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Summary

Novel carbon dioxide removal (CDR), such as bioenergy with carbon capture and storage and direct air 
carbon capture and storage, may be needed to achieve China’s target of reaching carbon neutrality by 2060, 
in addition to rapid emissions reductions and conventional land-based CDR. Notable progress is being made 
to advance these technologies in a number of countries and through voluntary carbon markets. However, 
uncertainties persist regarding their scalability as well as potential risks and trade-offs with other sustainable 
development goals. China can build on existing knowledge to expand the country’s CDR portfolio based 
on its domestic context while ensuring emission reduction efforts are not jeopardized. Comprehensive 
assessments on the performance and impacts of CDR options will be needed to help inform policy decisions. 
Dedicated research, development, demonstration support, and robust measurement, reporting, and verifi cation 
systems are critical to accelerate scale-up and bring in private investment.   
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1.Introduction1

1.1 CDR is Necessary to Achieve the Paris Agreement Goals

The latest Intergovernmental Panel on Climate Change (IPCC) report (Babiker et al., 2022) makes clear that 
in addition to rapid and deep emission reductions, carbon dioxide removal (CDR) is necessary in all scenarios 
that are compatible with the Paris Agreement temperature targets. Given insufficient climate action, it’s 
almost unavoidable that global warming may temporarily exceed the 1.5oC threshold before being brought 
down below this level through sustained net-negative emissions in the second half of this century—so-called 
climate overshoot (Reisinger et Geden, 2023). CDR can play multiple roles in these mitigation pathways: 
further reducing net carbon emissions in the near term, counterbalancing residual emissions from hard-to-
abate sectors to reach net-zero emissions, and eventually achieving net-negative emissions to bring warming 
back to below 1.5oC (Babiker et al., 2022). 

CDR has been gaining political support in recent years. The UN Secretary-General explicitly called for 
support to develop CDR: “I also encourage scientists and engineers to focus urgently on carbon dioxide 
removal and storage – to deal safely and sustainably with fi nal emissions from the heavy industries hardest 
to clean. And I urge governments to support them. But let me be clear: These technologies are not a silver 
bullet; they cannot be a substitute for drastic emissions cuts or an excuse to delay fossil fuel phase-out” (UN, 
2024).   

1 All currency is in USD except unless otherwise indicated

Figure 1. CDR methods and their characteristics 

Source: Smith et al., 2024.

1.2 Definitions 

CDR refers to human activities that intentionally remove carbon dioxide (CO2) from the atmosphere and store 
it durably in geological, terrestrial, or ocean reservoirs, or in products (Babiker et al., 2022). There is a wide 
range of different CDR measures, including conventional approaches such as afforestation and reforestation, 
and so-called novel CDR approaches such as bioenergy with carbon capture and storage (BECCS), direct air 
carbon capture and storage (DACCS), biochar, enhanced weathering, and marine CDR (Geden et al., 2024). 
In recent years, two CCS-based CDR methods  (BECCS and DACCS) have gained increasing attention of 
policy-makers and investors because of their high durability of carbon storage. 

BECCS involves “the combination of natural sequestration of atmospheric carbon by biomass during its 
growth with the capture and geological storage of CO2 emitted upon conversion of this biomass to energy. 
If more CO2 is captured and permanently sequestered than is emitted over the entire BECCS value chain, 
this system results in a net removal of CO2 from the atmosphere” (Fajardy, 2022). BECCS has featured 
predominantly in most integrated assessment models’ scenarios compatible with a “well-below” 2oC target. 
DACCS refers to chemical processes to capture ambient CO2 from the atmosphere and store it underground 
(Babiker et al, 2022). Since the publication of the IPCC 6th Assessment, more recent scenarios start to include 
DACCS and other novel CDR methods (Gidden et al., 2024). BECCS and DACCS are still at a nascent 
stage, generating a tiny part of the total amount of removals today (less than 0.1%) (Pongratz et al., 2024). 

Box 1. Distinguishing CDR, CCS, and CCU 

It is important to clearly distinguish between CDR and carbon capture and storage 
(CCS) and carbon capture and utilization (CCU). CCS applied to CO2 from point-
sources of fossil emissions for geological storage cannot reduce the concentration of 
CO2 in the atmosphere. CCS can, however, be a component of two CDR methods, 
such as BECCS and DACCS if atmospheric CO2 is being captured. With regards to 
CCU, in contrast to CCS, the captured CO2 will then be used to produce other products 
such as synthetic fuels, chemicals, and construction materials. Most CCU products 
will eventually be combusted, thus re-releasing CO2 back into atmosphere. CCU can at 
best delay emissions depending on the lifetime of product and carbon footprint of the 
process chain (Schenuit et al., 2023). Using captured CO2 for enhanced oil recovery 
raises serious concerns over providing oil and natural gas industry the legitimacy to 
continue their business (Grubert & Talati, 2024). 

1.3 China Can Build on Existing Knowledge to Expand CDR Portfolio

For China to achieve its carbon neutrality goal by 2060, important volume of CDR will be needed to 
compensate emissions from the hard-to-abate industries (He et al., 2022). It is worth noting that CDR is not 
new to China. The country launched national reforestation/afforestation programs decades ago to address 
other environmental challenges such as desertifi cation, which were then repurposed as a key climate action. 
Incentive policy and regulatory frameworks for the forestry sector are established, such as inclusion into its 
nationally determined contributions (NDC) (UNFCCC, 2021) and the voluntary carbon emission trading 
system (Schenuit et al., 2024). Currently, China provides the largest conventional CDR volume in the world 
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(close to 400 Mt CO2/year) (Pongratz et al., 2024). In addition, ocean-based CDR is also explored in China, 
for example, through the Ocean Negative Carbon Emissions initiative (ONCE, 2024). Blue carbon is also 
featured in China’s NDC as a new measure to achieve the updated goals. 

