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and the VCM to co-finance
BECCS projects - a Swedish case
study
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!Division of Process Technology, KTH Royal Institute of Technology, Stockholm, Sweden, ?IVL Swedish
Environmental Research Institute, Stockholm, Sweden

Limiting global warming to close to 1.5°C by 2100 requires deep and rapid
greenhouse gas emission reductions and carbon dioxide removals (CDR) on a
massive scale, presenting a remarkable scaling challenge. This paper focuses on
the financing of bioenergy with carbon capture and storage (BECCS) in Sweden.
BECCS is one of the most prominent CDR methods in 1.5°C-compatible global
emission scenarios and has been assigned a specific role in Swedish policy for
net-zero. A Swedish state support system for BECCS based on results-based
payments is planned. Furthermore, demand for CDR-based carbon credits is on
the rise on the voluntary carbon markets (VCM) for use towards voluntary
mitigation targets. Risks involved with the current Swedish policies are
analysed, specifically for the co-financing of BECCS by the planned state
support and revenues from the VCM. We find that with the current policies,
state support systems will subsidise carbon credit prices on the VCM. We argue
that such subsidisation can lower decarbonisation efforts by lowering the internal
carbon price set by actors, thus undermining environmental integrity. It is
concluded that proportional attribution should be applied, i.e., attributing
mitigation outcomes to the state support and VCM revenue in proportion to
their financial contribution to the CDR achieved. The attribution analysis should
be accompanied by adjustments in national greenhouse gas accounting so that
mitigation outcomes that are issued as carbon credits and used for offsetting are
not double claimed (i.e., not used by both a nation and a non-state actor on the
VCM towards their respective mitigation targets). If proportional attribution and
adjustments in national GHG accounting are not implemented, the credibility and
environmental integrity of offsetting claims made by carbon credit users are
eroded. We recommend that action is taken to operationalise and implement
proportional attribution to allow for co-financing of BECCS projects while
maintaining  environmental integrity.  Wider implications for  our
recommendations beyond the case of Swedish BECCS are also analysed.

BECCS, voluntary carbon markets, internal carbon price, co-financing, attribution,
corresponding adjustment
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1 Introduction

The TPCC AR6 WGIII report analyses scenarios which limit
global warming to 1.5°C by 2100, emphasising the need for rapid and
deep greenhouse gas (GHG) reductions and achieving global net-
zero CO, emissions by mid-century (IPCC, 2022). These scenarios
rely on substantial carbon dioxide removal (CDR) for three
purposes, namely i) to reduce net emissions from current levels
faster, ii) to counterbalance residual emissions in order to enable
net-zero emissions, and iii) for achieving global net-negative
emissions in order to achieve the 1.5°C goal by 2100, even with a
temporary overshoot. The annual rates of carbon removal projected
for the end of the century approach half of the prevailing global CO,
emissions, which underscores the imperative nature and substantial
significance of CDR in achieving the 1.5°C target stipulated in the
Paris Agreement (IPCC, 2022).

Current financing for CDR is not enough, as evident by the so-
called CDR gap, illustrating the difference between actual and
necessary CDR deployment to reach the temperature target of
the Paris Agreement (Smith et al, 2023). Previous studies have
raised the question “who shall pay for CDR?” (Honegger et al., 2021;
Zetterberg et al., 2021; Hickey et al., 2023; Honegger, 2023). To date,
private voluntary funding has been the main source of funding for
CDR (Honegger, 2023). However, the majority of currently
operational mechanisms in carbon markets mainly support
lower-cost conventional CDR methods that build on so-called
nature-based solutions (Hickey et al, 2023), while novel (non-
nature-based) CDR methods with more durable carbon storage
have received less financing. In the most recent vyears,
government financing schemes are being prepared and deployed
to promote deployment of novel CDR methods, for example, in
Denmark, Norway, Sweden, the United Kingdom, and the US
(DESNZ, 2023; Grupert and Talati, 2023; Hickey et al, 2023;
Mollersten et al, 2023). Without a significant growth in
financing, CDR will fail to scale sufficiently. Therefore, an “all
hands on deck” approach features in policy discussions, where
both public and private finance can contribute to upscaling CDR
(Honegger et al, 2021; 2023; Mollersten and
Zetterberg, 2023).

While governments must take the main responsibility for the

Honegger,

timely funding and scaling of CDR within compliance frameworks,
private funding through the voluntary carbon markets (VCM) can
make important contributions in terms of creating early market
demand signals and trigger investment (Allen et al, 2020;
Bernasconi, 2021; Honegger, 2023; Puro.earth, 2023). Non-state
actors such as corporations are increasingly engaging in
voluntary climate target setting (Net Zero Tracker, 2024; SBTi,
2024), including the use of carbon credits as part of voluntary
targets (Blaufelder et al., 2020). Moreover, there is a demand-shift on
the VCM towards carbon credits representing durable CDR
(Donofrio and Procton, 2023; Michaelowa et al, 2023). The
demand for such carbon credits can be expected to grow, since
an increasing number of standard-setters and scholars are
demanding offsetting based on permanent CDR specifically in
the context of net-zero claims (Allen et al, 2020; SBTi, 2021;
Fankhauser et al., 2022; I1SO, 2022; Race to Zero, 2022; United
Nations, 2022). The demand-shift and a projected growth of the
VCM (TSVCM, 2021; Chyka, 2023) combined, make the VCM a
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future potentially significant contributor to CDR financing and CDR
gap closure. Initial VCM transactions involving bioenergy with
carbon capture and storage (BECCS) include Microsoft entering
into off-take agreements for carbon credits with Danish Qrsted and
Swedish Stockholm Exergi (Romm, 2023; Beccs Stockholm, 2024).

