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Summary and key messages

The UK has targets to deploy >100MtCO, of Carbon Dioxide Removal (CDR) by 2050 with interim technical targets of 5
MtCO;, and 23 MtCO, by 2030 and 2035, respectively. In 2019, a number of policy initiatives were announced that have
kick-started a nascent UK CDR ecosystem.! To build on these foundations, it is recognised that there is a need for a shift

in UK CDR institutional, governance and policy development commensurate with a pathway to realise the 2035 and
2050 targets. The 2020-2024 Biden Administration in the US also announced a number of potentially game changing
policies that stood to generate spillovers which might reduce the cost of scaling the sector. The third region to have
established CDR frameworks and targets is the European Union (EU) — which the UK left in 2019. A question for UK
policy-makers is therefore how to collaborate with US and EU market makers to track developments so as to design
timely and effective policy to capture spill-over effects.? As a function of this, the CO,RE Ecosystem 26+ project sought

to explore how the proposed EU interventions were being operationalized and received by the ‘market’. This would
then allow insight as to how they might interact with CDR sector initiatives taking place in the UK and US.

This report summarises the outputs that have been developed over a trio of engagements with EU CDR-based initiatives
as follows: (1) start-ups — practitioners and industrial actors (online) on 11t June 2025; (2) decision- and policy-makers
— Member States, ENGOs and regional actors (online) on 17t June 2025; and (3) an in-person roundtable of
practitioners, industrial sectors as well as policy-makers on 26" June 2025 in Berlin.

The high-level findings from the respective engagements were as follows:

e  Start-ups, practitioners and industrial actors online session. There is still the need to address the lack of demand
signals and incentives for CDR; the need for national negative emissions strategies and commitments; and the
establishment of standardised framework for CDR (legal/policy): i.e., potential definitions, what should be included
and what not within CDR sector development.

e Decision- and policy-makers: Member States, ENGOs and regional actors online session. Prioritised the need to
address the complexity in navigating EU directives — existing and forthcoming — in order to enable finance flows
from international carbon markets; address the lack of coherence in different levels of governance for carbon
markets; and creating clear, long-term demand for technical CDR technologies.

The need for co-ordination between Member States and EU and then in turn ensuring coherence with the international
relevant climate frameworks was echoed across both workshops. It therefore became clear that the main focus of
concern for EU CDR sector development amongst actors is the complexity of navigating the international, regional
and member state agreements, directives, regulation and standards. This was therefore the focus for the in-person
session in Berlin.

The main finding from this small in-person session was that the inter-scale institutional, governance, policy, regulatory
and evidence fragmentation is so pervasive as to inhibit clarity to allow project developers to advance their CDR
initiatives. This likely has material implications for the effective establishment and scaling of the CDR sector in
Europe on the scale anticipated within targets set. The complex dynamics that EU CDR start-ups are having to navigate
are broken down into the following broad issues:

e There is substantial fragmentation at the different levels of governance at an inter-scale level between
international, European Commission and National Member States for decision-making in the trading bloc. This is
relevant to existing Directives relevant to CDR development and those anticipated;

e Alack of clarity as to the role of the different agencies within this inter-scale framework for innovation and
creativity in the development and scaling for the multiple aspects of establishing a new industrial sector such as
CDR. This is compounded by the scale that is anticipated for the EU CDR sector which stands to be one of the
largest in land take and infrastructure terms. All this has to be done from a standing start with new technology
value chains being retrofitted into culturally sensitive rural landscapes and the multi-trillion Euro infrastructure
intense fabric of modern economies; and
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e A manifestation emergent from these two issues is that a principal agent problem has emerged with the proposed
implicit of responsibilities in the design of the EU negative emissions sector. The European Commission (EC) has
sought to establish targets as well as design market mechanisms to allow negative emissions credits to be traded
across Member States. Member States have been given responsibility to pump prime individual projects and
establish national CDR sectors within their own jurisdictions. As CDR projects and the national CDR sectors will
need to operate as viable commercial ‘going concerns’ they will seek to generate credits which will be traded
within the EC designed market. This will allow the comparative advantage of each member state resource
endowments and therefore the cost of developing the sector to be economically efficient. However, pump
primping the sector from a member state level is problematical to undertake without knowing what the market
architecture for each CDR value chain will be in the EU. In turn, and by the EUs own admission, the design of the
pan European CDR credit trading market will take time: it will be emergent on the availability of scientific evidence
as to how to realise an effective CDR sector at scale which genuinely realizes negative emissions. As this science is
far from mature and such is the heterogeneity of the CDR suite of technologies any such scientific insight needs to
integrate research communities that do not traditionally work together, have different protocols and experimental
frameworks. The research priorities to inform next steps in CDR sector scale up for policy-makers and CDR start-ups
are also very different.

These complexities are further amplified by the fact that IPCC, UNFCCC, EU and member state interactions are highly
fragmented. Therefore, any proposed intervention at any one level within this inter scale governance structure will
need to accommodate for an international set of protocols from the Paris Agreement e.g., Article 6, the EC market
design based on their associated framework policies (e.g. CMCF, Industry Act, Climate Act, new Common Agricultural
Policy 2027 regime) and member state stipulations — where they exist — whilst accommodating for single market
requirements. This at the very least results in substantive transaction costs for actors navigating the EU CDR sector and
at worst substantial uncertainty as to negate the willingness for conventional investors to allocate capital to the sector.
Indeed, the interdependences of interactions of the decision dynamics within the inter scale institutional governance
and decision-making framework regarding CDR likely makes for a ‘wait and see’ risk management approach on the part
of CDR project developers. This will in turn likely result in stasis in EU CDR market development. For CDR start-ups and
corporate projects these dynamics make operating in the EU extremely frustrating which was palpable at the Berlin
meeting. For these important pioneer actors, engaging in the CDR sector is subject to substantial transaction costs and
weak business case to attract risk-adjusted capital — which will be fundamental to further scaling their projects. The
inability for CDR projects to attract capital beyond concessionary and grant funds and therefore a wider investor pool
will stunt the ability for the sector to move to the next stage of development and most importantly has implications on
the ability to scale the sector in line with ambitious climate targets of ~450 MtCO2e by 2050.

Based on this assessment, the underpinning questions therefore become what interventions are required to break this
impasse to avoid further inter scale governance fragmentation; which actor will take on the role of breaking the
impasse and can it be undertaken without institutional reform? The need for institutional reform is an issue that was
brought up a number of times during the Berlin workshop. It is suggested that an institutional crisis has been manifest
in the withdrawal and cessation of negotiations regarding the Green Claims Directive which has been attributed to the
complexity of the measures as to addressing ‘greenwashing’.

Without clarity around these inter scale governance, policy, regulatory frameworks and standards the EU CDR sector
will struggle to scale to the next phase of development. The extent to which this poses an existential risk to the
negative emissions sector development is as yet unquantifiable but is likely to contribute to the anticipated culling of
CDR start-ups over 2026 at a time went it needs to scale. Fiscally constrained member state governments are going to
struggle to support the sector without further straining fiscal rules.
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Next steps: further work

e The identification of interventions required to address the inter scale governance and decision-making for CDR
sector development is a priority. Limited work is already in development e.g., the Swedish Energy Agency and the
Swiss Federal Department of the Environment, Transport, Energy and Communication are piloting the transfer of
credits between voluntary market actors (buyer and seller) in the two countries.

e How EU CDR start-up projects are able to maintain their commercial viability in the next 5 years in the face of the
present complexity and statis in CDR policy development needs to be understood; and

e Opportunities for consolidation of learning from the last 5 years to take place across UK, Californian and EU CDR
initiatives on data, market infrastructure, technology, commercial and business models etc.

