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Executive Summary
Climate change, driven by human-induced 
greenhouse gas (GHG) emissions, has already 
increased global temperatures by approximately 
1°C since pre-industrial times, resulting in more 
frequent and severe environmental impacts like 
droughts, floods, and rising sea levels. While the Paris 
Agreement aims to limit warming to 1.5°C, achieving 
this goal requires a dual approach: rapid emissions 
reduction and greenhouse gas removal (GGR). 

This expert insight aims to summarise for business 
leaders, practitioners and policymakers the 
role of GGR in the global net zero transition, and 
its relevance in achieving corporate climate 
commitments.  The insight highlights the main 
types of conventional and novel removal solutions 
available, their market readiness, costs and 
efficacies. It considers when and how GGR can be 
applied in a business context and highlights some 
key policy and governance challenges that need to 
be overcome to unlock the full potential of GGR in 
contributing towards the global net zero transition. 

GGR complements emissions reduction, also known 
as climate mitigation, by removing greenhouse gases 
from the atmosphere, either through conventional 
methods such as afforestation or innovative 
technologies like direct air carbon capture and 
storage (DACCS). Whilst GGR must not substitute 
mitigation activities, it is crucial for addressing 
residual emissions in hard-to-abate sectors, 
including heavy industry and transport. Companies 

committing to net-zero targets in these sectors 
must therefore plan for GGR investments alongside 
reducing operational and supply chain emissions.

GGR methods vary in their stage of development, 
resource intensity, and potential impacts on 
biodiversity and local communities. Companies 
must conduct robust due diligence to ensure 
investments are credible, sustainable and aligned 
with the UN Sustainable Development Goals (SDGs). 
Public acceptance of GGR technologies is critical; 
misconceptions, particularly around offsetting 
and geoengineering, must be addressed through 
responsible communication and engagement. 
Delay in adopting GGR could hinder the availability 
and maturity of removal methods, creating supply 
constraints as demand grows. Early investment in 
GGR not only supports technological scale-up but 
also positions companies as market leaders, offering 
reputational and financial benefits. Furthermore, 
GGR can present new revenue streams for business, 
such as products using captured GHGs, and it can 
also align with sustainability objectives, including 
carbon insetting initiatives that deliver co-benefits 
for communities and ecosystems.

The policy landscape for GGR is nascent and lacks 
comprehensive global frameworks. Governance 
challenges include ensuring that GGR supplements 
rather than replaces emissions reduction, addressing 
equitable distribution of costs and benefits, and 
establishing robust measurement, reporting, and 
verification (MRV) standards. While progress has 
been made in policy support for research and 

development (R&D) and MRV, significant gaps remain 
in regulatory safeguards, decision-making support, 
and public engagement.

Despite increasing momentum, GGR faces 
significant technological, policy, and economic 
challenges that must be addressed to meet the 
urgency of the climate crisis. GGR is indispensable 
for achieving net-zero targets, yet the current 
pace of development is insufficient. Accelerating 
R&D, fostering supportive policy frameworks, 
and mobilising private and public investment are 
imperative. Early action on GGR will not only enhance 
climate resilience but also create economic and 
environmental benefits, driving a just transition to a 
sustainable future.
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There is clear scientific evidence that climate change 
is happening and is driven by greenhouse gas (GHG) 
emissions from human activity1. The accumulation of 
human-caused GHGs in the atmosphere has already 
warmed the planet about 1°C since pre-industrial 
times2. While society continues to grapple with 
questions of who is responsible and how best to 
address the changing climate, the consequences of 
climate change are becoming more apparent, albeit 
not uniformly. Among others, intense droughts, water 
scarcity, severe fires, rising sea levels, flooding and 
catastrophic storms are all becoming more frequent 
and severe3.

Under the Paris Agreement, world leaders set out to 
limit warming to well below 2°C and pursue efforts 
to limit the increase to 1.5°C4. To achieve this goal 
and limit the worst impacts of climate change; 
rapid, deep and widespread GHG emissions 
reductions are required, with emissions at ‘net 
zero’ by mid-century5. Mitigation solutions are a 
key component of these reductions, where GHG 
emissions are reduced through measures such as 
improving energy and resource efficiency, switching 
to zero-carbon electricity, electrifying transport and 
heating, and making behavioural changes6. However, 
the latest science shows that mitigation alone will 
not be enough to meet the Paris temperature goals. 
All 1.5°C scenarios analysed rely on greenhouse 
gas removal (GGR) approaches to achieve net zero 
emissions by 2050 and net negative emissions 
beyond 2050, in addition to reducing emissions7.

Importantly, GGR is not an alternative to emissions 
reduction, nor a reason to delay climate action. It is 
an additional tool to use in the net-zero transition. 
Both emissions reduction and removal must be used 
in tandem as part of a robust response to climate 
change.

1.1 What is greenhouse gas 
removal? 
Alongside rapid reductions in GHG emissions, GHGs 
also need to be removed from the atmosphere to 
meet national and international climate goals and 
stave off the worst impacts of climate change. The 
process of removing GHGs from the atmosphere 
is called greenhouse gas removal (GGR). GGR 
harnesses natural and/or technological processes to 
capture GHGs from the atmosphere and store those 
gases durably for decades to millennia in natural or 
artificial reservoirs, or to convert a GHG into a gas 
with a lower warming effect. To date, most innovation 
in GGR focuses on removing carbon dioxide (CO2), 
as carbon dioxide is the most highly concentrated 
GHG in the atmosphere. Removal methods for other 
greenhouse gases beyond CO2 are being proposed 
in scientific literature but are generally much further 
behind carbon removal in their development. There 
are many GGR methods, providing alternative ways 
to capture and store GHGs. These methods differ 
based on their levels of readiness, sequestration 
potential and durability8.

Removal is a distinct process from reduction (Figures 
1 and 2). Put simply, emissions reduction seeks to 
reduce or limit the amount of GHGs newly released 
to the atmosphere, whilst GGR involves taking 
previously emitted GHGs out of the atmosphere9. 
Some reduction activities, such as carbon capture 
and storage (CCS), tackling emissions from industrial 
flue stacks, share certain components with some 
GGR methods, but they do not necessarily qualify 
as GGR. GGR has only been achieved if the activity 
in question (a) captures GHGs directly from the 
atmosphere, (b) durably stores the GHGs so that 
they are not reintroduced into the atmosphere, and 
(c) the removal is a result of human intervention, in 
addition to the Earth’s natural processes. 
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TO COUNT AS GGR, AN ACTIVITY MUST:
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GGR (Greenhouse Gas Removal) 
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CCUS (Carbon Capture, Usage and Storage)

DACCS (Direct Air Carbon Capture and Storage)
BECCS (Bioenergy with carbon capture and storage) 

Figure 1. What is greenhouse gas removal (GGR)?

Differentiating between emissions reduction and removal can be confusing. For 
instance, using carbon capture and storage (CCS) to prevent emissions from 
a coal-fired power plant from entering the atmosphere would be considered 
emissions reduction (resulting in reduced, or at best, zero emissions). Similarly, 
a process that removes CO2 from the atmosphere and uses this as an ingredient 
for a synthetic fuel, which when burned results in the return of the  CO2  to the 
atmosphere, is not GGR. Natural processes like tree growth can be considered 
GGR, but only if they are enhanced through human activity and measures are in 
place to preserve the tree and its stored carbon over the long term. The flow chart 
in figure 2 presents a simple differentiation between emissions reduction and 
removal. 
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Figure 2. Greenhouse gas (GHG) removal or 
reduction?
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1.2 Why do we need GGR?
Even with substantial progress in eliminating 
emissions, it is very likely that certain industries 
will still be emitting some greenhouse gases 
beyond 2050. As such, reaching global net zero 
emissions by 2050 is not possible without GGR. 
In fact, the term ‘net’ on a global basis implies use 
of GGR to compensate for those emissions which 
cannot be avoided, also referred to as residual 
emissions. Achieving net zero will thus involve 
actively removing GHGs from the atmosphere. Key 
justifications for scaling up GGR are as follows:

•	 Reaching absolute zero emissions is not 
currently feasible, particularly for sectors 
with ‘hard-to-abate’ emissions where it is 
technologically or economically prohibitive 
to reduce emissions10. Examples include 
heavy industry (cement, steel, chemicals 
and aluminium), agriculture, and heavy-duty 
transport (shipping, trucking and aviation). 

