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Foreword

United Arab Emirates

The conservation of our environment is a foundir
principle of the United Arab Emirates, enshrined
the words of our founding father, Sheikh Zayed t
{dzf Gy If b KelyyYy az28§
establishment of our state, to protect the
environment and willife. These achievement:
should be an incentive for us, particularly the Emir
youth, the future generation, to continue taking cai
of and keeping the environment safe and cle
0SOlFdzaS AT 6S R2yQizI ¢
that Allah blessed uwith; these resources are no
ours alone, they also belong to our children and th
OKAf RNBY ®d¢

In these words, Sheikh Zayed bin Sultan Al Nah
reminds us that the economic developmel
catalyzed by aviation must not come at the cost
the environment; aruth that is brought sharply into
focus in the era of climate change. We are equipp
ourselves with the means to realize this vision. T
strong foundations of international cooperation hay
built the architecture for action, and the UAE is prol
to be undertaking the preparations to host COP2
ensuring we work together for our shared future. O
global efforts are reflected in our national target
with the UAE leading the MENA region with the fii
commitment to the Paris Climate Agreemer
complimerted by the UAE Net Zero by 2050 strate
initiative. Our government, companies, and resear
institutions are rapidly translating this into action.

LY HamMdpE 9GAKFR 2LISNI
fuel made in the UAE from plants grown in saltwal
by the Sustainable Bioenergy Research Consort
(SBRC), a consortium of Khalifa University, Eti
Airways, Boeing, ADNOC, Safran, GE and B/
Resources. Emirates and GE are collaborating ¢
program to conduct a test flight using 100% SAF

H.E. Suhail bin Mohamed Al Mazroue
Minister of Energy and Infrastructer

using fuel made in the UAE from plants grown
saltwater by the Sustainable Bioenergy Resea
Consortium (SBRC), a consortium of Kha
University, Etihad Airways, Boeing, ADNOC, Saf
GE and BAUER Resources. Emirates and GE
collaborating on a program to conduct a test fligl
using 100% SAF ke end of 2022, eroding the
barriers to higher uptake of sustainable fuel
Considerable efforts are delivering further initiative
including partnerships by ADNOC, BP and Masda
pioneer clean hydrogen and technology hubs, a
several facilities undetevelopment to produce clear
fuels from sustainable waste feedstocks.

Aviation is a particularly challenging industry
decarbonise and will require the development «
novel technologies. Our research institutions a
stepping up to the task, building ¢hknowledge and
tools to ensure our world can be sustainab
connected.

The development of clean aviation fuels represer
the dawn of an age where we are able to levera
existing and future resources to become moi
sustainable. The UAE is endowed withipsrb
advantages to succeed in this future, with access
some of the cheapest renewable electricity from sol
generation in the world, adaptable hydrocarbo
infrastructure, and the industrial capability an
workforce to leverage the opportunities. Thargise
of this new industry will bring jobs, economic growt|
and climate benefits to our nation, and we ar
delighted to present this roadmap for the UAE -
become the center of this energy ecosystem.



This roadmap was made possible with the contributions of the following organizatigsis:General
Civil Aviation Authority (GCAA)AE Ministry of Energy and Infrastructure (MOA&bu Dhabi National
Oil CompanyADNOG; BeeahEnergy Boeing bp, Dubai Airports Emirates Etihad AirwaysHSBC

International Air Transport Association (IATK)alifa UniversityMasdar Safran Shell Aviationand
ICF.
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The 5Sustainable Aviation Fuel (SAFinciples are designed to accelerate tReS OF NB 2y AT | (A
aviation sector and transform it into a regional hub for low carbon aviation fuels.

By 2030, the UAE will develop domestic SAF capacity saffioiproduce 700 million liters of SAR
an annual basis

The UAE will supportesearch, development, and demonstratigRD&D) of SAF technologi¢
through dedicatedresearchefforts focusing onSAF prodation and deployment of earbgtage
facilities to produce SAF at a commercial scale by 2025.

The UAE will explore and assess potential policies to support thedomgeconomic operation of
SAF facilities in the UAE, and to align with domesticirtednational SAF ambitions to decarboni:
aviation.

The UAE will further mature the governance structure for the national SAF program, developi
local institutions and skills to create-@ountry Value (ICV).

Aviation is a global industry, and alongside national efforts, the UAE will seekdlerate the global
transition through leadership at ICAO, and support of projects on renewable fuels and energy ir
countries.



' @A GA2Y KIFa I tdithuedgloiviB. THelyfternatiosal Air Tran@udrt Association
(IATA)stimated thatin 2018,aviation and tourisnO 2 y (Gt NA 6 dzi SR Mo ®ozeq@afio 1 KS O2
47 .4 billion USDT he sector directly and indirectly sustaif&/,000 jobs in th&JAE, andtiis estimated

thatavA I (i GGRB/cOEibutionvill grow by 170%verthe next 20 yearsToachievethe international

and UAE National climate ambitions, the contingedwth ofthe aviation industrynustbe sustained

with low-carbon technologiesSAF will be the key technolbbg G2 RSOl NBb2y AT S GKS '1 9
long-haul aviation industry.

This SAF Roadmap is a result of strong pupliwate collaboration in the UAE, which will be a key

enablerto deliver the roadmap TheMinistry of Energy and Infrastructuisf S RAy 3 G KS y I (A
future with supporting partners in the SAF Committéeis informed by feedback and inputs from

industrial stakeholders, and from international and supranational institutiguaaties. Dueto their

immediate potential to decarbonie the aviation sectorthe Lower Carbon Aviation FuelsGAF

opportunities are managed by a dedicated taskforce, falling outidescope of this report.

The UAHas several advantage® developa SAF industry that creates economic value, jobsd

reduces emissionsThe UAHas considerablexisting infrastructure and expertise with hydrocarbon
fuels,avibrant RD&D landscapeand plentiful opportunities to generate cheap renewable eneB/F

technology supports and is supported bthe pioneering UAE strategieacrossEnergy, Climate,

Industry, Hydrogen, and International Leaderghiplt YR It Adyad 6A0GK (GKS Wt NRYC
illustrates how the UAE can take advantage of thepportunities, while mitigating the cost and
FSSRahG201] OKFffSy3aSasz (2 thelrdratitablednk Sistdineble@rdwth. A NI A y S

This roadmap establisteb principles for the UAE to scale up SARese principles will maximize the
benefits of SAF, while reducing aviation emissions and providing substantial economic benefits. These
LINARYOALX S& gAftf aSNWUS |4 odAfRAY3I o0f201a F2N GKS
private colhboration,alongsidehe SAF committee:

A Principle 1: Establishing the Ambition
Principle 2: Accelerating SAF Technology Deployment and Innovation
Principle 3: Developing the National Regulatory Environment for SAF

Principle 4: Building Local Capacity tod In-Country Value

> > > >

Principle 5: Leading International Collaboration

vii



@ Principle 1Establishing the Ambition
\\

By 2030, the UAE will develop domestic SAF capacity sufficient to supymillion liters SAFon

an annual basisThe current development of facilitiagilizing halophytes and MSWill kickstart
productiontowards this goalln the midterm, biogenic feedstockmits will constraint the scalability

of these approaches, whiléncreasingly affordable renewable energyeneration hydrogen
productionand carbon capture will alloi?ower to Liquid (PtL) SAd-play an increasingly important
roleini KS ! I 9 Q& CHapte€ prdvitks debidBdrehensive assessment of the SAF potential in
the UAEwith a focus on feedstockand Chapter 4presents the results of the scenario study and
0dzAf RdzLd 2F GKS !19Qa {!C dFNRSGO®

The700 MLSAF target by 203®@ill provide substantial environmental and economic benefit$his
volume of SAF witeduae an estimated cumulativé.8 million tonnes ofCQ by 203Q and creae up

to 18,000 new jobs across the value chain in phecess.The fuel wil be produced atip to five SAF
facilities, potentially including the expande§ . w/ Q& K1 f 2 Ipi§jéct) @astructién off ! C
¢ RgSSNDa a/{ 2,antlR3additicdal RaNRt@$qGidifaciliiesSome of this production
could be exported tanake ug of more mature policiegegimes, for example the European Union

(EV, andallocating half of this supplior export opportunitiescould provide acumulative$1.7bn of
exportrevenue forthe UAE by 2030 KA & ¢2dzf R FTdzZNIKSNJ RAGSNBATFE (KS
G2 GKS ylGaA2yQa Oldiddsimatied thadOretadomn ofsrzasidéntzilidbe
required in SAF facilities and the supporting value chain to peok@d millionliters of SAF in the UAE

by 2030

R oo e

18,000 New Jobs in
700 million 3 to 5 SAF Facilities the UAE
Ilters/year' SAF $7bn to $9bn 4.8 Mt Accumulated
Production Investment in Value Emission Reduction
by 2030 Chain by 2030
$1.7bn Accumulated

\ / \ SAF Export /

Thistarget would position the UAE as a regional leader for SARdcementits role within the global
SAF industry bglightly exceedinghe 9 | 2080SARargets of 6%t would also slightly exceed the
IATA estimation thab.2%SAHR23 billion liters globallyis required in 203@o set the industry on the
path to net zero emissions by 2050

viii



<y Principle 2Accelerating SAF Technology
@ﬁ Deployment and Innovation

The UAE will gpport research developmentand demonstration(RD&D) of SARechnologies and
deployment of earlystage facilities to produce SAF at a commercial scale by Z22Beed for further
RD&D support across SAF technology pathwaysuidal as the most promising SAF production
pathways applicable to the UAE are stillthe early stages of commercializatianid - Technology
Readiness Lev®ITRL)The UAE is seekirtg unleash the potential of these emerging technologies
through collaborativeRD&Dsupport. To achieve this, the UAE cowdtabli$ a researchcenter
focusing onSAF production bringingtogether industry and academia under a unified strategic
research agendaProviding financial support for SAF RD&D and production will enable the UAE to
create a SAF ecosystem which supports and attracts sustainable research and industrial activity for
the purposes of achieving sustainable aviatiGhapter Sprovides details on how tocaelerae SAF
technologydeployment andinnovationthrough financial and regulatory togland capital building.