This paper explores challenges associated with the interaction
between public results-based finance and VCM finance for BECCS,
one of the most prominent CDR methods in IPCC scenarios
compatible with attaining the Paris Agreement long-term target.
Sweden has been selected for the study. The Swedish government is
preparing the introduction of results-based state support for CDR
from BECCS (Government of Sweden, 2023). At the same time, a
large number of private actors are pursuing preparations to
actively participate as sellers of BECCS carbon credits on the
VCM (Fridahl and Lundberg, 2021; Beccs Stockholm, 2023).
Historically, the VCM have primarily sourced carbon credits in
jurisdictions without formal national GHG mitigation obligations
and typically only the carbon credit buyers have had an interest in
claiming the underlying mitigation outcome (Hermwille and
Kreibich, 2016). The co-financing of projects that combine
government support with VCM finance for the same mitigation
outcome, in a setting with national GHG mitigation targets, is a
relatively new and untested situation. However, such situations are
becoming increasingly common since the Paris Agreement entered
into force (Ahonen et al,, 2022). In the Swedish context, a policy
discussion has surfaced which centres around the Swedish state’s
and carbon credit buyers’ respective rights to claim the mitigation
outcomes from co-financed BECCS projects. A main area of
contention in the discussion is whether the double claiming of
mitigation outcomes towards existing national and corporate
mitigation targets should be eligible (Mollersten and Zetterberg,
2023). “Double claiming” refers to a situation where the same
emission reduction or carbon removal (i.e., the same mitigation
outcome) is claimed by two different entities or for two different
purposes, for example, for two different targets (Schneider and La
Hoz Theuer, 2019). In this case, the double claiming would occur
between the Swedish state claiming the mitigation outcome
towards the Swedish national target and a carbon credit buyer
claiming the mitigation outcome towards its voluntary climate
target. Environmental integrity risks associated with the policy
choice of whether or not to allow double claiming have already
been analysed in the literature (Kreibich and Hermwille, 2021;
Ahonen et al,, 2022; Ahonen et al,, 2023). In the context of co-
financing and double claiming of mitigation outcomes, based on a
literature review, we identify an environmental integrity risk that
has previously not been addressed in the literature and propose
how the risk may be avoided.

In section 2, we outline the evolution of the VCM from the
Kyoto era until now in order to provide a background on the
rationale for the use of carbon credits for offsetting and the
current Swedish policy debate. In section 3, we introduce the case
study of Sweden, specifically the BECCS potential and recent
of the
government BECCS support and the VCM. In section 4, we

developments Swedish policy context related to
analyse environmental integrity risks associated with the current
Swedish policies and suggest alternative pathways. In section 5,
actionable recommendations are presented based on the Swedish

case-study.
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2 Voluntary carbon markets and the
transition from the Kyoto Protocol to
the Paris Agreement

2.1 Environmental integrity on compliance
markets under the Kyoto Protocol

Carbon credit markets, established under the Kyoto Protocol
through baseline and credit mechanisms, were introduced to

enhance flexibility and cost-efficiency of compliance for
developed  countries with  quantified GHG  mitigation
commitments (Ahonen et al, 2022). Two project-based

mechanisms, namely the Clean Development Mechanism (CDM)
and the Joint Implementation (JI), facilitated international transfer
of mitigation outcomes. This meant that a “buyer country” could
contribute to financing mitigation projects in another “host
country” through the purchase of carbon credits, and that the
buyer country could count the mitigation outcome towards its
own Kyoto mitigation commitment, thus achieving part of its
goal outside national boundaries (Michaelowa et al., 2019). The
atmosphere sees no national boundaries, meaning that the same
climate benefit could be achieved anywhere where there is
mitigation potential. It would thus be economically rational to
use international transfer mechanisms if mitigation outside the
buyer country’s national borders was more cost-efficient. The
CDM was a mechanism where host countries were developing
countries without quantiﬁed GHG mitigation commitments, and
the JI was a mechanism in which both the buyer country and the
host country had quantified mitigation commitments (Michaclowa
et al.,, 2019).

Both the CDM and the JI emphasised the importance of
maintaining environmental integrity during international transfer
of mitigation outcomes in the sense that meeting a Kyoto mitigation
commitment through an international transfer would not result in a
global increase of emissions compared to if the commitment was
met without the international transfer (Schneider, 2009). Phrased
differently, if the global net GHG emissions to the atmosphere would
be lower if a buyer country reached its commitment within national
borders and thus without any international transfer, the
environmental integrity of the mechanisms could be questioned.
Key provisions for ensuring environmental integrity included
establishing conservative baselines, demonstrating additionality
2015;
Michaelowa et al, 2019). If the mitigation project would not

and preventing double counting (Schneider et al,

have happened without the opportunity for revenue from the sale
of carbon credits, the project was deemed additional. Additionality
was thus important to ensure that carbon finance would not be
wasted on projects that would have been realised either way. To
avoid double claiming, a form of double counting, the CDM and the
JI necessitated different approaches. Double claiming effectively
undermines the environmental integrity of international transfer
mechanisms, since the global net GHG emissions would have been
lower if both countries had achieved their targets inside national
boundaries, i.e., without international transfers. For the JI, where
both the buyer country and the host country had mitigation
double through the
surrender of assigned amount units (AAUs), which meant that

commitments, claiming was avoided

only the buyer country would count the mitigation towards its
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commitment (Ahonen et al., 2022). Under the CDM, which was also
the most successful mechanism in terms of total international
transfers, double claiming was a non-issue, since only the buying
country had a GHG mitigation commitment, while the host
country did not have any quantified target to count the
mitigation towards.

