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Foreword

Until now, global climate and energy policy have mainly been focused on realising renewable energy, energy
saving and reducing harmful emissions. We will of course continue along this path but the huge scale of the
challenge facing us demands even more. There is another essential component of climate and energy policy:
carbon dioxide removal. Carbon dioxide removal is the term used to describe the process for the capture and
long-term storage or sequestration of atmospheric carbon. Carbon dioxide removal enables us to compensate
for past and future emissions. Alongside emission reduction, carbon dioxide removal is the second essential
track within climate policy. The fact that this branch of climate policy is relatively new means that as well as
demanding new and creative solutions, it also offers business opportunities.

Innovative Dutch businesses are already active in developing, testing and selling these solutions. Examples
include huge filters that suck in air and separate the carbon dioxide from all the other particles in the air. Or new
forms of concrete that sustainably convert and permanently store carbon dioxide in the form of a valuable
construction material. Or even reinvented solutions such as the use of flax as an eco-friendly and sustainable
insulation material.

However, innovation alone is not enough. Turning good ideas into jobs and prosperity requires a well-
functioning market, a balanced business case and a clear future. Entrepreneurs require clarity. To turn the
market for carbon dioxide removal into a smoothly functioning market, we must make some difficult choices.
Not only in the Netherlands but also in the whole of Europe and the rest of the world. Only on the basis of a
sound government vision can carbon dioxide removal contribute to our future earning capacity.

With this Carbon Dioxide Removal Roadmap, the cabinet aims to urgently give carbon dioxide removal a solid
position in Dutch, European and global climate and energy policy. This demands a sound scientific basis, a clear
view of the role of government and the decisive development and implementation of new policy instruments.
This Roadmap is the first step in that process. By producing this Roadmap, the Dutch cabinet is also fulfilling
demands from parliament to further elaborate this policy field.®

This Roadmap generates three clear pathways to be implemented by the cabinet over the coming period. Firstly,
carbon dioxide removal must be given a clear place in the emission accounting and system of the Paris
Agreement. Secondly we need a European market that makes it possible for European businesses to be climate-
neutral while simultaneously achieving growth by upscaling and exporting their solutions. Thirdly, we must
provide clear support for Dutch innovation so that Dutch businesses are able to actively participate in this new
market. Each of these three pathways is further elaborated in the Roadmap.

Sophie Hermans

" Motion from members Bontebal and Erkens (Parliamentary Paper 29 826, no. 144), Motion from members Bontebal and Erkens
(Parliamentary Paper 32 813, no. 1243), Motion from members Teunissen and Kroger (Parliamentary Paper 31 793-259, no 259), undertaking
to member Prins (T03788).
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Summary

Over the past few years, the Netherlands and Europe have taken major steps in advancing our policy on tackling
climate change. The primary objective has been to reduce the emission of greenhouse gases (emission
reduction). However, the global agreement to limit global warming to well below two degrees Celsius and to
pursue efforts to limit the increase to 1.5 degrees Celsius cannot be achieved solely by drastically restricting
greenhouse gas emissions. It will also require the removal from the atmosphere of CO,, a widely occurring
greenhouse gas. This can be achieved through carbon dioxide removal: in other words, human activities for the
removal and long-term storage of atmospheric carbon dioxide. Alongside emission reduction, carbon dioxide
removal is a second essential track within climate policy.

Carbon dioxide removal can contribute to reducing our emission levels on the road to 2050, achieving climate
neutrality and ensuring that we remove more carbon dioxide than we emit (net negative emissions) beyond
2050. As well as the important potential role of carbon dioxide removal in achieving our climate goals, it also
offers opportunities for green growth in our economy.

However, carbon dioxide removal is still very much in its infancy. There is a huge gap between the level of
carbon dioxide removal required in the future and the current status of technology and policy development.
Worldwide demand for carbon dioxide removal by 2050 is expected to be equivalent to the storage of two to
three times the current annual CO; emissions of the EU, every year. Over the next few years, therefore, we will
have to develop the technology and scale up the capacity for removal. Carbon dioxide removal will also have to
occupy a more important place in emission accounting and climate policy, and clear rules of play will have to be
put in place.

There is a still a great of uncertainty regarding the supply of and demand for carbon dioxide removal. For one
thing, Dutch demand for carbon dioxide removal will depend on the level of Dutch residual emissions and the
contribution by the Netherlands to reversing the overshoot of the global carbon budget available for limiting
global warming to 1.5 °C. This in part will in turn be dependent on future national, European and international
policy choices. Studies reveal a bandwidth of expected residual emissions for the Netherlands by 2050, with a
lower boundary of around 10-15 megatonnes CO,eq and an upper boundary of around 30-40 megatonnes
COzeq. The availability of carbon dioxide removal is also still uncertain. There are a number of methods available
for carbon dioxide removal. One important distinction is whether the carbon dioxide is stored temporarily or
permanently. In the long term, the Netherlands has a relatively large potential in particular for permanent
carbon dioxide removal methods, but the level of development of some of the technologies is currently limited.

The scaling up of carbon dioxide removal must be achieved cautiously, because carbon dioxide removal does not
tie in seamlessly with our current approach to policy making and because it entails certain risks. On the basis of
scientific insights, in particular the advisory report of the Netherlands Scientific Climate Council (WKR), the
cabinet has formulated five policy principles aimed at maximising the positive contribution of carbon dioxide
removal and minimising the risk of potential negative effects. These five principles are:

1. Reducing greenhouse gas emissions remains a priority. Efforts in this area must not slacken. This will
also help us minimise our dependency on carbon dioxide removal.

2. Where possible, long-lived greenhouse gases such as CO2 will be compensated through permanent
carbon dioxide removal; short-lived greenhouse gases such as methane can be compensated through
both permanent and temporary carbon dioxide removal.

3. Only forms of carbon dioxide removal based on sound methods and accounting will be utilised; the
focus will be to create CO2 storage capacity with the highest possible value.

4.  Where possible, carbon dioxide removal policy will tie in with other policy objectives.

5. The policy on carbon dioxide removal will be rolled out on a European and global scale where possible.
The Netherlands will only roll out policy earlier where desirable, for example in encouraging innovation
by our businesses as part of green growth.
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The development of carbon dioxide removal (CDR) will require an active role from government. Government
can facilitate the upscaling of carbon dioxide removal by creating demand, establishing the essential conditions
for the functioning of the market and encouraging innovation. The design of the policy must represent a careful
balance between utilising market efficiency on the one hand and minimising undesirable side effects on the
other.

The cabinet wants the Netherlands to use the opportunities offered by carbon dioxide removal for limiting
global warming and for encouraging the green growth of our economy and society. A number of phases in this
development have been identified:

1. Through to around 2030: the start-up phase with an emphasis on innovation and the development of
regulations.

2. From around 2030 onwards: the upscaling phase with an emphasis on upscaling by means of a carbon
market.

3. From around 2040 onwards: the internationalisation phase with an emphasis on a mature and
increasingly global carbon market in preparation for net negative emissions.

To integrate the contribution by carbon dioxide removal in future climate policy and to offer all parties
investment security, in the Climate Plan 2025-2035, the cabinet has assumed an indicative annual contribution
of between 20 and 25 megatonnes of carbon dioxide removal per year in the Netherlands, between 2040 and
2050. This equates to around 10% of Dutch emissions in 1990. This contribution is based on studies into future
demand and the potential supply of carbon dioxide removal, according to a cautious approach.

Dutch policy on carbon dioxide removal will be developed in line with these three phases, along three
simultaneous tracks: i) reinforcing international accounting rules, ii) creating a European carbon market, and iii)
preparing Dutch businesses for this carbon market in the form of national innovation and knowledge
development.

Cabinet actions carbon

Encouraging existing I | National incentive programme
instruments for carbon Domestically for innovation and early
dioxide removal upscaling

Employing ETS resources for
auction

Elaborating further
integration carbon dioxide
removal in European policy
instruments

Reaching agreements on
accounting rules for carbon
dioxide removal

Europe

Clarifying the desired level of
emission reduction and
carbon dioxide removal

Integrating carbon dioxide
removal in European
innovation instruments

Continuing to encourage fair
and effective implementation
of CO2 trade under the Paris
Agreement, on an EU scale.

The cabinet is committed to international efforts to bring about sound emission accounting in respect of carbon
dioxide removal, such as accurately quantifying the different methods for carbon dioxide removal in the
national emissions recording system. This will require clear international agreements. In 2024, at the United
Nations COP29 Climate Summit, agreements were reached on the international trade in emission reduction and
carbon dioxide removal pursuant to the Paris Agreement, which are due to be further implemented over the
coming years. In collaboration with the EU, the Netherlands will strive for a market that operates transparently
and that consists of projects that deliver the promised mitigation targets and are positive for people and planet.
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The cabinet favours the development of carbon dioxide removal policy on a European scale since this will help
bring about efficient and effective policy. The cabinet will play an active role in influencing European policy. In
these efforts, the cabinet will focus on 1) on a European scale, clarifying the desired level of emission reduction,
temporary carbon dioxide removal and permanent carbon dioxide removal in EU Climate Law; 2) urgently
deploying ETS resources for a European auction for carbon dioxide removal and other policy aimed at setting
standards and prices, including deciding on how to further tie in with the ETS; and 3) further integrating carbon
dioxide removal in European innovation instruments.

Finally, the cabinet recognises a growth market for carbon dioxide removal and wishes to offer Dutch
businesses an opportunity to harvest the benefits offered by that market. The Netherlands is perfectly
positioned to develop and roll out technologies for carbon dioxide removal. Against that background, the
cabinet will work to establish clear operating parameters and implement a national incentive programme for
innovation and early upscaling that will make use of the existing national and European innovation instruments
where possible.

Over the coming years, the Carbon Dioxide Removal Roadmap will be integrated in Dutch climate policy and in
the negotiation efforts by the cabinet on a European and global scale. Via the regular channels, the cabinet will
continue to communicate about follow-up steps and further elaborations.

Guide to reading this document

CHAPTER QUESTION

1&2 What is carbon dioxide removal and where is it needed?

3&4 How much carbon dioxide removal is needed and what level of removal can be achieved?

5 What are the operating principles of Dutch carbon dioxide removal policy?

6&7 What is the role of government and how will the cabinet implement carbon dioxide removal policy?
8 What is the role of the cabinet on a global scale?

9 What is the role of the cabinet on a European scale?

10 What is the role of the cabinet in the Netherlands?
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Summary

. This Roadmap provides an indication of the necessity, demand for and availability of carbon dioxide removal.

. On that basis, the Roadmap outlines the essential parameters and operating principles for arriving at the robust
integration of carbon dioxide removal in climate policy. The Roadmap also sets the course for the development of
policy over the coming years and identifies a number of specific policy measures that could contribute to the
further development of technology and the upscaling of carbon dioxide removal in the Netherlands.

. Over the past few years, the Netherlands and Europe have taken major steps in advancing our climate policy. The
primary objective has been to reduce the emission of greenhouse gases (emission reduction).

. However, both Europe and the Netherlands have ambitious goals for climate neutrality, that cannot be achieved
through emission reduction alone. For that reason, alongside emission reduction, as a second track, greater use
will have to be made of carbon dioxide removal. In other words the removal and long-term storage of atmospheric
carbon dioxide (CO2) based on human activities.

. This refers to a broad range of methods for the removal and permanent or temporary storage of atmospheric
carbon dioxide (CO2 )as a means of halting or slowing down global warming.

. Carbon dioxide removal can contribute to reducing our net emission level, achieving climate neutrality and
bringing about net negative emissions post 2050.

. However, carbon dioxide removal is still very much in its infancy. Further development will be needed in terms of
policy integration, technological readiness and the availability of applications for carbon dioxide removal — in
particular for permanent removal methods.

° This Roadmap recognises the distinction between the different carbon dioxide removal methods from the
European Carbon Removal and Carbon Farming Certification regulation (CRCF). This is specifically expressed in a
distinction between temporary and permanent carbon dioxide removal. Not all methods are as yet included in
emission accounting.

This Roadmap provides an indication of the necessity, demand for and availability of carbon dioxide removal.
On that basis, it outlines the essential parameters and operating principles for arriving at the robust
integration of carbon dioxide removal in climate policy and sets a course for the development of that polity
over the coming years. As such, the Roadmap fulfils the wish of the Dutch House of Representatives to develop
an integrated policy vision. The Netherlands is at the forefront of international policy development on this topic
and in technological terms, too, occupies an excellent position to play a role in the further development of
methods. This offers clear opportunities for the Netherlands.

The Netherlands Scientific Climate Council offered advice on carbon dioxide removal for the drawing up the
Roadmap On 10 July 2024, the Netherlands Scientific Climate Council (WKR) issued the advisory report ‘Clearing
the Air?’. In this report, the Council offered advice on operating principles and policy on carbon dioxide
removal. This advice has been fully integrated in the Roadmap. As such, the Roadmap also represents the
cabinet response to the advisory report from the WKR. Annex IV deals specifically with the points raised by the
WKR.

Carbon dioxide removal relates to all human activities for the removal and long-term storage of atmospheric
carbon dioxide in geological, earth-based or oceanic reservoirs, or in products.2There are numerous different
methods of carbon dioxide removal both via biological and technical-industrial routes. The best-known are
reforestation and climate-smart woodland management; bioenergy combined with CO; capture and storage
(BioEnergy with Carbon Capture and Storage, BECCS)3. There are other options such as the direct capture of CO,
from the air (Direct Air Carbon Capture and Storage, DACCS) and mineralisation in which the natural reaction
between CO; and natural alkaline rock is accelerated; and the storage of CO; in materials and products. For the
Netherlands, the most promising options appear to be the capture of biogenicCO2 released from the refining of
bio-based raw material for the production of biofuels or chemicals (referred to in this Roadmap as ‘BioCCS’ as
distinct from BECCS). The diagrammatic representation of the technologies in Figure 1 provides a simplified
picture of the various types of carbon dioxide removal. Chapter 4 provides a further interpretation of the
potential availability of carbon dioxide removal and the various techniques that could play a role in that
process.*

2 This is in line with the IPCC definition of carbon dioxide removal as “anthropogenic activities removing carbon dioxide (CO2)

from the atmosphere and durably storing it in geological, terrestrial, or ocean reservoirs, or in products

3 See Annex | for further explanations

4 This will build on the Letter to Parliament published in September 2024 in response to the Postma motion on CCS. Parliamentary Paper
31793-273.
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Figure 1: Interpretation of permanent and temporary carbon dioxide removal® from the WKR advisory report ‘Clearing the
Air?’.

Carbon dioxide removal is essential in the long, medium and short term:

1. Inthe long term to achieve net negative emissions®. The level of carbon dioxide removal required to
achieve this goal will depend on the extent to which the global emission budgets and agreements on
the European and Dutch contribution to compensating for the overshoot of those budgets and
agreements beyond 2050.

2. In the medium term to achieve climate neutrality for the Netherlands and in Europe by 2050, in which
carbon dioxide removal will compensate for hard to reduce residual emissions.

3. In the short term for achieving European and national emission reduction goals for 2030 and 2040,
and by way of compensation for emissions that can only be reduced in the longer term.”

Although there is both scientific and policy consensus on the fact that carbon dioxide removal is essential for
achieving the climate goals, current developments in terms of policy, standardisation and technology are not
yet sufficient. Developments will be needed at global, European and national level in respect of (i) the policy
integration of carbon dioxide removal — for example by laying down rules on the standardisation and accounting
for carbon dioxide removal (see Annex ll); (ii) creating a solid market and revenue model to enable the financing
of carbon dioxide removal, and (iii) the continued development and drastic upscaling of technologies. On a
global scale, the current level of carbon dioxide removal will have to be increased between two-fold and five-
fold, by 2050.8 Moreover, at present, almost exclusively conventional, biological methods are utilised while new
industrial methods will also be necessary. At present, outside the land use sector (forests, nature, agricultural
soils), to date, no carbon dioxide removal has taken place in the Netherlands.?

Carbon dioxide removal methods vary widely, in particular in terms of the length of the period of CO, storage
offered by the technology. This distinction is essential in maintaining the integrity of carbon dioxide accounting.
In certain techniques, the carbon dioxide is only temporarily stored because the carbon dioxide in question can
subsequently be released. In the case of reforestation, for example, in the future, a forest could be felled,
burned or rerelease CO; due to climate change.

For that reason, the Roadmap maintains the distinction between carbon dioxide removal methods in line
with the European Carbon Removal and Carbon Farming Certification regulation (CRCF), and aims to bring
about both permanent and temporary carbon dioxide removal. The CRCF regulation contains definitions for
permanent carbon dioxide removal (storage for a number of centuries); carbon agriculture (storage for at least 5
years plus the monitoring period); storage in products (storage for at least 35 years plus the monitoring period)
and permanent chemical carbon storage in products (storage for a number of centuries).

5 CO, removal can be either temporary (in the biosphere or in products and materials) or permanent (in geological reservoirs and rock strata).
Processes that temporarily reduce fossil emissions (such as fossil CCS and CCU) do not count towards CO» removal. The pillars are a
simplification: in reality additional (potential fossil) emission can occur during the generation of bioenergy and the implementation of BioCCS,
DACCS and mineralisation. Source: WKR advisory report ‘Clearing the Air?’.

6 That we remove more atmospheric greenhouse gas than we emit. Source: WKR advisory report ‘Clearing the Air?’.

7 This contribution will depend on the chosen climate goals, the effectiveness of emission reduction measures and the extent to which policy is
chosen to temporarily reduce the emission reduction burdens on specific sectors.