•	 On average, scenarios that limit warming to 2°C 
or less reduce current emissions by 34 GtCO2e 
(34 billion tonnes of CO2 equivalent) per year by 
2050. Only 2GtCO2e are currently removed per 
year11.

•	 GGR also creates the possibility of net negative 
emissions beyond 2050. This could reverse 
some consequences of climate change, 
although some changes are irreversible and will 
continue for decades to millennia (e.g. sea level 
rise)12.

For governments that have set net zero targets, 
including the UK, deploying GGR methods will be 
an important climate mitigation solution, alongside 
emissions reduction practices. For businesses, GGR 
can play a role in reaching corporate net zero targets, 
alongside critical action to reduce absolute GHG 
emissions. 
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GGR can take numerous forms from new 
technologies to natural-based approaches like land 
management practices. The various removal options 
can be divided into conventional approaches and 
novel approaches. Conventional approaches are 
those methods that are already well-established, 
whereas novel approaches are newer, not always well 
understood and in earlier stages of development 
than conventional GGR. The list below is not 
exhaustive but covers the majority of the most widely 
considered GGR approaches.

Around 2 GtCO2e (2 billion tonnes) per year of GGR 
is taking place already. Almost all of this comes 
from conventional methods. These methods have 
delivered a relatively stable rate of GGR over the past 
two decades. Novel methods contribute less than 
0.1% of total GGR, but novel methods are growing 
more rapidly than conventional methods.13

2.1 Conventional GGR
This category includes GGR methods that are well 
established, already deployed at scale and widely 
reported by countries as part of land use, land-use 
change and forestry activities. Conventional 
methods include afforestation and reforestation; 
agroforestry; forest management; soil carbon 
sequestration in croplands and grasslands; peatland 
and coastal wetland restoration; and durable wood 
products14.

2.1.1 Afforestation and Reforestation
Afforestation involves the repurposing of land use 
by growing forests where there were none before. 
Reforestation is the practice of re-establishing 
a forest where there was one in the past. While 
afforestation and reforestation can capture large 
amounts of atmospheric carbon over time, they 
require significant land resources for which there 
may be competition from other land uses. These 
methods may also pose risks to biodiversity and 
ecosystem services. Additionally, whilst trees absorb 
carbon via photosynthesis, they also emit volatile 
organic compounds (VOCs) which can react with 
the atmosphere forming ozone and lengthening the 
lifetime of atmospheric methane, both of which are 
greenhouse gases. 

Because trees have a finite lifespan, afforestation 
and reforestation project managers need to consider 
what happens at the end of the life of those trees. 
Options include using the timber in construction, 
serving as a source of biomass in BECCS (2.2.2), or 
simply turning the wood to charcoal for long-term 
storage (see biochar in 2.2.3). Each option allows 
further trees to then be planted on the land.

Afforestation and reforestation are already widely 
practiced around the world and are well understood. 
Both methods are associated with co-benefits 
such as improved biodiversity and enhanced local 
livelihoods, but they carry a large risk of carbon 
reversal through wildfire, disease and pests. Carbon 
reversal risk is the risk of carbon being re-released 
into the atmosphere due to extreme weather events 
(e.g. forest fires), disease, site/facility maintenance 
or poor land use governance15. 
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2.1.2 Forest management

Forest Management involves the optimisation of 
existing forests for the purpose of greenhouse gas 
removal and storage in biomass, and avoids the 
risks of land competition associated with either the 
creation of new forests or reintroduction of forests 
on land now used for agriculture, or other purposes. 
Research-led forest management can protect 
biodiversity and ecosystem services while increasing 
GGR potential. Forest management is already widely 
practiced globally and is well understood.

2.1.3 Agroforestry
Agroforestry is a method whereby trees are 
reintroduced into an arable landscape to improve 
soil organic carbon to reduce erosion, improve 
biodiversity and, normally (but not always) to 
provide separate income from that derived from 
arable cultivation. There is extensive literature about 
benefits to biodiversity and ecosystem services but 
estimates of GGR efficiency and cost remain limited.

2.1.4  Soil carbon sequestration 

Soil Carbon Sequestration is the process of 
removing CO2 from the atmosphere by changing 
land management practices in such a way as to 
increase the carbon content of soil. This can involve 
management of vegetation, animals, water, nutrients, 
fire and tillage. After as little as a few decades soil can 
become saturated and require ongoing maintenance 
to avoid CO2 being re-emitted. There is also limited 
evidence of efficacy and risk of possible increased 
emissions of Nitrous Oxide (N2O)16. This GGR solution 
is ready for implementation, is feasible in many 
locations and many of the practices are already 
being used in various contexts.

2.1.5 Peatland and coastal wetland 
restoration

Restoration of wetland, peatland and coastal 
habitats can help to ensure these important 
habitats continue to draw CO2 from the air. Peat, 
permafrost and other wetland habitats are long-term 
carbon stores but face threats from agriculture and 
other human impacts. Coastal kelp, seagrass and 
mangrove habitats are significant ‘blue carbon’ 
resources but are globally threatened and could be 
restored. There is a significant knowledge base and 
high level of readiness surrounding protection and 
restoration methods, although this has not typically 
focussed on GGR (but this is beginning to change, 
e.g. the GGR-Peat Project in the UK). 

https://www.ggrpeat.org/
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2.2 Novel
This category includes all other methods beyond 
conventional methods. Novel methods are currently 
deployed on a smaller scale than conventional 
methods, as novel methods generally have lower 
levels of deployment readiness. Novel methods 
utilise a variety of GHG storage vehicles, including 
geological formations, the ocean or products. 
Examples of novel methods include bioenergy 
with carbon capture and storage, direct air carbon 
capture and storage, enhanced rock weathering, 
biochar, mineral products, and ocean alkalinity 
enhancement17.

2.2.1 Bioenergy with Carbon Capture 
and Storage (BECCS)

BECCS involves the capture and permanent storage 
of CO2 from processes where biomass is burned 
to generate energy. This can include power plants 
using biomass (or a mix of biomass and fossil fuels) or 
wastes e.g. from pulp mills for paper production.

BECCS enables carbon removal because biomass 
absorbs CO2 as it grows, and this CO2 is not 
re-released when it is burned. Instead, it is captured 
and injected into deep geological formations, 
removing it from the natural carbon cycle.

Bioenergy from biomass-based power plants 
is a mature technology, as is CO2 capture in 
other applications. Whilst some BECCS routes 

are commercial, the most critical are still at the 
demonstration or pilot stage18.

There are a number of BECCS facilities operating 
around the world today, capturing CO2 from 
industrial processes (for example, ethanol 
production) and biomass-based power generation. 
In the UK, Drax has completed two pilot projects to 
capture CO2 from its biomass-fuelled power plant19. 
In early 2024, the UK’s Secretary of State for Energy 
Security and Net Zero approved Drax’s plans to fit 
carbon capture technology to two of its biomass 
units at the power station, converting them to BECCS 
with a view of achieving commercial-scale capture 
by 2027. If successful, Drax could become the 
world’s first carbon negative power station20.

