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Abstract

Bioenergy with carbon capture and storage (BECCS) is considered as a future key technology to provide baseload
electricity, heat, pulp, paper, and biofuels, while also enabling atmospheric carbon dioxide removal (CDR). Sweden
seeks to lead the way in bringing this technology up to scale, introducing a EUR 3.6 billion reverse auction

scheme to facilitate market entry of companies producing BECCS. We explore instrument design preferences

among politicians, regulators, and prospective BECCS operators to identify trade-offs and explore feasible policy
design. Based on 35 interviews with experts in the latent BECCS sector in Sweden, we identify under which
circumstances prospective operators would be willing to place bids and discuss how actor preferences both align
with and challenge auction theory. The analysis concludes that at least four dilemmas need attention. These concerns
how to: (1) balance the state’s demand for BECCS to be implemented already in 2030 against the prospective BECCS
operators'fear of the winner’s curse, i.e,, a fear of bidding for a contract that turns out to be too costly to implement;
(2) allocate contracts at the margin of the auctioneer’s demand for BECCS without driving up costs; (3) design
compliance mechanism to achieve effectiveness without undermining efficiency, and; 4) integrate the auction

with the voluntary carbon market—if at all—in a manner that safeguards the environmental integrity of the auctions.

Keywords Bioenergy with carbon capture and storage (BECCS), Incentives, Policy design, Reverse auctions

Background

Compliance with the Paris Agreement’s aspirational goal
to reach a global balance between greenhouse gas sources
and sinks requires vast amounts of carbon dioxide (CO,)
removal (CDR). Adopting this goal has led to a surge
in mid-century net-zero targets, for which CDR needs
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to become an essential element of climate policies
considerably before the mid-century [1, 2]. Bioenergy
with carbon capture and storage (BECCS) is considered
to be among the most important CDR approaches in
modelled emissions pathways, but its actual share in
future climate politics is still uncertain [3]. Since, in the
European Union (EU), physical leakage from storage sites
is regulated, a liability framework that makes BECCS
suitable for a decentralised, market-based development of
carbon capture is already in place. However, the current
EU climate policy provides no incentives for BECCS [4,
5]. While an efficient development of BECCS in the EU
requires its inclusion in the EU Emissions Trading System
(EU ETS)—an EU-wide cap-and-trade system for cost-
efficient reduction of emissions from industry, power
production, aviation, and shipping—or the development
of other union-wide incentives, individual EU member
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states like Sweden could accelerate development by
providing extra incentives to lower market-entry costs
for BECCS operators, in particular with respect to the
considerable capital cost of BECCS installations [6, 7].
Previous research has highlighted that policy incentives
for BECCS are virtually nonexistent, especially those
consonant with demand-pull policy [4, 8, 9]. In this
context, calls for responsible incentivisation of BECCS
are becoming increasingly strident [10-13].

While the research interest in BECCS demand-pull
policy design is increasing, a few governments are
actively exploring such options [1]. Sweden constitutes
one of the few exceptions in this respect [1, 14]. With
unusually good preconditions for BECCS due to a
bioeconomy with associated emissions of biogenic
CO, located in large point sources from power and
heat as well as pulp and paper production, the Swedish
government has commissioned the Swedish Energy
Agency to develop a fully operational BECCS support
scheme [15]. The Swedish Energy Agency, largely in
line with earlier suggestions from a public inquiry
commission, promotes reverse auctions due to their
potential to reward operators close to the marginal
specific costs of deployment, in an attempt to minimise
overcompensation and state expenditure [16]. The
Swedish government has dedicated EUR 3.6 billion for
the auctions, to be allocated to BECCS operators in the
period 2026-2046.

Potential efficiency gains have been a key argument in
favour of reverse auctions. Policy instruments, however,
also need to be effective and feasible. Fullerton [17] notes
that feasibility is at the core of enabling effects of policy.
Reverse auctions are no exception. Securing political
support is a prerequisite for feasibility, and an effective
auction scheme also requires bidders. If an auction
only manages to attract scant engagement, competition
is eroded, something which in its turn is likely to
undermine cost-efficiency [18].

The effectiveness of reverse auctions rests largely on
prospective actors accepting its premises [19]. A system
design that is viewed as too complex, or as unfair (risking
the generation of high unforeseen costs or unstable
revenues), will lack participating actors and fail to deliver
BECCS. Accommodating most potential priorities among
prospective bidders may, however, also undermine the
efficiency and effectiveness of the auctions. Ensuring
feasibility through compromising between stakeholders’
preferences is often done at the expense of efficiency
[20-22].

