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Biofuels Analytics:

Global production/ consumption, prices,

Monthly forecasts, 2 years ahead
Annual forecasts, up to 2050

Feedstock price forecasts for key
feedstocks

Product price forecasts for ethanol,
FAME, renewable diesel and SAF

Global supply-demand estimates
Trade flows and economies mandates

Global capacity database for ethanal,
FAME, renewable diesel and SAF

Deal trackers for feedstocks, SAF and
marine bio-bunkers

SAF market outlook report (quarterly)
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Coronavirus’ iron fist hits biofuels
Biofuels demand tumbles as coronavirus pandemic disrupts « The coronavius pandemicis sashing global bicfueldemand.

industry; US producers go offline due o nnararaduct aricae !

negative margins and limited storage

Coronavirus wreaks havoc on ethanol demand as millions of vehich

Global ethanol demand has plummeted due to an unprecedente|
countries with stay-at-home orders or other travel restrictions bg
ethanol consumption in 2020 by 8.8% to 1.64 MMB/D. Future dem
restart their economies.

We have lowered our estimates of global production as a resultc
by 292 MB/D to 1.64 MMB/D, then recovering to1.89 MMB/D in 202
development stage. India, Thailand and China are among the cou

US ethanol production fell to a 12-year low while inventories ross
below $1/gal for the first time in over a decade, where it remaineg
total capacity, and some of the shuttered facilities may never ret
$1.10/gal this summer as stocks decline.

In Brazil, hydrous ethanol (E100) prices were at the lowest level in
Sao Paulo wes extended from April 22 to May 10. Platts Analytics
in September, when consumption should return to more normeal §

We have slashed our forecast of European ethancl consumption
is expected to be 105 MB/D, down 1.7% on the year, which may so
is backed by higher mandates. Lithuania and Romania have susp
Eastern countries are also discussing whether to waive their mar

GLOBAL BIOFUELS DEMAND
4,000 MB/D
3,000
2,000 ]
1,000
0
2010 2012 2014 2016

Biomass-based diesel  mmm
Source: Platts Analytics

We estimate a total drop of 312,000 b/d on the year. The

S&P Global
Platts

September 6, 2019

Glabal ethanel demand is projected to grow from 1.9 MMB/D in 2018 to 2.6 MME/D by 2040.
Ethanal has the largest share of biofuels demand, but is growing at 3 slower rate than biomass-based diesel.

Biomass-based diessl demand is projectsd to grow from 733 MB/D in 2018 ta 1.3 MMB/D by 2040.
Biomass-based diese is expested to make up 5.4% of the total diesel paol by 2040.

Global biofuel demand will increase significantly aver the long term and will reach 7.8% of the road transportation fuel market by 2040. Today
about B7% of total demand comes from g and this share is expected ta remain high for years 1o come. Governments
support renewable fuels ta reduce air pollution and g gas ions, decrease dep on fossil fuels, and stimulate rural
economies. Key issues that limit its wider use include the slow i on of o technologies at ies of scale,
diminished support when fossil fuel prices fall, and, aver the next decade, an increased market share of electric vehicles.

World biofuel production is projectad to increase from 2.7 MMB/D [415 billion gallons, 156.9 billion liters) in 2013, to 4.0 MMB/0 (B0.8 killion
gallons, 230.3 billion liters] in 2040. Gains in the U.S., the largest consuming market, are expected to be relatively small, with mare robust
growth forecasted for Asia and other developing sconomies.

Ethanol accounts for approsimately 70% of the total biofuel output and is projected to grow from 1.8 MMB/D {28.3 billion gallans, TI0.3 billion
liters) this year to 2.6 MMBJD [40.5 biliion gallons, 1535 billion liters) by 2040. Ethanal makes up around 7.2 of the world gasoline pool andis
forecasted to increase to 10.5% by 2040. Over 80%: of the warld"s ethandl is currently produced in the U_S. and Brazil

Biomass-based diesel output is expected to grow from 735 MB/D (12.2 billion gallons, 48.] billion liters) in 2073 to 1.3 MMB/D (20.3 billian
gallons, 762 billion liters) in 2040. Biomass-based diesel makes up about 3.8% of the world diesel market, and is projected to increase to
5.4% by 2040. Europe is the dominant consumer but, similar to ethanal, the Asian market is growing st a faster pace.

