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Foreword

Noam Boussidan
Programme Head,

First Movers Coalition,
World Economic Forum

Amid accelerating climate impacts, the race

to stay in line with targets under the Paris
Agreement demands both deep emissions
reductions and large-scale carbon removal. The
challenge is formidable: heavy industry, transport
and agriculture continue to emit billions of tonnes
of CO, annually, while the atmospheric stock of
past emissions keeps rising. Achieving climate
stability therefore depends not only on cutting new
emissions but on removing existing ones — at scale
and with durability.

Carbon dioxide removal (CDR) technologies

are quickly moving from the margins to the
mainstream of the climate transition. Once
considered speculative, they are now emerging

as credible, investable pathways - ranging from
direct air capture (DAC) and bioenergy with
carbon capture and storage (BECCS) to biochar
and enhanced rock weathering (ERW). These
technologies are moving from concept to early
commercialization, backed by growing corporate
demand, policy incentives and a new generation of
innovators and financiers. Yet the market remains
nascent: fragmented standards, unclear accounting
rules and limited capital flows to cover high costs
continue to constrain deployment.

At the forefront of efforts to change this trajectory

is the First Movers Coalition (FMC) — a group

of global companies committed to using their
purchasing power to accelerate the scale-up of
emerging climate technologies. Through early offtake
commitments and advance market signals, FMC
members are catalysing investment in first-of-a-kind

llya Khaykin

Partner and Head of Climate
Risk and Sustainable Finance,
Americas, Oliver Wyman

carbon removal projects, transforming demand
into a driver of innovation and cost reduction.

This paper builds on that mission. Developed by the
World Economic Forum, in collaboration with Oliver
Wyman and with data and intelligence provided

by ClimefFi, it provides a data-driven overview of

the CDR market and offtake landscape. Drawing
from aggregated marketplace data and industry
interviews, it maps the evolving profiles of buyers
and suppliers, identifies emerging financing and
contracting trends and explores the dynamics
shaping market bankability and scalability.

Its findings reveal both progress and paradox:
while corporate offtake commitments are increasing,
long-term investment remains constrained by
regulatory ambiguity, fragmented markets,

high costs and the absence of standardized
risk-sharing mechanisms. Closing these gaps

will require coordinated action — by policy-

makers, financiers, corporates and innovators —

to create the enabling frameworks that can

turn early demand into durable supply.

As this decade unfolds, durable carbon removal will
not be an optional supplement to decarbonization —
it will be a defining pillar of it. By strengthening
transparency, financing structures and offtake
confidence, we can ensure that CDR becomes not
just a climate necessity but an engine of innovation
and economic opportunity.

Together, we can move from promise to proof —
and from early commitments to enduring impact.
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Executive summary

In the financial and contractual landscape
of durable carbon removal, varying capital
structures, pricing models and offtake terms
are shaping the pathways to scale.

As First Movers Coalition (FMC) members

work to fulfil their commitments to durable

carbon removal (CDR) offtake, they face a complex
landscape of financing and contracting structures.
While FMC’s commitments emphasize long-term
carbon storage, CDR project developers operate
under diverse financial constraints that shape the
terms of offtake agreements. This paper does not
evaluate whether specific CDR pathways meet
FMC’s durability requirements but instead examines
the financing profiles and offtake terms of CDR
suppliers emerging in the market.

The paper considers the financing structures
and offtake terms shaping the CDR market,
mapping capital structures, debt accessibility,
pricing models and volume commitments across
different technologies. The analysis highlights
the trade-offs between high-durability but
capital-intensive technologies, which require
long-term financing and structured contracts,
and more mature, lower-cost CDR pathways
with greater offtake activity.

These insights can help buyers transparently
navigate the need to secure high-durability carbon
removal while managing financial risk, supply
constraints and contract flexibility, ultimately shaping
procurement strategies in a rapidly evolving market.

The findings highlight the considerations FMC
members must take into account as they structure
CDR offtake agreements. Buyers seeking high-
durability carbon removal must weigh financing
needs, supply constraints and contract flexibility
against their own risk appetite and procurement
strategies. By increasing transparency in supplier
financing profiles and contract structures, this
research provides a foundation for scaling CDR
investments, bridging the gap between buyer
demand and supplier capabilities in a rapidly
evolving market.

This research was conducted in collaboration

with ClimeFi and Oliver Wyman. ClimeFi provided
aggregated offtake data from its platform, which
connects CDR suppliers and buyers, to create

a comprehensive dataset of financing profiles and
contract structures across different CDR pathways.
Oliver Wyman supported the analysis of financial
mechanisms, risk factors and contractual trends
shaping the CDR market.

Carbon Dioxide Removal Technologies: Market Overview and Offtake 4



TABLE 1 | Current offtake contract term characteristics, by CDR technology

Category

Gradient scale Less bankable, less favourable - Bankable, favourable

Carbon Net carbon efficiency (lower: <50%, highest: >85%)
sequestration
quality Durability of carbon storage (security of storage and

risks of leakage: low, medium, high)

Deployment Technology readiness level (TRL) (low, medium, high)
readiness

Measurement, reporting and verification
(MRV) readiness (low, medium, high)

Project Stage and maturity (early, mid-stage, mature)
developer financing
characteristics Capital requirements (low, medium, high)

Access to debt financing (limited, moderate, high)

Revenue diversification (low, medium, high)

Alignment with regional tax credits/incentives
(weak, strong)

Offtake Contract length, reflecting anticipated timeline
contract terms to deliver carbon credits (shorter: 1-8 years;
longer: 5-12 years)

Prepayment likelihood (low, medium, high)

Minimum contract volume commitment
(lower, ranged, higher)

% of supply buyers are willing to secure through
offtake (low, variable, high)

Cost-based pricing mechanism likelihood
(lower, higher)

Price flexibility (review mechanisms: absent, present)

Resilience to force majeure events
(weather, supply chain, policy: low, moderate, high)

Remedy periods' (shorter: <6 months;
medium: ~6 months; longer: <12 months)
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1.1

1.2

Introduction

CDR can help corporates and the world
reach net zero but faces commercialization
and regulatory challenges to scale effectively.

CDR? is essential for achieving net-zero targets,
but the market remains underfunded and
underdeveloped. This paper provides an overview

What is carbon removal?

CDR refers to processes and technologies

that extract CO, from the atmosphere and store
it permanently in natural or engineered reservoirs.
These methods include:

— Nature-based solutions: Reforestation,
soil carbon sequestration

— Engineered solutions: Direct air capture
(DAC) and biocenergy with carbon capture
and storage (BECCS)

of supplier profiles for various CDR technologies
and the trends in CDR offtake agreements that
have scaled deployment.

— Hybrid solutions: Biochar and enhanced
rock weathering (ERW)

Unlike emissions reductions, which prevent

CO, from entering the atmosphere, CDR actively
removes existing emissions, playing a crucial role

in addressing residual emissions from hard-to-abate
industries such as aviation, heavy industry

and agriculture.

Why are carbon removal contracts the key
to unlocking transformative net-zero progress?

Keeping global warming below 2°C requires both
emissions reductions and large-scale carbon
removal. The International Energy Agency (IEA)
emphasizes that scaling CDR is critical to meeting
this goal. However, current deployment levels remain
far below what is necessary.

While announced carbon capture projects have
grown in number, the gap between planned and
operational capacity remains significant, with
current deployment falling short of the scale
needed to align with net-zero emissions (NZE)
targets by 2030. Expanding investment and
accelerating project execution will be essential to
closing this gap.

Carbon Dioxide Removal Technologies: Market Overview and Offtake

A vital driver of this acceleration will be the
establishment of offtake contracts between
project developers capturing carbon and corporate
as well as non-corporate entities (such as
governments). As operational capture capacity
scales up over the next five years — driven

by the expected commissioning of numerous
facilities within the next two to three years —
these contracts will play a critical role in securing
the investment needed for further expansion.
By providing revenue certainty, they will facilitate
capital inflows into these facilities and support
their capacity growth in response to increasing
market demand.



FIGURE 1
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® High costs,
regulatory
uncertainty, limited
long-term demand
commitments and
fragmented market
structures remain
critical bottlenecks
to progress.
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What are the challenges in unlocking

CDR progress?

Despite its importance, the scaling of CDR
technologies faces significant barriers. Regulatory
uncertainty — particularly around the eligibility of
CDR credits for corporate Scope 3 emissions
reductions under frameworks such as the Science
Based Targets initiative (SBTi) — limits corporate
adoyption.® For example, only 32 companies (0.5%)
out of nearly 6,000 with science-based targets have
purchased durable carbon removal credits.