Studies of BECCS reverse auctions are impeded by lack
of empirical evidence on how such auctions would work.
This article therefore utilises a unique possibility to turn
to Sweden as an empirical case to explore potential goal
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conflicts and dilemmas that may emerge from designing
reverse auctions for BECCS, in the EU or elsewhere.
The aim of this paper is to explore under which
circumstances prospective Swedish BECCS operators
would be willing to place bids in a reverse auction, and
how their auction design preferences converge. A second
aim is to study how expressed operator preferences
may generate dilemmas when compared to preferences
among respondents that represent the auctioneer, i.e., the
Swedish state. For this purpose, we conduct 35 qualitative
interviews with experts at public and private companies
with high technical potential for implementing BECCS,
as well as regulators in the national administration and in
national politics in Sweden.

Climate policy objectives in Sweden and the EU

Sweden, a member of the EU since 1995, along with the
EU, has committed to legally binding targets for net-zero
greenhouse gas emissions. The goal for Sweden is to
reach net-zero emissions by 2045, while the EU aims to
achieve this by 2050.

The Swedish target stipulates a minimum reduction
of 85% in emissions by 2045, compared to the levels in
1990 excluding the net uptake in Swedish land use and
forestry. The Swedish gross emissions in 1990 were 71.2
million tonnes (Mt) of CO, equivalents (eq), and the net
uptake in land use and forestry was 51.4 MtCO,. Thus,
the gross emissions are to be reduced by at least 60.5
MtCO,eq by 2045. The maximum residual emissions
allowed in 2045 are 10.7 MtCO,eq, i.e., 15% of total gross
emissions in 1990. Any remaining emissions in 2045 can
be offset through BECCS, as well as additional measures
in land use and forestry or verified carbon credits.

It is important to note that the existing large net sink
in Swedish forestry, which corresponds to approximately
35-45 MtCO,, cannot be used to offset these residual
emissions. The offsetting of residual emissions by CO,
uptake in land use and forestry is limited to measures
that are additional to the existing sink and are a direct
result of new policy. This design of the 2045 target, which
restricts the use of sinks in land use and forestry, has
sparked significant interest in BECCS within the Swedish
government. It has led to efforts to incentivize BECCS
and explore ways to offset anticipated residual emissions
in sectors such as agriculture and waste.

CCS and BECCS policy incentives

Carbon Capture and Storage (CCS) is a technology
that can be applied to any large CO, point sources,
irrespective of the CO, molecule’s origin. However, it is
often differentiated from BECCS. CCS involves processes
that combine the burning of fossil fuels or calcination
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of limestone with technology that captures and stores
the resulting fossil CO,. As such, CCS leads to reduced
emissions, for instance, from power or cement plants.

The distinction between CCS and BECCS lies in the
origin of the CO, molecule. For a process to qualify as
BECCS, the captured and stored CO, molecule must be
of unfossilised biogenic origin. The carbon in biomass
comes from atmospheric CO, absorbed by plants
through photosynthesis. This implies that biomass used
in industrial processes has first sequestered CO, from
the atmosphere, which is then re-released back into the
atmosphere when the carbon is oxidised [23].

Biomass is utilised in various processes where BECCS
can be applied, such as the production of ethanol, biogas,
pulp, paper, heat, and electricity. In carbon accounting,
both uptakes and emissions are accounted for in the
land use and forestry sectors. Therefore, emissions
that occur when biomass is used in a facility should be
reported as carbon neutral to avoid double counting, i.e.,
at both biomass harvest and use. Consequently, while
CCS reduces emissions from the industrial use of fossil
carbon, BECCS generates negative emissions from the
industrial use of biomass [8].

This implies that while CCS is incentivised by putting a
price on CO, emissions, BECCS is not. A facility owner
that emits fossil CO, can avoid paying a carbon tax or
surrendering allowances in a cap-and-trade system by
implementing CCS. However, this is not the case for
BECCS, as a price on CO, emissions does not apply to
carbon-neutral activities [4, 14].

Designing conducive policy environments for BECCS
is key to its deployment [12]. Mindful of the virtually
complete lack of BECCS demand-pull policies in the late
2010s, some researchers have turned their attention to
how such instruments could hypothetically be designed.
Rickels et al. [24] and [5] explore various ways in which
BECCS could be incentivised by inclusion into emissions
trading systems, while Parson and Buck [25], assessing
different policy options, argue that inclusion within
public procurement is most advisable in view of the need
to maintain a high degree of state control over volumes
of CDR. Further, Pour et al. [26] take up the possibility
of using quota obligations and certificate trade or a fee
and dividend system. Jenkins et al. [27] also propose to
use quota obligations put on fossil fuel extractors. Other
have explored design options at the UN governance level,
governance principles, and the potential to cooperate in
climate clubs [8, 9, 14, 28].

Very few studies focus on actor preferences for BECCS.
Studies that do have such a focus tend to explore views
of global potentials and investment preferences [29],
domestic policy barriers and preferred policy scenarios
[11, 30], or trade-offs in and opportunity costs of BECCS
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investments [31]. Up until today, researchers have
seldom, if at all, focused on how actors prioritise among
detailed policy design options, a process which is in focus
for this paper.