1. Context: Why Carbon Dioxide Removal Ecosystem 2026+

Carbon dioxide removals (CDR) will be needed at scale in all scenarios that achieve the goal of the Paris agreement to
limit warming to 1.5°C by 2050. The UK’s CDR ambition has been clearly stated. The UK needs to develop a CDR sector
of at least 100 MtCO2 per year by 2050, split between technical removals of at least 40 MtCO2 and nature-based
removals (NBS) on a similar scale .3 The technical removal target is on a par with the present size of the UK water sector
and requires infrastructure, business model, and a regulatory framework development to incentivise investment in 25
years from virtually a standing start.

In 2019, the UK established a number of foundational initiatives and policies to kick-start a UK CDR sector and its
associated ecosystem.? These have generated outcomes on a nascent pathway to realizing net zero which will struggle
to advance further along a development and scaling pathway trajectory within the existing policy and institutional
framework beyond 2025. There is a need for a new set of policy and institutional requirements in the period 2026-35
responsive to the new circumstances that the sector faces in order to build on the hard-fought outcomes realised over
the past 5 years. This will be essential to avoid locking-out the ability for the UK to meet its medium and long-term
domestic negative emissions targets.

In parallel, under the Biden Administration, the US developed a multi-billion-dollar subsidy regime with the bipartisan
Infrastructure Law and Inflation Reduction Act, which led to the establishment of a number of ground-breaking CDR
initiatives — most salient being the $3.5B commitment to establish four direct air capture hubs. Concurrently, analysis in
the EU indicates that there will be a need for >300 and >100 MtCO2e of nature-based and technical CDR pa by 2050,
respectively — see figure 1, below. As a consequence, the EU has established a number of frameworks for CDR.> These
include but are not limited to:

1. Carbon Removals and Carbon Farming Regulation (CRCF), which seeks to establish definitions and codify what
constitutes a negative emissions credit/process at a project level.® It is anticipated that bioenergy with carbon
capture and storage (BECCS) and biochar will be defined in 2025 with other value chains to subsequently
follow;

2. Climate Law targets, which will explicitly commit Member States to a 55% reduction in emissions on a 1990
baseline by 2030 — including the differential role for CDR and mitigation;” and

3. the Clean Industrial Deal — which seeks to address deep decarbonisation, a pivot to the clean tech economy
and the stimulation of economic growth.®

EU Member States have also established a number of programmes and initiatives within their own jurisdictions albeit
this is fragmented — with the extent to development highly varied across Member States. In spite of this, it is considered
that policy will advance more quickly at a member state level which might lead to initial fragmentation but then
converge on standards and policies as shaped by the EU.
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Figure 1 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 expansion must take place in parallel with the drastic reduction in
emissions (left panel of Figure 1).°

In this context, the UK will have to balance the need to address its short-term net zero national targets with the
opportunities of cost reduction that might materialise in the US in the medium term along with the political uncertainty
that comes with the new Trump Administration as well as the opportunities that might be forthcoming in the EU.X° The
corollary of this being that the UK needs to make a number of decisions as to which aspects of the CDR sector it wants
to play a global leadership role in and the economic benefits that might come with that in order to address the policy,
institutional and governance requirements in the 2026-35 period. The UK must also be responsive to the significant
broader shift in geo-political circumstances within the fragmented and market led CDR sector internationally - see
figure 2, below.!
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Figure 2:12 CDR policy landscape in development/discussion and implementation or operational and the timeline anticipated for

implementation.
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It is in this context that CO2RE convened a number of workshops which involved engagement with CDR sector actors.
This workshop report represents the 3rd phase of a 3-stage global CDR market engagement exercise. In the first phase,
43 UK policy-makers, market actors and stakeholders took part in a Business Model Archetype (BMA) — deliberative
participatory exercise to generate collective®? insight as to what interventions need to be realised for the 2026+ UK CDR
ecosystem from the perspective of the role of a firm. The business models that analysed were BECCS (electricity and
hydrogen play); direct air capture (pure play and utilisation — enhanced oil recovery and concrete CO2 enrichment);
nature-based solution and marine CDR — biochar play; a land-based biochar play and enhanced rock weathering. The
second phase involved a trio a trio of engagements with US CDR based initiatives over the period 13th to 20th March
2025 — as follows: (i) Data accessibility to establish market frameworks for greenhouse gases; (2) CDR start-ups from the
Stanford Greenhouse Gas Accelerator, developers and finance specialists; and (3) a roundtable held at Sacramento with
Californian government, ENGOs, Canadian think tanks, UK developers etc. The objectives of the engagements in the UK
and US were to address the following questions:

. What are the challenges and priority needs for market actors in the UK and US CDR sector post 2026 to 2050?

. What might the 2026 - 2035 technical, institutional, governance, organizational, policy and enabling ecosystem
look like to address these needs in the UK and US?

. What are the areas of potential collaboration between the UK and US in sharing best practice around CDR sector
development.

With frontier CDR innovation and development taking place by actors within the present proto-CDR market.'#*> Any
process which does not accommodate insight harvesting and knowledge generation from participating market actors
will result in substantive gaps in insight. Furthermore, to understand market sentiment and political dynamics it was
considered that the most appropriate form of approach for this research was via ethnographic processes for both UK
and US phases. The EU engagement was also undertaken via a number of ethnographic approaches and represented a
3rd and final phase involving a trio of engagement activities with European policy-makers, market actors and
stakeholders. The outputs were analysed by applying an evolutionary and institutional economic theoretical lens within
a socio-technical transitions framing. This avoids the distortive effects of the neo-classic economics orthodoxy on
interpretation and policy design that is implicit in least cost whole system decision support.

Section 2 provides a summary of the engagement framework in the EU which took place between 11th to 26th June
2025. The insights from the session regarding market actor, project start-up and state decision-makers undertaken in
the first two online workshops on 11th and 17th June — can be found in Section 3. Section 4 covers the insight
generated from the Berlin in-person workshop on 26th June. Section 5 then analyses the insights across the
engagements within the EU. Berlin attendee insights as to what is needed to be implemented in 2026 within the EU
CDR sector to enable collective success can be found in Section 6. A summary of insights and suggested requirements
for collective success in the EU CDR space is covered in Section 7.

This material has been collated for those organisations that will remain once the CO2RE consortium has completed its
funding is completed at the end of Q3, 2025 — namely the more policy focused State of the CDR sector Head of
Partnerships which seeks to establish the equivalent of IRENA for the CDR sector and Carbon Gap who generate a more
pluralistic engagement approach to CDR sector development.

2.1 Analytical framework — interventions 2026—35: the business model ‘inside-looking-out’
perspective.

For this research CO2RE referred to activities being undertaken at the Negative Emissions Platform, Carbon Gap as well
as C-SINK to ensure synergies with respective programmes of work. The Perspectives Climate Group was the main
delivery and research partner as a function of their research work both in Germany and across the EU. They were
responsible for recruiting attendees across Germany and the EU for the trio of workshops.

Like the UK and US, the EU GGR sector is market-led. CO2RE therefore sought to conduct an impartial participatory
stakeholder mapping exercise to generate insight as to market actors’ needs. The agenda is based on structuring insight
around the following areas:

. What are the challenges and priority needs for market actors in the German-EU CDR sector post 2026 to 20507?

. What might the 2026—-2035 institutional, organisational and policy ecosystem look like to address these needs?
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. What is the interplay between member state responsibilities, EU and international agreements as well as private
actors?

The primary audience for the outputs is UK government policy-makers. This will contribute to a top-down initiative
being led by other WS within CO,RE working on what a UK CDR framework might look like being fed in at a ministerial
level and therefore with a more political audience. It will also provide international context to elements of the
somewhat UK centric CDR Review.

2.2 Schema for EU engagement activities between 11" to 26" June 2025

The EU sessions are phase 3 of this collective intelligence insight generation exercise. The EU exercises were based on
the following engagements:

. Start-Ups, practitioners and industrial actors (online) on 11t June between 08:00 to 10:00 (BST);

. Decision and policy-makers, Member States, ENGOs and regional actors (online) on 17t" June between 10:00 to
1130 (BST); and

. Roundtable of practitioners, industrial sectors as well as policy-makers on 26% June, held in Berlin (in-person)
between 12:00 to 17:00 hrs (CET).