Key initiatives to support this principle by 2030 are gilielow:

Dedicated Research Centre for SAF production

Research grant for new SAF projects

Provide free of cost land and other infrastructure for initial SAF production plants
Provide soft loan for initial SAF production plants

2025

Bwn

Development of financial incentive scheme based on usage of SAF produced in the UAE
Investment in the SAF producers in other countries to support development of key
technologies

3. Development support to SAF infrastructure in airports and transportation

N =

2030



<, Principle 3Developing the National Regulatory
== Environment for SAF

The UAE will explore and assess potential policies to support the {mmgn economic operation of
SAF facilities in the UAENd achieve thedomestic and international ambitions to decarbonize
aviation Thereis a variety of policy instruments whiatould be utilized to scale up SAF capacities
which can be broadly categorized into suppigle and demandide measuredPositiveincentivesare
likely to be the most appropriatetools to scat up early stage SAF facilities the UAE, given the
specificfeedsbck and technologyelatedopportunities and challengeshis roadmap provides a tep
level overview of global SAF policies applicable to the Whlta moredetailed assessment of policy
measuresto be conducted subsequentl\Chapter 5provides details on @veloping thenational
regulatoryenvironment for SAEhroughthe utilization of policy instruments.

1 Facilitate SAF production in the UAE by following economically viable options for the
UAE

9 Collaborate with international corporations on lifting the blending ceiling to progress
the development of SAF

3 Enforce policy and regulations on SAF usage by following international guidelines and
certification measures

4 Invest in Research and Development to enhance SAF development

5 Advocate SAF investments by supporting new initiatives and strategies covering

aviation sustainability

Support Stimulate Enable :
Supply Side Demand Side . Trade Opportunities |




& Principle 4Building Local Capacity to Boost In
. Country Value

The UAE will further mature the governance structure for thational SAF program, developing the
local institutions and skills to create kCountry Value (ICV)This report highlights théeedstock,
technology, economic andcemployment opportunities for SAFin the UAE Achieving these
opportunities will require aobustgovernance structure, and skilled workfordde UAE has a unique
head-start with a workforce highly experienced with liquid hydrocarbons, and develapipgrience
producing renewable electriity, low-carbon hydrogen, @d carbon capture Further steps can
consolidate and build on #se skills and capabilities emsure the UAE becomes a regional hub for
low carbon aviation Establidhing educational courses, engineering specializations, a SAF specific
government departmenas a part of theAssistant Undersecretary for Oil, Gas and Mineral Resqgurces
and SAF conferences are just some of the steps the UAE can take to build its capacity to develop SAF.
Chapter 5provides details on Wilding local capacity toboost ICV.Key irtiatives to support this
principle by 2030 are given below:

Dedicated SAF department in the MOEI for all the information and required approvals
Establishment of SAF implementation task force as a part of the SAF/LCAF council
Annual/bi- annual international conference on SAF

Establishment of SAF production network locally and globally

2025

BN

Development of in country value (ICV) incentive programs

Dedicated courses and trainings on SAF in collaboration with universities and international
organizations

3. Engineering specialisation courses for SAF for development of talent pools

N -

2030
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Aviation is a global industry, and alongside national efforts, the UAE will seek to accelerate
the global transition throughleadership at ICAO, and support of projects on renewable fuels and
energy in other countriest KS ! 1 9 Qa 02 Y YA G YS will maardngf{lly SDpp&tShE St 2 LIY S
decarbonizator2 ¥ G KS ! ! 9Q& | Cdeleldpitie fechhofoGekzaskills,Eard thiedg R
requiredfor the global transition to a lowcarbonaviation industry. However, this is a transition that
no country,industry, or company can achieve algramd collaboration will be essential to success.
Poised to host COP28 in 2023, the UAE isuatygpositioned to lead global discourse on SAF
production and utilization as part of wider climate change action. Furthermore, davealoping
finance, technologicaland industriahub, the UAE can facilitate the global proliferation of SAF best
practice, aid in knowledge transfer, and invasd exportRD&D. SAF technology is itself underpinned
by several lowcarbon technologies, including renewable electrigigneration and storge, low-
carbon hydrogen, carbon capturand logisticsThe financial support andexpertisethat the UAE
already provides to international projects across these technologgesricial to the broader
transition, whichcompounds the work the UAE is underitadk for SAFChapter Sorovides details on
how the UAE can support international SAF ambiti&ey. initiatives to support this principle by 2030
are given below:

Active participation in various SAF initiatives

Collaboration with global players for technology development
Introduction of the new theme in Abu Dhabi sustainability week (ADSW)
Hosting ICAQ/IATA/CAEP meetings

2025

AN

N =

Invest/host a SAF production plant with country level agreements
Host head office of a multilateral organization working in SAF
Co-create innovative financial models to help build economies of scale

2030

w
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The urgency of climate change makes it of vital importance thatihged Arab Emirate$UAB
develops and implements a unified national policy strategy that recognizes both the inherent
complexities associated with the energy transition in the aviation sector and the unique opportunities
and characteristics of the UAE

The Ministerial DevelopménCouncil (MDC) under the Cabinet of the UAE is responsible for
supporting the Executive Branch of the UAE Federal Government via follow up on the implementation
of general policy, development plans, laws and regulations within the framework of its ¢tinsdand
responsibilities. Among such responsibilities, the MDC issues binding instructions and studies reports
and proposals aimed at advancing government activities in national priority areas.

ly al NOK HnaumI (GKS a5/ NBJA $eeDRsudtaindbiNBieland lody G 2
carbon fuel forthe aviation sector, with the aim of enhancing future investment opportunities in this
field and developing an integrated strategy that promotes partnership between public and private
a S O (. ZMstled tathe creation of the Committee on Sustainable and Low Carbon Aviation Fuels
(SAF/LCAF Council), chaired by His Excellency Suhail bin Mohammed Al Mazrouei, Minister of Energy
and InfrastructurgMOEI) with the membership of the Ministry of Foreign Affaansd International
Cooperation, the Ministry of Climate Change and the Environment, the Ministry of Industry and
Advanced Technology, the Ministry of Economy, the General Civil Aviation Authority and the Abu
Dhabi National Oil Company (ADNOX3)a result bthe first meeting of the SAF/LCAF Council in May
2027, the drafting of a national policy strategy tmw-carbon fuelsn the UAE was prioritized, aiming

to:

Encourage publiprivate partnerships in the SAF production value chain

Attract foreign and dmestic investment in sustainable energythe aviation sector

Qupport local development of scientific research in key related areas

Support the General Civil Aviation Authority in regional and international negotiations related
to climate change mitigadn with a focus on the aviation sector

PN PE

The UAE presents multiple opportunities and challenges that musetegnizedby the national

policy strategy, and this roadmap endeavors to assessamunarizehese. This includes the scarcity

of biogenic feedstocks, plentiful opportunities to generate cheap renewable energy, existing
infrastructure and expertise with hydrocarbofuels, vibrant R&D landscape, and the vital
importance of aviation and the associated tourism and business to the UAE. Exploiting these
opportunities will require targeted policy suppoend the level and design of this support wasult

in the diflerence betweerthe UAE becoming pioneer or afollower in the global SAF markelfhe
roadmapaims to clarify targets,tackle the challengesxpectedon the path to the national policy
framework and facilitate the work of th8AF committegowards that goa
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The SAF Roadmap is the result of a collaboration of the Ministry of Energy and Infrastructure with
supporting partners in th&AF Committeand outside stakeholders. It is informed by feedback and
inputs from national and international industrial akeholders, and from international and
supranational institutionagparties This roadmap is supported by thrk undertaken by the UAE to
developLCAF, whicks defined as a fosdilased aviation fuel that meets the CORSIA Sustainability
Criteria underthe Annex 16 Volume Idefinition®. Due to the considerable ne#erm opportunities

for LCAF, this work is undertakéy a dedicated taskforceseparate to thescopeof this report.
Aviation technologes may also allow increasing use alternative fuel types, such a$iquid or
pressurized hydrogen and batteries. While both electricity and hydrogerkeyeenables for the

11 9Qa
below.

{ ! CtheMd@irecRu¥el akfliels is also outside the scope of this repas illustrated



Il Alternative Aviation [jjJll Sustainable Aviation jjll Recycled Carbon
Fuels (AAF) Fuels (SAF) Fuels
Lower Carbon Aviation

Fuels (LCAF)

o Synthetic Fuels (PtL)

Scope of this study

Aviation Fuels —
— —| Biofuels

Another task force

1.1 ¢ KS !12050\@s@n and_ow Carbon Enerdstrategies

Guidedo &8 G KS Wt NXhg QAE lhiis $een & tivebyilding avibrant low carbon economy

with key strategies ifive areas: Energy, Climate, Industry, Hydrogen, and International Leadership.
Thisframeworkprovides astrong platform that theUAE SARoadmapconsolidates and accelerates.
This section describd®wthe interactionsbetween each strategygerve to facitate the development

of the} ! 9SAR industry.

The UAE SAF Roadmap
Creating a Low Carbon Aviation Energy Hub
2022

The UAE Energy Net Zero by 2050 Operation 300 H, Leadership The UAE to host
Strategy 2050 Strategic Initiative billion Roadmap CopP28
Providing 50% Increasing the GDP Capturing 25% of the Hosting COP28 in
- share of the UAE global low carbon 2023
by 205¢( ) hydrogen trade by )
203C
2017 2021 2021 2021 2021

Principles of the 50
The UAE's 10 Principles for the Next 50 Years
2021

Legend
Strategy/Initiative

Date of announcement

The UAE Energy Strategy 2050



Launched irR017,the W9 y SNH & { (i pNdvideS audifiedi engrgy Stiategyo achievethree
major objective&

1. Increase the contribution of clean energy in ttoeal energy mix to 50% by 2050
2. Reduce the carbon footprint of power generation by 76%sed on 2017 baseline
3. Increase the consumption efficiency of enders by 40%.