2.2 The evolution of voluntary carbon
markets during the Kyoto period and beyond

Private carbon crediting standards emerged in parallel with the
Kyoto mechanisms to cater to demand for credits from the VCM
(Ahonen et al., 2022). Despite lacking international oversight, the
emerging VCM broadly embraced the principles for safeguarding
environmental integrity observed in compliance markets, including
additionality and avoidance of double counting (Kreibich and
Hermwille, 2021). This meant that, effectively, while international
carbon trading on compliance markets was a zero-sum game, the
legitimacy of offsetting claims on the VCM required that the use of
carbon credits should contribute to increased global mitigation
ambition. This is evident if one considers the following key
circumstances: firstly, the voluntary use of carbon credits for
offsetting purposes would not be counted towards the mitigation
commitment of the offsetting actor’s home country; secondly, the
mitigation outcome underlying the carbon credits were additional
and, in addition, associated with surrender of AAUs if carbon credits
from JI projects were used for the offsetting. In other words, the
home country of the offsetting company would not have to do less to
comply with its Kyoto commitment and at the same time additional
mitigation outcomes would be achieved elsewhere, thus raising
global ambition beyond the collective ambition level of national
mitigation commitments. Notably, the Voluntary Carbon Standard
(VCS), the largest private carbon crediting standard during the time
of the Kyoto Protocol, followed the JI principle for projects realised
in developed countries, requiring an official document from the host
country certifying that an amount of AAUs equivalent to the
number of credits to be issued had been cancelled (Kreibich and
Hermwille, 2021).

Since the Paris Agreement in 2015, all signatory countries have
set climate targets, meaning that mitigation projects in any host
country, which is a signatory to the Agreement, could be included in
a national mitigation target. Although all countries have mitigation
targets, some have opted to adopt targets that are not economy-wide.
Therefore, additional mitigation outcomes in a sector outside a
national emission target would still constitute a global ambition
increase and thus respect the logic on which voluntary use of carbon
credits for offsetting purposes was based under the Kyoto era. The
same can be said about mitigation outcomes from activities that have
not been incorporated in the framework for national GHG
inventories, and are thus not visible in national GHG reporting
and accounting, meaning that countries cannot report the
mitigation towards their target. If, however, the additional
mitigation outcome, underlying carbon credits used for voluntary
offsetting purposes, belong in a sector that is covered by a national
mitigation target, there would be no global ambition increase since
the host country could do less to achieve its targets, unless the carbon
credit is associated with a “corresponding adjustment” - the Paris
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TABLE 1 Approaches for the use of carbon credits in case of co-financing CDR, adapted from Kreibich and Hermwille (2021).

Approach  Type of credit Claims

1 Carbon credit for national mitigation target support Projects contributing to a host country’s national mitigation target but ineligible for offsetting
purposes. Claims to have contributed to the host country’s mitigation target can be made
(“contribution claims”)

2 Carbon credits eligible for offsetting without Credits used for offsetting claims and counted toward the host country’s mitigation target, raising

corresponding adjustment legitimacy concerns and reputational risks since offsetting would not be based on mitigation

beyond existing national mitigation targets

3 Carbon credits eligible for offsetting with corresponding = The only solution ensuring environmental integrity, requiring the host country to exclude credit-

adjustment

related mitigation outcomes from its national mitigation target. Offsetting would be based on

mitigation beyond national targets

Size of point source:
’ 2.0 Mton CO,/year
. 1.5 Mton CO,/year
. 1.0 Mton CO,/year
® 0.5 Mton CO,/year
* 0.1 Mton CO,/year

@
K CO )
o.@.
.0 o.
e ®

FIGURE 1

Biogenic point source emissions in Sweden. Biogenic point

sources larger than 0.1 Mton CO, have been included. Point sources
with more than 10% fossil emissions have been excluded. Emissions
data from 2022 was used. The sum of all illustrated biogenic

point source emissions amount to about 28 Mton CO,. Assuming a
capture rate of 90%, the biogenic capture potential from these point
sources amount to about 25 Mton CO, annually.

equivalent of AAU surrender. Kreibich and Hermwille (2021) have
proposed three alternative approaches for the use of carbon credits
that are relevant to the case of co-financing of mitigation through
results-based state support and carbon credit revenue from the
VCM in the context of economy-wide targets, and thus
applicable to Sweden, listed in Table 1.

Frontiers in Environmental Science

The categorisation of carbon credit use cases presented in
Table 1 provides a conceptual background for understanding the
current Swedish policy discussion which is elaborated in section
3.2 Swedish policy for state support for BECCS and its relation to the
VCM concerning the interaction between results-based state support
for BECCS and the emerging VCM for carbon credits based on
CDR. The central issue revolves around whether and why mitigation
outcomes should go beyond existing national mitigation targets,
i.e., constitute a global ambition increase, when carbon credits based
on the same mitigation outcome serve as the foundation for actors’
offsetting claims. Compared to what has been common practice on
the VCM, it would constitute a reduction in ambition to transition
from requiring offsetting claims only in accordance with approach
3) to also allowing offsetting in line with approach 2) in the above list
in Table 1, which is a poignant fact considering the number of
stakeholders arguing for allowing approach 2) (see for example,
Stockholm Exergi, 2022; Swedenergy, 2022; Stenstrom et al., 2024).
Although this background is required for understanding the current
Swedish discussion, stakeholder efforts to increase acceptance for
approach 2) is not the main focus of this paper, nor is the
truthfulness of claims which has been discussed already in
literature (Ahonen et al., 2022; Ahonen et al., 2023; Mollersten
and Zetterberg, 2023), but rather previously unidentified effects on
voluntary decarbonisation efforts from the current policies
regarding co-financing of Swedish BECCS projects.

3 Case study - BECCS in Sweden
3.1 Swedish BECCS potential

Sweden has a significant potential to capture biogenic CO, from
point source emissions, mainly from the pulp and paper industry
and heat and power production (Rodriguez et al., 2021). Based on
data from Swedish Environmental Protection Agency (2023),
Figure 1 illustrates biogenic point source emissions in Sweden
larger than 0.1 Mton CO, annually. Point sources with a higher
share than 10% fossil emissions have been excluded, meaning that
waste incineration plants are not included. The rationale for only
including point sources with over 90% biogenic emissions is because
it is uncertain whether there will be a demand from the VCM for
carbon credits from waste incineration plants, or other plants with a
relatively high share of fossil emissions. The sum of biogenic
emissions from the point sources included in Figure 1 is about
28 Mton CO, annually. Assuming a 90% carbon capture rate, the
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biogenic capture potential from these sources amount to about
25 Mton CO, per year. If instead all point sources above
0.1 Mton CO, are included, regardless of the biogenic share, the
biogenic emissions annually amount to 33 Mton CO,, implying a
total biogenic capture potential of 30 Mton CO, per year.