8 See Chapter 2 for a further interpretation of the necessity and scale of the required carbon dioxide removal.

9 Although efforts have been initiated towards developing carbon dioxide removal, for example in waste incineration plants.
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The Roadmap ties in with existing global, European and national policy. At various levels, pieces of the puzzle
that need to be laid in respect of this subject have already been identified. On a global level, the
Intergovernmental Panel on Climate Change (IPCC) has defined carbon dioxide removal.1? Nevertheless, the
trade in carbon removal credits pursuant to Article 6 of the Paris Agreement has not yet got off the ground. At
the COP29 summit in Baku (Azerbaijan) in 2024, important agreements were reached on this issue. With regard
to the accounting of carbon dioxide removal, new methodologies will have to be developed at a global level
(see Chapter 8). At EU level there is already i) a regulation to promote temporary carbon dioxide removal in the
agricultural sector via the LULUCF regulation?; i) a new certification framework that, amongst other things, lays
down quality criteria for carbon dioxide removal activities; and iii) an industrial carbon strategy, published at
the start of 2024 by the European Commission, which interprets how the combination of CCS (carbon capture
and storage) and carbon dioxide removal can contribute to the decarbonisation of industry in achieving
European climate goals. Box 1 provides a further explanation of how carbon dioxide removal contributes to the
national and European climate goals.

The various operating principles identified in this Roadmap set the course for Dutch efforts in promoting the
development of further international and European policy. Following the publication of this Roadmap, the
various tracks and action programmes it generates will be included in broader climate policy. In particular via
the Climate Memorandum, we will regularly report on the progress of these efforts in the accountability cycle.

Box 1: What is the contribution of carbon dioxide removal to national and European climate goals?

The European Climate Law includes the goal of climate neutrality in Europe at the latest by 2050. This means that by 2050,
in order to comply with the European Climate Law, carbon dioxide removal as compensation for residual emissions must
take place within the territory of the European Union.

Because carbon dioxide removal is still a relatively new policy field, international reporting in accordance with the United
Nations (UN) Climate Treaty is not yet fully elaborated. Human interventions in land use — such as the felling or planting of
trees — can already be included as carbon emission or carbon dioxide removal. As yet, there is no reporting for other
methods, but it is clear how carbon dioxide removal can be technically achieved, for example permanent carbon dioxide
removal by industrial means. Finally there are forms of permanent and temporary carbon dioxide removal that do not yet
count in the calculations, such as storage in oceans and the majority of products (with the exception of harvested wood
products — which are already counted). At present, in global accounting, no distinction is made between permanent and
temporary storage.

The national Climate Act contains a net reduction target in which the inclusion of emissions and carbon dioxide removal
follows the international standard. Dutch emissions are subject to the European emission report to the UN. In both cases,
accounting will have to comply with the rules applicable for the UN. In the national Climate Act, the target is climate
neutrality for the Netherlands. This makes it possible to include carbon dioxide removal in other European Member States,
besides the Netherlands.

Finally, due to the interaction of national, European and global rules, it is possible that certain emissions or carbon dioxide
removal can be included in one form of accounting, but not in another. In terms of European goals, national emissions
covered by the emissions trading system (ETS) are not taken into account in the national goals. On the other hand, for the
Dutch climate goals, these ETS emissions are counted. The same thing could also happen in relation to carbon dioxide
removal, depending on the choices made in the European context (see also Chapter 9). Annex Il provides a further
interpretation of the relevant accounting rules with regard to carbon dioxide removal, and the related challenges.

© The IPPC defines carbon dioxide removal as “anthropogenic activities removing carbon dioxide (CO:) from the atmosphere and durably
storing it in geological, terrestrial, or ocean reservoirs, or in products.”
" Land Use, Land-Use Change and Forestry (LULUCF)



2 The role of carbon
dioxide removal in
tackling climate change



Carbon Dioxide Removal Roadmap

Summary

. Carbon dioxide removal will play an important role in tackling climate change. Without carbon dioxide removal,
it is not possible to achieve the temperature goals of 1.5 °C and 2 °C from the Paris Agreement.

. Globally, by 2050, around 6-9 gigatonnes of carbon dioxide will have to be removed each year. This will require a
massive upscaling of carbon dioxide removal.

. At present, the large-scale availability of carbon dioxide removal is uncertain. By continuing to focus on emission
reduction, the required volume of carbon dioxide removal can be considerably restricted. It is therefore
important to minimise emissions where possible.

° With a view to the European and national ambitions to remove more carbon dioxide from the atmosphere than
is emitted (net negative emissions) post 2050, it is essential that we ensure more than sufficient available
capacity for the long term for CO2 storage.

Carbon dioxide removal will play an important role in tackling climate change and limiting global warming. It
was agreed internationally in the Paris Agreement that global warming must be limited to well below more than
2 °C, with a clear intent to limit global warming to 1.5 °C.12 Against that background, the IPCC prepares
international climate scenarios on how these temperature goals can be achieved. These scenarios show that
already in 2050, on a global scale, 6-9 gigatonnes and through to the end of this century a cumulative total of at
least several tens to hundreds of gigatonnes of carbon dioxide removal will be necessary in order to achieve the
1.5°Cand 2 °C goals (see Annex I1113). Carbon dioxide removal can contribute to achieving the temperature
goals in a number of different ways: for example it can contribute to temperature stabilisation around the 1.5 °C
or 2 °C level and limiting the expected temperature overshoot.14

The climate scenarios indicate that even before 2050, if we are to achieve climate neutrality, the use of
carbon dioxide removal will be unavoidable because certain residual emissions cannot be technically reduced,
or at least in an affordable manner.1> In addition, almost all scenarios expect that the global carbon budgets, in
other words the volume of CO2 emission that can still be permitted while achieving the temperature goal, will
be overshot. To cover ourselves against the risks of such an overshoot, the world needs to develop a
considerable capacity for carbon dioxide removal.16 A recent study!” shows that overshooting 1.5 °C global
warming will result in massive uncertainty regarding further temperature rise (which could end up far higher),
the consequences for the climate and the related risks.18

The volume of carbon dioxide removal required to achieve the international temperature goals is still
uncertain. The gigatonnes of carbon dioxide removal necessary to limit global warming to 1.5 °C at the end of
this century will depend on the extent of overshoot of the carbon budget in the years prior to achieving climate
neutrality. In the event of a limited overshoot of the temperature goal (<0.1°C), it will involve a few hundred
gigatonnes of carbon dioxide removal through to the end of this century; if the overshoot is greater (>0.2°C), it
may involve multiple hundreds of gigatonnes. By way of comparison: current European greenhouse gas
emissions amount to around 3 gigatonnes per year.1?

In the 1.5 degree scenarios, the volume of carbon dioxide removal required ranges from 0 to 20 gigatonnes per
year in 2100. See Figure 2 for a stylised reproduction, and Table 3 in Annex Il for the volumes of emission
reduction and carbon dioxide removal in the various temperature scenarios.

'2 Paris Agreement, UNFCC

'3 See also IPCC 6™ Assessment Report Working Group |1l Summary for Policymakers Table 1

“ WKR (2025), Background report Responsible use of temporary carbon dioxide removal.

' IPCC 6" Assessment Report Working Group Il Summary for Policymakers

'8 Schleussner, C.-F. et al. (2024) Overconfidence in climate overshoot, Nature 634, 366-373, https:/doi.org/10.1038/s41586-024-08020-9
7 Schleussner, C.-F. et al. (2024) Overconfidence in climate overshoot, Nature 634, 366-373, https:/doi.org/10.1038/s41586-024-08020-9
'8 For an explanation of the various risks at 1.5 °C warming and 2 °C warming, see the special report of the IPCC ‘Global Warning of 1.5°C’
" IPCC 6" Assessment Report Working Group Ill Summary for Policymakers
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Greenhouse gas emissions (stylised pathway)

CDR: Removals on managed land

CDR: Other removals

Net GHG em|
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Cross-Chapter Box 8, Figure 2 | Roles of CDR in global or national mitigation gies. Stylised pathway showing multiple functions of COR in different
phases of ambitious mitigation: (1) further reducing net CO, ar GHG emissions levels in near-term; {2) counterbalancing residual emissions to help reach net zero CO,
or GHG emissions in the mid-term; (3) achieving and sustaining net-negative CO; or GHG emissions In the long-term.

Figure 2: Global greenhouse gas emissions and carbon dioxide removal in stylised 1.5 °C scenarios (Figure 2 from Cross-Chapter
Box 8 in the IPCC AR6 WGlII report)

In every temperature scenario, major upscaling of carbon dioxide removal is necessary, but the large-scale
availability of carbon dioxide removal remains uncertain. It is therefore essential that we continue to reduce
emissions where possible. By continuing to focus on emission reduction, the volume of carbon dioxide removal
required can be considerably restrict ed. At present, on a global scale, just 2 gigatonnes of carbon dioxide are
removed each year.?° The numbers referred to in Table 3 and Annex Ill therefore suggest the massive upscaling
of carbon dioxide removal on a global, European and national scale (see Chapter 3). Far and away the largest
share of global carbon dioxide removal is currently achieved on a temporary basis and through land use. Just
0.1% is achieved via what are also referred as ‘new’ methods (for example BioCCS and biochar?!)?2, On a global
scale, therefore, those new methods offer the greatest potential for upscaling?3. However, current proposals by
countries for upscaling carbon dioxide removal are in stark contrast to the tens of gigatonnes required. To
date??, just 28 countries?> have issued proposals for the upscaling of carbon dioxide removal between now and
2050. In the national climate plans that countries are required to submit according to the Paris Agreement,
known as Nationally Determined Contributions (NDCs), those countries have promised between 0.05 and 0.53
gigatonnes of carbon dioxide removal in 2030, over and above the level achieved in 202026, This relates
primarily to carbon dioxide removal through afforestation and reforestation.?”

A global overshoot of the carbon budget will also have consequences for European and national ambitions
post 2050 for the net removal of more atmospheric carbon dioxide than emitted (net negative emissions). If
the post-2050 net negative emissions are not included in determining the required CO2 storage capacity, it is
possible that the required levels of carbon dioxide removal will no longer be achievable, at a later date. It is
essential that we ensure more than sufficient available capacity for CO2 storage and that the various necessary
applications are provided for. However, determining the required volume of future net negative emissions is an
extremely complex business. It depends on the level of overshoot, who caused that overshoot and how fair
distribution can be identified.2® Box 4 in Chapter 3 discusses this in more detail.

20 The State of Carbon Dioxide Removal, 2nd Edition - The State of Carbon Dioxide Removal (stateofcdr.org)

2 Akind of ‘carbonised’ biomass that can also be produced from residual waste streams. Source: WKR advisory report ‘Clearing the Air?’.

22 The State of Carbon Dioxide Removal, 2nd Edition - The State of Carbon Dioxide Removal (stateofcdr.org) and see Annex | (only in Dutch)
2 According to The State of Carbon Dioxide Removal, carbon dioxide removal from land use cannot grow globally by more than factor 3.

24 June 2024

2 Including the EU as a party to the Paris Agreement.

% This was 2.1 (1.5 to 2.7) Gt CO

27 The State of Carbon Dioxide Removal, 2nd Edition - The State of Carbon Dioxide Removal (stateofcdr.org)

2 \WKR (2024) Clearing the Air? Advice on principles and policies for managing CO removal from the atmosphere.
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3 The demand for carbon
dioxide removal in the
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Summary

. The demand for carbon dioxide removal will depend on three different functions: in the short to medium term to
compensate for residual emissions and in the long term to compensate for a possible overshoot of the carbon
budget.

. The volume of residual emissions will determine the total demand for carbon dioxide removal. This demand is
limited if residual emissions are reduced where possible. However, determining the nature of hard-to-abate
residual emissions is not a purely technoeconomic issue, but is also a political choice.

. There is no simple answer to the question: what is a reasonable contribution to global net negative emissions to
compensate for the overshoot of the global carbon budget? It is clear that a considerable contribution will have
to be taken into account, based on responsibility and capacity; depending on the chosen method, that will
amount to several tens of megatonnes. This Dutch contribution to global net negative emissions will require a
future political decision, which will probably have to be taken on a European level.

. Studies reveal a bandwidth of expected residual emissions for the Netherlands by 2050, with a lower boundary
of around 10-15 megatonnes CO2eq and an upper boundary of around 30-40 megatonnes CO2eq. In principle,
this upper boundary does not tie in with the policy objective of aiming to minimise the use of fossil energy
carriers.

. The total demand for carbon dioxide removal could amount to as much as 30-40 megatonnes per year if the
contribution to global net negative emissions to compensate for the overshoot of the carbon budget is also taken
into account.

European and Dutch demand for carbon dioxide removal will depend on a number of factors. Firstly, the
volume of carbon dioxide removal the Netherlands needs will depend on the three different functions that
carbon dioxide removal can fulfil in the long, medium and short term (see Chapter 1). For the long term, it
relates to a Dutch contribution to global net negative emissions: the size of that contribution will depend on
what we consider reasonable and the extent of overshoot of the carbon budget, but will amount to at least
several tens of megatonnes per year (see Box 4). For the medium term, it relates to compensation for residual
emissions (see Box 2) in order to arrive at net zero emissions. It has been agreed in Europe that by 2050, we will
have achieved climate neutrality in Europe. This means that compensation may not be achieved outside
European territory. Nevertheless, there is a possibility of a trade in carbon dioxide removal credits between EU
Member States to compensate for the residual emissions of individual countries. On that basis, the Netherlands
could sell carbon dioxide removal credits to other Member States, if it has sufficient such credits at its disposal,
or could purchase those credits from other Member States if that is not the case. The national goal of a climate-
neutral Netherlands by 2050 means that compensation for residual emissions would be possible outside the
Netherlands. Thirdly, in the short term, there could be demand for carbon dioxide removal as a means of
contributing to achieving the European and national emission reduction goals for 2030 and 2040 to compensate
for emissions that can or will only be reduced in the longer term, for technical or political reasons.

Box 2: Desirability of developing a definition of hard-to-abate residual emissions

At present there is no clear definition of ‘hard-to-abate’ residual emissions. The pragmatic elaboration is often: the
emissions remaining in (optimisation) scenarios. Reference is occasionally made to ‘hard-to-abate sectors’ (for example
heavy industry, international transport, agriculture). Even though this means that those sectors lack the (technological)
options for reducing emissions to zero, the terminology can raise the suggestion that the sectors in question have no
mitigation options whatsoever. This however, often only applies to a proportion of the emissions. For that reason we prefer
to use the term hard-to-abate residual emissions. But what hard to abate means depends, amongst other things, on the
availability of technologies or measures for emission reduction and the costs per tonne CO2 equivalent (in relation to the
ETS price). For example: production processes for which emission intensity cannot be reduced, and in which it is practically
impossible to capture the greenhouse gases (with a capture-cost limit of X EUR per tonne).

As well as the availability of options and costs, it is also a matter of political choices with regard to what our economy looks
like in 2050 (see also Climate Plan 2025-2035): for example how much space is there in our economy for agriculture,
industry and aviation? After all, greenhouse gas emissions from dairy cattle (enteric fermentation) are biologically
unavoidable, but how many dairy cattle can be kept in the Netherlands is a political choice. Large-scale electric aviation or
aviation based entirely on biogenic or synthetic fuels is not technically and economically realistic before 2040, such that
there will still be residual emissions in this sector that will have to be compensated for to achieve climate neutrality; on the
other hand, the number of flights can be influenced. For these reasons, in its background report ‘Responsible use of
temporary carbon dioxide removal’, the WKR defines emissions as ‘hard to abate’ “if they are technically difficult or
impossible to avoid, given the available resources and technology, and those emissions are generated by an activity which is
desirable based on compelling economic or social reasons.” Nevertheless, the availability of technologies, costs and political
feasibility of volume measures can change over time, for example as a consequence of technological and social
developments.
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In other words, there is no uniform definition for residual emissions; at the same time, there is a clear need for such a
definition, preferably on a European level, as also recommended by the WKR. The underlying principle in arriving at that
definition is that carbon dioxide removal and emission reduction are not equivalent and that as a consequence, residual
emissions must be minimised at a socially acceptable cost level. Dimensions that should certainly be considered in the
definition of residual emissions include technological, economic, biological, socio-cultural, political and ecological aspects. In
addition, any elaboration of the definition should be dynamic; something that is technologically, economically or socially
impossible today need not necessarily still be impossible in 20 years time.

The volume of residual emissions will determine the total demand for carbon dioxide removal. The total
demand for carbon dioxide removal will be restricted if residual emissions are reduced where possible. This
must be considered from the perspective of the costs and benefits for society. It is for example possible that the
social benefits will not outweigh the costs of the most expensive emission reduction options. In cases like these,
carbon dioxide removal could have an important function in achieving climate neutrality for a level of costs
considered socially responsible. Determining the volume of residual emissions is therefore not a purely
technoeconomic issue but also a political choice (see Box 2).

European residual emissions are expected to amount to at least 360 megatonnes CO; equivalent per year in
2050. The European Scientific Advisory Board on Climate Change (ESABCC) estimates that European residual
emissions in 2050 will amount to between 390 and 1,165 megatonnes of CO,eq per year. The modelling?® on
which the European impact assessment for the 2040 goal is based, assumes 411-416 megatonnes CO2eq per
year in 2050 in the basic scenarios, and 360 megatonnes CO2eq per year in 2050 in the LIFE scenario that takes
behavioural change into account. By way of comparison, the impact assessment assumes 391 megatonnes
CO,eq of carbon dioxide removal per year in 2040 and 447 megatonnes CO,eq carbon dioxide removal per year
in 2050, primarily through carbon agriculture, but increasingly also via BECCS and Direct Air Carbon Capture and
Storage (DACCS).

