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EXECUTIVE SUMMARY

Global biofuel production exceeded 165 billion litres in 2024, with the sector valued at approximately
USD 141 billion. Renewable diesel and SAF are the fastest-growing subsegments, jointly representing

11% of production and attracting 60% of new investment capital.

The regulatory landscape is accelerating unevenly: the EU is transposing RED Il into national law,
the US EPA has proposed record-high RFS quotas for 2026-20927, Brazil raised ethanol blending to
30%, and Indonesia's B40 mandate is operational — though B50 has been postponed.

Feedstock competition is the binding constraint. Indonesia's UCO export restrictions, EU anti-dumping
duties on Chinese biodiesel (10-35.6%), and systemic UCO fraud (*80% of EU imports suspected

mislabelled) are reshaping trade flows and compressing margins.

HVO capacity is exponding ropio”y ("120 facilities under construction) but utilisation rates remain
challenged by tight-to-negative margins. SAF mandates (2% EU, 36% UK) far exceed current
production capability. The gap between mandated targets and physical delivery capacity is the
sector's central tension through 2030.

The gfobof biofuels market stands at an inflection point. Regu/o’rory mandates across the

Americas, Europe, and Asia are creating structural demand growf/’v, yet morgino/ producers face

compression as investment copifo/ floods into the sector. The boﬁ‘/eground is feedstock

economics, reﬁ'nery ufi/isofion, and the /ogisfics of sustaining ropio/ capacity buildouts against

tightening feedstock quality standards.

Market Context — Where Global Biofuel Production Stands

In 2024, global biofuel output exceeded 165 billion litres, representing roughly 5.6 percent of total
transport fuel consumption. This growth has been driven predominantly by mandated blending in
Brazil, the European Union, and emerging markets across Southeast Asia and the Indian subcontinent.
The composifioncﬂ mix remains heovi|y Weighfed towards bioethanol, reflective of both historical first-
mover odvonfoge and the technical simp|ici‘ry of ethanol b|eno|ing infrastructure in deve|oped fuel supp|y

chains.

Over the past two years, however, a structural reorientation has become evident. Renewable diesel and
SAF jointly represent approximately 11 percent of global production and are expanding at rates
substantially above the sector median. Renewable diesel's appeal lies in its "drop-in" characteristics—

compo‘ribih‘ry with existing infrastructure without engine modification—whilst SAF odop‘rion is being driven
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by increosing|y stringent aviation carbon accounting and corporate sustainability commitments from
airline operafors. The imp|icofion is sfrctighh(orword: future margin compression will |il<e|y first affect
|egocy bioethanol and biodiesel producers, whilst investors have pivoted capital allocation towards

higher-morgin, infrastructure-constrained segments.

The Regulatory Landscape

Mandate frameworks remain the fundamental demand anchor across geogrophies. In the European
Union, the Renewable Energy Directive Ill (RED Ill) is being transposed into national law
‘rhroughou‘r 2025, esfob|ishing increosing|y stringent sus‘roinobih‘ry criteria and carbon accounting
methodologies. The union's SAF mandate requires 2 percent blending by 2025, rising to 6 percent
by 2030. In parallel, the United Kingdom commenced its own SAF mandate in January 2025 at 3.6

percent, signo”ing a broader transatlantic 0|ignmenf on aviation decarbonisation.

The United States has moved in complementary fashion. The EPA proposed record-high Renewable
Fuel Standard (RFS) quotas for 2026-2027, maintaining the political coalition that has underpinned
biofuel support since the original RFS of 2005. Brazil, historically the bellwether market for ethanol, has
accelerated blending mandates substantially. The ethanol blend was raised from 27 percent to 30
percent in 2024, with biodiesel rising from 14 percent to 15 percent in the same period. Brazilian
policy signals a roadmap to 20 percent bioethanol blending by 2030, a shift that would represent a

material demand increment from a market 0|reody consuming over 30 billion litres of ethanol onnuo”y.

Southeast Asian mandates have proven more volatile. Indonesia's B40 (40 percent biodiesel) mandate
went into effect in January 2025, but the anticipated escalation to B50 by 2026 has been postponed
indefinitely due to technical constraints and insufficient feedstock availability. India has taken a measured
approach, introducing 1 percent compressed biogas blending in 2025-26, with aspirational targets of
5 percent biodiesel by 2030 and 20 percent bioethanol by 2025-26. Sceptics correctly note that
infrastructure dep|oymen’r |ogs po|icy infent in many emerging markets, creating a gap between

announced mandates and imp|emen’reo| volumes.