Reverse auctions

Reverse auctions are effectively creating a temporary
marketplace with one buyer (auctioneer) and many
potential sellers (bidders). The use of reverse auctions
dates back at least to the nineteenth-century pauper
auctions offering compensation for organisations caring
for people in need [32, 33]. It was not until the late
twentieth century that reverse auctions became popular
in environmental governance. From 1990 onwards, the
British government organised a series of reverse auctions
to increase the supply of fossil-free electricity. The
auctions reduced marginal costs for renewable electricity
in the UK, and have often been evaluated as being
relatively cost-efficient [34—36]. Just over a decade later,
Brazil followed the British example and replaced feed-in
tariffs with reverse auctions to spur renewable power
generation, which contributed to making solar and wind
energy competitive in Brazil [37, 38].

After the UK and Brazil broke this new ground,
many more countries followed suit in the early 2010s.
The number of countries that conducted at least one
reverse auction for renewable electricity increased from
seven in the period before 2005 [39] to at least 106 in
2018 [40]. Experiences from the UK, Brazil, and many
other countries confirm that reverse auctions can be
effective and efficient in spurring installed capacity and
reducing production costs. There is, however, also ample
evidence of less effective reverse auctions—undermined
by breaches of contracts and the winner’s curse, i.e.,
when the winning bids are too low to finance the cost
of compliance [36, 41-43]. Ideally, however, auctions
stimulate installations close to the marginal cost of
production. This is a particularly attractive feature of
auctions in situations where authorities lack detailed
knowledge of production costs and have difficulty
determining an appropriate premium. This is a central
trait of BECCS. Due to the lack of experience with
demonstration of full technology chains for BECCS,
regulators struggle to accurately assess the level of
support required for BECCS. Under such circumstances,
auctions can prove to be very valuable in revealing
costs and mitigating information asymmetries between
businesses and regulators [19, 44].

Reverse auctions, predominantly used in environmental
governance to support renewable energy, have unique
implications when applied to BECCS. Unlike renewable
electricity, BECCS does not yield a product that can be
traded on an existing, mature market. This distinction
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makes it challenging to support BECCS through reverse
auctions, which typically cover the difference between
the market price for electricity and the auction strike
price. Given the immaturity of carbon removal markets
and the resulting unstable investment horizons, investors
are unlikely to back the substantial investments required
to develop and operate a BECCS facility in sectors like
pulp and paper or power and heat production without
guarantees for long-term and predictable revenues.

Moreover, BECCS differs from renewable energy
in that its operating costs are significant, whereas
renewable energy is dominated by investment costs.
This combination of a lack of a marketable product
and significant operating costs necessitates continuous
support for BECCS to maintain operations. From this
perspective, BECCS aligns more closely with payments
for ecosystem services than with renewable electricity.
Reverse auctions have been applied also to allocate
payments for ecosystem services [45]. While negative
emissions resulting from BECCS, like many ecosystem
services, contribute to a public good, BECCS does
not generate local co-benefits that could help drive
investments into the technology, a common feature
of ecosystem services. Furthermore, procurement of
ecosystem services typically involves relatively small
individual investments from a large pool of potential
suppliers [46, 47], whereas BECCS is almost invariably
large scale and involves high capital and operating costs
from a relatively small pool of potential suppliers. These
factors make it challenging to directly apply auction
designs adapted for renewable electricity or ecosystem
services to BECCS.

However, several positive international experiences
with reverse auctions are highly relevant to BECCS.
Reverse auctions can address problems with asymmetric
information. Given the lack of experience with BECCS, it
is difficult for authorities to accurately assess the support
level required to realize a project. For instance, feed-in
tariffs set without accurate cost knowledge can be too

Table 1 List of interviewees by type and sector
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low to achieve the desired effect, as was the case with the
Greek feed-in tariffs for renewable electricity. Conversely,
they can be set too high, leading to overcompensation
and high inefficiency, with risks of investment bubbles
and unnecessarily high consumer prices, as seen
with feed-in tariffs for solar energy in Spain [36]. For
BECCS, the problem of asymmetric information is likely
substantial, as a lack of experience places authorities
at an informational disadvantage relative to potential
BECCS suppliers.

The specific costs of integrating CCS into bioenergy
facilities are very diverse, impacted by factors such as
the level of concentration of CO, in flue gases [48, 49],
the availability of excess heat [7, 50], and the distance
to storage sites and transport infrastructure [51, 52].
The heterogeneity of costs improves the likelihood of
achieving cost-efficiency with an instrument that acts
on the marginal cost curve for BECCS, such as well-
designed auctions—at least compared to instruments
based on flat-rate reimbursements [19]. However,
auctions could also easily falter if they do not strike a
balance between design features so as to sufficiently
encourage prospective BECCS operators to place bids
while including sufficiently stringent design elements
to assure effectiveness and efficiency. If such a balance
cannot be struck, a reverse auction would be unfeasible
or, at minimum, a less attractive option for incentivising
BECCS.