At the same time, many high-durability CDR
technologies — such as DAC and BECCS - remain
significantly more expensive than conventional
abatement measures and lower-cost nature-based
solutions. Current price levels, often several hundred
dollars per tonne for engineered removals, make
large-scale procurement difficult without policy
support, long-term offtake commitments or risk-
sharing mechanisms.

Without robust policy incentives, clear market
signals and increased investment, CDR
technologies will struggle to achieve the scale
needed to meet 2050 climate goals. High costs,
regulatory uncertainty, limited long-term demand
commitments and fragmented market structures
remain critical bottlenecks to progress.

CDR demand and role
of carbon markets

On the demand side, corporations and
governments have started incorporating carbon
removal into their net-zero strategies.

Companies can purchase carbon credits to
offset emissions via carbon markets directly from
suppliers, through brokers. However, voluntary
and compliance carbon markets face structural
and operational challenges that hinder their
ability to support the scaling of carbon removal
technologies effectively.

Voluntary markets are primarily used by companies
to meet self-imposed net-zero goals. While they
support a range of projects, including nature-based
solutions and engineered technologies such as
DAC, they remain largely unregulated.

The lack of oversight and inconsistent standards for
verifying credit quality (for example, permanence,
additionality) creates distrust among buyers and
stifles investment. Compliance markets, such as
the EU Emissions Trading System (EU ETS), provide
greater accountability but focus more on emissions
reduction credits and offer limited support for
carbon removal. As a result, smaller CDR projects
struggle to secure funding, and the scaling of critical
technologies is delayed.

Another challenge is fragmentation between
voluntary and compliance markets. A credit certified
under one system may not qualify in another,
limiting market liquidity and making it difficult for
smaller projects to access buyers. For example, a
DAC project certified under a voluntary system may
fail to attract compliance market buyers, further
stalling development. A unified market system that
bridges voluntary and compliance mechanisms
could improve standardization, attract more buyers
and provide much-needed transparency.

Carbon Dioxide Removal Technologies: Market Overview and Offtake 7



TABLE 2

Path forward

To address these challenges and close the gap and tax credits, encouraging private research and
by 2030, targeted actions must focus on scaling development (R&D), building infrastructure for CO,
production, increasing demand, strengthening transport and storage and aligning voluntary and
carbon markets and boosting investment. Actions compliance markets to create unified standards.

include expanding public funding through grants

Key levers to unlock CDR scale

Goal Lever

Expand carbon
removal capacity

Increasing demand

Strengthening

carbon markets

Boosting investment

1.4

— Expand public funding: Tax credits such as the US 45Q*and grants for pilot projects can drive initial investment
and technology scaling.

— Incentivize private R&D: Subsidies and low-cost financing can encourage private companies to invest
in technologies such as DAC and BECCS.

— Build infrastructure: Developing CO, storage facilities and pipelines will improve cost efficiency and scalability.

— Clarify Scope 3 guidance: The SBTi should define how removals count towards Scope 3 emissions,
reducing corporate uncertainty.

— Create procurement mandates: Governments can require companies to source a portion of credits
from removals to create steady demand.

— Reduce buyer costs: Subsidies or tax breaks for purchasing high-quality removal credits can make
them more attractive to corporations.
— Standardize verification: Develop global criteria for verifying carbon removal credits to ensure quality

and build trust.

— Unify markets: Linking voluntary and compliance markets would enable credit portability and expand the pool
of buyers and sellers.

— Enhance transparency: Real-time registries and monitoring systems would improve credit visibility
and promote accountability.

— Public—private partnerships: Governments and private financiers can collaborate to de-risk investments
in early-stage projects.

— Dedicated removal funds: Multilateral development banks (MDBs) and private equity can create specialized
funds to scale removal technologies.

— Scale infrastructure funding: Investment in storage and transport systems will support larger removal projects.

What is the objective of this paper, specifically
in helping to address the challenges of unlocking
CDR progress?

This paper examines offtake data for four primary for offtake in each pathway and provides
CDR technologies: DAC, BECCS, biochar and a foundation for evaluating CDR technologies
ERW. The analysis, based on data from ClimeFi,® and their role in decarbonization efforts.

identifies trends, challenges and opportunities

Carbon Dioxide Removal Technologies: Market Overview and Offtake 8



2.1

CDR technologies

CDR can follow various pathways, but
supportive policies and early investments have
accelerated deployment for some technologies.

What are the different technologies?

CDR technologies can be broadly categorized
into engineered and nature-based solutions, each
relying on distinct physical, chemical or biological
processes to capture and store CO,,.

DAC

DAC removes CO, directly from ambient air

using chemical processes. Air is drawn through
contactors containing either liquid solvents
(typically alkaline solutions such as potassium
hydroxide), which chemically bind CO, and form
carbonate compounds, or solid sorbents (amine-
based materials or metal-organic frameworks),
which adsorb CO, onto their surfaces.

Once captured, the CO, is released through heat or
pressure changes (a regeneration step), producing
a concentrated CO, stream. This purified CO, can
then be:

— Injected into deep geological formations (for
example, saline aquifers or depleted oil and gas
reservoirs) for permanent storage

— Mineralized by reacting with rock formations to
form stable carbonates

DAC is highly measurable and durable but also
energy-intensive due to the low concentration of
CO, in air (~0.04%). Its scalability depends on
access to low-carbon energy and CO, transport
and storage infrastructure.

BECCS

BECCS integrates biomass energy production with
carbon capture and storage. The process works
as follows:

1. Plants absorb CO, from the atmosphere
through photosynthesis during growth.

2. Biomass (for example, agricultural residues,
wood pellets, energy crops) is combusted or
converted into biofuels to produce energy.

3. CO, released during combustion or fermentation
is captured at the facility using post-combustion

capture technologies (similar to those used
in fossil fuel carbon capture and storage).

4. The captured CO, is compressed and
transported for permanent geological storage.

Because the carbon originated from atmospheric
CO, absorbed during plant growth, and is then
captured and stored underground, BECCS can
result in net-negative emissions.

Key constraints include sustainable biomass
supply, land-use impacts, life-cycle emissions
accounting and the availability of CO, transport
and storage networks.

Biochar

Biochar is produced through pyrolysis, a
thermochemical process that heats biomass
in a low-oxygen environment. Instead of fully
combusting, the biomass decomposes into a
stable carbon-rich solid (biochar), syngas
and bio-oil.

The carbon in biochar is chemically stabilized into
aromatic structures that are resistant to microbial
decomposition. When applied to soils, biochar can:

— Store carbon for decades or centuries
— Improve soil water retention

— Enhance nutrient retention and
agricultural productivity

The permanence of biochar depends on feedstock
type, pyrolysis temperature and soil conditions.

It is considered a hybrid solution because it

relies on natural carbon cycling but enhances
durability through engineered processing.

ERW

ERW accelerates a natural geological process.
In nature, silicate rocks (basalt, for example)
chemically react with CO, and water over
thousands of years, forming stable bicarbonates
or carbonate minerals.

Carbon Dioxide Removal Technologies: Market Overview and Offtake



ERW speeds up this process by:

— Mining and grinding reactive silicate rocks into
fine particles to increase surface area

— Spreading the material on agricultural land or
coastlines

— Allowing natural chemical reactions with
rainwater and atmospheric CO, to occur

The reaction converts CO, into dissolved
bicarbonates that can eventually wash into oceans
or form stable carbonates in soils. Key technical
considerations include:

— Energy used for mining and grinding

— Measurement, reporting and verification (MRV)
complexity

— Environmental co-benefits such as soil
nutrient enhancement

Like biochar, ERW is considered hybrid
because it enhances a natural process through
industrial intervention.

FIGURE 2 | Graphic representation of pathways, and an overview of the energy and capital
requirements, nascency and regional support
Energy Subsidy
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CDR technologies vary significantly in their
effectiveness, scalability and resource requirements.
Choosing the right technology depends not only on
its technical readiness or cost but also on how well
it aligns with specific climate goals and operational
realities. For example, companies or governments
with limited energy resources may prioritize low-
energy use technologies such as biochar and BECCS,
while those seeking long-term carbon storage might
opt for approaches such as DAC or BECCS.

@ High @ Medium @ Low

MRV® readiness refers to the existence of a
standardized methodology for measuring and
verifying the quantity of carbon removed. Validation
is generally easier in closed systems, where carbon
flows occur within controlled industrial facilities and
can be directly measured using sensors and mass
balance calculations. Technologies such as DAC
and certain biochar systems fall into this category.
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® Buyers had
already been
purchasing DAC
credits before
certification,
showing that
investment can
occur even without
fully established
MRV frameworks.

