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While our shrinking world has had manifold benefits, 
such as technology globalisation reducing transport 
costs alongside increasing interconnectedness 
and collaboration between economies worldwide, 
this has come at the expense of global carbon 
emissions. The reliance on fossil-fuels to transport 
people and goods currently represents more than 7 
billion tons of CO2 equivalent, i.e. around 17% of the 
global total. With forecasts indicating ever-growing 
travel demand and exacerbated logistics needs in 
the future, a drastic decoupling of transport-related 
GHG emissions and economic growth is required, 
and there is a pressing need for more efficient 
answers to increasing global energy demand by 
2050. This calls for broad electrification, switching 
away from today’s almost two-thirds of thin-aired 
primary energy due to fossil fuel combustion. 

Nonetheless, while the transition is already 
underway for easier-to-abate mobility, key strategic 
challenges arise from technical gaps in hard-to-
abate segments. As such, bio-and alternative fuels 
have emerged as pivotal solutions in the quest for 
sustainable energy, with multiple sectors currently 
using or having intentions to rely on bio- and 
synthetic feedstock to drive their decarbonisation 
efforts. Whether derived from biological materials 
such as plant biomass, animal waste, and algae, 
they represent complementary drop-in alternatives 
both for the remaining fleets under transition and 
heavy-duty vehicles for which no other technological 
alternatives are yet available. Currently, biofuels 
account for only around 4% of total energy 
consumption in transport and are mostly used on 
roads. However, scaling new biofuels is challenging 
due to insufficient sustainable biomass availability, 

which requires better resource management – such 
as preferring one production pathway over another, 
experimenting with new bio- and e-inputs, and 
building alternative fuels infrastructure. 

At the same time, renewed momentum in the bio- 
and alternative fuels sector is driven by tightened 
emissions targets, new green fuel mandates, and 
penalties such as ReFuelEU Aviation and FuelEU 
Maritime (in addition to RED III, which targets 
29% renewable energy in transport) in Europe, 
or the SAF Grand Challenge in the US. These 
initiatives are attracting interest from strategics and 
investors, either betting on meeting quotas or on 
new, forward-looking technologies. With targets 
set for at least 6% of SAF by 2030 (including 
1.2% e-SAF) and 2% RFNBO in maritime by 2034, 
dramatic changes to overall production and fuelling 
infrastructure are expected over the next decade.

Challenges therefore remain, particularly regarding 
supply chain inefficiencies, which may shift from 
centralised to decentralised production hubs to 
adapt to local feedstock constraints. This involves 
different logistics and infrastructure, and the need 
for policy interventions to level the playing field 
between fossil and sustainable fuels, especially in 
terms of carbon cost reflection. From infrastructure 
providers to fleet operators, and technology 
providers to energy suppliers, every company in 
the value chain can embrace the shift by leveraging 
advanced production technologies, renewable 
energy systems, and circular economy principles. 
This approach can maximise profitability, transform 
feedstock security into downstream profits, and 
pave the way for a greener future in transportation.
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TRANSPORT IS ON  
THE VERGE OF A 
RADICAL TRANSITION
SECTION 1
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TAKING THE PULSE OF  
DECARBONISATION EFFORTS  
IN TRANSPORT

Deep dive into overall CO2 emissions

Addressing climate change requires a 

collaborative effort from governments, 

industries and society. Carbon 

dioxide (CO2) is estimated to be the 

largest contributor to global warming, 

responsible for around two-thirds of 

the increase in temperature since the 

pre-industrial era. CO2 emissions have 

doubled over the past 50 years, with 

nearly 42 billion tonnes of CO2e (which 

includes the impact of all greenhouse 

gases) released into the atmosphere 

worldwide in 2023. During that year, 

global CO2 emissions related to the use 

of fossil materials increased by 1.1%, 

adding another 410 million tonnes to 

reach a record high of 37 billion tonnes.

Although fossil CO2 emissions are 

decreasing in developed regions, they 

continue to rise overall, highlighting that 

actions taken to bend the curve are 

insufficient to drastically reduce fossil 

fuel utilisation at a global scale. This can 

be seen in 2023 data, where emissions 

increased by 8% and 4% respectively 

in India and China while declining by 

7% and 3% in the EU and USA. Even 

though China is installing far more 

renewable capacity, its energy-hungry 

industrial sector continues to grow fast, 

ultimately exacerbating intermittency 

issues and grid flexibility requirements, 

which hampers net renewable capacity 

factors and grid decarbonisation 

potential.
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FIG 1:  GLOBAL CO2 EQUIVALENT (CO2E) EMISSIONS FROM 1850 TO 2023 (GT/YEAR)

Source:  Global Carbon Budget, Stifel*

This dependency on fossil fuels directly 

stems from human activities’ large 

primary energy requirements, allowing 

for cheap but dirty economic growth. 

Similarly to process industries, in 

terms of CO2 emissions, transport 

is considered “hard to abate”. 

Although passenger transport can be 

decarbonised through electrification, 

which is more energy efficient (per unit 

of work) than combustion engines and 

can be powered by renewable sources, 

decarbonisation for other segments 

such as aviation, maritime and other 

heavy-duty vehicles (HDVs), whether 

on- or off-road, depend on technical 

progress.     
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FIG 2:  GLOBAL CO2 EMISSIONS BREAKDOWN PER 

SECTOR AS OF 2023

Source: Climate watch, IEA, Stifel*

FIG 3:  BREAKDOWN OF GLOBAL CO2 EMISSIONS 

FROM FOSSIL-USE AS OF 2023

Source: IEA, Stifel*

For example, the global transport 

system contributes about 17% of 

global CO2 emissions, more than 

two-thirds of which comes from road 

travel. There is therefore growing 

pressure from developed countries 

and emerging countries for passenger 

fleet electrification. However, significant 

challenges remain with heavy-duty 

vehicles (HDVs), mostly because of 

constraints relating to weight and 

energy density. 

For road HDVs, which currently account 

for close to 40% of road transport 

emissions, existing technologies and 

the pace of improvement allow for 

a gradual decarbonisation of both 

the existing fleet and infrastructure. 

However, aviation and shipping, often 

highlighted as large emitters and 

respectively responsible for 11% and 

13% of global transport emissions, 

pose different challenges. By 2050 the 

global vehicle fleet is expected to nearly 

double, also with passenger flights 

projected to grow by 140% above pre-

pandemic levels, and cargo tonne-miles 

at sea anticipated to expand by 40%. 

To accommodate these growth levels 

with emissions reduction targets, wide 

adoption of bio- and alternative fuels, 

which come with better GHG emissions 

life cycle assessment (LCA) compared 

to their fossil counterparts, could 

be necessary to reduce emissions 

from existing fleets alongside their 

conversion, where possible, towards 

leaner-energy and lower-emission 

systems.
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FIG 5:  GHG EMISSIONS TRAJECTORIES PER SECTOR IN THE EU SINCE 1990

Source: McKinsey, Stifel*
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FIG 6:  GHG SAVINGS/ADDITIONS IN THE EU BY SECTOR SINCE 1990

Source: EEA, ECA, Stifel*

The road transport sector is leading the 

shift towards lower- and zero-emission 

technologies, driven by the gradual 

adoption of electric vehicles and 

ambitious targets from governments 

to transition existing vehicles fleets to 

electric systems. In that regard, the 

EU as been particularly aggressive, 

mandating that all new car sales be 

electric by 2035 and requiring all new 

urban buses to be zero-emission by 

2030. Additionally, stringent emission 

reduction targets for other road HDVs 

have been set, aiming for a 45% GHG 

emission reduction by 2030, 65% by 

2035, and 90% by 2040 compared to 

2019 levels.

However, in the medium- to long-

term, alternative solutions such as 

bio and alternative fuels are essential 

complement to bridge the gap until the 

value chain for battery electric vehicles 

(BEVs) becomes fully established. 

While the adoption of fully electrified 

vehicles is accelerating, at varying 

paces depending on the market, it 

will take decades before traditional 

internal combustion engines (ICE) 

are completely phased out and grid 

infrastructure fully ramped up. Hybrids 

will therefore buy slightly more time for 

gasoline and diesel on the passenger 

vehicle roadmap.

Alternative fuels (such as bio and 

renewable diesel/ethanol) serve as 

partial substitutes for traditional diesel 

and gasoline and are emerging as an 

interim solution for the road transport 

sector, but with wide disparities in 

blending mandates. Government 

policies and regulations therefore play a 

crucial role, indirectly setting the pace of 

growth in the market, as many countries 

have implemented blending mandates. 

In the US, for example, biofuel demand 

is managed through the Renewable 

Fuel Standard (RFS), Brazil uses the 

RenovaBio policy and in Europe, the 

implementation of RED III in each EU 

member’s national law is expected to 

happen in the next 12-18 months.

Road transport leads the switch

FIG 4:  TRANSPORT-RELATED CO2 EMISSIONS BREAKDOWN AS OF 2022

Source:  Global Carbon Budget, Stifel*

To align with the 1.5C pathway set by 

the Paris Agreement, every industry 

must undergo rapid decarbonisation 

but the transportation sector lags 

behind its targets. For example, in 

the EU, which is known for strict 

decarbonisation guidelines and diverse 

intermodal transportation options, the 

transport industry remains off-track in 

achieving Paris-aligned climate goals. It 

is the only sector to have increased its 

overall emissions since 1990. 
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50.6%

Biofuels; 94 Mtoe; 4.4%

NGV; 58 Mtoe; 2.7%

Diesel; 882.3 Mtoe; 
40.9%

LPG; 24.8 Mtoe; 1.1%

Electricity; 6.9 Mtoe; 0.3%

Alternative fuels; 
183.7 Mtoe; 8.5%>2.1Btoe

FIG 7:  WORLD ENERGY CONSUMPTION IN ROAD 

TRANSPORT IN 2022 (MTOE/YEAR)

Source: IFP Energies Nouvelles, S&P
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FIG 8:  GLOBAL ETHANOL, BIODIESEL & RENEWABLE 

DIESEL PRODUCTION FOR ROAD TRANSPORT

Source: IFP Energies Nouvelles, S&P, IEA

In Brazil for example, pure gasoline is no 

longer sold due to a mandatory ethanol 

blend requirement of 27%; Finland has 

a 18% mandate. Similarly in Indonesia 

and Costa Rica, 20% biodiesel blending 

mandates support overall demand and 

underlying ecosystem development. 

Brazil has a 10% biodiesel blending 

mandate. Mandates tend to be less 

ambitious for biodiesel than bioethanol, 

whether because of underlying 

feedstock availability or overall life cycle 

analysis (LCA). In 2022, those biofuels 

accounted for 94Mtoe, representing 

nearly 5% of road transport energy 

consumption and are expected to rise 

to just 7% by 2030 according to the 

IEA, alongside the uptake of electric 

vehicles. Current global bioethanol 

production volumes are 80-85Mt/year, 

while production of biodiesel, including 

both hydrotreated vegetable oil (HVO) 

and fatty acid methyl ester (FAME), 

stands at around 45-50Mt/year. Both 

fuels have seen significant volumes 

growth since the early 2000s.

Supportive regulatory environments 

in developed markets, specifically the 

2005 Renewable Fuel Standard (RFS) 

in the US, drove significant volume 

growth in the biofuel industry. Transport 

now represents the bulk of bioethanol 

consumption annually, using it as a 

gasoline additive. 

The biodiesel ecosystem has 

developed in a similar way but with 

smaller volumes than ethanol. Growing 

emphasis on feedstock price and 

availability, and competition with food 

crops will skew future growth in the 

sector towards the use of waste and 

residues from sustainable feedstock, 

with new production alternatives such 

as HVO emerging for renewable diesel. 

Although ethanol remains the most 

widely used biofuel globally, production 

growth largely depends on the pace at 

which the existing road fleet electrifies 

and new applications develop, 

especially in aviation for which sugars 

and/or ethanol could be processed 

into relevant feedstock or directly into 

kerosene (see SAF section). In contrast, 

biodiesel production has increased at 

an almost linear pace since 2000, led 

by ever-growing logistics needs and 

supportive regulatory environments in 

Asia, Europe and the US. However, it 

faces similar constraints to ethanol in 

the future.
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FIG 9:  GLOBAL BIOETHANOL PRODUCTION IN MT BY 

REGION (2006-2022 PERIOD)

Source: IFP Energies Nouvelles, S&P, Stifel*
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FIG 10:  GLOBAL BIO AND RENEWABLE DIESEL 

PRODUCTION IN MT BY REGION (2006-2022 PERIOD)

Source: IFP Energies Nouvelles, S&P, Stifel*

With biofuels set to play an important 

role in decarbonising transport by 

providing low-carbon solutions for 

existing internal combustion engines 

technologies in the near-term and for 

heavy-duty trucks, ships, and aircraft 

in the long term, global demand is 

expected to continue to grow, with Asia 

likely to outpace other areas. However, 

regulators must carefully monitor the 

expansion of each biofuel sub-segment 

in the context of ensuring minimal 

impact on land use, food and feed 

prices and overall GHG emissions.

Road transport electrification is 

proceeding in stages, from the easiest 

to the hardest to abate segments 

– first light mobility, then shared 

and light commercial vehicles and 

ultimately HDVs. Biofuels complement 

this evolution. Depending on the 

development of charging, penetration 

of renewable energy and increased grid 

flexibility, both solutions should coexist 

in the coming decades, especially in 

light of a global fleet expected to expand 

from just over 1.6bn road vehicles today 

to 2.3bn by 2050. While the overall 

share of ICE vehicles in the fleet should 

drop from almost 100% to less than 

30% over this period, with most of the 

decrease from passenger vehicles, 

the transition of ICE HDVs to electric 

power will gather more traction from 

2030 onwards, reaching about 50% of 

the fleet by 2050. So, with governments 

acting as a “referee”, biofuels will 

play a crucial role in supporting the 

decarbonisation of transport. They 

can provide immediate solutions to 

decarbonise remaining passenger or 

logistics fleets, with drop-in solutions 

for road segments where electrification 

is less feasible in the near term. 



12 13

file:///C:/Users/gthomazeau/Bryan_Garnier/Analyste%20-%20BaseAfi/Stagiaires%20Research/Guillaume%20Thomazeau/WP-
%20biofuel/Studies/DNV_ETO_Transport_In_Transition_2023_published.pdf

0

0.5

1

1.5

2

2.5

1990 2000 2010 2020 2030 2040 2050

N
um

be
r 

of
 v

eh
ic

le
s 

(B
ill

io
n)

Combustion (passenger) Fuel Cell electric (passenger) Battery electric (passenger)

Combustion (trucks) Fuel Cell electric (trucks) Battery electric (trucks)

FIG 11:  WORLDWIDE ROAD VEHICLE FLEET PER ENGINE TYPE FROM 1990 TO 2050 (IN BN VEHICLES)

Source: DNV, Stifel* 
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FIG 12:  GLOBAL ROAD TRANSPORT ENERGY DEMAND BY CARRIER FROM 1990 TO 2050 (EJ/YEAR)

Source: DNV, Stifel*

FIG 13:  AIR PASSENGER DEMAND DYNAMICS FROM 

1990 TO 2050 (BN PASSENGER/YEAR)

Source: ICAO, Airbus GMF, Stifel* 

FIG 14:  GROWTH BY MACRO REGION, DEVELOPING VS 

EMERGING MARKETS 

Source: IATA, Stifel*

This growing demand is expected to 

drive 33% growth in the worldwide 

commercial aviation fleet, representing 

more than 36,000 aircraft by 2033 

(+2.9% CAGR from 2023). This 

will lead to higher GHG emissions 

despite improving engine efficiency. 

Unsurprisingly, although long and 

medium-haul flights only constitute 

around 30% of the fleet, they create 

close to 75% of CO2 emissions due 

to their higher fuel consumption. With 

ever-growing needs for larger airplanes 

to limit fleet expansion and answer 

travel demand, as well as slightly more 

dynamic growth in cargo vs. passenger 

flights, CO2 emissions growth could 

surpass fleet expansion if nothing is 

done to mitigate jet fuel carbon intensity 

and consumption per plane. 

Finding a solution to aviation’s carbon 

footprint is therefore critical. But 

electrification solutions that work 

for road transport are difficult to 

implement for aviation, especially 

for long-haul flights, based on the 

current energy density of batteries and 

high volumes required for hydrogen 

storage. Moreover, aeroplanes’ 20 

to 30-year lifespans and oligopolistic 

manufacturing ecosystems slow down 

a complete transition to new systems.

Air traffic currently accounts for 2-3% of 

global CO2 emissions, a relatively small 

share compared to road transport. 

However, aviation is one of the most 

carbon-intensive transport activities 

and increasing air traffic rapidly leads 

to a large increase in CO2 emissions. 

Since 1990, passenger and freight flight 

demand has approximately quadrupled, 

and despite COVID-19, the number 

of flights is returning to pre-pandemic 

levels (94% of 2019 traffic according 

to IATA in 2023). Looking ahead, 

projections from the World Economic 

Forum suggest that flight demand 

could at least double or even quintuple 

by 2050, while IATA estimates air travel 

demand could double by 2040, growing 

at an annual average rate of 3-4%. More 

than half of this growth will stem from 

APAC, due to favorable demographics 

and rising household incomes, while 

mature aviation markets such as North 

America and Europe will continue to 

grow a at slower pace. 

Growing air travel demand leaves no option for airliners
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FIG 15:  SUPERIOR ENGINE EFFICIENCY PREREQUISITE 

TO CONTINUOUS FLEET EXPANSION (# AIRCRAFT)

Source: Oliver Wyman, Stifel*

70

27

18

43

12

30

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Fleet Emissions

H
au

l T
yp

e 
(%

)

Short range Medium range Long range

Long range
>10,000 km
>250 pax

Medium range
>10,000 km
166-250 pax

Short range
>4,500 km
<165 pax

FIG 16:  MED/LONG-HAUL DRIVES MOST FUEL 

CONSUMPTION AND ~75% OF EMISSIONS

Source: McKinsey, FCH JU, Stifel*

Given these challenges, sustainable 

aviation fuel (SAF) has emerged as a 

more immediate and impactful solution. 