The online sessions assisted in calibrating and structuring the decision space for the in person meeting on 26th June in
Berlin. With the CDR sector being fraught with deep uncertainty and market-actor-shaped,® the immediate
requirements in order to address risk and uncertainty in the sector will be subject to very different priorities depending
on the actors’ perspectives and risk appetites. These were unpacked in these initial online exercises in order to scaffold
the decision space relevant to the research and the in-person session. It also sought to manage the expectations of
participants as well as ensure that they are aware of the process involved.

The sessions applied the insight via the perspective of a business model for specific sectors of the CDR space in order to
generate an ‘inside-looking-out’ perspective so as to better understand the needs of individual CDR value chains. This
will also then allow systemic perspectives to be tracked but in an inductive manner rather than a reductive one which
tends to lose insight fidelity.

2.3 Analytical framework for governance

The high dimensionality of the dynamics that were being sought required the decision space to be scaffolded along the
following framework:

° The different levels of governance and at an inter-scale level between international, European Commission and
Member State for CDR decision-making in the trading bloc; and

. The role of the different agencies within the inter-scale framework regarding innovation and creativity in the
development and scaling for the multiple aspects of establishing a new industrial sector which stands to be one of
the largest in land take and infrastructure terms from a standing start in the EU.

With these components in mind, this contribution seeks to adopt the concept of governance in the broadest and multi-
scale sense as interpreted by Goldthau, 20147 i.e., to refer to the structures and processes that define decisions and

shape decision-making for CDR deployment — see Box 1.

Box 1: Governance as a concept which refers to the formal and informal structures and processes that
define decision-making to investigate the connections to CDR development with specific relevance to the
EU.

Tenants of Goldthau’s governance framework that are relevant to the analytical framework proposed are:

o [Net Zero and] energy infrastructure is characterized by the involvement of a vast number of actors, each
coming with distinct and particular sets of interests; its impact on other sectors is  significant due to
sheer scope and scale; it is subject to and interacts with a complex and multi-layered set of institutions,
laws, regulations and policies; and its life span stretches across several decades.

¢ Balancing the need for large-scale infrastructure with local and contextualized solutions therefore
presents an unprecedented governance challenge. What is more, governance arrangements will need to
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remain open to learning and to adapt to changing environments, in order to keep [net zero and] energy

infrastructure resilient.

In other words, governance arrangements susceptible to facilitating energy access and low carbon

transition need to be dynamic rather than static. This warrants a rethink of the governance of [net zero]

infrastructure.

e The governance of energy infrastructure [also] needs to be polycentric. This allows for contextualization,
experimentation and innovation, which can lead to sustainable infrastructure solutions and learning
across scales.

e Governance [in this context is defined] as the institutions, mechanisms and processes through which
economic, political and administrative authority is exercised. This definition builds on an extensive
literature arguing that governance has gone beyond government and acknowledges the important role
that private actors and civil society play in policy making.

e The governance of [net zero] infrastructure, however, needs to go beyond existing agendas and include
the goals of providing for comprehensive energy access and fighting climate change. Defined this way, the
governance of the [net zero] infrastructure nexus comes with the additional normative requirement of
contextualizing [net zero] infrastructure solutions so that the latter are able to contribute to global energy
policy goals.

¢ Because physical energy infrastructure exhibits both a strong local dimension, and a provincial, national
or even regional/supranational dimension, various scales need to be taken into account when
designing regulatory answers and setting up governance arrangements.

If the governance frameworks around CDR development, net zero and energy infrastructure are in a state of flux the
theoretical perspectives and concepts for analysing such complex institutional systems are also in fragmented - see
figure 3. For example, transaction cost economics,® polycentric governance,® policy networks,?° complex adaptive
systems,?! and evolutionary models.?? These approaches are not mutually exclusive and have overlapping ideas but
highlight different aspects of complex institutional constructs to govern sectors.?

Figure 3: The complex institutional
system for water governance in San
Francisco Bay, California. The blue
circles represent different types of
actors and the red squares represent
different types of institutions, lines
indicate actors participating in
different institutions, and larger
shapes have more ‘degree centrality’
. in the network.

In the case of the CDR sector another dimension to governance is the role of institutions in innovation and creativity
within complex institutional constructs. The establishment, development and scaling for the multi-dimensional aspects
of establishing a new industrial sector such as CDR which involves land, marine, urban, industrial, economic systems
etc. has limited if any analysis.?

Details and insights from each of the trio of EU engagements need to be considered in the context of the emergent
governance framing in Box 1, the immaturity of complex institutional theory and how complex institutional theory can
develop innovation and creativity for such a cross-sectoral and multi-system technology portfolio. The outputs of the
online and in person sessions is summarised in sections 3 and 4, respectively.
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3. Decision space calibration and structuring: start-ups, practitioners, industrial
actors, decision and policy-makers, Member States, ENGOs and regional actors pre-
work-up session

The online sessions were set-up in order to canvas market actors, member state policy-makers and sector players as to
what were the most salient issues that needed to be addressed in respective communities in order to establish, develop
and scale the CDR sector in the EU. This comprised the participants (Annex 1) being broken into 3 and 2 groups for each
respective workshops to undertaken two main exercises as described in figures 4 and 5 — see Box 2, below:

Box 2: online exercises. The first exercise comprised individual
participants identifying what are the top 3 most salient issues
that, they as an actor, are having to deal with to establish the
CDR sector and net zero agenda. Post-its were placed on the
a Impact-Urgency Matrix as shown in Figure 4 (LHS). The impact
levels were 5 — which meant needed impact business model
revenue in 12 months; 4 to 1 increased in annual increments.
The urgency scale was that interventions needed to be
introduced in the next 12 months at 5 and again 4 to 1 increased
A in annual increments.

IMPACT

The next exercise was then to take what the group considered to

1 be the top 3 issues from the Impact-Urgency Matrix to assess
‘What is the role of EU policy relative to National Policy?’ —
Figure 5 (below).

1 2 3 4 5

URGENT

Issues Role of National Government Role of EU Government What is the balance (Share)

The raw outputs for the exercises are taken from screen shots in Annex 2. Annex 2.1 has the ‘Impact-Urgency Matrixes’
and Annex 2.2 the ‘What is the role of EU policy relative to National Policy?’. A summary of these outputs for respective
cohorts at each workshop can be found in Table 1a and b, below.
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Table 1a: Summary of ‘Impact-Urgency Matrix’ outputs for start-ups, practitioners and industrial actors

Cross-cutting issues

e  Lack of demand signals/incentives (3)

e  National negative emissions strategy/commitment (3)

e  Role of standardised framework for CDR (legal/policy): potential definitions, what should be included and what not (3)

e  Role of public perception

e  Establish EU carbon credit scheme — not tax credit

Role of EU & national governments

e  EU: key role in developing policy

e  Both: develop separate targets for removals/reductions

e National: create an enabling environment, align with EU direction; create national CDR plans/strategy/regulatory
environment, assessing national potential

Table 1b: Summary of ‘Impact-Urgency Matrix’ decision- and policy-makers, Member States, ENGOs and Regional
actors

Cross-cutting issues

e  Navigating EU directives (existing and coming) in order to enable finance flows from international carbon markets; and
address the lack of coherence in different levels of governance in relation to carbon markets

e  Creating clear, long term demand signals for expensive CDR technologies. Reducing technology costs and CDR removal
generation capacity through decarbonised and cheap energy and feedstocks. Lack of business case for CCS because of a lack
of incentives for CDR (e.g. BECCS) (2)

e  Clarity on the regulatory perspective for CDR and the distinction between permanent and temporary removals.

Role of EU & national governments

e EU: Public purchasing programme, accessibility and clarity of what counts in CMCF, align with Paris Agreement — owns EU
NDC, MRV clarification

e  Both: Public understanding of the role of CDR in net zero and clear business case for investing in CDR.

e  National: Clear Demand Signal and pump priming by preferential access to cheap low carbon energy and feedstocks.