With over 600 billion AED committealy 2050, he strategy targets an energy niilxat combines
NEYySgltotS IyR ydzOf SINI Ia OftSkry SySNHe& az2dzaNDSa
environmental goalsThis strategy is currently being updatedrough the development of an
Integrated Energy Model (IEM) partnership with Khalifa University and the International Renewable
Energy AgencffRENA

Historical and forecast electricity consumption by generation type, in TWh

300
Forecast _.-- BAU Demand
250 T
200 | T
150 P : " Target demand
100 . Renewables
. Coal

50 o . Nuclear

0 . . Il:l Gas

1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

TheUAE Net Zero by 2050 Strategic Initiative

AnnouncednOctoberi nHMX GKS abSi »%SNPR madethe nAbme figstiMthed SIA O |
Middle Eastind North AfricalIENA region to commit to national economyide netzero emissions.

CKAA AYAGAFOGAQGS ftA3dya gA0K OdZNNByYydG yraAz2ylf RS
roadmap, which aims to accelerate economic transition ajwdwth along a clean and sustainable

paradigm.

Operation 300 billion

Operation 300 billioristhe ! ! 9Qa AYRdzZAGNALFf A4GNFGS3IAO0O AYAGALF GA
contribution of the UAR idustrialsector to300Bn Dirhanby 2031 This intudesspedfic provisions
to accelerate research and development, which could include the emerging SAF technologies.

Additional roadmaps includé KS dabl GA2y It /€AY (GS cH/KgyaS & | &S 2€
emirated LISOAFAO 2y Sasz &adzOK | & K SJogéthen thesesirfitiatives ar® O2 y 2 Y
expected to support the development of 14GWlow-carbonenergy production by 2030, ith 31%
emissions reduction being targetexver the same periofl This target was originally 23.580d has




beenupdated in September 202® reflect the! | 9 Q&4 AYONBF aAy3d | YoAGAZ2Y G2
of the climate change

The UAE Hydrogen Leadéip Roadmap

LY b2@SYOSNI wnumI GKS 19 | yy2dzy & & eomgirdghéhsivd | @ RNE -
blueprintaimed atestablishingdeveloping/expandingi K S Y hyidrbg2nprodictioncapabilities

in line with its netzero ambitionsBuildingupon previous commitmerst the Hydrogen Roadmap

servesto reinforceand strengthenthe UARQ & LJ2 & A (i A htgrnatiohalihidkogenetda@ny.

Chief among itembitions,the N2 | RY | LJ KA 3K A 3 K passes@B¥Gof the gbtelw A y i Sy
carbonhydrogen trade by 2030rhisRoadm@ promotesa sustainable economic growth trajectory

that leverages research, development, innovation, and clean technology and firmly estalitishes

country as a competitive exporter of low carbon hydrogen.

The UAE formed the Abu Dhabi Hydrogen Alliaswedéthe National Hydrogen Technical Committee

have already announcedver 7 projects and more to come. The Hydrogen Leadership Roadmap
comprisesthree core objectives: unlocking new sources of value creation through exports of low

carbon hydrogen, derivatives and products to key importing regions, fostering new hydrogen
derivative opportunities through lowarbon steel, sustainablaviationfuel (specificallyPtL SAR)s

gStf a 20KSNILINA2NRGE |19 AYRAZAGNASE FyR 02y { N

As outlined in the Roadmap, the UAE aims to support thedaseon hydrogen business through five
critical enablers: a clear regulatofyamework backed by policies, incentives, standards, and
certifications; besin-class technology through vakagld partnerships and the vibrant and robust UAE
domestic research and development structure; access to existing and new Govertunent
Governmet relationships to accelerate growth of a domestic ecosystem; readily available land and
infrastructure resources to support domestic production; and green financing within the UAE and in
international capital markets. The UAE is well on its way to meeitrnitbition to be a global leader in

low carbon hydrogen with more than seven projects already underway which will target 25 percent
market share in the key export markets, including Japan, South Korea, Germany, and India initially
along with additional hig-potential markets in Europe and East Asia

This governmental effort is reflected in the realignment and strategic movements by national energy
and development companies to also pursue a unified vision in the hydrogen economy, as
demonstrated by the partnerships between ADN®@Bu Dhabi National Engy CompanyTAQA,
Mubadala and Masdar towards project development and investments in clean and renewable energy,
Carbon Capture, Utilization and StorageCU¥technologies and other enablers of lesarbon
hydrogen production and use. Since the announcement of the roadmap, strategic partnerships have
rapidly evolved from the former Abu Dhabi Hydrogen Alliance into the new joint ownership structure
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http://wam.ae/en/details/1395303082685#:~:text=In%20its%20updated%20second%20NDC%2C%20the%20UAE%20has%20increased%20its%20greenhouse%20gas%20emission%20reduction%20target%20from%2023.5%20percent%20to%2031%20percent%20by%202030.%20To%20achieve%20this%20goal%2C%20the%20country%20aims%20to%20involve%20five%20priority%20sectors%20%E2%80%93%20electricity%2C%20transport%2C%20industry%2C%20waste%20management%2C%20and%20CCUS
http://wam.ae/en/details/1395303082685#:~:text=In%20its%20updated%20second%20NDC%2C%20the%20UAE%20has%20increased%20its%20greenhouse%20gas%20emission%20reduction%20target%20from%2023.5%20percent%20to%2031%20percent%20by%202030.%20To%20achieve%20this%20goal%2C%20the%20country%20aims%20to%20involve%20five%20priority%20sectors%20%E2%80%93%20electricity%2C%20transport%2C%20industry%2C%20waste%20management%2C%20and%20CCUS

of Masdar®, which will focus the development efforts of these companies in the renewable energy
and green hydrogen market, aiming to increase production capacity targets from 23 GW to well over
50 GW by 2030.

Hydrogen is a key input for both biogenic and PtL SAFdpdd A 2y @ ¢ KSNBEF2NBE>X (KS
substantially increasin@ffordable hydrogen production will create acompetitive advantage for
initiatives looking toscaké-up SAF capacitythe UAE is currently working on a National Hydrogen

Strategy, whictwill be launched at the end of 2022 Yy R Aa SELISOGSR (2 FdzNIKSN
leadership in the hydrogen industry

UAE to Host COP28

In 2021 the UN Framework on Climate Change announced that the UAE will host the 28th Conference
of Parties(COP28) in 2028.This opportunity shows the unwavering commitment of the UAE to
mitigate the effects of global warmirand will provide further opportunities for the UAE lead and
accelerate the development of a national SAF industry

Aviation is one of the mostuccessfuindustrial sectos in the UAE TheInternational Air Transport
Association (IATA)estimated that in 2018,air transportindustry and foreign tourists arriving by air
contributed 13.3% of the couNtE Q &, eddd&ingto 47.4 billion USDThe sector,directly and
indirectly sustain§ 77,000 jobs in th&JAE and t is estimated thathe GDP contributiomwill grow by
170% in the next 20 yeats.

Thedecarbonizatiorof the domestic aviation sector igddressedunder the Nationally Determined
Contributions (NDC} through the Paris Agreemenihe International Civil Aviation Organization
(ICAO), a specialized UN agency, addresses all matters related to international aviation, including
environmental protection and GHG emissions.

¢ KS ltwo ®aQ &arrier airlines have been activelyilding strategies and initiatives to decarbonize
by 2050:

1 Etihad committed to achieving net zero emissions by 2050, with milestones including a 20%
emissions reduction intensity by 2025, and a 50% reduction by 2035 compared to 2019.

f Emiratessupportst® L! ¢! Q& 02ttt SOUA DS AYyRdzZAGNE O2YYAlY
2050 and is constantly reviewing the opportunities that will help to achieve this goal, which
include operational fuel efficiency, SAF, LCAF and renewable energy.




Theseairlines have prsued a highly successful interconnection model, establishing the UAE as a
transport hub between the global east and west. The success of this model has led to a high share of
long-haul flights in the UAE, with lodtaul flights representing 70% of UARailable Seat Kilometers
(ASKin 2019, compared to the global average of 34%

ASK split, %
80% 70%
60% Long-Haul
34%
40% Medium-Haul
20% . m Short-Haul
O% I

World UAE

The UAE aviation market is overwhelmingly international, with very limited domestic operakioas

majority of short haul flights are to neighboring countiaad theseshort flightsconstitute only 3% of

GKS 1 9Qa&a | Zkd dorfefognda adnégligihie adount of jet fuel consumptioBy
comparison, londnaul flightsaccount for 70% off KS | | 9 Q& | ahdwillicdmnghsuraelii A A G &
result in the majority of emissions created by the countries aviation sebDi@carbonizing longaul

aviation is particularly challengings longdistance flightanust be powered bjuel withahighenergy

density, low weight and small volume. In the short to medium term, merging clean aviation
technologies such as electricity and hydrogen will be limited in their abilityetet these demands,

while drop-in SAFcan be used todato decarbonizeexisting and future aircraft. SAF will therefore

be critical todecarbonizdil KS | ! 9Q& | AL GA2y &aSOG2NWD

In addition toEmirates and Etihadhé UAE has twdow-cost carriers Hydubai (since 2009), and
Sharjahkbased Air Arabia (since 2003here arethree domestic and seven internationairportsin

the country A Yy Of dzZRAY 3 5dzoF A LYGSNYlFGA2yFE | ANLERNI 65 -
airports, and Abu Dhabi Intertianal Airport (AUH)The nation also haa large air cargo industry,

with busy cargo routeto India, Germany, UK, Turkey, and Saudi Atabia
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2 SAFTechnology anéPolicies