SAF can reduce CO2 emissions by 

up to 75-100% compared to fossil 

kerosene and can be blended without 

requiring significant changes to existing 

infrastructure. Despite SAF’s market 

readiness, it accounted for significantly 

less than 1% of aviation fuel in 2023, 

reaching close to 0.5Mt. It is now on a 

path towards 1.5Mt in 2024 (ie. 0.5% of 

total jet fuel consumption). 

Expanding SAF production requires 

global collaboration among 

governments, industry, and regulators. 

However, there is growing competition 

across the bio and alternative fuels 

subsectors to secure relevant 

feedstocks. So, while the SAF 

ecosystem matures, it will be necessary 

to incorporate both biomass-based 

and synthetic fuels. Nonetheless, 

as highlighted above, SAF alone 

may not cover all emissions. Steady 

improvements in engine and system 

efficiency (historically around 1% per 

year) will also be needed to partially 

offset otherwise growing jet fuel 

demand. 
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FIG 17:  GLOBAL JET FUEL CONSUMPTION IN MT/YEAR 

(2019-2023) 

Source: Airbus, McKinsey, ICAO, Stifel*
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FIG 18:  JET FUEL CONSUMPTION BREAKDOWN 
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Source: Nature, Stifel*
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New horizons as global shipping and infrastructure 
gears up 

Since the 1960s, heavy fuel oil (HFO), 

a viscous byproduct of oil refining, 

has dominated marine fuels. Although 

unsuitable for most transportation 

modes, HFO remains a go-to fuel 

for the shipping industry due to its 

low cost and abundance, with some 

marine engines specifically designed 

to handle its properties. Despite its 

economic advantages, HFO has severe 

environmental and health impacts, 

including high sulphur content, 

which can contribute to acid rain and 

respiratory diseases. Regulations have 

therefore been introduced to address 

these issues, such as the International 

Maritime Organisation’s (IMO) global 

sulphur cap, which reduced allowable 

sulphur content in marine fuels to 0.5% 

as of 2020, and NOx Tiers aimed at 

reducing nitrogen oxide emissions. 

Those have resulted in a transition from 

HFO to low sulphur fuels and cleaner 

alternatives.

This shift is part of a broader regulatory 

trend to reduce carbon intensity of 

new vessels, progressively reducing 

CO2 emissions from the fleet, but 

decision and investment cycles are 

slow compared with road and aviation. 

Nonetheless, 6.5% of operational 

shipping tonnage can currently run 

on alternative fuels such as liquified 

natural gas (LNG), liquified petroleum 

gas (LPG), methanol or electricity, an 

increase from 5.5% in 2023. Currently,  

26.2% of ships on orders awaiting 

delivery include alternative fuel systems. 

Short range and inland shipping is 

well positioned to move forward with 

electrification, with 800 fully electrified 

or hybrid vessels in the current fleet 

and 295 on order. Deepwater shipping 

is also transitioning, with half of the 

ordered tonnage equipped for LNG, 

LPG, or methanol dual-fuel engines, 

compared to one-third last year. LNG 

vessels have the potential to reduce 

GHG emissions by up to 23%, nitrogen 

oxides (NOx) emissions by 80%, and 

almost eliminate sulphur oxides (SOx), 

with fossil natural gas. If these ships 

were to adopt biomethane in the future, 

they could achieve over 100% emission 

reductions depending on upstream 

pathways for biomethane production.

However, as demand and cross-sector 

competition for biomethane increase, 

there will not be enough supply for 

a global fleet completely running on 

LNG. Other alternative fuels must also 

be considered, but their adoption is 

currently limited due to high costs, 

ongoing technology and infrastructure 

development. As of last year, 8% of new 

ship orders were for vessels designed 

for methanol. However, no consensus 

has been reached yet among shippers, 

with orders arriving for all solutions 

including LNG, methanol and ammonia. 

This ultimately adds new demand to 

high-emitting processes while at the 

same time giving new and low-carbon 

infrastructure investments a higher 

profile.
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FIG 20:  GLOBAL VESSEL FLEET BREAKDOWN AND ORDERBOOK DYNAMIC (AS OF JULY 2023)

Source: DNV, Stifel*

The industry is mostly testing available 

solutions and not yet fully transitioning 

to alternative fuels. Investments are 

being made in dual-fuel ships that 

can accommodate both fossil and 

non-fossil fuels, although fossil fuels 

remain the most commonly used. 

Focus areas for the industry are likely 

be optimising existing fleets and 

enhancing operational efficiencies 

rather than expanding the number of 

vessels; complying with regulatory 

guidelines; and making broader efforts 

to reduce the environmental impact of 

maritime transport. This shift suggests 

that the fleet will not significantly evolve 

in size but will instead be readapted 

alongside new bunkering and terminal 

infrastructure in ports.

With oil demand expected to fall over 

the coming decades, maritime transport 

is poised for a material change in what 

it carries, with projections indicating 

the global fleet might reach a plateau 

in number of vessels by 2035-2040. 

This potential stabilisation also stems 

from advances in shipping technology, 

engine efficiency improvements and 

stricter environmental regulations.
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FIG 21:  GLOBAL COMMERCIAL MARINE FUEL 

CONSUMPTION IN MT (AS OF 2021)

Source: IMO, Stifel*
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FIG 22:  WORLD FLEET COMPOSITION (IN 2021) 

Source: IMO, Stifel*

0

20

40

60

80

100

1990 2000 2010 2020 2030 2040 2050

G
ro

os
 T

on
na

ge
 p

er
 N

at
ut

ic
al

 M
ile

 
(G

t 
pe

r 
na

ut
ic

al
 m

ile
/y

r)

Other cargo vassels Containership Bulk carrier LNG & LPG carriers Oil products tanker Crude oil tanker
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FIG 23:  WORLD SEABORNE TRADE DYNAMIC IN TONNE-MILE PER VESSEL TYPE (FROM 1990 TO 2050)

Source: Michael Barnard, IMO, Stifel*

REGULATION IS A 
KEY ENABLER FOR 
SUSTAINABLE FUELS
SECTION 2
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LONG-TERM CLARITY TO  
SCALE AN ECOSYSTEM

The alternative fuels framework

Designed to mitigate environmental 

impact compared to traditional fossil-

based fuels, sustainable fuels are 

produced from renewable sources and 

have lower lifecycle GHG emissions. 

They include both biofuels and synthetic 

fuels, each with specific production 

methods and characteristics.

https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/how-traders-can-capture-value-in-sustainable-fuels

Synthetic fuel* processes and product

https://coryton.com/lab/articles/glossary-what-are-the-different-types-of-sustainable-fuels/
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FIG 24:  OVERVIEW OF SUSTAINABLE FUELS

Source: Coryton, McKinsey, Stifel*

Biofuels are primarily derived from 

biomass and currently account for most 

of the volume of sustainable fuels used 

in the transport sector. Various biofuel 

generations coexist, each characterised 

by distinct biomass sources, as well as 

availability, collection and conversion 

challenges:

•	 First-generation biofuels, also 

known as conventional biofuels, are 

derived from agricultural food crops 

and vegetable oils. These fuels have 

faced scrutiny due to their potential 

competition with food production 

(even if they provide an alternative 

to agricultural production surplus, 

supporting global demand for soja, 

corn, rapeseed etc.) and concerns 

about land use change.

•	 In contrast, second-generation 

biofuels, also known as advanced 

biofuels, use non-food biomass 

sources such as energy crops, crop 

residues (lignocellulosic biomass) and 

waste oils/fats. These fuels have less 

impact on land use and food supply, 

and are seeing growth and competition 

between incumbents and innovators to 

secure access. 

•	 Third-generation biofuels use 

byproducts from microorganism to 

create both oils and proteins. Algae, for 

example, can grow rapidly in diverse 

conditions, requiring minimal land and 

freshwater resources compared to 

traditional crops with high productivity 

and minimal environmental footprint. 

However, challenges remain in 

extracting valuable materials once 

crops are harvested. 

•	 Similarly, fourth-generation biofuels 

rely on advanced biotechnological 

approaches, using genetically modified 

organisms or enhanced technology 

to maximise energy output while 

minimising environmental impacts.

Classification of biofuels on the basis of feedstock used

Biofuels

1st 
generation

3rd 
generation*

2nd 
generation* 

4th 
generation

Edible Crops

Oil

Residues

*Also called “advanced biofuel”
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Wastes

Algae Biomass
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Sugars
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Woody

Inedible Oil

Agriculture

Forestry

Woody

Agriculture

Manure, 
fats

Municipal 
Solid Waste

Used 
cooking oil

FIG 25:  BIOFUELS CLASSIFICATION DEPENDS ON FEEDSTOCK CONSUMPTION 

Source: Stifel*

The issue of food substitution (the “food 

for fuel debate”) for first-generation 

biofuels, together with limitations 

around availability and technology for 

advanced biofuels, means that long-

term alternatives are needed to fill the 

gap as energy demand continues to 

grow.

While overall ecosystem development 

will depend on region-specific, fuel 

definition and accessibility to raw 

materials and intermediates, mandatory 

adoption targets and penalty framework 

will prompt the transition towards 

alternative fuel sources, supporting the 

rise of synthetic fuels. 

Synthetic fuels encompass biomass-

to-liquid (BTL) and power-to-liquid 

(PTL, also known as e-fuels), each 

distinguished by unique production 

methodologies. BTL involves 

thermochemical conversion of biomass, 

typically employing processes such as 

gasification ahead of fuel synthesis. 

E-fuels use renewable or low-carbon 

electricity to synthesise liquid or 

gaseous hydrocarbons from biogenic. 

Synthetic fuels offer an alternative 

for decarbonising both transport and 

industrial sectors. They circumvent 

potential conflicts over agricultural land 

use but significantly increase renewable 

energy requirements, taking away 

available power from other end uses.

The development of alternative fuels 

needs visibility from regulators and 

clear decision frameworks to ensure 

coordinated technology development. 

The sector requires tight sustainability 

and certification criteria, strong import/

export monitoring tools and clear 

guidelines that encourage innovation 

and align stakeholder interests.

Strict environmental standards, with 

blending mandates and GHG reduction 

limits from national and supranational 

regulators, will enable the supply side to 

be structured with a complete business 

case and outputs that are correctly 

priced, for example to reflect positive 

externalities. 
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FIG 26:  HOW REGULATORY MEASURES IMPACT ALTERNATIVE FUELS DEVELOPMENT

Source: EU ECA, Stifel*

While biomass is theoretically available 

in large quantities, structuring the 

ecosystem starts with clear definition of 

“sustainable” biomass. From collection 

to processing and distribution, true 

industrialisation of sustainable biomass 

streams comes with scalability 

challenges. The greater the volumes 

produced to satisfy demand for 

bio- and e-fuels, the stronger the 

competition for waste/residue, sugars 

or intermediate will be. Agricultural 

yields, demographics, and utility 

networks vary widely across regions. 

And climate change and geopolitics can 

ultimately redefine resource maps and 

impact feedstock availability. 

Measures must therefore be put in 

place to prevent deforestation and land 

degradation, ensuring that forests and 

natural ecosystems are not converted 

into agricultural land or directly fed 

into biofuel production, but sustainably 

leveraged to extract the most out of 

natural and already existing biomass. 

Additionally, food competition and land 

use need to be properly assessed, so 

production surplus can be leveraged 

while avoiding the conversion of land 

for fuel crops.

Processing infrastructure that is able to 

use different feedstocks is particularly 

relevant in this context. It reduces 

dependency on a single resource, and 

mitigates inequalities and competition 

across regions, especially as emerging 

countries begin to develop their own 

local infrastructure. 
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FIG 27:  AVAILABLE ADVANCED BIOMASS FEEDSTOCK POTENTIAL (IN MT)

Source: McKinsey
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FIG 28:  FROM THEORETICAL POTENTIAL TO SUSTAINABLE BIOMASS FEEDSTOCK IMPLEMENTATION

Source: IEA, Stifel*
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New producers coming to market 

and sovereignty considerations will 

highlight the scarcity of available 

feedstock resources. As an example, 

global trade in used cooking oil (UCO) 

reached 5.5Mt in 2022. Asia is the 

primary source of exports, two-thirds 

of which come from China. Most UCO 

from Asia is shipped to Europe because 

of the region’s regulations favouring 

advanced biofuels.

However, there is growing interest to 

convert UCO for local consumption 

and to reshore valuable parts of the 

value chain. Consequently, if Asian 

collectors and refiners were to use 

local UCO supply for domestic energy 

(or for third parties) in the medium- to 

long-term rather than directly exporting 

waste streams, this could lead to 

significant downstream input shortages 

in developed markets. Alternative and 

synthetic feedstock may therefore soon 

be needed to make up the shortfall 

and allow for further infrastructure 

development. 

It is therefore crucial to encourage the 

diversification of feedstock consumption 

and fuel conversion technology to 

minimise reliance on specific regions 

and ensure a more local, equitable and 

sustainable distribution of resources. 

FIG 29:  ASIA IS THE WORLD’S HUB FOR WASTE FATS, OILS AND GREASES (FOG)

Source: LMC International, Stifel*
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FIG 30:  GLOBAL FOG DEMAND IS EXPECTED TO RISE FROM 14MT TO AT LEAST 35-40MT BY 2030

Source: LMC International, Stifel*

Disparities in feedstock availability will 

drive the dynamics of adoption and 

investment in alternative solutions across 

regions. They will favour local sourcing 

of bio- and synthetic feedstock together 

with centralised or decentralised 

refining set-ups that depend on the 

structure of available feedstock and 

process integration synergies. As a 

result, we are likely to see different 

technologies and infrastructure across 

continents, coupled with developments 

in feedstock options, pushing forward 

the waste frontier and potentially 

diverting today’s way of consuming 

biomass for another, with more value 

and significant environmental impact 

at stake. These regional variations will 

depend on specific resources available, 

existing infrastructures and industrial 

ecosystems as well as regulatory 

frameworks, ultimately promoting 

different technologies tailored to 

specific local conditions. Widely used 

cheap, competitive feedstocks used 

today may no longer be cheap in the 

future, with distorted supply dynamics 

as competition increases, and growing 

risks of squeezed margins.
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FIG 31:  ILLUSTRATIVE FEEDSTOCK AVAILABILITY AND COMPETITIVENESS IN EUROPE

Source: Capgemini, Stifel*

FIG 32:  ILLUSTRATIVE FEEDSTOCK AVAILABILITY AND COMPETITIVENESS IN THE US

Source: CapGemini, Stifel*
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Although, infrastructure growth requires 

clarity in the medium- to long-term, the 

regulatory landscape for alternative 

fuels has evolved significantly over the 

past 20 years. Europe has set ambitious 

climate goals and given the market time 

to adapt before adding further rules to 

shift away from sub-optimal standards. 

However, the frequent updates 

and modifications to regulations 

create a challenging environment for 

stakeholders, leading to uncertainty for 

producers.

Maturing regulations drive adoption 

Biofuels directive RED Red II RED III

Amendment of the Fuel Quality Directive

Indirect Land-use Change Directive

FuelEU Maritime

ReFuelEU Aviation

EU ETS

2003-08
Emphasis on crop-based biofuels

EU ETS II

Revised Energy Taxation directive

Standards for cars and vans

Green Deal : Climate 
neutrality by 2050 

Other key measures taken to support 
biofuels
• Fit for 55 (2021)
EU ETS applied to transport, RED II revision)
• RePower EU (2022)
Fit for 55 2030 target uplift
45% renewable energy consumption (mix) 
35bcm by 2030 for biomethane

2005
Biomass
Action plan

2006
EU strategy 
for biofuels

2009-18
Setting of 2020 targets

2018-22
Setting of 2030 targets 
• Emphasis on advanced biofuels 

from residues and waste
• Annex IX

2023+
• Increased ambition for 

advanced biofuels
• Delegated regulations Acts

2009
Biofuel blending in 
gasoline and diesel

2015
Cap on food-
based biofuels

2021
Limit of CO2 
emissions

2023

2023
Trading system aimed at reducing 
GHGs for covered traders by 62%.
• Shipping
• Aviation
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Minimum share 
of SAF and PtL

FIG 33:  KEY DEVELOPMENTS IN EU BIO- AND ALTERNATIVE FUELS POLICY

Source: EU Commission, EU ECA, Stifel*
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The Renewable Energy Directive (RED) 

is a good example of this. Since its 

initial implementation in 2009, the RED 

has played a key role in developing 

the regulatory framework to promote 

renewable energy across all sectors 

of the EU economy. It facilitates 

cooperation between EU member 

states to achieve sustainable energy 

objectives. Over the years, RED has 

played a crucial role in significantly 

increasing the share of renewable 

energy sources in the EU’s energy mix 

from 12.5% in 2010 to 23% by 2022.

RED III has set even more ambitious 

targets in 2023, aiming for renewables 

to constitute 45% of EU energy 

consumption by 2030. It follows on 

from the 2021 Fit for 55 package, which 

includes the RED II revision and the 

application of EU ETS for transport; 

and the 2022 RePowerEU plan, which 

came with an upward revision from Fit 

for 55 targets for biomethane to 35bcm 

by 2030. 

Specific RED III provisions include a 

mandate that 29% of energy used in 

transport is sourced from renewables 

or generates a reduction in GHG 

emissions of at least 14.5% compared 

to fossil fuels. Additionally, RED III 

targets 5.5% of transport energy from 

advanced biofuels and renewable 

fuels of non-biological origin (RFNBO), 

which encompass e-fuels and green 

hydrogen.

To mitigate potential ecological 

issues, RED is framed by two essential 

elements:

•	 Annex IX, which imposes limits on 

the use of crop-based biofuels and 

promotes biofuels produced from 

specified materials. This includes 

capping conventional crop biofuels at 

7% in total energy for transport with 

a 1% flexibility margin. This limitation 

aims to prevent excessive reliance 

on food crops for biofuel production, 

mitigating concerns about competition 

with food production and potential 

land use change. Annex IX encourages 

the production and use of advanced 

biofuels, which offer higher sustainability 

standards compared to conventional 

biofuels and are now required to 

represent 1% of total energy use for 

transport by 2025, reaching 4.5% by 

2030 with double counting measures 

(or 2.25% in real energy terms). This 

incentivises the development and use 

of biofuels derived from sources such 

as agricultural and forestry residues, 

algae, and other waste materials. 