TABLE 3

Net carbon
efficiency®

In contrast, open systems’ operate across natural
environments, where carbon removal processes

interact with soil, water and atmospheric conditions.

Pathways such as ERW rely on geochemical
reactions that are more difficult to measure directly,
requiring modelling and environmental sampling to
estimate removal volumes. This makes validation
more complex and introduces greater uncertainty
compared to closed systems — such as those used
by DAC and certain biochar applications — where
carbon flows occur within controlled industrial
facilities and can be directly monitored and verified.

Other factors influencing MRV readiness include
the durability of carbon storage (for example, DAC’s
geological storage vs. biochar’s dependency

on soil conditions), the availability of robust MRV
standards (for example, Puro.earth, Isometric®) and
the cost and feasibility of implementing monitoring
systems. For example, Puro.earth validated
Climeworks” methodology — a DAC company —

in 2024. Yet buyers had already been purchasing
DAC credits before this certification, showing that
investment can occur even without fully established
MRV frameworks.

Comparison of product/technology specifications by CDR pathway

55-80%

High energy and capital
expenditure (capex)
requirements drive the
carbon efficiency lower
than for other pathways.

Durability of
carbon storage

Storage

Risks

BECCS

85-100%

While process is typically
carbon-efficient, main
emissions are associated
with biomass transport
and final storage location.

Biochar

90-100%

High efficiency due to
harnessing of a natural
process, and low energy
required. Main emissions
associated with the
treatment and transport
of feedstock.

Secure: CO, typically
stored in geological
reservoirs.

Minimal: MRV ensures
containment, but fuels
derived from CO, are
not permanent.

Energy use

Secure: CO, typically
stored in geological
formations.

Minimal: rare leakage
risk with proper MRV
and site selection.

Significant Low

DAC typically requires
high amounts of thermal
energy and electricity.
Most of this demand
comes from the capture
system, during the
adsorption and
desorption phases.

Land use

Low

Negligible land
requirements for
operations, although
energy will typically
increase the land
requirements.

BECCS ideally will always
be net positive in energy
because it is ultimately
an energy supply. In
early stages, it could be
that projects have higher
energy demand than
generation.

Significant

Biomass feedstock type
affects overall energy
demand. While some
processes can produce
surplus energy, this
outcome depends on
feedstock properties and
system design and does
not occur universally.

Partially secure: carbon

in biochar is chemically
stable, but when applied
to sail, its storage security
depends on conditions
such as acidity, microbial
activity and moisture levels.

Moderate: small CO,/
methane release in soils
under certain conditions.

Low

Biomass feedstock can
heavily influence energy
use. Energy generation
is a potential, but this

is not always the case.

Significant

Biochar also requires
significant land for
feedstocks. Biochar
production can be
decentralized or centralized,
leading to different land
uses.

High efficiency due to
harnessing of a natural
process, and low energy
and capex required. Main
emissions associated with
the crushing and transport
of feedstock.

Medium

Partially secure: CO,
reacts with silicate rocks
to form carbonates.

Moderate: CO, reacts
with silicate minerals to
form stable bicarbonates
or carbonates; however,
environmental conditions
(e.g. rainfall, temperature,
soil chemistry) influence
reaction rates and the
proportion of applied
material that ultimately
converts, affecting both
removal efficiency and
verification timelines.

Medium

Most of the energy

is required in the
comminution stage. The
smaller the grain size, the
more energy is required.

Significant

ERW has meaningful
land requirements, both
in terms of sourcing
the feedstock and for
distribution

of the minerals.
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Technology
readiness level
(out of 9)

4t08 5t08

Mid- to high-level
readiness, transitioning
from early development

to initial commercial
deployment, with scalability
challenges remaining.

Moderately advanced
readiness, with some
operational projects,
although larger-scale
integration improvements
are still needed.

Speed of
deployment

Slow Slow to medium

Technology maturity is
low, and there are large
infrastructure capex
requirements.

Speed depends on
biomass sourcing and
facility buildout.

MRYV readiness

Certification and
registry status

Medium

Standard (methodology)
registry and auditors
existing. International Carbon
Reduction and Offset
Alliance certification.

No standard (methodology)
registry to date.

Biochar

7t09

Near full-scale deployment,
with high readiness and
strong adoption potential.

3to7

Lower to mid-level
readiness, as a newer
approach with limited
commercial operations and
ongoing validation.

Fast Fast

Technology is more
mature and infrastructure
is sometimes already in
place.

Standard (methodology)
registry and auditors
existing. ICROA
certification.

Easy access to feedstock,
transport and land
for spreading.

Low

Standard (methodology)
registry and auditors
existing, but first credits
externally validated only
recently. More difficult for
MRV standard setters to
quantify CO, captured in
open systems such as
ERW compared to closed
systems such as DAC.

2.2

FIGURE 3

0 1,260

Source: ClimeFi

What is the current scale of deployment
vs. the future scale of deployment?

CDR technologies are currently deployed at varying
scales across pathways and regions, with significant
differences in global presence, production capacity
and commercialization stages.

Biochar leads deployment, boasting the largest
production volume and sales to date with a more
distributed global presence, while technologies
such as DAC and ERW are still in the earlier stages

of scaling.

Concentration and scale of current CDR projects

Carbon Dioxide Removal Technologies: Market Overview and Offtake 12



Most CDR projects are in the pilot stage, with fewer
reaching commercial maturity (see Figure 4). DAC
has the highest number of projects overall, although

FIGURE 4

1,000

most remain at the pilot stage. Biochar is the
most commercially mature pathway, with the
largest number of projects at commercial scale.

CDR distribution (number of projects) across development stage, by CDR pathway

800

600

400

200

DAC

BECCS

@ riot

. Prototype . Demonstration

Source: World Economic Forum

® DAC often sells
credits in advance
due to high capital
costs, resulting in
a sold-to-delivered
ratio of 750:1,
underscoring its
reliance on buyer
confidence.

This distribution is mirrored in market dynamics.
While biochar collectively accounts for significant
removal volumes, its deployment is more
distributed across smaller facilities. In contrast,
BECCS suppliers such as @Qrsted and Stockholm
Exergi lead in sales as individual companies,
demonstrating the ability of single large-scale
facilities to deliver high-volume removals.
Meanwhile, DAC suppliers, led by Climeworks and
Svante, have attracted the largest investments.

As CDR technologies transition from early
development to commercialization, assessing their
maturity requires the evaluation of three key metrics:

— Volume available for purchase: Reflects the
production capacity suppliers make accessible
to buyers, indicating the pathway’s scalability

— Volume sold: Captures buyer commitments,
providing insights into demand and
market confidence

Biochar ERW

@ Commercial scale

— Volume delivered: Represents credits
successfully executed by suppliers, highlighting
operational reliability and delivery capabilities

Biochar, as a more mature pathway, leads

in delivered tonnes of CO, (as shown in ClimeFi’'s
marketplace), reflecting its established supply
chains, lower production costs and scalability.
The sold-to-delivered ratio for biochar suggests
higher fulfilment efficiency compared to emerging
technologies such as DAC and ERW, which rely
more on prepayments to finance scale-up.

Emerging pathways, such as DAC, often sell
credits in advance due to high capital costs and
long project timelines, resulting in a much higher
sold-to-delivered ratio (750:1). This underscores
the reliance of early-stage CDR solutions on buyer
confidence and upfront investment to reach
commercial viability (see Figures 5 and 6).

Carbon Dioxide Removal Technologies: Market Overview and Offtake 13



FIGURE 5

CDR sales worldwide as of August 2024

Sold CO, removals in tonnes, suppliers

Qrsted: BECCS 3,670,000
Stockholm Exergi: BECCS 3,330,000
1PointFive: DAC 1,285,427
Heirloom: DAC 342,970
Exomad Green: Biochar 296,311
Climeworks: DAC 188,203
Charm Industrial: Bio-oil 168,267
Lithos: ERW 158,409
Vaulted Deep: Ocean CDR 154,646
Neustark: Mineralization 119,202
0 0.5 2 8 4

Millions of tonnes

Description: In August 2024, Danish energy company @rsted was the world’s foremost supplier of CO, CDR credits after agreeing a deal with Microsoft
for 3.67 million tonnes of carbon removal, while Stockholm Exergi stood second in the ranking, having made a deal to supply 3.3 million tonnes of CDRs

to Microsoft.
Source: CDR.fyi

FIGURE 6 | Total funds raised by leading carbon capture and storage (CCS) start-ups worldwide as of 2023

Climeworks, CH: DAC

786.69

Svante, CA: Other

447.15

Carbon Clean, DE: Other

242.48

Verdox, US: DAC

170.06

Prometheus, US: Other

115.84

Carbon Engineering, CA: DAC

110.26

Funds raised in $ millions

Carbon Recycling International, IS: Other 89.76

Heirloom, US: Other 57.6
Carbon America, US: Other 37.5
Blue Planet Systems, US 34.43
0 600 800

Description: As of 2023, Swiss company Climeworks had raised ~$787 million, making it the highest-funded CCS start-up in the world. Valued at
almost $2 billion and backed by the Microsoft Climate Fund, Climeworks specializes in DAC technology. In 2023, five of the 10 highest-funded CCS

start-ups were US-based.