Scenario studies show a broad bandwidth of expected residual emissions for the Netherlands (10-40
megatonnes) with a lower boundary of around 10-15 megatonnes CO2eq in 2050. The more residual emissions
there are, for example caused by aviation, land use and agriculture, the greater the demand will be for
compensation by means of carbon dioxide removal. The bandwidths for residual emissions in 2050 vary widely
depending on the study. For one thing, the bandwidth depends on the extent to which account is taken of
steering to minimise residual emissions and behavioural change. Based on findings of the research and
consultancy firm CE Delft, the Netherlands Environmental Assessment Agency (PBL) and the Dutch Organisation
for Applied Scientific Research (TNO), it can be concluded that at least between 10 and 15 megatonnes of
CO2eq per year will remain in the form of residual emissions in the Netherlands, in 2050. Within these
scenarios, a large proportion of the residual emissions originate from agriculture and land use. This will be
preceded by a balancing of the societal importance of these activities, in advance. In that sense, ‘maintaining
existing economic activities’ is not a given fact. According to Lesschen et al.30 for example, emissions from
agriculture and land use in 2035 could have fallen by between 14% and 39% as compared with the reference
scenario (the Climate and Energy Outlook, 2022). In 2050, emissions from land use could have been reduced to
practically zero in the most optimistic scenario while residual emissions from agriculture could have been
reduced to 10 megatonnes CO,eq, ON the basis of the measures taken through to 2035. The PBL’s more recent
‘Trajectverkenning Klimaatneutraal 2050’ (Exploration of Pathways Towards a Clean Economy in 2050) also
predicts total residual emissions in the same order of magnitude as CE Delft and TNO: between 12 and 17
megatonnes CO,eq in 2050, consisting mainly of methane and nitrous oxide from agriculture and land use; this
is balanced by at least 18 megatonnes of CO, storage per year (mainly from biogenic sources)3! An update to the
TNO scenarios (see Box 3) suggests a similar volume: 15 (TRANSFORM) to 40 (ADAPT) megatonnes CO,

20 With PRIMES, GAINS, and GLOBIOM.

%0 | esschen, J. P., Arets, E., van Baren, S., Gonzalez-Martinez, A., Jongeneel, R., Reijs, J., Selten, M., Slier, T., Vellinga, T., & Vissers, L. (2023).
Beleidsscenario’s voor klimaatmitigatie in landbouw en landgebruik: resultaten voor AFOLU-sector in 2035. (Report / Wageningen Environmental
Research; No. 326). Wageningen Environmental Research.

https://doi.org/10.18174/630137.

3 The volume of stored CO: in the scenario studies is not equal to the volume of carbon dioxide removal: a proportion of the stored CO: is still fossil in
origin; only the CO: of atmospheric and biogenic origin is counted as carbon dioxide removal. In the TNO study, this is explicitly specified, which is not
the case for the PBL study (TVKN). In addition, not all non-fossil CO: captured in the scenario studies contributes directly to carbon dioxide removal;
only the proportion that is sustainably captured in underground storage or mineralisation. A proportion is used in CCU processes to replace fossil CO2
Carbon dioxide removal is therefore the total of captured CO: less the proportion of fossil CO2 and less the proportion of non-fossil CO2 used for CCU
without long-term sequestration.
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storage3?, in particular to compensate for residual emissions in industry and agriculture (ADAPT) and in industry
and mobility (TRANSFORM)

Box 3: TNO ADAPT and TRANSFORM scenarios

In investigating possible future transition pathways for a sustainable Dutch energy systems, TNO has developed two
scenarios, namely ADAPT and TRANSFORM. These scenarios are based on different future visions for the development of the
Netherlands towards climate neutrality in 2050, whereby ADAPT assumes few and TRANSFORM assumes multiple changes
to the economic structure, natural resource use and lifestyle of the Netherlands.

In both scenarios, net greenhouse gas emissions are eventually reduced to zero in 2050, as shown in Figure 3. The figure
shows which sectors are responsible for the residual greenhouse gas emissions. In 2050, the size of residual emissions in
ADAPT is 34.9 megatonnes and in TRANSFORM 14.0 megatonnes. Residual emissions are compensated through the storage
of CO2 with CCS: 40 megatonnes in ADAPT and 15 megatonnes in TRANSFORM. The CO2 in question is not only biogenic and
atmospheric but also fossil CO2, in particular in the ADAPT scenario (5.1 megatonnes as compared with around 1.0
megatonnes in TRANSFORM).

o
IZ‘J
&
v
e
2
2
ADAPT TRANSFORM
2030 2035 2040 2045 2050 2030 2035 2040 2045 2050
= Koolstofverwijdering 3.5 13,0 21.3 29,2 34,9 3,6 6,3 11,2 12,6 140
Fossiele CO2 opslag 9,2 -11,0 -10.3 -10.8 -5,1 -7,8 -4,2 -0,1 -1,0
= Landgebruik 1.9 1,9 1,9 1,2 0,7 19 1,9 1,2 0,7
- \Mobiliteit 22,5 22,6 12,1 12,2 3,0 22,5 21,4 12,0 11,2 2,6
Industrie 34,7 31,2 31,3 24,1 22,5 34,8 30,0 23,0 13,7 8,1
Energievoorziening 13,9 1,9 3,7 1,3 0,2 49 1,7 05 1,3 0,3
1 Gebouwde Omgeving 12,3 11,8 5.5 29 1,8 12,7 12,1 12,3 2,4 0,2
- |.andbo 18,1 12,4 124 10,4 6,7 14,2 7.8 6,5 5,7 2
= Netto uitstoot 99,9 68,6 45,7 22,9 0,0 87,3 68,6 449 22,9 0,0
Totaal restemissies 1034 81,6 67,0 52,1 34,9 90,9 74,9 56,1 35,5 14,0
Totaal CO2-opslag -12,7 -24,0 31,6 -40,0 40,0 113 -10,5 12,7 12,7 15,0

Figure 3:Forecast residual emissions and CO2 capture in TNO scenarios ADAPT and TRANSFORM (TNO, 2025). ADAPT: The
Netherlands and the EU achieve the targets for greenhouse gas reduction in 2030 and 2050; Maintaining current lifestyle;
industrial production and economic structure remain broadly the same; National and local government authorities take the
lead; Adaptation of the energy system and industrial processes to achieve the target; Structural changes beyond 2050; Fossil
fuels continue to be used in combination with application of CO2 storage; Limited ambition for increased sustainability of
chemicals and plastics and bunker fuels. TRANSFORM: The Netherlands and EU achieve the targets for greenhouse gas
reduction in 2030 and 2050; clear environmental awareness and sense of urgency in society leads to lifestyle change; EU and
the Netherlands encourage innovations; Individual and collective initiatives by citizens and industry; The government plays an
incentive-setting and facilitating role; Ambitious transformation of the energy system, transition from energy-intensive
industry, resulting in later industrial production and energy consumption, growth of services sector; Limited use of CO2
capture; Chemicals and plastics based on circular carbon, bunker fuels are made more sustainable.

The upper boundary in these studies assumes approx. 30-40 megatonnes CO,eq in 2050, but in principle this
does not tie in with the policy efforts of steering towards minimising the use of fossil energy carriers. In some
of the TNO and PBL scenarios, residual emissions are higher (upper boundary of approx. 30-40 megatonnes
CO,eq) because a higher level of residual fossil energy consumption is assumed, without CCS. Scenarios based

32 Scheepers, M., Taminiau, F., Smekens, K., Giraldo Chavarriaga, J., Veum, K. (2025) Koolstofverwijdering in een duurzaam Nederlands
energiesysteem - Nadere analyse van ADAPT en TRANSFORM scenario’s, R10245, TNO.
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on this principle tie in less well with the policy efforts aimed at a more sustainable carbon chain in the National
Energy System Plan, namely steering to minimise the use of fossil carbon carriers. This route has also been
chosen because the cabinet does not wish to preselect an excessive level of dependency on carbon dioxide
removal. To what extent it becomes possible to phase out the use of fossil carbon carriers will however in part
depend on the international policy context and the prices and availability of fossil CCS and carbon dioxide
removal.

The total demand for carbon dioxide removal could amount to as much as 30-40 megatonnes per year if the
contribution to global net negative emissions to compensate for the overshoot of the carbon budget is also
taken into account. In addition to compensating for residual emissions, there will also be demand for carbon
dioxide removal to meet the Dutch contribution to the compensation for the overshoot of global carbon budget
for the 1.5 degrees goal (which depending on the distribution could be as much as several tens of megatonnes
per year). Including that international contribution, the required carbon dioxide removal volume could still rise
to the upper boundary of the scenarios, but this would demand a political decision.

Box 4: A balanced contribution to global net negative emissions

If the carbon budget for 1.5 °C is overshot, carbon dioxide removal will be needed in order to reduce the temperature rise
to 1.5 °C. It is not possible to clearly determine a balanced contribution by Europe and the Netherlands to these global net
negative emissions. There are a number of different justification principles for distributing the global carbon budget
between countries, and a number of different choices can be made in its application.?? These principles include
responsibility, equivalence and capacity and all will probably in one way or another play a role in determining the fair
share (in accordance with the principles defined in the Paris Agreement of Common but Differentiated Responsibilities
and Respective Capabilities, CBDR-RC).

For Europe, these principles could result in 2-3 times the total amount of carbon dioxide removal as compared with the
cost-optimised distribution.?* By way of illustration: 23 gigatonnes stored CO2 cumulative (at the time of net zero CO2) in
a cost-optimised distribution, as compared with 49 gigatonnes stored CO2 based on capacity.> Another option for
calculating responsibility for carbon dioxide removal is the ‘net zero carbon debt’ criterion3® 3. This criterion quantifies the
relative (percentage) responsibility for overshooting the carbon budget. It compares a fair share of the residual carbon
budget with expected emissions (based on current policy or goals) to a point at which net zero is achieved, to determine
whether a country has a carbon debt or surplus. At present, data are not available at the Dutch level; for Europe, the
responsibility is probably between and 10 and 20%.

The ‘NEGEM’ research project (Quantifying and Deploying Responsible Negative Emissions) has published a study with
potential carbon dioxide removal targets for Member States (explicitly not recommendations) also on the basis of
historical responsibility, capacity and equivalence®. For the Netherlands, they amount to cumulative volumes in 2100 of:
1.16 gigatonnes CO2 (3.5% of the EU total) based on equivalence, 4.53 - 12.05 gigatonnes CO2 based on responsibility,
and 18.58 gigatonnes of CO2 (5.7% of the EU) based on capacity. By way of illustration this translates to at least 23
megatonnes per year (based on equivalence) if the cumulative volume is equally shared between the years 2050 and 2100
(however this is not probable: an upscaling pathway is more logical). Also in the Carbon Budget Explorer3 orders of
magnitude for the Netherlands of several tens of megatonnes net negative emissions per year are indicated (total
emissions are -25 megatonnes CO2eq per year in 2050 according to capacity and even -50 megatonnes according to a
combination of responsibility and equivalence). A report by CE Delft also suggested around 10 to 20 megatonnes per year
(for IPCC scenario category C1, see Annex lll). A Dutch contribution to global net negative emissions will require a future
political decision, that will probably be taken at European level.

33 Implications of various effort-sharing approaches for national carbon budgets and emission pathways | Climatic Change

3 Fair-share carbon dioxide removal increases major emitter responsibility
3 Using net-zero carbon debt to track climate overshoot responsibility | Research Square

3 (PDF) Using net-zero carbon debt to track climate overshoot responsibility
37 Carbon Debt Explorer

% |dentify Member State Targets for CDR

39 Carbon Budget Explorer
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Summary

. The potential for carbon dioxide removal in the Netherlands, at several tens of megatonnes per year in 2050, is
relatively large. The potential for technical-industrial routes is greater in the Netherlands than the potential for
biological routes. The Technology Readiness Level (TRL) of a number of those technical-industrial routes is
however still low.

. The actual availability of carbon dioxide removal will depend on choices on the most desirable technologies, the
production chains for those technologies and economic viability. Economic viability depends heavily on policy
incentives. Choices with regard to the use of non-fossil CO2 for CCU will also impact on the availability of carbon
dioxide removal.

. The potential for permanent CO2 storage with CCS is also dependent on the development of the CO2
infrastructure and storage capacity. The Netherlands has considerable potential available, but accessing that
potential will require timely upscaling.

. Because CO2 storage is subject to the European internal market, it is possible for other countries to use our
potential capacity, or for us to use their capacity. In the longer term, a transition from fossil CO2 storage to more
sustainable CO2 storage is desirable.

. Every removal technique has its own challenges. All forms that are dependent on bio-based raw material will
result in large-scale import, in particular for forms of BECCS. Within BECCS, BioCCS in the form of bio refinery can
make an important contribution, but that contribution depends heavily on production in the Netherlands and
choices in other policy fields. Direct Air and Ocean Capture could also make a considerable contribution, but still
remains very uncertain.

There are many different ways of removing carbon dioxide, but the Technology Readiness Levels are widely
divergent. Carbon dioxide removal can be achieved via biological and technical-industrial routes, including
BECCS, DACCS and mineralisation (See Figure 1 in Chapter 1). In its advisory report, the Netherlands Scientific
Climate Council provides an overview of the potential for carbon dioxide removal in the Netherlands (Table 1).
This shows considerable divergence between the technologies, including in terms of costs, positive/negative
side effects and potential for the Netherlands. This includes technologies both for temporary and permanent
carbon dioxide removal.

The potential for carbon dioxide removal to the tune of several tens of megatonnes per year in 2050 in the
Netherlands is relatively considerable. BECCS (including BioCCS), mineralisation and timber construction offer
the greatest potential. Biological routes, such as (re)forestation also offer potential, but require considerable
space. For that reason, the potential for technical-industrial routes in the Netherlands is greater than for
biological routes, but the Technology Readiness Level (TRL) for certain technical-industrial routes is still low.
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Table 1: Overview of the most important methods for CO, removal for the Netherlands and their properties from the
WKR advisory report ‘Clearing the Air?’ (2024).4°

Storage Potential Development Costs Main positive side Main negative side
period NL (Mt COz/ («/tCOz) effects effects
year)
Afforestation Temporary 0.7 High 50-1000  + Biodiversity e e Spatial footprint and
and potential competition with
reforestation food production

o ¢ Risk of non-sustainable
forest management

Carbon storage Temporary 0.5-0.9 High 0-50 + Improved soil quality e Risk of methane emissions
in the soil and water in peat pastureland
management

Blue carbon CO, Temporary Limited Low-average 92 + Biodiversity

storage + Coastal protection

Biochar Temporary  0.05 Low-average 200-1,500 + Improved soil quality e Spatial footprint and
possible competition food

ducti
Timber Temporary 3.9 High N/A + Lower emissions than production

o Risk of use of non-

construction conventional ) )
sustainable biomass

construction materials

Biomaterials Temporary  0O° Low-High 60-80 + Economic value
BECCS Permanent 22.2¢ Average-high 0-110 + Energy production
+ (BECCS)
Economic value
(Biofuels)
DACCS Permanent 0¢ Low-High 85-540 + Potential source of ¢ High energy consumption
synthetic carbone
Mineralisation Permanent 5.4 Low-High + Economic value ¢ High (possibly fossil)energy
+ Reduced soil erosion  consumption (due to grinding
+ Improved water and transport)
management ® Possible environmental
impact of mines and in
application

a On the basis of an assessment for recovery of wetlands (including salt marshes) (NEGEM, 2022) The costs may be higher, or even much
higher, in the Dutch context, see Hoefsloot et al. (2020). NEGEM. (2022). Literature assessment of oceanbased NETPs regarding
potentials, impacts and trade-offs. NEGEM. https://www.negemproject.eu/wp-content/ uploads/2022/06/NEGEM D3.5 Literature-
assessment-of-ocean-based-NETPs.pdf Hoefsloot, G., van der Jagt, H. A. & van Duin, W. E. (2020). Blue Carbon in Nederlandse kwelders.
Opportunities for additional CO, sequestration in salt marshes (20-028). Bureau Waardenburg.

b Contrary to this figure there is clear potential but the estimates by CE Delft/PBL assume a stable volume of sequestered green carbon in
the economy by 2050. This then delivers no further growth.

¢ This is the potential for the ‘BECCS’ and ‘biochemistry with CCS’ routes together, excluding steel production according to Hisarna. The
realistic potential of BioCCS depends heavily on assumptions about the availability of sustainable biomass. Not all technologies are
included such as biofermentation and supercritical water gasification in combination with CCS

d This also includes Direct Ocean Capture (DOC). See further explanation under DACC in the text.

e If the captured CO; is used for example for fuels (DACCU), then it no longer counts as CO, removal.

0 Potential NL’ relates to the realistic potential for the Netherlands in 2050, ‘Costs’ relates to expected costs in 2050. Development stage is
based on the Technology Readiness Level (TRL): low (TRL of 1 to 5; exploratory/development), average (TRL of 6 or 7) or high (TRL of 8 or
9). Source: WKR advisory report ‘Clearing the Air?’.
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The actual availability of carbon dioxide removal will depend on choices on the most desirable technologies,
the production chains for those technologies and economic viability. The use of bio-based raw material or the
destination of the captured CO, are for example relevant for the production chains. In addition to technical
costs, economic viability depends heavily on policy incentives. The side effects of carbon dioxide removal
technologies call for a careful balance between the value of carbon dioxide removal and the value of associated
policy objectives.

The potential for carbon dioxide removal through permanent CO, storage by means of CCS also depends on
the development of CO; infrastructure and storage capacity. This infrastructure and storage capacity are
currently under development in Europe in the framework of CCS projects, but both BECCS and DACCS will also
make use of this same capacity. In the Letter to Parliament in response to the Postma motion about CCS, the
development of this CO, storage capacity is discussed: in this domain, too, drastic upscaling is required. The
total Dutch geological potential for CO; storage is estimated at 1700 megatonnes, which equates to the storage
of the country’s own emissions for several decades. The Letter to Parliament in response to the Postma motion
about CCS demands attention for the necessity of finding a balance between realising sufficient CO; transport
and storage infrastructure in the Netherlands and elsewhere in Europe, and maintaining sufficient space for
other applications in the Dutch section of the North Sea, such as fishery and wind farms. The Letter to
Parliament in response to the Postma motion on CCS also suggests that the storage of CO; captured in the
Netherlands is also possible elsewhere within the EU and EEA.

The Netherlands is part of an integrated European CO: capture, transport and storage market. European
regulations restrict the Netherlands’ policy freedom in imposing conditions on the use of storage capacity.
According to the CCS Directive (Article 21), access to the transport networks and storage locations for
permanent CO, storage must also be granted to third parties in a transparent and non-discriminatory manner,
with the aim of fair and open access. This means that it is not possible to reject CO; on the basis of the
(domestic or foreign) origin of that CO, nor automatically on the basis of the source (fossil or atmospheric). This
requirement has been implemented in the Netherlands in the Mining Act (Article 32).