All CDR measures carry both risks and benefi ts, in particular if deployed at scale. Reforestation/ afforestation 
can bring co-benefi ts for ecosystem services and livelihoods but also come with risks such as competition for 
agricultural land and water resources, shorter durability of carbon storage than geological storage, saturation 
of storing ability, and reversal due to natural and human disturbances (UNEP, 2023). As the world’s biggest 
carbon emitter, China faces great challenges in accelerating green transition while ensuring development and 
energy security objectives. It is therefore important to expand the CDR portfolio to meet the scale needed and 
minimize risks and trade-offs. Although considerable research has been dedicated to novel CDR in China (see 
chapter 2), there is neither offi cial information nor academic agreement on the specifi c contribution of novel 
CDR in China’s decarbonization pathways. 

1.4 Scope and Purpose of This Discussion Paper 

This discussion paper will focus on two novel CDR methods, BECCS and DACCS, for two reasons: 1) 
important developments have been observed at the international level; 2) CCS and CCU have been gaining 
increasing attention in China in recent years. The confusion between CDR and CCS and CCU is problematic 
and necessitates clarification, in particular from a policy perspective. Drawing on existing analyses, this 
discussion paper will provide a snapshot of the latest policy developments of BECCS and DACCS and bring 
forward some key challenges and opportunities of scaling these technologies in China. 

2.Developments in Policy, RD&D, and Market Activity 

2.1 Government Support Growing Fast, Largely in Developed Economies

Policy instruments vary across different countries and include tax credits, public procurement, and regulatory 
measures, along with investments in research, development, and demonstration (RD&D). Some notable 
developments are summarized below. A snapshot of these developments can be found in the annex.

United States: In its long-term strategy of reaching net-zero emissions (DOS, 2021), the United States aims to 
deliver about 1 Gt CO2 CDR per year by 2050. A range of fi scal and public procurement measures have been 
introduced to support this, notably increased support from the Infl ation Reduction Act to DACCS through the 
45Q of the U.S. tax code and signifi cant funding streams from the Infrastructure Investment and Jobs Act into 
novel CDR (WRI, 2022). The Infrastructure Investment and Jobs Act includes, among others, $3.5 billion for 
creating four regional direct air capture hubs (DOE, 2023) and $115 million for the DAC Technology Prize 
Competition, $2.1 billion for CO2 transport, and $2.5  billion for carbon storage validation and testing (DOE, 
2021). 

European Union: The European Climate Law makes legally binding the climate neutrality by 2050 
objective and a commitment to net-negative emissions after 2050 (EC, 2021). In February 2024, the 
European Commission announced its recommendation for the interim 2040 climate target (EC, 2024) and 
published the Industrial Carbon Management Strategy (EC, 2024), making CDR an important part of the EU 

decarbonization effort. By 2050, the EU would need to remove about 0.4 Gt CO2/year to balance residual 
emissions from hard-to-abate sectors. The Industrial Carbon Management Strategy also lays out the potential 
policy options and support mechanisms for BECCS and DACCS, including through the EU Emission 
Trading System, and additional investment needs for CO2 transport and infrastructure. 

Norway: Norway doesn’t have a net-zero target. The Climate Change Act (MoCE, 2021) sets a 90%-95% 
emissions reduction target by 2050 compared to 1990 emissions levels. The development of CCS is a result 
of a business case created by the Norwegian CO2 tax on the oil and gas sector which plays a crucial role in 
the country’s economy (GCCSI, 2023). Nowadays CCS is considered critical to helping the country reach 
its domestic mitigation targets and to sequestering imported CO2. BECCS and DACCS have gained support 
provided by the government to CCS. For example, Enova, the state company owned by the Norwegian 
Ministry of Climate and Environment, has provided the fi rst grant of about $3.5 million (NOK 36.3 million) 
to a DACCS project managed by Removr. As part of the government-backed Longship CCS project, the 
Northern Lights signed an agreement with Danish Ørsted to store 430 kt CO2/year from a BECCS project 
(LN, 2023). Two other BECCS projects are the Norcem plant and Hafslund Oslo Celsio. The Norwegian 
Environmental Agency has proposed incentive instruments for CDR, including a reverse CO2 tax, offering 
monetary rewards and integrating CDR credits in the voluntary carbon market (NEA, 2023).

United Kingdom: The United Kingdom released its Net Zero Strategy in 2021, with a target  to withdraw 
5 Mt CO2 in engineered removals annually by 2030 on a path to reach 75-81 Mt CO2/year in removals by 
2050  (U.K., 2021). It is committed to using a set of market-based instruments to incentivize greenhouse gas 
removal deployment. In 2023, the government announced its plans to support engineered removals through 
the Contract for Difference  (U.K., 2023). In 2024, a consultation was launched by the government to seek 
input on the integration of greenhouse gas removal in the UK Emissions Trading Scheme (DESNZ, 2024). 

China: China has included CCS-based CDR (negative emissions technologies) as a critical area for research 
and development (NDRC, 2021). DACCS is also featured in China-US bilateral dialogue (WRI, 2024). Yet, 
no comprehensive assessment has been done. Some studies show that it is likely that CCS-based CDR could 
play a critical role in achieving China’s carbon neutrality goal (Chen et al., 2023 ; Fuhrman et al., 2021; 
Chai et al., 2020). Deng et al. (2024) think that the potential of biochar could satisfy China’s need for carbon 
removals. The central government is promoting the development of CCU and CCS through RD&D and 
demonstrations. However, these projects are not CDR projects as most of them are associated with fossil CO2

sources, and the captured CO2 will be reinjected for enhanced oil recovery (Schenuit et al., 2024). 