Furthermore, this policy specifies 

minimum thresholds for RFNBOs, 

which include e-fuels and green 

hydrogen. RFNBO must contribute to at 

least 1% of the total renewable energy 

share, promoting the use of innovative 

technologies that produce renewable 

fuels without relying on biological 

sources.

•	 Delegated Acts established rules 

on the production of renewable 

transport fuels of non-biological origin 

(RFNBO) and recycled carbon fuels 

(RCF, required to be 100% biogenic 

CO2 from 2041 onwards in the EU), 

stipulating minimum thresholds and 

methodologies to ensure these fuels 

achieve greenhouse gas emissions 

savings of at least 70% compared to 

their fossil counterparts (with reference 

set at 94g CO2eq/MJ).

Targets 2030 Targets in RED II (2018) Targets in RED III (2023)

Renewable energy

In transport

• At least 14% share of renewable energy in 

final consumption of road and rail transport

• At least 29% share of renewable energy in final consumption of 

all energy used in transport

• Or a minimum of 14.5% reduction in greenhouse gas (GHG) 

compared to emissions that would have been created by fossil 

fuel use instead

Fossil fuel comparator

(Reference value to

Calculate baseline for

GHG reduction target)

• 94gCO2eq/MJ for all energy used in transport

• 183gCO2eq/MJ for electricity used in transport

• 94gCO2eq/MJ for all other energy used in transport

Electricity used in

Transport

• No sub-target

• Multiplier of x4 for renewable electricity 

used in road vehicles and of x1.5 for 

renewable electricity in rail

• No sub-target

• Multiplier of x4 for renewable electricity used in road vehicles 

and of x1.5 for renewable electricity in rail

Advanced biofuels

(feedstocks listed in Annex IX, part A)

• 3.5% share of advanced biofuels in final 

consumption of road and rail transport

• x2 multiplier

• 5.5% share of advanced biofuels and renewable fuels of non-

biological origin (RFNBOs), in final consumption of all energy 

supplied to transport, with a 1% RFNBO minimum share

• Indicative goal of at least 1.2% of energy used in maritime 

transport to come from RFNBOs in 2030

• x2 multiplier for advanced biofuels and RFNBOs

• Additional multipliers in aviation and maritime transport: x1.2 

for advanced biofuels and x1.5 for RFNBOs

RFNBOs

• No sub-target

• Additional multipliers in aviation and 

maritime transport: x1.2

Biofuels and Biogas

From used cooking oil

(UCO) or animal fats

(feedstocks listed in Annex IX, part B)

• Use of biofuels and biogas from UCO and 

animal fats is limited to 1.7% in final 

consumption of energy in road and rail 

transport

• x2 multiplier

• Use of biofuels and biogas from UCO and animal fats is limited 

to 1.7% in final consumption for all energy used in transport

• x2 multiplier

Conventional biofuels

(food- and feed-based)

• Share of conventional biofuels consumed in 

2020 in road and rail transport in Member 

States +1%, but a maximum of 7%

• Share of conventional biofuels consumed in 2020 in the 

transport sector in Member States +1%, but a maximum of 7%

FIG 34:  EU ENERGY FOR TRANSPORT TARGETS UNDER RED II AND RED III

Source: NOW GmbH, Stifel*
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Several other major policies have 

emerged to reduce CO2 emissions and 

promote the adoption of alternative 

fuels:

•	 The Indirect Land Use Change 

(ILUC) Directive introduced in 2015 

aims to address the indirect impacts 

associated with biofuels production. 

This directive seeks to mitigate 

environmental concerns such as 

deforestation and land use changes 

induced by the cultivation of biofuel 

feedstocks, ensuring that biofuels 

used in the EU meet sustainability 

criteria without exacerbating ecological 

issues. Under this directive, fuel 

LCA calculations must reintegrate 

the estimated impact of dedicated 

agriculture for fuel activities.

•	 The 2021 CO2 emissions 

standards for cars and vans represent 

a crucial milestone in the EU’s efforts 

to decarbonise transportation. These 

standards mandate a phased reduction 

in CO2 emissions for new vehicles, 

with stringent targets set to achieve full 

decarbonisation by 2035. For cars, the 

emissions limits represent 95g CO2/

km from 2021-2024, followed by a 15% 

reduction from 2025-2029, and a 55% 

reduction from 2030-2034, culminating 

in zero emissions by 2035. Similarly, 

vans face reduction targets starting 

from 147 g of CO2/km in 2021-2024, 

progressing to full decarbonisation by 

2035.

•	 The 2023 Revised Energy 

Taxation Directive (ETD) establishes 

a comprehensive framework for the 

taxation of energy products within the 

EU. This directive includes minimum tax 

rates based on the energy content and 

environmental impact of fuels, aiming 

to incentivise the use of sustainable 

energy sources while phasing out 

support for conventional fossil fuels 

and non-sustainable biofuels. Since its 

revision, the ETD has limited member 

states’ ability to exempt or reduce 

taxes, ensuring consistent pricing 

incentives for decarbonisation across 

various sectors.

•	 Finally, the EU Emissions Trading 

System (EU ETS), scheduled for revision 

in 2026-2027, specifically targets 

transport emissions from aviation and 

shipping to achieve a 62% reduction in 

GHG emissions by 2030 compared to 

2005 levels. This cap-and-trade system 

involves the issuance of emission 

allowances (EUAs), which can be traded 

to regulate emissions effectively. The 

system includes provisions such as a 

declining cap on emissions allowances, 

with reductions set at 4.3% per year 

from 2024-2027 and 4.4% per year from 

2028-2030. Furthermore, free allocation 

of allowances is provided to sectors at 

risk of carbon leakage, with reductions 

beginning in 2026 and continuing until 

2034. The Carbon Border Adjustment 

Mechanism (CBAM) complements the 

EU ETS by imposing a carbon price on 

imported goods based on their carbon 

content, thereby promoting local 

consumption when possible.

FIG 35:  CAP AND TRADE SYSTEM IN EU

Source: Ministère de l’Environnement et de la Lutte contre les changements climatiques – Gouvernement du Québec,  
Stifel*

FIG 36:  IMPLIED PRICE OF CARBON UNDER THE EU ETS SINCE 2012

Source: Reuters, Stifel*
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While the EU has established the Climate 

Social Fund to support individuals 

and businesses impacted by the EU 

ETS, it’s important to note that the 

European system primarily functions as 

a regulatory framework that penalises 

entities exceeding CO2 emission limits. 

Europe relies heavily on market self-

regulation, which contrasts sharply with 

US/UK systems that emphasise short- 

and medium-term incentives to reward 

producers and seed alternative fuel 

initiatives.

In the UK, the Renewable Transport 

Fuel Obligation (RTFO) mandates 

fuel suppliers to demonstrate that a 

given portion of the fuel they distribute 

comes from renewable and sustainable 

sources. Since 2021, suppliers are 

therefore required to comply with 

blending mandates, with percentages 

gradually increasing to 14.6% by 2032. 

The obligation applies to suppliers 

handling more than 450,000 litres of 

fuel annually, with biofuel producer 

certificates guaranteeing traceability. 

Suppliers have several options available 

under the RTFO’s compliance system. 

Firstly, they can choose to directly 

supply the necessary volume of 

biofuels to the UK market, ensuring 

they meet the mandated renewable fuel 

percentage, directly retiring Renewable 

Transport Fuel Certificates (RTFCs). 

Alternatively, suppliers may opt for 

a buy-out option, where they pay a 

fixed fee per litre of non-compliant 

fuel supplied, compensating for their 

renewable fuel obligations. Additionally, 

suppliers can purchase RTFCs from 

accredited renewable fuel producers 

and importers. Each RTFC certifies 

that a specific volume of renewable 

fuel has been supplied and meets the 

sustainability criteria outlined by the 

RTFO.

In the US, the Renewable Fuel Standard 

(RFS) programme, a federal policy aimed 

at increasing the use of renewable fuels 

and reducing reliance on petroleum-

based transportation fuels, has been 

implemented. Under the RFS, the 

Environmental Protection Agency 

sets Renewable Volume Obligations 

(RVOs), thereby mandating the supply 

of specified volumes of biofuels into 

the US road fuels distribution system 

for a given period (this can be set 

retrospectively).

The RVO is calculated by multiplying 

the mandated percentage for each 

biofuel category by the volume of road 

fuels projected to be sold in the coming 

year. This calculation considers various 

Renewable Identification Numbers 

(RINs), unique codes assigned to 

batches of biofuels to track their 

compliance with the program’s GHG 

reduction requirements. For instance, 

D3 RINs are assigned to cellulosic 

biofuels and require a 60% reduction in 

greenhouse gas emissions compared 

to petroleum-based fuels, while D6 

RINs, assigned to renewable ethanol, 

necessitate a 20% reduction.

The RIN market facilitates compliance 

with the RFS blending obligations. 

Companies falling short of their 

mandated biofuel usage can therefore 

purchase RINs from others who 

exceeded their obligations. This market-

based approach allows flexibility for 

fuel producers and importers to meet 

their obligations under the RFS while 

encouraging the adoption of renewable 

fuels across the US transportation 

sector, i.e. boosting producers’ 

initiatives to secure RIN credit 

incentives, whether directly engaging 

into greenfield projects, hedging 

through consolidation or supporting 

innovative players. 

FIG 37:  THE UK/US PARADIGM FAVOURS PRODUCERS AND BLENDING TAX CREDIT

Source: US EPA, UK Parliament, Stifel*

Historically, production quotas in the 

US have been consistently adjusted 

and revised, which has stimulated 

growth in the biofuels industry, 

fostered technological innovation and 

aligned with long-term environmental 

objectives. These quotas motivate 

producers to expand their biofuel 

production capacity and ultimately 

enhance the diversity of energy 

sources used in the transportation 

sector, such as ethanol, diesel and 

methane. However, while quotas, which 

are regularly revised upward, have 

supported the rise of the bioethanol 

and biodiesel industry in the US, they 

are temporary and only designed to 

back industry growth until maturity. 

As such, support for first-generation 

bioethanol production topped 15bn 

gallons since 2015 (vs close to 18bn 

gallons, i.e. >53Mt total capacities as 

of 2023 in the country), limiting capacity 

growth by reducing marginal profits in 

the sector. Recently, a rather similar 

decision was made on D4 RVOs (bio- 

and renewable diesel) for the 2023-2025 

period, printing significatively below 

announced biodiesel and renewable 

diesel capacities. This is therefore 

questioning the place of diesel in the 

envisaged US transport energy mix, 

especially for HDVs, but also impacting 

European suppliers at a time where 

German production cannot rely on 

Swedish demand (where the diesel 

blending mandate was cut from 30% 

to 6% late in 2023 to fight inflation) and 

will not be able to leverage US imports.
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FIG 38:  EPA RFS BIOFUEL VOLUME REQUIREMENT 

OUTLOOK FOR 2023-2025 

Source: Argus, EPA, Stifel*
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FIG 39:  PROPOSED VS FINAL D4 RIN RENEWABLE 

VOLUME OBLIGATION FOR 2023-2025

Source: Argus, EPA, Stifel*

The US incentive system in the USA 

has been further advanced since 2022 

by the Inflation Reduction Act (IRA), 

with grants, loans and provisions to the 

tune of $ 370 billion to accelerate the 

deployment of clean energy and reduce 

carbon emissions by 40%. The IRA runs 

to 2030 and supports both low- and 

zero-carbon fuels.

https://afdc.energy.gov/laws/inflation-reduction-act-summary https://www.kslaw.com/attachments/000/011/416/original/ca011024.pdf?1704904045

https://cms.zerocarbonshipping.com/media/uploads/documents/EU-US_Impact.indd_v7.pdf

IRA for Biodiesel & 
renewable diesel

Tax credits for biodiesel & 
Renewable diesel = $1/gallon

if these biodiesel and 
renewable diesel aren’t a 

mixture with diesel.
 

+ $0.10 for small agri-
biodiesel producer (< 
15,000,000 gallons).

Tax credits of $0.50/gallon 
for Alternative Fuels:

- Natural gas
- Liquefied hydrogen
- Propane
- P-Series fuel
- Liquid fuel derived from 

coal through the Fischer-
Tropsch process

- Liquefied gas derived 
from biomass

IRA for Maritime 
Fuel

1/ Production of clean 
hydrogen with hydrolysis (e-

ammonia, e-methanol, e-
methane) = tax credit of 

$0.12- $3/kg

+ Facilities that begin 
construction before 2033 are 
eligible for up to 10 years 
after production starts.

2/ Carbon capture credit 
(Blue Ammonia) = $85/tonne 

of permanently stored 
carbon.

+ Construction before 2033 
are eligible for up to 12 years

IRA for SAF

2023-2024

Production tax credit = 
$1.25/SAF gallon sold if the 

SAF has a lifecycle GHG 
reduction >50% compared to 

conventional jet fuel.

+ a supplementary credit of 
up to $0.50 per gallon for 
each percentage point by 

which the emissions reduction 
percentage exceeds 50%.

2025-2027

$1.75/gallon for a 100% 
emissions reduction compared 

to fossil fuel.

Ends on 31 December 
2024

Currently in progress Currently in progress

FIG 40:  US INFLATION REDUCTION ACT TARGETS HDV AND INDUSTRY DEVELOPMENTS 

Source: US EPA, UK Parliament, Stifel* 

The incentive-based approach boosts 

industries by encouraging producers 

to increase their capacity for biofuel 

production, even when the economics 

are challenging and technologies less 

mature. However, some producers may 

maximise fuel production to accumulate 

credits for future resale, betting on 

higher credit prices. In contrast, 

restrictive systems such as the EU 

ETS impose emission limits, forcing 

producers to modify their existing 

production processes and products. 

The advantage of this system lies in the 

flexibility it offers for states in achieving 

these targets, all pointing in the same 

direction but with different focus areas.
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FIG 41:  TARGETED BIOFUELS SHARE IN OVERALL TRANSPORT ENERGY MIX ON A PER COUNTRY BASIS

Source: European Biodiesel Board, Stifel* 

For aviation, the International Civil 

Aviation Organization (ICAO) plays a 

pivotal role in establishing long-term 

objectives and measures for the industry, 

notably through the CORSIA (Carbon 

Offsetting and Reduction Scheme for 

International Aviation) system. Under 

CORSIA, airlines are required to offset 

any emissions that exceed a specific 

baseline level. As such, approximately 

2.5bn carbon offsets are anticipated to 

be needed between 2021 and 2035 for 

airlines to comply with CORSIA.

CORSIA is structured into three 

phases: pilot, 2021-2023; 1st phase, 

2024-2026; 2nd phase, 2027-2035; 

designed to gradually integrate 

and enforce emissions reduction 

measures within the aviation sector. 

Mandatory compliance starts from 

2027 onwards. The baselines under 

CORSIA are differentiated between 

voluntary and mandatory compliance: 

329 million metric tons of CO2 

equivalent for voluntary participants 

and 475 million metric tons CO2e 

for mandatory participants. CORSIA 

aims to develop a thorough, cross-

referenced international fuel reporting/

monitoring tool, ultimately resulting in 

an international tax framework to boost 

efforts from airline and states to mitigate 

air traffic’s environmental footprint.

Following ICAO directives, individual 

countries must adapt and implement 

measures, often incentives and 

mandates for the use of sustainable 

aviation fuel (SAF). Currently, these are 

expected to result in approximately 

17-18Mt of SAF mandates by 2030. 

However, only around 13Mt of SAF 

production capacities are planned by 

2030, falling short of ICAO’s minimum 

2030 target of 14Mt.
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USA
-  Renewable Fuel standard (RFS)
-  Blender’s Tax Credit (BTC)
-  Inflation Reduction Act (IRA)
-  State-level incentives
-  Increase SAF production
   to ≈9Mt/y by 2030

Canada
Clean Fuel Standard 
since 2022

Chile

Brazil

Flight Clean government
programme

-  National Biokerosene Programme
-  SAF mandate: 1% SAF 20279

Japan

China

Malaysia

SAF mandate 
10% by 2030

-  ETS expansion to aviation 
-  50 kt SAF by 2025

SAF mandate: 1% in 
2026 (47% by 2050)

New Zealand
Sustainable 
Biofuels Mandate

Australia
Jet Zero Council target: 
≥10% SAF in 2030

Indonesia
SAF mandate:
5% by 2025

Singapore
SAF mandate: 1% by 
2026 (3-5% by 2030)

India
SAF mandate: 5% by 
2030 proposed

UAE
SAF roadmap 2050: 
>0.5 Mt/y of SAF 
production by 2030

Turkey
SAF mandate: 
5% proposed

Switzerland
Alignment with 
ReFuelEU proposed

Spain
SAF mandate: 
2% by 2025 
proposed

UK
- SAF mandate: 2% by 2025 10%
  by 2030, 15% by 2035, 22% by
  2040
- PtL SAF mandate: 0.2% by 
  2028, 0.5% by 2030, 3.5% by 2040
-  Renewable Transport Fuel 
   Obligation (RTFO)

Norway
SAF mandate: 0.5% in 
2020, 30% by 2030

Sweden
Fossil-free inland flights 
and 30% SAF in 2030

Finland
SAF mandate: 
considering 30% by 2030

EU

Adopted

In development

- Energy taxation Directive
- RefuelEU: 
. 6% by 2030
. 34% by 2040
. 70% by 2050

Denmark
Fossil-free 
inland flights 
in 2030

France
SAF mandate: 
2% by 2030

ICAO - CORSIA

CORSIA (Carbon Offsetting and 
Reduction Scheme for 
International Aviation)  States 
are obligated to offset any 
emissions that exceed a baseline. 

≈ 2.5 billion carbon offsets will be 
needed between 2021-2035

Currently in progress:

2021-2023: Pilot Phase 
2024-2026: 1st phase

2027-2035: 2nd phase --> Mandatory 

FIG 42:  AVIATION DECARBONISATION AND SAF INITIATIVES AROUND THE WORLD

Source: World Economic Forum, Stifel* 
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FIG 43:  STATE-MANDATED SAF PRODUCTION BY 2030 AS OF DECEMBER 2023

Source: ICF, Stifel*

However, Europe has been the first to 

implement a robust aviation policy, with 

the introduction of RefuelEU from 2025 

onwards. RefuelEU mandates blending 

quotas for SAF and requires a minimum 

share of synthetic fuels within total 

SAF supplied. Additionally, it regulates 

refuelling practices at EU airports to 

prevent emissions from overfuelling, and 

ensures that customers are informed 

about ecological flight options. 