There is theoretical potential for geological storage of CO, in
Sweden (SGU, 2016), but a combination of lack of experience,
regulatory hindrances, such as the HELCOM convention which
prohibits geological storage of CO, in the Baltic Sea, and long lead-
times implies that captured CO, needs to be exported for storage at
least in the short-term (SGU, 2016; Fridahl et al., 2020; Mollersten
et al., 2023). In close proximity, Norway is pioneering initiatives
providing CO, storage as a service below the North Sea.
Furthermore, Denmark is making preparations for CO, storage
on- and off-shore and is increasingly recognized as a prospective
geological CO, storage service provider. Additionally, Iceland is in
the preparatory stages to offer services based on in situ CO,
mineralisation, involving its dissolution in water and subsequent
injection into basaltic subsurface layers (Mollersten et al., 2023).
There are, thus, multiple potential storage places in neighbouring
countries where CO, from Swedish point sources potentially could
be sequestered.

3.2 Swedish policy for state support for
BECCS and its relation to the VCM

The Swedish government is planning for a state support system
based on reverse auctions to enable implementation of BECCS
(Mollersten and Zetterberg, 2023; Government of Sweden, 2023).
In the reverse auctions, the state is the buyer of CDR from BECCS
and actors with BECCS potential make bids. The lowest bid per ton
of stored CO, wins, and is granted state support for 15 years to
capture and geologically store biogenic carbon dioxide (Government
of Sweden, 2023). Thus far, 36 billion Swedish SEK have been
allocated towards the support system. The intention is to use the
resulting CDR
counterbalancing residual emissions, ultimately to attain net-zero
GHG emissions by 2045 at the latest.

The Swedish BECCS support system is being developed against

towards national mitigation targets for

the backdrop of a policy discussion that has already been
Swedish
companies in the district heating sector who could potentially

mentioned briefly in previous sections. Several
deploy BECCS have promoted, both individually and jointly
through their business organisation Swedenergy, an approach
which allows that BECCS mitigation outcomes could be
awarded results-based payments from the Swedish state and be
counted towards the Swedish national mitigation target, while the
same mitigation outcomes would make the basis for issuance of
carbon removal credits that could be sold on the VCM to be used
by purchasing entities towards offsetting claims. Others, for
example, the Swedish Energy Agency and scholars, have argued
that such double claims would not be aligned with environmental
integrity principles (Mollersten and Zetterberg, 2023). In 2023, a
that the Swedish
government should enable the additional private financing of

commission of inquiry recommended

BECCS by abstaining from claiming privately financed CDR
from BECCS towards Swedish mitigation targets (Hassler,
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2023). Moreover, in the EU beyond Sweden, seven EU member
states made a joint statement in December 2023 which conveys the
message that the credibility of offsetting claims requires that “The
carbon credits represent mitigation outcomes that are not counted
by the host country (as part of their national climate targets).”
(Government of the Netherlands, 2023).

In December 2023, the Swedish government proposed in its
strategic climate action plan that actors receiving state support for
BECCS should be allowed to sell carbon removal credits on the VCM
(Government of Sweden, 2023). It is stated that Sweden will claim the
resulting CDR towards Swedish mitigation targets, contrary to the
recommendation by Hassler (2023). It is further suggested that buyers
of carbon removal credits should be able to claim the mitigation
outcome that they represent towards their own voluntary climate
targets. Therefore, it is suggested that the buyers of negative emissions
shall make clear in their climate reporting that the negative emission is
contributing to Sweden’s possibility to reach its climate targets
(Government of Sweden, 2023).

Currently, the most common voluntary climate targets include
carbon neutrality and net-zero emissions, typically relying on the
voluntary use of carbon credits for offsetting in addition to the
mitigation of GHG in the target-setting actors’ value chains
(Blaufelder et al., 2020). Since the type of voluntary target eligible
to claim the negative emission is not specified by the Swedish
government, it cannot be ruled out that the Swedish government
finds it appropriate for the carbon removal credits to be used for
offsetting purposes. It is, therefore, justified to assume that the
Swedish government is willing to support the potential use of carbon
removal credits in accordance with approach 2 in Table 1, resulting
in double claiming since both a state and an actor purchasing carbon
credits on the VCM use the same mitigation outcome towards their
respective mitigation targets.

Since BECCS is in its infancy and expected to be expensive with
cost range estimates between 100 and 200 USD/ton CO, towards
mid-century (Fuss et al., 2018), sharing the cost with the VCM
seems judicious in order to avoid high public expenditures. Even
with the lower end cost estimation, the budget of the Swedish
support system would yield CDR of 2.4 Mton CO, annually which
is significantly lower than the expected level of residual emissions
in 2045 of 10.7 Mton CO, when Sweden is to reach net-zero
emissions (Government of Sweden, 2023). Co-financing without
double claiming could be achieved with contribution claims where
the carbon credit buyer does not make an offsetting claim but
rather communicates that the funding contributes to achieve the
Swedish climate targets (i.e., approach 1 in Table 1). However, the
demand for carbon credits eligible only for contribution claims is
currently unknown. Meanwhile, the demand for offsetting claims
is expected to stay strong. Therefore, it seems from the current
policies that the Swedish government is hoping that the VCM
might help close the financing gap, by accepting double claims
(approach 2 in Table 1).