In the USA, Archer Daniels Midland’s ethanol 
production facility in Illinois is the only large-scale 
(approximately 1 million tons per year) BECCS facility 
currently operating in the world. The facility has been 
capturing CO2 for permanent geological storage 
since 201821. However, it has not yet reached full 
capacity, and the plant still emits more CO2 from 
fossil fuel combustion than it captures through 
BECCS22.

BECCS has the potential to create additional revenue 
streams by generating coproducts (e.g. electricity), 
yet it also increases demand for biomass feedstock 
which may be unsustainable and may also compete 
with other land uses23.

2.2.2 Direct Air Carbon Capture and 
Storage (DACCS)

DACCS involves extracting CO2 directly from the 
atmosphere and injecting it into underground 
geological formations, removing it from the natural 
carbon cycle.

There are currently 27 direct air capture plants 
operating worldwide, capturing around 0.01 Mt CO2/
year (10,000 tonnes). Some plants have commercial 
agreements in place to sell or store captured CO2, 
although most plants operate on a small scale for 
testing and demonstration purposes. There are 
currently three plants globally capturing 1,000+ 
tonnes of CO2 per year, two in the United States and 
one in Iceland. In addition, there are development 
plans for a further 130 large-scale DAC facilities (> 
1000 tonnes CO2 pear year)24.

While DACCS presents virtually unlimited technical 
potential and faces fewer non-cost constraints than 
other GGR methods, more investment and innovation 
are needed to reduce its high costs. Two important 
limitations of DACCS are its high energy and water 
usage.

Methane capture from sites such as disused coal 
mines is already carried out where the gas is emitted 
in a high enough volume and concentration to ensure 
financial viability. As methane is a significantly more 
potent greenhouse gas than CO2, a question for 
research is whether methane can be catalytically 
converted to CO2 at sites where it would otherwise 
be vented into the atmosphere.
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2.2.3 Biochar

Biochar – carbon-rich charcoal produced from 
biomass – can be added to soils to store carbon 
for decades to thousands of years. Biochar has the 
potential to improve soil properties and enhance soil 
productivity. However, there are risks to soil health 
due to the accumulation of heavy metals and organic 
contaminants. Research has indicated that biochar 
addition to soil may be an irreversible process, and 
the long-term effects are not well understood. 
Furthermore, there is potential competition for 
biomass with other GGR methods including BECCS. 

Biochar as a GGR solution has been piloted, and 
a large-scale biochar demonstration is currently 
underway in the UK. Led by researchers at the 
University of Nottingham, the biochar demonstrator 
seeks to assess the long-term stability of carbon 
dioxide storage in soils, study soil and ecosystem 
health after the application of biochar, and assess 
potential co-benefits of biochar25

.

2.2.4 Enhanced Rock Weathering

Enhanced rock weathering increases the natural rate 
of CO2 removal from the atmosphere26. Weathering 
breaks down naturally CO2-absorbing rocks to 
increase their surface area and applies them to soil or 
beaches, speeding up processes that enable them 
to store atmospheric carbon27. 

Whilst the chemical reactions of the process are 
understood, weathering is still in its infancy and 
its potential is not yet fully understood, nor are 
the potential impacts on soil and water quality28. 
The required minerals would need to be mined, 
transported and processed at a large scale, which 
would likely cause a series of negative environmental 
and social impacts. This GGR solution has been 
trialled in the lab and field settings but has not yet 
been demonstrated at scale. 

In the UK, an enhanced rock weathering 
demonstration project is currently underway, 
where researchers at the University of Sheffield are 
investigating the utility of crushed silicate rock on 
farmland to remove CO2 from the atmosphere and 
improve UK food and soil security29. If successful, the 
demonstration will provide the first comprehensive 
assessment of the science, societal and scalability 
opportunities and challenges of using weathering in 
UK agriculture30.

2.2.5  Ocean Alkalinity Enhancement 
(OAE)

Ocean alkalinity enhancement (OAE) can accelerate 
natural CO2 uptake in the ocean. By spreading 
alkaline materials (e.g. lime) on the ocean’s surface, 
the water’s ability to absorb CO2 is improved which 
increases the uptake of atmospheric CO2 in the 
ocean31. OAE has been demonstrated in a small 
number of lab experiments, but has not yet been 
deployed at scale. Further field-based research is 
required into long-term effects.

Although the ocean theoretically has the capacity 
to store billions of tons of CO2 and OAE has the 
potential to limit ocean acidification, the potential 
impacts on marine ecosystems and ocean 
chemistry are not yet fully understood. Additionally, 
the required minerals would need to be mined, 
transported and processed at a large scale, which 
is likely to have negative environmental and social 
impacts.32 

2.2.6 Ocean Fertilisation

Ocean fertilisation (OF) is the practice of adding 
nutrients (primarily iron) to the ocean to increase 
its capacity to absorb CO2 by encouraging the 
growth of phytoplankton, which are single-celled, 
photosynthetic microorganisms. Though the 
principles of ocean fertilisation approaches are well 
understood and technologically feasible, further 
research is required to understand the actual carbon 
cycle, potential risks, impacts on ecosystems, 
and longevity of storage before this approach 
can be considered at scale. OF also carries the 
risk of reversal, where carbon stored returns to the 
atmosphere over decades to millennia. 
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Globally, around 7 to 9 GtCO2e (7-9 billion tonnes) 
per year of GGR are projected to be necessary by 
205033. In the UK, approximately 130 MtCO2e (130 
million tonnes) of negative emissions from GGR are 
estimated to be required to reach net zero by 205034. 

Analysis from McKinsey estimates that a global GGR 
industry able to deliver gigaton-scale removals 
could be worth up to $1.2 trillion by 2050. A fully 
scaled industry would require input and support from 
policymakers, investors, suppliers, buyers, traders 
and other intermediaries. To achieve these long-term 
business opportunities, early investment is needed 
to build removal volumes to scale by mid-century35. 
Currently, the GGR market is seeing high prices and 
low volumes, especially for novel methods. The 
high cost of durable GGR solutions is due to limited 
production capacity and high production costs. 
To make GGR more affordable and widespread, 
innovation and investment are key. With ongoing 
demand and investment, McKinsey estimates the 
cost of novel methods will drop by somewhere 
between 30% to 60% by 2035, continuing to 
decrease more slowly through 2050. 

However, an economic paradox arises: whilst 
ongoing investment should lower costs of GGR over 
time, GGR is currently a scarce resource. As demand 
increases, basic economic theory suggests that 
scarcity will push prices up. These opposing forces 
may slow the rate of price decreases, potentially 
hindering the transition to net-zero. Further research 
is needed to address this paradox and accelerate 
GGR deployment. 

At present, virtually all GGR consists of afforestation, 
reforestation or forestry. Only 0.1% of current 
removals come from novel methods. However, novel 
methods have significant technical removal potential 
and are scaled up in nearly every scenario that limits 
warming to 1.5°C or 2°C36.The technology immaturity, 
uncertainty related to negative emissions potential, 
the life cycle of each method and the feasible scale 
of different GGR methods (in terms of tonnes of 
emissions removed per year), are the subject of 
ongoing research. However, it is possible to get a 
sense of the potential role of different GGR options 
in reducing greenhouse gases. 

As the GGR process is best established for carbon 
dioxide (CO2) removal, this section will focus on 
carbon removal. The following infographic (Figure 
3) gives an overview of different carbon removal 
options, together with the technology readiness 
level, the maximum GtCO2e removal potential per 
year, the storage timescale, and the projected 
cost per tonne of CO2 removed for each method. 
The maximum mitigation potential categorises 
methods based on their estimated GtCO2e/year 
removal, with large methods removing >9GtCO2e/
year, moderate 3-9GtCO2e/year, and small 
<3GtCO2e/year.