On the one hand, participation in the European market means that the Dutch government is very limited in its
ability to intervene in this market; on the other hand, it opens up access to the storage capacity in other
countries such as Denmark and Norway. The storage potential in these countries is estimated at tens of
gigatonnes. There is also a possibility in the future that Dutch CO, could be stored in the United Kingdom. If
greenhouse gases are captured in the Netherlands and stored abroad, the removal or emission reduction counts
as part of the Dutch total. According to expectations, between now and 2050, there will be sufficient storage
capacity in the Netherlands and elsewhere in Europe for storing both fossil CO, and atmospheric CO, *! Storage
capacity must however also be guaranteed for net negative emissions post 2050, in accordance with
international agreements.

In the short term, the storage of fossil CO; is important for achieving the climate goals. In the longer term, a
transition towards an increasing level of storage of biogenic/atmospheric CO; is desired. Policy frameworks
for carbon dioxide removal must take account of the early phase of development of the current CCS market,
and must not unnecessarily hinder further development towards a mature CCS market. At the same time, the
development of policy on carbon dioxide removal could boost the CCS market if value is allocated to carbon
dioxide removal. This could lead to growth in market demand for CO, transport and storage services. Wherever
the storage of fossil CO; is seen as a transition technology, in particular in areas where affordable fossil-free
production is possible, the storage of non-fossil CO; in fact offers the CCS market a more long-term perspective.
On the basis of current EU CCS regulations, it is not possible to make a distinction according to the CO, type
(fossil or biogenic): in the future, as we approach 2050, this may well become desirable.

Carbon sequestration in products is a form of CCU that could contribute to temporary carbon dioxide
removal. Examples include biobased building, the production of plastics and storage in chemicals. All are subject
to a number of conditions: the carbon must be sequestered for at least 35 years (in line with the CRCF),
monitoring must be guaranteed, and the relationship to other policy fields and value to society must have been

41 CE Delft (2023). Carbon dioxide removal and? climate policy: Analysis of demand, supply and policy for negative emissions in the Netherlands.
Delft: CE Delft.
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taken into account. In applications with a shorter lifecycle, such as the use of CO; in the production of soft
drinks, the replacement of fossil-based carbon dioxide by atmospheric or biogenic carbon dioxide will lead to
emission reduction, but not carbon dioxide removal.

Choices with regard to the use of non-fossil COzfor CCU will also impact on the availability of carbon dioxide
removal. CCU (both in the form of temporary storage and in the replacement of fossil products) and permanent
storage are competitors for the supply of non-fossil CO, (see Chapter 5, Table 2). It is therefore essential to
make a carefully considered decision between the benefits of CCU (replacing fossil resources, economic value of
products) and permanent CO; storage The underlying principle in the NPE is to focus on minimising the use of
fossil carbon, for example through CCU, wherever fossil resources can be replaced. Subject to those conditions,
CCU takes priority over carbon dioxide removal, because CCU helps prevent emissions while at the same time
limiting the need for carbon dioxide removal. Nevertheless, there are also synergies and technologies in which
CCS and CCU are not mutually exclusive options. In the chemical industry, for example, carbon dioxide can first
be reused and the CO; released in the process can be captured and stored. Alternatively, during the waste
phase, the carbon dioxide stored in the products can still be captured and subsequently re-stored. Equally, CCU
makes it possible to achieve not only temporary but also permanent carbon dioxide removal, for example if the
CO; is bound in construction products, via mineralisation.

In addition, all carbon dioxide removal routes based on bio-based raw materials require the large-scale
import of those bio-based raw materials. After all, compared with the expected national demand for the
various applications, including carbon dioxide removal towards 2050, the volume of bio-based raw material
available nationally is limited. It is therefore essential to focus on technologies in which carbon dioxide removal
can be combined with the high-value use of bio-based raw materials and the development of carbon dioxide
removal techniques that are not based on bio-based raw materials. In addition, the quantity of CO, released
from biorefinery processes depends heavily on the processes themselves and the scale at which those processes
are implemented in the Netherlands. If untreated bio-based raw materials are imported and processed in the
Netherlands in biofuels and chemicals (for example by means of gasification), relatively large volumes of CO; are
released. If however the products imported are intermediate products (for example methanol) that are
converted in the Netherlands into biofuels or chemicals, the processes employed are often different and
generally release less CO,. Which types of processes and the extent to which biorefinery capacity will be created
in the Netherlands are still highly uncertain, and depend on a variety of technical and economic factors.

Despite its technical potential, BECCS based on the incineration of bio-based raw materials is expected to play
a limited role, in the future. The National Energy System Plan and the Sustainability Framework for bio-based
raw materials suggest that due to the shortage of sustainable bio-based raw materials, low-value applications
(including electricity generation) should be phased out where possible. Seen from that perspective, the large-
scale use of BECCS for carbon dioxide removal is undesirable. It would take place to the detriment of emission
reduction through the replacement of fossil resources elsewhere. Moreover, the added value of electricity
production from BECCS is increasingly restricted by the use of sun and wind, and in the future the increased use
of nuclear energy, such that the large-scale application of BECCS represents a poor match with the future
electricity system. For these reasons, large-scale BECCS is unlikely to receive much support, so that despite its
potential, the future role of BECCS is expected to be limited. Nevertheless, there is no ban on BECCS, and if the
production of energy and CO, were to be sufficiently profitable, it is possible that a privately owned BECCS
power plant could be established.

In the medium to long term, BECCS in the form of biorefinery offers the greatest potential. Sustainable bio-
based raw materials are however in short supply and there is uncertainty regarding the scale at which
biorefinery will take place in the Netherlands.*2 Within the category BioCCS, CCS in combination with
biorefinery appears to be the option with the lowest additional costs and the highest-value use of bio-based raw
materials: it not only produces biofuels and biochemicals, but also releases pure CO; (although this depends on
the production routes chosen).*? Also for upgrading biogas to green gas, pure CO; is released, which can be used
for carbon dioxide removal. Because green gas installations are often of a smaller size, the volumes per

2 |n this Roadmap, BioCCS relates both to i) biorefinery with CCS for biofuels, and ii) Biochemicals with CCS. See also the list of definitions in Annex
I.

4 PBL (2024). Trajectverkenning Klimaatneutraal 2050. Trajecten naar een klimaatneutrale samenleving voor Nederland in 2050.

The Hague: Netherlands Environmental Assessment Agency.
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installation are lower, which in turn makes the relative costs higher. However, in relation to the total green gas
ambitions of the Dutch government, the volumes are considerable. Nevertheless, BioCCS technologies will
require further upscaling and the most determining factor for the future contribution is whether processing of
bio-based raw materials into biofuels will take place in the Netherlands. One special form of BECCS (not
included in Table 1) is supercritical water gasification in combination with CCS: This technology uses water at
high temperature and high pressure (the supercritical phase) to decompose wet organic residual and waste
streams such as sewage sludge, green waste and manure into gases such as methane (green gas), hydrogen and
CO,, which can then be captured. Following permanent storage of that biogenic CO,, supercritical water
gasification can be deployed for carbon dioxide removal. In the Netherlands, this technology is being developed
by SCW Systems and the Gasunie, specifically for the production of green gas, and is currently in the
demonstration phase.

In the long term, DACCS could make a major contribution but the potential is extremely uncertain. On the
basis of the high assumed costs (in the order of magnitude of 600 euros per tonne CO;) and assumed energy
demand, the CE Delft study expects no potential for DACCS in the Netherlands (see Table 1). A number of the
scenarios developed by the PBL, however, do include the application of DACCS for up to 6 megatonnes per year
in 2050. Even these applications still assume high costs. On the other hand, new studies show that the costs of
DACCS can be reduced towards an order of magnitude of several hundred euros per tonne, but that
nevertheless, the 100 dollar per tonne benchmark appears to be overly ambitious.** The cost margins identified
by the WKR, 2024 (85-540 euros per tonne CO2) and State of CDR-2, 2024 (200-1000 dollars per tonne CO,)
confirm this. However, the actual costs are also dependent on local conditions such as the availability and costs
of renewable energy (or residual heat) and the possibilities and costs for the storage of CO,. As such, the
potential for DACCS within the capacity of the energy system remains uncertain.

Marine carbon dioxide removal such as Direct Ocean Capture could also deliver a contribution in the future,
but this too remains uncertain. Direct Ocean Capture (DOC/DOCCS) is a new indirect form of DACCS. Within this
form, the CO; is removed from seawater using electrochemical techniques, and is subsequently used for CCU or
sequestered via CCS. This technology reduces the CO, concentration in seawater, which once again allows
seawater to absorb more CO, from the atmosphere.*> The TRL Level of these technologies is low to average —
i.e. at the pilot/demonstration stage — including a number of pilot/demonstration projects in the Netherlands
(Sea02, Brineworks). In principle, these technologies are easily scalable in offshore applications, but are
dependent on the capacity for local PV or wind. The costs remain uncertain, but claims suggest that if
implemented on a large enough scale, they could amount to around 100 dollars per tonne captured CO,.

Potential for land-based (biological) methods for carbon storage in the Netherlands is restricted. Unlike in
other European countries, the Dutch land use sector is a net emitter.* There is limited space available in the
Netherlands for implementing land-based (biological) methods on a large scale. On a European scale, there is
relatively more capacity for biological carbon storage in other countries than in the Netherlands. In the long
term it is likely that the land use sector will become a net source of emission, due to the consequences of
climate change on ecosystems.*’

“|EA, 20022, Young et al., 2023; Sievert, Schmidt and Steffen, 2024

4 There are other marine carbon dioxide removal methods that are not considered in more detail in this context, in particular because of the
low TRL levels and/or as yet unknown but potentially large-scale risks for the ecosystems, such as chemical CO: sequestration via the addition
of alkaline substances and artificial flooding of nutrients or iron fertilisation (which is currently subject to a moratorium under the Convention on
Biological Diversity).

6 The Netherlands has a (positive) LULUCF target of 4.5 megatonnes residual emissions in 2030. Certain other European countries have a
negative LULUCF target.

47 Global burned area increasingly explained by climate change | Nature Climate Change
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Summary
3 The cabinet employs five principles for maximising the positive contribution of carbon dioxide removal, and
minimising the overall negative effects. These principles are based on the most up-to-date scientific insights:

1. Reducing emissions remains the priority with a view to minimising the dependence on carbon dioxide
removal where possible.

2. Where possible, long-lived greenhouse gases will be compensated through permanent carbon dioxide
removal; short-lived greenhouse gases can be compensated through both permanent and temporary
carbon dioxide removal.

3. Only those forms of carbon dioxide removal with sound methodology for quantification will be used in
the emission accounting, whereby the focus will be on the highest possible value use of CO2 storage
capacity.

4. Where possible, carbon dioxide removal will tie in with other policy objectives such as objectives for
nature, food, energy, water supply, bio-based raw material, circularity, earning capacity and minimising
the use of fossil-based carbon.

5. Where possible, policy will be rolled out on a European and global scale; the Netherlands will only roll out
policy earlier where desirable, for example in encouraging innovation by our businesses as part of green
growth.

Based on the insights from the previous chapters, the cabinet will employ five policy principles for
maximising the positive contribution of carbon dioxide removal and minimising the overall negative effects.
These policy principles are based on the most up-to-date scientific insights. They address the effect of carbon
dioxide removal (policy) on emission reduction (policy), the complex relationship between emissions now and
storing (until) much later, the effects of the various carbon dioxide removal methods on other policy
objectives and finally the role that the Netherlands can play in the European and global context.

Principle 1: Reducing emissions remains the priority with a view to minimising the dependence
on carbon dioxide removal where possible.

All emissions increase the atmospheric concentration of greenhouse gases and as such exacerbate climate
problems. Carbon dioxide removal can make an important contribution by compensating hard-to-avoid or
historical emissions. Nevertheless, rather than simply mopping up the outflow, shutting off the supply at
source remains important. For that reason, this Roadmap is focused on successfully incorporating carbon
dioxide removal in overall climate policy and upscaling carbon dioxide removal capacity over time, without
detracting from the focus on emission reduction*8. Moreover, in line with the opinions of the WKR (see Annex
IV), the cabinet recognises the wisdom of minimising the dependence on carbon dioxide removal given the
uncertain future availability of capacity. At the same time, a start will have to be made on upscaling carbon
dioxide removal because it has now become clear that we cannot entirely achieve our goals, without it. As
such, carbon dioxide removal policy will be maintained as complementary to emission reduction policy.

Principle 2: Where possible, long-lived greenhouse gases will be compensated through
permanent carbon dioxide removal; short-lived greenhouse gases can be compensated through
both permanent and temporary carbon dioxide removal.

The cabinet has decided to compensate fossil residual emissions and long-lived greenhouse gases with
permanent carbon dioxide removal where possible. Temporary carbon dioxide removal?® will mainly be
used to compensate short-lived greenhouse gases, such as biogenic methane. As such, the cabinet has opted
for a less strict interpretation of the principle of equivalence®°than the WKR, while still taking into account the
arguments of the WKR in its further policy considerations. The WKR is of the opinion that on the basis of the
principle of equivalence, subject to certain preconditions, temporary carbon dioxide removal can only be used
to compensate for short-lived and biogenic emissions and never for long-lived and fossil emissions (see Annex
IV). The WKR describes its findings on the basis of the climate impact and risks of individual temporary

8 The priority of emission reduction does not automatically apply to fossil CCS. Although the storage of fossil CO: is an essential element of
the policy aimed at emission reduction, an ongoing major focus on this aspect is undesirable, because it is not in line with the objective of
minimising the use of fossil resources by 2050, and the high-value use of geological storage capacity (see principle 3).

4% The Carbon Dioxide Removal Roadmap makes a distinction between temporary (35-100 years) and permanent forms of carbon dioxide
removal (>100 years). This ties in with the necessary distinction between permanent and temporary carbon dioxide removal identified in
Chapters 1 and 2.

%0 See list of definitions and Annex IV on the WKR advice on carbon dioxide removal
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removal projects. The risks of temporary removal can however also be compensated by keeping a record of
changes in carbon stocks at a national level whereby losses from existing temporary sequestration projects

can be overcompensated with new sequestration projects. In this way, it remains possible to continue using
temporary carbon dioxide removal to compensate for long-lived emissions, subject to preconditions.

A consideration in arriving at this choice is that existing emission accounting rules allow more than
recommended by the WKR. These rules allow temporary anthropogenic carbon dioxide removal in land use to
be deducted from the emission of all greenhouse gases. This is not in line with the principle of equivalence of
the WKR. However, changing the emission accounting rules is not a simple task, because they are laid down
internationally. Nevertheless, it is not necessary to make policy choices to allow everything that is permitted
according to the accounting rules. Existing EU policy has already opted for certain restrictions: there is a
separate net carbon dioxide removal target for the EU LULUCF sector for 2030, carbon dioxide removal cannot
be used within the European Emission Trading System (EU ETS) and at Member State level, net carbon dioxide
removal in the LULUCF sector can only be allowed to make a limited contribution to the national target under
the Effort Sharing Regulation (ESR) for 2030.

The cabinet wishes to apply the principle of equivalence at a European level in setting EU Climate Policy
(see also Chapter 9). The cabinet is also investigating how the global emission accounting rules, in particular
with regard to temporary carbon dioxide removal, can be broadened and reinforced, in the long term. (See
Chapter 8). According to existing emission accounting rules, for example harvested wood products are already
covered by the definition of biogenic carbon pools in the LULUCF Regulation; products from non-woody crops,
such as fibre crops, fungi and bioplastic are not yet classified as biogenic carbon pools. To allow the carbon
storage in these ‘biobased’ products to also be included, additional international emission accounting rules
will be needed. The Netherlands is working to bring about the introduction of these kinds of additional
temporary sequestration, while safeguarding the climate contribution by these forms of carbon storage.

The cabinet wishes to investigate the possibilities for identifying which (policy) instruments can be
deployed in mitigating the risks of temporary carbon dioxide removal where possible. As previously
indicated, the inclusion of temporary carbon dioxide removal in the accounting is not without risks. However,
there are number of possibilities for minimising these risks, so that temporary carbon dioxide removal
continues to contribute as long as possible. Suggestions include clear guarantees and recovery agreements in
contracts with forest managers and for example the inclusion of compulsory buffers or assurances for forms
of temporary carbon dioxide removal. Instruments of this kind could promote the broader use of temporary
carbon dioxide removal than would otherwise have been achieved. It does however in no way detract from
the importance of focusing on permanent carbon dioxide removal.

Principle 3: Only those forms of carbon dioxide removal with a sound methodology and
accounting will be used, whereby the focus will be on the highest possible value use of CO,
storage capacity

There are many different methods of carbon dioxide removal, each of which stores carbon in different ways
and have different benefits and disadvantages. To ensure that carbon dioxide removal is successfully
integrated in climate policy, the contributions made by the various methods must be clear. Effective
monitoring, verification and risk mitigation are crucial in enabling us to check whether the volume of
sequestered carbon remains the same; this in turn means that the methods to be employed must be
measurable®l. In addition, bringing the various different (temporary and permanent) carbon dioxide removal
methods into line calls for systems of calculation that allow the harmonisation of the quality and quantity of
the various removal techniques. Elaboration of the European Carbon Removal and Carbon Farming
Certification regulation (CRCF) offers an example of how this can be put into practice. The UN regulated
carbon market under the Paris Agreement also provides standards for the methodology and accounting of
carbon dioxide removal activities.