Methods

This article utilises the possibility to turn to Sweden as
an empirical case, so as to explore potential goal conflicts
and dilemmas that may emerge from designing reverse
auction for BECCS. The study accounts for preferences
both on the supply side (bidders) and on the demand side
(the auctioneer) by interviewing 35 BECCS practitioners
in Sweden (see Table 1). Interviewees were identified
based on explicit interests in deploying BECCS and

Employer (with the no. of interviewees from the same organisation listed in parenthesis)

Actor type (with the associated
sector listed in parenthesis)

Boras energi och miljo (2); EON (1); Kraftringen (1); Lantmannen Agroetanol (1); Mélarenergi (1); Rgnova 1;

Company (energy)

Stockholm Exergi (1); Sysav (2); Séderenergi (1); Tekniska verken (1); Vattenfall (2); Vaxjo energi (2); Oresundskraft (1)

Avfall Sverige (1); Energiféretagen (1)
Holmen (2); SCA (2); Stora Enso (1); Sodra Cell (1)
Skogsindustrierna (1)

Centre Party (1); Christian Democrats (1); Green Party (1); Social Democratic Party (1)
Swedish Energy Agency (1); Swedish Environmental Protection Agency (2); Swedish Agency for Growth Policy

Analysis (1); Public inquiry commission (1)

Trade association (energy)
Company (pulp and paper)

Trade association (pulp and paper)
Politics

National administration
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their key roles in designing policy incentives. Additional
interviewees were contacted until empirical saturation
was achieved, i.e., “when no additional issues or insights”
[53] (p. 592) emerged from the data.

Four actor types of key significance to reverse auctions
for BECCS were interviewed for this study: climate
and energy spokespersons for political parties in the
Swedish national parliament, civil servants with key
responsibilities in the national administration of CCS—
including BECCS—in Sweden, staff responsible for
planning for and developing BECCS at companies with
high BECCS potential in Sweden, and BECCS-experts
at Swedish trade associations whose member companies
consist of a large share of prospective BECCS operators.

The interviews were held in Swedish and were semi-
structured around open-ended questions regarding
the suitability of using reverse auctions to incentivise
BECCS. The guide covered issues such as views on
technical potential and accuracy of cost estimates, policy
instrument choice to incentivise BECCS, necessary
framework conditions for BECCS support, ownership
over negative emissions resulting from BECCS, legal
deployment barriers, compliance mechanisms, and
bid procedures for auction systems. The surveys
were conducted online in the first quarter of 2021,
lasted for about 60 min each, and were ultimately
transcribed and inductively coded into themes [54]. An
English translation of the interview guide for business
representatives is presented in supplementary materials.
The interview guide was tailored to the specific capacities
and roles of the four different actor categories; each guide
covered the same overarching themes.

It is important to note that the study has several
limitations. First, the interviews were held in an early
phase of planning for BECCS reverse auctions in
Sweden. The results of this study should therefore
be viewed in light of a continually evolving capacity
of the interviewed actors to understand the BECCS
technology chain and the reverse auctions instrument.
Second, although plans for reverse BECCS auctions are
far advanced in Sweden which has triggered an interest
in auction design among owners of facilities with
technical potential for BECCS as well as in the national
administration and politics, the data collected are limited
to Sweden. Interviews of similar nature could be held
with similar actors in other countries, providing a richer
data set. Finally, at the time of writing the article, no
BECCS auction had been carried out anywhere in the
world, limiting the possibility of relating to practical
experience of conducting such auctions. Although the
novelty of reverse auctions for BECCs in Sweden is one
of the primary arguments for studying its emergence, it
clearly also limits the possibility of relating to previous
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research. Due to the lack of experience from reverse
BECCS auctions, literature on analogous reverse auctions
for renewable energy and ecosystem services have been
used to inform the interview guide and discuss the data.
This literature suggests several key aspects to consider
when designing effective and efficient reverse auctions,
including numerous potential trade-offs and dilemmas.
Understanding actor preferences regarding those aspects
are key to understanding the prospects for using reverse
auctions to effectuate BECCS efficiently; however,
it should be noted that practical experience of using
reverse auctions to incentivise BECCS is lacking and that
parallels to analogous reverse auctions should be made
with care due to the differing characteristics of BECCS
and renewable electricity as well as ecosystem services,
as discussed in the subsection “Reverse auctions” in the
Background section.

Results and discussion: actor preferences for BECCS
reverse auctions

Three broad themes emerged from the interviews, which
resonate with key discussions in the auction literature:
(1) entry criteria and scope of auctions; (2) bidding
procedures and winning criteria; and (3) risk sharing.
The interviews reveal differing expectations regarding
these themes, with choices between different auction
design options that involve trade-offs with a need to
balance various concerns. The results and discussion
are presented below, with key findings summarized in
Tables 2, 3, 4 and 5 at the end of each subsection. The
tables summarize key findings regarding circumstances
under which prospective BECCS operators would be
more likely to place bids in a reverse auction and how
these expressed operator preferences may generate
dilemmas when compared to preferences among
respondents that represent the auctioneer, ie., civil
servants in the national administration and politicians.