SAF can be classified based on feedstocks, bletidiitigand conversion pathways. The below table
lays out whathe availableconversion pathway for certain feedstocks, blending ratios by volume and
commercial projects imelation to every procesd To be used in commercial flights, a sustainable
aviation fuel must comply witlthe American Society for Testing and MaterigdSTN standard
D40545. As of June 2020, quocessingand severconversion processes have been apgd for SAF
production

There are 9 ASTM approved pathways for SAF production

FT-SPK Biomass (e.g. trash/rubbish, forestry residues, grasses) EEEEE
HEFA-SPK Waste lipids & fats (e.g. UCO, tallow, DCO) EEEEE
HFS-SIP Sugars to hydrocarbon (e.g. molasses, sugar beet, corn N
dextrose) °
FT-SPK /A Same feedstock as FT-SPK, but slightly different process ]
ATJ-SPK Agricultural waste (e.g. forestry slash, crop straws) EEEEE
CH-HK Plant and animal fats, oils and greases (FOGs) EEEEE
HC-HEFA-SPK Bio-derived hydrocarbons, fatty acid esters -
Fats, oils, and greases (FOG) co-processed with
_ * o
Fischer-Tropsch hydrocarbons co-processed with 9
- * 1 5%
Co-processed FT petroleum

Out of thesevenapproved pathways, HEFAcisrrentlyused to producenostcommercially available
SAF. Other pathways are in various stagedeselopment with commercial scale facilities under
construction that wilutilize the FISPKand AtJ technologies, among othevghile the HEFA pathway
is currently the most mature and affordablé is increasinglyconstrained by the availability of
feedstock.Someadditional feedstocksfor the HEFA process can be manufactundd, approaches
such as Halophyte growtbut other SAF production technologies, such as Petwdriquid possess
greaterscalability potential The main obstacteto scaling these technologiese the high cost and
risk, which are both a result of tiveearly stage of technical developmént

2.1 International Aspirations

There have been extensive efforts to develop global aviation decarbonization targets and policies.
ICAO has been at the forefront of these efforts alongside the IATA.i$G&@led and dirged by 193
national governments to support their diplomacy and cooperation in air transploerefore its role

10



in designing the global SAF future through policies is critiepkeRenting 290 airlinethat carry83%
of total air traffig IATA is another key international player in developing the future of SAF.

ICAOAspirational Goals

With a view to minimize the adverse effects of international civil aviation on the global climate, ICAO
formulates policies, deveps, and updates Standards and Recommended Practices (SARPS) on aircraft
emissions, and conducts outreach activities. These activities are conducted by the Secretariat and the
Committee on Aviation Environmental Protection (CAEP). In pursuing its astii@AO also
cooperates with other United Nations bodies and international organizations.

The ICAO Assembly at its"4Bession in 2018dopteda w S & 2  dZABAC®nSolidatedistatement of
continuing ICAO policies and practices related to environmentitbctiont / € A YI G SB QK y IS¢
reiterated the two global aspirational goals for the international aviation sector of 2% annual fuel
efficiency improvement through 2050 and carbon neutral growth from 2020 onwards, as established

at the 37" Assembly ir2010.

To achieve the global aspirational goals, ICAO is pursuiagket of measureéncluding(i) aircraft
technology improvementdjji) operational improvements(iii) use of sustainable aviation fuels, and
(iv) marketbased measures (MBM) aimed amissions reductiof. This basket of measures is

O2YY2yte RSAONAGSR & GKS T2dzNJ LIAVith ddditBnalddik L/ ! h Q&

dedicated to other dimensionsuch asaircraft noise and local air qualith global MBM scheme is
consiENBR @2 06S LINBFSNIoftS G2 | &Ll (wdKdspaklese 27
compliance regimes.

The MBM schemeélevelopedby ICAQo achievecarbonneutral growth from 2020 onwardss the

Carbon Offsetting and Reduction Scheme for Internation&tidn (CORSIA). CORSIA reliesaonon

offsets to addressCQ emissions that cannot be reduced through the use of technological and
operational improvements, an8AFToensure environmental integrityooth carbon offset programs

and the emissions unithiemselves must be approved by ICAO as part of an ongoing process for
eligibility®®. Thevolume ofemissionghat must be addresskis based ora comparson ofthe total

CQ emissions fothe year against a baseline level of {&nissionsAny international aviation CO
emissions covered by the CORSIA that exceed the baseline level represent the sector's offsetting
requirements for that year.

The definition of the CORSIA baseline valuesrfplamentation during the pilot phase of the program

has changed from its initial inception to acknowledge the effects of the global C@\fiBndemic.

While originally the sectoral baseline was defined as the average of totar@i€sions for 2019 and

2020, accounted on all routes covered by and connecting airports between CORSIA pilot phase
voluntary participant countries, it was later amended in June 2020 by the ICAO Council to refer to
emissions in the year 2019 onfigr the pilot phase in order to avad placing an undue economic

11
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burden on aircraft operators impacted by a sharp decline in international aviation ativitiye
impact on the COVHD9 pandemic in the aviation sector and the potential pathways for recovery in
the near future are also key element of the 2022 CORSIA Periodic Review, which is the first periodic
review incorporated in the CORSIA framework to reassess the program performance every three
years.

The CORSIA implementation plan is still expected to follow three phases,gtaittiparticipation of

States in the CORSIA offsetting on a voluntary basis (during ongoing pilot phase and upcoming first
phase), followed by participation of all States except the States exempted from offsetting
requirements, as follows:

9 Pilot phase: f'om 2021 to 2023.
9 First phase: from 2024 to 2026
1 Second phase: from 2027 to 2035.

The UAE announced in 2016 its commitment to participate in CORSIA startinthé@titot Phase

(1st Jan 2021 onwards) and has since actively participated along ICAO &fferisure that all
reporting aircraft operators in the country (nine in total) were able to reach CORSIA compliance and
readiness statufs.

lf2y3aARS /hw{L! StA3IA0ES Syrdaairzya dzyArAdasz G§KS
deploymentof CORSIA eligible fuels. Understanding how different SAF may be able to meet CORSIA
eligible fuel status is a key consideration in the development of the SAERoadmap

Sincethe second ICAO Conference on Aviation Alternative Fuels (CAAM2aJdh 2018, effortdo

promote SAF have been undertaken $pecialized working groups, such as the ICAO -Teny
Aspirational Goal (LTAGELAO, calling on its private and public segartners/members, maintains

that by 2050, a significant proportion of CAF must be replaced by SAF as a means of significantly
reducing carbon emissions of the industty.y F2 NX I A2y 3IF §KSNBR 4 GKS
Seminar toward the ICAO 2050 Visib2 NJ { dzA G I A y I 6 f S?*ih ApKlRQLAsRofs tatzSt & 6
commercial production of SAF increased from an average of 0.29 nliticper year (20132015)
to 6.45 millionliters per year (2016&018).

The ICAO Council is in the process of difaing concrete targets for SAF adoptitanfacilitate a
conventional aviation fuel (CAF) replacembwpthe year 2050. Such targets are expected in line with
the 2050 Vision for Sustainable Aviation Fuels, to be defined no later than 2025, when tHE€&k®d
Conference on Aviation Alternative Fuels (CAAF/3) is expected to take place.

The latest Ighlevel meeting on the feasibility of a loAgrm aspirational goal for international
aviation COemissions reductionsonducted between 122 July 2022 iMontreal was a strong step

12



towards achieving global aviation decarbonization targets. The meeting concluded with many
recommendations focusing on SAF, including the follotfing

ACAO Member States are invited to incentivize, through policiespalicy tools, the research,
development and deployment of Sustainable Aviation Fuels (SAF), Lower Carbon Aviation Fuels (LCAF)
and other cleaner energy sources for aviation

IATAAspirational Goals

The IATA represents aircraft operators across 290 airlines engaged in commercial aviation from 117
countries.Publishingts environmental ambitions withithea L! ¢! {dza dF Ayl ot S 1 £ (S
{ G NJ % ®aassociatiororiginally targeteda 50%emissionreductionby 2050compared to 2005

levels This targetwas updatedin 2021, when at the 77 IATA General Assembly, a resolution

achieve netzero carbon emissionsdy 2050was approved?’. The newer and more ambitious
commitmentputs the aviatim secto @mission reductionargetin line with the Paris Agreemeit

Achieving this ambitious goatill require that both industrial stakeholders and governmental
institutions accelerate the development of SAF productiona scalable, timely, and affordable
manner. Policy supporwill be criticalto achieve theproliferation of affordable and accessibleFSA
line with the visionThe followingoase case scenario is the current focus of IATA efforts

70% 65%  _ 500 -
L Q
2 60% 54% 450 2
= - 400 @
2 50% - 350 =
2 40% - 300 &,
w L 250 ¢ £
g 30% L 200 & -
@ 20% 7% - 150 “qo_,
© F 100 &
= [=)
w 10/0 2% . | 50 %
0% —_— Lo =

2025 2030 2035 2040 2045 2050

2.2 National Policies

Major global aviation markets are also being supported in their decarbonization goals by national
initiatives. In the United Statgd)S)the federalgovernmentt | dzy OKSR G KS a{ dzadl Ayl o
DN} YR [/ KIffSyaS¢és gKAOK FAYa (G2 NBI OkKersfjoiSAESI a0 o
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production in the country by 203%. This initiative is spearheaded by federal agesitand othesto

develop a comprehensive strategy for the seapeof the SAF production at commercial scale |&Vels

It follows two specific goals, namely the reduction of overall GHG lifecycle emissions of SAF produced
in the US by at least 50%, while achieving production scale sufficient to meet 100% of aviation fuel
demand in the US by 2050, estimated at over 3fohilgallons (over 132 billiditers).