In addition (speed in upscaling) the total availability of CO, storage and transport capacity in the
Netherlands and Europe are essential aspects of carbon dioxide removal. Permanent carbon dioxide removal

51 See Annex Il for an interpretation of carbon accounting, monitoring and verification.
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will result in additional demand for CO, transport and storage capacity. It is essential that we ensure the
timely availability of sufficient CO, storage and transport capacity, to meet the demand for carbon dioxide
removal. At present the CCS market is a business-to-business market on a European scale, which is still very
much in the development phase. The underlying principle for current CCS policy is the establishment of the
appropriate conditions for the timely realisation of a CCS infrastructure by market parties. At present, on the
basis of European legislation, when it comes to storing CO,, it is not permitted to make a distinction between
fossil and atmospheric CO,. In order to safeguard sufficient storage capacity for carbon dioxide removal in the
future, such a distinction could become desirable. In the medium to long term, as the role of carbon dioxide
removal is further developed or if the market develops in a different direction than expected, the CCS policy
and policy instruments can be reconsidered. It is also important to consider which policy is developed at EU
level, such as the (already announced) EU regulations for CO; transport. This underlines the importance of
continued vigilance and monitoring to determine whether this market actually develops in a such a way that it
can continue to mee the (future) demand for carbon dioxide removal.

Principle 4: Where possible, carbon dioxide removal will tie in with other policy objectives such
as objectives for nature, food, energy, water supply, bio-based raw material, circularity, earning
capacity and minimising the use of fossil-based carbon.

The huge discrepancies between carbon dioxide removal methods also means that they each have a
different set of side effects on other policy objectives, both positive and negative. As such, the policy on
carbon dioxide removal automatically enjoys close ties with other policy fields. To avoid unwanted effects in
other policy fields, these side effects must constantly be included in deliberations regarding the policy on
carbon dioxide removal.

The side effects of carbon dioxide removal are particularly relevant in the transition towards a climate-
neutral energy system, the transition towards a circular economy, agriculture, land use, nature and
biodiversity and in Dutch earning capacity (see Chapter 4 for an overview of methods and Table 4 for an
overview of the relationships). These relationships are not static but will continue to change over time and as
the policy on carbon dioxide removal matures. For carbon dioxide removal — and indeed for other
sustainability technologies — the existence of support from society will be essential. As well as delivering
economic opportunities, the development of carbon dioxide removal will cost money. This will in turn not only
require a national debate on the costs and benefits of carbon dioxide removal, but will also require the
establishment of a fair and environmentally inclusive approach, for example to project development.

Principle 5: Where possible, policy will be rolled out on a European and global scale; the
Netherlands will only roll out policy earlier where desirable, for example in encouraging
innovation by our businesses as part of green growth.

Given the international character of these challenges and the essential integration in European and global
climate policy and climate accounting, carbon dioxide removal policy should preferably be rolled out on a
European and global level. In particular the EU level offers a sound balance between sufficient scale and
sufficient speed in adopting the necessary rules and frameworks. Another relevant aspect is that many
elements of carbon dioxide removal are also subject to EU policy, such as LULUCF and the CCS market. By
implementing policy at EU level we avoid an unlevel playing field and allow the establishment of a European
carbon dioxide removal market. Nevertheless, in anticipation of European carbon dioxide removal policy, it
can be useful to implement a national policy to kick start the innovation and initial upscaling of this sector, to
help build future earning capacity. See also Chapter 10.

The five policy principles outlined above are integral to this Roadmap. For that reason, in the next chapters,

they form the focal point of considerations about policy, intended carbon dioxide removal capacity and the
selected instruments.
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Table 2: Interpretation of side effects of carbon dioxide removal Carbon dioxide removal will have multiple side effects: the

table below provides a non-exhaustive overview of the most important side effects and points for attention from the

point of view of various policy fields*?
How carbon dioxide removal affects the policy field:

Relevant policy

field:

Climate-neutral
energy system

Techniques including Direct Air Capture and mineralisation will generate a

relatively high demand for renewable energy. Following these routes must
therefore tie in with the parameters of the energy system. Conversely, the
potential of biogenic CO, for carbon dioxide removal is partially dependent
on the developments within the energy system, such as biorefinery

Reflected in the

following methods:

DACCS, mineralisation,
BECCS, BioCCS

Competition for sustainable carbon: carbon dioxide removal is in
competition with other sustainable applications of biomass and CO,
Sustainable carbon sources (sustainable bio-based raw material, secondary
raw materials (recyclate) and non-fossil CO,) will continue to play an
important role in reducing our dependence on imported coal, oil and gas. In
particular this is relevant to the transition towards a climate-neutral energy
system, specifically in areas where the switch to electricity, hydrogen or
heat is unachievable or hard to achieve.

Circular economy,
climate-neutral
energy system and
carbon
management

For a circular economy, sustainable carbon will also be essential as a raw
material, including for the chemical and construction sectors, as a
replacement for fossil materials and other minerals. If non-fossil carbon is
used as a raw material (for non-energy) production — for example in
bioplastic — the carbon dioxide will be temporarily removed. Within
greenhouse horticulture, there is already demand for sustainable CO, for
emission reduction. The permanent storage of non-fossil carbon for
example in BioCCS must therefore always be carefully considered in
relation to alternative applications for sustainable carbon. In particular

because preventing fossil emission always means that no emissions need to

be compensated.

Upscaling of CO, storage capacity: Carbon dioxide removal will result in
additional demand for CO, transport and storage capacity. It is essential
that we ensure the timely availability of sufficient CO, storage and
transport capacity, to meet the demand for carbon dioxide removal. That
demand will in part depend on the developments in the energy system and
within that system the phase out pathway for fossil carbon use. See also
Chapter 3.

BioCCS, use in products,
biobased building,
DACCS, BECCS

Agriculture and Bio-based raw materials will be used for many forms of permanent

BECCS, BioCCS, use in

land use carbon dioxide removal. The production of bio-based raw material has an  products, biobased
impact in terms of footprint. Part of the demand for bio-based raw building, tree planting, CO,
material is expected to be met via import channels. In addition, when it storage in soils
comes to growing bio-based raw materials, it is essential that in supplying
the necessary quantities, the balance be maintained between
sustainability and a viable business case.
The creation of forests and carbon sequestration in soils, for example in
grassland as well as CCS (which is in competition for space with offshore
wind), will have an impact in terms of overall footprint.
Nature and Temporary storage and permanent storage in the form of biobased raw BECCS, BioCCS, use in
biodiversity materials will have direct and indirect effects, respectively, on nature products, biobased

management and biodiversity, on both a national and international scale.
To prevent the removal of carbon dioxide conflicting with nature and
biodiversity policy, all policy aspects must be considered in conjunction
with one another.

building, tree planting

As described in Chapter 10, the Netherlands is solidly positioned to
deploy our knowledge system and industrial experience in economic
activities. This applies both to the development and patenting of new
technologies and for the rollout of carbon dioxide removal. The use of
carbon dioxide removal could have a positive side effect on green growth
and Dutch earning capacity.

Competitive and
sustainable earning
capacity

BECCS, BioCCS, use in
products, biobased
building, tree planting, CO,
storage in soil, DACCS

52 The relevant side effects for each technology are also interpreted in an overview in Table 1 of Chapter 4.
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government and policy
options
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Summary

3 Without government intervention, the upscaling of carbon dioxide removal that is necessary to achieve the
climate goals is unlikely to be successful. The intended development of carbon dioxide removal therefore calls
for government to play an active role.

3 The government needs instruments to make the necessary adjustments and to prevent undesirable outcomes
with regard to carbon dioxide removal.

3 There are various conceivable forms of government intervention and instruments. The government could for
example facilitate the upscaling of carbon dioxide removal by encouraging innovation, creating demand for
carbon dioxide removal and establishing the conditions for an effective market for carbon dioxide removal.

3 Interventions that combine carbon dioxide removal with existing policy instruments could be valuable in
accelerating regulation and establishing a business case for carbon dioxide removal, but could also bring about
unexpected dynamic effects.

3 In developing policy on carbon dioxide removal, a balance must be achieved between using market efficiency
and avoiding excessive reliance on carbon dioxide removal with the resultant undesirable external effects.

The cabinet recognises the crucial role of government in developing carbon dioxide removal The
development of permanent carbon dioxide removal is still in its infancy. There are uncertainties on the supply
side with regard with the storage space available and the cost effectiveness of the various technologies, while
on the demand side there are uncertainties about the volume of carbon dioxide removal required in the
future, for example as a consequence of expected residual emissions. At present, the development of carbon
dioxide removal is primarily driven by the voluntary carbon market. Without active government intervention,
the upscaling of carbon dioxide Without an active role for government, however the upscaling of carbon
dioxide removal that is necessary to achieve the climate goals is unlikely to be successful. This is also
recognised by the WKR (see Annex IV). The Council emphasises that the voluntary market for carbon dioxide
removal is unsuitable for achieving the necessary scale and quality of carbon dioxide removals3

Without government interventions, there is insufficient incentive for large-scale carbon dioxide removal.
Firstly, the current voluntary character of the carbon dioxide removal market will prevent the creation of
revenue models for innovation and the upscaling of carbon dioxide removal projects. Revenue models can
only emerge if there is sufficient certainty regarding the development of demand for carbon dioxide removal
and the conditions are in place for creating and utilising carbon dioxide removal credits. The only way to
create sufficient demand for carbon dioxide removal is through government regulation. Secondly, the
conditions for upscaling carbon dioxide removal, such as sufficient infrastructure and storage space and clear
regulations regarding licensing and certification of the various technologies are currently absent. As a
consequence, at present, both for providers and potential buyers, it remains uncertain whether and how
carbon dioxide removal can be deployed within existing instruments, such as the EU ETS, in order to comply
with climate regulations.

It is up to government to turn around the current situation with a high price for carbon dioxide removal and
limited certainty about storage capacity. To date, policy development is too restricted, and there is a lack of
certainty about the long term. As a result, there is uncertainty about the permanent storage capacity while
the costs of carbon dioxide removal remain high, in particular with compared to the ETS price and the
reduction costs for certain companies (see scenario 1 in 4). Only once a clear revenue model has been
established with more investments taking place (i.e. upscaling), will technologies be further developed and
economies of scale achieved.

53 WKR (2024). Advisory report ‘Clearing the Air?’ (https://www.wkr.nl/documenten/rapporten/2024/07/10/ adviesrapport-de-lucht-
klaren)
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High market price for
carbon dioxide removal

Scenario Scenario 2

Limited future k Plentiful future
storage for carbon storage for
dioxide removal / carbon dioxide

Scenario 3 Scenario 4

Most desirable
outcome

Low market price
for carbon dioxide
removal

Figure 4: Scenarios for the market price (vertical axis) and future storage capacity (horizontal axis) for carbon dioxide
removal.

The government needs instruments to make the necessary adjustments and to prevent undesirable
outcomes with regard to carbon dioxide removal. If carbon dioxide removal is to develop, a low market price
for carbon dioxide removal and a limited future storage capacity (scenario 3) are undesirable.>* In that case,
the economy will focus too much effort on carbon dioxide removal rather than investing in sustainability, even
though there is considerable uncertainty regarding storage capacity, with the related potential risks of
problems in later years. In economic terms, scenario 3 also represents no logical balance: if the price
mechanism functions successfully (in other words, based on the correct information), scarcity should in
principle correspond to a high price. The role of government is to ensure that in the current situation
(scenario 1) we advance towards an efficiently functioning market (scenario 4) and to prevent an irresponsibly
high level of reliance on carbon dioxide removal (scenario 3). At the same time, the government must also
prevent implementing an excessively restrictive policy or providing insufficient incentives for upscaling and
thereby ending up in scenario 2, in which there is huge potential for carbon dioxide removal, but that
potential is insufficiently utilised.

There are various conceivable forms of government intervention and instruments for arriving at an effective
carbon dioxide removal market. Box 5 presents a number of possibilities. Over the next few years, at national
level, the primary focus of the cabinet will be on policy aimed at establishing specific conditions for the policy
on carbon dioxide removal (see Box 6), such as the rules for including carbon dioxide removal in the national
emission registration system (see Chapter 8) and encouraging innovation and upscaling (see Chapters 9 and
10). To help create an international market for carbon dioxide removal, to encourage a dynamic interchange
with emission reduction and to promote the rollout of carbon dioxide removal, the cabinet will focus on a
European policy with clearly formulated targets (see Chapter 9). Government policy will also have to be
developed to ensure that the upscaling of the market is achieved in a sustainable and socially responsible
manner. The government will have to prevent a situation in which carbon dioxide removal finds itself at
loggerheads with other policy objectives, overshadows emission reduction and in essence fails to contribute
to a transition towards a structurally sustainable and climate-neutral economy. Finally, the choice of
instruments will determine where responsibility and accountability for carbon dioxide removal are placed. In
theory, there are a number of different options: the current polluter, the historical polluter or the current or
future taxpayer. In arriving at this choice, account will also have to be taken of distribution effects and social
support.

54 This could arise if it becomes clear that the storage capacity for example in gas fields has been underestimated — something that at
present remains uncertain.
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Box 5: A selection of possible policy instruments for carbon dioxide removal

1. Creating the conditions for an effective market for carbon dioxide removal.
- Implementation of a certification framework for carbon dioxide removal: A framework of reliable monitoring,
reporting and verification will be essential to guarantee the quality of certificates. With the CRCF, the European
Commission has laid the foundations.

- Coordinating the rollout of the necessary infrastructure: When building infrastructure for the transport of CO-,
coordination problems could occur between the various parties. Connections with neighbouring countries will
also be vital. The government can play a role in initiating, coordinating and financing the installation of the
necessary infrastructure.

- Incentivising the availability of carbon dioxide removal: at present, carbon dioxide removal is relatively costly
and in short supply. At the same time, initiating new carbon dioxide removal projects is time consuming. The
government could choose to incentivise the availability of carbon dioxide removal, for example by offering
subsidies aimed at innovation (DEI) or upscaling (SDE++).

2. Promoting demand for carbon dioxide removal:

- ‘Rewarding’ carbon dioxide removal via a parallel system similar to ETS or via integration within the ETS:
Polluting companies could for example be required to purchase not only ETS rights but also carbon dioxide
removal certificates (outside the ETS system), they could be granted a discount on the ETS rights they are
required to purchase if they invest in carbon dioxide removal (within the ETS system) or they could fulfil their ETS
obligations by purchasing units from providers of carbon dioxide removal services (within the ETS system). This
could also be combined with a central carbon bank or the government purchase of carbon dioxide removal
certificates (see below).

- Requiring emitters to purchase carbon dioxide removal certificates: By imposing standards, the government
could require emitters to purchase carbon dioxide removal certificates. This ties in with the ‘polluter pays’
principle, because carbon dioxide removal is necessary to cover historical emissions. Examples include California’s
Carbon Removal Development Act (for emitters) and the Carbon Take Back Obligation (for fossil fuel-based
products). For a further explanation, see WKR (2024) - Clearing the Air? Depending on the chosen form, this
could result in a higher implicit price for emissions, which in turn could result in lower prices in the ETS system.

- Government issues guarantees or buys up certificates for future sale: To kickstart the market, the government
could immediately boost demand by issuing guarantees or purchasing carbon dioxide removal certificates as
suggested by the WKR. This could for example take the form of an auction system. For further explanations, see
Annex IV and WKR (2024) - Clearing the Air?. A potential central carbon dioxide bank could also purchase
certificates. This in turn could be linked to existing instruments, for example by making use of revenue from the
ETS system.

- The government itself invests in upscaling: The government could also invest directly in the form of public
investment or by participating in carbon dioxide removal projects.

3. Guaranteeing emission reduction alongside carbon dioxide removal:

- Setting a gross emission reduction target for sectors: Each year, by means of measures aimed at setting
standards and prices, the government is working to achieve sector targets. The efforts by these sectors in the field
of carbon dioxide removal do not yet count towards these targets. The government could opt to partially include
carbon dioxide removal in calculating the sector targets. For example by maximising the number of megatonnes
of carbon dioxide removal that each sector is allowed to include in its calculations.

- Establishing an independent central carbon dioxide bank: A central carbon dioxide bank could manage the space
available for emissions by linking capacity to the buying up of more or fewer removal certificates. In this way, a
central carbon dioxide bank would act as a sort of emergency brake by purchasing more certificates when
emission space becomes restricted. A less ‘heavy-handed’ option would be to include a basic pathway for
emission reduction in legislation.

- Setting standards and/or imposing taxes to prevent an artificially low price for carbon dioxide removal: carbon
dioxide removal can trigger both positive and negative external effects and could be to the detriment of
incentives for emission reduction. The government has a number of options for influencing the price for the
removal of a tonne of CO:and as such can respond to the amount of carbon dioxide removal that is permitted as
compensation for emissions.
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In developing policy on carbon dioxide removal, a balance must be achieved between using market
efficiency and avoiding excessive reliance on carbon dioxide removal with the resultant undesirable
external effects. Box 5 shows that there are various conceivable options for private and public responsibility
in the carbon dioxide removal market. In general terms, a greater role for government coordination and
regulation and a more restricted role for market parties results in greater control, thus allowing a clearer
pathway towards the amount of carbon dioxide removal and the way carbon dioxide removal is used. This is
the best way to ensure the greatest mitigating effect on the risks discouraging emission reduction,
duplications in the calculations and undesirable external effects of carbon dioxide removal. If however
government takes on a less direction-setting role and relies more on market mechanisms and private parties
(for example by encouraging a greater degree of integration of carbon dioxide removal in the ETS system),
these risks will be increased. At the same time, this less controlling role for government will allow more use to
be made of competition and the creativity of individual businesses, which as a rule leads to more efficiency
and greater innovation. This could result in the faster launching of more successful carbon dioxide removal
projects, could accelerate the development of technologies and could help reduce the costs of climate policy
for society.

In addition, interventions that combine carbon dioxide removal with existing policy instruments could be
valuable in accelerating regulation and establishing a business case for carbon dioxide removal, but could
also bring about unexpected dynamic effects. It would for example be possible to opt for complete
integration of carbon dioxide removal in the ETS by allowing companies that remove carbon to create new
emission rights, on a one-for-one basis. This option will make it immediately clear to businesses that if they
remove carbon dioxide, they can set off the equivalent value in the ETS. At the same time, the market price is
not based only on current supply and demand, but also expectations for the future. At present, those
expectations are already more clearly determined for emissions than for carbon dioxide removal. If carbon
dioxide removal is linked to emissions, it is possible that uncertainty about the costs of carbon dioxide
removal in the future could have a disruptive effect on the emission price today, which could in turn lead to
less emission reduction. This can be prevented by actively managing the amount of ETS rights. Another option
would be to purchase carbon dioxide removal certificates using public funds. One example would be to use
the income from ETS to purchase carbon dioxide removal and to issue rights in return. Depending on the
origin of these public funds, the bill will then be charged to the polluter or the taxpayer. Another option would
be to retain the separate emission pathways, and to set the price on the basis of the estimated cost of carbon
dioxide removal. This will in particular apply for carbon dioxide removal in the early stages, when the
uncertainty is high. As technologies are further developed and upscaled, this factor is expected to play a less
important role.