A final set of exercises were run for workshop planning and administrative purposes as follows:

. What other issues would you like to explore? which were to be listed in freeform on a whiteboard; and

. Which business model would you like to be allocated to? (Annex 3) — which were also to be listed in freeform on a
whiteboard.

Annex 2.3 summarises the outputs for the additional issues that participants considered should also be explored time
permitting. There are only a handful of items that were generated for this exercise which was a function of the limited
time that participants had to generate contributions to this exercise rather than a function of the initial contributions
being exhaustive. Those who managed to make contributions identified issues that were linked to the main issue of
governance and institutional complexity — see below.

4.1 Berlin workshop

The need for co-ordination between Member States and EU and then in turn ensuring coherence with the international
relevant climate frameworks was echoed across both workshops. It therefore became clear that the main focus of
concern for EU CDR sector development amongst actors is the complexity of navigating the international, regional
and member state agreements, directives, regulation and standards. This was therefore the focus for the in-person
session in Berlin.

A roundtable of both practitioners and Industrial sectors as well as policy-makers was convened on Thursday 26 June
at Maschinenraum, 10119 Berlin, Deutschland between 1200 for 1300 to 1630. Though there was a high drop-out rate
for the session with 8 of the 15 that registered attending — a balance was achieved in terms of experience and expertise
at two tables was evident in the rich dialogues. Attendance was likely at the minimum to have elicited balanced outputs
—see plates 1 and 2, below.

10
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Plate 1: Internal group deliberation on BECCS Business Model Plate 2: Cross-group deliberation at the DACC Business Model
table table.

Attendees were broken into a BECCS and DACC Business Model Groups — Annexes 1 and 3, respectively. They were then
requested to undertake the following facilitated exercises:

. Exercise 1: What are the ‘inter-scale governance frameworks that are in existence today’ in order to address the
needs of respective business models and what are the gaps?

° Exercise 2: What are the ‘inter-scale governance frameworks that are needed in the future’ in order to address the
needs of respective business models from 2026 to 2035; and then

. Exercise 3: As individuals, participants were requested to assess the state and characteristics of the nascent CDR
sector development in the EU: That if there was a drive for collective success within the EU CDR sector what needs
to be addressed in 2026, why and how needs to be addressed.

The outputs for the first two exercises are summarised in sections 4.2 and 4.3, with Section 5 analysing and assessing
the implications of the outputs. Section 6 then summarises the outputs and insights from the collective success
exercise.
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4.2. Exercise 1 — Inter-scale governance perspective: present

In this section the outputs of the exercise which sought to understand what are the ‘Inter-scale governance frameworks that are in existence today’ in order to address the needs of
respective business models and what are the gaps? are summarized for each group.

a. Direct air capture business model. The group mapped the DACC business model value chain by component (see the column furthest on the left in table immediately below) and
then highlighted the needs from each level of inter scale governance to be addressed. The main issues that were sought were offtake and CDR credit market frameworks to be
addressed, energy cost reduction mechanisms and societal acceptability. The lack of demand was prioritised as being addressed at an international level by Article 6 — specifically
access markets and the need to understand quality standards; at an EU level, through EU ETS based on mandates and volume with the need for consideration of fairness and what the
ideal portfolio of mix of removal credits to be integrated; and at the member state level as to how to get corporates to address net zero.

Implicit in the fact that the group sought to address needs from each level of governance is that the governance around market frameworks and energy costs are those that are most
salient for the development of the business model and that other issues are secondary to these issues for the business model in the EU.

What is clear, however, is how interconnected the issues for each part of the value chain between governance levels and that co-ordination/harmonization will be needed to address
any of the different components of the DACC value chain at different levels. There also appears to be frustration at fragmentation within a level e.g., one of the participants
mentioning the lack of inter-directorate/departmental co-ordination of CDR sector development in one department and the policy development for an aviation fuel obligation.

Business model International EU/regional Member State/national
requirement
Inputs and energy * Global green-power procurement clubs e Lower electricity tax exemptions for DACCS ¢ Lower capex and opex costs
¢ Get emissions down (liquid solvents) ¢ 10-year RES-levy exemption for DAC plants
e ‘Curtailment-to-DAC’ tariff pilot
Capture and ¢ Tech-neutral approach — let the market ¢ CRCF gives certainty for developers * Expensive — needs mandate
process decide * Innovation-Fund call for modular sorbent tech * Negative-emissions obligation on fuel suppliers
CO, transport & e Lack of clarity on storage durability with ¢ Transferable CCS infrastructure & Art 6 use; tax breaks * One-stop licensing & capacity register for storage
storage CCUS ¢ CO; networks & hubs on PCl list
¢ ISO cross-border CO, pipeline standard
Market — credits ¢ Global AMC ¢ Public procurement needed for FID; move beyond ¢ Departmental mis-alignment (aviation role)
and demand e Clarity on international credit cheapest credits e Inter-ministerial CDR task-force
¢ Harmonised CDR standards (e.g. CRCF) ¢ CDR socially acceptable but not all sectors
* Double-counting risk in concrete CO, curing ¢ High-durability CRCF units partly ETS-eligible
® Art 6 guidance aligned with CRCF post-2031
Governance and e Trust-building via international institutions, * Regulation needs to catch up on governance and e Trust-building via community engagement
permitting NGOs, etc. permits e Community equity stakes in DAC hubs, similar to RE projects

e Public sector must provide investment security
e Commission guidance aligning DAC & CCS permitting

b. Bioenergy carbon capture and storage business model. The group mapped the issues across inter-scale governance as to needs of the BECCS Business Model according to level of
salience at each level. The issues that need to be addressed with present BECCS business model development are substantive with the group advocating that the most salient issues
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are: (1) Accounting standards for biomass, greenhouse gas accounting as well as who in the governance system is responsible for this; (2) Cross-chain risk within BECCS value chains for
storage and utilization — where does the liability for different aspect lie member state or corporate level and how can risk be addressed e.g., insurance products and mechanisms
available; and similar to the DACC group (3) with regards to the EUSTC what is not, what should, what should not be included?

The prioritisation and mapping of these issues suggests that there is substantial fragmentation in regulatory and standards at each governance level. Even more telling is that business
models can only operate once “.... all measures [are addressed], all at once”, as was stated by one of the participants.

Level Issue area clustering

Details

MRV & accounting

MRV of carbon in biomass vs underground unclear

Sector attribution guidance needed (e.g., IPCC)

GHG inventory guidance missing

Distinction between capture, removal, and storage not always reflected in MRV, who gets the removal credits? (Example Norway for storage, or other
country?)

How to regulate removals used for non -residual emission? Conflict between what we need today and what needs to be done.

e  Guidance (e.g. FCC, IPCC) pending; nations unsure how to proceed in the meantime
e  Equivalence of Article 6 and CRCF certificates
Ownership & liability e  Who "owns" removals in cross-border value chains?
e Unclear ownership of reversals/ credits. Who bears liability—buyer, project proponent, or government in case of a a mishap?
e Liability often shorter than risk horizon: Example: Norway storage, unclear liability for leaks after 20 years. Company makes money but taxpayers take the risk.
e  Role of insurance unclear as a partial solution
Legal & governance e  Transboundary transport issues; Article 6 issues, London Protocol not ratified
e Current situation is certainly not great, and lot of time and resources were spent, and actual policy developments are still lacking
Modelling & knowledge gaps e |AMs lack justice/fairness/planetary boundaries/SDG dimensions
e Modelling inputs and assumptions unclear to non-modelers
Market development e  Tech providers under financial/shareholder pressure
uncertainty e  Chicken & egg: VCM buyer wants solid business case including transport and storage; Transport and storage provider wants practical offtake agreement
Tg . NGOs critical of VCM/CDR; developers frustrated, NGO described as “narrow minded and closed off”
2 NGOs e Seen as blocking necessary measures without offering alternatives
g e  EU seen as perfectionist vs. US pragmatism (developers)
] . . . e  Competition between removals (tech/nature), mitigation, and adaptation
c Competition & strategic tension : . o
e  Fragmentation weakens credit demand and coordination
EU ETS coverage & gaps e  WHE notincluded in ETS = no incentive for capture/storage
e  Biogenic emissions not remunerated - double disincentive
e Noinclusion despite large CAPEX required (Developer)
e Argument: cost of removal ~5x reduction, so no deterrence risk (Developer)
e  Suggestion: treat removals like UK (include gross cap), complement with CCfDs or similar nonmarket distorting instruments (Developer)
_ e  Biomass import accounting unclear
% Policy uncertainty & CRCF use e CRCF certificate use unclear (Green Claims Directive on hold)
= cases e Question of aligning CRCF with Article 6 mechanisms
w