In general, conventional methods stand out for 
their high degree of techno-economic feasibility. 
Conversely, novel solutions are superior based on 
their removal potential and greater durability.
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3.1 Areas to watch

Activity in the market

Many companies are actively buying and selling 
carbon removal credits, using a range of novel 
methods. As of 2024, the CDR.fyi leaderboard listed 
the following as top suppliers by tonnes sold*:

•	 BECCS credits: Ørsted, Stockholm Exergi, Drax 
and Arbor

•	 DACCS credits: 1PointFive, Heirloom and 
Climeworks

•	 Biochar credits: Exomad Green, Carboneers, The 
Next 150 and Aperam BioEnergia

* Note that tonnes sold does not necessarily indicate 
that the company has already delivered those carbon 
removals. In many cases, the delivery process is still in 
its early stages.

As of 2024, CDR.fyi reported the following as top 
buyers of removal credits: Microsoft, Frontier Buyers, 
Airbus, Equinor, Amazon, NextGen, BCG, Google, 
Shopify and Swiss Re.

As of 2024, top providers/intermediaries of removal 
credits include: Puro, Carbonfuture, Isometric, 
Senken, Supercritical, Patch, Accend, Carbonx, First 
Climate and Watershed.

New GHG protocol guidance

The GHG Protocol provides global standards for 
measuring and managing GHG emissions across 
private and public sectors. The Protocol is currently 
developing a framework, The Land Sector and 
Removals Guidance, to help companies report GHG 
emissions and removals related to land use, land 
management, and carbon removal technologies. 
This guidance will build on existing standards and will 
help companies understand how removal activities 
impact GHG emissions, support development of 
mitigation strategies, and provide guidance on 
reporting removals. A final version of the guidance 
is expected in early 2025. More information on the 
forthcoming guidance can be found on the GHG 
Protocol website37. 

United Nations Framework 
Convention on Climate Change 
(UNFCCC) negotiations

At the UNFCCC’s annual global climate summit in 
November 2024, COP29, greenhouse gas removals 
did not form part of the official negotiations38. 
However, significant progress was achieved under 
Article 6 of the Paris Agreement, which establishes 
a framework for an international carbon market. Up 
until COP29, clear operational guidance for removals 
under Article 6 had not been developed. Just before 
the conference in October 2024, the UN Supervisory 
Body presented updated recommendations on 
removal activities, including methodology and 

baseline-setting rules for the international carbon 
market39. These recommendations were accepted 
on the first day of COP29 negotiations, marking a 
breakthrough in the operationalisation of Article 640. 
The agreement at COP29 finalises nearly a decade 
of negotiations and establishes comprehensive rules 
for carbon trading under Article 6.2 (country-to-
country trading) and Article 6.4, which includes the 
new Paris Agreement Crediting Mechanism (PACM)41. 

Despite these advancements, challenges remain. 
Concerns include risks of reversal for nature-based 
solutions and ensuring the additionality of projects42. 
To address these, the Supervisory Body has been 
tasked with further developing guidelines on 
baselines, additionality, and risk management ahead 
of COP30 in Belém in November 202543. The first 
PACM methodologies are expected to be approved 
by the second half of 2025, paving the way for 
project registrations and eventual trading under the 
new framework44.

For more information on COP29, refer to the Climate 
Governance Initiative’s pre- and post-COP29 
briefings. For more on the global policy outlook on 
GGR, see section 6. 

https://www.cdr.fyi/leaderboards
https://unfccc.int/files/meetings/paris_nov_2015/application/pdf/paris_agreement_english_.pdf
https://hub.climate-governance.org/article/preCOP29_briefing
https://hub.climate-governance.org/article/cop29_outcomes
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Having set out the need for GGR in section 1.2, how 
can businesses actively engage, participate in, and 
invest in these solutions? Offsetting is one relatively 
well recognised approach which presents some 
complex risks and opportunities that businesses 
must consider. However, there are numerous 
other strategies that businesses can leverage to 
channel investment into removals. The following 
mechanisms are not mutually exclusive and can often 
be employed in combination for greater impact. 
Broadly, they can be grouped into two categories: 
actions within the business’s value chain and those 
beyond it45.

4.1 GGR within the value chain
Organisational climate mitigation strategies begin 
by accounting for their current levels of GHG 
emissions and taking steps within their value chain 
to lower them. Within this context, there are several 
mechanisms to invest in GGR both external and 
internal to a company’s operations46.

4.1.1 Internal investment

Businesses can leverage the following channels 
within their value chain to support GGR:

•	 Products: Companies can develop GHG-
negative products (e.g., carbon-negative 
cement) or financial tools like concessional 
loans and tailored insurance to bolster the GGR 
ecosystem.

•	 Insetting: Some organisations may have the 
opportunity to establish internal carbon removal 
projects within their business operations that 
align directly with their net zero goals. For 
example, an organisation in the land-use sector 
may be able to set aside some of its land for 
afforestation projects.

Procurement: Businesses can integrate carbon 
removal by-products into their supply chains, 
supporting the development of removal 
technologies and materials. For example, businesses 
can purchase by-products of removals, such as 
fertilisers or carbonation for beverages.

4.1.2 External investment

The private sector can channel external investment 
into GGR through several mechanisms, often 
linked to their scope 3 category of ’invested 
emissions,’ including the following:

•	 Acquisitions: Mature GGR projects, services, 
and platforms present business opportunities 
for acquisition, whether or not they align directly 
with the organisation’s value chain.

•	 Stocks: Investing in stocks offers accessible 
capital support for GGR developers, helping 
address the significant upfront costs of these 
projects.

•	 Bonds: Green bonds, already used for carbon 
capture and storage (CCS), provide another 
route for private-sector investment in GGR 
technologies.
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4.2 GGR beyond the value 
chain
The majority of potential GGR investment 
opportunities lie beyond the boundaries of an 
organisation’s GHG emissions inventory, making 
use of compensation and contribution levers. 
Compensation mechanisms include compliance 
obligations, reverse auctions, advanced market 
commitments, and voluntary carbon markets. 
Contribution mechanisms include catalytic finance 
and innovation funds47. 

For more information on the different channels for 
investing in GGR, see the Oxford Sustainable Finance 
Group’s 2024 working paper Investing in Carbon 
Removal: Levers for the Private Sector.

4.2.1 The voluntary carbon market 
(VCM)

Reducing GHG emissions across the value chain 
is crucial for any corporate net zero strategy. 
However, many organisations will have residual 
emissions that cannot be fully eliminated through 
reduction activities alone. For these companies, 
purchasing carbon credits from the voluntary 
carbon market (VCM) offers a way to address these 
remaining emissions. The voluntary carbon market 
(VCM) provides platforms through which entities 
can finance projects that reduce or remove CO2 

emissions, allowing businesses to offset residual 
(or unavoidable) emissions by reducing emissions 
elsewhere, or to take them towards a net negative 
emissions outcome. The VCM deals exclusively with 
carbon credits, which represent 1 tonne of avoided, 
reduced, or removed CO2 emissions or equivalent 
GHGs. These credits are generally traded through 
projects in the forestry, agriculture, or energy 
sectors. 

It is important to note that VCM projects are, at 
present, mostly delivering emission reductions 
rather than removals48. Currently, carbon removal 
projects make up a small share of credit purchases 
and retirements in the VCM: in 2023, carbon 
removal credits accounted for less than 10% of total 
credits sold on the VCM. In order to achieve net 
zero and counterbalance residual GHG emissions, 
organisations need to shift from offsetting towards 
removal credits, aiming for 100% removal credits by 
205049. 

The VCM is not without issues. In the recent past, the 
VCM has faced transparency issues, such as double 
counting, where both project developers and buyers 
claim the same emissions reduction. A notable 
scandal involved the UN’s Clean Development 
Mechanism, where up to 85% of credits provided 
little environmental benefit.50 Additionally, nature-
based solutions like reforestation face increasing 
risks, such as wildfires, that can nullify promised 
carbon sequestration, leading to concerns about the 
effectiveness and integrity of these offsets.51 

Many companies are switching from investment in 
carbon offsets to insets within their own value chain, 
or are moving away from offsetting entirely. For 
example, in 2023, food and beverage giant Nestle 
publicly committed to shifting away from the use of 
offsets to achieve carbon neutral brands, focusing 
instead on reducing emissions within its value chain.