Notes: Worldwide; 2023. Countries: CA = Canada, DE = Germany, CH = Switzerland and IS = Iceland.

Source: Global Corporate Venturing: PitchBook statista
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TABLE 4 | Comparison of deployment scale by CDR pathway
Pathway Biochar DAC BECCS ERW
Countries 24 14 19 19
CDR suppliers 65 11 6 12
with commercial
track records
Approx. 1,000,000 5,000 750,000 <1,000,000
volume available
for purchase in
tonnes of CO,
(2025-2028)
Approx. volume <2 million <1.5 million <8 million >200,000
sold to date in
tonnes of CO,
Approx. volume >500,000 >2,000 n/a >1,000
delivered to date
in tonnes of CO,
Sold-to-delivered ratio | 4:1 750:1 n/a 200:1
Equity and grants >100 million >1.5 billion >300 million >250 million
raised ($)
Scalability trends by CDR technology
The projected scalability of CDR technologies — DAC is expected to grow substantially
varies significantly due to differences in by 2027-2028, driven by technological
technical requirements, resource availability advancements, new projects and
and market readiness. increased investments
— ERW deployment is projected to surpass — Biochar, while mature, faces slower growth
biochar by 2028 due to its scalability due to its reliance on limited biomass resources
advantages, such as abundant natural
resources, integration with agricultural supply
chains and fewer feedstock constraints
FIGURE 7 | Volume availability projections, millions of tonnes
14
12 //
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I

2024 2025 2026

2027 2028

== DAC === BECCS === Biochar === ERW

Source: ClimeFi
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These projections rely on ClimeFi’'s methodology,
which combines reported production capacities
from suppliers in their marketplace, anticipated
project launches and optimistic assumptions
about policy support, technological advances and
funding mechanisms. Achieving these projections
will also depend on addressing barriers such as
high upfront costs for engineered solutions and
the standardization of MRV frameworks to ensure
credibility and market acceptance. BECCS is
expected to surpass biochar by 2028, reflecting
its increasing scalability, particularly as new projects
come online. BECCS benefits from policy incentives

and integration into existing bioenergy supply
chains, while biochar remains constrained

by feedstock availability. DAC is also projected

to grow significantly by 2027-2028, driven by new
deployments and continued advances in technology.

The growth trajectories for engineered solutions —
DAC and BECCS - highlight near-term scalability
challenges, although BECCS is projected to ramp
up faster. ClimeFi’s projections align with broader
industry expectations, including those from

the IEA, which anticipate a gradual scale-up of
these technologies through 2028.

CO, capture capacity by DAC of planned projects worldwide from 2020 to 2030

2020

2022 2024

@ Advanced development

2028

2030

2026

@ Concept and feasibiity @ Gap to NZE

Description: As of 2024, some 130 DAC facilities were at various stages of development. Should all these projects advance, including those in the
concept stage, DAC deployment would reach almost 65 million tonnes of CO, per year by 2030. However, to get on track with the goal of NZE by
2050, DAC deployment will need to reach 80 million tonnes of CO, per year by 2030.

Notes: Worldwide; 2020-2024.

Source: [EA
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BECCS capture capacity of operational and planned projects worldwide

from 2020 to 2030

2020

2022 2024

@ Under construction and advanced . Feasibility and concept

2028

2030

2026

@ Gap toNZE

Description: As of 2024, BECCS projects around the world captured about 2 million tonnes of CO, per year. If projects at concept stage and in early
and more advanced development advance, they are capable of capturing about 60 million tonnes of CO, per year by 2030. This figure is nevertheless
well short of the 190 million tonnes of CO, each year required by 2030 if the goal of NZE by 2050 is to be achieved.

Notes: Worldwide; 2024.
Source: [EA
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2.3

TABLE 5

What will affect the scalability
of these technologies?

Regulatory and technical risk

Each CDR technology pathway faces unique
scalability challenges based on political and

technical risks:

— Regulatory risk: DAC benefits from stable

and supportive policies in countries and regions

such as the US, where incentives like 45Q
tax credits reduce investor uncertainty and
encourage deployment. BECCS and biochar
face significant regional variability in land-use

and agricultural policies, complicating scalability

in regions with inconsistent regulations. ERW
depends heavily on land and environmental
approvals, with substantial regional differences,
particularly in marine or coastal areas where
deployment faces additional regulatory hurdles.

— Technical risk: DAC faces high technical
barriers due to its energy intensity and reliance
on immature technologies. Its scalability hinges

Comparison of risk impact (political and technical) by CDR pathway

Regulatory
risk impact

Rationale

Low

Primarily in stable countries
and regions (e.g. US, EU)
with clear regulations;
incentives such as the US
Inflation Reduction Act
(IRA) reduce investor risk.

Technical
risk impact
Rationale

Energy-intensive scalability
challenges and advanced
tech needs make cost and
output less predictable.

BECCS
High

Biomass availability and
regulations vary by region,
especially with land-use
and agricultural policies.

Medium

CO, capture with biomass
integration is simpler

than DAC but still
operationally complex.

term effectiveness.

on access to low-carbon energy and advances
in energy efficiency. BECCS, while less complex
than DAC, requires integration with biomass
supply chains, introducing operational risks tied
to feedstock availability and transport logistics.
Biochar benefits from established processes
and lower technical uncertainty, although its
scalability may be constrained by land use and
feedstock availability. ERW is straightforward
to deploy but difficult to measure effectively,

as CO, capture in open systems varies
significantly, raising questions about its long-

While it is too early to determine the “best”
pathway, trade-offs exist. Biochar offers lower
technical risk and is readily deployable, but DAC
and BECCS provide greater long-term scalability
potential, contingent on market and policy support.

Low

Medium

Moderate risk from
differing environmental
and waste regulations
across regions.

Low

More mature technology
with established processes
and minimal reliance on
untested systems.

Varies by region due

to differences in regulatory
acceptance and land/sea
use approvals.

Deployment method is
simple, but given open-
system environment,
effectively capturing
and quantifying the CO,
captured is difficult.
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FIGURE 10

Costs and pricing

Understanding the costs and pricing of CDR
technologies is essential for evaluating their
scalability and market potential. While costs reflect
the production and operational expenditures required
to capture and store CO,, pricing highlights market
dynamics and buyer expectations, influenced by
factors such as technology maturity, demand and
volume commitments.

Cost variability across CDR pathways
(current prices)

The costs of CDR technologies vary significantly
due to factors such as energy requirements,
technology readiness and scale of deployment:'?

— DAC: Current costs range widely from

$500 to $1,200 per tonne, making it the
most expensive pathway

Price ranges by CDR technology ($/tonne)

- BECCS: Costs are currently in the range $200-
$600 per tonne, benefiting from integration with
existing biomass supply chains

— Biochar: The most mature and cost-stable
pathway, with costs averaging $192 per tonne
and a narrow price range, making it more
predictable than other CDR solutions

— ERW: Costs range from $200 to $500 per
tonne, with potential for reductions as MRV
methodologies improve

These cost variations reflect differences

in technological maturity, energy intensity and
supply-chain readiness. While BECCS and DAC
are expected to see greater cost reductions over
time, biochar remains the most stable in pricing
due to its established production processes.

2,000

1,500

1,000

500

DAC

BECCS

. Price range

Source: World Economic Forum

Cost-reduction projections

While cost reductions are expected across
all pathways, the pace and feasibility vary:

— BECCS and biochar have more predictable
cost declines due to existing supply chains

Biochar

= Average

ERW

— DAC remains highly uncertain, with
outcomes dependent on technology
improvements, energy pricing,
capex reductions and policy incentives

— ERW's cost reductions depend less
on process improvements and more
on logistics and MRV standardization
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TABLE 6 | Key considerations for engineered pathway cost reductions

DAC cost-reduction considerations

While projections — Energy efficiency improvements: Current DAC processes are highly energy-intensive. Without access to cheap
suggest DAC renewable power, costs may remain elevated.

costs could fall to
$200-$400 per tonne
by 2030, achieving
this depends on:

— Process intensification and modularity: Some companies are developing higher-efficiency sorbents and heat-
integration techniques that could drive cost reductions, but there remains uncertainty whether DAC technology
improvements can actually be replicated and expanded at industrial scale because of the very high costs involved.