2.2 Monitoring, Reporting, and Verification is Vital to Scaling Up Novel CDR

Robust monitoring, reporting, and verifi cation (MRV) systems are vital to supporting novel CDR scale-up as 
they can help governments and private sectors make regulatory and investment decisions. Thus, developing 
MRV is the fi rst step toward integrating novel CDR into climate policies and markets. Currently, other than 
for BECCS and biochar, there is no guidance for novel CDR measures. MRV protocols for novel CDR are 
primarily developed and being applied in the voluntary markets (Schulte et al., 2024).

At the level of the United Nations Framework Convention on Climate Change, ongoing efforts in developing 
robust accounting rules for CDR, including creating additional guidance for novel methods, are crucial as this 
will be relevant for potential international carbon trading under Article 6.4 of the Paris Agreement. Another 
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relevant mechanism is Article 6.2, which allows countries to trade carbon emission reduction and removal 
credits. The IPCC TFI is expected to produce a methodology report on CDR and CCUS by 2027, which will 
provide guidance on how to include novel CDR into national greenhouse gas inventories (IPCC,2024).  

The EU is pursuing establishment of an EU-level certifi cation framework for CDR and will develop tailored 
certifi cation methodologies for different CDR methods (EC, 2024). In May 2024, the European Commission 
adopted new templates for climate reporting, allowing member states to report on the volume of BECCS and 
DACCS (EC, 2024). Compared to the EU, the U.S. government is taking a different approach by prioritizing 
creating the markets for novel CDR, though some efforts are being taken to advance MRV (Schulte et al., 
2024). 

With regard to the voluntary market, Schulte et al. (2024) mapped out the existing protocols and state 
of science on MRV and concluded that both BECCS and DACCS have seen MRV development albeit a 
knowledge gap exists in relation to the direct air capture and aspects related to biomass. 

2.3 Investments in RD&D 

It takes on average around 20 years for a novel technology from first commercial deployment to achieve 
widespread adoption. Thus, to reach a gigaton-scale by 2050 adequate RD&D investment is urgent and 
critical to lower the cost of DACCS and BECCS in the early stages of their formative phase (UNEP, 2023). 

Public funding for CDR RD&D, in particular for novel CDR, has grown, notably through the CDR 
Launchpad initiative under the Mission Innovation ($100 million in funding for CDR demonstrations and 
pilot projects by 2025) (MI, 2023) and the Direct Air Capture regional hubs funded by the U.S. federal 
government ($3.5 billion over 5 years). 

Nemet et al. (2024) observed signifi cant growth in private investments for CDR start-ups in recent years, 
from $4 million for 3 start-ups in 2013 to $1.5 billion for 131 start-ups by 2022. Overall speaking, increased 
investments are directed to novel CDR startups, in particular to DACCS and biochar. However, compared to 
the total investment of $1.8 trillion to clean energy in 2023 (IEA, 2024), the investment to CDR is still low. 
According to a survey conducted by Nemet et al. (2024), these start-ups face challenges of getting access to 
fi nance, uncertainties in the voluntary market, as well as scientifi c uncertainties around MRV.

There is no dedicated public RD&D funding for BECCS and DACCS in China, though the Tencent Carbon 
X program supports the research and early commercialization of low-carbon technologies including DACCS. 
The government needs to catch up on RD& D funding towards novel CDR options and stimulate more 
private funding. In addition, it can be benefi cial to collaborate with other countries or regions such as UK, 
EU  and join the CDR Launchpad given China is already a member of the Mission Innovation.      

2.4 The Role of Voluntary Market

The voluntary market plays an important role in creating demand and financing this nascent industry. 
According to CDR.fyi (2023 Year in Review), the purchase volume of novel CDR has grown more than 
five times every year since 2020. In 2023, CDR purchases grew to 4.5 Mt CO2, concentrated in BECCS 
(63%) and DACCS (20%). However this only represents 4% of the total voluntary carbon market in 2023 
(110.8 Mt CO2), which is dominated by emission reduction projects in terms of the volume of carbon credits 

(Forest Trends' Ecosystem Marketplace, 2024).The average volume-weighted price for novel CDR credits is 
currently signifi cantly higher than that of conventional CDR: in 2023, the price for afforestation/reforestation 
was $16/t CO2, whereas the price for DACCS and BECCS was $715 and $300, respectively. 

A survey conducted by CDR.fyi (2024) reveals that the purchasers are primarily from the finance and 
information technology sectors whose motivation is to help accelerate the scale-up of the industry. A notable 
example is Microsoft, which plans for a CDR portfolio of more than 5 Mt CO2/year in 2030 (Microsoft, 
2023) and purchased more than 8 Mt , 75% of all novel CDR at the time of writing this report (CDRfyi, 
2024).

Fuss et al. (2024) concluded that the voluntary market may not offer suffi cient fi nance for scaling up CDR, 
compliance markets will likely play a key role in driving future demand. However, in the near term the 
former can allow novel CDR to be tried out in practice and to develop necessary MRV protocols and in the 
long term the VCM can still serve as a niche market for CDR to facilitate innovation and experimentation 
and to supplement climate change mitigation efforts. 

3.Key Challenges and Opportunities of Developing 
BECCS and DACCS in China 

Deploying novel CDR at a gigaton scale by mid-century requires a drastic ramp-up of these technologies in 
the next decade (UNEP, 2023). Some of the key challenges and opportunities can be relevant for China. 