In this repart, we organize biafuels used for road transpartation inta twa general fuel ethanol and b based diesel. Other
products used for matar fusl are still developing and will sppear later in the analysis period. To accaunt for this, “fuel ethanol” includes ather
additives, or drap-in fugl mixtures in the gasdline range, such as butanc and biogas. Siomass-based diesel includes renewable diesel (slsa
Kknown 25 hydrogenated vegetable oil or HVD), jet fuel and drop-in transportation fuels in the diessl range, but does not include biadiesel in
heating ail.

The following charts and tables summarize historicsl dats and forecasts for biofuels production, trade and consumption in Tl world regions.

ANALYTICS REPORT

agsanalyticsgspglobal.com

de flows

Chinese 2020 consumption forecast to 3.87 billion liters (66,600
bid), @ Z7% drop from 5.31 billion fters and equating to a 1.9%
blending rate.

CHINA: FUEL ETHANDL COMSUMPTION FORECAST FOR 2020
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Thailand delays E20 as ‘primary petrol’

Thailand®s Ministry of Energy anncunced in March that it would
phase out Gaschel 1 E10 in favor of Gaschol 95 E20, making it the
country’s ‘primary petrol’ by 03. However, in Agril, Thailand's
Ministry of Energy announced that it would delay E2F's takeover to
the start of 04 due to the pandemic. Platts Analytics subsequently
lowered its 2020 ethanol consumption forecast by 75% to 155
illion fiters (26,600 bid) from 167 billion fiters (28700 bid). The
revision reduced Thailand's ethanol blending rate to 13.4% from
145%.

Like China, Thailand diverted fuel ethanol production to the
manufacture of disinfectants. In the wake of the delayto E20, Energy
Minister Sontirat Sonthichirswong ssid Thailand’s 26 fusl ethanol
producers had increased their capacity utilization rate to 80%-30%:
from B0%-70% while also diverting 24% of capacity toward
disinfectants. On the whole, the capacity utilization increase would
roughly offset the diversion losses.

As of mid-May, Platts Analytics further lowered Thailand’s 2020
ethancl consumption forecast to .48 illion liters (25,400 bid), down
4.4% from .56 illion liters and equating ta 2 128% blending rate.

THAILAND: ETHANOL CONSUMPTION FORECAST FOR 2020
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Malaysia halts B20 rollout

In December 2018, then Frime Minister Mahathir Mohamad
announced Malaysia intended to implement a B20 mandate in 2020.
In January, B20 was officizlly launched in the smail island territories

© 2024 S&P Global.
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SAF is dependent on policy support, but the global regulatory landscape is very

fragmented

Europe

The US

Asia
Pacific

Latin

America

Other

IATA

Global

ICAO
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Data compiled September 20, 2024.
Source: S&P Global Commodity Insights.
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2030 2050
6% —) 70%
10%* _ 100%

*Based on 3-billion-gallon target

Economies-level policy developments

Airlines driving growth in Middle East

5% ——) 65%

Carbon neutral growth

=)

=)

P
[T Mandate Incentives ﬁ?@ Airlines

ReFuelEU Aviation sets target of 70% vol by 2050 in the EU. RENBO sub-target of
35% by the same date. The UK approved a SAF mandate of 22% by 2040.

The US Government seeking 3 billion gallons of domestic SAF production by
2030, increasing to 35 billion by 2050 under its ‘SAF Grand Challenge’. 35 billion
gallons is the estimate of total aviation jet fuel use in 2050.