A comparable effort in target setting is seen across the Atlantic in the European aviation sector, where
aviation sector associations representing aircraft manufacturers, airlines, airports and air navigation

servie provider® K| @S LJdzot AAaKSR (GKS a5SadAyldAzy wnpné
levers, drivers and barriers relevant to reaching net zero emissions in European aviation sector by
2050, and to provide a unified vision for collective actioroasithe sectoral ecosystém

The European UniofEU)has recently increased its SAF mandate by 3@8posal to 6%from 5%)
which also includes a 0.7% sub mandate for PtL B#EPtL target will linearlyincrease to 5% by
2035, and eventually rea8% by 2050. Considering the strong demand signal for th8 At the
9!z YR GKS ! 90Qatthiadh Geap rerewable eherdyINds RaizdeSa significant
exportopportunity for the UAE.

SAF policies in the world (August 2022)

IQI Canada

Clean Fuel Standard to
be introduced from

[ ] |
Denmark
1|

Fossil-free domestic
flights by 2030

Finland
SAF Mandate:
Considering 30% by

l
!|= Norway
] [}

SAF Mandate - 0.5%
since 2020, considering

December 2022 —|_. 2030. A carbon-neutral  30% by 2030
country by 2035
-
BE= ynited states £ o Swee
: . N LA The UK SAF Mandate: 1% by
-California LCFS and 2 [S] 2021, 30% by 2030.

Oregon Clean Fuel
programs incentivise
SAF use

-The U.S. Renewable
Fuel Standard (RFS)
-Blender’s Tax Credit
(BTC)

-Increase SAF
production to 3bn
gallon by 2030
-Incentives as a part of
the Inflation Reduction
Act (IRA)

Proposed SAF Mandate
At least 10% by 2030
(Jet Zero Strategy)

—— )
£ Spain
E—
SAF Mandate - 2% by

2025 (Climate Change
Law)

I . France

SAF Mandate — 1% in
2022, 2% by 2025, 5%

Proposed 5% SAF
mandate

Fossil-free domestic
flights by 2030

Turkey - The EU

SAF Mandate: 2% in
2025, 6% by 2030, 32%
by 2040, 63% by 2050
With sub mandates for
PtL SAF: 0.7% by 2030,
5% by 2035, 8% by
2040, 1% by 2045, 28%
by 2050)

® Japan

Proposed 10% SAF
target

China

Expected expansion of
ETS to aviation

by 2030
SAF policies in place
SAF policies under development

Thegovernmental efforts are being supported bther stakeholders and negovernmental actors.
C2NJ AyaidlyoSs GKS 22NIR 902y2YAO C2NMzY(C$® 9 CO
Coalitior#*. This coalition aims to align both SAF producers and consumers with relevant actors along
the SAF technology value chain and support -finsiver efforts and initiatives for largecale,
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commercial SAF production projects.Y 2y 3 A (G & LJdzo f ASaskaiBbdble AFticR KRBl A X
t 2f A O& 3 deBcibesthe ineed for targeted, geograpkspecific technology developments,
project implementations and policy measures that leverage specific feedstock resources found in each
country to the most appropriate SAF production pathway. These actions must also eériiagd
crosssectoral opportunities for deisking project investments or manage market demands, in such a
way that the hardetto-decarbonize industrial sectors are afforded strategic importance during the
allocation of decarbonized fuels within a potito of lowercarbon energy system options. The
importance of a systemsriented approach to energy policy development is a view endorsed by the
UAEMOE]| which actively supported the development of the policy toolkit docum&he UAEMOEI

also supported dvelopment of a PtL Roadmap for the UAE in collaboration with WEF and ICF.
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"We are an oil producing nation, but we are today focusing on renewable energy.
Though there are many questions raised, the answer is very clear. We want to bu
future like we build our preserit

/ H.H.Sheikh Abdullah bin Zayed Al Nahyan
Ster of Foreign Affairand International Cooperatiod AE

Dubai Expo
Photo by Diego F. Parra




3 SAF Outlook in thBAE

The UAE has been actively working on projedtehbuild the foundations for SAF deployment in the
country. This section will exploréhe existing SAF projects and feedstock potential in the UAE,
consolidating then into a briefstrengths,weaknessesppportunities, andhreats(SWOT analysisof

the currentUAE SAF landscape.

3.1 Building theFoundatiors: ExistingSARProjects in the UAE

Through several strategieend initiatives the UAE istrivingto reduce the carbon footprint of its
aviation sector.Several projects are being developetiich promote SAmproduction and usén the
UAEIn the hopes ofachiewngits longterm goal of reducingmissions byp0%come2050. The UAE
aims to achieve its abition through an increased share of hydrogese throughout its economyand
by continuing to support initiativeg/hichcontribute to the development cBAFEXxisting SAF projects
in the UAE argiven below:

Existing SAF Projects in the UAE

SAF Production SAF Utilization

SBRC's SEAS project
Etihad’'s EcoDemonstrater Program

Tadweer's MSW to SAF project

Emirates’ SAF Test Flight

Hydrogen Alliance’s PtL SAF project
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SAF ProductionSustainableBioenergyResearch ConsortiutSBRC)

1 UOP/Honeywell

Investigating the potential for
sustainable biofuels in the UAE,
and utilize 100,000 ha halophytes

2 Boeing for SAF production by 2033.

The SBRC focuses on biomass
feedstock development,
bioenergy conversion, process
improvement and economic
development and environmental

4 Masdar Institute assessment

3 Etihad

The Sustainable Bioenergy Research Consortium (SBRC) was established in Abu Dhabi in 2011 as a not
for-profit research consortium to advance the aviation industry's commitment to sustainable business
practices by deveping technology with the promise of producing a clean, alternative fuel supply. The
SBRC was founded by Masdar Institute (now part of Khalifa University of Science and Technology),
Etihad Airways, The Boeing Company, and Honeys@R. Since then, Safra@BE, ADNOC Refining,

and Bauer Resources have joined. A crucial part of its research activity has been developing a large
scale research program on alternative fuels derived from halophytic (saltwater tolerant) plants, called
the Seawater Energy and Agiittire System (SEAS).

The SEAS platform is conceived as a multidisciplinary and holistic approach to theafteceénergy

nexus. It manages to leverage the harsh environmental conditions and resources -oeseid
locations, {.e., "conventionally" norarable land, seawater, and sunlight) to produce sazonomic
relevant outputs: seafood, bioenergy, biomaterials, and ecosystem services. It does so through each
of its integrated subsystems, namely aquaculture, halophyte agricyleuré halophyte agroforestry.

The first ten years of the SBRC were dedicated to conducting extensive research in the field of
halophyte agriculture. In addition, two significant milestones were achieved: 1) In March 2016, the
pilot facility of the SEABas inaugurated and has been operating for over six years; 2) On January 15th
of 2019, the first commercial airplane flight, partially fueled with jet fuel derived from oilseeds
produced at the pilot facility and refined at the ADNOC Refining Researtér Giaparted from Abu

Dhabi to Amsterdam, acting not only as a probfoncept for the SEAS but also for the establishment

of an entirely local UAE SAF supply chain. This SAF was refined at the ADNOC Refining Research Center
starting from Salicornia agixtracted from seeds produced at the SEAS pilot facility. Equipped with this
experience, due diligence is underway to design, build and operate a SEAS demonstalgdacility

of up to 200 hectares (ha) within the nextS3years in the western regiorf dbu Dhabi, where the
aquaculture subsystem would be a commercial operation while the halophyte agriculture and
agroforestry subsystems would continue to be dedicated to Research & Development.

18



SBRC's SEAS project has potential to deliver up to 152 kton/yr SAF by 2033
through biogenic feedstock (halophytes)

1 | Pump seawater 2 | Agriculture 3 | Wastewater from the agriculture operations
from the ocean to for fish which is enriched in nutrients, is used to
ponds, where fish and shrimp. irrigate salt-tolerant biomass (halophytes).

and/or shrimp
will be grown.

daza
2223
/. | Biomass from the 5 | Water that drains (5 | Biomass from
halophytes is used to from the halophyte fields the mangroves
produce bioenergy, would then be fed into the can be converted
including biofuels. mangrove wetland. into bioenergy.

SAF Production InitiativeWaste to Sustainable AviatioRuel Plant{\WtF)

Waste to Sustainable Aviation Fuel plant (WtF)

Project Participants %/ Objectives and Relevance
Producing 140 million gallons SAF
Tadweer annually through processing 4
Mt/yr MSW
The project aims to produce SAF
: @4{ Etihad Airways from MSW as a feedstock

In November 2021the Abu Dhabi Waste Management Center (Tadweer) signed a Joint Project
Development Agreement (JPDA) with Etihad Airways to facilitate the development of the first Waste
to-Sustainable Aviation Fuel (WtF) planthie Middle Easet. The planis expected to procegbemillion

tons ofMSWto producel40 million gallos (0.42 Mt)of SAF annuallyCQ emissions are expected to
0S NBRdzOSR o6& ™M YAftA2y (2ya Fyydz ffebo 4KAOK

SAF Production InitiativePowerto-Liquids (PtL)

36 Abu Dhabi to establish first Waste-Sustainable Aviation Fuel plant inddle East Retrieved from
https://www.wam.ae/en/details/1395302992893
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1 ADNOC
Producing green and blue variant of
sustainable fuel

2 Masdar
The project will provide an
assessment of green hydrogen that
3 Abu Dhabi Holding will be used as a fuel
Company (ADQ)

In 2021, Masdar's parent company Mubadala, alongtigeADNOGind Abu Dhabi Developmental

Holding CompanfADQ> | ANBSR (2 F2NX | GaKE@RNRB3ISY IftAlyOSsé
and blue variants of the fuel. The project will provide an assessment of green hydiegsrinthe

carbon neutral Masdar City, as well as in aviation fuel to be used by Etiltatudihansa. Green

hydrogen refers tdwydrogengas produced from renewable sources of energy such as wind and solar
Conversely blue hydrogen, which is being produced ARPNOCis manufactured through steam

methane reformingpair with Carbon Capture. Theonstruction of the demonstrator project is likely

to be completed with a tweyear timeframe.