52

For more on the opportunities and risks of 
participating in the VCM, refer to the Climate 
Governance Institute’s Voluntary Carbon Market 
Risks and Opportunities page within its Carbon 
Pricing Navigator.

https://www.smithschool.ox.ac.uk/sites/default/files/2024-09/Investing-in-Carbon-Removal-Levers-for-the-Private-Sector.pdf
https://www.smithschool.ox.ac.uk/sites/default/files/2024-09/Investing-in-Carbon-Removal-Levers-for-the-Private-Sector.pdf
https://hub.climate-governance.org/Resource/carbon-pricing-navigator/voluntary-carbon-market-risks-and-opportunities?locale=en
https://hub.climate-governance.org/Resource/carbon-pricing-navigator/voluntary-carbon-market-risks-and-opportunities?locale=en
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4.2.2 Carbon offsetting 

Carbon offsetting is a process that involves a 
reduction in, or removal of, carbon dioxide or other 
greenhouse gas emissions from the atmosphere in 
order to compensate for one’s own emissions. Any 
activity that reduces or removes emissions could 
constitute a carbon offset. However, not all offsets 
are created equal, and it is not always clear which 
type of carbon credit a project may be generating. 
Whether or not an offset is considered a removal 
depends on the source of the offset. Offsetting 
done through emissions reduction or avoidance. 
Where carbon is avoided or reduced elsewhere, 
is considered a reduction rather than a removal. 
Examples of reduction offsets include financing 
renewable energy projects, forest and biodiversity 
conservation initiatives, energy efficiency projects 
and waste recycling schemes. 

However, an offset generated by removing carbon 
from the atmosphere elsewhere via natural or 
technological processes is considered a removal. 
For example, removal offsets include financing 
afforestation or reforestation projects and 
supporting coastal or peatland habitat restoration 
projects. A company can then pay for emissions 
removals in another location and count the 
associated removal of CO2 towards its own climate 
targets. See Figure 4 below for a direct comparison 
of emissions reduction offsets and removal offsets.
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OFFSETTING:
EMISSIONS REDUCTION VS REMOVAL

Outcome

2 tonnes of greenhouse gas (GHG)
emitted into the atmosphere.

Reduction in (GHG) going into the 
atmosphere (from 2 to 1 tonnes) 
when compared tono strategy in 
place. Necessary but not sufficient 
to achieve net zero.

Net zero greenhouse gas emissions. 
Organisations should shift towards 
GGR  offsetting with high durability 
to be compatible with net zero.

No strategy
in place

Offsetting via 
emissions removal
/greenhouse gas 
removal (GGR)

Offsetting
via emissions
reduction
or avoidance

Examples

Renewable
energy projects, 
forest protection

Afforestation,
BECCS, biochar, 
DACCS, enhanced 
rock weathering etc.

N/A

Adapted from CO2RE, 2024.

  1 tonne GHG emitted

  1 tonne emitted

  1 tonne emitted

  1 tonne emitted

Net zero emissions

  2 tonnes emitted

1 tonne emitted 
elsewhere

1 tonne avoided or
reduced elsewhere

1 tonne removed

Figure 4. Carbon offsetting: emissions reduction vs removal
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The problem with offsetting, even removal offsets, 
is that it does not reduce overall GHG levels in 
the atmosphere. Offsetting alone is not enough 
to limit global warming to 1.5°C, because offsets 
are designed to neutralise emissions, not lower 
atmospheric CO2 concentrations. Their goal is to 
maintain, rather than decrease, net emissions53. 
To meet the Paris Agreement’s temperature goal, 
companies must go beyond neutralising current 
emissions by removing more GHGs than they emit, 
achieving net-negative emissions to account for 
historical emissions. However, whilst offsetting does 
not always remove GHGs from the atmosphere which 
an organisation has directly released, it is an effective 
means of getting finance to flow to projects which 
can reduce, and remove, emissions.

For more information on carbon offsetting, visit the 
CCE’s carbon offsetting explainer. 

4.2.2.1 Carbon credits

Emission reductions from carbon offsetting 
projects should first be verified for accuracy by an 
independent third party. After verification, they are 
sold as a carbon credit or unit which represents a 
certain volume of emission reductions. 

Carbon credits allow companies to meet climate 
targets by purchasing credits for their emissions 
from an external source where emissions are either 
reduced, removed or avoided. This may then be 
counted towards a company’s own emissions 
targets. 

A number of carbon offset standards and markets 
exist, including under mandatory (compliance) 
schemes and voluntary programmes. Compliance 
markets are created and regulated by mandatory 
national, regional, or international carbon reduction 
regimes linked to national climate commitments 
under the UNFCCC. Voluntary carbon markets 
function outside of compliance markets.

For further information on carbon pricing and 
markets, read the Climate Governance Initiative’s 
carbon pricing navigator.

https://climatehughes.org/carbon-offsetting-explained/
https://hub.climate-governance.org/resource/carbon-pricing-navigator
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A company’s climate strategy should prioritise 
reducing emissions within its operations (scope 1 
or 2 emissions) and across its value chain (scope 
3 emissions). GGR is not a substitute for in-value 
chain decarbonisation efforts. However, unless 
they can fully eliminate all emissions, companies 
that commit to attaining net-zero emissions are 
effectively committing to investing in GGR to some 
extent54. For heavy emitting industries and harder-to-
abate sectors that, due to technical barriers, cannot 
reduce their emissions quickly enough to meet net 
zero targets, GGR provides an additional option 
to accelerate the transition to net zero emissions. 
Such sectors include heavy industry (cement, steel, 
chemicals and aluminium) and heavy-duty transport 
(shipping, trucking and aviation). 

When purchasing GGR credits on the voluntary 
carbon market (VCM), companies need to be aware 
of the complexities of using the VCM for removals. 
Challenges may include the varying quality of carbon 
credits, difficulty in verifying the effectiveness 
of removal projects, and potential discrepancies 
between removal credits and reduction credits. 
For more information on offsetting, the VCM and 
removals, refer back to section 4.2.

A company may also apply carbon insetting along its 
value chain, as explained above (4.1). Insetting can 
generate both GHG emission reductions, and carbon 
storage and removal, helping an organisation to meet 
net zero targets whilst simultaneously generating 
positive impacts for communities, landscapes and 
ecosystems. 

If companies delay investing in GGR until they have 
reduced their own emissions as much as possible, 
the necessary GGR methods may not be mature 
enough or available at scale to remove their residual 
emissions. Supply of GGR may also be limited if 
early-mover companies secure access early on. 
Companies should therefore start investing in GGR 
solutions alongside their emissions reductions 
activities, sending clear demand signals to the 
market and ensuring that technological solutions will 
be available when needed55.

The Science Based Targets initiative (SBTi) 
recommends that companies initially prioritise 
conventional natural carbon sink projects, whilst 
gradually increasing their portfolio of novel removal 
methods. Increased investment will help novel 
methods overcome current techno-economic 
challenges and scale up for future needs56. 

For some companies, the ability to capture and value 
carbon may present an opportunity to become 
carbon negative, removing more CO2 from the 
atmosphere than they emit. Going net-negative 
is predicted to have a number of benefits for 
companies, including reputational benefits, 
positioning as a market leader, reducing climate 
risk for shareholders without impacting short-term 
returns, and eliminating the burden of carbon taxes57. 