3.1 Economic and Technical Feasibility 

● While DACCS is technologically feasible, high cost is a major challenge due to the relatively low 
CO2 concentration in the atmosphere, which implies high renewable energy inputs and other related 
costs. There is great uncertainty in cost estimates because of limited real-world experiences to date. 
NASEM (2019) estimates that the average costs for net CO2 removed for the solid sorbent-based 
and liquid solvent-based DACCS are $89-$877/tCO2 and $156-$506/tCO2, respectively; whereas 
the costs for other CDR measures are $45-$100/tCO2 for soil carbon sequestration, $0-$240/tCO2 for 
afforestation/reforestation, $10-$345 for biochar, and $15-$400/tCO2 for BECCS (Babiker et al., 2022). 
Some recent studies project that the costs of DACCS will fall substantially by 2050 from their current 
levels but will remain signifi cant, much higher than the long-term CDR policy target of $100/tCO2 set 
by the United States government (Shayegh et al., 2021; Sievert et al., 2024).  

● In contrast to DACCS, BECCS yields marketable energy products (e.g., electricity, liquid fuel, and 
hydrogen) which can translate into revenue streams for the BECCS system, in addition to removing CO2

from the atmosphere (Fajardy, 2022). Some BECCS applications are at presently technologically mature 
and commercial (e.g., bioethanol production, biomass co-firing in coal-fired plants, pulp and paper 
mills, cement plants, and steel blast furnaces), and some are still at the prototype or demonstration stage 
(e.g., biomass for synthetic gasifi cation, CO2 capture from kilns, and blast furnace off-gas) (IEA, 2024). 

● The deployment of BECCS and DACCS is dependent on the existence of CCS infrastructure. The 
estimates of global geological storage potential seem suffi cient to cover the demand for storage. The 
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United States, EU, and China have great storage potential in proximity to their emission sources which 
can reduce costs (IEA, 2021), though more investment is needed to develop adequate CO2 transport and 
storage infrastructure (IEA, 2024). The fact that CCS is considered largely falling short of expectations 
after decades of development (Mahjour & Faroughi, 2023) adds to uncertainties that the adequate CCS 
infrastructure can be built in time. China’s efforts in developing CCU/CCS in recent years helped drive 
down the overall capture cost and capture energy consumption (Yang, 2023). However, gaps in policy 
and regulatory frameworks for CO2 geological storage (Yang & Li, 2024) could impede the scale-up of 
CCS-based CDR.

3.2 Sustainability Barriers 

● BECCS deployment is mainly limited by the availability of sustainable biomass feedstock, which 
raises concerns over competition for agricultural land, water resources, and biodiversity loss from land 
conversion. Additional greenhouse gas emissions may be generated from biomass production (e.g., use 
of fertilizer), processing, transport and CCS stages, so conducting a life-cycle assessment over a BECCS 
value chain to evaluate the climate impact is crucial (Fajardy, 2022; Bloomer et al., 2022) 

● Large-scale DACCS deployment requires large volumes of sorbent bulk materials and significant 
energy input, perhaps representing a quarter to a third of today’s global energy production (Gidden et 
al., 2024). For a whole DACCS facility to be carbon-negative, it has to be powered by renewable energy 
and therefore can increase the demand for associated raw materials. The location of the DACCS facility 
requires access to carbon-free electricity. Moreover, the demands for land and water are also important 
constraints for China. To fi lter 1 ton of CO2 out of the air, Climeworks’ solid sorbent system requires 
1,000 KWh of energy, 36 kg of materials, 3 m3 of water, and 11,000 m2 of space annually (Madhu et al., 
2021). 

● To evaluate the scalability of these technologies in China, it will be necessary to conduct 
comprehensive assessments for large-scale deployment by taking into account sustainability factors, 
including energy, land, water, and raw materials.

3.3 Social and Political Barriers 

● Moral hazard. One of the major concerns about CDR is the risk of delaying emissions reduction 
efforts and providing a continued social license for the fossil fuel industry to operate, the so-called 
moral hazard or mitigation deterrence. An example is the purchase of Carbon Engineering, a DACCS 
company with a natural gas-reliant process, by Occidental Petroleum (Oxy, 2023), which plans to use 
DACCS to offset the CO2 emissions from the industry and produce “net-zero oil” (Oxy, 2022). Some 
solutions have been proposed to reduce this risk, such as setting up separate targets for emissions 
reduction and carbon removal, or requiring a tightening of caps in emissions trading schemes as CDR 
credits are integrated(Hoglund et al., 2023; McLaren et al., 2019). 

● Lack of a robust MRV system. Effective and robust MRV regimes are critical to scaling CDR by 
ensuring integrity of the market and building trust (see chapter 2.4). They need to address additionality, 
permanence, and sufficiency (Grubert & Talati, 2024). Compared to forest projects, it’s more 
straightforward for BECCS and DACCS to demonstrate additionality as a business-as-usual case 
would “not removing carbon dioxide from the atmosphere in the fi rst place”. However, demonstrating 

additionality requires a life-cycle analysis to account for additional emissions (e.g., additional energy 
input, transport and land disturbance, and fertilizer use, etc.). Different CDR methods have different 
levels of permanence, which has implications for if and how to link CDR with compliance carbon 
markets since not all CDR credits are interchangeable with CO2 allowance in terms of their climate 
impact and cost (Burke et al., 2023). The issue of sufficiency arises because of the asymmetry of 
climate impacts of removals and emissions at a large scale, which means to compensate for 1 ton of 
CO2 emitted, more than 1 ton of CO2 may need to be removed at a later stage (Chimuka et al., 2023). In 
2024, China laid out a plan to strengthen the carbon accounting system which features CCS-based CDR 
(NDRC, 2024) which is a fi rst step toward to effort.

