MSP: Renewable
Feedstock Availability for
2050

A Multi-Volume Market Scenario
Planning Report

C) NaanTEm September 2023

MSP: Renewable Feedstock Availability for 2050




O NexanteCA
The transition from fossil to low/zero carbon mobility will require both electrification and

alternative liquid fuels at great scale —there isn’t enough renewable power to get us to net zero
2050 with power alone

The decarbonization of the transport industry involves the elimination of GHG emissions from — at
present — 850 million cars, 440 million commercial vehicles, 140 million two-wheelers, 35,000
commercial jet aircraft and over 50 thousand merchant marine vessels; while a range of options
are feasible for this massive task, many of them require vast quantities of cheap, sustainable, low
Cl power, which is also required to decarbonize existing power production:

Requires Renewable Electric Power
Competes with decarbonizing the grid

Doesn’t Require Renewable Electric Power

Carbon Capture and Sequestration
Currently sequestration efforts are slow

(not including EOR).

IndirectRenewable Power Use
Cl dependent upon power source AND
other external factors

DirectRenewable Power Use
Cl dependent upon power source

1stGeneration

EVs — Blue Hydrogen
market share is bl E-fuels MlnlmaI.GHG A_d.vanced Post Significantfocus
. ) . at or near zero emissions Biofuels . : :
Industrial growing quickly o Strong GHG . : . Combustion and interest in
o . emissions; small ) reductions. High emission
Electrification for carsbut early performance if H2 . at or near zero blue hydrogen
number of : Mostly ethanol reductions .y :
at or near zero stage of is green. , L emissions. both used directly
. passenger cars; and FAME, Wide possible; o
GHG emissions development for Dependenton L Potential high for fuel and
: dependent green . Cl ranges Significantfocus : .
are possible, but other end uses. : massive . industrial feedstock for
. : H2 production dependingon on advanced o :
atavery high End-user Cl is . renewable . emissions, low for chemicalsand
. and technical feedstock, biofuels and .
cost; highly dependent q in fuel power/green H2 10CESS advanced transport fuel fuels—high focus
upon local grid advances In e availability; process, end-use. on methanoland
S cell production; geographic origin, feedstocks :
decarbonization; end-use ammonia

Biofuels aren’t perfect but are the lowest hanging fruit for decarbonization of the transport sector
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Biofuels are produced from a multiplicity of organic feedstocks; these drive economics,
sustainability, Carbon Intensity and — crucially — levels of regulatory support

There are three main groups of biofeedstocks, each relevant to different downstream products:

Starch / Sugar/ Carbohydrates Emerging Feedstocks

Used mainly for fermentation to “first
generation” ethanol production

The availability and sustainability of these feedstock groups is a key factor in the historic and
future evolution of the global biofuels market; the choice and geographic origin of different
feedstocks plays a major role in biofuel cost, scale, and emissions reduction potential

= Scale impact: Overall cultivation of feedstocks is dependent on land use, and sets a ceiling on
production

= Price impact: The volatile nature of agricultural pricing impacts cost of production and profitability, with
multiple factors external to biofuel consumption trends driving feedstock prices

= Sustainability/GHG impact: Different approaches to feedstock production (agricultural, waste-
related, etc.) translate to widely varying life cycle emissions reduction potential for different biofuels,
from carbon negative to higher than petroleum equivalents

= Regulatory impact: Driven by the above and central to biofuels growth, regulatory incentives and
disincentives on particular feedstocks will — and has in the past — either open up or close down entire
markets.

A mix of biofuels and biofeedstocks will be required to even attempt to meet net zero goals
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Natural oil feedstocks are used mainly in FAME biodiesel and “drop-in” fuels production, and

extensively in oleochemicals

Source Feedstock
Soybean Oil
Rapeseed Oil
Palm Oil
Commodity Oilseed Palm Kernel Qil
Crops Sunflower Qil
Corn Oil
Tobacco Oil
Cottonseed Oil

POME
Wastes/ PEAD

ez Tall Ol

Tallow
Rendering Brown Grease
Yellow Grease

Hospitality
Food Production Used Cooking Oil
Domestic Cooking

Jatropha Carinata

Specialty Crops Camelina Algae
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Process

Esterification

Hydroprocessing
(HVO/HEFA)

Other Chemical
Conversions

Product

Methyl Ester
Biodiesel (FAME)

Renewable Diesel
Sustainable
Aviation Fuel (SAF)
Bio-Naphtha
Bio-LPG

Oleochemicals
(e.g., soaps,
detergents,

cosmetics,
lubricants, etc)




Starch / Sugar / Carbohydrate O NexantECA

Sugar/ starch / carbohydrate feedstocks are mainly for fuel ethanol use, but will play into SAF
and other sugar-based products for the chemical industry to a lesser extent