4 Analysis of environmental integrity
implications of Swedish BECCS policy

The inclination of the Swedish government to rely on the VCM
as a means to help finance CDR necessary to attain the Swedish net-
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zero target and accept double claiming comes with profound and
widespread ramifications. Notably, allowing double claiming of co-
financed CDR effectively means that the Swedish state is subsidising
the carbon credit price on the VCM (Mollersten and Zetterberg,
2023). This is because the buyer of carbon credits can claim 100% of
the mitigation outcome, while financing less than 100% (since part is
financed by the state). In section 4.1 Internal carbon price, we will
discuss possible implications of subsidised carbon removal credits
on voluntary decarbonisation efforts. In section 4.2 Attribution, we
suggest an alternative pathway for allowing co-financing of BECCS
projects without double claiming, thus enabling the environmental
integrity level of approach 3) mentioned in Table 1 to be attained. In
section 4.3 Corresponding adjustment, we identify a policy gap that
needs to be addressed for the solution suggested in section
4.2 Attribution to become practicable. In section 4.4 Alternative
pathways until corresponding adjustments are enabled we suggest
how to bridge the policy gap until it is filled, in order to use
attribution as a solution.

4.1 Internal carbon price

Putting a price on GHG emissions, commonly known as
“carbon pricing”, to internalise the damage of GHG emissions
features in many climate policies. In Sweden, a tax on fossil CO,
emissions was introduced in 1991. In 2023, the Swedish CO, tax
was 122 EUR/ton CO,. Since 1990, partly due to the CO, tax,
Swedish emissions have decreased by 33% (Government Offices
of Sweden, 2024). Another way of putting a price on GHG
emissions is through a cap-and-trade system, such as the
European Union (EU) emission trading system (ETS). Since
2005, the EU ETS has contributed to decreasing emissions
from power and industry plants by 37% (European
Commission, 2024). The permit price in the EU ETS is
71 EUR/ton CO,, at the time of writing (2024-06-12), and has
varied between 50 to almost 105 EUR/ton CO,, during the last
2 years (Trading Economics, 2024).

Carbon pricing increasingly features voluntarily among actors as
well (Bartlett et al., 2021). When a carbon price is set voluntarily, it is
called an internal carbon price (ICP). Previous studies have shown
multiple motivations for setting an ICP, for example, to mitigate
risks associated with high carbon intensity in anticipation of
national policies, to reach voluntary climate targets, to incentivise
efficiency improvements or other changes that reduce operating
costs, or to respond to outside pressure for carbon management
(Harpankar, 2019; Bento and Gianfrate, 2020; Gorbach et al., 2022;
Trinks et al.,, 2022). Previous studies have also shown that actors
with an ICP decarbonize faster and deeper in comparison with their
counterparts that do not have an ICP (Benedicto, 2022; Zhu et al,,
2022; Qin et al., 2023).

The most common type of ICP is a so-called “shadow price”
which informs investments and deters high-carbon investments,
thus reducing emissions in the long-run compared to business as
usual. However, shadow prices provide little short-term incentive to
reduce emissions (Harpankar, 2019; Gorbach et al, 2022).
Conversely, an “internal carbon fee” is a type of ICP which is
associated with actual payments for ongoing emissions. An internal
carbon fee provides a short-term incentive to decrease emissions as
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Marginal abatement cost-curve and carbon price. The higher the
carbon price, the higher incentive to reduce emissions. Note that
some actors might have emissions that are hard- or impossible-to-
abate, meaning that even an extremely high carbon price would

not reduce those emissions due to technical limitations.

well as a longer-term incentive (Harpankar, 2019; Gorbach et al,
2022; Hoglund, 2022).

As part of setting voluntary science-based targets (see, e.g., SBT1
(2021)), Schallert et al. (2020) recommend implementing an internal
carbon fee to channel finance for mitigation within and/or outside of
the value chain. If the ICP is higher than the company’s marginal
abatement cost, emission reductions should be made across its value
chain. Otherwise, the finance generated from the ICP should finance
mitigation outside of the company’s value chain (Schallert et al.,
2020). The higher the ICP, the higher the incentive to reduce
emissions within the value chain (Qin et al., 2023), as illustrated
in Figure 2, leading to lower remaining emissions within an actor’s
value chain, and more carbon finance generated per unit of
remaining emission.

The ICP can be set in multiple ways. One way is to set a total
financial commitment for emissions abatement during a period
and divide the total number with the company’s remaining
emissions during the same period, thus revealing the implied
ICP (Schallert et al., 2020). Another way is to base the ICP on
external factors, such as the social cost of carbon, policy carbon
prices such as taxes or trading systems, the price of carbon credits
on the VCM, or the cost of permanent carbon removals
(Harpankar, 2019; Hoglund, 2022; Modi et al., 2023). The
social cost of carbon reflects the societal cost of GHG
emissions and has recently been estimated by Rennert et al.
(2022) to 185 USD/ton CO, (in 2020 USD). The US
Environmental Protection Agency estimates the social cost of
carbon to be between 120 and 340 USD/ton CO, (in 2020 USD),
depending on the discount rate (EPA, 2023). Carbon taxes and
trading system permits differ between regions. The Swedish
carbon tax and EU ETS permit price have already been
mentioned in the beginning of this section. The carbon credit
price on the VCM was on average 7.37 USD/ton CO, in 2022, but
there is a large price range (Donofrio and Procton, 2023). The
cost of permanent carbon removal depends on the CDR method.
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Marginal abatement cost-curve and carbon credit price. The

higher the carbon credit price, the higher incentive to reduce
emissions. Note that some actors might have emissions that are hard-
or impossible-to-abate, meaning that even an extremely high
carbon price would not reduce those emissions due to technical
limitations.

As an example, the cost of BECCS is, as already mentioned,
estimated to 100-200 USD/ton CO, towards mid-century (Fuss
et al, 2018). Currently, the quoted market price for BECCS
carbon credits is 300 EUR/ton CO, (Smith et al., 2024).