Entry criteria and scope

The first theme concerns entry criteria and scope.
In context of reverse auctions for renewable energy,
Matthdus [55] recommends to adopt rather strict
entry criteria to attract “boost realization rates” and
encourage “more serious bids” (p. 2). Strict entry
criteria should ideally keep fraudulent or unserious
actors out and let serious bidders in, yet Marambio and
Rudnick [56] caution against too high entry barriers
that reduce participation and undermine efficiency. The
interviewees generally agree that entry criteria should
be tweaked to reduce collusion and unserious bids, but
voice two significant qualifications. First, the technical
potential for BECCS is mainly concentrated to large
point sources of biogenic CO, which involve relatively



Page 6 of 19

(2024) 36:146

Fridahl et al. Environmental Sciences Europe

S1yauaq JaA0||Ids ybnoayl buiules)

Ajiiduwie 01 s|qissod se s3nsas Apnis A1jIgIses) AUBW Se 91eUIWSSSIP
'SI9LIeQ A11US JSMO| pUB S3IUIE1IDUN 31eDIIW 03 SAIPISaNS

Apnis A11|1gisesy [eRURISGNS YIIM SUONDNE 3SI9A1 91eibalu]

91kl Uopesijeal ayl bupamol Agaiay ‘syuedpiied

SNOLISS-UOU 3)IAUI ABW BLISIID UOIedYl[enbald xeT :1aauonony

yoeoidde s9s-pue-iiem e Jo

SSOUDAIIDAYD WNWIXeU 3INSUS O} S1yauaq [enualod ay3 pue sanuleladuN Ag papunodwod i

elIa1d Juabuls pue ‘Aduaidya pue uoiredpiped wWNWIXew 1oy 10949 Iy ‘spiq buideid woly sio1esado enusiod Jo sgquinu
Splepuels uoiedylienbaid paxejas usamiag adueleq e bupils Pl 93 J919p Aew eLaid uonedyljenbaid 1usbuiis sispplg

suoljepuswwodai £31j0d4

ewws|ig s1010e A3y Jo saA1dadsiag

adods pue eld Aiius 03 bujuieyad sbuipuy Asy Jo Alewwns g ajqer



Page 7 of 19

(2024) 36:146

Fridahl et al. Environmental Sciences Europe

aAIND
1502 |euiBiew 3y} Jo adeys ay1 Uo pPaseq sisuuIm Bunda|es pue

ded uonone sy Ag 195 puewap ay1
SPa9dXa 1Yl PIg [eUY B BUIpUBY 1IN0 24NsuUn aie Ayl ‘suonone

paydeai i ded 196png ay1 11un Bunuuod ‘suondne [erusnbas Jo (1 "b14) ded> swnjon KJ101RUIWILIDSIP INOARY A|[RI2Uab A3Y] ‘SUoIdNe wioun Jo
Jaguinu paynadsun Ue Ul spig 11310 01 J93UOINE SY) MO|[e paxy e Ag paulanob si 11 Ji pasiwoidwod 9 1ybiu A2usIdYs sabeiueApe [eD112103Y1 341 BuiziubodI B|IYAN HUSUONINY
pinom sty "ded awn|oA ueyl Jayiel 196png e woly buiiedsp ‘ubisap A101eulwIDSIP 10 Wiojun e sydope uoidne ayl Ji ded sawin|oA paxy e yHm SUondne ul
91epueW 9|qIxa} B AQ PaUISAOD 3¢ PINOD SUOIONE 9Yl  $S9|PIebal JISASMOH [eldYausg 9¢ PINOD UOIdNEe AI01eUIWLDSID B pig Bujuuim jeuy ay1 BulAyuapl INoge pasiel a1 SUISDUO0D

‘suonone dy1dads Joj 1961e1 sWN|OA 195 e BulAey JO pealsu| 150D WNWIUIW 343 e $DD3g 21ndoid 03 SI [eob suonone ayi | ‘Ule1Ia0UN puUe palieA ale sainpadoid pig uo suoluldQ :siapplg
suonepuawwodas £d1jod eww?|Iq s1012e £3) Jo saAndadsiad

ead Buluuim pue ainpadold pig o3 bujuienad sbuipuy A9y jo Alewwins € ajqeL



Page 8 of 19

(2024) 36:146

Fridahl et al. Environmental Sciences Europe

wisiueydaul
9ouel|dwod HUIDIOJUS ey} JSY1eJ SA1EY|IDR) B UO SND0) pU.
Aujgixey ybiy yum sdiysiauied a1eaud-oignd buisiuebio 1oy
SPIYA B S SUOIIDNE DU M3IA 01 3|GISUDS 2I0J243Y1 SI 3

