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The role of permanent carbon dioxide removal (CDR) from the atmosphere is currently
the subject of intensive discussion within the context of developing a new EU emis-
sions reduction target for 2040 and a German long-term strategy on negative emissions.
At the same time, a short-term strategy for the coming years is needed to ensure the
successful scaling of technologies for what can be called “industrial CDR”. So far, the

focus has tended to be on a conceptual discussion of the quantities of CDR that are
required to achieve net-zero greenhouse gas emissions; as a result, sufficient atten-
tion has not been paid to the question of how and on what time horizon the first
large-scale CDR projects can come into being. Some countries have already developed

short-term instruments aimed at triggering an initial investment drive into industrial

CDR. A comparative assessment of these approaches reveals several viable policy
options for targeted CDR scaling in both the EU and Germany.

Initial progress in integrating CDR into cli-
mate policy is evident at all political levels.
For its part, the European Union regards
CDR as an important technology on the way
to achieving its net-zero greenhouse gas
emissions target by 2050 and is accordingly
developing new policy instruments. Mean-
while, in Germany, the previous federal
government initiated a process to set CDR
targets for the years 2035, 2040 and 2045
as part of the country’s “long-term strategy
for negative emissions”.

Since the innovative CDR policy pursued
in the United States under the Biden admin-
istration is likely to be reversed, there will
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be an opportunity for the EU and Germany
to assume a pioneering role. However, this
will require not only long-term goals but
also a short-term strategy that focuses on
scaling up applications for permanent CDR
in particular. This need for action in the
short term is based on both the scientific
literature (in the case of the EU, e.g. the
publications of the European Scientific
Advisory Board on Climate Change) and the
dialogue with companies considering the
production of industrial CDR (for example,
in the context of the state initiative
IN4climate.NRW).
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https://climate-advisory-board.europa.eu/reports-and-publications/scaling-up-carbon-dioxide-removals-recommendations-for-navigating-opportunities-and-risks-in-the-eu
https://climate-advisory-board.europa.eu/reports-and-publications/scaling-up-carbon-dioxide-removals-recommendations-for-navigating-opportunities-and-risks-in-the-eu
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CDR as a building block of
ambitious climate policy

CDR encompasses a wide range of methods
that are often categorised into conventional
and novel approaches. These methods aim
to remove carbon dioxide (CO,) from the
atmosphere and store it for periods ranging
from decades to millennia, depending on
the type of storage. In parallel to the efforts
to drastically reduce emissions, it will not
be possible to achieve net-zero targets at
the international, national or regional level
without scaling a broad portfolio that in-
cludes both conventional and novel CDR
methods.

An important criterion for distinguishing
between the individual CDR methods is
how long the CO; can be stored. Conven-
tional CDR in the land use, land-use change
and forestry (LULUCEF) sector often stores the
CO, for limited periods only. By contrast,
novel methods based on CO; storage in geo-
logical formations (carbon capture and
storage, CCS) are particularly effective at
permanently removing CO, from the atmos-
phere. In order to distinguish these CCS-
based methods from conventional ones as
well as from other novel methods, we refer
to them here as “industrial CDR”.

Figure 1 (p. 3) shows the expansion of
CDR capacities in the EU by 2050 — as
modelled for the European Commission’s
impact assessment on the 2040 mitigation
target — and makes clear how this expan-
sion must take place in parallel with the
drastic reduction in emissions (left panel of
Figure 1). It also shows that a target of 310
million tonnes has been agreed for net
CDR in the LULUCF sector by 2030 and that,
under the various scenarios, removals in
this sector will increase by another 7 per
cent by 2050. At the same time, industrial
CDR would have to be established as a new
sector and would need to grow by 2,800 per
cent between 2030 and 2050 (right panel).
Both scale-ups are associated with signifi-
cant, albeit different, political challenges.

Insufficient integration of
industrial CDR into climate policy

Given the scale of industrial CDR technol-
ogies required, it is evident that climate
policy at various political levels has so far
not paid sufficient attention to those
methods. The EU has taken a first step with
the voluntary framework for the certifica-
tion of CDR (Regulation 2024/3012). But key
questions remain — for example, whether
and under what conditions CDR certificates
can be integrated into existing EU climate
policy instruments, such as the EU Emis-
sions Trading System (ETS) or the Effort
Sharing Regulation.