Combining co-financing through state support and carbon
revenue from the VCM with double claiming means that the state
is, in effect, subsidising the VCM, making the carbon credit prices
lower than they would have been if actors on the VCM only could
claim the share they paid for. As mentioned, there are multiple
ways to set an ICP, but it is particularly likely that the carbon
credit price of permanent removals will influence voluntary
ICPs since influential standard-setters for voluntary targets
require compensation for residual emissions by permanent
removals specifically (SBTi, 2021; ISO, 2022). If the subsidised
price of BECCS credits influences and lowers the ICP set by
actors, this has far-reaching consequences since: i) the
decarbonisation rate might be lower since the incentive to
abate is reduced, and ii) the resulting residual emission level
might be higher if a lower cost of purchasing permanent removals
reduces what is perceived as a prohibitive cost of abatement. The
potential effect of the subsidised BECCS credit price is illustrated
in Figure 3.

4.2 Attribution

There is limited experience in blending public climate finance
instruments with international carbon market mechanisms.
Previous analyses (Fuessler et al., 2019; Spalding-Fecher et al,
2021) have explored “attribution”, i.e., the allocation of mitigation
outcomes, resulting from a program supported by both
international climate finance and compliance carbon markets

(Article 6), to each of those financing sources. “International
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climate finance” refers to international public resources that
cover the additional costs of low carbon and climate resilient
investments, beyond what commercial financing could support
in a business as usual scenario, and for which there are no transfers
of certified mitigation outcomes. However, the concept can be
extended to encompass any concessional financing from any
source, that should receive some “credit” for its contribution to
the total cost of abatement, as well as to the VCM. “Proportional
attribution” means attributing emission reductions to financers in
proportion to their financial contribution to the abatement costs of
the mitigation activity. Attribution methods use “grant value
equivalent” which considers the timing of the finance and
potentially also other parameters such as risk absorbed by
financiers. For example, a loan that provides upfront financing
has a different value to the project proponents than carbon revenue
received after implementation, which is addressed through
discounting all cash flows to present value. Attribution analysis
should focus mainly on financing streams that support
than the
funding for activities such as technical assistance and capacity
building (Spalding-Fecher et al., 2021). As noted by Spalding-
Fecher etal. (2021), without proportional attribution, there is a risk

implementation and investment, rather smaller

that climate finance will essentially subsidise the price of carbon
credits (i.e., the price of the credits will be lower than the unit
abatement cost of the mitigation intervention), undermining
market efficiency and resulting in higher global emissions, thus
violating the principle of environmental integrity. In the context of
the present case study of Swedish BECCS, the simplest form of
attribution would involve attributing the tonnes of CDR in direct
proportion to the revenues from results-based payments from the
Swedish state and revenue from selling carbon removal credits on
the VCM. A more elaborate approach to attribution would entail
consideration of grants received and any concessionary loans,
and so on.

4.3 Corresponding adjustment

To operationalise attribution in the case of Swedish BECCS, the
preferred option would be the enabling of corresponding
adjustments on EU level because the EU has a joint nationally
determined contribution (NDC). A corresponding adjustment in the
context of Article 6 of the Paris Agreement refers to the requirement
for parties involved in the authorisation and international transfer of
Internationally Transferred Mitigation Outcomes (ITMO) to ensure
that the collective ambition of their NDCs is not undermined.
Applying a corresponding adjustment means that the host
country where the mitigation project occurs does not count the
mitigation towards its targets so that the buyer of ITMOs can claim
the associated mitigation outcome uniquely towards its target, e.g.,
another country towards its national mitigation target or an actor
towards a voluntary mitigation target, such as a corporate net-zero
target. It is currently not possible to make a corresponding
adjustment on the EU level and it is unknown when it will be
possible, and especially when (if ever) it will be possible for
individual member states to make a corresponding adjustment at
EU level
et al., 2023).

based on individual overachievements (Ahonen
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If CDR from BECCS is accounted for in the ESR, cancellation of AEAs can be a workaround until corresponding adjustments are enabled for EU

member states. Panel (A) shows current emissions and the ESR emissions target for the member state, expressed as AEAs. In Panel (B), emissions are
reduced to a level equivalent to the allocated AEAs. In Panel (C), a combination of emission reductions and CDR is used for compliance (net emissions
equals allocated AEAs). Note that the emissions overshoot and the CDR to compensate for the overshoot is dotted, to emphasise that those are of

equal size and correspond to each other. In Panel (D), an amount of BECCS credits are sold to an actor on the VCM, without corresponding adjustment,
for offsetting purposes, resulting in a double claim. In Panel (E), double claiming is avoided since the member state cancels AEAs corresponding to the
sold BECCS credits. Note that the cancelled AEAs and the BECCS credits are striped to show that those are of equal size and correspond to each other. In
Panel (F), half of the mitigation outcome is attributed to the VCM and half to the state, and AEAs are cancelled accordingly. As illustrated in (E) and (F), the
host country does not have to do less to comply with its mitigation target as a result of the international transfer, meaning that environmental integrity is

maintained.

4.4 Alternative pathways until
corresponding adjustments are enabled

Since the EU is yet to enable corresponding adjustments, we use
this section to elaborate on other ways to adjust for exported BECCS
outcomes in order to avoid double claiming of mitigation outcomes.
The EU currently divides its emission accounting into three different
sectors, namely, the EU Emissions Trading System (EU ETS), the
Effort Sharing Regulation (ESR), and the Land Use, Land Use Change
and Forestry (LULUCF) sector. It is currently unknown in which
sector, EU ETS, ESR, LULUCEF or a new sector, CDR from BECCS
would be accounted for in the EU (Fridahl et al, 2023). In a
the Swedish
government has expressed its wish to be able to use CDR from
BECCS to compensate for emissions in the ESR sector (DN, 2023). To
achieve the joint EU NDC, each member state is allocated some

communication to the European Commission,

expected contribution in the ESR sector. This allocation is expressed in
a certain number of annual emissions allocations (AEAs), which
corresponds to a certain amount of emissions. Flexibility mechanisms
allow for a member state that overachieves its target to sell the
overachievement to another member state. Sweden has previously
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overachieved the target for the ESR sector, meaning that Sweden has
had surplus AEAs. Interestingly, Sweden has historically, however, not
proceeded to sell surplus AEAs but has instead cancelled them. This
essentially increases the emission reduction requirement on the EU
level, since it limits underachieving member states’ opportunity to buy
excess AEAs from overachievers. France and the UK have also
cancelled AEAs (European Commission, 2020).