China: 50 kt by 2025 (target)
Indonesia: 1% in 2027

Thailand: 1% in 2026, 5% by 2036
Singapore: 1% by 2026, 3-5% by 2030
India: 1% by 2027, 2% by 2028
Japan: 10% by 2030 (target)

Korea: 1% by 2027

Brazil aims at 1% emissions reduction mandate for aviation by 2027, 10% by 2037.
Chile launched a SAF roadmap to achieve 50% blend rate in 2050.

Rest of world: No stated mandates but higher share expected in Middle East due to
connectivity role with other key regions.

IATA's Net Zero strategy for 2050: 65% SAF, 19% offsets and carbon capture, 13%
new technology; 3% infrastructure and operational efficiencies

ICAO (UN) does not have a global SAF mandate, but supports CORSIA, a market-
based mechanism to address carbon emissions from international air travel

© 2024 S&P Global.



CORSIA - developed by ICAO, is designed to deal with international aviation
emissions which are not governed by UN climate framework
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Source: ICAO, ICCT, S&P Global Commodity Insights
ICAQO; International Civil Aviation Authority. CORSIA; Carbon Offsetting and Reduction Scheme for International Aviation
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Use of RFNBOs in road, aviation and shipping can all contribute to the minimum
1% energy target in 2030 under RED Il

RED Ill 2030 targets for transportation Renewable fuels of non-biological origin (RFNBOS)
Max crop biofuels Max Annex IX-B biofuels * RFNBOs must contribute a minimum of 1% to transport energy by 2030 but can double count* towards this
Other RE ® Min Annex IX-A biofuels target. Member States may also set a higher target than the 1%.
® Min RFNBOs .. . . . .
* To be eligible for support, RFNBOs must achieve a lifecycle GHG emissions saving of >70%.
30%
Min 1%
Combined Compliance options include:
target: 5.5% 4.5% P P )
25%
Use of green H, as an intermediate product in the production of conventional transport fuels
and biofuels
20%
13% % Use of e-SAF in aviation, with an additional multiplier of 1.5x
15%
9&7 Use of RFNBOSs in shipping, with an additional multiplier of 1.5x (e.g. green H,, e-methanol)
10%
3.4% H
EEPB > Direct green hydrogen use in road transport (e.g. in fuel cell electric or hydrogen vehicles)
Up to 1% pt. 0
5% p p
above 2020
level, up to
7% max . . .
Use of e-fuels in road transport (e.g. e-diesel, e-gasoline
- LoLs port (e.g  e-g )

Data compiled Oct. 2, 2024.

*Double counting means that each unit of RFNBO energy counts for twice its energy content.
Source: S&P Global Commodity Insights.

© 2024 S&P Global.
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ReFuelEU sets long-term targets for SAF use in the EU, including a sub-target for
synthetic aviation fuels

Background

ReFuelEU Aviation was adopted by the EU in September 2023 and aims to reduce the GHG emissions from
the aviation sector by increasing demand for SAF.

Targets and coverage

Commencing in 2025, aviation fuel suppliers must increase the minimum volume of SAF supplied in total
aviation fuel, starting at 2% and growing to 70% by 2050. This includes a synthetic aviation fuel sub-target,
increasing from 1.2% in 2030 to 35% in 2050.

ReFuelEU applies to aviation fuel suppliers supplying jet fuel at EU airports, EU airports with over 800,000 in
passenger traffic, and aircraft operators at EU airports.

Aircraft operators must uplift over 90% of their yearly aviation fuel required at EU airports to avoid anti-
competitive fuel tinkering at locations with lower fuel prices.

Implementation

ReFuelEU sets a penalty for non-compliance at not less than twice the yearly average price differential of
conventional fuel and applicable SAF type, multiplied by the shortfall quantity. Member States must develop
a specific methodology for the penalty calculation by 2024 end.

During a flexibility period from Jan 2025 to Dec 2034, fuel suppliers may meet targets by supplying the min.
SAF share as an average of total fuel supplied at EU airports for that period.

As of October 2024, the European Commission is assessing whether a book-and-claim system should be
implemented to help facilitate the supply and uptake of SAF.