— Capex reduction: DAC requires large-scale infrastructure, and while learning curves suggest potential cost declines,
historical trends in similar capital-intensive industries (e.g. carbon capture in fossil fuel sectors) indicate that capex
reductions may not be as rapid as anticipated.

— Policy and subsidies: The US 45Q tax credit and public procurement commitments (e.g. Frontier’'s advance market
commitment) play a crucial role in price reductions. Without long-term policy certainty, DAC cost curves could flatten.

BECCS cost-reduction considerations

Expected cost declines | - Existing infrastructure: Many BECCS projects employ established biomass and ethanol production facilities,
for BECCS ($200-$300/ lowering capital intensity.
tonne by 2030) are

more plausible due to: - CO, transport and storage scaling: If geological storage costs decline due to expanded infrastructure, BECCS

may see cost reductions in line with expectations.

— Feedstock constraints: Scaling BECCS is limited by sustainable biomass availability, however, which could exert
upwards pressure on costs in some regions.

Price structures Additionally, pricing varies by payment model:

and market dynamics — Prepaid contracts (common for DAC and
BECCS) allow suppliers to secure upfront capital

The pricing of CDR pathways depends for scaling; while this can sometimes result in

on contractual terms, buyer preferences lower per-tonne prices, variability remains

and market maturity. Established pathways

such as biochar exhibit stable pricing, — Payment on delivery models (typical for

whereas emerging technologies like DAC biochar) reflect delayed revenue realization and

have wider price ranges due to high capital operational risks, leading to slightly higher

costs and early-stage deployment. but more predictable pricing

FIGURE 11 | $/tonne pricing by technology, prepayment vs. payment on delivery

1,400
1,200

1,000

400
e °

DAC BECCS Biochar ERW

. 2024 prepayment ‘ 2024 payment on delivery . 2030 prepayment ‘ 2030 payment on delivery

Note: Each bar shows the range of prices observed for a given technology and payment type. The shaded band captures the middle half of all contracts
in the dataset, where most deals are priced. The lower line marks the point below which only the cheapest 25% of contracts fall, and the upper line
marks where the most expensive 25% begin. A narrow band signals more consistent pricing; a wide band reflects greater variability. Pricing within each
pathway is beginning to converge as more suppliers reach operational stage, achieve third-party verification and build a delivery track record — biochar,
the most mature pathway, shows the tightest price range. For other pathways, prices remain more dispersed, reflecting ongoing development in MRV
methodologies, quality standards and regulatory frameworks, all of which shape how individual suppliers set and negotiate prices.

Source: World Economic Forum
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FIGURE 12 | CDR offtake options and prepayment discounts by pathway
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Removal pathway

. Options 2026-2030 . Options beyond 2030 . Discount: 50% prepayment . Discount: 100% prepayment

Notes: The CDR market is expanding its commercial toolkit beyond standard purchase agreements. Around 80% of projects surveyed are willing to
offer buyers option contracts on near-term vintages (2026-2030), rising to 87% for credits beyond 2030 reflecting project developers’ desire to lock in
demand amid uncertainty about how the market will evolve. For buyers willing to commit capital early, prepayments offer meaningful savings: paying
50% upfront yields discounts of 3-9%, while full prepayment unlocks 7-14% off the purchase price. Together, these mechanisms give buyers new ways
to manage cost and secure future supply, while providing projects with the financing they need to scale.

Source: World Economic Forum

As production scales and technologies mature, tonne costs, underscoring the importance
cost sensitivity is expected to decrease, of market demand and economies of scale
particularly for emerging pathways. Additionally, in driving more competitive pricing.

larger purchase volumes tend to reduce per-

Key factors influencing CDR cost and price trajectories

Biochar and BECCS have the most predictable cost trajectories, benefiting from existing supply chains
and infrastructure.

DAC cost reductions remain highly uncertain, as they rely on a mix of technological breakthroughs, energy costs
and policy support.

ERW costs may fall, but the pace depends on logistics improvements and MRV standardization rather than core
process improvements.

Prepayment vs. offtake contracts significantly affect pricing. Prepaid contracts can lower per-tonne costs for DAC and
BECCS, while payment on delivery agreements provide greater pricing stability but may lead to slightly higher costs.

Purchase volume plays a crucial role in pricing. Large-scale offtake agreements can drive down per-tonne costs,
particularly for high capex pathways such as DAC.
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3.1

® Buyers

are making
advanced market
commitments
despite significant
regulatory and
market uncertainty,
a signal of strategic
conviction over
short-term caution.

CDR offtakes

Offtakes agreements, including advanced
market commitments, are critical to scaling

CDR technologies.

For signed offtakes, what are typical buyer

and supplier profiles?

Offtake agreements are critical to scaling

CDR technologies, as they provide the financial
commitments suppliers need to scale production
and demonstrate technological viability. In the
nascent CDR market, buyers are making advanced
market commitments despite significant regulatory
and market uncertainty. For example, in the US
and EU, there is ongoing ambiguity about whether
carbon credits can offset Scope 3 emissions for
corporate decarbonization targets. This uncertainty
complicates adoption and investment but has

not deterred some organizations, coalitions and
governments from moving forward with ambitious
offtake commitments.

Buyers of CDR offtakes

CDR offtakers span a wide range of sectors,
including technology, aviation, finance and
consumer products. These buyers are often
motivated by corporate sustainability targets,
voluntary commitments or broader net-zero
goals. Primary buyers include leading companies,
coalitions and public entities.

Technology, media and telecom companies tend
to purchase the largest volumes per transaction,
while financial, insurance and consulting firms
generally procure smaller tonnages. This diversity
highlights the expanding market for CDR, although
significant differences remain in purchase scale
across buyer types.

Although most CDR pathways are still in the
early stages of development, many offtakers
have made commitments to support their
commercialization and scale.

Despite this uncertainty, some companies,
organizations and coalitions continue to invest

in CDR, driven by ambitious environmental
commitments, net-zero targets or anticipation

of future compliance markets. Others see
strategic value in engaging early — whether

by assessing risk and providing liability coverage
for CDR storage (insurers), investing in CDR

to generate high-quality carbon credits and
offset emissions (carbon market developers

and energy companies) or advising clients

on integrating CDR into sustainability strategies
(consulting firms). These represent just a few

of the ways in which organizations are positioning
themselves in the evolving CDR market.

In addition to buyer diversity, it is important

to highlight the largest individual CDR purchase
commitments to date. Tech companies such
as Microsoft and Amazon stand out as leaders
in advancing the CDR market through significant
purchases, reinforcing their strategic interest

in scaling the sector.
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TABLE 7

Summary view of CDR buyers

Buyer type ‘ Top buyers No. of buyers Total tonnes purchased to date | Average tonnes/buyer
Technology, Microsoft, 38 7,024,155 212,853
media, telecom Amazon, Shopify
Coalitions and Frontier, NextGen, 8 701,090 87,636
foundations Climate Cent
Foundation
Aerospace, Airbus, Boeing, 8 506,003 63,250
travel, automotive All Nippon
and tourism Airways
Financial, insurance Boston 50 440,870 8,817
and consulting Consulting Group,
JP Morgan
Chase, UBS
Consumer H&M Group, 9 15,169 1,685
products Polaroid, Moomin
Characters
Healthcare accuRx, Bayer, 5 2,906 581
Thermo Fisher
Industrial goods Lilac Solutions, 2 1,674 787
and energy Oresundskraft
FIGURE 13 | Summary view of CDR buyers
Global CO, removal purchases 2024, by company (tonnes)
Microsoft 8,205,103
Frontier Buyers 505,265
Airbus 400,000
Amazon 250,000
NextGen 193,125
Boston Consulting 141,554
Group
Shopify 102,746
Swiss Re 86,392
JP Morgan Chase 72,700
Boeing 62,000
0 1 2 4 5 6 7 8 9

Millions of tonnes

Description: Microsoft has purchased more than 8.2 million tonnes of CDR, making it the world’s the largest buyer of CDR credits. It signed the largest-
ever CDR deal with Swedish energy company Stockholm Exergi in May 2024, a 10-year agreement to remove more than 3.3 million tonnes of CO,, from
a BECCS plant. Microsoft had made the previous largest deal globally with the Danish energy company @rsted.

Notes: Worldwide; data as of August 2024.