GGR may also present new revenue and growth 
opportunities for businesses by tapping into future 
trillion-dollar markets for products which use GHGs 
as an input.
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5.1 GGR opportunities for 
businesses 
As board directors and business leaders realign 
company strategies towards value-led approaches 
with long-term sustainability as a core objective, they 
should consider:

•	 Innovation, supply chain and customer 
opportunities and risks presented by GGR 
approaches.

•	 How the organisation’s competitive advantage 
could be enhanced by engaging with GGR 
innovators to help the GGR solutions to scale-
up.

•	 Which GGR approaches could be adopted to 
accelerate achievement of corporate climate 
commitments, and expand them.

•	 The investment opportunities of GGR for the 
organisation, including local policy support 
mechanisms

•	 How GGR investment can align with local 
community sustainability objectives, particularly 
in locations where the organisation has business 
operations.

5.2 Evaluation of GGR
Choosing which GGR methods to invest in can be 
challenging for businesses and investors given 
the variety of options available, each at different 
stages of development and with distinct attributes 
and challenges. These methods may have both 
positive and negative side effects, such as resource 
competition or impacts on biodiversity and local 
communities. However, many GGR projects are 
designed to align with the Sustainable Development 
Goals (SDGs), allowing companies to integrate 
broader sustainability goals into their GGR portfolios.

To make informed investment decisions, companies 
and investors need to understand the attributes, 
impacts, and specific investment needs of different 
GGR methods. This knowledge is required to justify 
price points and ensure that any projects supported 
meet minimum quality and integrity standards. A 
robust due diligence process can help mitigate 
against risks such as reputational damage from 
‘greenwashing’ accusations, financial instability, 
operational failures, and political uncertainty58.

Evaluating GGR projects typically involves assessing 
their GHG removal capacity, longevity, and 
long-term sustainability59. Several organisations 
have developed comprehensive frameworks to 
help companies compare and prioritise different 
CDR methods, such as CO2RE’s GGR Evaluation 
Framework, the World Business Council for 
Sustainable Development’s (WBCSD) multi-criteria 
decision analysis framework, the University of 
Oxford’s Principles for Net Zero Aligned Carbon 
Offsetting, and the Integrity Council for the Voluntary 
Carbon Market’s (ICVCM) Assessment Framework.

When removing residual emissions, companies 
should ensure their removals are based on credible 
standards, are additional, monitored, verified, and 
provide long-term or permanent storage. It is also 
important to avoid double-counting and to ensure 
that projects do not harm social or environmental 
systems60.

https://sdgs.un.org/goals
https://sdgs.un.org/goals
https://co2re.org/ggr-evaluation/
https://co2re.org/ggr-evaluation/
https://www.wbcsd.org/wp-content/uploads/2023/09/Removing-carbon-responsibly_A-guide-for-business-on-carbon-removal-adoption.pdf
https://www.wbcsd.org/wp-content/uploads/2023/09/Removing-carbon-responsibly_A-guide-for-business-on-carbon-removal-adoption.pdf
https://www.smithschool.ox.ac.uk/sites/default/files/2024-02/Oxford-Principles-for-Net-Zero-Aligned-Carbon-Offsetting-revised-2024.pdf
https://www.smithschool.ox.ac.uk/sites/default/files/2024-02/Oxford-Principles-for-Net-Zero-Aligned-Carbon-Offsetting-revised-2024.pdf
https://icvcm.org/assessment-framework/
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The momentum for GGR has increased in recent 
years as countries and organisations set and 
increase their net zero pledges, and the focus shifts 
to delivery against these targets. At the UN’s 2024 
global climate summit, COP29, in Baku; GGR gained 
some momentum in some of the ‘green zone’ side 
events, and significant progress was achieved on 
Article 6 of the Paris Agreement, which established 
clear operational guidance for removals, although it 
was largely ignored during official negotiations (see 
section 3.1). However, to scale up GGR, targeted 
policy is needed that will translate this momentum 
into actionable strategies for development and 
deployment. At present, global and national 
government policy for GGR remains vague61. 

6.1 Global governance
Governments and businesses are increasingly 
interested in leveraging GGR to meet their long-term 
climate goals. However, there is limited guidance on 
how to integrate GGR into climate plans62. 

Some key governance challenges and questions are 
emerging that need to be addressed:

•	 How to ensure that GHG removal is in addition to, 
and not an alternative to emissions reduction.

•	 Which GGR activities should be deployed, by 
whom, by when, at which volumes and in which 
ways. 

•	 How to ensure the costs and benefits of 
developing and using GGR solutions are fairly 
distributed in the just transition to net zero.

•	 How to accurately measure, report and verify the 
effectiveness of GGR activities. 

International organisations like the UNFCCC and the 
Intergovernmental Panel on Climate Change (IPCC), 
national, subnational and supranational bodies, 
academia, and civil society can help to explore 
and tackle these challenges. Possible actions 
include providing guidance on balancing emissions 
reductions with GGR, defining what qualifies as 
“hard-to-abate” emissions, fostering dialogue 
between countries, providing technical and financial 
support for developing GGR projects, connecting 
stakeholders for collaboration within, between and 
across countries; and differentiating reduction and 
removal credits63.

A recent report from the University of Oxford 
highlights a need for improved GGR governance in 
four areas:

1.	 Creating policy frameworks and mechanisms 
that support GGR research and development 
(R&D) and measuring, reporting and verification 
(MRV) standards;

2.	Regulatory policy for GHG emissions that sets 
requirements for emissions removal.

3.	Policy that restricts harmful deployment of 
GGR (e.g. fraud or environmental damage) and 
creates regulatory safeguards

4.	Policy that improves GGR decision-making for 
businesses, policymakers and communities 
(e.g. requirements for public consultations and 
community assessments).

Progress in these areas of governance has so far 
been uneven and insufficient. The greatest progress 
globally has been in developing R&D support 
for novel GGR methods and in establishing MRV 
protocols (point 1 above), although there is still a 
need for more and better policy in these areas. The 
remaining governance areas identified (points 2-4 
above) have mostly either not been progressed or 
are still at the exploration stages. 

Crucially, there is a global gap between which GGR 
activities countries have pledged to undertake 
(in their Nationally Determined Contributions 
(NDCs) under the UNFCCC) and the amount of 
GGR needed to achieve the Paris temperature 
goals64. National proposals are often ambiguous 
and lack transparency and credibility. This GGR 
gap can be closed through rapid emissions 
reductions, increasing current conventional GGR 
using sustainable practices, and scaling novel GGR 
solutions65.

https://unfccc.int/files/meetings/paris_nov_2015/application/pdf/paris_agreement_english_.pdf
https://static1.squarespace.com/static/633458017a1ae214f3772c76/t/665ed1e2b9d34b2bf8e17c63/1717490167773/The-State-of-Carbon-Dioxide-Removal-2Edition.pdf
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6.2 Policy evaluation of GGR
Policymakers need to consider many dimensions 
when evaluating the efficacy of different 
GGR methods. Below are some key points for 
policymakers to consider: 

•	 The purpose of GGR is to remove GHGs and help 
to address and reduce human-induced climate 
change, with various methods offering different 
levels of effectiveness and duration of storage.

•	 A robust and supportive legal framework 
is essential for scaling GGR solutions, 
while excessive regulation could hinder its 
development.

•	 Evaluation of different GGR options requires 
considering both the climate impact and 
broader environmental effects of individual 
approaches, including resource use, pollution 
and nature impacts.

•	 Public attitudes and societal impacts must also 
be considered in GGR development, as these 
solutions and technologies will interact with 
communities and environments.

•	 GGR methods require energy and natural 
resources, which will need to be efficiently 
deployed in order to minimise competition with 
other crucial activities like food and energy 
production.