‘yB1y sI suonoNe Y3 03 SISPPIQ JUIDYNS 1oei11e 01 buljiey Jo
pOoOYI[a31] DY3 S Pue SIIUIRLISDUN [BIIURISGNS LM P1eIDOSSe
210J21941 pue uaroidun Ajbue| s uleys $ODIF [N Y1 18y} USAID

saeuad spoddns pue 1sanbai
SI9PPIQ Y1 1eyMm UeY] SS3| UG ‘AU[IqIX3| JO 92163p e s1dadde
‘wia1 49buo| 8y ul ui-400] Buteald INoyUM ‘pouad papusIxe

3|geNASUL Wads Adualdyye pue ‘Aljigeidipaid A|DAIIB[D1 B JSAO SUOISSIWD A11HIU JO UIIO) Ul JUSWISIAU] UO

'A2BD1J9 U99MIDQ SHO-9PRI} JUSIYUI ‘SNYL "SUOSEI ADUSIDYJD JOj  UINJaJ B 993UeIenD 01 (SI1eaA G |) WD) Je[IUIS B SI9jald :19auodny
PIPI3U S| YdIYM “UO[I12d IO J0) J21BD OF UORDNE 31 O3 SI9PPI] suonebljgo buljjying ur Ajigixa by pue suondues Juaius)
JUSIDLYNS MBIP 03 ANSSIIIU DY YIM PadUR[eqIaiunod aq 1snud INOAR) AU WIS} 1DBIIUOD JSBUO| USAS Ue Ul JudwdojaAsp

AIBAIISP $DD3F 941 JO 9181S 91 2INSSe 0 paubIssp ANjIGIXa|)  19¥Iew JO Alulelisdun Jsutebe buibpay sjiym A1NDss JUSWISSAUL

paWl| pue Adedy s Bupueyua 18 paulie suoldues snolobly

2JNSUS 01 W) 1DRJIUOD IBSA-G | B punolie w@\_w>COU Slopplg

suopepuawwodas Ad1jod

ewwsa|ig

s1010e £A3) Jo saA1dadsIag

Burieys si 01 bujuiensad sbuipuy A3y Jo Alewuins ¢ ajqeL



Page 9 of 19

(2024) 36:146

Fridahl et al. Environmental Sciences Europe

S)93/eW UOGJed Ul SHPald uogled aseydind 1eyl

S311IUa pue poddns JUBWUISA0D U3aMIQ $DDIF WO SSWOINO
uonebiiw ay1 a1ed0ojje 03 sajdpuld uolNge JO 3N Y3 J0j MOjje
PINOM U2IyMm ‘saioluaAul seb asnoyuaalb [euoiieu uj syusuwdisnipe
BUIPUOASD1I0D YIM SUPID JO 3[es 9yl buljgeus Ag 10 ‘(Swiep
Bupiasyo-uou “71) s1obiel a1ew|d sJaauonone ayy buiasiyse oy
P3INGIIUOD sty J9ANg 3Y3 1By SWIe|d 03 SHPaID JO SN ay}

Buliwi| Ag 1oyl papienbajes aq ued A1iH3IUl [eIUSUWUOIIAUT

Hununod s|gnop ploe 03 papuaiul buiiodai ul

Aduaiedsuely BuLINDSQO SySU pue ‘s1abiel uoiebIw [euoleu
BulsIxa puoAaq “a'1 ‘'sUoISsIUI [eqO|H Ul UOIIEDIIW [[RISAOC JO
KISAI|9p 01 Pe3)| 10U ABW S1PAID YDNS Pauonsanb g ued
Bupueuy a1eAld JO 1yauSq S1eWID Y Uyl ‘sispplq [elusiod
snoJauwnu AQ pa1sabbns se ‘swiied 19540 bupjew Jo Aljige ayi uo
pauonipuod st bupueuy a1eAld i ‘lsramoH bulpuny 1eaud
obeIaAg| 01 bulpuny d1ignd Buisn ‘pasieal st 1eyy [enusiod

$DD39 241 JO 24RYS Y1 95eaIDUl PIN0d BudURUY-0D dD1IAjeIeD

swile> BUISSYO J0J PISN 9G J0UURD 1IPID Y3 1BY) pue Aunod
150y 2y Ul 5196481 912WI|D JO JUSWAASIYDE 33 01 $3INGLIIUOD
19ANQ 1paId 9Y1 18Y1 “3'1 ‘SWIB|D UOINGLIUOD 0] PaYIWI| 9G
P|NOYSs s1paJd JO 3]es ay1 1ey) aa1be AISO| :1dauonony
sasodind