Institutional crisis, no stable EU decision-making environment, pointing fingers to other EU institutions or parties
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e EU focus on ideal regulation over learning by doing

Biomass availability & e Sustainable biomass availability limited, Residual biomass prioritization, but limited supply
= g Competition e  Competing uses-(energy, matt?rials) challenge cascading use and circularity
S E e Lack of clear national accounting rules for biomass
€ g Funding & use cases e Lack of national funding mechanisms (unlike Denmark or Sweden)
22

e Lack of clear use cases and related funding

4.3. Exercise 2 — inter-scale governance perspective: future need

In this section the outputs of the exercise which sought to understand What are the ‘Inter-scale Governance frameworks that are needed in the future’ in order to address the needs of
respective business models from 2026 to 2035 are summarised.

a. Direct air capture business model. In this exercise the group mapped the needs according to the following clustering — long-term targets, short term targets and enabling
infrastructure. The need for short-term targets was considered important in order to address the need to get First of a Kind (FOAK) plants past Final Investment Decision (FID) which
requires a minimum of at least 5 to 8 years of offtake to be contracted to at least 80% plant capacity. This will also lower the Weighted Average Cost of Capital (WACC) for the early
pipeline of plants allowing learning by doing for subsequent plants. The long-term targets are essential to maintain a pipeline of DACC/CDR plants to be built commensurate with
climate targets — see figure 1. The enabling infrastructure of CO, Transport and Storage (T&S) is significant in that it allows DACC project developers to focus on DACC plant/unit
innovation and isolate the WACC risk to their area of specialization. The CO, T&S aspects of CDR network development is far more commoditised and mature which, if it can be
capitalised efficiently, will likely have a lower WACC — it also allows the DACC plant/units to be able to piggyback off the back of the network effects created by the establishment of a
CO, T&S system — this is analogous to Offshore Transmission Owners (OFTOs) regime which separated out the Offshore Transmission system from the Offshore Wind Generation
infrastructure in the North Sea.?®

The need to address the EU CDR ecosystem demand requirements for the period 2026+ has been conducted in other activities — see for example?® and maps onto the issues that were
raised by the DACC group — as per the table below.

International EU Member States
Lack of long-term targets e  Articles finalise and incentivise 6.2 and 6.4 e Long-term demand of CDR in aviation and e  Having clear good target + procurement targets
e  Corsia marine
e  Alignment between EU and international e  CDR obligation increasing over time,
mandating
e  CBTO (National +EU)
Lack of short-term targets e Internation AMC (Canada, US example) e  EU procurement e  H;global analogy for CDR

. Finalise CRCF
e  Clarify use case
Lack of enabling infrastructure e (CO; specification standards T&S + U e  C(luster, increase collation
e  Faster permitting
e  Tax breaks
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b. Bioenergy carbon capture and storage business model. In this exercise the group mapped the issues for the top three priorities which were identified as (1) Accounting, Monitoring
Reporting and Verification; (2) Availability of (Sustainable) Biomass; and (3) Use Cases. They then assessed the inter scale governance issues for these issues. Much like the DACC
business model the interconnected nature of the issues between governance levels and the need for co-ordination/harmonization will be needed to address any of the different issues
at different levels. It is likely worth emphasizing that that the complexity of the BECCS value chain is likely more substantive than that for DACC. Indeed, the emergence of issues at a
spatial explicit level of fidelity as a function of feedstock supply?’ and interactions of governance between the levels was emphasized e.g., the role of the London Protocol being ratified
at an international level and then enforced at a national level which was then operationalised by corporates applying to national government agencies makes for an unprecedented
level of complexity for pioneering and innovative CDR business models to operate.

Such is the complexity that participants agreed that the application of sufficient detail to allow minimum thresholds to enable concrete start-up next steps was warranted. However,
whether the scientific evidence is available at present and, if it is not whether it might be forthcoming in a timeframe to address CDR BECCS start-up needs, was considered an open
question. Also evident from the discussions and relevant to the predicament that BECCS start-ups also face in terms of addressing their immediate and short-term needs is that what
policy-makers consider to be a priority for policy development and therefore immediate research insight is very different to what CDR developers want e.g., Developers want to know
if they can source sustainable biomass for their project which can be undertaken at a discrete spatially explicit level whereas Policy-makers seek insights as to whether there is
sufficient sustainable biomass to support a national BECCS sector and the implications of the interaction of a national BECCS sector on international biomass markets. The answer to
the latter question is also likely unknown and unknowable — it falls into the category of asking "how much sustainable biomass is there?” which is an impossible question to answer
scientifically as a function of it being an issue steeped in deep uncertainty.?® This therefore makes for a situation which inhibits the ability to align all levels of standards between
governance levels and the ability for projects to advance in their development and therefore for the sector to be established and scale — see section 5.

Issues International EU Member States (Germany)
e |IPCC work on GHG inventory guidance needs to be e  Separate targets for emission reductions vs removals Adoption and ratification of long-term strategy for
accelerated e In best case, also already be included in revised 2040 negative emissions (LNe), CO2 storage and transport law
:n o ?, = * London Protocol ratification to enable cross-border CO, targets (KSpTG), national biomass strategy (NABIS), carbon
£ € w 2 transport e Industrial Carbon Management Strategy, Net-Zero management strategy (CMS), London Protocol
§ ,g 'g E e Harmonizing procedures, definitions, understandings Industry Act and Carbon Removal and Carbon Farming
ggg 5 from national to international level and vice versa Regulation (CRCF) to be adopted and operationalized
<ELS> Exploring bilateral agreements under Article 6.2
e  Models/IAMs need to include and be inclusive and e  Renewable Energy Directive 3 is it good enough. Project Accepting cascading use of biomass
updated with sustainability criteria/SDGs, planetary developers think yes, government more reserved Explore questions such as: How much sustainable
boundaries, justice parameters e  Harmonizing different pieces of legislative + targets biomass do we actually have available in GER? What
e Modelling itself should be inclusive, trial and calibration = methods + how they work together volumes would need to be imported?
e translate modelling in normal understandable language e  CRCF to be adopted and operationalized Differences: Govt: Narrative of “we have target, but
" e  Explore Global north, global south collaboration in do we want to buy biomass and do it?” is not
@ modelling and report holistic/conducive vs Developers: “Where is it
§ e  Explore Bilateral agreements under 6.2 written that sustainable biomass cannot be
3 imported”
g_ Adoption and ratification of long-term strategy for
= negative emissions (LNe), CO2 storage and transport
ﬁ law (KSpTG), national biomass strategy (NABIS),
g carbon management strategy (CMS), London

Protocol
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Use cases

Setting options to choose from/creating a funnel
Guidance on double claiming/counting needed

Green Claims Directive on hold complicates this
extremely

Clarity, timeline of achieving targets

Guidance on double claiming/counting needed
(Example Dutch govt)

Defining things such as permanence

Adoption and ratification of long-term strategy for
negative emissions (LNe), CO2 storage and transport
law (KSpTG), national biomass strategy (NABIS),
carbon management strategy (CMS), London
Protocol