Masdar's project idacked byGermany's Siemens Energy, Japan's Marubeni, Etihad Airways, the
Lufthansa Group, the UAE's Khalifa University of Science and dlegyrand the Abu Dhabi
Department of Energy. The main infrastructure for the green hydrogen project is being developed by
Siemens Energy and Marubeni. The German company is also developing one of the fimisetad
electrolyzer projects to produce thdrogen for fuel cells at Dubai's Expo 2020. Masdar will trial
manufactuing hydrogen using solar photovoltaic power and will look at opportunities in the future to
export such fuel to meet growing demand globally, particularly in Europe.
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MOElIlsupported a PtL Roadmap study for the
UAE in collaboration with the WEF and3CF
This study was published by the WEF in July
2022 and was led by thd AESAF committee.

Clean Skies

formonaw Given the limited availability of biogenic
o r— feedstock in the UAE, this roadmap proviges
Power-to-Liquids Roadmap: pomprehensive analysis on how to scale up_PtL
Fuelling the Aviation Energy Transition in the UAE by 2050, through leveraging
in the United Arab Emirates affordable  renewable energy, existing
WHITE PAPER hydrocarbon experience and infrastructure.
JuLY 2022 _ The report also considers industriabste CQ
for PtL SAF production, which can be gigd
FNRBY GKS ! 19Qa AyONBIaAy3

energy facilitiesand growing industrial sector
With the right support of policy measures and
strong publieprivate collaboration, tfs report
concludes that theUAE has the potential to
produce up to 11.2vit PtL SAF by 2050 while
creating and sustaining up to 1.4 million jobs
across the industry value chain. The report
serves to bothshape the future of PtL in the
UAE, and also serves as a key study for
supporting global PtL SAF ambitions. This shows
theUM Q& O2YYAGYSYy(d |yR GAaai
a low carbon future in collaboration with global

stakeholders.

SAF Test Flight InitiativéEtihad EcoDemonstrater Program

EcoDemonstrator Program

Project Participants ./ Objectives and Relevance

@— Etihad Airways
@— World Energy
@— Boeing

In 2020, Boeing, Etihad Airways and World Energy conductedauntry flight using &0/50 blend
of sustainable and traditional jet fuel as part of the EcoDemonstrater profjrare fuel used from

To conduct a test flight using SAF

Proving the viability of SAF to make
flying more sustainable

87 https://www.weforum.org/whitepapers/powerto-liquidsroadmapfuelling-the-aviation-energytransition-in-the-united-arab-emirates/
38(2020). Retrieved 2 March 2022, from https://wwwedid.com/enae/news/boeingetihad-airwaysandworld-energylift-sustainable
aviationfuel-to-the-nextlevelon-ecodemonstratosprogramme
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World Energywhich wassupplied to Boeingwas certified by the Roundtable on Sustainable
Biomaterialgo havereduced carbon emissions by motean 75% ovethe ¥ dzSt Qa t AFS 0Oe Ot S

SAF Test Flight Initiativé&Emirates SAF Test Flight

L Emirates To conduct a test flight using SAF

Proving the viability of SAF to make
2 GE Aviation flying more sustainable

In November 2021, Emirates and GE Aviation signed a Memorandum of Understanding to conduct a

test flight using 100% SA¥R an Emirates Boeing 7-BD0ER to b@owered by GE90 enginésThis
collaboration aims to demonstrate how jet fuel produced by alternative sources can lower lifecycle

CQ emissions in contrast to petrolewmased fuels. At present, S&Feonstrained by a maximum 50%

blending limit.a ST Yy g KAt ST Iy Ay GdSNYI (A2 ydfdel expértd it wolkkgND S OK
to develop standardized industry specifications to supplbe adoption of 100% SAF. This test flight

supports the efforts of both companies in combating,€fissions in thaviationindustry and will

serve as aignificant milestondo scaling up SAF usage in the UAE.

Feedstock availability is one of the key considerationshe future SARndustry, as it directly impast
the volume and specifications for SAF technology opportunitiegach region. The availability
assessmenin this roadmagonsiderghree stagestechnical availability, sustainaxvailability,and
allocation tothe aviation industry(or net availabilityfor SAF production

9 Technical availabilityof a feedstock refers to total amount of potentialedstock availablan
a region Ths includes availability for SAF production, as well as other potential uses, such as
biodiesel or energyDepending on theenvironmentaldynamics of the region, technically
available feedstock amountgary widely. Due to its hot and dry climate, the UAEshzery
limited biogenic feedstock availabilipmpared to some other countriés

1 Sustainabé availakility reduces the total possiblieedstocksupplyby the portion that would
be unsustainable to collect or produce. For example, some agricultural waststse leftin
the field to protect soilquality, andthe fossil portion of MSW should be avoid&keducting
the unsustainablequantity from the technically availableedstock giveghe sustainably
available feedstock quantity.
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1 Allocation to aviation industryrefersto utilization offeedstockby competing industries. For
most feedstocksSARproduction representgust one ofits usesas feedstocksan be used in
alternative fuel production (biodiesellin the chemicalsindustry (naphtha), in energy
production, orin other sectors.Only a portion of the sustainably available feedstece
typically allocatedo the aviation industry

The two broadcategoriesof feedstocks are biological and nbiological. Many countries in the Gulf
Cooperation Council (GCC) region can only access a limited volume of biological feedstock, due to
climate conditions, and limited agtittural activity. Examples of biological feedstocks that are
available in the GCC are biological MSW and Halophytesbidtmyical feedstocks, especially BRF

from low-carbon renewable electricitygre likely tooffer greaterpotential to scaleup.

Theavailability of feedstocks for SAF production in the UAE was ass@$sedssessmebncluded

that halophytes agricultural residues (AgW), MSW dpill. feedstockgénewable energykh and CQ)
would be the most promisinfgedstocks for the UAE to produce S¥Hiile there is some availability

of used cooking oil (UCO) and tallowthe UAE, both feedstocks are already widely collected and used
by other industries constrainingtheir availabiliy for SAF productionThere may be some future
biogenic sourcewith potential, such asnicroalgaederived feedstocksut due to their considerable
uncertaintyand nearterm challenges, thes&ere not considered in this assessment.

This analysidbuilds on and validates research conducted2i019by SBR@n biogenic feedstock
availability i.e.,halophytes, AgVndMSW. The values given in this report includpedates to reflect
improved data andhe reduced availability for some feedstocks duentawly announced facilities
(e.g., MSW incineratiorthpat will utilize some of the feedstock considered in the 2019 study.
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Feedstock assessment showed that halophytes, MSW and non-biogenic feedstocks
(CO, and Hydrogen) have the highest potential for the UAE to produce SAF

Availability Criteria

Environmental Criteria
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Crop based feedstocks

Apart fromsalttolerant halophyte plantsothercrop-basedfeedstockswith ahigh waterrequirement

are notsuitablefor the UAE2 As glycophytes (i.e., freshwatarigated plants) remain the primary
focus of dedicated fuel crop operations elsewhere, adapting such production systems to the
environmental and geographical conditions of the UAE would represent an added burden. Bagh ener
requirements and embodied emissions due to the need for desalination in the UAE would penalize
such glycophytdased systems, when a complete difigcle based assessment of environmental
impacts is taken into consideration. Further, expansion of suob farming in the country can
exacerbate the risk to the limited freshwater resources found in the UAE, such as groundwater

42 https://www.umweltbundesant.de/en/publikationen/powerto-liquids
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aquifers. Such geological systems are already stressed, and appropriate water management schemes
are fundamental to prevent acceldsl depletion of such resourc&s

TheSBR@ed SEAS project fscusingon salttolerant biomassand halophytes tobuild capacity for
SAF productiomn the UAEIts first two-hectare pilot facility has been operatindor sixyears with
excellent resultsand the aimof the project is to scalep to 100,000hectare This capacity is expected
to provide80 kton - 152kton SAFy 2033

Waste fats, oilsand greass (FOG)

Due to competing uses amow technicalvailability, he UAE has limited potential to utilize UCO and
tallow for SAF productiarechnical availability of thedustrial basedJCQOis estimated tdoe around

88 kton/year*, yet considering currentutilization of UCO in biodiesel production, less tHam
kton/year isexpected to be available for SAF production.

Currentya O5 2 y I £ R&dund &.3nyiliRA liters of UCO to Neutral Fuelmonthly*®, whichis
subsequently useih biodiesel productiono ¥ dzS f  a Ogugply truck’. @iother major player in
GKS 1904 0A2RA Sik&dhBidie® Rspoliécs ddistrial OS§ i8S &ollaboration
with the Dubai Municipality, to produce @fillion liters of biodiesel annuallyln addition to these

large biodiesel productiofacilities, newdCO collectiomitiatives,suchag K& NB I KQa Q&S Ql K ¢
effort to deploy UCQ@ollection machineacross the citare beginning to emerge\lthough increasing
population and collection rate (especially in domestic usage) is expected to increase the technical
availability of the UCO, its allocation tioe aviation industry is expected to remain limiteas the
result of competing usage from the established biodiesel industowever, UCGam still support the
decarbonization of the aviation industry indirectly, through utilization of biodiéselled trucksand
ground support vehicleacross the aviation value chain.

While tallow (animal waste) auld serve asnother potential SAFeedstock, thesize of themeat
productionindustryin the UAE igoo smallto provide a meaningful contribution to SAFoduction?,

It is estimated that1.4 kton to 2.6 kton tallow would beavailablein the UAE on an annual bdis
Currently the UAE importingmeat from 186accredited slaughterhouséascated in foreign countries.