Feedstock Competition and Bottlenecks

The expansion of biofuel production has created acute competition for feedstocks at the margin.
Sugarcane, palm oil residues, used cooking oil (UCO), and tallow represent the principal feedstock
sources, each subjecf to distinct supp|y constraints and competing demand streams. Sugorcone ethanol in
Brazil faces pressure from the sugar export market, which has enjoyed elevated international pricing;
producers navigate pricing 0|gorifhms that shift capacity allocation between crystalline sugar and

fermentation ethanol on a seasonal basis.

Palm oil and its residues remain the dominant biodiesel feedstock in Southeast Asia, but supp|y dynomics
have shifted markedly. Indonesia, the world's largest palm oil producer, has restricted UCO and palm
oil residue exports to support the B40 mandate domestically. This policy, whilst ostensibly
supportive of domestic biofuel produc’rion targefts, has created scarcity in the international UCO market
and redirected competitive odvon’roge towards producers with direct feedstock access or |ong—ferm supp|y

contracts.

The European Union has responded with protective measures. Anti-dumping duties on Chinese
biodiesel ranging from 10 to 35.6 percent were made definitive in February 2025, with a five-year
duration. The European Commission estimates these duties protect approximately 6,000 jobs across

more than 60 biodiesel producers within the union. These tariffs effectively support European biodiesel
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margins and remove Chinese price competition from the margin-setting calculus, albeit at the cost of

elevated feedstock costs for downstream users such as HVO refiners.

The UCO Supply Chain - Collection, Quality, and Fraud Risk

Used cooking oil represents an attractive biofuel feedstock: it is a waste |oroo|ucf with negative im|o|icif
value, offers superior carbon accounting versus virgin po|m oil, and requires minimal agronomic land use.
However, the UCO market is structurally plagued by fraud and quality degradation. A seminal study by
Transport and Environment (T&E) published in 2022 found that approximately 80 percent of UCO
imported to the European Union was suspected to be mislabelled virgin palm oil This finding
precipitated regulatory tightening, most notably via the International Sustainability and Carbon
Certification (ISCC) framework, which suspended certification for certain waste-based biofuels in

early 2025 pending enhanced audit protocols.

The practical consequence is that certified, traceable UCO supplies have become scarcer and more
expensive. Legitimate collectors in o|eve|0|oeo| markets face regu|o’rory overhead, fransportation costs, and
capital requirements for storage infrastructure. Fraudulent supplies—collected via underhand arrangements
at food service facilities or diverted from virgin palm oil supply chains—remain economically attractive to
unscrupulous market participants. This bifurcation has created a two-tier market: certified UCO trading at
substantial premiums to uncertified supplies, with refiners focing a choice between margin compression

(via premium feedstock) or repufo’riono| and regu|o’rory risk (via non-certified material).

HVO and Renewable Diesel — Capacity vs. Utilisation

Neste, the Finnish refiner, remains the sector's largest HVO producer, commanding approximately 13
percent of global HVO market share with a Rotterdam facility operating at 1.2 million tonnes per
annum capacity. The top five HVO refiners—Neste, Phillips 66, Eni, TotalEnergies, and Marathon
Petroleum—control more than 50 percent of installed capacity, conferring meaningful market power on

|orge, infegro‘red operators with hedging copobih‘ry and access to diversified feedstock streams.

Capacity expansion has accelerated. The investment in biofuel produc‘rion capacity increased by 26
percent between 2023 and 2025, with approximately 120 large-scale facilities under construction
globally. Notably, approximately 60 percent of this new investment is directed towards renewable
diesel and SAF production, reflecting market consensus that legacy biodiesel and conventional HVO
margins are compressing. A concrete example: Galp and Mitsui are jointly investing EUR 400 million
in a 270,000-tonne-per-annum HVO facility at Sines, Portugal, scheduled to commence
operations in 2026, Such projects assume sustained demand growth and acceptable margin

assumptions; |orge equity sponsors seldom invest in structural overcapacity.

