrolysis Sinopec Kuga N/A 20 (H2) 2023 Operational
(China)
Point source Archer Daniels USA Biogenic CO2 1,000ktpa 2017 Operational
COz2 capture Midland, fromcorn biogenic CO2
Schlumberger ethanol plant
DAC Climeworks Iceland DAC 36(CO2) 2024 Operational
(not at full
capacity)
Methanol to olefins Jiangsu China Fossil 833 2018 Operational
Sailboat
Petrochemical
Company/
Honeywell
UOP
Integrated technologies
Electrolysis + European Kasso Biogenic CO2 42 2025 Operational
Methanol synthesis Energy (Denmark) frombiogas (e-methanol) (not at full
capacity)
HIF/MAN Chile DAC 0.6 2022 Operational
Energy (e-methanol)
Solutions
Electrolysis + ExxonMobil Belgium N/A NORICENTA\D)] 2023 Operational
Methanol synthesis + (pilot)

MTO +
Oligomerisation +
isomerisation

Source: ERM proprietary analysis
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