Source: CDR.fyi
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® In 2024, 98% of
DAC purchases
occurred in the
US, underscoring
the critical role of
the 45Q tax credit
in stimulating the
CDR market.

TABLE 8

Suppliers in CDR offtakes

The funding dynamics for CDR technologies
vary significantly, reflecting differences

in technological maturity, capital intensity

and scalability potential. Engineered solutions
such as DAC and BECCS dominate public
and private funding, while hybrid solutions
such as biochar and ERW attract smaller-scale,
region-specific investments aligned with unique
project characteristics and localized demand.

Engineered solutions such as DAC and BECCS

account for the majority of CDR investments:

DAC: Receives the largest share of
government funding due to its high upfront
capital requirements and reliance on subsidies
such as the US 45Q tax credit. In 2024,

98% of DAC purchases occurred in the

US, underscoring the critical role of 45Q

in stimulating the CDR market.'® While DAC
offers significant potential for permanent
carbon storage, its scalability is hindered by
high energy and operational costs, necessitating
sustained public—private collaboration.

BECCS: Leads in private funding due to its
mature technology and integration with biomass
supply chains. Its dual revenue streams —
carbon removal and energy production —

make it particularly attractive to infrastructure
investors. It is expected that EU BECCS
investment and adoption will gain momentum,
with many projects based in Sweden and the
Netherlands, several of which are expected to
reach the final investment decision (FID) within
the next few years, alongside the release of the
EU BioCCS certification methodology in 2024.'

Summary view of CDR buyers

I

Hybrid solutions, including Biochar and ERW,

are gaining traction, with approximately $400 million
in investments each. These pathways are primarily
funded by venture capital (VC) firms, which are drawn
to their scalability potential and cost advantages:

Biochar: Benefits from diversified revenue
streams such as carbon credits, bio-oil

and soil amendments, enhancing its appeal
in agricultural markets. With costs ranging
from $80 to $200 per tonne — significantly
lower than DAC ($500-$1,200 per tonne) and
BECCS ($200-$600 per tonne) — biochar is
more accessible to smaller and price-sensitive
purchasers. However, limited alignment with
tax incentives constrains its potential for
broader adoption.

ERW: Attracts funding for pilot projects

or collaborations with mineral producers,
particularly in regions with large spreading
surfaces and local access to minerals — Brazil,
for example. Despite its lower capital intensity,
ERW faces challenges related to regional
regulatory barriers, land access and the need
for standardized MRV systems.

The disparity in funding levels between engineered
and hybrid solutions reflects a market preference
for technologies with higher scalability and durability.
However, the cost competitiveness of biochar

and the scalability potential of ERW highlight
opportunities for investors to play a larger role in the
CDR ecosystem if aligned with supportive policies
and funding mechanisms.

DAC Private I ~$4.1 billion
Investment driven by

overmen [ 0.0 b0
BECCS Private s ~$3.7 billion
Investment concentrated among

large, established enterprises Government - ~$1.5 billion
Biochar/bio-oil Private B ~$0.4 billion
Private investment spread

across a wide range of suppliers Government | ~$O'1 billion
ERW Private B ~$0.4 billion
Private investment spread

across a wide range of suppliers Government | ~$O.1 billion

Total

Private funding: ~$8.6 billion; government funding: ~$11.7 billion
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TABLE 9 | Incubator funds and corporates provided 75% of private investment to date

Barrier Corporate | Investor Investor behaviours

Investment level . 50% of investment ‘ 25-50% of investment . <25% of investment . ~0% of investment

DAC . Early VC bets, coupled with

‘ ‘ . ‘ ~$4.1 billion larger projects financed by
developers and larger investors
BECCS . ‘
Biochar VC-driven but increasing
. ’ ‘ . ‘ ~$0.4 billion interest from scale investors

driven by purchaser interest

Project developers with existing

' . . ~$3.7 billion bio-energy expertise and

facilities best placed to scale

VC-driven but increasing

ERW
. ' ‘ ‘ ' ~$0.4 billion interest from scale investors

driven by purchaser interest

Total ~40% <5% ~35% ~15% ~5% ~$8.6 billion
The funding disparity between engineered solutions — ERW: Deployment faces unique challenges
such as DAC/BECCS and hybrid solutions such as due to the specific land conditions required
Biochar and ERW reflects a market preference for for carbon sequestration. ERW suppliers,
scalability and durability. However, this focus risks primarily early-to-mid-stage start-ups, often
leaving hybrid solutions underfunded, despite their collaborate with existing mineral producers.
potential for quicker deployment at smaller scales. Most costs are tied to operational deployment
rather than upfront capital expenditure, with
— DAC: Primarily concentrated in regions such equity funding heavily focused on improving
as the US, EU, United Kingdom and Kenya, MRV standards. Limited alignment with
DAC suppliers benefit from robust innovation tax incentives and subsidies further restricts
networks and strong public research support. funding, while revenue streams rely heavily
Scaling these early-stage technologies on carbon credits, with minor diversification
relies heavily on private investment to prove into by-products such as agricultural lime.
commercial viability. Scaling ERW will require clearer MRV frameworks
and improved regulatory alignment to unlock
— BECCS and biochar: These pathways broader financing opportunities.
are geographically diverse, with established
footprints in agricultural hubs across the US,
EU, South America and Asia. Their integration
with existing biomass and agricultural supply
chains enables them to attract more traditional
financing, such as debt and equity.
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TABLE 10

Comparison of typical supplier profiles by CDR pathway

Biochar

Regions
of production

US, EU, UK, Switzerland,
Kenya, Oman

Stage
and maturity

Early-to-mid-stage
(primarily pilot and
demonstration plants)

Primarily new entities/
start-ups with high
capital costs and limited
financial backing.

Capital requirements

Technology developments
and high capex

and infrastructure

building required.

Access to debt
financing

Limited

Limited: early-stage risks
and high capital intensity
make debt challenging;
heavily reliant on equity
and prepayments.

Alignment with
regional tax credits/
incentives

Strong

Strong alignment with
45Q in the US and EU
incentives; crucial for
viability.

Revenue
diversification

Low

Primarily carbon credits.
Some technology licensing
(sale of proprietary DAC
technology to third
parties).

US, EU, UK

Mature to mid-stage
(pilot plant)

Larger energy companies
expanding into BECCS
projects, employing
existing operations.

Typically involve significant
capital investments in
infrastructure, technology
for both bioenergy
production and CCS.

Moderate

Moderate: access
improves as projects
mature, supported
by subsidies and
partnerships.

Strong

Strong alignment with
IRA and EU Green Deal'®
policies.

Medium

Electricity generation from
biomass combustion with
CO, capture.

US, EU, South America,
Asia, Australia, Africa

Mature
(commercial plant)

Often small and medium-
sized entities (SMEs) or
existing companies with
biomass in their value
chains, diversifying into
biochar and CDR.

Medium

Some capex required

for pyrolysis machines,

but funding can be more
limited. It also helps that
biochar can benefit from
revenue streams other than
sales of carbon credits.

High: mature technology
and market demand make
debt financing viable.

Weak

Low alignment: operates
independently of tax
credits and subsidies.

Revenue from carbon
credits, bio-oil, soil
amendments and
heat/electricity.

Brazil, UK, EU, US, India

Early-stage to mid-stage
(pilot and
demonstration plant)

A mix of start-ups and
partnerships with existing
mineral producers.

Medium

Most of the costs are
related to operational
deployment, with limited
upfront capex required.
Most equity funding is
used to improve MRV
of the pathway, which
should be reduced once
ERW matures.™

Limited

Limited: early-stage risks
and lack of MRV clarity
restrict access.

Weak

Low alignment: operates
independently of tax
credits and subsidies.

Low

Primarily carbon credits,
with limited diversification
into agricultural lime

as a by-product for

soil enhancement

and acidity reduction.

Sources
of capital
(to date)

Public, VC funding,
strategic investors and
growth capital (one case
of debt financing to date).

First plant typically a mix
of public subsidies and
balance sheet money;
second plant mix of equity
and debt.

Typically equity or
from balance sheet.
Four successful cases
of debt financing.

VC funding, buyer
prepayments (debt
financing currently
being explored).

Financing strategy

Relies on tax incentives
(e.g. 45Q), equity and
prepayments to de-risk
capital needs.

Mix of debt, equity

and public subsidies

to manage first-of-a-kind
risks; partnerships help
reduce financial burdens.

Minimal reliance on
subsidies; strong market
demand enables equity
and debt use.

Relies on VC funding
and buyer prepayments;
requires MRV
standardization for better
financing options.
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3.2

TABLE 11

Contract length

For signed offtakes, what do contracts
typically include, and how do they compare

across CDR technology?