This substantially reduces the technical availability of the tallow in the country. However, as a part of
its longterm food security initiativesthe country may consider increasing its domestipacity for

meat productionwhichwould increase the technicalvailabilityof tallow in the country However,
evendoubling thecurrent technical availability would only enable up tdbXkton SAF on an annual
basis.lt is also important to note that this does ntatke competing use for tallow into consideration,
which could further reduce thallocation to aviation industry due to utilization of tallowgroduction
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https://www.scad.gov.ae/Release%20Documents/SYB_2018_EN_9Sep%20_Chart%20Correction.pdf
http://www.safmaps.com/dbms-app/pdfs/SAF_Beef_Tallow_Final.pdf

of detergents and other beauty productsowtechnical availability of tallow arlinited allocation of
UCO for the aviation industry make it difficultjtstify investingn a HEFA plant in the UAherefore,
UCO and tallowghouldnot be considered as suitable feedstocks for S@duction in the UAE.

Lignocellulosic and bigenicwaste

The UAE hathe potential to utlizelignocellulosi@and biowasteébased feedstockfor SARproduction,
derived from agricultural residuesand municipal solid waste due to their highertechnical
avalabilities.

They I G A 2 ¥y Q ZppaciNdingr&a3ing@od security through growing dsmesticagricultural
capacitycan serve to facilitate SAF productioyincreasing the technical availability Aff\W*. Khalifa
University has been exploring wayswhichto capitalizeon increasingamounts of AgW waste'.
Based on AgW inventory studies and comprehensoféwvare modelling, SBRC estimates tBakton
to 97 kton of SAF coultbe producedthrough AgWbn an annual basisn the UABy 2033°,

The amount of municipal waste has been increasing in the Ua&Rtle last decade due tbe growing
population anceconomyHowevertheO2 dzy N2 Qa ¢St f RSOSt2LISR sl ads
high quality service to keefine increasing capacities under contrBlased on World Bank datthe

UARXA o ad S 3 YgsallNdstitviic2 thegldbldal invigragevith 1.6 kg/capita/dayin 2018

/ 2YyAaARSNAY3I (KS | ! 9sagfestltiadvaszs5IMiMSRViS EchnicKly dvaildbR def R
the country?>. However,a portion of this MSW would not be suitable farel production while
FY2G3KSNJ LR2NIA2Y ¢g2dd R 06S Fff 20 GSR2019 gesedcyf S NH &
estimated that through utilizing MSW80 kton to 520 kton SAF could be produdadhe UAE by

20322 Varyingcollection and fuel conversion rates, as wedldogenic content availability in the
collected MSWare some of the parameteeffecting availability

However sincethe publicationof that study, two newMSW to energyrojects havdbeenannounced
thereby decreasing the allocation taviation industry Sharjah Wastéo-Energy Projectims to
process 0.3 Myr MSW to produc&0 MW energ$f, whileThe Dubai Centre for Waste Processirildy
process 1.Mt/yr MSW to produce 200 MW enerywhich makes ibne of the largestvasteto-
energy plants in the worldrhese two facilitieare estimated toutilize 40% of the available MSW in
the UAE, decreasinthe allocation to aviationindustry. On the other hand, Tadweer already
announced its plans to producg&40-million-gallon (042 Mt) SAF on an annual basis, through
utilization of SAF, which is currently the highest capacity SAF project in the UAE.
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Power to LiquidgPtL)

ThePtLpathwayusesCQ, H and renewable energy to produce liquigdrocarbonsincluding SAF
The FFSPK and AtASTM approved process can be usedo produce synthetic SARNd the
methanoko-jet route is undergoing certificationT hispathwaymay present some advantagess the
methanol can be more easily stored than hydrogen, mitigating the chall@tigiesic to the pairing of
a facility that must run continuously with intermittent renewable electricity productids an
example, theFTSPKapproachconverts syngas (C&anhd H) into a mix of long chain hydrocarbons
(syncrude), which is then upgraded into final products, including renewable fieddviethanoto-
jet route convers thesyngas into liquid methanol through catalytic reactiofise syncrude produced
by both the methanolto-jet and FTSPK processes requires further upgrading, which can be done with
existing infrastructure; the UARas a further advantage here due to tipetential to reuse the
considerablenational fossil fueinfrastructureand expertise

The! 1 9Q& KA 3IK 3§ experigddedt dddsiugtian séckossyand access to capiliaw
renewable energyo be produced in the UAE at an extremely affordable pricel withvery limited

use ofland and water Compared to other approachethe PtL pathway is the least water intensive
way to produce SAFE further matching the advantages of this pathway with the constraints of the
UAE.

The2022WEF reporbn the PtL opportunities in the UAE developed three scengfio

1. Low SAF demand arsibw technology penetration (LLT ScenarRtLSAF demand is below
global ambitions, angenetrationof green hydrogen and DAC technologigh start to make
significantcontribution by 2040

2. Medium SAF demand armhlanced technologpenetration (MBT,)PtL &F demand is Hine
with global ambitions, angenetration of green hydrogen and DAC technologies will start to
make significant contribution bgarly 2030s

3. High SAF demand and rapid technology deployment (HRL)SAF demand ssbstantially
higherthan global ambitions, and penetration of green hydrogen and DAC technologies will
start to make significant contribution by 2030

Assessment of these scenarios showed thhR Mt to 2.3 MtPtLSAFcould be produced in the UAE
by 205Q with substantialjob opportunities and emissions reductiofihe PtL scenarios irhts SAF
roadmap will be built on the findgs of tre WEReport.

Other opportunities: Existingnfrastructure and co-processing

Coprocessing allows existing fodsikl infrastructure to be used for renewable fuel production. This
approach allows renewable feedstocks to be blended into refinetezding to the final product
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including a blend of fossil and renewable fuBhe ASTM has approved-poocessing of up t®&%
renewable feedstockwhich is limited on aconsignment basis, but would represent a significant
volume given the large scale of existiadining The renewable feedstocks that have been tested by
other producers includesariousorganic oils which mens that while the UAE has considerable
appropriate infrastructure, the feedstock constraints would need to be overcdhbNOC Refinery

has two plants in Ruwais and Abu Dhabi, which produce and supply jetahelimay be able to
investigate this approachrurthermore, it has a research and development center, which has requisite
experience in other types of jet fuels, including SAF. Since the SAF approval process is extensive and
time consuming, few companies globally are producing SAF that is approvallifte operations

Thusiit is an advantage for the UAE to have this established refining capability

Safety is the top priorityof the aviationindustry. Given the specific requirements of any fuels used in
aircraft, the process for testing potential new fuels is particularly rigorous. Through testing in
laboratories, in equipment on the ground, and under the extreme conditions-fhiigimt operations,

an exhaustive process determines the suitability of SAF. In general, fuel properties required in SAF
must meet performance guidelines, operability, and dinpcompatibility to ensure safety, provide
general usage and execution in commercial airlines.
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3.3 Oppotunity Analysis

The UAE haseveral advantages to support the developmentaoflomestic SAF industriBuilding

upon ®mMe of the most affordable solar in the worlthd existing hydrocarbon experience and
infrastructure, the UAE can become a regional hub ankley player in the global SAF market.
Considering the constituent technologies involved in the PtL value chain, the UAE can also leverage its
emerging low carbon hydrogen and carbon capture capabilities. Currently, the policy landscape does
not constitue any instruments which support the SAF industry and investment costs for early stage
PtL facilities are still high. There are also issues related to readiness levels efcrg®AC and
reverse water gas shifRWG¥$deployment in the region. Howevethe SAF case for the UAE is still
LINEYAAAY3T & AdG OFy o6dzAtR dzll2y GKS ylLGaA2yQa
weaknesses and threats.

Strengths Weaknesses

Affordable renewable Lack of biogenic
energy feedstock
@ Existing infrastructure @ L.ack 21 [EelIs;
instruments
@ Water & Energy nexus

Strong public private
collaboration

©

Opportunities Threats

Aviation
decarbonization

High initial investment
costs for PtL

©
©)

Development of H,
and DAC/CCU
industry

Cyclical power
demand

O,
O,

Low carbon transition
and economic
diversification

Technology readiness

©
()
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decade. The UAE has become one of the leaawgl, tourism, and logistics hub the region, which

is underpinned by the aviation industry. As a result of thegasing aviation activity in the country,

jet fuel consumption is expected to double by 2050, increasing the importance for airlines to
decarbonizé® %°. SAF utilization can serve to reduce aviation emissions, while ensuring sustainable
growth.