Yet utilisation rates remain a critical variable. Many biodiesel and HVO producers are operating at tight
to negative margins in 2025, reflective of elevated feedstock costs, subdued crude oil pricing (which
anchors finished biofuel pricing), and excess installed capacity in certain geographies. European
producers, benefifing from tariff profection, maintain higher utilisation rates than North American or
Asian competitors; however, even pro’rec’red producers face margin compression when feedstock costs
spike relative to crude-linked product pricing. The International Energy Agency (IEA) has revised its
projected demand growth for liquid biofuels upwards by 50 percent through 2030, suggesting that
current capacity buildouts will be absorbed, but the margin path from 2025 to equilibrium remains

uncertain.
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Producer Capacity (tpa)  Primary Feedstock Geography

Neste 1,200,000 Waste oils, residues Rotterdam, Singapore, Singapore
Phillips 66 825,000 Tallow, UCQO, carinata San Francisco, Rodeo

Eni 630,000 Waste oils, algae Venezia, Gela (ltaly)
TotalEnergies 560,000 Tallow, algal La Mede (France)

Marathon Petroleum 485,000 Tallow, restaurant waste Garyville (Louisiana)

Top five g/o[m/ HVO/renewable diesel proo’ucors by installed capacity, 2026

Sustainable Aviation Fuel — Ambition Meets Reality

Sustainable aviation fuel has copfured regu|ofory and corporate attention disproporﬂonofe to its current
market share. Global SAF production doubled from approximately 0.5 million tonnes in 2023 to 1.0
million tonnes in 2024, with projections suggesting 2 million tonnes by 2025. Even at this accelerated
growth rate, SAF represented only approximately 0.3 to 0.7 percent of global jet fuel consumption in
2024—a rounding error in the context of aviation's global fuel demand of roughly 450 million tonnes

annually.

The discrepancy between policy ambition and market reality reflects fundamental constraints. SAF
producfion po’rhwoys are copifo|—infensive and immature at scale. The most established pofhwoy—Fischer—
Tropsch synthesis from biomass—requires integrated gosi{icoﬁon infrastructure and operates at conversion
efficiencies below 50 percent on an energy basis. Hydroprocessing of |ipio|s (the hydrofreo’ring of oils and
fats) is more mature but competes directly with renewable diesel feedstock demand. Alcohol-to-jet

pofhwoys via isobutanol or isooctane synfhesis remain in eor|\/ pi|of phose with uncertain sco|obi|i’ry.

B|eno|ing mandates are po|ifico||y popu|or but economico”y punitive for airline operators. The EU's 2
percent mandate translates to material incremental fuel costs for European carriers; producers have
absorbed substantial losses to meet initial mandate volumes. Without persistent margin supporf—whefher
via carbon credits, investment subsidies, or continued crude oil weakness—SAF producfion will p|ofeou
well below mandate requirements. The current frajectory suggests that SAF will represent no more than 2

to 3 percent of global jet fuel by 2030, well below policy targets.

Price Dynamics (2025-2026)

Biofuel pricing operates within distinct regimes depending on geogrophy and feedstock type. European
biodiesel has traded in a range of USD 650 to USD 750 per tonne in 2025, supported by tariff
protection and elevated feedstock costs. North American renewable diesel has been subsfon’rio”y weaker,
trading USD 520 to USD 650 per tonne, reflecting lower crude oil pricing and weaker carbon credit
support. Brazilian ethanol has ranged USD 400 to USD 480 per tonne, highly correlated to crude-linked

gasoline pricing and competing sugar demand.

Feedstock costs have remained elevated. Used cooking oil has traded USD 800 to USD 950 per tonne
for certified material, with uncertified supplies trading USD 150 to USD 250 per tonne lower. This spread
—USD 150 to USD 250 per tonne—reflects regulatory and fraud risk premia. Tallow has been more stable,
’rroding USD 550 to USD 700 per tonne, with seasonal variation dependen’r on meat processing cyc|es

and competing demand from cosmetics and chemical feedstock opp|ico’rions.
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The margin structure has compressed substantially. HVO refiners, facing feedstock costs at or above USD
900 per tonne and produc’r prices around USD 700 per fonne, have weathered negative cash margins in
multiple months during 2025. Producers with feedstock self-sufficiency (e.g, Neste via landfill gas
monetisation or residue porfnerships) or with heclging access via parent companies have fared better.
Standalone biodiesel producers in Europe have remained solvent primori|y via tariff protection, but
profitability has declined materially from 2022-2023 levels when margin windows of USD 200 to USD

300 per tonne were common.

Trade Flow Shifts

Regu|c|fory chcmges and feedstock constraints have reshoped g|obc1| trade flows. The EU's on’ri—dumping
duties on Chinese biodiesel have eliminated the competitiveness of low-cost Asian producers in the
European market, direc’ring Chinese produc’rion towards Southeast Asian and Indian markets. Indonesia's
B40 mandate and UCO export restrictions have created local supp|y bottlenecks, forcing regiono|

biodiesel producers tfo compete for tallow and po|m oil residues at elevated prices.

Used cooking oil flows have reoriented drcmq’rico”y. His’rorico”y, North American and European UCO
was traded into Singapore and then refined into biodiesel for export markets. |ncreosing|y, certified UCO
is retained in Europe for HVO refining, supporfecl by carbon credit premiums. Uncertified UCO continues

to flow East, but in reduced volumes and with elevated fraud risk premia.