Data compiled Oct. 2, 2024.
Source: S&P Global Commodity Insights.
© 2024 S&P Global.
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ReFuelEU Aviation SAF targets

% of EU jet fuel mix by volume
m Other SAF m Synthetic aviation fuel sub-target Fossil jet
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As the aviation sector has no scalable alternative to decarbonize, SAF demand is
expected to see significant growth in demand compared to other biofuels

Global SAF blendrate by region
(SAF blend rate in jet fuel, vol%)

50% 2050 %blend

2030 % blend
Europe, 8%
North America, 9%

- Europe, 46%

40% World, 5%
Asia, 2% North America,
Middle East, 2% 36%
Latin America, 2%
30%  Row, <1%
World, 26%
Asia, 21%
20%
Middle East,
17%
10% Latin America,
8%
g CIS, Africa, <6%
0% s
2020 2030 2040 2050
Data compiled July 31, 2024.
Source: S&P Global Commodity Insights.
© 2024 S&P Global.
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Global SAF demand by region
(Million metric tons)
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Feedstocks and technologies used to produce SAF

Sustainable aviation fuels feedstocks and pathways

Edible oil crops Palm oil, Soybean oil, Sunflower oil, Rapeseed/Canola oil HEFA-SPK

Cl
reduction

Edible sugars Sugarcane, maize/corn, sugar beet ATJ-SPK

Tall oil, Palm Oil Mill Effluent (POME), Palm Fatty Acid Distillate (PFAD), Used Cooking
Oil (UCO), Animal Fat (Tallow)

Oil trees: Jatropha, Pongamia, Oil cover crops: Camelina, Carinata, Pennycress.
Cellulosic cover crops: Switchgrass, Miscanthus, Reed

Straw, sugarcane bagasse, corn stover, cereal residues
Roundwood, sawdust, woodchip, sawmill slabs, logging leftovers, stemwood residues

Municipal waste streams (biogenic portion), algae, sewage sludge

Non-biomass CO, from DAC, Green H,

Recycled carbon Fossil share of reusable plastic waste
fuels Industrial waste gas :CO, from CCS, Other (such as flue gas from steel production)

|~ c
58 g

= O
0Ooz7 O 5
- WL g ke
oM X @

HEFA: Hydroprocessed Ester Fatty Acids, ATJ: Alcohol-to-Jet, FT: Fischer Tropsch, PTL: Power-to-liquid, SPK: Synthetic Paraffinic Kerosene, RFNBO: Renewable Fuels of Non-Biological Origin
Source: S&P Global Commodity Insights.
© 2024 S&P Global.
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SAF producers will need to focus on waste oil and fats, and novel oil seeds
(energy crops)

ICAO CORSIA’s default LCA assessment for HEFA aviation fuels

(gC0O2e/MJ)
120 mmm Default Core Cl ILUC Adjustment e Final CI ——50% GHG Reduction
100 o
O
80
® (
()
60 <50% GHG
reduction
40 > 50% GHG
reduction
20 ® O
a M N
0 B
-20
Baseline Soybean oil Rapeseed oil CPO with>  CPO with Used cooking Distiller's corn PFAD Carinata Camelina
aviaton fuel 85% pond  <85% pond oil oil
emission emission
capture capture

Note: Negative ILUC adjustments are still tentative, and may be adjusted up to 0 at a later point past the pilot phase

ICAO: International Civil Aviation Organization, CORSIA: Carbon Offsetting and Reduction Scheme for International Aviation
Source: S&P Global Commodity Insights, ICAO CORSIA.

© 2024 S&P Global.