Table 11 outlines typical characteristics of offtake
transactions for each CDR pathway, focusing

on contract terms such as tenors, pricing
mechanisms, volume commitments and de-risking
measures. While there are shared patterns in pricing

mechanisms and payment schedules across
pathways, differences in risk profiles — shaped

by factors such as project maturity, regulatory
incentives and supplier financial strength — lead

to variations in contract length and review periods.

Comparison of offtake terms, aggregated by CDR pathway

Long (5-12 years)

High capital intensity, long
project set-up timelines,
buyers willing to commit
to longer contracts
because projects take
time to scale.

Alignment with
regulatory and
financing incentives

Supported by US policies
such as the 45Q tax
credit, which offers up

to $180 per tonne for
capturing and storing
CO,, and the IRA, which
provides long-term
financial incentives to
reduce the risk of these
capital-intensive projects.

Long (5-12 years)

Large-scale facilities
need more time for
development, similar
to DAC.

Strong Strong

Receives funding from

EU programmes such as
the Innovation Fund,"”
which finances large-
scale carbon removal
technologies. Countries
including Germany, France
and the Netherlands

also provide subsidies to
support renewable energy
projects, helping BECCS
scale up.

Biochar

Shorter (1-8 years)

Technology is more
mature, allowing

faster deployment and
production, reducing need
for long-term contracts.

Moderate

Backed by initiatives
such as the United States
Department of Agriculture
Natural Resources
Conservation Service

Soil Carbon Amendment
(Code 336) in the US,®
which provides funding
for using biochar to
improve soil health and
store carbon. In Australia,
the Carbon Farming
Initiative'® allows biochar
projects to generate
tradable carbon credits.
Since biochar is a more
established technology,

it relies less on subsidies
and benefits from market-
based pricing.°

Shorter (1-5 years)

Lower capital intensity
but longer time to prove
technology, hence shorter
contracts preferred.

Limited

Financing for ERW can be
challenging due to the lack
of MRV, as lenders require
clear metrics to assess
project risks. Efforts by
the EU under the Green
Deal and private-sector
initiatives are developing
MRV frameworks tailored
to ERW. These emerging
standards could unlock
access to regulatory
incentives and financing
by ensuring projects

meet eligibility criteria

for programmes tied

to measurable carbon
removal outcomes.

Pricing mechanism

Cost-plus, includes
subsidies

Cost-plus,
includes subsidies

Cost-plus and
market-based

Cost-plus

High production costs
due to energy use and
upfront capital investment;
margins may be lower
because of the emerging
nature of the technology.

Subsidies influence the
pricing structure, reducing
overall costs for buyers.

In supply-constrained
markets, price formation
reflects durability and
scarcity premiums
rather than marginal
production cost.

Covers operational costs
of deploying minerals,
with margins depending
on buyer interest and
demand.
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Prepayment
requirement?

Some buyers support

for prepayment models

to help fund project set-up
and operation costs

for newer entities.

Volume commitment/delivery schedule

BECCS developers
typically have corporate
backing and access

to capital for infrastructure,
reducing reliance

on buyer prepayments.

Biochar

More established
companies with balance
sheet support, so less
need for prepayments.

Requires buyer involvement
in funding to deploy large
quantities of minerals
(rocks).

Commitment details

Payment on delivery.

Some suppliers also require
some level of prepayments.

Average volume
in contract

% of output
suppliers willing
to secure

in offtake

De-risking measures

Projects often sell smaller
volumes upfront due to
uncertainties in scaling and
technology development.

Payment on delivery.

Established large-scale
operations and confidence
in volume deliveries

allow for higher-volume
commitments.

Payment on delivery

or some level of
prepayments will unlock
more attractive terms.

Ranged

High visibility on production
capacity due to mature
technology, allowing

for higher-volume
commitments.

Payment on delivery or
some level of prepayments
will unlock more attractive
terms and enable opex
financing.

Ranged

Varies (buyers drive
deployment)

Volume commitment
varies due to buyer-driven
deployment model and
demand fluctuations.

Performance
guarantees?

Typically not included; however, limited dataset.

Price flexibility (price
review mechanisms)

Present

Price reviews allow
adjustments based on
technology improvements
and market inflation

to manage financial risk.

Present

Similar to DAC, price
reviews help adjust for
inflation and operational
improvements.

Absent

Biochar market operates
with stable prices due
to maturity and demand,
reducing the need

for price reviews.

Absent

Pricing is less flexible
at this stage due
to early development.

Hedging No meaningful hedging differences across pathways; CDR projects do not employ extensive hedging mechanisms
due to nascency of projects and lack of established carbon markets or predictable cost structures.
Insurance Insurance for carbon removal is in its infancy and has been applied to a limited amount of use cases. Coverage will vary
by regulatory landscape.
Force Generally similar across pathways and include severe weather events, but likelihood to invoke will vary based on operational

majeure clauses

flexibility and location dependency.

Impact of force
majeure events

Low

Low

Large, capital-intensive facilities are highly location-
dependent and costly to relocate or restart.

Moderate

Projects are more flexible
and can recover faster
due to distributed sites.

Severe weather events
can render large areas of
land unusable, significantly
affecting biomass or
mineral-spreading
operations.

Exit clauses

Financial hardship or bankruptcy; non-performance; force majeure; condition precedent not met.

Remedy periods

Longer: up to one year Longer: up to one year Shorter: 3-6 months

More capital-intensive
and riskier projects with
longer milestones (e.g.
permitting) create longer
remedy periods.

Similar to DAC due
to capital intensity
and permitting delays.

Shorter contracts

allow quicker production
with less need for long
remedy periods.

Medium: up to 6 months

Some flexibility needed
due to uncertainties in
deployment, but less risky
than DAC or BECCS.
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3.3

TABLE 12

What are key insights (similarities and differences)
for offtakes in the CDR space?

Offtake agreements for CDR technologies share common elements but exhibit vital differences
depending on the specific pathway and its stage of development.

Comparative overview of CDR offtake agreement structures

Common elements

Price stability and
review mechanisms

Buyers across all carbon removal technologies prioritize transparency in the cost structure of producing carbon removal
credits. As a result, offtake contracts typically use a cost-plus pricing mechanism, which provides a clear breakdown

of production costs. These pricing structures often include provisions to adjust for inflation and incorporate technology
advances, helping to balance financial risks for both buyers and suppliers.

Emphasis on
de-risking measures

Contracts typically include force majeure clauses and remedy periods to address unforeseen events and operational
challenges. However, the specifics, such as covered events and remedy durations, vary by pathway.

Differing elements

Contract length

Long contracts (5-12 years) Technologies such as DAC and BECCS, which require significant upfront capital
and long lead times, often involve extended contract durations.

Short contracts (1-8 years) More established technologies such as biochar often feature shorter contract
lengths due to faster deployment and lower capital requirements.

Payment structures

Prepayments Emerging pathways such as DAC and ERW often rely on prepayments to secure
project development and operational funding. These technologies typically face
financing hurdles due to high capital costs and limited operational history.

Payment on delivery More mature pathways such as biochar, supported by established companies
with greater access to financing, often use payment on delivery models.

Volume
commitments

High-volume commitments Technologies with large-scale operations such as BECCS and biochar
typically accommodate larger volume commitments due to confidence
in production scalability.

Lower-volume commitments Emerging technologies such as DAC often feature smaller initial volume
commitments due to uncertainties in scaling and technology development.

Subsidy support and
regional incentives

High-subsidy dependence Pathways such as DAC and BECCS often rely heavily on subsidies or incentives
such as the US 45Q tax credit to achieve financial viability.

Lower-subsidy dependence More market-driven pathways such as biochar depend less on subsidies
but may still benefit from regional incentives or subsidies for production.
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Conclusion

Offtake agreements are fundamental to
scaling CDR technologies, providing suppliers
with the predictable revenue streams needed

to secure financing.

To be “bankable”, agreements must address
prime financing needs, including predictable
cash flows, risk mitigation and alignment with loan
structures. Essential terms — such as fixed pricing,
clear milestones, third-party verification and fixed
tenors — ensure that agreements meet lender
requirements and reduce project uncertainties.

However, the CDR market is fragmented, with
buyers, suppliers, marketplaces and financiers
often operating with different, uncoordinated
incentives. Buyers prioritize flexibility, suppliers tailor
agreements to their technologies and marketplaces
focus on matching stakeholders without always
considering financiers’ requirements. This lack

of alignment results in inconsistent contract terms
and inefficiencies, creating barriers to financing.