Source: Eurostat Database (2023); growth assumption aviation market 1.5% per annum (according to the International Civil Aviation Organization, ICAO, medium scenario) 
https://www.now-gmbh.de/wp-content/uploads/2023/11/NOW-Factsheet_ReFuelEU-Aviation-Regulation.pdf
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FIG 44:  EXPECTED SAF VOLUMES UNDER REFUELEU

Source: EU Commission, Stifel*

For the maritime sector, the International 

Maritime Organisation (IMO) sets 

international targets to reduce GHG 

emissions from international shipping, 

aiming for 20% reduction by 2030, 

70% by 2040, and net-zero emissions 

by 2050 compared to 2008 levels. Two 

main measures have been introduced 

by IMO to verify compliance with 

these objectives: the Carbon Intensity 

Indicator (CII) and the Ship Energy 

Efficiency Management Plan Part III.

Europe has again taken the lead on 

maritime emissions, using the FuelEU 

Maritime, regulation to increase the 

share of renewable and low-carbon 

fuels. FuelEU applies to ships over 

5,000 gross tonnage, which represent 

55% of the fleet but account for about 

90% of CO2 emissions. It mandates 

the reduction of GHG intensity with 

progressive targets, however without 

providing specific guidance on one 

fuel or another to reduce emissions 

– still asking for 2% RFNBO in total 

maritime energy consumption by 2034. 

This leaves the door open for fleet 

optimisation and hybrids as a first step.

This is based on a scenario where EU jet fuel consumption increases from 30-35Mt in 2023-2025 to 40Mt and more than 

50Mt respectively by 2030 and 2050.
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IMO & MEPC

IMO’s Marine Environment 
Protection Committee strategy 
= net-0 GHG emissions by 2050. 

Approved a reporting system 
for ship >5,000 GT  The Data 
Collection System (DCS) which 
forms the basis for the CII 
rating and the SEEMP Part III.

+ GHG Fuel standard  Reduce 
Carbone intensity by 40% (2030)

Carbon Intensity 
Indicator

FuelEU MaritimeEU ETS

SEEMP Part III

CII is a measure of a vessel’s 
operational efficiency for CO2 
emissions. 

Vessels >5,0000 GT will be 
rated A to E   C is the 
minimum required.

Currently in progress:
2030: 20%
2040: 70%
2050: 100%

FuelEU sets requirements to 
gradually decrease GHG 
intensity  increase the use of 
renewable and low-carbon fuels
 
It applies to 100% of energy 
used on voyages within the 
EU/EEA and 50% on voyages into 
or out of the EU/EEA.

Starting from 
1 January 2025

The EU ETS regulates GHG 
emissions in the EU/EEA with 
cap-and-trade, restricting 
tradable EU Allowances. 

It applies to 100% emissions 
from EU/EEA port trades and 
50% emissions from EU/non-EU 
port trades.

EU ETS will cover CO2 from 
2024 + CH4 and N2O from 2026.
 

Ship Energy Efficiency 
Management Plan is a 
mandatory document that lays 
out the plan to improve the CII 
for the next 3 years.

+ corrective plan in case of 3 D 
or 1 E.

Currently in progress:
2024: cargo/passenger vessel 

>5,000GT 
2027: offshore vessels 

2025   -2%

GHG intensity

2030   -6%

2035   -14.5%

2040   -31%

2045   -62%

2050   -80%

Currently in progress:
Started in 2023
2024: 1st report

Currently in progress:
Started in 2023

40%

70%

100%

2024 2025 2026

Emissions covered by allowances

100% emissions

FIG 45:  MARITIME INITIATIVES AROUND THE WORLD

Source: World Economic Forum, Stifel*

Demand for marine
 renewable and low-carbon fuels:

FUEL EU MARITIME

Fuel supply:
RED

Fuel distribution:
AFID

Carbon pricing:
ETS

Energy taxation:
ETD

Creation of 
an EU fuel 
ecosystem

Rapid
Reduction

Of GHG
Emissions
In-sector

FIG 46:  FUELEU MARITIME AIMS TO CREATE A COMPLETE ECOSYSTEM 

Source: NOW GmbH, Stifel*

Europe has also introduced 

comprehensive penalty systems 

under the RefuelEU and FuelEU 

initiatives, setting the region apart in 

its implementation of strict regulatory 

measures for both the aviation and the 

maritime sectors.

The European Commission has 

established clear criteria and non-

compliance penalties to enforce 

SAF blending and obligations. This 

regulatory framework targets both fuel 

suppliers and airlines with fines. Fuel 

suppliers face penalties calculated as 

at least double the difference between 

the yearly average price of fossil jet 

fuel and bio/e-SAF, multiplied by the 

amount of SAF that would have been 

required to meet the target. Specific 

penalties apply for shortfalls in the 

advanced biofuels and synthetic fuel 

mandates. According to SAF supplier 

SkyNRG, these penalties could range 

between €1k and €6k per tonne of fuel 

for advanced biofuels and synthetic 

fuel mandates, respectively. Airlines, 

meanwhile, would incur penalties 

representing at least twice the annual 

average price of conventional jet fuel, 

multiplied by the quantity of SAF not 

uplifted. With an average market price 

of $800 per ton of jet fuel, airlines would 

therefore risk penalties of at least €1.6k 

per ton of non-tanked SAF.

For the maritime sector, penalties are 

based on deviations from the GHG 

compliance balance of ships as well as 

the quantity and cost of RFNBO that 

ships should have used under the related 

2% sub-target by 2034. Therefore, 

ships with higher GHG intensity than the 

threshold must pay a remedial penalty 

proportional to their compliance deficit. 

This deficit is the difference between 

the reference GHG target and the actual 

GHG intensity, multiplied by a penalty 

of €2.4k per tonne of VLSFO energy 

equivalent, ie. approximately €0.058/

MJ of non-compliant energy. These 

penalties are not imposed on each ship 

within a fleet but are attributed to each 

maritime company through a pooling 

system, in which double-counted 

initiatives can hedge against older and 

carbon-intensive ships. As ships have 

a lifespan of 20-30 years, this system 

allows time for fleet renewal, where one 

ship contributes to decarbonisation and 

offsets emissions from older polluting 

vessels within the same or another 

company, in exchange for monetary 

compensation.
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FIG 47:  PENALTIES FOR NON-COMPLIANCE WITH FUELEU MARITIME 

Source: Bureau Veritas, Stifel*
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FIG 48:  DEFINITION OF SCOPE 1, 2 AND 3 EMISSIONS FOR CARBON ACCOUNTING 

Source: Carbone4, Stifel*

WAITING FOR TRUE CARBON 
ACCOUNTANCY TOOLS

GHG emissions basics: defining, monitoring and regulating

The first step in reducing GHG 

emissions is to classify them and set a 

target. The Greenhouse Gas Protocol 

has a framework with emissions divided 

into three categories, Scopes 1, 2 and 3:

•	 Scope 1 - Emissions that are 

generated directly by the organisation, 

for example running boilers or furnaces

•	 Scope 2 – Indirect emissions created 

through electricity or heat purchased to 

run the business

•	 Scope 3 – Indirect emissions 

generated up and down an 

organisation’s value chain  

Scope 1 and 2 emissions are relatively 

easy to measure and mitigate, as they 

are under an organisation’s control. 

However, it can be very difficult to 

measure Scope 3 data and reduce 

related emissions. For many businesses, 

Scope 3 emissions account for more 

than 70% of their carbon footprint, 

meaning that access to data is an 

important factor.

The next step in reducing emissions is 

to understand where they come from, 

how to measure and classify them, 

and then to establish a baseline. A 

range of software solutions has been 

developed to make sense of all the data 

being collected. We have identified two 

categories of solutions:

•	 Sustainability platforms. These 

aggregate operational data from 

companies, estimate their impact from 

an ESG standpoint and help set targets 

for the future. This category includes 

companies such as Vaayu, whose 

platform connects to shops’ point-of-

sale systems and calculates the carbon 

footprint of all daily transactions using 

the company’s database of more than 

600,000+ data points. Vaayu’s platform 

offers retailers emissions benchmarking 

against their peers and details the 

carbon footprint of individual items. 

•	 Data analytics technologies. 

These collect a huge array of data 

and apply proprietary algorithms to 

extract actionable insights. In this field, 

companies operating in an area known 

as asset observation are emerging. 

Their solutions fuse data from a 

large array of sources such as Earth 

observation satellites, with a focus on 

GHG-intensive assets such as oil and 

gas wells and pipelines, refineries, coal 

mines, landfills, or any other industrial 

facilities.

Software is important for data 

transparency and actionability, both 

of which are crucial for organisations 

aiming to improve their sustainability. 

However, the World Economic Forum 

reports that only 9% of companies are 

actively using software that supports 

data collection, analysis and reporting 

on their ESG activities. According to 

a SAP Insights survey, only 21% of 

business executives said they were 

completely satisfied with the quality 

and availability of data collected for 

sustainability.
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11%

27%

33%

21%
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35%

Completely unsatisfied Moderately unsatisfied Slightly unsatisfied Slightly satisfied Moderately satisfied Completely satisfied

FIG 49:  DATA QUALITY IS STILL A CHALLENGE FOR ENVIRONMENTAL SUSTAINABILITY 

Source: SAP
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Based on accurate measurement and 

reporting of emissions, it is essential 

for regulators to incentivise emissions 

mitigation, carbon removals and 

remediation efforts. Two primary 

systems are used, either separately or 

together:

•	 Carbon taxes directly set a price 

on carbon by defining a tax rate on 

greenhouse gas emissions or the 

carbon content of fossil fuels. This 

approach makes it more expensive 

to emit carbon, thus providing an 

economic incentive for emitters to 

reduce their emissions and switch to 

cleaner energy sources. The revenue 

generated from the tax can be used to 

fund renewable energy projects, energy 

efficiency programs, or be returned to 

the public through rebates.

•	 Carbon markets allow countries 

or companies to buy and sell carbon 

emission allowances or credits. This 

market-based approach sets a cap on 

total emissions and enables entities 

that reduce their emissions below their 

allowances to sell the surplus to those 

who exceed their limits. This system 

incentivises the reduction of emissions 

by putting a price on carbon and 

encouraging cost-effective emission 

reductions. The EU ETS, RFS and RTFO 

systems are good examples of carbon 

markets.

According to the World Bank, there 

are 75 carbon pricing mechanisms 

worldwide, implemented either as 

carbon taxes (39) or emission trading 

systems (36). These mechanisms 

operate at various scales: 31 at the 

local/regional level, 44 at the national 

level, and one at the inter-state level. 

The regions covered by carbon pricing 

mechanisms account for 54% of 

global GDP in 2023 and 50% of global 

greenhouse gas emissions.

10

https://carbonpricingdashboard.worldbank.org/compliance/instrument-detail
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FIG 50:  MAP OF CARBON TAXES AND ETS SCHEMES IN 2023

Source: World Bank Carbon Pricing, Stifel*

Indeed, only 24% of global greenhouse 

gas emissions are currently covered 

by at least one carbon pricing 

mechanism. This coverage is highly 

uneven across countries. In some, 

there is no carbon pricing mechanism 

at all, while in Norway, coverage is as 

high as 89%. Additionally, there are 

significant disparities in the volume of 

emissions taxed at the explicit price. 

For instance, Japan has minimal 

exemptions, with 69% of its emissions 

taxed at the explicit rate. In contrast, 

although China’s Emissions Trading 

System covers 41% of its emissions, 

the extensive distribution of free quotas 

results in almost negligible explicit 

pricing coverage.

Existing carbon frameworks fall short 

Emissions covered by a 
carbon pricing mechanism

Covered emissions priced 
at the explicit rate

100%

100%
10,000 1,000 100 10

National GHG emissions (MtC02e)

US
9% / 4%

CA
78% / 37%

MX
69% / 9%

CL
29% / 28%

AR
18% / 11%

EU
54% / 25%

BR

RU

INSA

CN
41% / 0% JP

75% / 69%

AU
28% / 0%ZA

78% / 2%

UK
38% / 26%

FIG 51:  GLOBAL COVERAGE OF CARBON EMISSIONS VS CARBON TAX SCHEMES 

Source: Institute for Climate Economics
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The range of explicit carbon prices 

remains broad and is often too low 

to be effective. In 2023, these prices 

varied from as little as $0.01 per tonne 

of CO2e in California and Mexico, to 

$154 per tonne of CO2e in Uruguay. 

More than 70% of the emissions 

covered are priced below $20 per 

tonne of CO2e. Nevertheless, the 2017 

Stern-Stiglitz report on carbon pricing 

estimated that the full incentive effect of 

these mechanisms would be achieved 

with systematic provision and prices 

between $40 and $80 per tonne of 

CO2e starting in 2020, up to between 

$50 and $100 per tonne of CO2e from 

2030 onwards. This highlights the need 

for a harmonised system, with stronger 

pricing that reflects the negative 

externalities associated with carbon 

emissions and penalties to effectively 

drive emissions reductions.

Nonetheless, most low-carbon end-

products rely on proper carbon prices to 

reflect a “green premium” in improving 

carbon footprints compared to fossil 

alternatives. Although accompanied 

by more challenging economics, 

carbon schemes could allow for 

quicker infrastructure and technology 

roll-out, from chemical compounds to 

fuels, metals and renewable energy. 

However, scalability, replicability and 

price inflation are all issues to watch out 

for.
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REFINING THE VALUE CHAIN

Centralised vs decentralised? 

While low-carbon fuel technology is 

still in its early stages, a significant 

market for transportation fuels is about 

to develop. It is, however based on an 

evolving landscape, with some fuels 

serving crucial short-term needs and 

others emerging as dominant long-term 

solutions. As the appetite grows, global 

production hubs are likely to emerge in 

countries with abundant biomass/land 

availability as well as renewable energy 

potential, with market participants 

exploring bio- and e-pathways. 

Deriving low-carbon fuels from plant 

materials, waste and residues will also 

mean a shift in paradigm for traditional 

fossil players, who are accustomed 

to managing depletion rates from 

oil and gas fields rather than using 

replenishable feedstocks. The value 

chain will therefore undergo significant 

transformation led by upstream and 

downstream requirements.
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The upstream production of low-

carbon fuels can rely on entirely new 

feed and feedstocks compared to 

traditional fossil fuels. Integrated oil 

and gas companies and refineries 

can therefore partner with renewable 

power producers, technology providers 

and biomass-based business to 

develop production hubs. The scarcity 

of sustainable biomass and overall 

land/power availability, means that 

there will be a growing number of 

collection and the pre-processing 

players looking to supply sustainable 

alternative feedstocks. Different 

production set-ups could coexist in 

the future. Modularised small/medium-

scale systems could address isolated 

biomass hotspots, while tailored 

refining sites could be adapted to 

local agri-hub biomass volumes. 

Traditional centralised refineries 

could be less scalable in the future, 

more based on access to feedstock 

rather than technology constraints 

such as availability, maturity, process 

economics. For example, new biofuel 

producers are working closely with 

farmers and municipalities for waste 

management, restaurants for used 

cooking oil, and polluting industries for 

carbon capture to secure diverse and 

sustainable feedstock sources.

Similarly, growth in low-carbon fuels 

will most probably depend more 

on midstream transportation and 

storage, either because refineries are 

centralised, or because of stable load 

requirements and challenges from 

renewables intermittency and biogenic 

carbon flows. 
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Based in the Netherlands, Vertoro emerged in 

2017 as a spin-off from a collaborative initiative 

involving Brightlands Chemelot Campus, DSM, 

Chemelot InSciTe, Maastricht University and 

Eindhoven University of Technology. Leveraging 

a patented thermochemical process, Vertoro 

specialises in converting sustainably sourced wood 

and agricultural residues (such as sawdust) into 

liquid lignin. At the heart of Vertoro’s approach lies 

a patented thermal solvolysis process, capable of 

transforming lignocellulosic biomass, particularly 

lignin, into a versatile product called Goldilocks®. 

This pioneering process involves the mixing of 

lignin with a solvent and subsequent heating, all 

achieved without the need for catalysts, resulting in 

a platform product with multifaceted applications. 

Combining solvolysis, hydrolysis and fermentation 

could ultimately allow Vertoro to deliver renewable 

fuels to the marine industry before moving ahead 

with AtJ and PtoL partnerships to address aviation 

needs.

Vertoro is a Maersk-backed company since 

October 2021, counting as one of Vertoro’s main 

investors with a binding offtake agreement on first 

plant(s) output. Additionally, Vertoro is collaborating 

with several fuel producers/providers, leveraging a 

partnership with Quadrise since September 2022 

to integrate its crude sugar oil on a Focus Motor 

Yachts, and having signed in August 2024 a major 

JDA with Raizen, eyeing to secure commercial-scale 

offtake agreements based on Vertoro’s technology 

integration into Raizen’s 2G ethanol facilities.

Founded in 2021 in the Netherlands, this bio- and 

e-technology provider emerged as a collaborative 

venture between Coval Energy and Microfuel 

Innovations to solve one of the main issues in the 

SAF industry – access to competitive and high-

volume feedstock.

To solve feedstock bottlenecks and accelerate the 

ramp-up of HEFA SAF infrastructure, GAFT has 

developed two unique technological approaches 

for the production of FOG alternatives: (i) the 

fermentation of glycerin and/or 1G/2G sugars 

to produce a bio-feedstock and (ii) a patented 

high-pressure CO2 electrolyser using renewable 

electricity tto convert (biogenic) CO2 and water 

into a liquid energy carrier, subsequently used 

by microorganisms to produce fatty acids by 

fermentation. GAFT’s process is all based on 

natural processes used for centuries to produce 

foods and beverages but results in high-purity fatty 

acids with a higher value than traditional and scarce 

FOGs available around the world. 

With both lab and small demo testing capabilities, 

GAFT garnered support from the EIC and is currently 

in the process of setting a pilot plant together with 

partners. This is a key milestone in the context of its 

licensing go-to-market efforts, demonstrating that 

its process economics work at an industrial scale.