● Lack of dedicated policy support and innovation. Technology development of DACCS and BECCS 
is mainly driven by private sector initiatives and net-zero or net-negative pledges through the voluntary 
markets. Currently, a handful of governments have begun to specify the role of CDR in domestic climate 
policies (Schenuit et al., 2024). National net-zero strategies and plans need to clarify the anticipated role 
of CDR, including for DACCS and BECCS. To reduce costs and investment risk, more targeted policy 
support will be needed, such as tax credits, grants, loans and loan guarantees, RD&D funding, as well as 
robust carbon-pricing mechanisms (IEA, 2024). 

3.4 Advantages and Opportunities

● As mentioned in chapter 1.3, existing regulatory and incentive policy frameworks for conventional 
CDR lay out the foundation for China to expand the CDR portofl io. Other advantages exist: China is 
the biggest contributor to CDR research publications (30%) over the last 2 decades, mainly driven by 
research on biochar and soil carbon sequestration. In terms of patent, China shows a great emphasis on 
conventional CDR but has recently seen increasing numbers of patents across several CDR methods, 
including BECCS. The share of CDR patents in China is the same as its global share of climate 
change mitigation patents. In addition, China has a lot to offer in terms of advancing green technology 
innovation and driving down costs (Minx et al., 2024).

● China is expanding the compliance market and re-opening the voluntary market, which offers an 
opportunity to develop and test MRV for novel CDR measures and to support RD&D. This will also 
allow the country to actively participate in the discussions under Article 6 at United Nations Framework 
Convention on Climate Change and align national standards with international ones. 

● The design of the 15th Five-Year Plan and the upcoming new NDC present opportunities for China 
to include novel CDR into overall green transition strategies and national research plans for low-carbon 
technologies.  
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4.Conclusions 

● •In the 15th Five-Year Plan, China may consider developing a roadmap for CDR in the context of 
the overarching strategy for reaching the country’s dual carbon goals. China may also consider, in the 
updated NDC, indicating its intention of developing a portfolio of CDR to reach net-zero and negative 
emissiosn thereafter, in addition to rapid emission reductions. 

● •Interdisciplinary and comprehensive assessment of CDR options (feasibility and performance, 
socio-environmental impacts) can be included into national research plans for green technologies, 
potentially through dedicated funds under the Ministry of Ecology and Environment, Ministry of 
Science and Technology, and the National Natural Science Fundation of China.

● •China may include novel CDR into more relevant bilateral (e.g., with EU, UK) and multilateral 
cooperation mechanisms (e.g. the Ministerial on Climate Action). As a member of the Mission 
Innovation, China may consider joining the CDR mission.
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Annex 
1. A non-exhaustive list of DACCS projects 

Plant, 
capacity 

Plant location
Operation 

time
Developer Application Source: 

Oerlikon plant Switzerland 2016 Climeworks
Power to 
Methane 

Howard Herzog, Director 
Catpure, Chapter 
6, Greenhouse Gas 
Removal Technologies, 
Royal Society of 
Chemistry, 2022

Hinwil plant 
(900 t CO2/yr)

Switzerland 2017 Climeworks
Greenhouse 
fertilization 

https://www.mcc-
berlin.net/en/news/
information/information-
detail/article/fi ltering-a-
tonne-of-co2-from-the-
air-burns-a-thousand-
kilowatt-hours-of-
energy.html

Arctic Fox (50t 
CO2/yr)

Iceland 2017 Climeworks
Geothermal 

plant

Arctic Fox: Climeworks 
fi rst direct air capture 
plant.

Plant in Troia 
(150 tCO2/yr)

Italy 2018 Climeworks
Power to 
methane 

Howard Herzog, Director 
Catpure, Chapter 
6, Greenhouse Gas 
Removal Technologies, 
Royal Society of 
Chemistry, 2022

Plant in Hinwil 
(600 tCO2/yr)

Switzerland 2019 Climeworks
Beverage 

carbonation

Howard Herzog, Director 
Catpure, Chapter 
6, Greenhouse Gas 
Removal Technologies, 
Royal Society of 
Chemistry, 2023

Orca (4000t 
CO2/yr)

Iceland 2021 Climeworks
 Geothermal 

plant

Orca is Climeworks' 
new large-scale carbon 
dioxide removal plant

Mammoth (36kt 
CO2/yr)

Iceland 2022 Climeworks
 Geothermal 

plant

Climeworks announced 
the groundbreaking of 
Mammoth in June 2022

Silverstone (25kt 
CO2/yr)

Iceland 2025
Carbonfi x 

OHF
Geothermal 
power plant

Silverstone: mimicking 
nature’s way to 
transform CO2 into stone 
- European Commission 
(europa.eu)
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Plant, 
capacity 

Plant location
Operation 

time
Developer Application Source: 

Plant in Calorado 
(over 1000t CO2/

yr)
US 2022

Global 
Thermostat

Global Thermostat 
unveils one of the 
world’s largest units for 
removing carbon dioxide 
directly from the air

Tracy facility in 
California (1000 

tCO2/yr)
US 2021 Heirloom 

DAC to concrete 
storage

Heirloom Blog - 
Heirloom unveils 
America’s fi rst 
commercial Direct 
Air Capture facility 
(heirloomcarbon.com)

Project Cypress 
DAC Hub in 

Louisiana (more 
than 1Mt CO2/yr

US ?
Heirloom 

Climworks, 
Battelle

Microsoft Signs One 
of the Largest-Ever 
Permanent Carbon 
Removal Deals - ESG 
Today

DAC1 in 
the Permian 
Basin (from 
0.5MtCO2/yr 

initially to reach 
1.0Mt CO2/yr

US 2024

1PointFive, 
created by 
Oxy Low 
Carbon 

Vendures

DAC 1 – CCUS around 
the world in 2021 – 
Analysis - IEA

Removr (300t 
CO2/year in 2024 

to 30kt CO2/yr 
by 2027)

Norway 2023 Removr

Norway backing 
Removr’s efforts to 
industrialise DAC - 
TCM (tcmda.com)

Carbon Removal 
in Øygarden 

(0.5-1Mt CO2/
yr)

Norway ?