If CDR from BECCS were to be accounted for in the ESR sector,
the cancellation of AEAs would offer a way for member states to
mimic a corresponding adjustment without interfering with EU
overall emissions accounting. Figure 4 illustrates how this could be
done. Panel a) shows current emissions (in red) and the ESR
emissions target for the member state, expressed as AEAs (in
blue). Red bars can be interpreted as debts for the member state,
while blue bars can be interpreted as assets. For compliance, emissions
must be balanced by AEAs. In other words, red bars must be equal to
the blue bars, or lower, which would constitute an overachievement.
This can be achieved by reducing emissions to a level equivalent to the
allocated AEAs, as shown in Panel b). If the amount of emission
reductions is insufficient to reach the AEA level, CDR could be used to
compensate for the overshoot, see Panel c¢), in which case net-
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emissions (taken as emissions minus CDR, represented by the dotted
line) equals the AEAs (represented by the blue bar). We have dotted
the emissions overshoot and the needed CDR to compensate for the
overshoot in order to reach compliance, to emphasise that those are of
equal size and correspond to each other. Panel d) shows the situation
where an amount of BECCS credits are sold to a non-state actor on the
VCM, without corresponding adjustment, for offsetting purposes.
The procedure in panel d) thus results in a double claim, since the
credits are used by the purchasing actor for offsetting emissions while
also contributing to compliance in the host country. Double claiming
could be avoided if the member state cancels AEAs corresponding to
the sold BECCS credits, see Panel e). Note that in e), where all BECCS
mitigation outcomes are sold to the VCM, the BECCS outcome does
not suffice for the host country to compensate for the overshoot after
the cancellation of AEAs. We have striped the cancelled AEAs and the
BECCS credits to show that those are of equal size and correspond to
each other. If a BECCS-producer has produced a certain amount of
CDR, from which half of the outcome is attributed to carbon credit
revenues from the VCM and half to the revenue from the state
support, transferring half of the outcome is possible if the state cancels
AEAs corresponding to half of the produced BECCS outcome, see
Panel ). As illustrated in e) and f), the host country does not have to
do less to comply with its mitigation target as a result of the
international transfer, meaning that environmental integrity is
maintained. Note that in Panels ¢), d), and f), emission reductions
are displaced to a certain level by carbon removal occurring
concurrently. This represents so-called “mitigation deterrence”
(more specifically “contemporaneous substitution” as defined by
Bednar et al,, 2023). Mitigation deterrence is an undesirable effect
that may be induced if the option is introduced to use CDR from
BECCS to comply with ESR targets. Mitigation deterrence is a real risk
that would need to be addressed. The focus here, however, is to discuss
on a principal level how double claims could be avoided. See
Supplementary Material for a more comprehensive discussion
about the mitigation deterrence risk.

The reasoning above is valid in the case where BECCS are placed
in the ESR sector. But it may well be the case that BECCS are placed
in the EU ETS, motivated by the fact that the facilities lie in the
energy sector. Still, mimicking corresponding adjustment may be
possible by individual member states by cancelling EU ETS
allowances. In the EU ETS, each member state is allocated a
certain number of EU ETS allowances, called EUAs, that are
auctioned to industry. This allows for the member state to do a
mimic corresponding adjustment by cancelling EUAs (rather than
auctioning them) corresponding to exported BECCS credits.

5 Actionable recommendations

The present case study is an example of the interaction between
public results-based finance and VCM finance for BECCS. According
to the analysis presented in this paper, allowing double claiming of
mitigation outcomes has disadvantages. Double claiming casts doubt
upon the legitimacy of offsetting claims made by actors using carbon
credits. Historically, offsetting claims based on the voluntary use of
carbon credits have been based on the premise that offsetting entities
can report lower GHG emissions than their actual carbon footprint
because their use of the carbon credits have caused GHG emissions to
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be reduced elsewhere only due to the incentives created by the carbon
credits used. When double claiming is allowed, the same mitigation
outcome can be counted towards an existing national mitigation
target and the mitigation target of a company that uses carbon credits
for offsetting. In this situation, the most tangible impact of the
offsetting entity’s use of carbon credits may be to help the host
country of the mitigation activity from which the carbon credits were
issued to save expenditures for meeting its already pledged mitigation
ambition. The latter situation is arguably a less convincing case for the
offsetting entity to report lower GHG emissions than their actual
carbon footprint (Kreibich and Hermwille, 2021; Ahonen et al., 2023).
Another problem 1is that, as this paper has shown, without
proportional attribution in case of co-financed projects, public
funding effectively subsidises the carbon credit price faced by the
carbon market. This might lead to lowering the ICP set voluntarily by
actors, which in turn can lead to decreased decarbonisation efforts and
result in a higher residual emission level. This latter effect has, to the
authors’ knowledge, not previously been discussed in the literature
that covers the interaction between public funding and VCM revenue
in mobilising capital for mitigation activities.

Based on the case study it is recommended that:

The double claiming of mitigation outcomes towards existing
national mitigation targets and voluntary offsetting targets
should be disallowed through the introduction of regulation at
relevant levels, e.g., national legislation and by international
standard setting bodies.

Proportional attribution should be applied in situations where
results-based payments for mitigation outcomes used towards national
mitigation targets are combined with VCM finance. Spalding-Fecher
et al. (2021) proposed that an important role of crediting standards
could be to develop principles for proportional attribution, to be
implemented in the certification of carbon credits. The significance
of that recommendation is confirmed by the present study.

Corresponding adjustments should, if possible, be carried out on
the basis of the outcome of attribution analysis, to avoid the
disadvantages attached to double claims identified through
this study.

As this paper has described, EU member states currently lack the
ability to perform corresponding adjustments. It is reccommended that
governments work towards enabling corresponding adjustments by
exploring what changes and updates to legislation would be required
on the national level in EU member states, and on EU level.