Setting up specific targets endorsing the VCM

Guidance on double claiming/counting needed
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5. Analysis, insights and the implications

The EU Ecosystem 26+ trio of workshops generated insights that are largely missing from the CDR literature but well known
amongst actors operating within the market and those associated with the sector. As policy is largely designed based on
peer reviewed evidence policy-makers have less visibility of these issues and are therefore partially blinded as to the need
to address these issues. This plays to a number of dynamics of how research is undertaken to inform CDR policy. A fracture
line has opened up between what research and analysis is needed to address policy-makers needs and that for business
model development. Firstly, the under representation of systemic issues — such as land and infrastructure co-ordination -
which means that technologies ability to develop is handicapped or worse still may be deployed without consideration of
the maladaptive aspects of these value chains when they are being developed at scale .?° As research in the EU is
increasingly mission-driven and focused on specific technological solutions. The prioritization of techno-economic
perspectives that only minimally capture more complex social, cultural and political issues can only inhibit policy
development relevant to the scaling of the EU CDR sector.3° Secondly, there is a need for publicly funded research to better
focus on the needs of CDR start-ups from the perspective of firm level needs.3! It is evident that policy-makers and
individual start-up developers seek very different priorities when it comes to CDR sector development and that the research
corpus is skewed to informing policy. This is exemplified at its most distortive in that there is conflation as to biomass
availability required for a global and/or regionally scale GtCO, bio-based CDR sector and that needed to establish first in
kind plants. The latter are needed to calibrate the former. Without real world data modelled extrapolations of bio-based
CDR potential have no potential for verification. However, Traditional “predict-and-act’ approaches to biomass assessment
are unable to manage the complexity of biomass sector dynamics: more tellingly they seek to answer questions that are
unknowable and tend to lack the systemic insights and/or specific geographically specific nuances jurisdictions.3?

The fracture line between what research and analysis is needed to address policy-makers and that for business model
development is a substantive impediment to CDR sector development and amplifies the governance complexity.
Throughout the engagements it was found that there is substantial fragmentation at the different levels of governance and
at an inter-scale level between international, European Commission and Member State for decision-making in the trading
bloc. This is relevant to existing Directives relevant to CDR development and those anticipated. A lack of clarity as to the
role of the different agencies within the inter-scale framework with regards to innovation and creativity in the development
and scaling for the multiple aspects of establishing a new industrial sector such as CDR is also unclear and should be a
priority for a frontier, unproven and nascent technology family such as CDR. This predicament is compounded by the scale
that is anticipated for the EU CDR sector which stands to be one of the largest in land take and infrastructure terms. All this
from a standing start with new technology value chains being retrofitted into culturally sensitive rural landscapes and the
multi-trillion Euro infrastructure intense fabric of modern economies.

Finally, a manifestation emergent from these above two issues is that a principal agent problem has emerged with the
proposed implicit of responsibilities in the design of the EU negative emissions sector. The European Commission (EC) has
sought to establish targets as well as design market mechanisms to allow negative emissions credits to be traded across
Member States. Member States have been given responsibility to pump prime individual projects and establish national
CDR sectors within their own jurisdictions. As CDR projects and the national CDR sectors will need to operate as viable
commercial ‘going concerns’ they will seek to generate credits which will be traded within the EC designed market. This will
allow the comparative advantage of each member state resource endowments and therefore the cost of developing the
sector to be economically efficient. However, pump primping the sector from a member state level is problematical to
undertake without knowing what the market architecture for each CDR value chain will be in the EU. In turn, and by the EUs
own admission, the design of the pan European CDR credit trading market will take time: it will be emergent on the
availability of scientific evidence as to how to realise an effective CDR sector at scale which genuinely realizes negative
emissions. This science is far from mature, and such is the heterogeneity of the CDR suite of technologies any scientific
insight needs to integrate research communities that do not traditionally work together, have different protocols and
experimental frameworks.

These complexities are further amplified by the fact that IPCC, UNFCCC, EU and member state interactions are highly
fragmented. Therefore, any proposed intervention at any one level within this inter scale governance structure will need to
accommodate for an international set of protocols from the Paris Agreement e.g., Article 6, the EC market design based on
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their associated framework policies (e.g. CMCF, Industry Act, Climate Act, new Common Agricultural Policy 2027 regime)
and member state stipulations — where they exist — whilst accommodating for single market requirements. This at the very
least results in substantive transaction costs for actors navigating the EU CDR sector and at worst substantial uncertainty as
to negate the willingness for conventional investors to allocate capital to the sector. Indeed, the interdependences of
interactions of the decision dynamics within the inter scale institutional governance and decision-making framework
regarding CDR likely makes for a ‘wait and see’ risk management approach on the part of CDR project developers. This will
likely result in stasis in EU CDR market development. For CDR start-ups and corporate projects these dynamics make
operating in the EU extremely frustrating which was palpable at the Berlin meeting. For these important pioneer actors,
engaging in the CDR sector is subject to substantial transaction costs and weak business case to attract risk adjusted capital
- which will be fundamental to further developing their projects. The inability for CDR projects to attract capital beyond
concessionary and grant funds and therefore a wider investor pool will stunt the ability for the sector to move to the next
stage of development and most importantly has implications on the ability to scale the sector in line with ambitious climate
targets of 450 MtCO,. by 2050.

Based on this assessment, the underpinning question therefore becomes what interventions are required to break this
impasse to avoid further inter scale governance fragmentation; which actor will take on the role of breaking the impasse
and can it be undertaken without institutional reform? The need for institutional reform is an issue that was brought up a
number of times during the Berlin workshop. It is suggested that an institutional crisis might have been manifest in the
withdrawal and cessation of negotiations regarding the Green Claims Directive,333* which has been attributed to the

complexity of the measures as to addressing ‘greenwashing’.

Without clarity around these inter scale governance, policy, regulatory frameworks and standards the EU CDR sector will
struggle to scale to the next phase of development. The extent to which this poses an existential risk to the negative
emissions sector development is as yet unquantifiable but is likely to contribute to the anticipated culling of CDR start-ups
over 2026 at a time went it needs to scale. Fiscally constrained member state governments are going to struggle to support
the sector without further straining fiscal rules.

6. Exercise 3: Collective success — single most important intervention that needs to
take place in 2026

The final exercise that participants undertook was to consider the characteristics of the nascent CDR sector. The following
question was posed to participants: That if there was a drive for collective success within the EU CDR sector: (1) WHAT do
you, as a representative from the CDR sector that you operate in, consider to be the single most important thing that needs
to happen in 20267 (2) Consider WHY is it so time critical? And (3) And as relevant HOW might that ‘important thing’ be
addressed?

The feedback is summarised as follows for respective groups in tables 2a and b, respectively, below:
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Table 2a: Direct air capture business model.

Identifier

What

Why

How

Corporate developer

Need clearer
regulations across all
areas to start with
projects.

Public sector presents regulation to give
the private sector investment security

Non-clarity on storage durability is a
key blocker for developers and
offtakers

ENGO

Global $100B AMC

Form a G7-plus-corporate buyers’ coalition
that mandates an MDB-run trust to issue
ten-year, pay-on-delivery contracts for
high-durability removals—capitalised
upfront via sovereign guarantees totalling
€100 billion.

Puts CDR on the map, credibility,
revenue certainty, given careful
messaging (to avoid moral hazard
argument)

DACC developer

Fast-track the CRCF

Input from experts in the field.

Certainty for project developers and
portfolio allocation

Table 2b: Bioenergy carbon capture and storage business model.