Box 6: Parameters in which the government has a role to play

(Access to) CO2 infrastructure To achieve high volume permanent geological carbon dioxide removal, a transport and
storage infrastructure for CO2 must be sufficiently well developed with guaranteed access for third parties (open
access).>

Energy (infrastructure): Certain carbon dioxide removal technologies, in particular industrial technologies such as
DACCS, require huge volumes of energy and are heavily dependent on the energy transition. As such, spatial integration
and tackling grid congestion are important aspects of carbon dioxide removal. To facilitate a broad spectrum of
technologies, other technologies will be considered, in combination with the possibilities for example for using residual
heat. It will become clear over time on what scale these routes will be implemented in the Netherlands.

Licensing: The urgent need to upscale carbon dioxide removal technologies means that licensing could form a
bottleneck. As a result, licencing processes must be made as efficient as possible including the possibility of enabling
parallel licence applications. National government could play a management role in this process, as is the case for grid
congestion. Environmental services could also call in external expertise to accelerate the assessment of local projects.

Market access for new products that store carbon: products are not automatically given access to the market. For
construction products, for example, the construction performance and environmental impact must be clear. By

streamlining these processes, government could promote the development of new products.

Reliable certification: One tonne of certified carbon dioxide removal must actually result in the removal of one tonne of

55 At present, access for third parties in the Netherlands is regulated by section 32 of the Mining Act.
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carbon dioxide. It is important that the certifying bodies operate transparently and maintain clear control over the
practices they supervise. The EU Carbon Removal and Carbon Farming (CRCF) Regulation helps ensure that reliability of
carbon dioxide removal certification. The cabinet therefore intends to make broad use of this regulation.

Social acceptance of carbon dioxide removal: As yet, there is limited awareness amongst the general public of carbon
dioxide removal. How attitudes to carbon dioxide removal develop will have an important impact on the speed of
development and rollout. Information provision and understanding and carefully responding to concerns within society
play an important role.
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Summary

3 The cabinet is working to ensure that carbon dioxide removal in the Netherlands makes a sustainable
contribution to a climate-neutral EU in 2050 and global net negative emissions post 2050, while at the same
time utilising economic opportunities in the field of carbon dioxide removal.

3 The potential development pathway for carbon dioxide removal breaks down into three phases: (1) the start-
up phase, the current situation, (2) the upscaling phase from around 2030 onwards and (3) the
internationalisation phase from around 2040 onwards.

3 Based on the information contained in the previous chapters, it is possible to formulate an indicative quantity
of carbon dioxide removal for 2040 and 2050, sufficient to offer investment security and to prevent carbon
dioxide removal being achieved at the expense of emission reduction. The cabinet has assumed 20-25
megatonnes of carbon dioxide removal per year in the Netherlands between 2040 and 2050.

3 To achieve its long-term goals, the cabinet will develop policy around three core pillars: (i) international
regulations for the responsible inclusion of carbon dioxide removal in emission accounting, (ii) European
regulations for certification, market creation and upscaling of the demand for carbon dioxide removal, and
encouraging innovation, and (iii) national policy for utilising market opportunities for Dutch businesses,
including support for early upscaling and innovation.

The Roadmap - the intended final situation in 2050

The cabinet is working to ensure that carbon dioxide removal in the Netherlands makes a sustainable
contribution to climate-neutral EU in 2050 and global net negative emissions post 2050, while at the same
time utilising economic opportunities in the field of carbon dioxide removal. More specifically, the aim is
that by 2050, the following policy objectives will have been realised:

*  Where possible, the demand for carbon dioxide removal for compensation has been minimised, by
reducing emissions wherever possible and viable, and by downscaling the use of fossil resources;

* Carbon dioxide removal in the Netherlands has been upscaled to a sufficient level to sustainably
compensate for our own residual emissions, so that post 2050, the Netherlands is able to contribute to
global carbon dioxide removal;

* Transport and permanent storage have been upscaled to several tens of megatonnes of CO, per year. The
Netherlands is well connected to and plays an important role in a (Northwestern) European CO, network
for permanent storage, in which a transition has also been achieved from storing fossil CO; to increasingly
non-fossil CO5;

* Aclear business case has been established for carbon dioxide removal in which businesses can roll out
carbon dioxide removal and are able to develop new technologies;

* Biogenic carbon dioxide removal contributes to Dutch and European climate goals, nature and biodiversity
goals and more sustainable use of natural resources;

* Dutch businesses are active participants in the international carbon dioxide removal market with the
production and export of carbon dioxide removal technologies thereby contributing to green growth and
global carbon dioxide removal via both national and international projects.

The Roadmap - a potential development pathway for carbon dioxide
removal towards 2050

There is some uncertainty about how carbon dioxide removal will develop over the next few decades, and
that development will be dependent on both technical-economic and policy-based developments at various
levels. Assuming a world that upholds the targets of the Paris Agreement, the development is expected to
pass through several phases, although the precise moment of transition between those phases is difficult to
specify, and the developments within each phase may well overlap. The outline below is an indication of a
possible development pathway towards 2050, at national, European and international level. Annex V contains
a more detailed outline.

The Start-up phase (2025-2030)

We are currently in the start-up phase of carbon dioxide removal. In this phase there is a growing recognition
of the urgency of carbon dioxide removal, but the relevant (industrial) technologies are still in the earliest
phases of development and the applications, mainly still on a small scale, are primarily financed by public and
private research funds and by the voluntary carbon market. In most cases, the focus is not on volume but on
innovation. In this phase, the contribution to the climate goals is restricted to sequestration in land use
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(LULUCF) and BECCS (including waste incineration plants). In this phase in terms of CO2 storage, industrial
carbon dioxide removal is piggybacking on fossil CCS development. And on the early market for CCU
applications, for example in horticulture and construction. In this phase there is a need for a clear strategy,
support for innovation and a policy of facilitation (regulation, infrastructure and space for experimentation).
In preparing for upscaling there is also a clear need for the creation of an appropriate market. A definition of
and methodology for determining residual emissions will have to be developed on a European scale, in
combination with a clear vision of the expected volume of residual emissions and the purposes to which
carbon dioxide removal will be put. Carbon dioxide removal must be further analysed for inclusion in
European policy instruments, for example in line with the Industrial Carbon Management Strategy.
Possibilities include boosting market demand for carbon dioxide removal by linking removal credits to the ETS.
National policy is focused above all on incentives for innovation and early upscaling, in addition to
implementing the first megatonnes necessary for achieving the climate goal for 2030.

The Upscaling phase (2030-2040)

In this phase, the goal is to upscale carbon dioxide removal at national and European level to several tens of
megatonnes per year with a view to achieving climate neutrality. This can only be achieved by creating market
demand (by setting standards and prices) and not only on the basis of the voluntary carbon market. It will also
demand much attention for the timely upscaling of storage capacity and the (timely) creation of CO, networks
in Northwestern Europe, a task in which the Netherlands could fulfil an essential transit function. Nationally,
the rollout of carbon dioxide removal will be backed up by regular instruments such as the Stimulation of
Sustainable Energy Production and Climate Transition (SDE++) programme and sector-specific policy such as
biobased building; On a European scale, standardisation options such as the compulsory purchase of carbon
dioxide removal, and new policy instruments including the reform of the ETS system, will ensure rapid growth
in the demand for carbon dioxide removal credits. During the upscaling phase, in line with international
developments, innovation will continue and thanks to learning effects not only will the costs of already
established technologies fall, but the range of technologies ready for market will expand. Supported by
international agreements, in particular via the voluntary carbon market, the international trade in carbon
dioxide removal credits will grow and the trade in carbon dioxide removal technology, a market from which
Dutch businesses will be in a position to profit, will expand.

The Internationalisation phase (2040 and beyond)

Under the influence of growth in international demand for carbon dioxide removal towards the multi-
gigatonne scale and as a consequence of international regulation (agreements on the trade in carbon dioxide
removal credits and international certification standards), post 2040, the carbon dioxide removal market will
not only be far larger but also increasingly international in terms of both the trade in carbon dioxide removal
credits and the trade in carbon dioxide removal technologies. Through natural consolidation, businesses in the
field of carbon dioxide removal will also become larger and more international. Ever growing numbers of
international carbon dioxide removal projects will be developed aimed at making use of optimum locations
for carbon dioxide removal projects, also beyond national boundaries and in the open oceans. These
developments will be bound by international rules. Carbon dioxide removal will become the main driving
force behind the development of CO2 storage. European and national policy will focus both on achieving net
zero emissions in 2050 and supporting the market opportunities for local businesses on the international
market for carbon dioxide removal. With a view to achieving net negative emissions on a global scale post
2050, the necessary legal framework will be developed at an international level. For this phase, deliberations
will take place at EU level on where to focus the incentive for carbon dioxide removal. As 2050 approaches,
the EU will practically have no more emitters that can be obliged to participate. The same in fact already
applies for ETS1 as we approach 2040.
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Figure 5: Possible development pathway for carbon dioxide removal

Implications for the policy on carbon dioxide removal

The cabinet has already assumed total annual carbon dioxide removal of 20-25 megatonnes between 2040
and 2050 By specifying explicit quantities of carbon dioxide removal in advance, greater investment security
will be created for CO2 removal and storage. The climate goals are net goals, which leaves space for
compensation of residual emissions by means of carbon dioxide removal, without specifying the affected
sectors in advance. At a later stage, the cabinet can still opt to maximise the contribution of carbon dioxide
removal to sector targets (see Box 5 in Chapter 6). As already indicated in the 2025-2035 Climate Plan, the
cabinet has assumed around 20-25 megatonnes in 2040 and the same in 2050 for achieving our national
climate goals. This equates to around 10% of Dutch 1990 emissions. This is a cautious goal given the volumes
of carbon dioxide removal provided for in the various (cost-optimised scenarios for climate neutrality in 2050
(see Chapter 3) and takes into account the uncertainties relating to the realisation of carbon dioxide removal,
for example realisation of large-scale processing of bio-based raw materials in the Netherlands. For 2040, on
the other hand, a relatively large contribution is taken into account given the expected limited possibilities of
massively reducing residual emissions within that timeline, in accordance with the lowest scenarios. In fact, as
indicated in the Climate Plan, these efforts will be re-evaluated every five years at the programme adjustment
moments for the Climate Plan, on the basis of the latest technological, economic and policy-based insights.

The cabinet will integrate carbon dioxide removal in related policy fields. For example, carbon dioxide
removal has been identified in the Climate Plan as one of the key overarching topics, for which the impact of
and carbon dioxide removal will be mapped out for all sectors. This demands ongoing efforts that must be
embedded in the governance and decision making process with regard to climate policy. The effects on other
policy fields — sustainable carbon chain, climate-neutral energy system, land use, circularity, biodiversity and
sustainable earning capacity — as already mapped out (see Chapter 5), will therefore be taken into account at
all relevant decision-making moments.

This Roadmanp relies on three core pillars for the elaboration of carbon dioxide removal policy. These pillars
are in line with the various levels at which carbon dioxide removal policy is debated within the cabinet. At
global level, the cabinet is working towards the responsible inclusion of carbon dioxide removal in national
emission accounting. At European level, efforts are focused on increasing the scale at which carbon dioxide
removal is implemented where possible, by focusing on regulations for certification, market creation and the

% The volume of residual emissions in 2050 need not necessarily be greater than in 2040, but will depend on technical
developments and policy choices in respect of the downscaling of fossil resources use as shown by the PBL/TNO scenarios.
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upscaling of demand for carbon dioxide removal, in combination with support for innovation. These levels will
create a market for carbon dioxide removal and will play a key role in the upscaling and internationalisation
phase. At national level, policy will be focused on areas in which a supplementary role by government is
needed in order to allow Dutch businesses to utilise market opportunities, including additional support for
early upscaling and innovation. During the start-up phase (through to 2030), this will be much in demand, also
with a view to realising opportunities for green growth. These support pillars will be further elaborated in
chapters 8 to 10.
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Summary

. One essential precondition for the large-scale rollout of carbon dioxide removal is the presence of clear
agreements on methodologies for quantifying the various approaches to carbon dioxide removal in the
national system of emission registration. The cabinet is working to achieve this harmonisation at international
level.

3 In addition, on a global scale, the cabinet is working on rules pursuant to the Paris Agreement with regard to
the trade in and cooperation on emission reduction and carbon dioxide removal, as concluded in 2024.

3 Since it is laid down in legislation that the EU and the Netherlands must achieve their climate goals on
European territory, for the time being, no use will be made of the option to purchase emission reductions or
carbon dioxide removal rights from outside the EU.

3 There is also parallel trade between private parties on the voluntary carbon market. At present, the private
market is the primary funder for carbon dioxide removal activities. The Netherlands is in favour of clear quality
criteria for certified carbon dioxide removal activities.

3 To reinforce its international efforts, the Netherlands is a participant in international coalitions.

One essential precondition for the integration of carbon dioxide removal in climate policy is the presence of
clear agreements on methodologies for quantifying the various approaches to carbon dioxide removal in
the national system of emission registration. The rules on national emission reporting are agreed
internationally in the framework of the United Nations Framework Convention on Climate Change (UNFCCC).
Advice is sought from the Intergovernmental Panel on Climate Change (IPCC), the body responsible for
developing methodologies for calculating emission reductions and carbon sequestration. Accounting rules
have not yet been drawn up for all forms of carbon dioxide removal; for example, at present there are no
methodologies for Direct Air Capture (DAC), mineralisation and (temporary) carbon storage in (biobased)
materials and products (with the exception of timber product). It is important that sound methodologies be
drawn up for these areas in the near future. There are also gaps in the number of existing measuring methods
for already recognised carbon dioxide removal technologies, such as the sequestration of biogenic CO2 from
fermentation processes or supercritical water gasification. The IPCC Task Force on National Greenhouse Gas
Inventories has been commissioned to draw up a methodology report on carbon dioxide removal. This report
is expected to result in guidelines on how carbon dioxide removal should be included in national emission
reports under the United Nations Framework Convention on Climate Change.

The opportunity to include carbon dioxide removal in the emission registration system could deliver an
important boost to upscaling the technologies in question. There are however still key issues regarding
validation and the permanence of carbon dioxide removal, and how the technologies can be implemented in a
sustainable manner. During the Start-up phase of the carbon dioxide removal policy (see Chapter 7 for a
description of the various phases), the efforts of the cabinet will be focused on raising these points within the
IPCC so that they can be included in the IPCC Methodology Report. Annex Il will discuss the accounting for
carbon dioxide removal in more detail.

In addition to accounting, at international level work is also being conducted on rules relating to the trade
in emission reduction and carbon dioxide removal, known as the mitigation outcomes. This international
trade has the potential to contribute to achieving the Paris Goals, on condition clear safeguards are in place
for the quality and integrity of the trade. In November 2024, at the UN Climate Summit COP29 in Baku,
Azerbaijan, agreements were reached on these issues under the what is known as Article 6 of the Paris
Agreement. As a consequence, countries are now able to work together (Article 6.2) and via the UN regulated
carbon market (Article 6.4).

The global marketplace for emission reduction and carbon dioxide removal with its own supervisory body, is
also directly accessible to businesses. It operates a standard and requirements for carbon dioxide removal
activities. Activities are for example required to satisfy the requirements for monitoring, reporting,
verification, tackling reversals and leakage effects, and the prevention of negative impact on people and
planet.

In collaboration with the EU, the Netherlands will strive for a market that operates transparently and that
consists of projects that deliver the mitigation they promise as well as having a positive impact on people
and planet. It is essential that such risks as reversal or double counting of emission reductions and carbon
dioxide removal be reduced to the absolute minimum, and that interested countries and businesses are
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confident about using the opportunities offered by this international trade. It is now up to the countries to
bring about fair and effective markets in a manner that ensures confidence in the implementation of the
market, and that supports the global climate ambitions. Only then will traded emission reductions and carbon
dioxide removal make a permanent and real contribution to achieving the goals laid down in the Paris
Agreement.

For the time being, the Netherlands does not use the option of purchasing emission reductions or carbon
dioxide removal rights from outside the EU since it is laid down in legislation that the EU and the
Netherlands must achieve their climate goals on European territory. For the longer term this position could
be reconsidered, in particular at the point when the Netherlands and the EU wish to make a contribution to
net negative emissions. In addition, Member States can opt to purchase emission reduction and/or carbon
dioxide removal rights as a contribution to achieving the goals in other countries.

As well as countries drawing up rules for the trade in emission reduction and carbon dioxide removal, there
are parallel opportunities for trade with private parties on the voluntary carbon market (see Box 7). The
voluntary carbon market is currently the largest financier of carbon dioxide removal activities on a global
scale.5” Although it is a voluntary market, together with a number of EU countries, the Netherlands has
submitted recommendations for this market,8 in particular in relation to the quality of the traded emission
reductions and carbon dioxide removal and the claims that buyers can make on the basis of their purchases.
The cabinet is of the opinion that the voluntary carbon market and the (carbon dioxide removal) projects
financed via this market can only be permitted to contribute to the global climate transition under certain
conditions. A number of those conditions are that carbon credits must be of high quality, that they must
actually generate the emission reduction or carbon dioxide removal they promise, that reversals are
completely addressed and that negative external effects are mitigated.