Universal Fuel Technologies (UFT) specialises in 

advanced renewable fuel production technologies, 

focusing on transforming various feedstocks into 

sustainable aviation fuel (SAF), gasoline and other 

valuable chemicals through innovative processes. 

The company provides its ”Flexiforming” 

technology to renewable fuel project developers 

based on licensing. The technology relies on a 

versatile single-stage all-gas-phase reaction using 

a zeolite catalyst at moderate conditions (10 atm, 

400°C) and has been extensively tested with over 

50 different feedstocks in 500+ pilots.

Responding to feedstock constraints in the 

renewable fuel industry Flexiforming can convert 

fuel-grade ethanol, methanol, and other alcohols 

into AtJ SAF, BTX (benzene, toluene, xylene), or 

gasoline, upgrade renewable naphtha and LPG into 

SAF or gasoline and also co-process fossil naphtha 

with renewable alcohols or convert light olefins into 

gasoline and jet fuel.

Highly flexible, UFT’s technology could allow to 

transform a wide range of lower value by-products 

from general waste and the oil & gas and renewable 

fuel industries, responding to local feedstock 

constraints while adapting to longer-term by-

product challenges.

Founded in 2019 as a spin-off from Atmostat, a 

subsidiary of the French industrial group ALCEN, 

Khimod is a climate-tech company dedicated to 

the decarbonisation of hard-to-abate sectors, 

harnessing the potential of flow chemistry by 

focusing on continuous hydrogenation. Leveraging 

Alcen’s extensive technological base and innovative 

drive, Khimod’s field-proven technology is centred 

around its disruptive Heat Exchanger-Reactor 

(HER), produced thanks to diffusion bonding, a 

breakthrough technique initially introduced in the 

context of the ITER project and developed over 

the last 20 years by Atmostat. Based on its HER, 

allowing for high energy efficiency, higher yield 

and selectivity while relying on very low catalyst 

requirements, Khimod designs and manufactures 

turnkey autonomous and modular, small- to medium-

scale systems from a few Kt/year to hundreds Kt/

year. Those systems can address a wide range of 

chemical reactions, from Sabatier-based methane/

methanol synthesis, to reforming, (reverse) water 

gas shift, Fisher Tropsch or Haber Bosch synthesis, 

thereby producing liquid fuels and/or key starting 

materials for industrial chemistry.

With several methanation pilots already operational 

in Europe (for example with Jupiter 1000, 

Methycentre), Khimod continues to capitalise on 

industrial partnerships, as with the Avebio pilot 

project for the production of e-kerosene, launched 

together with Elyse Energy in March 2023.
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Founded in 2005 in Norway, Aker Carbon Capture 

is a publicly traded company specialising in carbon 

capture technology. The company’s innovative 

process uses a mixture of water and organic 

amine solvents to absorb CO2 and is applicable to 

emissions from various sources including gas, coal, 

cement, refineries, waste-to-energy, hydrogen, 

and other process industries. Aker Carbon Capture 

offers three mobile and modular capture plants with 

capacities ranging from 40Kt to over 400Kt of CO2 

annually, catering to both mid-range and large-

scale emitters and including an offshore version. 

The company has completed several test 

programmes, has around 20 ongoing projects at 

different maturity stages, and is already constructing 

three CCUS plants that will collectively capture 

1Mt of CO2. More recently, in March 2024, the 

American oilfield services provider SLB announced 

plans to merge its carbon capture activities with 

Aker Carbon Capture. SLB now holds 80% of the 

combined operations.

Founded in 2020 in France, Dioxycle is a technology 

provider specialising in carbon dioxide conversion, 

aiming to capture and convert CO2 into valuable 

chemical products. The company’s innovative 

electrolyser technology disassembles carbon 

emissions and reassembles them into energy-

rich and useful molecules, such as ethylene, 

which is crucial for producing fabrics, plastics, 

and construction materials or ethanol, either 

used as a chemical in industries or as a fuel, for 

example for use in AtJ SAF. This process paves 

the way for 100% sustainable fuels and everyday 

chemicals without further CO2 accumulation in 

the atmosphere. Dioxycle aims to recycle over 600 

megatonnes of CO2 annually. 

The company recently won the «Best CO2 Utilisation 

2024» award at the 12th edition of the CO2-based 

Fuels and Chemicals Conference. Its last raise took 

place in July 2023, with Dioxycle raising €17m to 

build its first on-site demonstration project and an 

industrial prototype.

Carbon Centric is a Norwegian project developer 

backed by Ostfold Energi, Obligo and Vardar, 

focused on developing CCS and CCUS projects. 

Based on Shell Catalyst’s carbon capture 

technology, the company is offering carbon capture 

as a service. Carbon Centric owns and operates 

carbon capture plants for small and medium-

sized waste and biomass incineration facilities, 

allowing asset owners to reduce emissions without 

substantial investment, while managing everything 

from FEED to installation, operation and offtakes. 

Carbon Centric also supplies sustainable food-

grade CO2 and offers carbon removal as a service 

for companies aiming to incorporate negative 

emissions into their sustainability strategies.

The company leverages a first 10Kt/year project 

in Norway, which was FIDed in late 2023 and is 

expected to be operational in 2025. It also has three 

additional projects in Norway and Iceland,  which 

will produce 180Kt/year by 2027/2028. Depending 

on the location of those sites, Carbon Centric could 

supply nearby PtoL projects in the medium- to 

long-term.

Founded in 2021 as a spin-off from the Technical 

University of Denmark, Stanford University and 

MIT, Again Bio is a bioengineering platform 

commercialising biosolutions for the capture and 

the conversion (CCUS) of industrial CO2 emissions 

into valuable products. Based on a one-step gas 

fermentation process, bacteria growing at elevated 

temperatures ferment CO2 and hydrogen into 

carbon-negative acetate and acetic. Those two 

are important base chemicals used for example in 

adhesives, solvents, plastics, textiles or cosmetics 

manufacturing.

While Again Bio leverages a 65-foot-tall pilot in 

Copenhagen (able to capture and convert up to 1 

ton of CO2 per day), its technology is producing at 

commercially viable yields and the company has 

signed a partnership with Helm in 2024 to sell 50Kt/

year of CO2-derived acetic acid from its production 

facilities.

The company has raised more than USD53m 

to date with the support of Google Ventures, HV 

Capital, ACME, and Atlantic Labs, expecting a first 

commercial plant in operation by the end of 2025 

or early 2026. Those private capital investments 

complement a USD47m EU grant dedicated to the 

PyroCO₂ project, eyeing carbon-negative acetone 

production around Again Bio’s technology. This is 

providing enough resources to manage Again Bio’s 

work-package, bio-process development, and the 

upscaling of its proprietary bacterial process.
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Source: IEA, Stifel*

The introduction of alternative fuels 

is profoundly transforming the 

downstream segment, with higher 

specific output yields from bio- and low-

carbon fuel production technologies. 

While they are looking to adapt/

convert their facilities to use waste and 

residues, not all refineries can make 

these adjustments easily. Access to 

feedstocks with reliable economics is 

crucial to avoid stranded assets, which 

puts more pressure on the infrastructure 

conversion process.

Higher specific yields also limit the 

potential for integration into existing 

processes at a time when it has 

become a strategic imperative. Process 

integration allows refiners to maximise 

return across the entire hydrocarbon 

value chain, unlocking synergies, 

reducing costs and increasing 

efficiencies. 

This is typically reflected in average 

refinery output, with oil and gas 

processing mostly addressing transport 

energy demand, but also producing 

large volumes or co-products 

downstream for industries such as 

plastics, textiles and cosmetics. As a 

result, while low- carbon fuel production 

complements electrification to reduce 

economic reliance on fossil energy, 

it could also reduce overall refinery 

output for downstream subsegments. 

It therefore requires strong waste 

collection and recycling ecosystems 

to at least partially close the material 

cycle. 

BIOFUELS’ MULTIFACETED 
APPROACH TO CLEAN ENERGY

Complementary but transitory road fuels 

To be a viable fossil fuel substitute, 

alternative fuels need to offer 

superior environmental benefits, be 

economically competitive and be 

producible in quantities that make an 

impact on final energy demand. They 

also provide need to provide net energy 

gain over the energy sources used 

upstream. Ethanol is estimated to yield 

about 1.2-1.3x the energy invested in 

its production; biodiesel yields 1.9-2.0x. 

With the current push in favour of road 

transport electrification facing potential 

delays in the 2035 ZEV framework in 

Europe and short- to medium-term 

electricity grid congestion, there is a 

need for complementary solutions. 

Biodiesel and bioethanol are the most 

mature and widely available biofuels:

•	 FAME (fatty acid methyl ester) 

biodiesel is a mono-alkyl ester produced 

via (trans)esterification. Biodiesel meets 

both the biomass-based diesel and 

overall advanced biofuel requirements: 

it is produced from vegetable oils, 

yellow grease, used cooking oils or 

animal fats, mixed with methanol and 

either sodium hydroxide or potassium 

hydroxide. This transesterification 

process converts fats and oils into 

biodiesel (90%) and glycerin (10%), the 

latter being a valuable co-product for the 

pharmaceutical industry. Nonetheless, 

the rise of FAME has created a surplus 

of glycerine, which can however also be 

used in anaerobic digesters to produce 

biomethane or fermented in biolipids to 

produce biodiesel and SAF. Due to the 

hygroscopic nature of FAME as well as 

its biological content and the presence 

of oxygen in the fuel, bacteria tend to 

grow at the interface between FAME 

and free water, potentially clogging 

filters. As a result, 7% is an established 

standard for FAME blending with fossil 

diesel.

•	 HVO (Hydrotreated Vegetable Oil) 

diesel is often referred as renewable 

diesel because it can be produced 

from the same fats, vegetable oils and 

greases than FAME, but is of a similar 

quality to fossil and biomass-to-liquid 

(BTL) fuel. Hydrotreatment allows for 

the removal of oxygen with hydrogen 

after a first gasification step, using a 

Fischer-Tropsch (FT)-like method to 

create a liquid. Unlike FAME, HVO can 

be used pure as well as being blended. 

•	 Bioethanol can be produced through 

the fermentation of biomass-derived 

sugars. It is a well-established and widely 

used method, with first-generation 

extraction the least challenging. The 

typical process involves breaking down 

biomass materials such as corn, wheat 

or sugarcane into fermentable sugars, 

which are then converted into ethanol 

by microorganisms. Bioethanol can 

also be produced using lignocellulosic 

feedstocks, which are more complex 

and harder to break down. This can 

be achieved through gasification, 

considered one of the most suitable 

thermal treatments due to its ability to 

convert most of the biomass into useful 

carbon compounds.
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Austrocel is a private Austrian company created 

in 1890 and acquired by TowerBrook in 2017. 

It is a leading manufacturer of dissolving pulp, 

which is primarily used in the textile industry 

for the production of viscose fibers, as well as a 

bioenergy producer, making bioethanol, biogas 

and bioelectricity. Austrocel’s core strategy relies 

on its process integration expertise, where it adds 

and integrates new process technology blocks to 

unleash wood’s full potential (under a “cascadic 

material use of wood”).

High-purity cellulose is derived from residual 

spruce and fir wood from sustainably managed 

forests, unlike competition that tends to require 

higher quality wood input. Austrocel envisages Mt/

year fiber technology potential capacity worldwide. 

Additionally, the company boasts the world’s 

largest wood-based bioethanol plant, producing 

up to 23Kt/year of 2G bioethanol, equivalent to 

almost 1% of total Austrian gasoline consumption. 

AustroCel also uses an innovative fermentation 

process to generate biogas from pulp factory 

filtrates, subsequently providing 100GWh/year of 

green electricity and district heating based on a 

CHP plant. 

Looking forward, the company aims to further 

enhance its operations while testing additional 

integration plans, ranging from the conversion of 

its own biogas and biogenic CO2 into biomethanol, 

to the ongoing AgroBiogel developments (lignin-

based water absorbent that could significantly 

increase agricultural yields).

Founded in 1889, Borregaard is a Norwegian-

listed and globally leading biorefinery company 

specialised in the conversion of sustainable woody 

raw materials (lignocellulosic biomass) to advanced 

and eco-friendly biochemicals and biomaterials. 

Traditionally engaged  in pulp and paper processing, 

Borregaard focuses on extracting the most out of 

the three primary wood components, i.e. fibers, 

lignins and sugars, leveraging a cutting-edge 

portfolio of technologies to efficiently use 94% of 

woody feedstock. 

As well as its biorefinery in Sarpsborg (Finland), from 

where Borregaard supplies high-purity speciality 

cellulose, the company has five production sites 

outside Norway dedicated to the production of 

lignin-based products (biopolymers, wood-based 

vanillin). In that context, Borregaard produces 

advanced (2G) bioethanol, successively (i) cooking 

spruce chips with acidic calcium bisulfite cooking 

liquor, (ii) hydrolysing hemicellulose into various 

sugars during the cooking process, (iii) concentrating 

spent sulphite liquor and (iv) fermenting sugars and 

distilling ethanol. 

With less than 16Kt/year (50kg/ton of processed 

wood) of bioethanol production capacities, 

Borregaard supplies advanced bioethanol to Statoil 

(among others), a leading retail chain for petrol and 

diesel, however most volumes are sold for use in 

higher-value chemical products or as solvents.

Verbio is a German-listed company established in 

2006 specialising in the production and distribution 

of biofuels, with a product lineup including 

biodiesel, bioethanol, biomethane, bioglycerine, 

phytosterol, and fertiliser derived from biomass. 

What distinguishes Verbio is its integrated and 

sustainable production approach, focused on 

maximising raw material utilisation and minimising 

waste. While Verbio’s biodiesel process is similar 

to FAME competitors, in the medium to long 

term it plans to add another process block, using 

chemical ethenolysis to produce specialised bio-

based chemicals. Verbio’s bioethanol technology 

claims to offer 50% higher energy vs conventional 

bioethanol using flexible biomass inputs (wheat, 

cereals, slop, maize, and straw) instead of high-

protein only, and recovering various raw materials 

and by-products either for industrial applications or 

for further processing into biomethane.

Verbio operates four bioethanol and biodiesel 

production facilities throughout Europe, 

predominantly in Germany, along with two 

bioethanol plants in North America and a biodiesel 

plant in Canada. Additionally, the company has 

several renewable natural gas (RNG) units located 

in Germany and India. In total, Verbio has 710Kt/

year biodiesel (FAME, o/w  ~100Kt waste-based) 

and 800Kt/year bioethanol production capacity, 

complemented by near 2GWHeq/year biomethane 

production capacity.

Established in 2007, Envien is a private Slovakian 

consortium of companies across Central and 

Eastern Europe, spanning across 8 countries. The 

company is the 9th largest biodiesel producer 

and 10th largest bioethanol producer within the 

EU, currently leveraging close to 250Kt/year of 

bioethanol production capacity and 470Kt/year of 

biodiesel production capacity, mostly derived from 

corn sugar and rapeseed oil.

Envien’s growth strategy revolves around strategic 

acquisitions within the biofuels sector, integrating 

vegetable oil production in Poland, its key feedstock 

supplier, on top of biorefinery assets in Slovakia, 

Czech Republic, Hungary and Croatia for fuel 

production. In 2023, the company ventured into the 

Indian biofuels market with an investment project 

aimed at establishing a bioethanol production 

unit using broken rice for feedstock. Envien also 

focuses on raw material and residuals preparation 

for co-processing to reuse materials or recover 

biomethane, as well as on waste-to-liquid pathways, 

especially around the conversion of municipal solid 

waste into biomethanol. 
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Established in 2001, Argent Energy, is a prominent 

player in the UK renewable energy landscape 

and was acquired by John Swire & Sons in 

2013. Specialising in the production of second-

generation biodiesel derived from waste fats and 

oils, the company leverages annual production 

capacity of 195Kt/year from two sites (Stanlow and 

Amsterdam). Its initial Motherwell site (45Kt/year) 

closed at the end of May 2024, facing competition 

from Chinese and US imports as well as difficulties 

with importing tallow oil. 

With plans to increase biodiesel production in 

Amsterdam more than five-fold to 540Kt/year, 

Argent Energy aims to improve the value of its 

biodiesel byproducts. Boosting glycerin output 

began by constructing a glycerin refinery in 

Amsterdam (50Kt/year at scale), with a view to 

expanding its product portfolio in the chemical 

market, including antifreeze agents, plasticisers for 

polymers, components for epoxy resins, and the 

potential  integration of new fuels.

Collaborating closely with the marine sector, Argent 

Energy aims to customise Biofuel-Oils (BFO) to 

contribute to the decarbonisation of sea transport. 

This resulted in 100% FAME fuel test phase used 

in a successful trial between FincoEnergies and 

VT Group, a Dutch maritime logistics company, 

potentially unlocking barriers to biodiesel adoption 

for the inland shipping sector.

The risk with those first-generation 

biofuels is that their production can 

result in substantial increases in 

indirect GHG emissions from the 

soil and removed vegetation. This is 

because production can indirectly 

cause additional deforestation and land 

conversion if existing agricultural land is 

turned over to biofuel production, or if 

agriculture has to expand at the expense 

of forests, grasslands or other carbon-

rich ecosystems. Standalone biodiesel 

from vegetable oil surplus releases less 

agricultural nitrogen, phosphorus, and 

pesticide pollutants when compared to 

bioethanol, per net energy gain. 
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As such, whereas current bioethanol 

and biodiesel production ecosystems 

mostly rely on crop-based sugars 

and oils, there is growing interest in 

lignocellulosic ethanol and renewable 

diesel, both coming with their own 

scalability challenges. While second-

generation ethanol is a perfect illustration 

of the extractable value from in-depth 

process integration with the upstream 

pulp and wood residues industries, 

such industrial complex and biorefinery 

replicability remain challenging. HVO on 

the other hand relies on rather cheap 

but scarce feedstock such as used 

cooking oil and oil residues, for which 

growing competition should arise from 

HEFA SAF facilities going forward, 

increase feedstock scarcity and 

geographic dependencies, ultimately 

with strong feedstock cost inflation. 