Identifier What Why How
July 2026 European Commission That is the demand July report confirmation
Project developer report to integrate CDR into
compliance market (or EUETS)
Reliable model results including We need certainty, no dreaming, Understand modelling better and
. realistic assumptions to make clear and useful have transparency in assumptions
Policy-maker . . .
(transparency) including decisions
sustainability
Researcher/ _Setting up a compliance VCM not big enough CDB integration into ETS and
instrument (aka ETS) national procurement Programme
consultant

like Denmark

Policy-maker

Initiate reverse auctions with strict ~ Create a market and first

criteria for specific CDT

experience

scale small projects (NL model)
Climate neutral administration

Policy-maker

Public procurement Germany PPP validation / government bocking

Within climate neutral federal
administration

7. Next Steps: How this intersects with other Ecosystem 26+ workshops and GGR-D
Programme insights

The structure and the analysis of the EU Ecosystem 26+ workshop series have generated much insight and allowed further
fidelity as to what the EU CDR actors are seeking to transition to the next stage of EU CDR sector establishment,

development and scaling. The challenges are non-trivial and extent of complexity likely to result in a stalling of the EU CDR
sector just as it needs to accelerate.

The following are commended next steps regarding the work in order to build on both the workshops with EU actors but
also the broader work undertaken in the UK and GGR-D programme:

. The identification of interventions required to address the inter scale governance and decision-making for CDR sector

development is a priority. Limited work is already in development e.g., the Swedish Energy Agency and the Swiss

Federal Department of the Environment, Transport, Energy and Communication are piloting the transfer of credits
between voluntary market actors (buyer and seller) in the two countries — see Box 3, below. This includes assessing
whether governance and complex institutional theory can assist — see Box 1 and figure 3.

. How EU CDR start-up projects are able to maintain their commercial viability in the next 5 years in the face of the

present complexity and statis in CDR policy development needs to be understood; and
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. Opportunities for consolidation of learning from the last 5 years to take place across UK, Californian and EU CDR
initiatives on data, market infrastructure, technology, commercial and business models etc.

Background and First phase:

The Swedish Energy Agency and the
Swiss Federal Department of the
Environment, Transport, Energy and
Communication signed a
memorandum of understanding at
COP28 in 2023 to pilot the transfer of a
small symbolic number of credits
between voluntary market actors
(buyer and seller) in the two countries.

The pilot will proceed by enabling a
transfer from Switzerland to Sweden.
Due to current legal uncertainty from

the EU, the Swedish transfer will be

Aims:

- Test the rules of Article 6 of the Paris

Agreement and the EU and Swiss

regulatory frameworks for removals.

Contribute to a functioning market for

removals.

- Promote understanding between
public and private entties on the
potential of Article 6 cooperation

Key deliverables include:

- A framework agreement between
Sweden and Switzerland.

- A mitigation outcome purchase
agreement between two private

Expected actions 2025:

- Outreach and engagement with
private stakeholders and other market
actors.

- Draft recommendations.

- Signed framework agreement.

- Support buyer/seller with mitigation
outcome purchase agreement.

Expected actions 2026:

- Finalization of recommendations.

- Transfer of credits.

- Simulated transfer of credits.

- Reporting to the UNFCCC and EU, as
applicable

Box 3: Pilot project for international transfer of industrial carbon removals under the Paris Agreement

Desired effect of the project:

- Increased clarity on transfers of
credits from permanent removals
and stored carbon under Paris
Agreement Article 6, as well as EU
carbon credit trade.

Next step for Second phase:

- Enabling a transfer of Intemationally
Transferred Mitigation Outcomes
from Sweden to Switzerand,
following greater clarity from the EU.

Contact information:
- Sweden: Julia Wemersson

simulated to enable knowledge companies. ulia.wemersson@energimyndighete
development. - Recommendations for the Swedish  Ongoing analysis of: nse
market for permanent removals and - Relevant intemational and EU - Switzerland: Veronika Elgart
@ storage of carbon. legislation and relevant initiatives. veronika.elgart@bafu.admin.ch
; i - A transfer of Internationally
i igheten Transferred Mitigation Outcomes.
Annexes

1: Workshop attendees

2: Whiteboard screengrabs for online sessions: (1) start-ups, practitioners and industrial sectors; and (2) decision and
policy-makers, Member States, ENGOs and regional actors — pre-work-up session

3: Business model templates

4: References
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Annex 1: Attendees

A1l.1 Start-ups, practitioners and industrial sectors pre-work-up session groups — broken down into

breakout groups as follows:

Green group 1: Malte and Matthias

Blue group 2: Marsaili and Astha

Red group 3: Oscar and Mark

Friedemann Gruner
Iris Rieth-Menze
Jens Erfurth

Felix Scgebuit
Frank Ohnemidiller

vk wnN e

Quirina Rodriguez
Ekaterina

Charlie Booth

Kel Coulson

Scott Bush

kW e

Nadine Walsh
lain MacDonald
Kasia Wilk
Sarah Endres
Paula Coussy

uhwNR

Al1.2 Decision and policy-makers, Member States, ENGOs and regional actors pre-work-up session
groups — broken down into breakout groups as follows:

Green group 1: Malte, Marsaili & Oscar

Blue group 2: Astha & Mark

1. Matteo Guidi
2. Felix Schenuit
3. Sonia Ruyter
4. Luka Strubel

1. Martin Albicker
2. Julia Wernersson
3. Pascal Hader

A1.3 Roundtable of practitioners, industrial sectors as well as policy-makers on 26" June in Berlin
groups — broken down as follows:

Blue group: Oscar

Green group: Matthias (BECCS)

1. Quirina Rodriguez
2. Omar Zin Abidine
3. Joerg Rueger

4. Romana Selleske

Nadine Walsh
Leonie Bronkalia
Tibor Siering

Katie Shilina

Astha Wagle (Scribe)

uhkwnN e
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Annex 2: Screengrabs of the whiteboards for the online sessions

A2.1 Exercise 1 — Instructions for participants: What are the (top 3) salient issues for developing the

CDR space in your jurisdiction? Please work on your own and then put the post-its on the canvas
when asked to do so.

Tests:

Then move into group discussion, 10-15 minutes.

Impactful is ‘the ability for technology to function as a financially viable business within 12 months’

Urgency is ‘needs to be implemented within next 12 months’ with each number representing a 12-month additional

increment.

Start-ups, practitioners and industrial sectors pre-work-up session

Group 1

IMPACT

establish European
carbon credit (not
tax credit) scheme

de-risking of
pipeline
infrastructure
(national)

Create social
acceptance for
CDR technologies

Green lead
markets need to be
established for
business cases

Legal framework
for pipeline

legal framework to
push invests and

for CDR buyers

(national)

Grants for
developing high
quality CDR
technologies
Ratification of
Ammendament
London Protokoll Art
6

incentives for CCS of
biogenic CO2 is
needed soon,
because of synergies
to fossil CCS
projects

(ct;rrently not
possible in many
cases inD)

URGENT
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e ttgs e e
Entire project value Use cases for larger SR S ey
chain: all steps volumes of CDR to e tudss
within value chain provide planning wmvircramnt te purticute.

== need to align to security and investor 2
S realise CDR p :
(not) valuing "co- (related to
benefits" in MRV accounting) . P S
Need clairty on the
e e )
emissions startegy -
Long tenors for how much does
A offtake German gov
The role of different ok i R e PricrRising it?
actors, from national -
tocity-level to SN
individuals: how are Costradaction at
shared across how much profit n scale before
sectors and scales? should be made there is a viable
from CDR projects? market at
e - expecially relevant r . “mercial scale
wider public for the VCM credit . g
education is poor losses
as to why we need
to remove carbon
from the
atmosphere
i g
Education about
CDR is very poorin
the built
environment
1 2 3 4 5
URGENT
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Group 3
5
a4
G 3
8
=
2
1

URGENT
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b. Decision and policy-makers, Member States, ENGOs and regional actors