Carbon 
Removal, 
Carbon 

Engineering, 
Nordic DAC 

Group

 www.carbonremoval.no

2. A non-exhaustive list of BECCS projects

Plant, capacity 
(BECCS/
BECCU)

Location Operation Developer Technology Source: 

Decatur plant 
(1MtCO2/yr)

US
Operational 
since 2018

Archer 
Daniels 
Midland

Bioethanol +CO2

capture

Hossain et al., Deployment 
of BECCUS value chains 
in the United States, IEA 
Bioenergy, 2023. https://
www.ieabioenergy.com/wp-
content/uploads/2023/03/
BECCUS-1.0_US-Case-
Study_fi nal_update.pdf 

Kansas Arkalon 
(0.2Mt CO2/yr)

US Operational
Booker and 
Farnsworth 

Oil

Bioethanol +CO2

capture

Mathilde Fajardy, Chapter 
5 Bioenergy with Carbon 
Capture and Storage (BECCS), 
Greenhouse Gas Removal 
Technologies, Royal Society 
of Chemistry, UK, 2022

Bonanza 
CCU(0.1Mt 

CO2/yr)
US Operational Stewart Oil 

Bioethanol +CO2

capture

Mathilde Fajardy, Chapter 
5 Bioenergy with Carbon 
Capture and Storage (BECCS), 
Greenhouse Gas Removal 
Technologies, Royal Society 
of Chemistry, UK, 2023

Husky Energy 
(250t CO2/day)

Canada Operational
Kushburn and 
Tanglefl ags 

oil

Bioethanol +CO2

capture

Mathilde Fajardy, Chapter 
5 Bioenergy with Carbon 
Capture and Storage (BECCS), 
Greenhouse Gas Removal 
Technologies, Royal Society 
of Chemistry, UK, 2024

Farnsworth 
(0.2Mt CO2/yr)

US Operational
Farnsworth 

oil fi eld
Bioethanol +CO2

capture

Mathilde Fajardy, Chapter 
5 Bioenergy with Carbon 
Capture and Storage (BECCS), 
Greenhouse Gas Removal 
Technologies, Royal Society 
of Chemistry, UK, 2025

Red Trail Energy 
(180kt CO2/yr)

US
Operational 
since 2022

Red Trail 
Energy LLC

Bioethanol +CO2

capture

Red Trail Energy CCS | 
University of North Dakota 
(undeerc.org)

DRAX and 
C-capture 

(1tCO2/day)
UK Operational Drax (UK)

bioelectricity 
plant+ post-
combustion 
amine CO2

capture 

Mathilde Fajardy, Chapter 
5 Bioenergy with Carbon 
Capture and Storage (BECCS), 
Greenhouse Gas Removal 
Technologies, Royal Society 
of Chemistry, UK, 2026
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Plant, capacity 
(BECCS/
BECCU)

Location Operation Developer Technology Source: 

Mikawa power 
station (640 t 

CO2/day)
Japan 

Demonstration 
since 2020

Toshiba ESS

Bioelectricity 
plant+ post-

combustion CO2

capture 

Kitamura et al. CO2 

Capture Project integrated 
with Mikawa Biomass 
Power Plan, 2022

Klemetsrud plant 
(0.4 Mt wastes/

yr)
Norway Planning Waste-to-energy

Mathilde Fajardy, Chapter 
5 Bioenergy with Carbon 
Capture and Storage 
(BECCS), Greenhouse Gas 
Removal Technologies, 
Royal Society of 
Chemistry, UK, 2026

Norcem cement 
plant in Brevik 
(0.4 Mt CO2/yr)

Norway Planning
Cement plant 

with 30% 
biomass

Mathilde Fajardy, Chapter 
5 Bioenergy with Carbon 
Capture and Storage 
(BECCS), Greenhouse Gas 
Removal Technologies, 
Royal Society of 
Chemistry, UK, 2027

ARV Duiven 
(0.8tCO2/yr)

Netherland
Operational 
since 2019

AVR Waste-to-energy

PRESS RELEASE First 
tons of CO2 captured from 
residual waste supplied to 
greenhouse horticulture - 
AVR - Too good to waste

Stockholm Exergi Sweden
To be 

operational by 
2026

Exergi
Biomass-based 
combined heat 
and power plan

Our pilot facility - Beccs 
Stockholm

Nordbex Sweden ? Nordbex
Biomass-based 

power plant
"www.nordbex.com"

Ørsted 
Kalundborg Hub 
(0.43 Mt CO2/yr)

Denmark
Operational in 

2025
Ørsted

Biomass-based 
power plants in 

Western Zealand 
and the Greater 

Copenhagen area

Ørsted awarded contract 
– will capture and store 
430,000 tonnes of biogenic 
CO2 (orsted.com)

Heartland (200 kt 
waste/yr, 0.185 

Mt CO2/yr)
Canada 2027 Varme Waste-to-energy Projects | Varme Energy

Hams Hall (0,15 
Mt waste/yr, 

0.195 Mt/CO2/yr)
UK 2027 Varme Waste-to-energy Projects | Varme Energy

Plant, capacity 
(BECCS/
BECCU)

Location Operation Developer Technology Source: 

Innisfail (0.15 Mt 
waste/yr, 0.135 

Mt CO2/yr)
Canada 2028 Varme Waste-to-energy Projects | Varme Energy

CO2 Energy AG 
in Nesselnbach ( 

3 Kt CO2/yr)
Switzerland Operational 

C2G Energy 
AG

CO2 separated 
from methane 

and then 
liquefi ed for use

Regionalwerke Baden: 
"The pilot project opens 
the door for Swiss 
bioenergy with Carbon 
Capture ("BECCUS") 
(ascoco2.com)