In Germany, CDR is included in the
Federal Climate Action Act (see the targets
in §§ 3a—3Db) and the Act stipulates that
targets for so-called technical sinks (§3b)
should be derived from a long-term strategy
for negative emissions. However, there is a
lack of short-term incentive structures for
scaling up CDR projects and infrastructures
to an industrial scale. The existing frame-
work conditions for companies are generat-
ing investment uncertainty, to the extent
that there is a “valley of death” that lies
between small-scale innovation prototypes
and large-scale implementation projects.
This means that for the time being, many
CDR projects that are already technically
feasible and could be used to implement
removal capacities in the short term will
not progress beyond the concept stage. And
that is why a comprehensive strategy for
scaling CDR should not only look ahead
to the period 2035 — 60 but also consider
short-term industrial CDR potentials
and integrate the necessary incentives into
climate policy.

Protracted reforms and
short-term capacities

The process of drawing up and implement-
ing an EU-wide policy design for CDR will
take time because it is characterised to a
large extent by path dependencies of exist-
ing instruments at the various political


https://www.stateofcdr.org/
https://www.stateofcdr.org/
https://eur-lex.europa.eu/eli/reg/2024/3012/oj/eng

Figure 1
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levels. Indeed, the structural integration of
CDR into the broader climate policy archi-
tecture is not expected to take place until
the EU instruments are updated for the
next decade (from 2031). Moreover, it is
unlikely that CDR policy implementation as
an integrated component of the EU climate
policy architecture will be so far advanced
as to generate effective incentive structures
before the early or mid-2030s. Until then,
political alliances between EU member
states and sectors will need to be formed
and incentives and funding mechanisms
created at the national and EU level that
will accelerate the learning curve for inno-
vation in CDR technologies and their
scaling. Thus, the focus must be on those
industrial CDR capacities that can be con-
sidered low-hanging fruit.

Bearing this in mind, priorities must be
set and individual applications selected in
accordance with clear criteria. Only CDR
methods that can be integrated into broader
climate-policy developments in the short
term and can compete on the market in the
long term should receive short-term funding.

The criteria include the ability to store
CO, permanently (more than 1,000 years),

a reasonable cost range (in the lower three
digits) per tonne of CO, and system-com-

2030

2040

patible energy demand. In order to prior-
itise applications worthy of funding, it
should be examined whether there are
synergies with carbon management activ-
ities in industry and with the gradual
development of CO, transport infra-
structure.

In both the overarching governance
framework and infrastructure planning
and funding practice, the ramp-up of CDR
should be considered alongside projects for
the capture of fossil CO, as well as for its
storage (CCS) or utilisation (Carbon Capture
and Utilisation, CCU). The development
processes for carbon management strategies
of individual member states such as Germa-
ny and at the EU level emphasise that going
forward, it will not be possible to avoid CO,
generation in certain hard-to-abate sectors
(see SWP-Aktuell 30/2023). Therefore, waste
incineration facilities, cement works and
lime plants, in particular, will have to be
equipped with CO, capture systems if CO»-
neutral production is to be achieved and
carbon leakage prevented. At the same
time, it is precisely those plants that offer
the opportunity to achieve the urgently
needed volumes of permanent CDR through
the use of biogenic residues as a share of
their energy source.
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Furthermore, the long investment cycles
in industry must be taken into account.
Installations that are planned, dimensioned
and built in the coming years will remain
in operation for decades. This means that
the decisions made today to invest in CO,
capture and transport infrastructure will
determine CDR capacities in the 2040s —
and thus whether the net-zero target is
within reach.

Thus, all in all, the synergies between
CDR and the capture of fossil CO, are im-
portant for the successful implementation
of CDR applications. For this reason, they
should be considered as part of a “short-
term strategy”.

Policy options: Examples of
short-term CDR policy

In some countries, there are instruments
currently being tried and tested that aim

to close the gap until a long-term market
framework is in place. These methods are
already incentivising investment. Upcom-
ing initiatives both at the level of the EU
and that of member state governments can
make use of this initial practical experience
to determine the next steps.

The instruments are designed to create
new incentives for CDR technologies and
promote those methods in a more targeted
and effective way than on the voluntary
carbon market (VCM). They can be divided
into four broad categories: tax credits, direct
public procurement, contracts for differ-
ence, and competitive tenders or reverse
auctions. What they have in common is
that they involve state aid that come at a
cost to the budget. Given the strained
budgetary situation in the EU and many
member states, it is imperative that these
funds be used as efficiently as possible and
not serve as a permanent solution.