There may be alternatives to corresponding adjustments that
can avoid the identified disadvantages attached to double claiming,
as this paper has exemplified. EU member states that wish to
facilitate the contribution of the VCM to GHG mitigation in
their jurisdictions with high-integrity outcomes are recommended
to explore alternative pathways to corresponding adjustments until
corresponding adjustments are enabled.

6 Discussion

The present case study has considered co-financing of BECCS by
state support and VCM revenue. The vast capital required to close the
CDR financing gap, and for low-carbon investments in general, to
enable meeting the Paris Agreement temperature target creates a
situation where combining multiple streams of financial support is
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likely to become more common by necessity. We have demonstrated
how double claiming of mitigation outcomes can cause problems
related to the environmental integrity of the voluntary use of carbon
credits towards offsetting claims. Our recommendations might have
positive or negative impacts on the BECCS deployment. Proponents
of allowing double claiming of co-financed BECCS (and thus the
subsidisation of BECCS credits) could argue that BECCS credits
would be too expensive to be interesting for actors on the VCM if
they must bear the entire cost themselves, and that this would decrease
the interest in buying BECCS credits, thus resulting in less BECCS
(Mollersten and Zetterberg, 2023). Conversely, we see a possibility for
higher BECCS deployment if governments take full responsibility to
achieve their set-out climate targets, without counting on
contributions from the VCM to co-finance BECCS, since waiting
for the VCM to step in to incentivise BECCS could lead to postponing
national policies promoting BECCS. In other words, there may be a
risk of postponing policy due to (over-)reliance on the VCM in the
case of expecting co-financing, which could lead to less BECCS
deployment. Furthermore, in a scenario without double claiming,
VCM support towards BECCS would lead to BECCS deployment in
addition to that deployed due to national policies, thus raising
ambition beyond existing national mitigation targets. Another
argument as to why our recommended attributions-approach and
avoiding double claiming might result in more BECCS is that the
VCM rely on trust among market actors, the public, and other
stakeholders, and accusations of lacking environmental integrity,
e.g., greenwashing accusations, reduce the appetite among actors to
participate in the markets. Recent legislative developments in the EU
even include the prohibition of offsetting claims in business-to-
consumer situations, largely motivated as a way to protect
consumers from misleading claims and to prevent greenwashing
(European Parliament, 2024). Safeguarding environmental integrity
will therefore arguably be important to build confidence in the VCM
to enable the utilisation of its potential to mobilise investment.

Although the present case study concerns the interaction between
public results-based finance and VCM finance for BECCS, the
relevance of the results extend beyond the context of the case
study. The integrity problem associated with offsetting claims when
double claiming occurs is relevant regardless of the mitigation
technology or method involved (e.g., Kreibich and Hermwille, 2021;
Ahonen et al., 2022). Problems related to the subsidisation of the price
of carbon credits are not limited to BECCS project activities. They are,
moreover, also relevant for situations that involve compliance carbon
markets rather than the VCM (Spalding-Fecher et al., 2021) and,
plausibly, situations in which the mitigation outcome is not counted
towards national mitigation targets.

One caveat of this study that should be mentioned is that it has
shown on a principal level that there are mechanisms by which the
subsidisation of carbon credits may reduce non-state actors’ voluntary
decarbonisation efforts. However, the importance of the identified
mechanisms remains to be further evaluated including quantitatively
assessing their impact. Nonetheless, the combination of actors setting
mitigation targets voluntarily, to be met in part by offsetting, especially
as net-zero targets, and the increasing call by scholars and standard-
setters influencing such actors and targets to offset emissions by using
CDR credits in the context of net-zero targets, makes CDR carbon
credit prices particularly likely to have an impact on voluntary GHG
mitigation strategies.
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We suggest the application of attribution, accompanied by

corresponding  adjustments or equivalent procedures.  Since
corresponding adjustments are yet to be enabled on the EU-level, we
also suggest possible workarounds which would equate to a
corresponding adjustment in the meantime. It is currently unknown
when, or even if, member states will be able to operationalise
corresponding adjustments since they have to be made on EU-level
due to the joint nature of the EU NDC. The first Swedish BECCS
projects, which will likely be co-financed by the planned state reverse
auctions and VCM revenue, can be expected to be implemented roughly
by 2027 if auctions are held in 2024 as planned. By then, developments
might have occurred that enable corresponding adjustments, but there
are large uncertainties. Notably, a pilot project by the Swedish and Swiss
governments to investigate the operationalisation of Article 6.2 of the
Paris Agreement for CDR was announced in November 2023 (Swedish
Energy Agency, 2023). The project might contribute to bringing clarity
concerning how Sweden could make corresponding adjustments for
BECCS outcomes. Furthermore, EU-level developments can be expected
for corresponding adjustments since the EU ETS is being linked to the
Swiss emission trading system (Dutch Emissions Authority, 2024),
which means that corresponding adjustments might be needed
between Switzerland and the EU. However, enabling corresponding
adjustments between the EU and Switzerland for this specific case might
not enable corresponding adjustments for other cases, such as the case
for individual member state overachievement sold to the VCM.

This analysis has shown that proportional attribution can make
important contributions to prevent undesired outcomes when projects
are co-financed through public and VCM finance. Spalding-Fecher
et al. (2021) have shown, considering the combined concessionary
international climate finance and finance from compliance carbon
markets (Article 6), that unless proportional attribution

implemented, there is a risk that efficiency of markets is

is

undermined, and that global emissions will end up higher, thus
violating the principle of environmental integrity. Due to the limited
experience in blending public and carbon credit market finance
(compliance as well as VCM), and of proportional attribution in
particular, more work is required to raise awareness and readiness
among key actors in public and carbon credit markets, agree on
principles for attribution, and develop support tools, etc., to enable
the application of attribution principles in scaled-up mitigation
cooperation (Spalding-Fecher et al., 2021). Extensive future research
is also needed to fully understand the environmental integrity
implications of blending public and carbon credit market finance.
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