Karbonwerke (94 
t CO2/day)

Switzerland Operational Karbonwerke

capture and 
liquefy CO2

from biogas or 
biorefi neries for 

storage

Carbon Removal at 
Scale for Companies | 
Karbonwerke

Plant in Oslo 
(0,2Mt CO2/yr)

Norway
Set on hold in 
2023 due to 
higher cost

Hafslund 
Oslo Celsio

waste-to-energy

Carbon capture projects 
at the plant of Hafslund 
Oslo Celsio (ccsnorway.
com)
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3. A non-exhaustive list of policy developments 

Legislation 
and 

strategy

Fiscal 
incentives 
(Subsidy; 
tax credit)

Public 
procurement 

Market-
based (carbon 

pricing and 
markets)

Regulatory 
frameworks 

(MRV, 
fungibility) 

R&D

US

The long-term 
strategies of 
the United 
States to Net 
Zero GHG 
Emissions by 
2050, 2021. 
Projects the 
to deliver 
1Gt CO2 per 
year by 2050 
through both 
land-based 
and novel CD

Tax credit: 
45Q 
Enhancement 
in the Infl ation 
Reduction 
Act. 
Incentives 
increase from 
$50 to $180/
ton for storage 
from DAC. 
For DAC 
facilities, 
required 
amount of 
CO2 from 
100,000 
captured/yr to 
1,000 ton/yr.  

DOE’s Carbon 
Dioxide 
Removal 
Purchase Pilot 
providing up to 
$ 35 million in 
awards to CDR 
credits providers 

In March 2024, 
the Government 
proposed 
Voluntary 
CDR Purchase 
Challenge 
to catalyze 
voluntary 
purchase of high-
quality CDR 
credits 

No 
comprehensive 
MRV standards or 
regulations being 
introduced. The 
CDR Purchase 
Pilot Prize has 
offi cial rules 
requesting a clear 
description of the 
CDR activities 
and MRV process, 
including a 
whole life cycle 
assessment, 
forecasted costs, 
an overview of 
the anticipated 
durability and 
permanence

Bipartisan 
Infrastructure 
Law provides 
funding 
streams into 
novel CDR, 
in total of 
$12 billion, 
including in 
particular $3.5 
billion for 
building four 
regional DAC 
hubs and $ 
115 million 
for the DAC 
Technology 
Prize 
Competition. 
$2.1 billion 
for CO2

transport and 
$2.5 billion 
or carbon 
storage 
validation and 
testing

Legislation 
and strategy

Fiscal 
incentives 
(Subsidy; 
tax credit)

Public 
procurement 

Market-
based (carbon 

pricing and 
markets)

Regulatory 
frameworks 

(MRV, 
fungibility) 

R&D

EU

The European 
Climate Law 
set a target of 

climate neutrality 
objective by 

2050. The EU 
adopted the 

Industrial Carbon 
Management 

Strategy, 
making novel 
CDR (BECCS 
and DACCS), 
an important 

part of the EU 
decarbonization 

effort. 

None None

The Industrial 
Carbon 

Management 
Strategy lays 

out the potential 
policy options 
and support 
mechanisms 
for BECCS 
and DACCS 

including 
through the 

EU ETS, and 
additional 
investment 

needs for CO2

transport and 
infrastructure

The European 
Commission 

reached a 
provisional 

political 
agreement on the 
Carbon Removal 

Certifi cation 
Framework, 
a voluntary 
regulatory 

framework for the 
certifi cation of 

permanent carbon 
removals, carbon 

farming and 
carbon storage 
in products. It 
also updated 
the reporting 

templates 
allowing member 
countries to report 

on BECCS and 
DACCS

The 
Innovation 
Fund Call 
for 2023 

opened on 23 
November 
2023 with a 
total budget 

of EUR 
4 billion. 
Certain 
carbon 

removal 
projects can 
benefi t from 
IF funding 
through the 
category of 

CCS and CCU 
but CDR is 

not explicitly 
listed as a 

targeted area. 
in 2023, 

Stockholm 
Exergi’s 
BECCS 

Stockholm 
project was 

awarded an IF 
grant of EUR 
180 million 

and Carbfi x’s 
Silverstone 
project was 

awarded EUR 
3.8 million.



26 27

CCS-based Carbon Dioxide Removal Technologies

Legislation 
and strategy

Fiscal 
incentives 
(Subsidy; 
tax credit)

Public 
procurement 

Market-
based (carbon 

pricing and 
markets)

Regulatory 
frameworks 

(MRV, 
fungibility) 

R&D

UK

The Net Zero 
Strategy 2021 
set objective 
of removing 

5MtCO2/yr by 
2030. 

None None

In July 2023 
the government 
confi rmed its 

position that the 
UK Emissions 

Trading Scheme 
(ETS) will be an 
appropriate long-
term market for 
GGRs. The UK 

ETS Authority is 
expected to carry 

out a further 
consultation on 
GGR inclusion 
in the UK ETS, 

which will 
consider market 

design, eligibility 
requirements, 

and the timing of 
inclusion.

Commissioned 
by the UK 

government, 
A Review of 
Engineered 

Greenhouse Gas 
Removal (GGR) 
Standards and 
Methodologies 
was published 
in 2023. Based 
on the fi ndings, 
the government 

indicated its 
intention to 

defi ne its own 
methodologies 

for GGR 
projects 

supported under 
the business 

model, ensuring 
alignment with 
its MRV policy 

principles 
and creating 
consistency 

across existing 
government 
standards,

In 2020, UKRI 
provided 

£100 million 
for research, 
development 

and 
demonstration 
of GGR across 

multiple 
programmes. 
This funding 

includes 
allocations for a 
central hub for 
carbon removal 
and fi ve land-
based CDR 

demonstrator 
projects 

including 
enhanced 

weathering 
and biochar. It 
also includes 
a competition 

on Direct 
Air Capture 
and other 

Greenhouse 
Gas Removal 
technologies. 