S&P Global
Commodity Insights ©2024 S&P Global. 13



Alternative pathways and feedstocks will be required to help meet
decarbonization targets

Global SAF supply by pathway Global lipid feedstock demand for biofuels
(million metric tons)
m HEFA-SPK m ATJ-SPK m Other SAF _
. #zz Y et-to-find mmm Energy crops
100% mm UCO & other waste s Food-crops
90% —FAME, HEFA lipids demand
160
80%
° 140
70%
120
60%
100
50%
80
40%
30% 60
20% 40
10% 20
0% 0
2020 2025 2030 2040 2050 2015 2020 2025 2030 2040 2050
Data compiled November 6, 2024.
Source: S&P Global Commodity Insights.
© 2024 S&P Global.
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e-SAF Technology
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E-fuels are a category of synthetic fuels produced from low-carbon hydrogen
via electrolysis and captured CO,

E-fuel production technologies can produce a range of liquid or gaseous drop-in and non-drop-in fuels to decarbonize various transport

modes and sectors.
@\‘ Renewable
K) electricity

i1

Nuclear
electricity
Water

CO,sources
(e.g. industrial point
sources or from the
CO; atmosphere)

Source: S&P Global Commodity Insights.
© 2024 S&P Global.
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Electrolysis

Carbon
capture

Green or

—>
low-carbon H,

—> Co,

E-fuels

synthesis
technologies

—

o

Drop-in fuels

(e.g. e-SAF, e-diesel, e-gasoline)
Can be blended and used with fossil
fuels in existing vehicles at high levels

By =

Non-drop-in fuels

(e.g. e-methanol, e-ethanol)

* Requires modified vessels or vehicles
to be used at high blends

Q

%

Feedstocks
(e.g. e-methanol, e-naphtha)

» Can replace fossil-based feedstocks in
chemicals production

© 2024 S&P Global. 16



Different synthesis technologies exist to produce e-SAF and other e-fuel products

E-fuels production involves multiple chemical or biochemical synthesis processes, typically using alcohols (such as methanol or ethanol) or syngas (a mixture of H, and CO) as
intermediates. E-fuels products can be categorized into:

* Non-drop-in fuels: can only be blended and used with fossil fuels at low levels. Blending non-drop-in fuels at higher levels requires significant modifications to vehicles and fuelling
infrastructure to accommodate differences in fuel properties.

« Drop-in fuels: molecularly and chemically similar to fossil fuels, allowing them to be blended at high levels and used in existing vehicles or fuelling infrastructure without major overhauls.

\l/ . E-methanol — shipping and road (light-duty) EEPR : "
: Can be used in vessels equipped with dual-fuel or o—0 | 3
1 methanol engines, or blended in gasoline, typically at =
Green Methanol e-methanol® ' up to 3 vol.% { 7 i £
H, synthesis | . ~ | &
_ethanol* . E-ethanol —road (light-duty) 15
e-e : Can be blended in gasoline typically at 10 vol.%. EEPR | &
i Higher blends require modifications to engine 00 : S
| materials to avoid corrosion !
Methano|-to- ||
Reverse water i —_ P e e e e e e e e e e e ——— -
___ Captured - — i i Jet/Gasoline ' E-gasoline — road (light-duty) :
gas shift Biological (MTJ/G) !
CoO, (RWGS) fermentation ' No blend limit in fossil gasoline, provided relevant Eé:\_la !
1 fuel specs (e.g. EN, ASTM) are met !
1
0
T Ethanol-to-Jet - | E-SAF — aviation E E
(ETJ) | Certified by ASTM International for blending at up [
—> Syngas ' to 50 vol.% in fossil jet fuel T
! o
— : ! | 9
Water _ Co- _ | ‘ Fischer- | E-diesel fr.o_ad (Iig_ht_and heavy-duty) E a
electrolysis Tropsch (FT) ! No blend limit in fossil diesel, provided E,J)\:Ea l ;_% .
QUCCERE — L relevantfuelspecs (e.g. EN ASTM)aremet  —  ~_ _ |

*Alcohols like methanol and ethanol can be used directly as a fuel, or as a feedstock for further synthesis.
Source: S&P Global Commaodity Insights.
© 2024 S&P Global.
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E-fuels are attracting interest as they face fewer feedstock constraints than
biofuels, but commercial barriers still exist to scale-up

Opportu

°C

—1
—
=

nities
Minimal physical feedstock constraints. The potential of renewable

energy and CO, sources (e.g. from the atmosphere) are abundant,
meaning there are technically no limitations on scaling up e-fuels

supply.