•	 Business models play an important role in 
deploying GGR but must be designed to support 
sustainable and equitable net-zero goals. 
Policymakers can develop ways to identify 
different business models for GGR, enabling 
them to assess how different companies or 
proposals could contribute to achieving net zero 
targets. This approach also helps policymakers 
pinpoint gaps where businesses may require 
support to enhance their contribution.

For more information, visit CO2RE’s GGR evaluation 
page.

6.3 Public acceptance
Public acceptance must be considered for any 
potential deployment of GGR at scale. The proposed 
GGR solutions have a variety of risk profiles and 
externalities, and public acceptance of these 
factors will be critical for the long-term success and 
continued deployment of the solutions. There is a 
need to ensure innovation is undertaken responsibly 
whilst also acting with haste. 

A programme of public engagement surrounding 
GGRs should be considered by policymakers, 
businesses and academics. Whilst coverage of 
GGR in social media and general media has grown 
over the past few years, there is generally low 
public awareness about GGR and a risk of spillover 
effects from controversies in related sectors66. For 
instance, carbon credits for offsetting and CCS 
have suffered from poor public perception, branded 
as ‘ways to let ourselves off the hook for reducing 

carbon emissions’ or even as ‘geoengineering’. As 
highlighted in this paper, GGRs are not an alternative 
to emission reduction solutions, and it is important 
that their role is framed appropriately. Thus, engaging 
with the public presents both opportunities and 
challenges for GGR adoption, and it is important 
to leverage best practices for responsible 
communication when framing GGR. 

For more on effectively communicating about 
GGR to the public, refer to Chapter 6 in the State of 
Carbon Dioxide Removal report.

6.4 Risks to other sectors
Deploying GGR, especially at scale, poses a number 
of risks to other sectors. Direct air capture (DAC) will 
require a large amount of energy when deployed at 
scale, whilst BECCS and biochar will have significant 
impacts on land and water in terms of requirements 
for forestation. Some nature-based solutions also 
pose risks to biodiversity and ecosystem services. 
However, if planned and deployed strategically, 
some GGR options can provide benefits beyond 
climate change mitigation67.

A good policy framework should recognise and 
assess the key benefits and risks of different GGR 
methods and use the full range of different solutions 
and technologies needed to tackle an issue of this 
scale. Doing so will allow governments to make 
the most efficient use of land and resources, and 
avoid potentially extreme negative impacts caused 
by deploying such technologies and solutions in 
isolation at a large scale.

https://co2re.org/ggr-evaluation/
https://static1.squarespace.com/static/633458017a1ae214f3772c76/t/665ed1e2b9d34b2bf8e17c63/1717490167773/The-State-of-Carbon-Dioxide-Removal-2Edition.pdf
https://static1.squarespace.com/static/633458017a1ae214f3772c76/t/665ed1e2b9d34b2bf8e17c63/1717490167773/The-State-of-Carbon-Dioxide-Removal-2Edition.pdf
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6.5 Knowledge and skills gaps
A sufficiently experienced base of GGR practitioners 
is yet to be developed in most economies. Many of 
the skills within sectors that will be phased out in the 
net zero transition, such as in coal and oil, could be 
transferred into the emerging GGR industry and help 
to mitigate the risk of job losses with new, ‘green’ 
jobs.

6.6. National GGR policy 
developments
Governments are increasingly investing in GGR 
projects. A combination of mechanisms such as 
blended finance, which combines public and private 
funds, public finance, subsidies and investment, 
are promising strategies to increase investment 
in global GGR projects while leveraging private 
sector expertise. Public financing leverages the 
strengths of both public and private sectors: public 
funds can help offset the risks of early-stage GGR 
projects, making them more attractive to private 
investors. This, in turn, can lead to greater private 
sector participation. The involvement of private 
companies often brings innovation and technical 
expertise, which can improve the efficiency and 
impact of projects 68. Because governments are 
increasingly funding GGR projects, this may provide 
opportunities for private sector involvement. The 
following examples illustrate how governments are 
engaging with GGR to create opportunities for the 
private sector:

UK

In the UK, businesses and start-ups are beginning 
to engage in GGR, and the UK Government is 
supporting the GGR industry through policy 
developments and R&D funding. The government 
has acknowledged the importance of GGR in 
compensating for residual GHG emissions in hard-
to-abate sectors, with an estimated deployment of 
at least 5 MtCO2e of removals needed by 203069, 
23 MtCO2e/year by 2035 and 75-81MtCO2e/year by 
205070. 

The UK Government with its research arm, UK 
Research and Innovation (UKRI), has committed £100 
million from 2021 to 2025 to research, development 
and demonstration of GGR projects. Examples of 
UK Government backed R&D activities include five 
GGR demonstrator projects, and a competition on 
Direct Air Capture and other GGR technologies71. 
Other policy actions include developments of 
GGR business models, monitoring, reporting 
and verification (MRV), access to carbon capture 
and storage (CCS) infrastructure and exploring 
integration with the UK Emissions Trading Scheme 
(ETS)72. However, despite these efforts, progress 
on developing removals is well behind schedule, 
making the target of removing at least 5 MtCO2e per 
year by 2030 increasingly challenging73. A sufficient 
supply of GGR practitioners has not yet been 
developed. The UK Government is funding a variety 
of GGR technologies through the Greenhouse Gas 
Innovation Programme, which will produce several 
operational pilot plants by 2025, with a view of 
developing the jobs and skills necessary for the 
growth of this nascent sector74.

https://co2re.org/ggr-projects/
https://co2re.org/ggr-projects/
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USA

In the United States, the Inflation Reduction Act (IRA) 
was passed on August 16, 2022, and announced $369 
billion in total investment across a range of clean 
energy, emissions reduction, and environmental 
protection programmes. The IRA increased financial 
support for GGR through enhancements to Section 
45Q of the Internal Revenue Code. Section 45Q 
offers a tax credit per tonne of CO2 sequestered, 
making it a key policy for supporting GGR efforts in 
the US. The IRA also introduced additional funding 
and incentives that could benefit GGR deployment, 
including over $5.8 billion from the Advanced 
Industrial Facilities Deployment Program and support 
from other federal programmes75.

European Union

The European Commission has offered €28.5 million 
in funding for GGR projects in the EU. This is part of a 
larger €62 million package focused on technologies 
like biochar, BECCS and enhanced weathering. 
The goal is to support up to a dozen projects, with 
funding between €1 and €5 million each, covering up 
to 60% of project costs76. More GGR funding from 
the EU is expected in future.

Brazil

Brazil’s climate policy is gaining momentum under 
the government of President Lula da Silva, with 
a renewed focus on reducing deforestation and 
promoting nature-based solutions. Initiatives 
such as the Arc of Restoration programme and the 
recommitment to restoring 12 million hectares of 
land by 2030 signal opportunities for private sector 
collaboration in ecological restoration and carbon 
removal. In agriculture, longstanding programs like 
Plan ABC are converging with new business-led 
initiatives, including protocols for GHG-neutral 
commodities, creating avenues for private 
investment in sustainable practices77. 
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Greenhouse Gas Removal activities will form an 
essential component of the global transition to net 
zero by 2050, as well as longer-term mitigation of 
climate change. Despite this, there are significant 
technological and research challenges yet to be 
addressed, and the current readiness levels of many 
GGR solutions are insufficient. A rapid programme 
of research and development to address remaining 
knowledge gaps, accelerate new GGR technologies 
and to fund, construct and evaluate pilot projects is 
urgently required in order to meet net zero targets. 

An economic paradox arises when looking to attract 
the investment necessary to scale GGR to the levels 
needed for the global net zero transition. On one 
hand, as GGR solutions and technology become 
more readily available and more widely used; 
availability, learning and efficiency should increase, 
leading to lower costs78. On the other hand, GGR is 
a scarce resource in limited supply. Basic economic 
theory suggests that when resources are scarce, 
and demand is increasing (with increasing corporate 
demand for GGR solutions), this will drive prices 
up79. These two forces are likely to drive against one 
another causing a slower rate of price decrease for 
GGR solutions than is desired and needed for the 
urgency of the net zero transition. Further research 
is needed in this area to explore how best to address 
this issue and help to drive down prices in order to 
scale up deployment of GGR solutions.