BUINSSHO 10§ S19%IeW UOGURD AIRIUN|OA UO S)IPaId Se papel) 9q
P|NOD SWO2INO0 UoebIIUW SWeS 9yl 1Byl anbie os|e (||e 10U Ing)
Auew !A101uanul seb asnoyuaaib Ysipams aya Ul paiaisibal aq
PINOYS SWO2IN0 UoebRIW sUoNINe syl eyl 920y sioppig

suonepuawwodas Ad1jod

ewwsa|ig

s1010e £A3) Jo saA1dadsIag

dIysiaumo 1paid pue sjapoul ssauisng 01 bujuienad sbuipuy Asy Jo Alewwns g ajqel



Fridahl et al. Environmental Sciences Europe (2024) 36:146

few locations. Several respondents point out that the
economic potential is further constrained by factors such
as access to excess energy to power CO, capture and
compression, transport infrastructure, space to integrate
BECCS equipment, and environmental permitting. These
constraints mean that it might become hard to attract
actors with technical potential for BECCS to also place
bids in auctions. The economic constraints on technical
potential may limit the already relatively few actors that
may place bids in BECCS reverse auctions, which may
undermine competition and lead to efficiency losses.
As such, they largely agree with Marambio and Rudnick
[56] that excessively strict entry criteria entail the risk
putting further restraints on prospective bidders. On
the other hand, entry criteria which are too permissive
can encourage participation of unqualified bidders that
could lead to non-performance [55-57], a risk raised by
interviewees representing the auctioneer. Thus, the risk
of generating efficiency losses must be balanced against
possible losses in effectiveness [58].

Second, while most respondents deem the technology
readiness level of individual components of BECCS to be
high, getting the whole technology chain operational is
considered challenging. The lack of demonstrated tech-
nology chains raises the investment risks, potentially
lowering the appetite to engage in early auctions. Many
interviewees raise question marks regarding the possibil-
ity to gain access to storage sites and to subcontract CO,
transport capacity. Business respondents generally antici-
pate that the learning curve will initially be quite steep,
which would be a typical set-up for latecomers to benefit
from high knowledge spillovers associated with “learning
by doing” by the early BECCS adopters. This may further
limit the willingness of businesses to place bids in the first
auction round.

The responses also reveal that businesses with more
mature BECCS plans tend to ask for more rigid entry
criteria, while businesses with less mature plans tend to
want to wait with bidding until uncertainties have been
reduced. The latter is a particularly strong tendency
among businesses with the largest point source emis-
sions, for which even small uncertainties can have rela-
tively large effects on bidding readiness in absolute terms.
Smaller businesses seem to be more willing to engage in
early auctions, yet also typically have less mature BECCS
plans or less capacity to conduct feasibility studies. If the
entry barrier is placed relatively high, and large emit-
ters do indeed wait for knowledge spillovers before they
act, the number of bidders in a first auction may turn
out to be too few to harvest efficiency gains. On the
other hand, if the entry barriers are low, bidders with
less-developed plans may win contracts that turn out to
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be hard to deliver on, which would reduce the auction’s
effectiveness.

An implication of this finding for designing BECCS
reverse auctions is that an auction ought to go hand in
hand with capacity-building support to businesses so as
to reduce uncertainties—for example, grants to conduct
advanced feasibility studies. The lack of historical expe-
rience of BECCS motivates public investments in capac-
ity-building to reduce uncertainties for businesses. The
results of feasibility studies can also be fed back to public
administrators and, as such, reduce information asym-
metries between the state (i.e., the auctioneer), with con-
strained knowledge about technical potentials and costs,
and businesses (i.e., prospective bidders), with detailed
knowledge about their production facilities. Feasibility
studies are most likely beneficial for raising confidence
for businesses to place bids, but public administrators can
also use the results regarding businesses’ cost estimates
and technical potentials to design efficient and effective
auctions.

Bid procedure and winning criteria
The second theme that emerges from the interviews
pertains to tender procedure and winning criteria. While
there are many theoretical models for how to organise
bid procedures and design pricing rules, auctioneers
almost always settle for discriminatory auctions, i.e.,
pay-as-bid auctions [see for example 59]. Regarding bid
procedure, pricing rules, and allocation of contracts,
the views of the respondents are very diverse, with
preferences ranging from sealed-bid discriminatory
auctions to dynamic multi-round and open-bid uniform
auctions. The preferences are almost as diverse as the
number of interviewees, with a slight tendency to favour
discriminatory auctions. One explanation for this may lie
in a lack of clear guidance on the objective of the reverse
auctions at the time of the interviews. Many respondents
report on what they perceive as an almost frustrating
lack of clarity, particularly on whether they are intended
to demonstrate BECCS technology or to realise Swedish
BECCS potential at the lowest possible cost to the state.
While the interviewed politicians mostly voice an interest
in using reverse auctions for cost-efficiency reasons,
many actors across the board express that they would
prefer clearer guidance form the government. Given this
lack of clarity, business respondents argue for what they
believe is the objective for the auction system, and for
what they view as the most appropriate bid procedures
for delivering on these objectives.

