
Challenges and Current Status
Global temperatures have risen significantly, with recent 
data indicating a 1.63°C increase above pre-industrial 
levels [1]. The carbon budget for limiting warming to 1.5°C 
is rapidly depleting [2], emphasising the urgent need for 
effective CDR strategies [3] to sequester and permanently 
store anthropogenic CO2 emissions, and to enable a return 
to the +1.5°C level following a now inevitable overshoot. 
However, effective CDR is hampered by:

Diminishing Carbon Sinks

The activity of terrestrial carbon sinks is slowing [4], calling 
into question sink magnitude and sustainability under fu-
ture climatic conditions. In addition, land use reduces sink 
capacity: In Finland, forest land carbon sink capacity de-
creased by 4.6% between 2021 and 2022, primarily due to 
intensive harvesting [5] and increased CO₂ emissions from 

drained peatland forests [6]. Similar trends are observed in 
Sweden and Norway.

Insufficient Current Measures

Existing efforts in afforestation and reforestation are inade-
quate. Without scaling up these initiatives and integrating 
technological solutions, achieving net-zero emissions by 
2050 remains unlikely (see Fig. 1).

Policy and Regulatory Gaps

There’s a lack of comprehensive policies that incorporate 
CDR into Nationally Determined Contributions (NDCs). 
Moreover, the absence of standardised carbon sink meas-
urements hinders progress.
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Figure 1. To achieve Paris agreement goals, significant reductions in CO2 emissions need to be accompanied and followed up 
by massive scale-up of CO2 capture using nature-based and technical solutions (adapted from [7])

Solutions and Opportunities

To effectively meet net-zero climate targets, Europe must 
rapidly scale up carbon dioxide removal (CDR) by combining 
nature-based and technological solutions ([7-10], see 
Fig. 1). These efforts present several clear opportunities:

Strengthen Land-Based CDR

Nature-based solutions such as afforestation, reforesta-
tion, and improved forest management remain cost-ef-
fective and scalable. Restoring degraded ecosystems, 
halting deforestation, and promoting biodiversity-positive 
land use can significantly enhance natural carbon sinks 
while providing co-benefits for water quality, biodiversity, 
and livelihoods.

Deploy Technological Innovations

Emerging technologies such as bioenergy with carbon 
capture and storage (BECCS), direct air carbon cap-
ture and storage (DACCS), and enhanced weathering 
can supplement natural approaches, especially in hard-
to-abate sectors. Investment in pilot projects, testing, and 
scaling is needed to bring these options to maturity and 
market viability.

Integrate CDR into Climate Policy

Few national climate plans currently include meaningful 
CDR components. This presents an opportunity to em-
bed CDR into Nationally Determined Contributions 
(NDCs), long-term climate strategies, and land use plan-

ning. Policy alignment at EU and national levels can provide 
clarity and certainty for private and public stakeholders.

Mobilise Finance and Markets

Robust CO₂ pricing mechanisms, performance-based 
incentives, and carbon credit markets can accelerate pri-
vate sector investment. Certification systems for carbon re-
moval are also being developed (e.g. EU Carbon Removal 
Certification Framework), offering transparent, high-integri-
ty pathways for CDR to scale responsibly.



How eLTER can help
Provide long-term ecosystem monitoring 
data to assess CDR effectiveness.

Facilitate interdisciplinary research on 
land-based CDR methods.

Support policy development through 
evidence-based insights.

Enhance stakeholder engagement across 
sectors.

Promote data standardisation for carbon 
sink measurements.

Ways Forward and Recommendations
To enable large-scale carbon dioxide removal in line with 
climate neutrality goals, coordinated, science-based, and 
inclusive strategies are required.

Policymakers must urgently integrate CDR into national 
and EU climate legislation and long-term planning. Na-
ture-based approaches must be protected and expanded, 
while emerging CDR technologies should be supported 
through public-private partnerships and strategic R&D in-
vestments. A comprehensive and transparent CO₂ pricing 
framework is needed to make carbon removals economical-
ly viable, especially in sectors where mitigation is not feasible.