To reinforce its international efforts, the Netherlands is a participant in international coalitions. During the
COP29 summit in Baku, for example, the Netherlands became a member of the Group of Negative Emitters
(GONE) and had already previously joined the Carbon Management Challenge (CMC). GONE is an alliance of
pioneers whose goal is to create momentum for net negative emissions, including by sharing knowledge and
best practices in the development of carbon dioxide removal policy. The CMC is focused on encouraging
projects for CCS and CCU for carbon dioxide removal, amongst other things. When participating in
international coalitions, including those in the field of carbon dioxide removal, consideration is always given to
the relationship with Dutch priorities and the added value of participation.

Box 7: Voluntary carbon market and carbon dioxide removal

On the voluntary carbon market (VCM), suppliers, buyers and resellers all trade in carbon credits. Each carbon credit
represents one tonne of CO2. This may consist of emission reduction, avoided emissions or carbon dioxide removal.
The vast majority of the projects on the voluntary carbon market are in fact emission reduction projects. Although the
majority of market demand for carbon dioxide removal comes from the VCM, and although demand for carbon dioxide
removal has grown strongly on the VCM,> the market share represented by VCM remains small (4% in 2022-2024, the
vast majority of which relates to biological carbon dioxide removal).°

Various studies have expressed concerns about the integrity of voluntary carbon markets. For one thing, those
concerns relate to the lack of transparency and monitoring, which makes it difficult to assess the quality of carbon
credits. In addition, many projects fail to deliver the promised emission reduction or carbon dioxide removal.®*
Moreover, the principle of equivalence does not yet play a role in the VCM: businesses are also able to compensate
their fossil emissions with credits from emission reduction projects that consist of temporary carbon dioxide removal.

The price per carbon credit is considerably higher for technical carbon dioxide removal than for other types of credits.

57 State of CDR 2" edition, 2024 https://www.stateofcdr.org/

58 Join Statement on the Voluntary Carbon Market: the Claims Side,
https://www.government.nl/documents/publications/2023/12/10/joint-statement-on-voluntary-carbon-market.

%9 The State of Carbon Dioxide Removal, 2nd Edition - https://www.stateofcdr.org/

60 Carbon Direct (2024), “Ten insights for buyers from our 2024 voluntary carbon market report”. Ten insights for buyers from
our 2024 voluntary carbon market report | Carbon Direct

51 Probst, B.S., Toetzke, M., Kontoleon, A. et al. Systematic assessment of the achieved emission reductions of carbon
crediting projects. Nat Commun 15, 9562 (2024). https://doi.org/10.1038/s41467-024-53645-z
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Most contracts within the VCM for technical carbon dioxide removal in fact relate to future deliveries, because as yet
only few installations that capture and store carbon are in fact operational (for example the DAC installation ‘Orca’
operated by Climeworks). Partly because government carbon dioxide removal policy is still only available on a limited
scale, the VCM plays a key role in the financing of this technical carbon dioxide removal, in particular as a niche market
in the early stages of upscaling carbon dioxide removal.

Although the VCM plays an important role, it is not large enough to supply all the funding necessary for accelerating the
upscaling of (technical) carbon dioxide removal. Nevertheless, at present the VCM is at the forefront of developing
methods for the measuring, reporting and verification of carbon dioxide removal projects. The VCM is also in a position
to contribute to the global climate transition, on condition that carbon credits are of high quality.
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Summary

. To achieve the required volumes of carbon dioxide removal, businesses will require investment security in the
short term. By 2030, it must be clear how carbon dioxide removal businesses can undertake profitable projects
in 2035.

3 Where possible, the cabinet has chosen to organise the implementation of carbon dioxide removal at a
European level. There are multiple conceivable policy options that must all be carefully balanced. For the time
being, it is essential that any options available for deployment in the short time provide valuable lessons for
future policy and are so flexible that they can be adapted to multiple end scenarios.

. European climate policy post 2030 will be the subject of negotiation in the coming years. The cabinet will make
active efforts to influence this policy on carbon dioxide removal.

. Initially, the cabinet will focus on adapting the EU policy architecture for climate policy, such as the EU Climate
Law for the 2040 target and the possible review of the ETS in 2026. Amendment of the EU Climate Law will
require firm governance for carbon dioxide removal.

3 As well as investigating the creation of a European auction for carbon dioxide removal certificates, the cabinet
will examine which other standard or price setting interventions it considers desirable, with a specific focus on
how carbon dioxide removal can be combined with the ETS.

. Finally, the cabinet will investigate other EU instruments for guaranteeing the timely upscaling of carbon
dioxide removal, for example by incentivising the development of new methods for carbon dioxide removal.
The cabinet will call for the integration of carbon dioxide removal in existing EU research and innovation
instruments and will investigate the viability of launching an IPCEI project.

. The cabinet will adopt a definitive position on the various policy interventions once it becomes possible to
draw up an overall assessment of the measures in their totality. The effects of European policy measures on
equality, implementation, who will pay the bills and how these aspects are reflected in European and national
funding will depend heavily on the eventual choice of the total set of measures.

To achieve the required volumes of carbon dioxide removal, businesses will require investment security in
the short term. A positive business case for the investment is an essential precondition. The timeline through
to actual realisation of large-scale projects is long; 10 years will be more the rule than the exception. Lead
times depend on things such as the lead time for the technical and financial preliminary studies, licencing and
tender procedures and the scheduling and implementation of the works. To ensure that investment decisions
are taken in good time, the cabinet is aware that it must already be clear in 2030 how businesses can earn
back their investment from large-scale carbon dioxide removal, in 2035.

Where possible, the cabinet will opt to focus on bringing about a balanced business case, on a European
scale. This choice is based on the already referred to policy principle (see Chapter 5), which argues that the
greatest effect can be achieved if policy is rolled out over the largest possible area. The preference would be
for policy on a global scale, but the level of consensus this requires means decision making on this scale is
slower than if decisions are taken at a lower level. In practice, decision making at a European level offers a
good balance between scale and flexibility.

There are multiple conceivable European policy options available for bringing about business cases (see
Chapter 6). These must all be carefully taken into consideration. Almost all these options will have very
complex consequences with almost every proposal delivering impact on equality, implementation, who pays
the bills and how the principles are reflected in European and national financing. Against that background, for
now the cabinet will concentrate on options that can be implemented in the short term, that provide valuable
lessons for future policy and can be adapted to multiple end scenarios. This approach will help us prevent
immediate stagnation, or making choices that unnecessarily restrict our future options. In analysing these
options, the cabinet will also look at minimising regulatory burdens, for example for businesses that are both
emitters under the ETS scheme and are able to remove carbon, such as waste incinerators and biorefineries.
The cabinet will also make use of the recently published report by the European Scientific Advisory Board on
Climate Change.®?

European climate policy post 2030 will be the subject of negotiation in the coming years. Within the EU,
instruments and clear reduction pathways are already in place, for the period through to 2030 (see Box 8).
Further elaboration for the post 2030 period will be required, and will be the subject of negotiations in the
coming years. In concrete terms, in the next few months, the European Commission is set to issue a proposal

52 European Scientific Advisory Board on Climate Change (2025). “Scaling up carbon dioxide removals - Recommendations for
navigating risks and opportunities in the EU”.
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on a climate goal for 2040, and the amendments this will require in the European Climate Law. In addition, the
ETS is due for its regular review in 2026, during which the Commission will evaluate whether and how carbon
dioxide removal can be encouraged via the ETS. Once the European emission reduction goal for 2040 has
been adopted, the Commission will probably prepare a package of legislation with all the necessary
instruments for achieving this goal. In the meantime, the Commission will make use of dossiers such as the
Carbon Management Strategy (CMS) to launch ideas and to gather information.

Box 8: EU policy architecture

The EU has set net emission goals for 2030 and 2050. The EU Climate Law features only a net emission goal and not
separate goals for carbon dioxide removal. A maximum has been set for the contribution temporary carbon dioxide
removal from LULUCF can make towards achieving the overall goal.

The EU emission goal for 2030 is built around three pillars: the Emission Trading System (ETS), in which businesses in
the energy and industry sectors and aviation and shipping are required to reduce their emission directly via an
emissions market, the Effort Sharing Regulation (ESR) in which Member States are set a national target for emission
reduction in the sectors transport (excluding aviation and shipping), the built environment, small-scale industry, waste
and agriculture, and the Land-Use, Land-Use Change and Forestry (LULUCF) Regulation, in which Member States are set
a national target for net emission reduction in land use (including forests, arable land and grassland). From 2027
onwards, a second Emissions Trading System (ETS2) will become operational for energy consumption-related CO2
emissions in the current ESR sectors.

For the post 2030 period, a new policy architecture will have to be drawn up, with new rules. According to the
European Scientific Advisory Board on Climate Change, the European Commission, the Netherlands Scientific Climate
Council (WKR) and the cabinet, a role should be set aside within this architecture for carbon dioxide removal. As part of
the new policy architecture, a decision will also have to be taken on whether the ESR and LULUCF regulations will end in
2030 or will be continued (in a new form), to what extent the ETS1 and ETS2 must be revised, and whether European
pricing will have to be introduced for (a selection of) agricultural emissions.

The cabinet has adopted a proactive position on influencing European climate policy on carbon dioxide
removal. The cabinet is focused on amending the European Climate Law for the 2040 goal and a possible
review of the ETS in 2026. Further investigations will be conducted into which other European instruments
can be deployed for achieving the 2040 goal in subsequent phases.

Amendment of the EU Climate Law will require firm governance for carbon dioxide removal, which
guarantees a sound balance between emission reduction, temporary carbon dioxide removal and
permanent carbon dioxide removal. Against this background, the cabinet is investigating the inclusion of
separate frameworks for emission reduction, temporary carbon dioxide removal and permanent carbon
dioxide removal. This will clarify the position that temporary and permanent carbon dioxide removal will
occupy in the total policy architecture. The frameworks can adopt multiple forms, such as an indicative
volume, bandwidth or specific set targets, each of which could be informed via criteria for residual emissions
set by Europe (for this latter point see also Chapter 3). The first point of focus for the cabinet’s deliberations is
the inclusion of separate targets for the different forms of carbon dioxide removal in the EU Climate Law.8 In
this connection it is essential that these targets be realistic and do not lead to the unnecessary stacking of
obligations, but instead combine sound governance with flexibility. This proposal ties in with the
recommendations from the WKR (See Annex V).

With regard to the review of the ETS in 2026, the cabinet will investigate how the financial resources
generated via the ETS can be deployed in the short term for a European auction for carbon dioxide removal
certificates (see Box 9). An auction is not the only relevant option for achieving carbon dioxide removal, but it
does satisfy the requirements identified by the cabinet. By using already established legislation routes, an
auction is a rapid means of encouraging innovation and the scaling up of various technologies. In this way, the
EU will stimulate demand for carbon dioxide removal from public funds. The instrument can also be used for
gathering information about expected prices for carbon dioxide removal and about how easy or difficult it is

% In this way, the cabinet will implement the motion from members Teunissen and Kroger (Parliamentary Paper 31 793-259, no.
259).
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to regulate carbon dioxide removal. Finally, an auction can be set up for a limited period and/or be adjusted at
a later stage, without negatively impacting on other policy options. In this way, an auction will help prevent
immediate stagnation and the making of choices that restrict our policy options in the future. This proposal
also ties in with the recommendations from the WKR (see Annex IV).

Box 9: European auction financed from ETS resources

In order to create a business case for carbon dioxide removal in the near future and to acquire policy experience
without restricting future policy options for carbon dioxide removal, the cabinet is in favour of creating a European
auction system for carbon dioxide removal.5 The proposal consists of a series of concrete steps:

1.  Part of the revenue from the rights from the ETS will be used for creating a financial envelope. This envelope
could consist of a fixed number of rights with a maximum financial allocation. This method is currently used for
the Innovation Fund (IF) and the Social Climate Fund (SCF).

2. The envelope is subsequently used to create an auction via which certificates can be purchased for permanent
carbon dioxide removal from the CRCF. In this way, various different carbon dioxide removal methods can be
compared and integrity can be guaranteed. The viability of this system will be further investigated as the
methodologies are further elaborated within the CRCF. Facilitating competition within the auction system will
ensure cost efficiency. Once again, this method is similar to the Innovation Fund.

3. Finally, maximum levels can be set for the number of tonnes or the financial allocation can be used for creating
limits for specific carbon dioxide removal methods. In this way a balance can be achieved between cost efficiency
and innovation.

At present, ETS funds are allocated in different ways. Part of the revenue remains within the EU for example for
financing the SCF and the IF. The majority (as a rule more than three quarters) is allocated to the Member States. In the
Netherlands, the decision has been made to estimate this national ETS income and to include the revenue in the
baseline for our national budget. In this way, an auction can impact on existing allocations of European funds or the
national budgets of Member States (including the Netherlands). The cabinet will adopt a definitive position on the basis
of the totality of measures that emerge from the European negotiations.

One major benefit of an auction of this kind is that it offers flexibility for the future. A decision can be taken at a later
date to phase out the auction or to combine it with other policy interventions. For example, if the decision is taken to
integrate carbon dioxide removal in the ETS system, the auction can be converted into a subsidy instrument such as the
SDE++. The auction could also be applied to removal methods not yet ready for ETS, or could be used to bring about a
situation of net negative emissions. Finally, the purchased certificates could also be used for the issuing of emission
allowances, which in particular in the runup to 2040 and the end of the current ceiling in the ETS could assist in
accommodating hard-to-abate emissions. This option is also referred to as a carbon bank.

In addition to the policy options referred to above with regard to the governance and the possibility of an
auction, the cabinet is considering which other price-setting or standard-setting interventions at a European
level are desirable. In particular, the cabinet is considering how carbon dioxide removal can be linked to the
ETS and whether obligations for emitters are desirable. In this process, the cabinet will make use of the
various options for European policy interventions, as outlined in Chapter 6. The integration of removal in the
ETS is a particularly logical move. It is one of the most important European climate instruments for emission
reduction, it relates clearly and substantively to industrial carbon dioxide removal and, as part of the
upcoming ETS review, the system can be adjusted for use in the longer term. Another important option could
be the setting of standards at EU level. For example by making it compulsory for emitters to purchase
certificates for carbon dioxide removal now or in the future. Both options could be implemented in a number
of different ways, both tie in with ‘the polluter pays principle, both can be cost efficient and both ensure that
not only government funds are employed in boosting demand for carbon dioxide removal. When making a
choice between the various options, the cabinet will take account of such things as the balance between
creating investment security, the speed of upscaling, negative impact on emission reduction, competitiveness
and the necessary guarantees, as explained in Chapter 6. This process will make use of the insights generated
by the European Commission.

The cabinet is also investigating how the timely scaling up of carbon dioxide removal can be guaranteed by
deploying other EU instruments. The principles outlined in Chapter 5 will be used for formulating the Dutch
policy efforts. Possibilities include amendments to the Taxonomy Regulation (2020) and the related Climate

% The WKR (Netherlands Energy Research and Development Programme) recommended launching a national procurement
program for permanent CO2 removal to gain experience with various CO2 removal methods in the Netherlands by 2035. The
government opted for a European procurement auction because it is considered more cost-effective.
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Delegated Act (2022), the Corporate Sustainability Reporting Directive (CSRD) (2023), the Corporate
Sustainability Due Diligence Directive (CSDDD) (2024), the Green Claims Directive (GCD) (proposal) and the
Industrial Carbon Management Strategy (ICMS) (proposal). The Carbon Removals and Carbon Farming
Certification (CRCF) Regulation can offer the necessary quality assurance for carbon dioxide removal activities,
for all of these instruments. Specifically for the scaling up of carbon dioxide removal and storage in durable
products, attention will be focused on the revised Energy Performance of Buildings Directive (EPBD). Using the
CRCF methodology for Carbon Storage in Buildings, which is still under development, owners of buildings will
be able to demonstrate the carbon storage capacity of their buildings on their Energy Performance Certificate
(EPC). With regard to the scaling up of carbon dioxide removal from land use (carbon farming), the cabinet will
closely monitor the development of ideas within the European Commission with regard to the various types of
instruments available. Current possibilities include the public sale of CRCF units generated by carbon farming
activities and the integration of these CRCF units with compulsory standards for agricultural emissions, or
indeed an emissions rights trading system for agricultural emissions.

Elsewhere, the cabinet will call for the integration of carbon dioxide removal in existing EU research and
innovation instruments and will investigate the viability of launching an IPCEI project. As well as creating a
European market, in the start-up phase of the application of carbon dioxide removal technologies (through to
2030), research and innovation will have to be incentivised, without prematurely selecting (winning)
techniques. This will call for the opening up of both European and national subsidy programmes for carbon
dioxide removal, as a means of ensuring that as many carbon dioxide removal methods as possible are raised
to a high level of technological readiness. Innovations of this kind will require broad deployment of winning
techniques that are not selected prematurely. The technological readiness of the various methods of carbon
dioxide removal varies widely, and the timetable for developing and scaling up carbon dioxide removal is
short.®5 Past examples have shown how difficult it is to predict the potential of future technologies; a case in
point is the growth of wind and solar energy, which have far exceeded expectations.

The various EU research and innovation instruments offer an important boost for European innovation and
are essential for providing mature technologies to the eventual carbon market — irrespective of the eventual
form chosen (see Box 10 for an explanation of the instruments). The cabinet will also investigate the potential
value of launching an IPCEI project (Important Project of Common European Interest) in respect of carbon
dioxide removal technologies. This will make use of the broader framework of the European Carbon
Management Strategy. An IPCEl is established with a view to achieving a specific strategic European policy
objective, and makes it possible to provide more support from national and EU funds than is permitted within
regular research programmes and state aid restrictions. Given the strategic importance of carbon dioxide
removal on a European level, it is clear to the cabinet that this policy field is eligible for IPCEI status.