This 
programme 

aims to 
produce several 
operational pilot 
plants by 2025

Legislation 
and 

strategy

Fiscal 
incentives 
(Subsidy; 
tax credit)

Public 
procurement 

Market-
based (carbon 

pricing and 
markets)

Regulatory 
frameworks 

(MRV, 
fungibility) 

R&D

Switzerland

The Swiss 
National 

Long-Term 
Strategy 
set net 

zero GHG 
emissions 
by 2050, 

quantifying 
a need for 
CDR of 
7MtCO2/
year by 

2050, 5Mt 
of which to 
be achieved 
domestically 

through 
BECCS, 

and 5Mt to 
be achieved 

abroad, 
mostly 
through 
DACCS.

Establishment 
of a national 

working group 
on CCS/

CDR with the 
involvement 
of relevant 
offi ces and 

private sector. 
Governmental 
support for the 
Swiss Carbon 

Removal 
Platform 
launched 

by the Risk 
Dialogue 

Foundation 

KLIK 
Foundation is 

required by the 
Swiss CO2 Act 

to purchase 
certifi ed CDR 
to compensate 

about 10% 
of Swiss 

emissions

The CCS and 
CDR Roadmap 
aims to create 

the legal 
framework at 

the national and 
international 

levels for 
CDR to scale, 

including 
creation of 
precedents 

through 
requirements in 
bilateral treaties, 

establishment 
of NET 

certifi cates on 
the international 
CO2 market and 
their recognition 
under the Paris 

Agreement, 
ISO standards 
and life cycle 
assessment 

(LCA) 
databases, etc.). 

Being active 
in setting 
the legal 

framework 
at the 

national and 
international 

levels for 
CDR to scale, 

including 
creation of 
precedents 

through 
requirements 
in bilateral 

treaties, 
establishment 

of NET 
certifi cates 

on the 
international 
CO2 market 

and their 
recognition 

under 
the Paris 

Agreement, 
ISO standards 
and life cycle 
assessment 

(LCA) 
databases, 

etc.). 

The CCS 
and CDR 
Roadmap 
set several 

support 
mechanisms 

for the 
development 

of CDR. 



28 29

CCS-based Carbon Dioxide Removal Technologies

Legislation 
and 

strategy

Fiscal 
incentives 
(Subsidy; 
tax credit)

Public 
procurement 

Market-
based (carbon 

pricing and 
markets)

Regulatory 
frameworks 

(MRV, 
fungibility) 

R&D

Switzerland

The Climate 
Change Act 

(MoCE, 
2021) sets 

a 90%-95% 
emission 

reductions 
target 

by 2050 
compared 
to 1990 

emissions 
levels. CCS 
is playing a 
pivotal role 
in Norway's 

efforts to 
deliver on 
national 

mitigation 
target 

and store 
imported 
CO2 from 
abroad. 

The 
Norwegian 

Environment 
Agency 

proposed 
tax reverse, 
rewards, and 
integration 

of CDR into 
voluntary 

market in the 
Industrial 

carbon 
removal- 
potential, 
costs and 
possible 
policy 

instruments 

None

Norway 
signed an 

agreement with 
Switzerland 

to launch pilot 
activities aiming 

at testing 
transactions and 
reporting CDR. 

None

Norway's 
CLIMIT 

Programme 
has supported 

a limited 
number of 
DACCS 

and BECCS 
projects. The 

Longship 
CCS project 
consists of 
three parts: 
Northern 

Lights 
provides 
storage 

location for 
domestic use 

and other 
countries 

(Netherlands, 
Denmark, 

Switzerland)

Legislation 
and 

strategy

Fiscal 
incentives 

(Subsidy; tax 
credit)

Public 
procurement 

Market-
based (carbon 

pricing and 
markets)

Regulatory 
frameworks 

(MRV, 
fungibility) 

R&D

Canada

Canada's 
Carbon 

Management 
Strategy 

2023 
recognizes 

the 
important 

role of 
BECCS and 
DACCS in 
reaching 

Canada's net 
zero target, 
and sets out 
a number 
of support 

policies and 
regulations

Tax credit 
rates: 60% for 

DAC; 50% 
for capture 
equipment 
in all other 
projects; 

37.5% for 
transportation, 
storage, and 
utilization.

Canadian 
Greenhouse 
Gas Offset 

Credit System 
was approved 

in 2022. 
Bioenergy 

carbon 
capture and 

sequestration 
(BECCS) has 
been identifi ed 

as a project 
type under 

consideration 
for future 
protocol 

development

The price on 
carbon pollution 
started at $20/
t in 2019 and 
increased by 

$10/t per year to 
$50/t in 2022. 

Starting in 
2023, the price 
will increase 
by $15/t each 
year to reach 

$170/t in 2030. 
The carbon 

pricing system 
recognizes 

storage in deep 
saline aquifers 
and depleted 
oil reservoirs, 

which provides 
an incentive to 
invest in carbon 

management 
technologies 

with permanent 
storage.

By 2030, 
Provincial 
and federal 
regulatory 

frameworks 
are in place to 
enable re-use 
and removal 

of CO2, along 
with safe and 

permanent 
CO2 storage.

Budget 2021 
committed 

$319 million/7 
years to support 

RD&D to 
improve the 
commercial 

viability 
of carbon 

management 
technologies—

including 
CO2 capture, 

DAC, and CO2

utilization, 
transport, and 

storage across a 
broad range of 

sectors.