High GHG saving potential. CO, is emitted when e-fuels are
combusted, but as CO, is also used in their production, their use is
considered carbon neutral. On a lifecycle basis, GHG savings can be
up to 90% vs. fossil fuels, depending on sources of feedstock and
energy used and any CCS.

Compatibility with existing fuel value chains. Many e-fuels are
‘drop-in’ fuels, which are chemically/molecularly similar to fossil fuels.
This allows them to be used in existing vehicles and fuel infrastructure
at high blends without major overhauls.

Flexibility in product slates. E-fuels technologies can produce a
range of drop-in and non-drop-in fuels, which can be used to
decarbonize multiple transport modes and sectors.

Source: S&P Global Commodity Insights.

© 2024 S&P Global.
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Challenges
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High production costs. E-fuels currently cost several times more to
produce than fossil fuels and biofuels. This is mainly driven by the high
cost of green hydrogen production, as well as the CAPEX of e-fuels
technologies and equipment. In the absence of policy support, costs
will remain uncompetitive.

Policy and regulatory uncertainty. Whilst policy support for e-fuels is
growing in the EU, UK and the US, there remains some uncertainty in
how specific legislation will be implemented and the associated impact
on e-fuels markets.

Technical challenges. Most e-fuel technologies are still at a pilot or
demonstration stage today, with challenges in integrating multiple
early-stage conversion technologies together to achieve stable and
efficient production.

Challenges with project financing. Owing to policy uncertainty,
technology risks and high upfront CAPEX, investors have been slow to
provide financing for e-fuels projects, the majority of which have not
reached FID.

© 2024 S&P Global. 18






Global e-SAF demand could reach almost 17 MMt per year by 2050. European
markets account for 66% of demand in 2050, driven by mandates

Global e-SAF demand outlook
(Thousand metric tons per year)

mEurope = North America ®Asia-Pacific ®Middle East ®Latin America BCIS ®Africa
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Data compiled Oct. 2, 2024.

CIS = Commonwealth of Independent States.
Source: S&P Global Commodity Insights.

© 2024 S&P Global.
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Global e-SAF blend rate outlook
(Vol.% blend rate in jet fuel pool)

= Europe == North America == Asia-Pacific = Middle East
= |_atin America =—CIS = Africa e \Norld
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In the base case, the EU falls far behind long-term targets under ReFuelEU due
to the high cost and limited availablility of e-SAF

EU e-SAF demand outlook vs. ReFuelEU
(Thousand metric tons per year)

® EU e-SAF demand

20,000
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14,000

12,000
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4,000

2,000

0
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2030 2035

Data compiled Oct. 2, 2024.
*See the ‘Overview of E-fuels Technology & Policies’ report for high-level commentary on e-fuel production economics.

Source: S&P Global Commodity Insights.
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E-SAF demand in the base case is forecasted for each market based on its track
record in meeting past mandates, its current position on climate and renewable
fuels policy, and the availability of e-SAF supply.

From 2030, the EU is expected to fall behind the e-SAF sub-targets in ReFuelEU.
By 2040, we forecast a shortfall quantity of 2.3 million metric tons (MMt) per year
and by 2050, this reaches nearly 9 MMt per year.

This is due to the limited availability of e-SAF at global level, with supply unable to
scale sufficiently quickly to meet demand. The supply of green hydrogen and CO,
(biogenic or DAC) is expected to be sufficient to meet mandated volumes.

Rather, e-SAF supply is likely constrained by high production costs, which inhibits
the large-scale investment needed to significantly ramp-up production. Investment
in projects has been limited to date, resulting in no major projects in Europe

reaching FID.