Effective implementation depends on robust MRV sys-
tems, using consistent and transparent methods to track 

carbon sinks and avoid double counting. Efforts must also 
ensure social acceptance and local engagement, par-
ticularly in regions where land-use changes or infrastruc-
ture deployment are required.

Strong collaboration between scientists, industry, 
policymakers, and civil society will be critical to ensure 
CDR methods are environmentally sound, cost-effective, 
and contribute to just climate transitions.

By combining regulatory clarity, financial tools, technological 
innovation, and ecosystem stewardship, Europe can lead 
the way in responsibly scaling carbon removals to meet 
climate targets.

Strengthen Monitoring, Reporting, and Verifi-
cation (MRV)

Accurate and consistent MRV systems are essential for all 
CDR methods. Advances in satellite technology, in situ 
observations, and ecosystem modeling present an op-
portunity to standardise and harmonise data across Europe, 
ensuring that progress is real, measurable, and transparent.

Foster Research and Collaboration

Interdisciplinary, long-term research infrastructures like 
eLTER can serve as neutral platforms for evaluating the en-
vironmental, social, and economic impacts of different CDR 
approaches. Shared data and joint initiatives across coun-
tries will help identify best practices and avoid unintended 
consequences.
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Key messages 
• Anthropogenic and biogenic carbon dioxide removal (CDR) plays a vital role in sequestering 

CO2 from the atmosphere, and the deployment of CDR solutions needs to increase 
exponentially, similar to what has been seen with the solar and wind energy over the past 
decade. 

• Achieving this requires a CO2 price incentive, robust and transparent carbon sink 
measurements and an adequate regulatory framework that includes the role of CDR in 
Nationally Determined Contributions (NDCs). Following the Global Stocktake, future COPs 
must explicitly acknowledge the magnitude of the CDR gap, update carbon budget objectives 
for at least 2070, and preferably 2100, and instigate new negotiations on CDR. 

• Deforestation should be stopped and the capacity of ‘conventional’ land-based CDR, 
primarily via afforestation, reforestation and management of existing forests, should be 
doubled compared to 2020 levels in line with the 1.5 °C pathway. Novel CDR solutions, such 
as direct air capture and storage, bioenergy with carbon capture and storage, enhanced 
weathering and new carbon-rich materials should be developed and deployed at scale within 
this decade. 

Introduction 
Copernicus data (1) shows that the global average temperature – accelerated partly by the El Nino 
effect – for the past twelve months (June 2023–May 2024) was 1.63 °C above the 1850-1900 pre-
industrial average. This kind of development was predicted in the IPCC AR6 report in 2023 (2), which 
noted that by 2030 the global surface temperature in any individual year could exceed 1.5 °C relative 
to 1850–1900 levels. 
 
According to recent estimations by Imperial College (3), the carbon budget for +1.5 °C with 66% 
certainty (60 GtCO2 after 1/2023) will be closed during summer 2024 under current CO2 emissions 
levels (40 GtCO2/y) and with 50% certainty by 2029 (247 GtCO2 after 1/2023).  
 
The rising global temperature and vanishing carbon budget mean that virtually all anthropogenic 
CO2 emissions, from now on, need to be sequestered from the atmosphere and stored permanently 
to enable a return to the +1.5 °C level following a now inevitable overshoot. We may need to 
sequester even more than this, due to the decreased cooling effect of sulphate and other 
anthropogenic aerosol species, the warming effect of the oceans and the weakening of biosphere 
and ocean carbon sinks (4).  
 
In Finland, we have seen the warning signals of weakening biome carbon sinks: the capacity of the 
forest land sink shrank by 4.6% between 2021 and 2022 due to the decreased soil sink of upland 

Key Messages
Immediate action is required to 
scale up CDR efforts.

Combining nature-based and 
technological solutions offers the 
most effective path forward.

Robust policies and financial 
mechanisms are essential to 
drive adoption.

Standardised monitoring ensures 
transparency and effectiveness.

Collaborative research and 
stakeholder engagement are key 
to success.

We therefore 
recommend

Integrate CDR into national 
climate strategies.

Implement CO₂ pricing 
mechanisms.

Invest in R&D for CDR 
technologies.

Standardise carbon sink 
measurement protocols.

Engage communities in 
afforestation initiatives.
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