Box 10: European innovation instruments

At European level, the development of technologies for carbon dioxide removal receives support from different
instruments. For example, the EU Innovation Fund features annual subscription rounds and is used to encourage large-
scale and small-scale projects intended to demonstrate technologies and major flagship projects. The EU Energy
Innovation Council (EIC) is part of the Horizon working programme and grants subsidies and funding to start-ups and
scale-ups for early stage research right through the scaling up of groundbreaking innovations. Within the same Horizon
working programme, a Partnership for Clean Energy Technologies (CETP) has also been launched, with registration
rounds each year and regular Dutch participation. Within the partnership, transnational research and development
projects receive support in the form of co-funding from the EU and the participating countries. The 2024 round of the
EU LIFE programme also supports the development and demonstration of carbon dioxide removal methods. A number
of long-term research projects including NEGEM and UPTAKE also receive support via Horizon Europe.
Processes4Planet is another Horizon-backed programme, which focuses on the key technology that plays a role in the
majority of carbon dioxide removal technologies. Finally, the EU is currently also offering a crisis support framework for
production facilities for clean tech (electrolysers, batteries, solar panels, and CCUS).

The cabinet will adopt a definitive position on the future European policy architecture once it becomes
possible to make an overall assessment of the full range of measures. The effects of European policy
inventions depend heavily on the total set of measures eventually chosen. Almost all policy instruments
impact on each other in terms of equality, implementation and European and national funding. As such, the

% The technologies and their potential are described in Chapter 4.
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purpose of the instruments proposed in this chapter is to influence European decision making as effectively as
possible, in the coming period. Nevertheless, they do not represent a precursor to the definitive position of
the cabinet during the actual negotiations.
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Summary

3 A number of different policy instruments aimed at encouraging carbon dioxide removal are already in place.

. For temporary carbon dioxide removal, these include a policy for biobased construction materials and land
use. For the rollout of permanent carbon dioxide removal, the most important existing national instrument is
the Stimulation of Sustainable Energy Production and Climate Transition Scheme (SDE++).

3 Although the best solution at the end of the day is the creation of a (European) market for carbon dioxide
removal, national policy does offer added value in delivering an incentive for research and innovation. The
Netherlands is perfectly positioned to develop and roll out technologies for carbon dioxide removal, a
situation that offers opportunities for our economy and society. Promoting national innovation in the field of
carbon dioxide removal will enhance the availability of carbon dioxide removal and strengthen the country’s
earning capacity.

3 The cabinet aims to establish a national incentive programme that makes use of existing innovation
instruments and programmes where possible. Together with existing mechanisms for upscaling and rollout, an
incentive programme offers good opportunities for strengthening the earning capacity of Dutch businesses by
bringing new carbon dioxide removal technologies closer to the market.

U We are also considering the possibility of creating one or more carbon dioxide removal hubs where innovative
parties will be given access to the CO2 infrastructure where they can test and demonstrate their technologies
in a practical environment.

Although the best solution at the end of the day is the creation of a (European) market for carbon dioxide
removal in the upscaling and internationalisation phase, certainly during the initial start-up phase (through
to 2030), national policy does offer added value. The market for carbon dioxide removal offers huge
opportunities. There are already a number of policy instruments in place to promote the (temporary and
permanent) removal of carbon dioxide. The Netherlands is perfectly positioned to develop technologies for
carbon dioxide removal. By encouraging innovation in the Netherlands, the cabinet can further strengthen the
future earning capacity of the Netherlands.

A number of different policy instruments aimed at promoting temporary carbon dioxide removal are in use,
such as biobased construction materials (Box 11) and land use. Carbon storage in the land use sector is a
form of temporary carbon dioxide removal that has enjoyed the support of the cabinet since 2019, when the
Climate Agreement was signed. Land use is subject to a net residual emission target (1.8 megatonnes COeq in
2030), to be achieved on the one hand through emission reduction and on the other by expanding the storage
of carbon. This refers to carbon storage in all biogenic carbon pools in all land use categories, in accordance
with the EU regulation for Land Use, Land Use Change and Forestry (LULUCF). The biogenic carbon pools
consist of: living biomass (trees and crops), litter, dead wood, dead organic manner, mineral soils, organic soils
and harvested wood products. The land use categories are: forested land, arable land, grassland, wetlands,
residential areas, other land, and harvested wood products.® The Ministry of Agriculture, Fisheries, Food
Security and Nature is funding research into effective measures for increasing this carbon storage. In addition,
through government instruments including the Eco scheme as part of the Common Agricultural Policy®’, we
are encouraging the use of effective proven measures. We are also encouraging use through market
instruments including chain initiatives and the voluntary carbon market. The Ministry of Agriculture, Fisheries,
Food Security and Nature will continue to facilitate these market instruments, if necessary by funding the
development of method documents by Stichting Nationale Koolstofmarkt (SNK), with a view to safeguarding
the quality of the carbon dioxide removal activities supported by the market.

Box 11: Biobased building

Building with biobased construction materials contributes to a number of policy objectives. It promotes the natural
resources transition, leads to more availability of (local) resources for construction and leads to a reduction in CO2
emissions. It also offers farmers an additional or an alternative revenue model as producers of fibre crops that can be
used as construction material.

The use of fibre crops in the construction sector could lead to a CO2 reduction of around 1.6 megatonnes per year in
2030 (as compared with business as usual): 0.53 megatonnes due to the replacement of CO2-intensive materials and
1.04 megatonnes via carbon sequestration in structures.®® This does not yet take account of the use of timber as a
construction material.

66 Regulation - 2023/839 - EN - EUR-Lex
87 Eco-regeling 2024 | RVO.nl
68 Nationale Aanpak Biobased Bouwen | Rapport | Rijksoverheid.nl, 8 November 2023
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To utilise the benefits offered by biobased building, the market for bio-based raw materials in the construction industry
needs to be expanded rapidly. The Ministries of Housing and Spatial Planning; Agriculture, Fisheries, Food Security and
Nature; Infrastructure and Water Management; and Climate and Green Growth have launched the National Approach
to Biobased Building (NABB) for this purpose. The central activity is the establishment of at least 25 chains of farmers,
processing industry and builders, in particular for the processing of fibre crops into a product/material for the
construction industry. These are materials for home, office and industrial building and for infrastructure projects. In
total, €200 million is available for this approach through to 2030.

The market for biobased building is also encouraged via 45 interventions. Farmers are mainly encouraged to grow fibre
crops via a pilot project with carbon certificates.%® For the processing industry, a system of soft loans will be launched in
2025 to allow businesses to finance processing facilities more easily. A series of interventions will be employed in the
construction sector. Since 2024, for example, three subsidy schemes for home owners (ISDE, SVE, SVOH) have been
subject to a bonus if they opt for biobased insulation material. In addition, the Central Government Real Estate Agency
operates an ambitious tendering system for the construction and renovation of its own properties. A study will be
conducted over the coming years to assess whether this approach can also be expanded to include other contract-
awarding authorities. The implementing agency Building Balance is also hard at work organising (fire) testing,
certification and standardisation of materials and methods.

This policy is flanked by the environmental performance requirement for buildings (MPG) and in the future by
standards from Europe. The revised Energy Performance for Buildings Directive (EPBD), contains agreements on Whole
Life Carbon (WLC). The total emissions through the entire lifecycle of a building, including carbon sequestration: in
other words the raw materials used, the emissions during the production phase of materials and in the construction
phase, emissions during the use phase of the building and at the end of its lifecycle, including attention for what should
be done with the resultant materials. From 2030 onwards, Member States will be imposing clear WLC limits on all new
buildings. These limits will help promote carbon sequestration.

The most important existing national instrument for the rollout of permanent carbon dioxide removal is the
Stimulation of Sustainable Energy Production and Climate Transition (SDE++) scheme (see Box 12). The
SDE++ already makes an important contribution to carbon dioxide removal for achieving climate goals in the
short term (2030). It has already delivered a considerable contribution from CCS at waste incineration plants
(AVIs), biomass fermentation, biofuel production and in relatively small-scale biomass incineration plants
based on renewable bio-based raw materials. Based on the principle that carbon dioxide removal must be
achieved without detracting from emission reduction where possible (see principle 1 in Chapter 5), it is
essential on an ongoing basis, that we continue to determine whether more and new carbon dioxide removal
technologies can be integrated in the SDE++ programme, without additional funding for SDE++.

Box 12: SDE++

Since 2020, the SDE++ subsidy programme has been open to various forms of Carbon Capture and Storage (CCS).
Carbon Dioxide Removal by means of capture and storage of biogenic CO2 is also eligible for the SDE++ subsidy. The
more generic CCS categories are appropriate to businesses with pure CO2 flows such as fermentation plants and biofuel
factories. Since 2024, there has also been a separate SDE++ category for relatively small biomass incineration plants,
with less pure CO2 flows. In practice, SDE++ applications have actually been submitted for all these forms of carbon
dioxide removal. It is possible that other carbon dioxide removal technologies will be added to the SDE++ in the future.
Each year, the Netherlands Environmental Assessment Agency (PBL) advises on which technologies should be
considered eligible for SDE++ subsidy, and the appropriate subsidy amounts. Essential preconditions for inclusion of a
technology in the SDE++ scheme are a sufficient Technology Readiness Level (TRL 9), sufficient market interest and the
possibility of implementing the technique within the SDE++ scheme in terms of technical implementation. The cabinet
intends to open up the SDE++ subsidy scheme for the capture of atmospheric CO2 (Direct Air Capture) for the first time,
in 2025. Although the subsidy scheme in 2025 will only be made available for use of CO2 in greenhouse horticulture,
this opening up of the subsidy scheme could contribute to the broader use of this technology for carbon dioxide
removal in the longer term.

Promoting national innovation in the field of carbon dioxide removal will enhance the availability of carbon
dioxide removal and strengthen the country’s earning capacity. Because of the huge demand in the future
(Chapter 3), carbon dioxide removal is a growth market. Reports by BCG° and McKinsey’! show that the

%9 |nschrijving Pilot stimulering Vezelteelten geopend | Nationaal Groenfonds

70 BCG; The Time for Carbon Removal Has Come, https://www.bcg.com/publications/2023/ the-need-and-market-demand-for-
carbon-dioxide-removal

" McKinsey; Carbon removals; How to scale a new gigaton industry, https://www.mckinsey.com/capabilities/sustainability/ our-
insights/carbon-removals-how-to-scale-a-new-gigaton-industry
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market for carbon dioxide removal could grow massively to around 135 billion dollars in 2040 and 1.2 trillion
dollars in 2050. Adopting a pioneering role in this expansion could make the Netherlands an ideal
establishment candidate for these new industries, which will result in long-term employment opportunities.

The Netherlands is perfectly positioned to develop and roll out technologies for carbon dioxide removal, a
situation that offers opportunities for our economy and society. The Netherlands has particular knowledge
of CCS and offshore, and is home to multiple industrial start-ups that could play a role in the storage of carbon
in materials. ‘Growth markets for the Netherlands’72 also describes CCS and CCU as relevant markets for the
Netherlands and refers to Porthos (CO; transport and storage), Voltachem (CO, conversion) and Carbyon
(Direct Air Capture). Because carbon dioxide removal still has to be largely developed?? (see Chapter 4), Dutch
businesses could use their knowledge to develop and sell new technologies. The Netherlands also has
relatively large geological storage capacity (see Chapter 4). At the same time, the majority of carbon dioxide
removal technologies actually contribute to increased industrial sustainability and the circular economy. The
technologies for capturing short-cyclic CO, are also capable of supplying CO; to greenhouse horticulture and
materials and products to replace current fossil carbon use. Mineralised CO; can also make a contribution to
more sustainable construction materials and biochar and carbon storage in soils could improve the fertility of
Dutch soils. Biological routes can provide an additional revenue model for farmers and contribute to the
achievement of nature targets.

Existing research and innovation programmes offer possibilities for the development of carbon dioxide
removal, but current support does not tie in well with the specific innovation needs of carbon dioxide
removal. There are still clear challenges for national policy. Studies into the feasibility of pilots could be
further investigated in the subsidy Top Sector Energy (TSE), industrial studies?4, pilots and demonstrations are
ideal as part of the Demonstration Energy and Climate Innovation (DEI+)7>, the National Growth Fund (NGF)
programme GroenvermogenNL operates a major public-public Research & Development (R&D) programme
(35 million euro subsidy) in the field of CO,-treatment (in particular conversion), and the Integrated
Knowledge and Innovation Agenda (IKIA) for Climate and Energy’¢, the process technology roadmap from the
top sector Chemicals’” and the Knowledge and Innovation Agenda for Chemistry offer clear opportunities. In
addition, in the runup to the growth funding round, four collaborative ventures in the field of CCU
(FutureCarbonNL8) and carbon dioxide removal (Arrhenius’®) have been launched, in which many businesses
and knowledge institutions expert in the field of CO, and CO,removal are working closely together.

Carbon dioxide removal is difficult to integrate in existing European and national schemes because these
are often aimed at emission reduction. As a consequence, the schemes from the Top Sector Energy for
research and development (in particular the Energy & Climate Research and Development, EKOO30 and
Mission-driven Research, Development and Innovation, MOOI81) are not yet focused on the development of
carbon dioxide removal technologies. To fill this gap, the Top Consortium for Knowledge and Innovation (TKI)
New Gas launched a Public-Private Partnership (PPP) bonus scheme for research and development in 202482,
but more measures and resources will be needed.

The cabinet aims to establish a national incentive programme that makes use of existing innovation
instruments and programmes where possible. The national incentive programme aims to achieve this goal
by promoting coordination between Dutch research and development activities within existing innovation
instruments and by offering support for participation in European and international research programmes.
The programme also aims to tie in with existing initiatives for research into carbon dioxide removal, such as

72 Parliamentary Paper 31793-273

 Ibid

74 https://www.rvo.nl/subsidies-financiering/tse-industrie-studies

78 https://www.rvo.nl/subsidies-financiering/dei

6 |KIA Klimaat & Energie 2024 - 2027 | Publicatie | Topsectoren

7 Roadmap-CCPTS-2021-final.pdf

78 Home - FutureCarbonNL

™ Arrhenius programma voor CO2 verwijdering

8 Energie en Klimaat Onderzoek en Ontwikkeling (EKOO) | RVO.nl

81 Missiegedreven Onderzoek, Ontwikkeling en Innovatie (MOOI) | RVO.nl

82 Subsidieregeling voor CCS en nieuwe afvangtechnologieén (DACCS, sea water capture) van start
85 E.g. NGF GroenvermogenNL, FutureCarbonNL, Advanced Research Center for Chemical Building Blocks (ARC CBBC).
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the Arrhenius programme?8 and activities undertaken by the Dutch Research Council (NWO). As well as
encouraging the development of technology, the programme is also focused on social aspects, environmental
impact and the monitoring of carbon dioxide removal, and the development of accounting methods for
carbon dioxide removal. The aim is to focus existing innovation schemes more on carbon dioxide removal. In
particular this relates to the MOOI programme (for consortium projects) and the EKOO programme (for more
individual projects). Elsewhere, for higher TRL levels, the focus will be shifted to better use of existing DEI+
funding for carbon dioxide removal pilot and demonstration projects. An advisory group will be established
for coordination and programming, consisting of external experts from the professional field (research
institutions and councils, TKls, businesses, government authorities, NGOs and relevant platforms). In
collaboration with the Netherlands Enterprise Agency (RVO) — which acts as programme secretariat — this
group will be able to identify the priorities and opportunities for harmonisation and cooperation, for example
by organising national meetings and ensuring Dutch participation in and contributions to international
research frameworks such as Horizon Europe, the Greenhouse Gas R&D Programme of the International
Energy Agency (IEAGHG), Clean Energy Technology Partnership (CETP) and Mission Innovation CDR.

We are also considering the possibility of creating one or more carbon dioxide removal hubs where
innovative parties will be given access to the CO; infrastructure where they can test and demonstrate their
technologies in a practical environment. Hubs of this kind not only provide facility services but also
encourage knowledge sharing and cooperation. This will establish links with the existing voluntary market, an
opportunity that makes it possible to mobilise private funds and reinforce innovation. We will also ensure
contacts with the Multiyear Mission-driven Innovation Programmes (MMIPs).85

Together with existing mechanisms for upscaling and rollout, an incentive programme offers good
opportunities for strengthening the earning capacity of Dutch businesses by bringing new carbon dioxide
removal technologies closer to the market. With regard to the connection between the development and
market introduction and rollout of technologies, the primary sources of market demand in the short term
will consist of the voluntary carbon market for emission reductions and CCU based on non-fossil carbon (for
example greenhouse horticulture). Post 2030, market demand for carbon dioxide removal is expected to
grow exponentially on the basis of European policy. That development will also make private investments in
innovation more attractive. Although innovation will continue to be necessary post 2030 for many industrial
carbon dioxide removal technologies, an incentive programme combined with support for the scaling up
and rollout in the start-up phase of carbon dioxide removal policy could be useful in helping new
technologies to bridge the gap to the market. Within this policy field, the DEl+ and SDE++ schemes already
offer opportunities for support for carbon dioxide removal

84 For more information, see: https:/arrhenius-programma.nl/

85 Within the current framework of the Integrated Knowledge and Innovation Agenda for Climate and Energy, support for research
and development is organised via sector-based missions, while topics are further elaborated in the Multiyear Mission-driven
Innovation Programmes (MMIPs). MMIP 8 includes programming for CCU(S). In 2022, in response to the latest proposed climate
goals, the MMIPs were reassessed (55% reduction in 2030 and climate neutrality in 2050). Nevertheless, it is difficult to integrate
carbon dioxide removal in this framework because of the absence of a logical tie-in with existing missions. As a rule, existing
missions relate to the reduction of emissions in specific sectors, while carbon dioxide removal relates to new activities. As a
consequence, schemes for research and development by the Top Sector Energy (primarily the EKOO and the MOOI programmes)
are not available for the development of carbon dioxide removal technologies. To fill this gap, the TKI New Gas launched a new
scheme for research and development in 2024. Elsewhere, the new Knowledge and Innovation Agenda for Chemistry is expected in
the spring of 2025, which will include CO2 removal technologies.
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Annexes

The annexes can be found in the Dutch version of the Roadmap. Please note
that these are not translated into English. You may find the Dutch version
through the following links: Routekaart Koolstofverwijdering at
https://www.rijksoverheid.nl/documenten/rapporten/2025/03/14/bijlage-1-
minvkgg-routekaart-koolstofverwijdering
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