This could harm bio- and renewable 

diesel producers margins considering 

the pressure brought by SAF mandates 

and the resulting willingness to pay for 

expensive jet-fuel solutions, potentially 

displacing available feedstock in the 

market. 
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FIG 61:  GLOBAL FEEDSTOCK USED IN PRODUCTION OF BIOETHANOL OVER 2006-2019

Source: The Crop Site, Stifel*

-0.3

0.2

0.7

1.2

1.7

2.2

Ap
r-

22

M
ay

-2
2

Ju
n-

22

Ju
l-

22

Au
g-

22

Se
p-

22

O
ct

-2
2

N
ov

-2
2

De
c-

22

Ja
n-

23

Fe
b-

23

M
ar

-2
3

Ap
r-

23

M
ay

-2
3

Ju
n-

23

Ju
l-

23

Au
g-

23

Se
p-

23

O
ct

-2
3

N
ov

-2
3

De
c-

23

Ja
n-

24

Fe
b-

24

M
ar

-2
4

Ap
r-

24

M
ay

-2
4

Ju
n-

24

Fe
ed

st
oc

k 
de

m
an

d 
(M

t)

Rapeseed oil UCO Palm oil Tallow Soybean oil Other

FIG 62:  EUROPEAN BIODIESEL AND HVO FEEDSTOCK DEMAND FROM Q1 22 TO Q1 24

Source: Argus, Stifel*
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FIG 64:  PLANNED BIODIESEL CAPACITY EXPANSION IS MOSTLY DRIVEN BY HVO

Source: Argus, Stifel*

In the same way that bioethanol 

and biodiesel are drop-in fuels for 

existing ICE vehicles, switching to 

methane/biomethane could be of 

interest depending on the maturity of 

electricity grids and the pace at which 

they can absorb rising EV charging 

needs (requiring grid extension or grid 

updates). Indeed, taking the UK as a 

reference, where the gas grid is very 

ramified and can handle significant 

flow, one temporary alternative can 

arise for medium- and heavy-duty 

vehicles in switching to CNG, waiting 

for technologies and infrastructure to 

mature. While this could be done on 

fossil natural gas and reduce up to 20% 

GHG emissions compared to diesel, 

this would have an even higher impact 

relying on biomethane production. 

Unsurprisingly, the biomethane 

ecosystem is on the rise, growing as 

per local regulation (RTFO in the UK), 

with the EU being the world’s largest 

producer (boosted by RePowerEU 

scheme). 

Biomethane can be generated from 

various feedstocks, including food 

crops and plant residues, sewage 

sludge, and different types of waste. 

While the production process is 

generally consistent across the four 

available technology pathways, different 

feedstocks require specific technology, 

generally involving the conversion of 

feedstock into an intermediate gas 

with 45%-60% methane content ahead 

of purification into grid-compliant 

methane with 98% purity. Nonetheless, 

to prevent misuse of food crops, avoid 

controversial land use and favour waste 

recovery, first-generation and advanced 

biomethane from sources such as 

residues, manure and wastewater needs 

to be differentiated. It is important to 

bear in mind that ultimately biomethane 

can only be a temporary tool to impact 

transport emissions compared to 

overall natural gas consumption, as it 

is a scarce but important molecule for 

process industries.
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FIG 65:  BIOMETHANE PRODUCTION PATHWAYS

Source: Arthur D. Little, Stifel*
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Initially founded in 2009, Ductor is a Finnish 

biotechnology company that has developed an 

innovative 2-step process able to separate and 

capture nitrogen from organic waste streams, 

addressing the long-standing issue of ammonia 

inhibition in traditional anaerobic digestion 

(AD) processes. This technology stabilizes and 

optimises biogas production from high nitrogen 

feedstocks such as poultry manure, significantly 

enhancing the economics of biogas facilities  by 

adding inexpensive feedstock and new revenue 

streams. Microorganism-based, with low heat, low 

energy and low pressure requirements, the process 

liquefies RNG digestate into a biofertilizer that is 

uncoloured and 100% matching agro-industry 

standards. This involves a fermentation step prior 

to the classic AD process, converting excess 

nitrogen into ammonia/ammonium, which is then 

captured and recycled. The process also creates 

valuable byproducts such as pure nitrogen fertiliser 

and high-phosphorus soil improvers.

Ductor owns a pilot site in Tuorla (Finland), which 

can process 1.4Kt/year of poultry manure and 

produce 266,000Nm3 of RNG. TotalEnergies 

acquired a 20% stake in May 2023, following the 

acquisition of Fonroche Biogaz and the opening of 

Biobéarn in 2024, which is the largest AD site in 

France, with an ouput of 160GWheq/year. Future 

plans for Ductor include commercial projects in 

North America and Mexico, strategically focusing 

on a first industrial-scale project in Ohio. 

Waga Energy is a French listed company 

specialising in the production of renewable natural 

gas (RNG) from landfill gas. Established in 2015, the 

company combines a globally unique and cutting-

edge technology with environmental stewardship 

to transform waste into a valuable energy resource. 

Waga Energy installs standardised, modular and 

easily scalable WAGABOX® units, which are 

advanced purification systems able to convert 

landfill gas from any type of landfill into high-quality 

RNG. These units combine both membrane filtration 

and cryogenic distillation to efficiently separate 

methane from other gases, allowing for ~90% RNG 

recovery while always ensuring grid-compliant 

output (>98% purity).

Currently holding a dominant position in France 

and in Europe, Waga Energy is gradually gaining 

solid ground in North America, steadily delivering 

both in terms of pipeline investments and project 

execution with high-calibre partners. On top of its 

35 contracts secured to date, totalling >1.7TWh/

year of installed capacity (>2.3TWh/year with third-

party owned-assets), Waga Energy has a pipeline of 

11.7TWh/year. In 2024, the company raised €52m 

fresh equity on top of a €60m credit line with Eiffel 

Investment and a €100m green syndicated loan, all 

dedicated to improving project seed capabilities 

and accelerating roll-outs. Waga Energy is aiming 

for €200m revenue and 4TWheq of installed 

capacity by 2026.

TreaTech, a Swiss start-up spun off from EPFL 

in 2015, has developed a unique and proprietary 

hydrothermal gasification process that converts 

otherwise incinerated waste streams into valuable 

resources, including methane-rich renewable 

gas, clean water and minerals. This technology 

transforms liquid industrial waste and municipal 

wastewater into methane, first pressurising waste 

to 230 bars and heating it to 40°C and causing the 

water to precipitate minerals such as phosphorus 

and potassium, which can be used as fertilizers. 

The remaining water and organic matter are then 

processed in a catalytic reactor that primarily 

produces methane, (along with some hydrogen and 

CO2) that can be used as an onsite energy solution 

or injected into the grid network. This method is 

significantly faster than traditional biomethanation, 

reducing processing time from 20-30 days to about 

30 minutes, and creating a gas nearly ready for 

grid-injection, bypassing the synthetic methanation 

step required by some competitors. 

Currently at a pilot scale, TreaTech aims to deploy 

modules capable of processing 3-4 tons of waste 

per hour by 2025. The company raised CHF9m in 

June 2023 in a funding round led by Engie New 

Venture and Montrose Environmental Group, 

alongside notable support from the EIC Fund, 

Sipchem Europe, CMA CGM Fund for Energies, 

and Holdigaz. 

Growing SAF market demand shakes up existing feedstock 
equilibriums
Sustainable aviation fuel (SAF) is the 

only viable and scalable alternative to 

jet fuel. One of the main differences 

between pure SAF and jet fuel is the 

absence of aromatics, which can cause 

issues with sealing and lubrication 

in aircraft engines. These issues are 

currently addressed by blending 

pure SAF (bio- or e-kerosene) with 

conventional jet fuel (fossil kerosene 

and aromatics). In 2023, the American 

Society of Testing and Materials (ASTM) 

approved several SAF production 

pathways, all recognised by the ICAO. 

Additionally, 11 other processes are 

under evaluation. These pathways differ 

in terms of feedstock requirements, 

output co-products and GHG emission 

reduction potential. ASTM also sets 

maximum SAF blend ratios with 

conventional jet fuel, currently capped 

at 50%, to ensure safe aircraft and 

engine operation. Promising SAF 

production pathways include:

•	 Hydroprocessed esters and fatty 

acids (HEFA):  This widely used method 

converts waste oils and lipids such as 

used cooking oil into SAF through 

hydrogenation. It involves removing 

oxygen through hydrodeoxygenation 

and then cracking and isomerizing 

molecules to achieve the necessary 

jet fuel chain length. HEFA allows for a 

maximum blend ratio of 50%.
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•	 Alcohol-to-Jet (AtJ):  With the 

first commercial-scale plants now 

appearing, this pathway, processes 

any feedstock that can be converted 

to alcohols (such as ethanol, iso-

butanol and methanolc) and then into 

SAF with a high specific yield. AtJ 

removes oxygen from alcohols and 

links the molecules to achieve the 

desired carbon chain length through 

oligomerisation. Currently, ethanol 

and iso-butanol are the approved 

feedstocks for AtJ technology, relying 

on upstream pathways for relevant 

sustainable intermediates and resulting 

in a maximum blending ratio of 50%. 

•	 Sugar-to-Jet (Synthesised Iso-

Paraffins or SIP): This method uses 

microbes to convert sugars into 

farnesene, which can then be processed 

into SAF with hydrogen. The maximum 

blending ratio for SIP is 10%.

Lignocellulosic 
Biomass

Gasification

Municipal 
solid waste

Green electricity Electrolysis 
of water

CO2

RWGS

FT-SPK
FT-SPK/A

Fischer Tropsch

50%

Diesel / Naphtha / 
Electricity

Blending

FIG 69:  FISCHER TROPSCH SAF PRODUCTION PATHWAYS

Source: Stifel*

•	 Catalytic Hydrothermolysis (CHJ) / 

Biocrude Hydrotreatment  converts fatty 

acid esters and free fatty acids into SAF 

via catalytic hydrothermolysis followed 

by hydrotreatment, hydrocracking, or 

hydroisomerisation and fractionation. 

The maximum blend ratio for CHJ SAF 

is 50%.

•	 Fischer-Tropsch (FT): FT reactors 

are mature oil and gas technologies 

that require a syngas intermediate. 

When based on biomass or waste 

gasification, the aim is to produce a 

mix of hydrogen and carbon monoxide, 

which is then converted into SAF in an 

FT reactor. The FT process can break 

down any carbon-containing material 

into gaseous building blocks, which are 

then synthesised into SAF and other 

fuels. For the power-to-liquid (PtoL) 

approach, renewable electricity is used 

to produce hydrogen via electrolysis, 

which is then combined with captured 

biogenic CO2 using a reverse water-

gas shift (RWGS) reaction to create a 

synthetic gas mixture of hydrogen and 

carbon monoxide, processed by a FT 

reactor into SAF. Because a FT reactor 

runs on a stable load, the e-FT system 

requires significant onsite storage 

capabilities, either on the CO2 side or 

for renewable hydrogen.
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FIG 70:  CHJ SAF PRODUCTION PATHWAY

Source: Stifel*
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The efficiency and sustainability of 

SAF production processes rely heavily 

on underlying feedstock sourcing/

traceability as well as yields and output 

selectivity. Each SAF production 

pathway offers varying levels of 

efficiency and generates different types 

and amounts of co-products.

The HEFA method, which is the cheapest 

and most mature alternative to date, 

stands out due to its high conversion 

rate of roughly 90%, with at least 50% 

of the processed input resulting in SAF. 

According to McKinsey, around 46% 

of the total output is SAF, with most of 

the remainder being renewable diesel 

that can be used for road or marine 

applications. Less than 10% generally 

consists of “light ends” such as LPG and 

naphtha. In theory, SAF selectivity could 

be as high as 75% according to Neste 

and is continuously being improved. 

High yield and lower feedstock volume 

requirements make HEFA a preferred 

choice among producers, driving much 

interest in HEFA projects, which also 

appears to be the most cost-effective 

option. However, HEFA relies on 

waste fats and residue lipids, meaning 

constrained growth potential in the long 

term if no alternate/synthetic grease 

production method is developed. 

Additionally, whereas HEFA is today 

the most competitive option, increasing 

competition for UCO or reshoring could 

result in significant volume shortages 

and/or feedstock price spikes, harming 

HEFA’s competitiveness in the medium 

to long term.

In contrast, the ATJ pathway is 

less efficient in terms of feedstock 

utilisation, with a conversion rate (from 

biomass to process output) estimated 

at around 13%, however with 77% SAF 

selectivity when optimised for jet fuel 

production, alongside a small share 

of renewable diesel. If the process is 

not optimised for jet fuel production, 

SAF yield drops significantly to around 

25%, with potentially poor economics. 

The challenge with ATJ also comes 

from feedstock availability. In a market 

such as the US with significant first-

generation sugar or alcohol, agricultural 

surplus could make ATJ an attractive 

option for decarbonising aviation when 

road biofuel demand begins to plateau. 

However in Europe, the use of second-

generation sugars is a prerequisite, 

and second generation bioethanol 

conversion is challenging to scale 

as it requires integration into other 

processes. Here, the ATJ growth path 

would likely be more challenging. 

Finally, the Fischer-Tropsch method, 

which for bioSAF involves biomass 

gasification, assumes a feedstock 

conversion rate of 20% to total output. 

(Feedstocks can be lignocellulosic, 

MSW, tyres/plastic etc). When 

optimised for jet fuel, SAF selectivity 

can go up to around 60%, with the 

remainder used for renewable diesel or 

naphta. According to industry contacts, 

there is potential for technological 

improvements to increase the SAF 

selectivity to 70%. Specifically, 

industrial waste gas can bypass the 

gasification step and be fed directly 

into the process after optimising the 

hydrogen-to-carbon monoxide ratio, 

which could enhance overall efficiency 

and reduce feedstock requirements.

Established in 1948 and headquartered in Finland, 

Neste is a publicly traded company renowned for 

its leadership in renewable diesel (HVO) and HEFA-

SAF production. As a producer and a technology 

provider, Neste leverages its proprietary NEXBTL 

technology, a unique platform enabling the 

conversion of various renewable fats and oils into 

premium-quality renewable products, including 

fuels and feedstock for polymers and chemical 

production. With this technology, Neste produces 

high-quality renewable diesel exclusively from 

100% renewable raw materials. 

Neste is currently expanding its renewable fuel 

capacities, planning to invest €2.5bn in the 

conversion of its Porvoo crude oil refinery into a 

biofuels production facility over the long term, with 

half of Porvoo’s planned renewables capacity, 

1.5Mt/year, dedicated to HEFA-SAF production. 

Neste already produces SAF in Porvoo, however 

mostly from its Singapore (1Mt/year capacity) 

and Rotterdam (0.5Mt/year capacity) refineries. 

Rotterdam began production early in 2024 and 

serves over 70 direct customers and more than 

25 airports worldwide. Neste is continuously 

strengthening its position in the market, developing 

numerous strategic partnerships, including 

collaborations with industry leaders such as Airbus 

and investing to explore alternative methods for 

converting low-quality raw materials into high-

quality solutions (EUR94m R&D in 2023 alone). 

Neste has studied over 2,000 raw materials in the 

past decade. 

Incubated by Towngas with first initiatives in 

2008, Ecoceres is a Hong Kong-based advanced 

biorefinery platform, with a proprietary technology 

portfolio enabling the production of a wide spectrum 

of biofuels, biochemicals and biomaterials from 

100% waste-based biomass. Underpinned by 

continuous technological innovation, Ecoceres 

excels in decomposing agricultural waste into basic 

components for renewable product production 

as well as in biomass gasification for syngas 

generation. It is one of the few players that has 

production capacity for hydrotreated vegetable oils 

(HVO) for diesel, sustainable aviation fuel (HEFA-

SAF) for jet fuel, and cellulosic ethanol for gasoline 

substitutes.  

Ecoceres has a significant presence in China, 

with the world’s first ISCC-CORSIA Plus facility 

in Jiangsu, boasting commercially available 

production combined HVO/SAF capacities of 

300Kt/year and is currently constructing a new 

facility in Malaysia, expected to start in H2 2025, 

with a design capacity of 350Kt/year (>60% SAF). 

Used cooking oil and waste from palm oil mills will 

be among the main raw materials for this new plant, 

which is located in the Johor region of Malaysia.

The company successively secured USD108m ad 

USD400m respectively from Kerogen Capital in 

February 2022 and Bain Capital in January 2023 as 

it plans to expand its presence in renewable energy 

markets.
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Founded in 2010, SkyNRG is a Dutch company at 

the forefront of SAF developments, having supplied 

the world’s first commercial flight using SAF in 

2011. Today, the company provides SAF to airlines 

and corporations worldwide, such as Boeing and 

KLM Royal Dutch Airlines, and is one of the leading 

and most active participants in the SAF market.

Specialized in sourcing, blending, distributing, and 

ensuring sustainability throughout the supply chain, 

the company is dedicated to providing the aviation 

industry with sustainable and cost-effective 

alternatives to jet fuel. SkyNRG is spearheading 

the development of Europe’s first dedicated SAF 

production plant in Delfzijl based on Topsoe’s 

HydroFlex technology, which is expected to be 

operational by 2027 and with a projected HEFA SAF 

output of 100Kt/year accompanied by 35Kt/year of 

sustainable by-products such as LPG and naphtha. 

SkyNRG is also developing the Wigeon biomass 

gasification project in the US, which is expected 

to start up in 2029 with an expected production 

capacity of 150Kt/year. SkyNRG also has several 

pilots under way, including an AtJ project with 

Lanzajet in Europe and a PtoL pilot with Synkero. 

In November 2023, SkyNRG raised €175m from 

Macquarie Asset Management, supporting its 

infrastructure investment and further project 

portfolio developments.
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Yield and selectivity are not the only 

crucial factor. GHG efficiency, which is 

also feedstock-related, is the ultimate 

referee. HEFA remains highly attractive 

as it offers up to 84% reduction in 

GHG emissions compared to fossil jet 

fuel. This reduction potential can be 

further enhanced by using sustainably 

produced green hydrogen in the 

hydroprocessing step. Although the 

ATJ pathway provides slightly lower 

emissions reduction compared to 

HEFA, it still presents a viable option 

for SAF production, in most cases 

offering >65% GHG emission reduction 

compared to fossil sources. 