Group 1
Creating clear, long
e term demand
Establishingan EU  gjgnals for
compliance expensive CDR
5 marketforCDR  technologies e
Lack of coherence
el
of nce in 3
-~ relation to carbon ::":';‘;":“‘g')’:':‘r:“
Lack of broad markets, despite to enable finance
public e PR flows from
understanding of  Clarity on the international carbon
4 need for regulatory markets
( ) CDR ive for CDR
and the distinction T
between permanent - <
A B Scarce incentives
racinvals for CDR, lack of
e T focus, lack ofa
Public distrust of hort bottom up
international mm bete'm approach.
- carbon markets addressed with
Q 3 S
<< purchasing (via R
o regulation) [ EU
= Finalise encouragement,
methodologies and but no
clarify use-cases prescription;
of CRCF CDR units Bottom up action
2
( Avoidance,
removal, and
reduction credits
often mixed )
1
2 3 4
URGENT
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A2.2. Exercise 2 — Instruction for participants: Top 3 issues. Copy the post-its from the first exercise on the issue column and fill in the rest.
Instruction for facilitators: Get them to do this, or do it as a discussion depending on the group dynamics

a. Start-Ups, practitioners and industrial sectors pre-work-up session

Group 1
Issues Role of National Government Role of EU Government What is the balance (Share)
i SETE legal framework 80 national
legal framework to sl for storage CO2 20EU
push invests and Eecines from EU in UK
implementation
{currently not possible P
in many cases in D) Tenders for CDR,
({incl. London Protocol) demand from
authority
Maits Winihar T
Demand - e
Incentives need to lead markets demand from EU national focus
= tenders?
be established for
business cases
(e.g. specific
tenders)
[rap—
establish European e
= implement develop and pass European focus
carbon qmdlt ‘I'IOt directive directive
tax credit) scheme
(aligned with ETS
allowances and/or
Article 627?)
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Group 2

Issues

Role of National Government

Role of EU Government

What is the balance (Share)

Shilina, Ekaterina, Astha Wagle

-Likely to implement policies/ instruments for funding and support

EU to proposes stringent regulation

Astha Visgle

Use cases for larger (e.8., innovation funds, tax relief, cfds, capex/opex support). National govt: S
' _di . . P i EU Plays a key role in
volumes of CDR -> :::‘:;?x non-distortive policy tools to minimize market Increse the pot of money for CDR from innovating finnacing = f"‘ed_“-‘ align with EU initiating policy,
demand signal - mechanism: example: Use proceeds from ETS transactions to d"“‘_“'“ h"‘_"""m“ ‘which national
tiered incentives for CDR usage based on quantity or scale fund CDR infrastructure. (but possible conflict on division v g then
a . between countries vs EU) (G e negotiate.
education, infrastructure).
longer confired contracts for offtake 15 years
& ¥ integration to the complaince market, additional
Current focus is on (VCM), but CDR needs integration into ;Zm;’:;?;";'ﬁ oicy regarding the prices,
compliance markets like ETS P y
Astha Wagl
Shiins, Exatsrin, Astha Waght o
Clarity on the Clarity and Stability of govt policies and how serious national Regional & City-Level
govt are Governments:

national negative
emissions startegy -
how much does
German gov

ivoving differenct acotors of urban/ local/ regional govt to tackle
the uncertainity of the issue

Urban actors can play a leading
role in piloting and deploying
localized CDR solutions.

=il e - Educating the public from much more younger age.
prioritising it? gthen vounger ag
Can complement national

efforts with innovation and —

community-level engagement.

national strategies similar to the Dutch CDR roadmap

Acena wsgle
CDR best use of
captial and
priortization of
captial within pilot
vs deployment

How can we make the technologies better? Large volume is
needed. A balanced approached

Few pots of money for deployment
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Group 3
Issues Role of National Government = Role of EU Government What is the |
Clear targets both
at EU and national
level
Cuucar ichily . o Macdorad L A S-FUS
. Create national Seperate targets | would argue the G aan —
Th'_! e VE CDR plans and and roles for 11 EUhavedonea Provide EU ‘where does thE Sk
rationale for CDR outreach reduction & good job in roadmap with .ﬂnd how IS.It
(high political & removals to resolve Public perceptio indicating the need different steps at integrated into
stakeholder buy in) fear of mitigation for CDR in EU mix different timeline corporate
deterrence carbon/cimate
S ambition reporting
W Wk Decwr Ghlly. oad W YTy s W Macdorsd e A SR
Clarification of International Assessing national Defining minimum  Definitions; EU Get UN, EU, etc.
definition of alignement potential; national requirements & targets; policy voluntary market
- targets; ensuring S . 1 f
credible CDR - (targets, e key players in the
whats in and whats movement of envim:ment = room and lock
out credits, (including permitting) them in until they
accounting) agree
Policy d d
[ signals (e.g. ETS
— Natienal support ot s e ::?ng(l;:tt:;“;nd
Lack of sufficient schmes to support Mational CDR Support non- support of volontary
demand signals for early project funding biased support for carbin markets
CDR credits | mechansisms CDR techn. and (Green Claims) i
based on upscaling Coordination of
respective approaches at
countries' targets national level -
including in terms
o =
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b. Decision- and policy-makers, Member States, ENGOs and regional actors pre-work-up

Group 1

Issues

Role of National Government

Role of EU Government

What is

lack of short-term demand to be national gov: establish Establish a CDR Clear framework I‘“‘M":ﬂ':;‘ﬂ“ﬂ;‘:m
g A targeted demand signal ;i . nitiatives d
addressed with purchasing orCORmethods public purcriasing (CRTF) forwhat s agree) and provide a
available in the country; programme at EU counts as credits long-term perspective
with policy designs that level s and how much for COR market (e.g.
Createdemand  CDRis needed EU- 'm'ig".m')'“'"
climate/industrial policy through ide obligation]
compliance
" instruments (e.g.
article 23)
Navigating EU directives ’ ‘
(existing and coming) in Explainers and b it Sy EU needs to align
= we are =
order to enable finance gukisnos to halp about there can be :’;”’"’r": e
companies iffes i ‘eeme n i
flows from international navi::te EU dereniovelsr is the awnerglofv:he
governance, also
landscape? st et kst NDC
carbon markets Sopenaeen
Mirte Boot RO
Lack of broad identifies . P s s
ublic "ee"’/°?P°“““me More develops the need 70:30
P X s for their CDR governmental to consider CDR in
understanding of sector communication on NECPs
need for CDR ( & on need
for net zeroin
(permanent) CDR e}

A2-9



) THE GREENHOUSE GAS
REMOVAL HUB

Group 2

A2-10



) THE GREENHOUSE GAS
REMOVAL HUB

A2.3. Exercise 3 — Issues dump instructions: What are the things you want to discuss?

a.

Start-Ups, practitioners and industrial sectors pre-work-up session
o  De-risking of pipeline infrastructure (national)

O need to be fast: Short term instruments in contrast to EU certification scheme
o EU vs. member state ambition --> link to timing/competitiveness

o Examples from other countries on tenders for CDR --> good solution for Germany

o  Timing —we need to act!

A2-1



Annex 3: Business model archetype schemas

The two business model archetypes that were used to understand “What are the ‘Inter-scale governance frameworks’ that are
presently in place and needed in the future in order to address the needs of respective business models from 2026 to 2035?".

Bioenergy carbon capture and storage — electricity

Biomass Feedstock
Supplier

Electricity Suppliers

CO, Storage Tax
Credit

Key inputs: Biomass; energy for combustion
Internal processes: Biomass combustion/co-firing; CO, capture, transportation and storage
Key outputs: Electricity and CO, sequestered in geological sites

BECCS p busi del: Carbon is removed through photosynthesis which occurs during biomass growth. The biomass is
combusted to produce energy and CO, from the exhaust gas is captured and stored in geological formations

32

Direct air capture and storage — pure play

Carbon Removal i
Credit g

CO, Storage Tax
EEEEEEEN _
Credit

H
H

Key inputs: Energy; air (source of CO,)

Internal processes: Chemical binding of CO,; CO, capture, transportation and storage

Key outputs: CO, sequestered in geological sites

DACCS business model: Uses chemical processes to directly separate CO; from the atmosphere and store it in geological formations.

Requires renewable energy, sorbents, and infrastructure for capture, compression, transport, and storage, generating revenue through
carbon credits and offsets

33
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