There is a clear role for policymakers to develop the 
legal and market frameworks that will support R&D, 
private sector investment and adoption of GGR 
solutions, whilst ensuring robust MRV processes. 
There is also an important role for business leaders 
to better understand how GGR can accelerate their 
organisation’s net zero transition, and to consider the 
investment and market expansion opportunities that 
GGR presents.
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This annex provides a detailed exploration of 
GGR strategies, offering country-specific 
examples of policies and initiatives from select 
nations. By examining diverse approaches to 
GGR implementation, the section highlights how 
governments are leveraging policy tools to scale 
up removals. Additionally, it includes examples of 
GGR projects categorised by removal type—such 
as BECCS, DACCS and biochar—demonstrating 
practical applications and outcomes. Together, 
these examples underscore the global momentum 
and innovation driving GGR efforts. These examples 
reflect the state of GGR policies and projects at 
the time of writing, but they are likely to evolve 
as technologies, policies, and national priorities 
continue to develop.

1. Countries

Denmark

Denmark is becoming a leader in carbon capture 
and storage (CCS) and carbon dioxide removal 
(CDR), focusing on scaling up these technologies 
from 2025 to 2035. The Danish Energy Agency 
projects that by 2050, Danish CDR could store up to 
13 MtCO2e (13 million tonnes) in negative emissions. 
The government is particularly invested in biochar 
production, BECCS, and expanding geological 
storage capacity in the North Sea. Denmark’s 
Climate Programme 2022 outlines strategies to 
implement different CDR methods by 2030, which 
could remove nearly 3 MtCO2e per year. Denmark is 
a pioneer in international CO2 storage, working with 
Belgium to store CO2 from abroad. It also plans to 
provide storage space for other EU countries, with 
an estimated CO2 storage potential of 22 Gt (22 
billion tonnes). The Danish government has provided 
significant funding to CDR projects, such as Orsted’s 
€1.1 billion project to capture and store 0.4MtCO2e 
annually starting in 2025. Further tenders for CDR 
projects are expected in 2025 and beyond80.

UK

The UK is actively developing markets for novel CDR 
methods through policy and innovation funding, 
with £100 million dedicated to CDR projects. The 
government is focusing on biochar, enhanced rock 
weathering and BECCS as part of its broader GGR 
strategy. The government is creating business 
models to support the deployment of CDR 
technologies, such as a “contract for difference” 
(CfD) structure for BECCS to incentivise both 
electricity generation and carbon removal. There 
is an ongoing public consultation on integrating 
GGR into the UK Emissions Trading Scheme (ETS) 
as a long-term market mechanism. The UK is also 
supportive of nature-based solutions, with legally 
binding targets to increase tree and woodland 
cover and restore peatlands in place. In future, the 
UK government plans to consult on how to develop 
high-integrity voluntary carbon markets (VCMs). It is 
also partnering with the UK’s national standards body 
to create investment standards for nature markets 
and ecosystems81.
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Switzerland

CDR is a key part of Switzerland’s climate policy. The 
Swiss long-term plan sets specific targets for CDR: it 
aims to remove 2MtCO2e per year within its borders 
and 5tCO2e abroad. The Swiss government has 
created a roadmap for CDR which includes numerous 
initiatives and mechanisms to support research, 
development and innovation, with a focus on scaling 
up these technologies by 2030. As CDR is enshrined 
in Swiss law, the implementation of CDR should 
closely follow the government’s CDR roadmap82. 

USA

The US passed the Bipartisan Infrastructure Law in 
2021 and the Inflation Reduction Act in 2022, and has 
begun to use those funds to support GGR projects. 
This includes selecting projects for the $1.2 billion 
Regional Direct Air Capture Hubs programme and 
funding soil carbon sequestration and ecosystem 
restoration. In 2023, $24 million was allocated for 
marine carbon removal research, and a $35 million 
CDR Purchase Pilot Prize was launched to buy 
carbon removal credits from various GGR methods. 
In February 2024, the Department of Energy 
announced up to $100 million for GGR pilot projects 
and testing facilities 83.

Japan

Japan aims to achieve net zero greenhouse gas 
emissions by 2050 and has updated its laws to 
support this goal. The government is focusing on 
GGR as a key strategy, particularly through methods 
like direct air capture, enhanced rock weathering, 
and coastal wetland restoration. Japan has launched 
funding programs for GGR research and pilot 
projects, including the Green Innovation Fund and 
the Moonshot Research and Development Program. 
Additionally, Japan’s emissions trading system will 
soon allow carbon removals to be traded as credits84.

Brazil

In Brazil, GGR efforts are primarily linked to 
agriculture and nature conservation, with recent 
government changes boosting climate policy focus. 
Under President Lula de Silva, the government has 
emphasised conventional GGR, including plans 
to restore 12 million hectares of land by 2030 and 
initiatives like the Tropical Forest Forever Facility and 
the Arc of Restoration programme, which focus on 
ecological restoration and carbon storage. These 
efforts aim to address deforestation and enhance 
GGR. Additionally, the potential for BECCS in 
ethanol production is being explored as a novel GGR 
method85.

For more country-specific removal developments 
in Europe, refer to the Carbon Gap’s tracker. Other 
case studies can be found in the State of Carbon 
Dioxide Removal report in Chapter 5. 

https://tracker.carbongap.org
https://static1.squarespace.com/static/633458017a1ae214f3772c76/t/665ed1e2b9d34b2bf8e17c63/1717490167773/The-State-of-Carbon-Dioxide-Removal-2Edition.pdf
https://static1.squarespace.com/static/633458017a1ae214f3772c76/t/665ed1e2b9d34b2bf8e17c63/1717490167773/The-State-of-Carbon-Dioxide-Removal-2Edition.pdf
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2. GGR methods

DACCS

Iceland is home to the world’s largest DACCS facility, 
the Mammoth plant, operated by Climeworks. The 
plant has an estimated capture capacity of 36,000 
tonnes of CO2 per year and will be fully operational 
by the end of 2024. Although DACCS operations are 
energy intensive, the Mammoth plant is powered by 
Iceland’s renewable geothermal power plants86. 

BECCS 

In the USA, Archer Daniels Midland’s ethanol 
production facility in Illinois is the only large-scale 
(approximately 1 million tons per year) BECCS facility 
currently operating in the world. The facility has been 
capturing CO2 for permanent geological storage 
since 201887. However, it has not yet reached full 
capacity, and the plant still emits more CO2 from 
fossil fuel combustion than it captures through 
BECCS88.

Biochar

In March 2023, Exomad Green opened their 
first biochar facility in Concepción, Bolivia, with 
operations scaling up over 2024. The facility’s 
estimated removal potential is up to 200,000 
tonnes of CO2 per year. The plant sources biomass 
residues from local sawmills to create biochar. The 
project is expected to deliver co-benefits beyond 
carbon management, as the biomass residues would 
otherwise be burned, harming human health and 
increasing fire risks from open burning89. The biochar 
produced is then donated to local indigenous 
communities to enhance their agricultural yields90. 
Exomad Green then sells verified biochar carbon 
removal credits on the voluntary carbon market91. 

For more information on top suppliers and buyers of 
different GGR methods, visit CDR.fyi’s tracker. 

The IEA has compiled a database covering all large-
scale CO2 capture, transport, storage, and utilisation 
projects commissioned or in planning worldwide. 

https://climeworks.com/plant-mammoth
https://www.cdr.fyi
https://www.iea.org/data-and-statistics/data-tools/ccus-projects-explorer
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