The aim is to provide investment incen-
tives until a long-term EU market frame-
work generates sufficient incentives of its
own. The instruments discussed below can
ensure that Europe plays a pioneering role
over the next 10 to 15 years and the neces-

sary investments in the area of CCS and CDR
technologies as well as CO; infrastructure
are triggered. The fact that industrial policy
goals such as resilience and competitiveness
are being pursued alongside climate policy
goals was an important argument in those
countries that have already developed such
instruments. Now it can serve to justify sup-
porting carbon management as a strategic
technology in other countries.

Tax credits

In the US, CCS projects have been eligible
for tax credits for the geological storage of
CO; as part of the 45Q tax incentive pro-
gramme since its introduction in 2008; cur-
rently, $85 per tonne of CO, can be claimed.
The Biden administration’s Inflation Reduc-
tion Act added a CDR-specific dimension to
the instrument: if the CO, comes directly
from ambient air (direct air capture, DAC) —
i.e., it is not of fossil origin — companies
can claim a significantly higher credit of
$180 per tonne. Canada, too, is promoting
DAC plants until 2030 with flat-rate tax
credits of 60 per cent of investment costs
(30 per cent from 2031). The credits are
attractive for companies because they are
relatively easy to claim.

This approach can be used to promote a
broad-based CDR ramp-up instead of indi-
vidual projects being selected. But in the
absence of a competitive selection mecha-
nism, the question remains as to how high
the required budget would need to be.

The instrument is transferable to the EU
context only to a limited extent, as the EU
has no authority over taxation. At the level
of member state, there would be competi-
tion law issues. Thus, the practical imple-
mentation would face a number of legal
and political hurdles.

Public procurement

Public procurement can also be used to
encourage industrial CDR. As part of its
Greening Government Strategy, Canada has
launched a programme to purchase CDR
certificates totalling 10 million Canadian


https://www.canada.ca/en/treasury-board-secretariat/news/2024/10/government-of-canada-commits-to-purchase-carbon-dioxide-removal-services-to-green-government-operations-and-achieve-net-zero-emissions.html

dollars by 2030. In the US, an innovation
competition has been launched for the
purchase of similar certificates. The Carbon
Dioxide Removal Purchase Pilot Prize, an-
nounced by the US Department of Energy,
is worth US$35 million. In three competi-
tion phases, up to ten finalists from four
different areas of technology will be
awarded purchase contracts of up to US$3
million. Initial projects using various tech-
nologies will thereby be offered purchase
security while innovation in the area of
monitoring, reporting and verification
(MRV) will be promoted.

An EU-wide public procurement pro-
gramme for CDR certificates would send a
positive signal to CDR providers based on
EU certification standards (the regulation
on carbon removals and carbon farming,
CRCEF). Stable demand at the EU level would
be more effective than an array of small-
scale procurement programmes in indi-
vidual member states; however, it could
take time for the 27 member states to reach
an agreement. For Germany, the goal set
out in the Federal Climate Action Act of
making the administration “climate-neutral”
by 2030 (§ 15) would be a starting point
for expanding existing offset programmes
to include CDR certificates.

Contracts for difference

The primary aim of contracts for difference
(CfDs) is to provide security for investments
whose economic viability depends heavily
on the development of the CO, price (and,
in some cases, on other price developments
as well). This, in turn, depends on a com-
plex interplay of political and entrepre-
neurial decisions. A CfD can mitigate the
resulting investment uncertainty by reim-
bursing the difference from the agreed
strike price. In this way, the state’s funding
costs decrease as soon as the CO; price rises
or the costs for climate-neutral energy pro-
vision fall. At a certain point, the compa-
nies even pay the funds back if the project
proves economically efficient.

In the UK, for example, two CfD contract
models have been developed for CDR and

put out for consultation: the Business Models
for Greenhouse Gas Removals (GGR) and
Power BECCS. Here, the state covers the dif-
ference between the costs (CAPEX and
OPEX) and the revenues from the by-prod-
ucts or the VCM over a period of 15 years.

One major advantage of this instrument
is the funding efficiency: first, the contracts
are awarded in a competitive process; and
second, there are no windfall profits when,
for example, operating costs fall more
sharply than expected. For companies, CfDs
are a hedge against price uncertainties and
thus make it considerably easier to reach a
final investment decision. However, CfDs
over 15 years impose a public-sector financ-
ing requirement that is difficult to calcu-
late, since the total amount of funding
depends ultimately on unforeseeable price
developments. If CfDs are re-tendered on a
regular basis, the risk can be better assessed
over time and thus managed through the
volumes tendered.