Source Feedstock Process Product

Corn

Wheat

Barley

Commodity Starch Cassava Fermentation -
Crops Sorghum

Potato

Yam
SweetPotato

Ethanol
ATJ SAF feedstock
Other fermentation
products (e.g.,
isobutanol)

Other sugar-based

Commodity Sugar Sugarcane Catalysis =) products (e.g.,

Crops Sugar beet sorbitol)
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Most emerging feedstocks are cellulosic material; algae to multiple products may emerge in the

longer-term
Source Feedstock Process Product

Corn stover Ethanol
Sugarcane Hydrolysis and Other Fermentation
bagasse Fermentation Products
: Wheat strayv Biogas/ RNG
Agricultural Waste Sorghum residue
Barley residue
Palm empty fruit
bunches Pyrolysis /
Sugarcane trash Torrefaction

Pyrolysis Oils
Bio-Coal

Miscanthus

Energy Grasses Switchgrass Methanol
Energy Cane FT Liquids

Gasification Ammonia
Black liquor
PaperProduction Wood Waste D_ME :
Acetic Acid

Forestry Woody biomass Furans
Xylitol

MS_W SEEEIE Other Cellulosic
Construction Wastes Products
Manure

Algae Cultivation Algae H¥drother.mal “Bio-crude”
Liquefaction
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NexantECAis producing a series of Market Scenario Planning reports outlining historic and
potential feedstock availability for biofuels across the board and around the world

For each main natural oil, carbohydrate and emerging biomass
feedstock, NexantECA will present:

" Discussion of key market drivers and competing end-uses

" Historic production by region

" Historic pricing behaviour

= Sustainability profile, including carbon intensity

" Historic and forecast production of relevant biofuel by region

" Business as usual, base, and aggressive adoption scenarios for production
from 2024 to 2050

NexantECA will answer the following questions:

= Will sufficient feedstocks be available to support currently targeted biofuels
market growth without leading to significant constraints on other uses?

" How sustainable is each feedstock? How much of the most sustainable
feedstocks may be available? Which are supply constrained?

" How will price developments in other sectors impact the cost of biofuels
production?

" What is the outlook for feedstock competition between different key
biofuels (for example, FAME biodiesel and Sustainable Aviation Fuel from
Used Cooking Oil)?

Example Output Graphics (lllustrative Only)

Carbon Intensity of Feedstocks
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The report volumes will be delivered in MS PowerPointwith MS Excel format supporting files
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Planned Table of Contents: Volume 1: Macro Analysis / Executive Summary

Section 1 Executive Summary 5.2 Base Scenario
Section 2 Introduction 5.3 Aggressive Adoption Scenario
Section 3 Feedstock Overview Section 6 Key Conclusions

3.1 Biofuels and biochemical processes

3.2 Regmatory & market overview The Macro Analysis will function as an Executive Summary

3.3 Key issues feedstocks and summarize findings from the various volumes, and
] ] compare findings by both feedstock and regions. It will
Section 4 Feedstock Analysis draw macro conclusions based upon the individual

analyses and conclusions found in the other volumes.

4.1 Feedstocks
4.1.1 Natural Oil Feedstocks
4.1.2 Sugar / Starch Feedstocks
4.1.3 Emerging Feedstocks

4.2 Regions
4.2.1 Global Availability
4.2.2 Availability by Region and Pricing
Section 5 Scenario Summaries
5.1 Overview
5.2 Business As Usual Scenario
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Planned Table of Contents: Volume 2: Natural Oils Feedstocks

Section1 ExecutiveSummary 4.2.3 Crude Tall Oil
Section2 Introduction 4. 3 Rendered Oils
Section3 Feedstock Overview 4.3.1 UCO
3.1 Natural oils processes 4.3.2 Tallow
3.2 Regulatory & marketoverview 4.4 Emerging Feedstocks
3.3 Keyissues feedstocks 4.4.1 Jatropha
Section4 Feedstock Analysis 4.4.2 Camelina
4.1 Oilseeds/Virgin Oils 4.4.3 Carinata
4.1.1 Rapeseedoil 4.4.4 Algae
4.1.2 Soybean oil Section5 Scenario Summaries
4.1.3 Palm and Palm Kernel oil 5.1 Overview
4.1.4 Sunflower Oil 5.2 Business As Usual Scenario
4.1.5 Corn oil 5.2 Base Scenario
4.1.6 Tobacco oil 5.3 Aggressive Adoption Scenario
4.1.7 Cottonseed oil Section 6 Key Conclusions
4.1.8 Other Minor Oils Each section in Section 4 comprises: For each feedstock profiled in Section 4, Section
4.2 By prOdUCt Oils Erls‘tlg:li :?g::;?g:igt;ricing 5 incg:::ljrio assumptions
4.21 POME : gLosftl;?rIl:;?I?tl;th’ir:):ile including Carbon . i:ii:t?jfl :csel:\zuria;,s:B SRR
4.2.2 PFAD Intensity . Supply / Availability