Ethanol trade has remained re|o’rive|y stable, with Brazilian ethanol dominofing international markets and
US corn ethanol primori|y serving domestic demand. However, the Brazilian government's b|ending
mandate escalation (to 20 percent by 2030) raises the probability of reduced export availability in the
medium term. This supp|y ‘righfening could support g|obo1| ethanol prices if demand in other regions

(India, East Africa) materialises as projected.

Forward Outlook (2026-2030)

The biofuels sector enters this period with three competing narratives. The optimistic case assumes that
regulatory mandates drive structural demand growth, that new capacity operates at high utilisation rates,
and that fechno|ogico| improvements (porﬁcu|c1r|y in SAF) reduce unit producfion costs. In this scenario,
the sector achieves 8-10 percent annual growth through 2030, and consolidation occurs primarily among

morgino|, low-cost producersA

The pessimistic case emphosises feedstock scarcity, margin compression from overcapacity, and
regu|o’rory bockfrocking in price-sensitive markets. Historical precedenf is instructive: Sweden reduced
biofuel mandates subsfqnfio”y in 2024 to mitigate fuel cost inflation, demonsfroﬂng that pub|ic support
for mandates is conditional on consumer impact. In this scenario, growfh slows to 3-4 percent ormuo||y,

and many greemcie|d projects face fincmcing stress or ou’rrighf cancellation.

The base case assumes moderate growfh (5-6 percent onnuo”y) driven by stable mandates in deve|oped
markets and occe|erofing po|icy imp|emen+ofion in emerging markets, offset by margin compression from
capacity buildouts. Consolidation accelerates among producers without feedstock or technical
differentiation. Renewable diesel and SAF expond faster than |egocy producfs, but from modest baselines.
Trade friction rises as governments imp|emen‘r protective measures to support domestic producers,

frogmenﬂng the market into regiono| pricing regimes.

A critical variable is crude oil pricing. If crude rallies above USD 100 per barrel, biofuel competitiveness
strengthens and margin windows expand. If crude remains range-bound at USD 50-70 per barrel, biofuel

economics depend increosing|y on carbon credit valuations and regu|o’rory support rather than energy
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arbitrage. Current |EA forecasts assume WTI pricing around USD 75-85 per barrel through 2030; biofuel

investors are imp|icif|y pricing this assumption info project refurns.

Ethanol Biodiesel SAF Mandate I { 2030
arge
Mandate 2025 Mandate 2025 2025 o
European Blended 42.5%
- 7.0% 2.0%
Union renewable fuels

30% ethanol, 20%

Brazil 30.0% 15.0% =
biodiesel
United RFS  quotas  TBD
10.2% 5.0% -
States annually
B40 baseline; B50
Indonesia - 40.0% -
delayed
20% ethanol blend
India - 5.0% (target) -
target
United SAF mandate to 6%+
- - 3.6%
Kingdom by 2030

Global biofuel and sustainable aviation fuel rnmndmcs, current and pm/@(/c‘d to 2030

Key Risks and Watch ltems

Feedstock availability and quality represents the primary material risk. Certified UCO supplies are
growing slower than demand; fraud risk remains elevated despi‘re regu|ofory improvements. Palm oil
supp|y faces environmental and po|ifico| scrutiny; major consumer markets are imp|emenfing restrictions
on imports from deforested regions. Tallow ovoi|obi|ny is copped by meat processing volumes and
competing demand from other sectors. Should feedstock constraints bind, biofuel producers will face
either margin co||c1pse or forced produc‘rion cutbacks, undermining the capacity utilisation assumptions

embedded in current project returns.

Political economy of mandates is the second key risk. Biofuel mandates are politically vulnerable to fuel
price volatility. If crude oil rallies sharply or biofuel feedstock costs spike, consumer fuel prices will follow,
creating political pressure for regulatory rollback. Sweden's 2024 mandate reduction demonstrates that
support is conditional. Several European nations have signalled potential mandate dilution if fuel costs

rise mo‘rerio”y, Mandates that lack e><|o|ici’r carbon credit or tax credit support are porﬂcu|or|y frogi|e.