Jet Fuel consumption by flights originating in the UAE (Million tonnes)
25 Fuel efficiency from technology
mmm Fuel efficiency from operations

Projected fuel consumption

20

+8.0 Mt
+102% vs 2019

The Minister of Energy and Infrastructure of tbdEemphasizd that green initiatives such as SAF
productionwill play a critical role in the future of the UAE, assertingthat, KS 32 GSNY YSy i
believes in the importance of sustainable energyyeisting in the future and strengthening
international collaboration to address the challenge of climate change in all sectors, including
F AL GA2Y ®E

There are severdbAF deployment scenarios for the UAE to consider, ranging low to highSAF
OF LI OAGASad / 220x0detr&NArgetanditiie&ey ole @i€aaiation industrywithin
the country,low SAF deployment will not be considered as a part of this sfildymedium and high
production capacityscenarios will beexploredreflecting following global aspirational targetsith
some export opportunities(baseline senario) and becoming a hub witkubstantial export
opportunities @mbitiousscenario)Based on the previousfyresentedfeedstock availbilities andPtL
scenarios developéf it is estimated thatoy 2030, 700 million liters ML) to 1,200 ML SAF can be
produced in the UAE

Thebaselinescenariofollows the global SARrgets andis basedn the currentSAF projects in the
country, s A G K | F20dza 2y (80ktonyr SAF by 2083 y RINE E RmjécSthlD a
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produce431 kta/yr SAFrom MSW. Reflectinghe impact of populatiogrowthandhalophyte yields
(currently 1000 L SAF pdérectare, a0.5%/yr increase iSAFoutput was assumedrhis would reflect
an8% increas@ the production capacitipetween 2033 an@050.Additionally MSW collection rates
are expected to increase over the tindue to increasing populationHowever, current MSW
generation rates (2 kg/personflay) arealso expected to decrease the long term,as the UAE
increasingly adopts a circular econdiyror PtL SAF estimatioddBTscenario was taken from the
UAE PiL Ramap developed by the WEF and,l@Richrequires 0.18 MPtL SAF supply by 2030, and
up to 5.08 M by 2050 In total, the baselinescenarioestimatesup to 630 kton (790 ML) SAF
productionby 203Q with the majority from¢ R S S NI & peoject Giveg his{scei@riadopts

a pragmatic approach, potential downtimes and large capacity of fHudity was taken into
consideration as limiting factor3o reflect these potential limitations, supply capacity was calibrated
to 700 MLannualSAF mpduction by 2030 This valugorresponds t67.6%2 ¥ { K 2019jét fied &
consumption

SAF Production, Million Liters
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PtL
Biogenic SAF

The ambitiousscenariopositionsthe UAE as a regional has well as a global leadér SARas it
maximizesdts biogenic feedstock availability and PtL SAF poteritids scenariavas built uporthe
higher end of the feedstock availabilitieb assumesan increasechalophyteyield¥F N2 Y K S
SEASroject, deliveringl52 kton/yr SAF by 2033with an additional 44 kton/yr SAF fromUCO
utilization within the same HEFA pla(®96 kton/yr SAFin total). Addingii 2 ¢ Rg SSNR A&
project,with its maximum capacity of 0.43 Mttilization of AQW as also taken into consideration to
supply an additiona88kton/yr SAF by 203This scenario also assunmee$% increase in biogenic SAF
output, which corresponds to7Rbincrease in capacity by 2050, compared to 2033 le¥elsPtL SAF
estimations,the ambitious high demand and rapid technology deploymé&tRY scenario was taken
from the UAE PtL Roadmap developed by the WEF and ICF, which re@8nds BtL SAF supply by
2030, and up tdl1.24 Mt by 2050.In total, the ambitious scenario estimates up 850 kton @,190
ML) SAF production by 203This value corresponds i2.9%2 ¥ (i K 8019 jét fugkénsumption
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SAF Production, Million Liters
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4.1.1 Environmental Benefits

SAF is chemically identical to conventional jet fuel but provides substantially lower lifecycle CO
emissions. Key production teablogies in the UAE include HEFA, GasificatiqritE;Rnd potentially
AtJ,which are expected to achieve emission reductions of well over 80%. PtL could axdbss/éo
zerocarbonemissionsas production transitions from PSC£@d blue hydrogento DAC and green
hydrogen. It is estimated that across the industry, a 35% to 78% emissions reduction could be
delivered through SAF utilization by 2050, compared to the busiaggsual scenario. This would
equate to achieving a 21 Mib 47 Mtannualemission reductions by 20500 y SEOS&4a 2F (G KS !
COVIBEL9 aviation emissions of 29 Mt. Due to limited biogenic feedstock availability, the contribution
of biogenic SAF to emission reductions would be limited te 8% by 2050, wiit the majority of the
emission reductions relying on PtL SAF utilizat®yn2050, giation emissions would still increase in

the baseline scenario compared to current levels, however in ambitious scenario they would be even
lower than the current levels.

CO, emissions from jet fuel consumptionin the UAE (Mt)

70 Biogenic SAF emissionreductions

60 PtL SAF emissionreductions = o
Baseline Scenario 35 .
50 Residual emissions o emission
reduction: 21 Mt

40
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20 emissions: 39 Mt
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0
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SAF also presesbther environmental benefits beyond reduction in £missionsThe UAE has less
than 84,0@ kn? land area, which makes it a dense country with increased sensitivity for air pollution.
Its Particulate Matter (PM) concentrations is aldgaabove the WHO guideline values, and increased
activities in the airports is expected to add pressure on tBatFcan help reducing the emissions of
other nonCQ pollutants depending on the number of piston operations in the airports. Considering
the high number of norpiston (jet and turboprop aircraft types) operations in the UAE airports due
to need for long haul flights, afd ! Gl to be blended up to 50%, hence reduced need for fossil
fuel, emissions of CO, SOx and PM could be reduced 1490 37% and 65% respectively, compared
to conventional jet fuel operatiori§

SAF production can also deliver substantial economic benefits to the UAE through investment,
employment, and export opportunities. SAF development can serve to create new jobs across the
broader value chain while sustaining employment within the aviatiwtustry by ensuring its low
carbon growth. Without utilizing SAF, the aviation industry would need to reduce its jet fuel
consumption through alternative measures or reduced activity. However, SAF can enable a growing
F @A GA2Y Ay Rdza i NEcondric dacarhdnigatibh visioi tBrough! ing@réssed revenue
from tourism.

It is estimated thatbuilding the SAF facilities required to produé®0 ML SABy 2030(baseline
scenariowould create up to 18,000 jobs in the UAE by providing employment dilmingonstruction

and operational stages of the facilities, as well as jobs created across the value chain to facilitate PtL
SAF productiorBy 2050,the ambitious scenarioaald create and sustaif95,000 to 1,425,000 jobs
aaoss thevalue chairin the process equalto circal0% of the populatiof.

Created Total

Direct Construction Power Industry

The development of a national SAF industry in the UAE canmetlia capital in country, that must
currently be spent in otherdAs described above, CORSIA requires airlines to purchase carbon offsets
for a (growing) portion of their emissions form international aviation. The UAHirhded carbon

offset projects, which mean that many of the Ub&sed airlines will currently look the international
market to purchase sufficient offsets. As the obligation can also be met through SAF use, a domestic
SAF industry would alloWAE airlines to channel the capital that would have been spent in the
internationalmarketto the domestic SAidustry,retaining and further developing the national SAF
industry.
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Thisroadmapsupportsii KS ! 1 9 Q& n n p*paloyigSide withStéksfoimatNdbBgierm
strategiessuch as Principles of $@&nd Operation 300#. Although LCAF and other decarbonization

measures areonsidered kegnablers for the UAE to decarbonize its aviation industrg toadmap
isfocused2y G KS NRtS 2F {! C ternfhtaR8sE A GSNRAyYy I GKS 1 90Qa |

Assessment of the/A scenarios for the UAE showed thaseline scenario sfeasible angragmatic

target for the UAE with current levels of understanding and technoeconomic dynamics. Therefore, the
UAE will aim to produce 700 ML SAF by 208 ML target is expected to provideibstantial
environmental and economic benefits. With this target, the U&stimated to reducep to 4.8 Mt

CQ emissionsby 2030while creatingup to 18,000jobs across thevalue chainin the process
Delivering tls targetwould require up to five SAF facilities, whictranslatesinto one to three
additional PtL SAfacilities beyondthe O dzZNNB y i f &  LbalopkytleSteSAR andvF Ra S SN a
MSW toSAF projectst R SSNR&a a{2 (2 {! C LINRhe B&uiityafthid SadGAY
capacity although additional facilities may be required if the facility production is meaningfully less
than the announced capacitrioritizng PtL SAF for export opportunitiés expected to provide up

to an additional$1.7bn accumulatedexport revenuefor the UAEby 203Q given half of the target
production is allocatedfor export for exampleto the EU Thiscan bea keynon-oil dependent

O2 y (i NR 6 dzii 2 NJ { 2Inpyts for he BILCSAF car(h2 pfavivedl through a hybrid apprafach
utilizing a portion of PSC and blue hydroganthe early stageswhile ensuringhigh emission
reductions anduilding capacities for D& and greemydrogen.

This analysis estimates that [#7to $9bn of investment will be required in SAF facilities and the
supporting value chain to provide 700 millibiers of SAF in the UAE by 2030. This estimate must be
considered in the context of theefactors:

1. The investment cost to deliver the target 700 milllaars of SAF capacity is highly dependent
on the pathways utilized, with some (such as HEFA) requiring relatively low capital investment
but high feedstock costs, while alternatipathways (such as MSYT) require higher capital
investment but lower feedstock costs. The profile of feedstock available in the UAE results in
a slant in capacity towards facilities and technologies with high capital costs, but these
facilities will haveeommensurately lower operating costs.

2. These facilities will continue to produce fuel for decades after 2030, allowing the investment
to be depreciated over many years. Each facility will operate feB®@ears, and longer with
major retrofits. This invément has been calculated to build facilities sufficient for 700 million
liters of capacity in 2030, but these same facilities (and investment) will continue to produce
700 ML in 2040 and perhaps even 2050, providing a robust base for the UAE to build on.

3. The unit investment cost is at the higher end of values estimated in other literature as
elements of the upstream value chain have been included. For exampldtthestimate
includes the capital cost for thelectrolyzes and carbon capture, while alteative
calculations may set a different scope and consider hydrogen and carbon to be operational
costs. This analysis includes the full scope of investment costs to provide a more complete and
pragmatic estimate of the total expected cost
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700 million
liters/year SAF
Production
by 2030

ST

3 to 5 SAF Facilities

$7bn to $9bn
Investment in Value
Chain by 2030

. /
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18,000 New Jobs in
the UAE

4.8 Mt Accumulated
Emission Reduction

$1.7bn Accumulated

\ SAF Export /




The700 ML by 203@arget will position the UAE as a regional leader &Fproductionand solidify
its role within the global SAIRdustry, and aimgo build on 5principles

=A =4 =4 =4 =4

Principle 1 Establishing the Ambition

Principle 2 Accelerating SAF Technology Deployment and Innovation
Principle 3 Developing the National Regulatory Environment for SAF
Principle 4 Building Local Capacity to BoostGountry Value

Principle 5 Leading International Collaboration
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