In the long term, we expect e-fuel production costs to reduce significantly —
potentially by up to 60% between 2025 and 2050 in some locations (e.g. the US
Gulf Coast, Middle East and parts of Europe). However, costs will remain
uncompetitive with HEFA and fossil jet fuel without further support*.

Higher e-SAF blending will require levers on both the supply and demand side.
Further production cost reduction, driven primarily by falling LCOH and CAPEX of
e-fuels plants, as well as stronger policy and market support will both be important
for making e-SAF more competitive.

© 2024 S&P Global. 21


https://plattsconnect.spglobal.com/#platts/previewDocument?id=4f372f26-809e-4144-830a-177d9b0a2bd1

The majority of announced e-SAF projects so far are in Europe, but there are also
large projects planned in North America and Asia-Pacific

Global e-SAF projects
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Data compiled Oct. 2, 2024.

Source: S&P Global Commodity Insights: IC-2014469.
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The e-SAF sector is currently facing several headwinds, with the majority of
planned projects yet to reach FID

Challenges with e-fuels development

Announced global e-SAF production capacity
(Thousand metric tons per year)

= Europe

= North America

= Firm and operational
3,500

mmm Asia-Pacific
mmm Africa

Only 11% of the 3.2 Mt per year
in planned e-SAF capacity has
reached FID.

3,000
2,500
2,000
1,500
1,000

500

2025 2026 2027 2028 2029 2030 N/A*

Data compiled Oct. 2, 2024.

*N/A = Not available (includes projects with no start-date publicly announced).
The above data is available in the E-fuel Capacities Database on Platts Connect.
Source: S&P Global Commodity Insights.
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Policy and market uncertainty

While policy support is growing for e-SAF/e-fuels in the EU, UK and the US, there remains
uncertainty in how key policies such as ReFuelEU will be implemented (e.g. the level of
support and penalties). This is currently resulting in a lack of clarity on the market value
and business model of e-SAF.

Technology risks

Most e-fuel pathways are at a low level of technological maturity today, with facilities
operating at pilot or demonstration scale. There remain technical risks associated with
integrating multiple conversion technologies in a single process at full industrial scale.

Reliance on other key value chains

E-fuel production requires a source of green hydrogen and captured CO,. While
electrolysis and CO, capture technologies are mature, we have yet to see projects and
supply chains develop to the level required for large-scale e-fuel production.

Project financing

Owing to policy uncertainty, technology risks and high upfront CAPEX, investors have
been slow to provide finance for projects. Progressing projects to FID may require greater
policy certainty and public funding and incentives to derisk private investment.

© 2024 S&P Global.
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e-SAF production will scale to meet demand as technologies mature/costs decrease,
with the US, Middle East and Nordic economies the most competitive regions

+ The key drivers of e-SAF production will be: Global e-SAF production outlook

® ) o ) (Thousand metric tons per year)
m Location of existing and planned capacity
EEurope ®North America ®mMiddle East ®Asia-Pacific ® Africa ®Latin America

8 — Policy support, mandates and government funding/incentives 18,000
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<Y> Strategic location and trade routes
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* Europe: dominates short-term production due to existence of strong policy
support and existing announced projects. The share of production decreases 8,000
longer term as other regions become more cost-competitive.
* North America: due to a high supply of green hydrogen and CO, at low cost, the 6,000
US becomes the most competitive economy for production.
+ Middle East: a low LCOH combined with established crude and refined product 4,000
value chains mean the Middle East becomes a key e-SAF producer and the
second-largest regional exporter in the long term. 2,000
+ Asia-Pacific: Australia and China dominate production. Both already have - I I I I

planned large e-fuel projects which aim to service key Asia-Pacific markets.
2025 2030 2035 2040 2045 2050

o

Data compiled Oct. 2, 2024.
Source: S&P Global Commodity Insights.
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Key e-SAF investments and agreements (1/2)

Offtake volume
Investor/Buyer Target/Seller Deal type Announced |(if applicable) Duration |Start Background