At the EU level, CfDs are playing an in-
creasingly important role as they can effec-
tively complement the existing architecture
of climate protection policy, at the core of
which is the EU Emissions Trading System.
As regards feasibility in Germany, experi-
ence with this innovative funding instru-
ment already exists in the form of Carbon
Contracts for Difference. This experience
could be built upon going forward.

Competitive tenders and auctions

Denmark, Sweden and Switzerland have

all steered clear of the opaque budgetary
burden associated with CfDs by tendering
or auctioning a fixed funding amount. For
example, Denmark has already successfully
organised two tenders in recent years
through the CCS Fund and the NECCS Fund
(specifically for biogenic CO,). The cheapest
price per tonne of CO, removed was ulti-
mately the decisive criterion in both bids;
and in order to lower the price, tender par-
ticipants could deduct revenues from the
VCM. Another round of the CCS Fund
tender, which promotes the capture of both
fossil and biogenic CO, on an industrial scale
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https://www.energy.gov/fecm/funding-notice-carbon-dioxide-removal-purchase-pilot-prize
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(at least 100,000 tonnes of CO, per year) and
has around 4 billion euros at its disposal, is
set to run until 2026. The tender process

is complex and takes place in several nego-
tiation phases over a period of some
eighteen months. This leaves plenty of
scope for criteria other than the price

per tonne of CO,.

Sweden’s reverse auction for contracts of
up to twenty years for bio-CCS projects,
with around 3 billion euros to be trans-
ferred on a yearly basis until 2046, is more
simply designed: all that counts is the fixed
price per tonne of CO, removed. The aim is
to promote CO, capture at existing plants
where at least 50,000 tonnes of biogenic
CO; are produced annually and used not
solely for CDR but primarily for another
production purpose (e.g., combined heat
and power plants or biorefineries).

While this kind of fixed subsidy for each
tonne of CO, removed from the atmosphere
offers certainty for public budget planning,
an instrument designed in this way carries
the risk of the winner’s curse: if the winning
bid is based on overly optimistic assump-
tions about price developments, the project
might not be realised in the end. In other
words, the instrument could miss its target.

Another example of a tender is the fund-
ing competition in Switzerland (worth 100
million Swiss francs), although this is not
exclusively concerned with CDR.

Since the competitions in Denmark and
Sweden have already passed the EU’s state
aid rules, it seems feasible that similar such
programmes could be implemented in
other EU countries.

A portfolio of instruments

Anyone planning new initiatives for indus-
trial CDR should take into account the
experiences of other countries and enter
into a bilateral exchange. From the com-
parative assessment in Table 1 (p. 7), it can
be seen that the four instruments presented
here have different strengths and weak-
nesses: there is no clear winner. In future
deliberations, an important question —

alongside political priorities and path
dependencies — will be at which political
level the selection of instruments would
have to be decided.

Within the EU’s multi-level system, there
are significant political and legal hurdles to
tax credits in particular. However, the other
instruments would have to be thoroughly
examined, too. The fact that CfDs and com-
petitive tenders and auctions are already
being used in some EU member states should
facilitate their transfer to other member
states and allow them to be designed in a
way that complies with state aid rules.

In any case, there is no single approach
to designing a “short-term strategy”. Rather,
there are several viable options for ramping
up the CDR market, each of which carries
its own risks and has its own priorities.

A combination of approaches should be
examined, as well as the extent to which
they are compatible with existing instru-
ments. For example, CfDs and competitive
tenders or auctions can be used to trigger
targeted investment in large-scale industrial
facilities, which, in particular, would boost
investment in industrial bio-CCS projects,
especially in hard-to-abate sectors with pro-
cess emissions. By contrast, DACCS would
probably not do well in a price competition
with bio-CCS as it currently entails smaller
quantities that are implemented at a higher
cost. Thus, other forms of funding — such as
support for prototypes and further research
and development projects — will be needed.