Technology risk in SAF remains substantial. Current SAF po‘rhwoys operate at low conversion efficiency
and high capital intensity. Breakthrough improvements in conversion eﬁiciency (eg., electrochemical or
enzymatic pofnwoys) could moferio”y alter the competitive |ondscope and unlock new feedstock sources.
Conversely, if technology does not improve at projected rates, SAF will remain economically unviable

without indefinite |oo|icy support, capping |ong—fern’1 demand growfn

Stranded capacity and project cancellations pose a near-term risk. Several announced biofuel
projects have been o|e|oyeo| or cancelled due to copi’ro| cost inflation, supp|y chain constraints, or margin

compression. As construction costs and Finoncing rates remain elevated, morgino| projects will sfrugg|e to
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achieve internal rates of return above cos’rfof—copifo| benchmarks. This risk is greatest for projects
dependenf on emerging feedstocks (o|goe, carinata) or novel fechno|ogies (eg, power—’ro—|iquid

po’rhwoys), where demonstration scale remains small and investor confidence is limited.

Infrastructure deployment gap in developing markets is a structural constraint. Only approximately 30
percent of global fuel stations are equipped for ethanol blends above E10, and fewer than 15
percent can handle biodiesel above B20. High blending mandates in countries with limited
infrastructure (e.g, India's 20 percent ethanol target by 2025-26, Indonesia's B40) will likely see
imp|emenfoﬂon de|oys as fuel retailers invest in compoﬂb|e tanks and dispensing systems. This
infrastructural |og will suppress actual volumes relative to mandate targets, creating a structural demand

shortfall relative to po|icy intent.

Finally, carbon credit and environmental accounting methodologies remain in flux. The EU's carbon
intensity reduction targets have o\reody precipi‘ro‘red accounting dispu‘res and fraud investigations. As
carbon credit premiums figh’ren—reﬂec’ring the g\obo\ pro|i1cero’rion of carbon markets and uncertainty
around carbon price ‘rrojecfories—brofud projects dependen‘r on carbon credit economics will face margin
compression. A regulatory shift to higher discount rates for "legacy" biofuels (first-generation ethanol and

biodiesel) would materially harm existing producer valuations.

The pofh to 2030 is not linear. Current mandate frameworks are /oroctd/y supportive, but
feedstock constraints margin compression from overcapacity, and regulatory fragmentation
across geogrophies will force significomL mdusfry restructuring. Winners will be producers with

differentiated feedsfocks, hedging copobi/ifyl and technical opfiono/»’fy to pivot between biofuel

pcn‘rwwoys as po/icy and economics shift. Commodr’fy biodiesel producers without differentiation

will continue to face structural headwinds.

Conclusion

The g|obo| biofuels sector stands at a critical juncture. Regu|ofory mandates remain the dominant
demand anchor, but their sus‘roinobih‘ry depends on consumer acceptance of fuel cost impacts and
po|ifico| Wi||ingness to maintain support during commodify price vo|ofi|ify. Feedstock constraints,
por‘ricu|or|y in certified used cooking oil and po|m oil derivatives, are |ike|y to bind capacity grow‘rh over
the next three to five years. Competitive dynomics are shiffing decisive|y toward |orger/ infegrofed
producers with technical differentiation and feedstock access, whilst morgino| commodity producers face

continued margin compression and pofenfio| consolidation or exit.

Investment in biofuel capacity continues at elevated rates, reﬂecfing both the structural support from
mandates and the relative scarcity of low-carbon fransport fuel alternatives. However, morgino| returns on
new capacity are dec|ining, and many greem(ie|d projects are entering construction with inherenﬂy
aggressive margin assumptions. The next three years will see signi{iconf project cancellations or delays as
sponsors confront margin reo|ify and cost inflation. Those that proceed will |il<e|y see returns compressed

relative to early-phase projections, supporting a consolidation narrative within the sector.

For investors, traders, and producers, the critical variables to monitor are feedstock spot prices relative to
producf pricing, realized capacity utilisation rates at major facilities, and the frajectory of regu|ofory
mandate implementation in emerging markets. Volatility is likely to remain elevated through 2026-2027
as the sector absorbs overcapacity and feedstock constraints mature. By 2028-2030, structural
equi|ibrium is |ike|y to be re-established, with biofuels anchored at 8-12 percent of g|obo| fransport fuels

and with a much more consolidated, copifo|—eﬁ(icienf producer base.

TORNAVIATRADING.COM | PAGE 7



Tornavia Trading Research Desk | March 2026

This publication is provided for informational purposes only and does not constitute investment advice, a solicitation, or an offer to buy or sell
any commod\'fy, security, or financial instrument. Tornavia Trad\'ng AG and its affiliates make no representation or warranty as to the accuracy or
completeness of the information contained herein. Past performance is not indicative of future results. Recipients should conduct their own due

diligence before making any trading or investment decisions.

TORNAVIATRADING.COM | PAGE 8