American Airlines Prometheus Fuels Offtake agreement

Dimensional

United Airlines
Energy

DCC Shell

Aviation Denmark ezl ElRue

United Airlines

Ventures
Icelandair [dunnH2
Norwegian Air Norsk e-Fuel

Data compiled Oct. 2, 2024.
Source: S&P Global Commodity Insights.
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Equity investment

/offtake agreement

Offtake agreement

Investment fund

MoU

Equity investment

2021

2022

2022

2023

2023

2023

Up to 30 kt in total
(10 million gal)

At least 871 kt
(300 million gal)

~55 kt per year
(18 million gal)

Up to 45 kt in total
(14.8 million gal)

7 kt per year,
rising to 29 kt per
year (2.3, rising to
9.5 m. gal)

20 years

2030

2028

2023

2028

2028

Non-binding agreement to purchase e-SAF from future
Prometheus Fuel facilities. American Airlines has a net-zero
target for 2050.

Equity investment made by United Airlines in the US-based start-
up, including a commercial commitment to e-SAF offtake from
2030.

Agreement for the offtake of all e-SAF produced at Arcadia’s first
facility in Vordingborg, Denmark, scheduled for commissioning in
2028.

United Airlines Ventures (UAV) launched the Sustainable Flight
Fund to invest in SAF start-ups, worth over £200 million in capital.
Participation from over 22 corporates, including banks, airlines,
software companies and technology licensors.

MoU for the offtake of e-SAF from 2028 onwards from IdunnH2’s
planned project in Iceland. Icelandair has a 50% carbon
emissions reduction target for 2030, and net-zero target for 2050.

Norwegian became a shareholder in Norsk e-Fuel with an

investment of up to $6 million, to co-develop the Mosjoen plant in
Norway, planned from 2028.
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Key e-SAF investments and agreements (2/2)

Offtake volume
Investor/Buyer Target/Seller Deal type Announced |(if applicable) Duration |Start Background

United Airlines
Ventures

Microsoft

Amazon

Alaska Airlines,
Shopify

Etihad Airways

Cathay Pacific

International
Airline Group

Data compiled Oct. 2, 2024.

OXCCU

Dimensional
Energy

Infinium

Twelve

Twelve

SPIC

Twelve

Source: S&P Global Commodity Insights.
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Equity investment

Equity investment

Equity investment/
offtake agreement

Offtake agreement

MoU

Strategic
partnership/MoU

Offtake agreement

2023

2023

2023

2024

2023

2024

2024

Undisclosed

Undisclosed

Undisclosed

Undisclosed

785 kt in total
(260 million gal)

14 years

2028+

2026

2026+

2026

UAV made an undisclosed investment in UK e-SAF start-up
OXCCU, who raised $22 million in Series A. A demonstration
project is planned in the UK from 2026.

Microsoft invested an undisclosed amount in the US e-fuels start-
up Dimensional Energy, who raised $20 million in Series A.
Microsoft will offtake e-SAF from Dimensional’s planned project in
New York state.

Amazon had previously invested in Infinium from their Climate
Pledge Fund in 2021. Further offtake agreement announced for
e-diesel from Infinium’s Texas facilities.

Both companies to purchase e-SAF from the US start-up Twelve,
beginning with volumes from a planned demonstration facility in
Washington, the US.

MoU to collaborate on advanced production and use of Twelve’s
e-SAF in Etihad’s network, starting with an international
demonstration flight.

MoU signed for the purchase of e-SAF from four SPIC e-SAF
projects in China, each with a capacity of 50-100 kt/year.
Expected commissioning from 2026 onwards.

IAG to purchase one-third of its 2030 SAF target, to be supplied
from Twelve’s demonstration project in Washington and future
projects.
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Contact us

PRIMARY CONTACT(S)

Biofuels Value Chain Service

Pl biofuels analytics@spaglobal.com

CONTACT US
Americas +1 800 597 1344
Asia-Pacific +60 4 296 1125

Europe, Middle East, Africa +44 (0) 203 367 0681

www.spaglobal.com/en/enterprize/about/contact-us.html
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