Biomass gasification and the Fischer-

Tropsch process are ahead of the two 

other pathways on emission reductions, 

ranging from 85% to 94%. However, they 

present biomass collection challenges, 

especially relation to forest residue, and 

variable syngas composition depending 

on waste quality. Ptol fuels produced 

from FT-synthesis could emerge as a 

leading solution, potentially reducing 

CO2 emissions by more than 100% 

compared to conventional fuel. But they 

rely on sourcing scarce biogenic CO2 

(but with industrial flue gas tolerated 

until 2041) and cheap renewable power. 
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Today, HEFA is cheapest solution in 

terms of GHG reduction potential. PtoL 

technologies have great promise but 

are currently almost twice as expensive 

as other SAF options, and either rely 

on the complete LCA being reflected 

into SAF prices or on expectations 

for cheap power access in the future. 

Indeed, PtoL’s energy-intensive 

process requires large amounts of 

renewable electricity, needs substantial 

water resources and is therefore 

only scalable in places with large, 

centralised production facilities. This is 

why some companies are now focusing 

on breaking down the production 

process to offer modular solutions. 

These address issues such as electricity 

supply, carbon capture and water 

usage in smaller plants, and are betting 

on the development of a decentralised 

network of production plants, each 

tailored to their local ecosystem. 

Despite the barriers to PtoL fuels, they 

provide a complementary solution to 

fully decarbonise the aviation sector. 

However, their adoption hinges on 

proper carbon penalties or taxes. 

As PtoL can potentially reduce CO2 

emissions by over 100%, higher 

carbon taxes would potentially compel 

producers and airlines to adopt these 

fuels.

SAF prices remain significantly higher 

than the historical cost of Jet A fuel. This 

disparity directly impacts operators’ 

business models and margins, 

potentially leading to the creation of 

premium services for customers paying 

to fly on SAF. In June 2024, Lufthansa 

announced plans to charge up to €72 

per flight to cover the costs of clean 

fuel. These additional charges will apply 

to all departures from the European 

Union, the United Kingdom, Norway, 

and Switzerland from 1 January 2025. 

Whether or not they are passed through, 

SAF costs will most probably increase 

rather than decrease in the future as 

a result of rising feedstock costs and 

increasing investment/process costs. 

This may lead to higher flight costs and 

impact demand, given that most jet fuel 

consumption today is not taxed.

3.3

2.2

1.62.0 1.9 1.8 1.8
1.7 1.6

2.7

2.1
1.9

3.5

2.8

2.2

2023 35 50 2023 35 50 2023 35 50 2023 35 50 2023 35 50

Oils & Fats Corn Agricultural 
residues & 

cellulosic crops

Forest 
residues & MSW

Power 
to 

liquid

HEFA ATJ Fischer-Tropsch

JET A historical 
price ($0.6K/Mt)

CAPEX OPEX Feedstock

FIG 74:  PRICE COMPETITIVENESS OF SAF PATHWAYS ($K PER METRIC TON)

Source: World Economic Forum, Mission Possible Partnership, Bain & Co, Stifel*



74 75

Founded in 2019 in Norway, Norsk e-Fuel is a 

pioneering company committed to produce eSAF 

using renewable energy sources. Norsk e-Fuel 

is at the forefront of the PtoL industry in Europe, 

leveraging one of the most advanced projects in 

the region, as well as a pipeline of opportunities by 

2030. By then, Norsk e-Fuel expects to supply more 

than 250 million litres of renewable fuels from three 

industrial-scale production plants. These facilities 

should be optimised for e-kerosene production 

based on a FT pathway, with up to 80% kerosene 

in the output mix (i.e. representing 170Mt/year of 

installed eSAF capacities by 2030). The remaining 

volume would be e-naphtha, a crucial component 

for the chemical industry. 

The inaugural plant in Mosjøen will have a capacity 

of 50 million litres, with construction starting from 

2025, and production from 2026. It will serve as a 

blueprint for the roll-out of a larger 100 million litres 

plant.

Supported by strategic investors and carefully 

selected partners, Norsk e-Fuel is set to bring 

Power-to-Liquid production to an industrial 

scale, as highlighted but the recent investments 

from Norwegian Air Shuttle, Cargolux and further 

support from Paul Würth, all serving as a foundation 

to secure approximately €400m in equity and debt 

over the next 18 months.

Arcadia eFuels is a dedicated to producing 

sustainable aviation fuels (SAF) and other renewable 

fuels based on eFuels pathways. Headquartered 

in Denmark, Arcadia eFuels is at the forefront of 

eSAF developments, currently developing its first 

commercial-scale production facility in Vordingborg, 

Denmark. The facility, initially set to be operational 

by 2026, will leverage cutting-edge technologies 

from Sasol/Topsoe to produce approximately 80Kt/

year of e-kerosene and e-naphtha (80-20 mix). 

Arcadia eFuels already has plans for two additional 

e-fuel plants (e-diesel and eSAF), currently in 

development across the UK and US. The output of 

each plant could be similar to the one in Denmark.

In 2023, Arcadia eFuels was backed by Sven Capital 

(in January) and KGAL (October), further supporting 

development. Additionally in November 2023, the 

company received £12m of government support 

and a £53m grant from the UK DoT’s new AFF fund.

Founded in 2019 and headquartered in Switzerland, 

Metafuels is a technology provider and renewable 

fuel producer. The company has developed a 

proprietary technology, aerobrew. This technology 

converts green methanol into Sustainable Aviation 

Fuel (SAF) using a proprietary catalytic system 

known as the ‘missing piece of the jigsaw’. 

Aerobrew offers high selectivity and yield, enabling 

scalable, efficient, and integrated SAF production 

at competitive prices. This innovation not only 

supports significant carbon footprint reduction for 

airlines but also allows for scalable large-scale 

e-SAF production, locating production facilities 

both near aviation fuel markets and renewable 

electricity sources, thereby optimizing logistics and 

sustainability benefits.

In 2023, Metafuels announced that its aerobrew 

technology will be used to produce e-SAF at one of 

European Energy’s planned e-methanol production 

facilities in Denmark, with an expected output of 

10,000 liters of synthetic e-SAF per day. Metafuels 

is also set to develop a pilot plant in Switzerland to 

demonstrate this technology.

Swedish Biofuels is the inventor and company 

behind the original Alcohol to Jet technology 

(ATJ) for fully formulated sustainable aviation 

fuels (FFSAF). The technology was developed in 

Sweden and patented in 2004. Swedish Biofuels 

distinguishes itself from other SAF players through 

its ability to produce ready-to-use biojet fuel rather 

than a blend component. The FFSAF has undergone 

successful testing by engine manufacturers under 

US DARPA, US FAA, and Swedish FMV programs. 

In 2006, together with 3 other companies, Swedish 

Biofuels secured US DARPA funding to develop 

biomass-derived jet fuel, leading to the acceleration 

of today’s ATJ technology. As a result, in 2011, 

Swedish Biofuels produced the world’s first fully 

synthetic paraffinic jet fuel from wood residues.

Early in March 2023, Swedish Biofuels formed a 

global alliance with KBR for the sublicensing of 

its advanced biofuel technology. This partnership 

thereby allows KBR to sell licenses for Swedish 

Biofuels’ technology. Just before this agreement 

with KBR, Mitsubishi invested an undisclosed 

amount in the company to jointly accelerate 

commercial deployment of renewable fuels using 

Swedish Biofuels’ advanced ATJ technology.
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Founded in 2018 in Germany, Caphenia is at the 

forefront of synthetic fuel production. Its Plasma 

Boudouard Reactor (PBR) technology is a globally 

patented Power-and-(Bio)gas-to-Liquid process, 

combining three known sub-processes to produce 

synthesis gas from biogas, CO2, water, and 

electricity. Unlike conventional methods that require 

multiple reactors and units, Caphenia’s process is 

simpler, faster, and more cost-effective, requiring 

significantly less electricity, while leveraging  

scalable modular systems ranging from 500t/year 

to 50Kt/year of renewable fuel production capacity. 

Caphenia’s energy efficiency of 86% for synthetic 

gas production sets a new industry standard. When 

combined with FT-fuel synthesis, overall plant 

energy efficiency could reach 72% (using one sixth 

of the electricity needed for other PtoL methods), 

reducing GHG emissions by up to 92%.

Looking ahead, Caphenia is planning to build 

a 150kg synthesis gas per hour pilot plant in 

Germany’s Höchst industrial park in 2024, with 

MAN Energy Solutions already selected to build the 

reactor. In June 2023, software specialist Amadeus 

acquired a minority stake Caphenia to support its 

development.

HEFA, currently the leading pathway, 

has lower initial infrastructure costs 

but incurs higher ongoing feedstock 

expenses, while FT pathway requires 

significant infrastructure investment 

but has low feedstock costs. Each 

pathway also presents distinct maturity 

levels, with technical and delivery 

risks. The choice between them will be 

influenced by local conditions such as 

the availability of feedstocks, logistics 

facilities, and the potential to repurpose 

existing infrastructure.

Its cost advantages mean that most 

of today’s operating and planned SAF 

projects are HEFA-based, with current 

capacity of 1.83Mt/year. This trend 

is expected to persist in the medium 

term, as most planned capacity 

expansions use HEFA, potentially 

reaching 16.6Mt/year early in the 

next decade and representing 2/3 of 

total planned capacity to date. As the 

industry evolves, other SAF alternatives 

will emerge, with AtJ next in the line, 

backed by planned investments already 

representing 3Mt/year. This is mostly 

led by the US, with the SAF Grand 

Challenge creating massive demand 

by 2030. This will be met by either 

diverting feedstock from conventional 

road biofuels production or leveraging 

existing intermediates production to 

progressively diversify SAF production 

methods. In Europe, where regulation 

is setting ambitious demand targets 

for the industry, projects currently in 

the pipeline currently add up to less 

than 5Mt/year. A significant proportion 

of these are significant FT and PtoL 

in response to regulatory mandates 

for RFNBOs. However, reflecting tight 

feedstock availability and qualification 

constraints, projects tend to be smaller 

than in other regions around the world.  

thereby matching demand by 2030 but 

probably becoming net SAF importer in 

the long-run to keep up with ReFuelEU 

targets.

HEFA AtJ FT-SPK PtL Other

Operational 1.828 0.029 0 0.0005 0.254

North America 0.230 0.029 0 0 0

Europe 0.230 0 0 0.0005 0.104

Asia 1.828 0 0 0 0.150

Planned 16.555 3.072 1.572 2.365 1.185

North America 8.046 1.967 0.957 0.867 0

Europe 1.250 0.472 0.529 1.442 1.043

Asia 4.959 0.526 0.086 0.010 0.142

FIG 75:  BREAKDOWN OF SAF PROJECTS BY PATHWAY (IN MT)

Source: Argus, Stifel*

This geographical distribution 

underscores the influence of regional 

policies on the development of SAF 

production facilities. While HEFA 

remains the dominant pathway due 

to its higher maturity and stronger 

cost competitivity, it is still 1-2 times 

more expensive than fossil fuel. The 

emergence of AtJ and PtL technologies 

indicates a broader shift, reflected by the 

growing number of offtake agreements 

between producers and airlines, who 

are positioning for an advantage with 

future fuel (and growth).
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FIG 76:  GLOBAL OPERATING AND PLANNED INVESTMENTS IN SAF PROJECTS WORLDWIDE AS OF MAY 2024

Source: Argus, Stifel*
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With SAF demand expected to 

increase from close to 17-18Mt in 

2030 to more than 300Mt by 2050, co-

product management will increasingly 

become a priority, creating synergies 

and opportunities for downstream 

sub-sectors. Renewable diesel could 

be leveraged for road (and maritime 

in the long run), when light ends 

such as naphta could replace their 

fossil counterparts in petrochemical 

processes such as plastics. While high 

output selectivity is generally preferred, 

refiners are accustomed to dealing with 

a wide array of end-products, which 

also diversifies their revenue exposure 

and demands broader industrial 

integration that raises barriers to entry.
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FIG 77:  SCENARIOS AROUND SAF PLANTS BY-PRODUCTS AND USE-CASES BY 2030 AND 2050 (MT/YEAR)

Source: S&P Global, SkyNRG, Mission Possible Partnership, Stifel*

SAF alone will not suffice to fully 

decarbonise the aviation sector, 

so complementary measures must 

be pursued to enhance aeroplane 

operational efficiency. These include 

engine and design improvements, 

software to improve flight planning and 

help pilots minimise fuel consumption, 

and battery technology integration that 

could be used for short-haul and less 

energy-intensive flight processes.

PtoL AtJ-like FT-like HEFA & co-pro. Other SAF-related

FIG 78:  MAIN SAF PLAYERS

Source: Stifel*



80 81

Maritime decarbonisation as a long-term tailwind

Global climate targets such as the 

European FuelEU Maritime regulation 

have driven growing interest in the 

use of alternative fuels for marine 

propulsion. Companies are evaluating 

decarbonisation pathways that 

minimise costs, beginning with engine 

replacements and drop-in solutions. 

However, while electrification or hybrid 

powertrains are a potential alternative 

for inland and coastal shipping, deep-

water vessels and international shipping 

require denser primary energy. So while 

biofuels offer immediate alternatives for 

marine decarbonisation, any additional 

demand would be in direct competition 

with other HDV transport and industrial 

segments. This opens a path for 

alternative bunker fuels.
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FIG 79:  SUMMARY OF BIOMASS-BASED MARINE FUEL PATHWAYS 

Source: Sustainable Shipping, GreenFuelHub, Stifel*
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FIG 80:  RENEWABLE OILS PRODUCTION PATHWAYS FOR MARINE ENGINES

Source: Sustainable Shipping, GreenFuelHub, Stifel*

•	 LNG and methane-based fuels

Offering shorter-term solution due to 

established pathways and logistical 

advantages, LNG is a well-known 

marine fuel, using boil-offs from tankers 

to reduce overall consumption, while 

not being too bulky to restrict useful 

volumes and payload. However, 

while LNG can be fossil-sourced and 

reduce around 20% of the emissions 

compared to a ship using traditional 

fossil alternatives, there is significant 

GHG emission-saving potential stems 

from the use of bio- and e-methane, 

albeit with limited supply available.

Biomethane can be produced from 

wet and dry biomass waste and 

residues using anaerobic digestion, 

LFG recovery or biowaste gasification, 

while e-methane can be synthesised 

from green hydrogen and captured 

CO2. Biomethane is already available 

but sought after by industrials 

to decarbonise their natural gas 

consumption. E-methane could unlock 

biomass constraints barriers – but it still 

requires biogenic CO2 and relies on 

less mature methanation economics. 

•	 Bio-oils

FAME is a contaminant in marine 

distillate fuel and is only blendable 

up to 7% without affecting the overall 

fuel system. HVO does not pose this 

problem and can fully qualify as a long-

term alternative for shipping. However, 

limited vegetable oil and residual waste 

feedstock availability mean these fuels 

will be mostly used for road transport. 

In the long term, falling demand for road 

fuel could create surplus that could be 

transferred to the marine sector. 

However, emerging technologies such 

as fast pyrolysis (FP) and hydrothermal 

liquefaction (HTL) are moving ahead 

to produce low-carbon bio-oils from 

abundant feedstocks such as biomass 

and biowaste, with maximum blending 

limits of 30% for FP crude and 40% for 

HTL crude. 
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FIG 81:  LNG AND RENEWABLE METHANE PRODUCTION PATHWAYS

Source: Maersk Mc-Kinney Moller Center, Stifel*

•	 Methanol

Certified, convenient and safe, 

methanol’s advantage lies in its status 

as a sulphur-free fuel that is liquid under 

ambient conditions, making it easy 

to transport, store, and bunker using 

standard diesel procedures. Methanol 

has a higher volumetric energy content 

than ammonia or hydrogen and does 

not require pressurisation or cryogenics, 

so is suitable for various vessel types 

and longer routes while requiring less 

bunkering. It is already available at more 

than 125 of the world’s largest ports. 

However, grey methanol (manufactured 

from fossil feedstocks) is widely used as 

a chemical building block for hundreds 

of everyday products, ranging from 

plastics to car parts and construction 

materials. Industrial applications 

currently use 110Mt of fossil-derived 

methanol per year, with 55-65% from 

natural gas, 30-35% from coal, and the 

remaining from coking gas.

Bio- and e-methanol can be produced, 

respectively, through methanolation 

using heterogeneous catalysts at high 

temperature with syngas derived from 

biomass/biowaste gasification, or with 

renewable hydrogen and captured 

carbon.

Green electricity Electrolysis 
of water

E-methanol

Synthesis

Biowaste

Synthesis

Biogas

Gasification

SynthesisReforming

H2

Bio-methanolLignocellulosic 
Biomass

FIG 82:  RENEWABLE METHANOL PRODUCTION PATHWAYS

Source: Maersk Mc-Kinney Moller Center, Stifel*

•	 Ammonia

CO2-free when combusted, ammonia 

has emerged as a promising alternative 

for the marine industry, with the 

potential for abundant production from 

renewable-only sources. Like methanol, 

ammonia is a well-known commodity 

chemical building block, with 150-

160Mt used worldwide per year, 

mostly to produce fertilisers (~80%). 

As far as “well-to-wake” emissions are 

concerned, only green ammonia can 

bring significant environmental benefits, 

as it can be truly CO2-free. According to 

engine manufacturer Wärtsilä, diverting 

grey ammonia for fuel would generate 

about one-third more in carbon 

emissions compared to HFO. 

Moreover, primary challenges remain 

in using ammonia as a marine fuel 

due to three factors: (i) toxicity and 

corrosiveness; (ii) low volumetric 

energy density and energy efficiency 

compared to HFO, diesel and LNG 

systems, which either require larger fuel 

storage or reduce vessels’ operating 

range; and (iii) ongoing regulatory 

developments regarding bunkering and 

fuelling infrastructures as ammonia is 

only recently becoming used as a fuel 

at scale.

Lower-carbon ammonia can be 

produced in different ways, ultimately 

using the Haber-Bosch process. 