Pricing
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Starch / Sugar/ Carbohydrate
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Planned Table of Contents: Volume 3: Sugar/ Starch/ Carbohydrate Feedstocks

Section 1
Section 2
Section 3
3.1
3.2
3.3
Section 4
4.1

Executive Summary
Introduction

Feedstock Overview
Sugar/Starch processes
Regulatory & market overview
Key issues for feedstocks
Feedstock Analysis

Starch Crops

4.1.1 Corn

4.1.2 Wheat

4.1.3 Barley

4.1.4 Cassava

4.1.5 Sorghum / Milo

4.1.6 Other Minor Starchy crops

4.2 Sugar Crops

4.2.1 Sugarcane
4.2.2 Sugar beet
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Section 5 Scenario Summaries
Section 6 Key Conclusions

Each section in Section 4 comprises:
Drivers and constraints
Historic production & pricing
Biofuel production
Sustainability Profile including Carbon Intensity

For each feedstock profiled in Section 4, Section 5 includes:
Scenario assumptions
Business as usual, Base and Aggressive Adoption
scenarios:
Supply / Availability
Pricing
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Planned Table of Contents: Volume 4: Emerging Feedstocks
Section1 Executive Summary 4.3 Wastes
Section2 Introduction 4.3.1 MSW
Section3 Feedstock Overview 4.3.2 Construction Wastes
3.1 CellulosicFeedstocks processes 4.3.3 Manure
3.2 Regulatory & marketoverview 4.4 Paper and Forestry
3.3 Keyissues forfeedstocks 4.4.1 Woody Biomass
Section4 Feedstock Analysis 4.4.2 Black Liquor
4.1 Agricultural Wastes 4.4.3 Wood Wastes

4.1.1 Corn Stover

4.1.2 Sugarcane Bagasse

4.1.3 Sugarcane Field Trash

4.1.4 Wheat Straw

4.1.5 Sorghum Residue

4.1.6 Palm EFBs

4.1.7 Rice Straw

4.1.8 Other Agwastes (e.g.,minor crops)

4.2 On-Purpose Crops

4.2.1 Energy Grasses
4.2.2 Algae
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Section5 Scenario Summaries
Section6 Key Conclusions

Each section in Section 4 comprises:
Drivers and constraints
Historic production & pricing
Biofuel production
Sustainability Profile including Carbon Intensity

For each feedstock profiled in Section 4, Section 5 includes:

Scenario assumptions
Business as usual, Base and Aggressive Adoption
scenarios:

Supply / Availability

Pricing
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Energy and Chemicals Advisory

CONSULTING

SUBSCRIPTIONS
AND REPORTS

TRAINING

www.NexantECA.com

NexantECA partners with clients to help them navigate the big global energy, chemicals and materials issues of tomorrow. We
provide independent advice through our consulting, subscriptions and reports, and training businesses using expertise
deweloped in markets, economics and technology through our fifty years of operation. We are entirely dedicated to supporting
sustainable development of the industry and provide expert advice with efficiency, speed, and agility.

USA ' Thailand ' ' Malaysia

Tel: +1 914609 0300 Tel: +662 793 4600 Tel: +60 32298 7212

44 S Broadway 22" Floor, Rasa Tower | Level 28

5t Floor, White Plains 555 Phahonyothin Road The GardensSouth Tower

NY 10601-4425 Kwaeng Chatuchak Mid Valley City

USA Khet Chatuchak Lingkaran Syed Putra

Bangkok 10900 Kuala Lumpur59200
Thailand Malaysia
¢
®
é O O
@
o
Bahrain
USA
UK Tel: +973 1330 3038 China
Tel: +1 8324627176 Level 49, Suite 4902
609 Main Street, Floor 25 Tel: +44 20 7950 1600 West Tower Tel: +86 21 6050 1119
c/o WeWork 110 Cannon Street Bahrain Financial Room 02-15, 2F Block1
Houston London Harbour 58 Yao Yuan Road
Texas77002 ‘ EC4N 6EU ‘ ‘ PO Box 60686 ‘ Pudong, Shanghai, 200126
USA United Kingdom Bahrain China
Disclaimer

This Report was prepared by NexantECA, the Energy and Chemicals Advisory company. Except where specifically stated otherwise in this Report, the
information contained here is prepared on the basis of information that is publidy available, and contains no confidential third party technical information to the
best knowledge of NexantECA. Aforesaid information has not been independently verified or otherwise examined to determine its accuracy, completeness or
finandal feasibility. Neither NexantECA, Client nor any person acting on behalf of either assumes any liabilities with respect to the use of or for damages
resulting from the use of any information contained in thisReport. NexantECA doesnot represent or warrant that any assumed conditionswill cometo pass.

Copyright ©by NexantECA (BVI)Ltd. 2023. All rightsreserved.
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