Building blocks of a
short-term strategy

The EU and the German government should
seize the opportunity to assume a pioneer-
ing role in CDR policy. Not least because of
developments in the US — which over the
past four years was an important driver of
CDR policy — a leadership vacuum could
arise. The upcoming legislative processes
within EU climate policy, together with the
momentum generated by the EU’s Clean
Industrial Deal, open up the possibility of
combining innovative short-term incentive


https://www.energimyndigheten.se/utlysningar/investerings-och-driftstod-for-bio-ccs/
https://www.energimyndigheten.se/utlysningar/investerings-och-driftstod-for-bio-ccs/
https://enveurope.springeropen.com/articles/10.1186/s12302-024-00971-0
https://www.bfe.admin.ch/bfe/de/home/foerderung/dekarbonisierung/ausschreibung.html
https://www.bfe.admin.ch/bfe/de/home/foerderung/dekarbonisierung/ausschreibung.html

Table 1

Comparative assessment of short-term instruments for carbon dioxide removal

Flat-rate tax credits

Public procurement

Contracts for
difference

Competitive tenders/
reverse auctions

1) Scaling effect/
volume

+ Broad impact,
no pre-selection
of projects

o Limited depending
on budget

o Targets a selection
of large-scale projects

o Targets a selection
of large-scale projects

2) Risk mitigation/ + Clear amount

investment security

o Somewhat low for
annual purchases via
the VCM, better for
long-term contracts

++ Hedging of
price risks

+ Clear amount over
defined period
- Winner’s curse

3) Procedural efforts/ ++ Very simple

++ Manageable

o Depending on

o0 Depending on

bureaucracy purchasing pro- design, tends to be design,
gramme on estab- rather complex ranges from single-
lished VCM stage auctions to
multi-stage pro-
cedures
4) Public budgetary - Difficult to plan and o Plannable/ - Difficult to plan ++ Clear budget,
impact potentially very high controllable (difference can as lowest subsidy

if there is great
demand, deadweight
effects possible

increase or decrease)
+ Repayments
possible

requirement is
awarded contract

++ considerable strength; + strength; o neutral; - weakness

VCM = voluntary carbon market

structures for CDR with other political
priorities (such as competitiveness) as well
as maintaining and further developing
existing climate policy.

What the new German government
could do is supplement the process of draw-
ing up a long-term strategy on negative
emissions with a short-term strategy. The
aim should not be to establish a permanent
subsidy model. Rather, the top priority
should be to steer already pending invest-
ment decisions towards timely implemen-
tation in order to expand CDR capacities
competitively in the medium to long term.
Innovations would thereby reach market
maturity earlier and a new, promising busi-
ness sector would be established in Ger-
many and Europe. This would not only help
offset the first-mover disadvantages, such as
higher prices and additional costs for plan-

ning and approval procedures; it would also
make it easier to achieve integrated plan-
ning and thus efficient operating costs for
CO, transport and storage infrastructures.
Specifically, a short-term strategy should
comprise the following five building blocks:
1) An integrated approach to carbon
management — i.e., CDR and the use and
storage of fossil CO, (CCU and CCS). Syn-
ergies already exist in pending investment
decisions; and with a view to securing the
CO, capture and storage capacities needed
in the long term, newly built infrastruc-
tures could be used initially for fossil CO,
and then increasingly for biogenic CO, and

CO, from DAC.

2) A structured mapping of CDR capaci-
ties that can be considered low-hanging
fruit. Based on such an approach, decisions
about incentive mechanisms and infrastruc-
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tures that might serve as a bridge to a long-
term market framework for CDR could be
made in a more targeted and effective way.

3) An incentive mechanism, either at
the EU level or that of member state gov-
ernments, that prioritises low-hanging
industrial CDR capacities that can be im-
plemented relatively easily and quickly.

4) The long-term vision of an integrated
European market for all carbon manage-
ment applications in which the national
policies of the member states do not im-
pede the integration of CDR into future
climate policy. Cross-border projects —
including, perhaps, third countries such as
Norway or Switzerland — should be pro-
moted, because the development of CDR
capacities will benefit in the long term
from the creation of cross-border infrastruc-
ture at an early stage.

5) The avoidance of the impression that
CDR can make it easier to achieve emissions
reduction targets. Even if CDR were to scale
up to the extent modelled in the scenarios
outlined in Figure 1 above, gross emissions
would still need to be drastically reduced to
achieve net-zero greenhouse gas emissions.
Thus, it is crucial that CDR policy does not
undermine conventional emissions reduc-
tion.

A strategy comprising these five building
blocks would help reduce costs in the long
term and thereby enable a more rapid mar-
ket ramp-up of CDR. This, in turn, would
give important segments of European in-
dustry a locational advantage on the road
to greenhouse gas neutrality. A short-term
strategy would ensure that neither time,
nor potential nor economic strength is
squandered. Indeed, both a long-term and
a short-term strategy are needed because
in the long run there will be no progress
without an EU market framework and
binding targets for permanent CDR.
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Dioxide Removal (UPTAKE) project, funded by the European Union. Domenik Tref3 is an Expert in the industry division
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