A collaborative contract framework, developed
with input from all stakeholders, could resolve
these challenges by establishing standardized
terms that ensure interoperability across contracts.

Medium-sized developers occupy a unique
position in the market. Smaller developers often
rely on grants, venture capital or government
incentives to fund early-stage projects. Larger
developers, on the other hand, can meet the
scale required to attract institutional investors

Carbon Dioxide Removal Technologies: Market Overview and Offtake

and banks. Medium-sized developers, while large
enough to be beyond early-stage funding sources,
often struggle to meet banks’ minimum ticket size
thresholds or secure the substantial equity needed
to de-risk projects. This funding gap makes

it harder for medium-sized suppliers to access
the capital needed to scale.

Climate and impact funds can provide a critical
solution by bundling smaller and medium-sized
projects into larger portfolios that meet institutional
investment thresholds. Such funds can offer scalable
financing options while reducing transaction costs
for lenders. This approach also helps align the needs
of buyers, suppliers and financiers, facilitating project
bankability and ensuring the timely delivery of carbon
removal credits.

Understanding these similarities and differences

in contract terms is essential both for buyers

and suppliers navigating the evolving CDR market.
By carefully considering the specific characteristics
of each pathway and aligning contract terms
accordingly, stakeholders can inspire a more
stable and transparent market that encourages
investment and accelerates the deployment of CDR
technologies to meet global decarbonization goals.
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Endnotes

Remedy period: a remedy period is a specific time frame given to a supplier or project developer to correct or resolve

a breach of contract or failure to meet agreed terms before the buyer has the right to terminate the contract or take

other legal action. In carbon removal offtake agreements, remedy periods often apply if the supplier fails to deliver

the agreed amount of carbon removal within the specified schedule. For example, if a DAC facility fails to deliver carbon
removal on time, the remedy period allows the supplier a certain number of months to resolve the issue, such as ramping
up production or adjusting timelines, without immediately triggering contract termination. The length of the remedy period
often depends on the pathway’s technology maturity, project risk and buyer’s flexibility.

Chen, T., et al. (2024, January 11). 2023 investment landscape in carbon renewal. CDR.fyi. https://www.cdr.fyi/blog/2023-
investment-landscape-in-carbon-removal

Scope 3 emissions are indirect greenhouse gas emissions from a company'’s value chain, as distinct from the company’s
direct emissions (Scope 1) and those arising from energy purchased by the company (Scope 2).

The Section 45Q tax credit provides US federal incentives for carbon capture and storage, offering up to $85 per tonne of
CO, for point-source capture and up to $180 per tonne for DAC, with amounts subject to inflation adjustment from 2027.
Originally established under the Inflation Reduction Act (2022), the credit was preserved and expanded under the One
Big Beautiful Bill Act (July 2025), which introduced parity across all qualifying end uses of captured CO,. The 45Q credit
remains the primary federal policy mechanism driving CCS investment in the US.

ClimeFi is a partner for CDR buyers in building and managing their CDR portfolios.

MRV readiness: MRV readiness is a project’s capability to measure, report and verify (MRV) carbon removal accurately,
ensuring transparency and reliability for stakeholders. High MRV readiness means the project has the systems and
certifications to confirm actual CO, removal, supporting credible carbon credits or claims.

Open-system environment: CO,, water and minerals interact in soils and the atmosphere, not in a sealed or controlled
container. Weathering products (such as bicarbonates and carbonates) can move away — for example, dissolve in
groundwater or rivers, eventually reaching the ocean. Many external factors (rainfall, soil microbes, temperature, farming
practices) influence the reactions, and these factors cannot be fully controlled.

Puro.earth is a carbon marketplace and registry specializing in engineered carbon removal credits, providing methodology
development and third-party verification for CDR projects. https://puro.earth/; Isometric is an independent carbon

registry focused on rigorous, science-based verification of carbon removal, emphasizing transparency through full public
disclosure of project data. https://isometric.com/

Net carbon efficiency: a ratio of the volume of carbon removed to the carbon footprint of the technology. Data ranges
collected by ClimeFi based on current and expected life-cycle emissions for the period 2024-2030.

The International Carbon Reduction and Offset Alliance (ICROA) is a global industry body that accredits carbon offsetting
and reduction programmes against its code of best practice, providing a recognized quality standard for carbon credit
certification. https://icroa.ora/

The Inflation Reduction Act (IRA), signed into law in the US in August 2022, is the largest climate investment in US history.
It provides long-term financial incentives for clean energy and carbon capture technologies, including an expansion of the
Section 45Q tax credit to up to $180 per tonne of CO, captured via DAC and $85 per tonne for point-source capture with
geological storage. For CDR project developers, the IRA significantly reduces capital risk by providing revenue certainty
over the project life cycle. The IRA's carbon capture provisions were subsequently preserved and expanded under the
One Big Beautiful Bill Act (July 2025).

2030 cost projections based on supplier projections within ClimeFi’s platform.

ClimeFi. (2025, January). 2024 CDR market: A year in review. https://climefi.com/2025/01/climefi-release-2024-cdr-
market-a-year-in-review/

The EU BioCCS (Biogenic Carbon Capture and Storage) certification methodology was adopted by the European
Commission on 3 February 2026 under the Carbon Removals and Carbon Farming (CRCF) Regulation (EU) 2024/3012 —
the first EU-wide voluntary framework for certifying permanent carbon removals. The methodology sets legally grounded
rules for what counts as a tonne of BioCCS removal, how permanence must be ensured and how risks such as leakage
and liability are addressed. It covers BECCS and other biomass-based carbon capture and storage processes.

Currently MRV is very expensive. ERW start-ups spend much of their raised equity on: soil and water sampling programmes;
isotopic tracing methods; modelling tools to estimate CO, mineralization rates. This MRV work is essential for credibility,
as buyers of carbon credits will not pay without proof of durable removals. As ERW matures, MRV costs will represent

a smaller share of total expenses, because standardized protocols will be developed, automation and remote sampling
can replace sampling and the pathway becomes more cost-competitive.

The European Green Deal is the European Commission’s overarching strategy for achieving climate neutrality by 2050.
Key instruments of direct relevance to BECCS include: the EU Innovation Fund, which finances large-scale carbon
removal projects through carbon contracts for difference (CCfDs); the Carbon Removals and Carbon Farming (CRCF)
Regulation (EU) 2024/3012, which established the first EU-wide voluntary certification framework for permanent carbon
removals including BioCCS; and the EU Emissions Trading System (EU ETS), which creates carbon price incentives
relevant to BECCS project economics.
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17.

18.

19.

20.

21.

22.

The EU Innovation Fund is one of the world’s largest funding programmes for innovative low-carbon technologies,
financed by revenues from the EU Emissions Trading System (EU ETS). It supports commercial demonstration of
technologies including BECCS and DACCS through mechanisms such as carbon contracts for difference (CCfDs), which
bridge the gap between the market carbon price and project costs, providing revenue certainty for CDR developers. It is
administered by the European Climate, Infrastructure and Environment Executive Agency (CINEA).

The USDA Natural Resources Conservation Service (NRCS) Soil Carbon Amendment practice (Code 336) provides
financial assistance to agricultural producers for applying biochar and other soil carbon amendments to cropland

and grazing land. The programme supports soil health improvement and carbon sequestration as part of the USDA’s
broader conservation programmes, including the Environmental Quality Incentives Program (EQIP) and the Conservation
Stewardship Program (CSP).

Australia’s Carbon Farming Initiative (CFl), established under the Carbon Credits (Carbon Farming Initiative) Act 2011,
allows land managers to generate tradable Australian Carbon Credit Units (ACCUs) by storing carbon or reducing
emissions. Biochar projects can generate ACCUs under approved methodologies, sold through the Emissions Reduction
Fund (ERF) or on the secondary market. The CFl is now administered within the broader ERF framework by the Clean
Energy Regulator.

Market-based pricing: in market-based pricing, the price fluctuates based on supply and demand in the market.
This model applies when there is a more mature market with competitive suppliers, such as biochar, where prices
may adjust depending on buyer interest and available supply rather than strictly reflecting production costs.

Prepayment models: whether or not a project relies on prepayments depends on its access to capital and overall
financing strategy. For example, ERW projects struggle to attract venture capital due to their logistical focus and lack of
intellectual property, making it hard to raise equity. Without strong equity or the ability to secure debt financing, these
companies often rely on prepayments from buyers to fund operations. In general, as carbon removal pathways mature
and gain more stable financing options, the need for prepayments typically decreases.

Performance guarantees are typically not included as a de-risking measure for any of these technologies, with the caveat
that this is based on a limited dataset.
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