“Green” or e-ammonia uses upstream 

water electrolysis and pressure swing 

adsorption (PSA) based on renewable 

electricity. “Blue” ammonia uses 

fossil methane reforming combined 

with CCUS. Ammonia offers potential 

for significant emission reductions 

in maritime use. The cost and 

availability of renewable electricity, 

as well as carbon taxation are the 

major drivers of renewable ammonia’s 

price competitiveness. Its production 

is energy-intensive, requiring 

approximately 9-10MWh per ton of 

green ammonia at a time when demand 

for renewable power in other industrial 

sectors is increasing. A reliable supply 

of certified green electricity for all 

sectors and a ramp-up of energy-

intensive technology pathways are key 

to scale renewable ecosystems and 

maximise GHG emission reduction.
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FIG 83:  RENEWABLE AMMONIA PRODUCTION PATHWAYS

Source: Maersk Mc-Kinney Moller Center, Stifel*

As the maritime sector faces increasing 

pressure to reduce emissions, the fuel 

landscape will gradually shift away 

from refinery byproducts used without 

regard to their negative externalities. 

Nonetheless, finding alternative fuels 

that closely mimic the properties of 

HFO and MDO is crucial to minimise the 

need for extensive fleet retrofits. Ideally, 

new fuels intended to reduce emissions 

should closely match the volume and 

mass characteristics of existing fuels, 

while also being the cheapest possible 

option and reducing GHG emissions. 

Bio-oils, especially HTL-derived, and 

LNG stand out for their ability to offering 

short- and medium-term options for 

operators. Methanol, ammonia and 

hydrogen are more bulky and generally 

require vessel design adjustments. 

Founded in 2020 and headquartered in France, 

Elyse Energy was initially backed by Falkor and 

VOL-V as key shareholders. A prominent player 

in the European e-fuels sector, Elyse Energy 

specialises in the design, development, financing, 

construction, and operation of low-carbon molecule 

production units for bio- and e-methanol and 

sustainable aviation fuels (SAF).

Leveraging low-carbon hydrogen production and 

carbon valorisation, Elyse Energy supplies low-

carbon molecules to chemical industry players, 

maritime operators, and shipping companies. The 

company is engaged in several large e-methanol 

projects expected to start operations by 

2027/2028i, such as eM-Rhône, aiming to produce 

150Kt/year and eM-Iberica, targeting 1Mt/year 

in Spain and Portugal. Additionally, Elyse Energy 

is spearheading the BioTJet project (75Kt, 2027), 

France’s first commercial biokerosene production 

unit from local forestry residues and end-of-life 

wood waste. Elyse Energy has also developed 

NeoCarb, an industrial and port platform project 

in Fos-sur-Mer, France, aimed at integrating two 

complementary and integrated phases molecule 

production, with 100Kt of e-methanol available for 

both shipping and aviation, based on a 50Kt AtJ 

conversion unit. 

With several billion euros of investments ahead, 

Elyse Energy already benefits from the support 

of key infrastructure funds, having been joined by 

Mirova and Hy24 late in 2023.

Founded in 2004 in Denmark, European Energy 

has established itself as a prominent renewable 

energy company specialising in the development, 

construction, and operation of wind, solar, and 

biomass projects throughout Europe. With a robust 

platform spanning 25 markets and encompassing 

6 renewable energy technologies, European Energy 

is positioned for substantial growth and innovation. 

European Energy boasts a diversified portfolio 

including 65GW of pipeline capacity across 

approximately 800 high-quality projects. The 

company is committed to new initiatives like 

Power-to-X, aiming to lead the path towards the 

production of green fuels globally. Building on the 

success of the world’s largest e-methanol facility 

to date in Kassø (Denmark) representing 32Mt/

year of production capacities, European Energy 

plans to strengthen its position in e-methanol 

and expand capabilities in hydrogen markets. The 

company aims to monetise technology synergies 

with its development know-how to accelerate the 

deployment of renewable energy systems for solar, 

wind, and Power-to-X solutions (green hydrogen, 

e-methanol, green ammonia, and e-SAF) in its core 

markets. 

In April 2024, in the context of a €700m private 

raise, Mitsubishi HC Capital acquired a 20% 

stake in European Energy, tripling available equity 

and further enhancing its role in the green energy 

transition.
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Founded in 2014 and headquartered in Germany, 

Ineratec is a privately held company specialising 

in innovative sustainable energy solutions. Their 

product portfolio includes a range of e-fuels, such as 

synthetic fuels for road transport, e-methanol, and 

e-diesel for shipping, alongside Power-to-X plants 

that convert renewable electricity into sustainable 

energy using hydrogen and CO2 extracted from 

the atmosphere. These plants are designed to be 

scalable and modular, able to operate wherever 

green energy and CO2 are available. Additionally, 

the company produces e-chemicals such as waxes 

and methanol. 

A pioneering plant in Frankfurt, set to commence 

operations in 2024, will recycle up to 8Kt/year of 

CO2, yielding up to 3.5 million litres of synthetic fuel, 

making it the largest power-to-liquid plant globally. 

In January 2024, Ineratec raised over $129 million 

in a Series B funding round led by Piva Capital, with 

participation from investors such as HG Ventures, 

TDK Ventures, and Samsung Ventures. This funding 

aims to scale up Ineratec’s e-fuel production, 

transforming 1GWeq of renewable energy into 125 

million gallons of sustainable fuel by 2030

Founded in 2017 and headquartered in Germany, 

Hy2gen is a renewable fuel production project 

developer, specialising in the development, 

financing, construction, and operation of Power-

to-X (PtX) fuel plants. The company’s strategic 

focus spans the entire value chain, from renewable 

hydrogen to PtX, acting as a development platform 

for industry, transportation, and power generation 

worldwide.

Currently, Hy2gen operates a 6.3MW plant 

dedicated to renewable hydrogen production for 

road freight transport. However, the company is 

rapidly scaling its operations, with 8 additional plants 

under construction and 15 more in development. 

This ambitious expansion is supported by a robust 

project pipeline in planning and constructing, 

representing 1.9GW, and with a development 

pipeline exceeding 12GW.

In June 2024, Hy2Gen reached a significant 

milestone with the award of a block of energy from 

Hydro-Québec for its Courant green ammonia 

project. Still pending FID, Hy2gen plans to begin 

construction of the plant in H2 2026 and start 

production in 2029. The last capital raise occurred 

in February 2022, when Hy2gen secured €200m 

in development capital from Hy24, Mirova, CDPQ 

and Technip Energies, supporting its capability to 

execute an ambitious growth plan.

North Ammonia is a prominent player in the green 

ammonia production sector, focused on sustainable 

energy solutions for maritime applications. 

Established as a joint venture in 2021, the company 

is equally owned by Grieg Edge and Vergia, North 

Ammonia has a portfolio of 4 green ammonia 

projects. 

It secured a significant milestone in May 2024, 

having been granted 171MW of power access in 

Eydehavn for its flagship project near the port of 

Arendal (Norway). This first project should represent 

150Kt/year of green ammonia production, slated to 

start operations by 2028, with FID expected in 2025. 

In 2023, North Ammonia reached an agreement 

with Höegh Autoliners for the supply of at least 

100Kt/year of green ammonia from 2030. Ammonia 

production capacity from the two disclosed projects 

(Eydehavn and Slagen) adds up to 250Kt/year.

The Slagen plant is developed in partnership 

with Esso Norge, Grieg Edge, and GreenH, with 

production envisaged by 2027/28.
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FIG 87:  DUAL-FUELLED VESSEL FLEXIBILITY CAN PROVIDE SHIP OWNERS WITH ENOUGH FLEXIBILITY TO TEST 

AND COMPLY IN THE LONG RUN

Source: Zero Carbon Shipping, Maersk Mc-Kinney Moller Center, Stifel*
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FIG 88:  PLAYERS ACTIVE IN RENEWABLE METHANOL AND AMMONIA PROJECTS

Source: Stifel*

Additionally, since January 2023, all 

existing ships are required by the IMO 

to report under the Energy Efficiency 

Ship Index, establishing an annual 

operational carbon intensity indicator. 

This system rates ships based on 

their energy efficiency, with grades 

ranging from A to E, where A is the 

highest. The index takes into account 

retrofits and new engine investments 

as well as overall efforts in reducing fuel 

consumption. Alternative fuels are part 

of the emissions reduction toolkit for 

shipping fleet operators. 

Ship GHG footprint optimisation 

starts with route/speed optimisation, 

hull cleaning and other measures to 

reduce drag. Vessels can also leverage 

secondary power systems such as 

wind, solar and batteries to reduce 

fuel consumption. These measures 

can enhance a ship’s overall energy 

efficiency and reduce carbon intensity 

without relying on alternative fuels, 

buying time until regulatory frameworks 

and producer economics mature.
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FIG 89:  PLENTY OF OPTIMISATION ROUTES AVAILABLE FOR IMPLEMENTATION …

Source: IMO, Ricardo, Stifel*

FIG 90: … WITH CHEAPER TCO-ROUTES TO REDUCE SHIPS’ CARBON INTENSITY (RED AREA)

Source: Ricardo, Stifel*
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Where will the battery revolution end?

While uptake of BEVs took place 

gradually over the past five years, a 

battery domino effect could happen in 

other sectors and spread to all road 

transport sub-segments. Leveraging 

developments and volume growth 

from electronics, battery innovation 

has gathered momentum, boosted by 

pioneering industrials and increasing 

geopolitical competition to scale 

battery technologies. Consequently, 

batteries have now been integrated into 

light mobility vehicles, 2-3 wheelers, 

buses and cars. In Europe, 35-40% of 

bus sales and 15-20% of passenger 

EV sales are now of battery-powered 

vehicles. 

Mass battery production started 

within Asia and is focused in China. 

Western countries are slowly catching 

up, backed by local incentives and 

tariffs on overseas manufacturing, 

in a reshoring effort designed to 

accelerate the development of local 

battery ecosystems. Consequently, as 

the regulatory landscape matures and 

private investments increase to satisfy 

growing battery demand, battery energy 

density and fast-charging capabilities 

should continue to increase, opening 

new markets, creating more mature 

supply chains, and reducing battery 

costs. The higher the volume, the faster 

the investment cycle. This is highlighted 

by CATL’s leading position in the battery 

market, leveraging 35-40% market 

shares (with China capturing close to 

two-thirds of the market in 2023), and 

producing breakthrough energy density 

of up to 500Wh/kg, which potentially 

enables the electrification of small 

passenger aircraft. 
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FIG 91:  GLOBAL BATTERY SALES BY SECTOR SINCE THE EARLY 1990S (IN GWH/YEAR)

Source: RMI, Stifel*
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Changes are already underway in the 

truck segment, with range improving 

as energy density rises and the 

charging infrastructure continues to 

scale. Alongside a steady increase in 

passenger BEV adoption, a gradual 

uptake in e-truck demand could 

accelerate developments for hard-to-

abate transport segments, at least with 

hybrid systems. These technologies 

could support taxiing developments for 

aeroplanes, reduce at-berth emissions 

or act as the primary power systems for 

shorter haul segments.

FIG 92:  GLOBAL BATTERY SALES BY SECTOR SINCE THE EARLY 1990S (IN GWH/YEAR)

Source: RMI, Stifel*
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BIO- AND ALTERNATIVE  
FUEL’S TOOLKIT

Feedstock and credit price dynamics as primary proxies
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FIG 94:  MAJOR BIOFUELS FEEDSTOCK PRICE DYNAMICS (1/3)

Source: Bloomberg, Stifel*
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FIG 94:  MAJOR BIOFUELS FEEDSTOCK PRICE DYNAMICS (2/3)

Source: Bloomberg, Greenea, Stifel*
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FIG 94:  MAJOR BIOFUELS FEEDSTOCK PRICE DYNAMICS (3/3)

Source: Bloomberg, Greenea, Stifel*
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FIG 96:  FOSSIL FUEL HISTORICAL PRICES SINCE Q3 2019 (1/3)
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Source: Bloomberg, Stifel*
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FIG 96:  FOSSIL FUEL HISTORICAL PRICES SINCE Q3 2019 (2/3)
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FIG 96:  FOSSIL FUEL HISTORICAL PRICES SINCE Q3 2019 (3/3)
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FIG 97:  AVAILABLE ALTERNATIVES TO PRODUCE EU ANNEX IX BIOFUELS

Source: EU Joint Research Center (via EU ECA), Stifel*
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Mapping tomorrow’s projects in bio- and e-fuels initiatives

FIG 99:  GLOBAL SAF PROJECT MAP AS OF MAY 2024

Source: EU Joint Research Center (via EU ECA), Stifel*
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FIG 100:  GLOBAL HVO PROJECT MAP AS OF MAY 2024

Source: Argus, Stifel*
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FIG 101:  GLOBAL RENEWABLE METHANOL PROJECT MAP AS OF MAY 2024

Source: The Methanol Institute, Stifel*
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FIG 102:  GLOBAL LOW-CARBON AMMONIA PROJECT MAP AS OF MAY 2024
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Full scope of opportunities

RECENT TRANSACTIONS

From a transaction standpoint, 

biofuels enjoyed a “honeymoon” 

period between 2021 and 2022, with 

total investments in the ecosystem 

multiplied almost by a factor of 5 

between 2019 and 2022, supported 

both by improving refining margins 

and solid regulatory support. Since 

then, with macroeconomic headwinds 

slowing the pace of renewables, 

feedstock volatility due to geopolitic 

tensions and growing sustainability 

debates around feedstock access and 

imports, the pace slowed back to pre-

Covid levels. However we are entering 

into a new capacity expansion period 

for infrastructure developers, with a 

corresponding change in cash cycles 

for mature players and increased 

technology needs for pioneers. 

Given the amount of capital to be 

deployed in alternative fuel hubs – from 

greenfield collection and storage to 

brand-new facilities and refinery retrofits 

- the upward fundraising trend should 

continue to see strong developments. 

This is further highlighted by steady 

interest from corporate end-users such 

as airlines and chemical companies, 

keen on venturing capital in disruptive 

pathways. Infrastructure capital from 

large corporates and investors is also 

being made available to next-generation 

fuel project developers focusing on the 

aviation and marine sectors. 

Whereas traditional biofuels represent 

the vast majority of today’s production 

volumes, more and more second-

generation and RFNBO projects will 

gradually start operations over the next 

five years, with supportive regulation 

coordinating the sector, but also 

feedstock security and overall process 

economics acting as a referee. 

The following charts show past 

transactions in the ecosystem since the 

beginning of 2019:
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FIG 103:  ALTERNATIVE FUELS TRANSACTIONS YTD 2024 AND OVER THE PAST 5 YEARS

Source: Stifel* IRIS, Pitchbook

FIG 104:  TRANSACTIONS FROM THE LAST 18 MONTHS (1/10)

Source: Stifel* IRIS, Pitchbook
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FIG 105:  TRANSACTIONS FROM THE LAST 18 MONTHS (2/10)

Source: Stifel* IRIS, Pitchbook

FIG 106:  TRANSACTIONS FROM THE LAST 18 MONTHS (3/10)

Source: Stifel* IRIS, Pitchbook
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FIG 107:  TRANSACTIONS FROM THE LAST 18 MONTHS (4/10)

Source: Stifel* IRIS, Pitchbook

FIG 108:  TRANSACTIONS FROM THE LAST 18 MONTHS (5/10)

Source: Stifel* IRIS, Pitchbook
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FIG 109:  TRANSACTIONS FROM THE LAST 18 MONTHS (6/10)

Source: Stifel* IRIS, Pitchbook

FIG 110:  TRANSACTIONS FROM THE LAST 18 MONTHS (7/10)

Source: Stifel* IRIS, Pitchbook
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FIG 111:  TRANSACTIONS FROM THE LAST 18 MONTHS (8/10)

Source: Stifel* IRIS, Pitchbook

FIG 112:  TRANSACTIONS FROM THE LAST 18 MONTHS (9/10)

Source: Stifel* IRIS, Pitchbook
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FIG 112:  TRANSACTIONS FROM THE LAST 18 MONTHS (10/10)

Source: Stifel* IRIS, Pitchbook
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CONCLUSION

Although the bulk of existing biofuels 

are derived from agri-sugars or oil 

crops, the focus is shifting on to the use 

of biogenic waste, residues, non-food 

crops and non-biological feedstocks. 

However, many of these alternatives 

require advanced biofuel production 

technologies that are currently in the 

early stages of commercialisation, 

usually with challenging economics 

that relate either to the level of initial 

investment needed or the availability 

of certified feedstocks. Nonetheless, 

given the region- and country-specific 

nature of biofuel options, the industry 

has a material investment phase 

ahead. In Europe, the ReFuel EU 

initiative has set binding targets for 

heavy-duty transport, requiring a shift 

from a 9% renewable energy mix in 

transport to at least 29% by 2030. This 

is further reinforced by sub-segment 

mandates for aviation and maritime, 

with a standardised approach to 

RFNBOs, simultaneously able to scale 

process industries’ decarbonisation 

and sustainable fuelling as it requires 

less land and water access compared 

to traditional biofuels, but heavily 

relies on additionality for upstream 

renewable electricity. 

The pace of scale is a pressing issue, 

given that demand for renewable 

power and potential end uses are 

expanding faster than infrastructures 

and power grids can support.  Energy 

storage, whether through batteries 

or chemical conversion, will be a 

crucial solution to smooth out supply-

demand fluctuations, effectively 

integrating renewables and enhancing 

grid resilience while extracting the 

most from renewable power.

Alternative fuels and chemicals face 

widespread challenges with in the 

making feedstock shortages and rising 

geosourcing competition, exacerbated 

by traceability issues, especially on 

Asian imports. Therefore, while new 

capacity will be needed, driven by 

regulatory initiatives, growing offtake 

bids and increasing developers asks, 

innovative solutions to answer up/

midstream requirements and enhance 

downstream production economics 

will also be required, either enlarging 

addressable markets or answering 

overlooked challenges. This ultimately 

calls for effective carbon-price 

frameworks and penalties, providing 

developers with offtakers willing to 

pay «green premiums” for sustainable 

fuels and chemicals, which comes 

as a prerequisite for the greenest 

alternatives to attract both strategic 

and growth infrastructure capital.

Mature players tend so far to continue 

to wait for regulation, support 

frameworks and technologies to 

evolve. Quotas can only serve as 

a first step in moving the market 

forward, with regulation and support 

stability, but also clarity needed to 

crystallise the value of renewable 

fuels; increasingly displacing the 

cursor from cost-only to LCA-also. 

Gradually stepping from crops to 

waste and e-synthesis will rely on 

cost-competitivity and emission 

reduction arbitrage. Ultimately, this 

would result in optimised capital flows 

to scalable solutions from feedstock 

to power and downstream logistics 

requirements.
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