A public actor that plans to hold auctions should start
by deciding on the main objectives, not only because this
parameter is fundamental for how to design the auction
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Fig. 1 Discriminate reverse BECCS auction—for illustrative purposes—with six bidders A-F representing annual BECCS supply and a strict auction
volume cap fixed at 0.8 MtCO,, representing inflexible annual demand. Due to benefits of scale, bids cannot be scaled down linearly, i.e,, bidder B
cannot accept a contract limited to supply 0.4 MtCO, annually at a price of EUR 140 per tonne CO,. To satisfy the demand, the auctioneer would
have to accept bids by bidder A, Cand E, which sum to a supply of 0.8 MtCO, annually at an average cost of EUR 131, while accepting bids A and B

would instead supply 1.0 MtCO, annually at an average cost of EUR 120

but also because it directs the focus of prospective
bidders to building the necessary capacity to place bids.
This may appear as common sense regarding auctions,
but the Swedish example shows that common sense
is not always perceived or acted on. At the time of the
interviews, lack of clarity caused a lot of unnecessary
uncertainty among prospective bidders. Energy was
channelled towards sorting out the consequences of
possible objectives rather than towards more active
preparation of capacity to place bids.

In theory, uniform auctions are often preferred over
discriminatory auctions if the auctioneer seeks to reveal
costs rather than maximise efficiency. Since bidders
tend to know more about true costs than auctioneers,
discriminatory auctions could lead to strategic bidding
in which bidders take financial advantage of information
asymmetries. In contrast, uniform auctions reward
winning bidders equally, often the last winning or first
losing bid—as in, e.g., the 2016 Spanish reverse auction
for biomass electricity, held in part to reveal the cost of
biomass power so as to inform future investment support
[39]. According to Khezr and Cumpston [60], uniform
auctions are generally considered to be better at revealing
true costs, because they reduce the incentives to bid

strategically, which makes uniform auctions preferable
if price discovery is a prioritised goal. At the same time,
Cason and Gangadharan [61] have shown that uniform
auctions for ecosystem services normally also lead to
overcompensation, i.e., potential losses of efficiency, due
to the fact that the bidders are normally paid at higher
rates than what they bid for. If cost-efficient technology
dissemination is the primary objective, then auction
designers might instead want to consider arranging
discriminatory auctions.

A combination of objectives could also be achieved.
Auctions sometimes have multiple objectives associated
with multiple winner criteria that consider costs in
tandem with various co-benefits, conglomeration
bonuses, demonstration of different approaches,
commissioning time, and more [57]. Some respondents
are asking for a multi-criteria assessment of bids,
including what they refer to as “cluster bonuses’, a
form of conglomeration bonus based on being able
to cooperate locally to increase benefits of scale, or
bonuses for facilities that are integrated with fossil CCS.
Experiences from auctions with multiple objectives differ.
Chilean auctions with allocation rules that combine
demand coverage and price show that these have been
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less efficient than auctions centred on price, such as the
Brazilian equivalents [57]. Moreno et al. [57] argue that
multi-objective award rules “may increase the bidder’s
uncertainty, which in turn increases the likelihood of
cost-effective contract award”

The interviews indicate that not knowing the objective
of the auctions leads many actors to spend substantial
resources on lobbying for one or the other perspective.
Others adopt wait-and-see strategies rather than starting
more active preparations for bids. Some actors also voice
regret that lack of clarity leads them to become more
cautious regarding knowledge-sharing and cooperation,
fearing that generous knowledge-sharing might lead to
competitive disadvantage in future auctions. A clearly
stated conglomeration bonus or other types of incentives
to share knowledge could have mitigated the tendency to
conceal knowledge.

Another concern voiced by many respondents relates
to how to deal with bids on the margin between winners
and losers. Problems can occur when determining the
last winning bid in auctions with a set cap—a volume of
units auctioned or a budget cap—if the last competitive
bid results in supply that is substantially higher than the
demand determined by the auction cap. International
experience with reverse auctions for renewable electricity
generation indicates that the marginal cost curve at
the cap of auctions is relatively flat, so that the choice
between bids on the margin has low effect on the cost-
efficiency of the auction. Experience from auctions
of ecosystem services, similarly, rarely has problems
with matching the volumes offered by bidders with
the demand set by the cap, since the bids often involve
relatively small volumes—something which simplifies
finding an acceptable fit with an auction cap.

However, the interview responses indicate that
BECCS poses new challenges for reverse auctions. The
interviewees report significant benefits of scale involved
in BECCS, which means that downward adjustment
of the operating volume at a BECCS facility normally
leads to increased cost per unit of CO, captured. This
means that bids based on a specific operating volume
cannot easily be scaled down linearly. It also means that
the benefits of scale will generally make it economically
unviable to compete with bids to capture CO, at smaller
point sources. As a result, it is likely that the auctioneer
needs to deal with trade-offs in selecting bids on the
margin of a fixed auction cap (see Fig. 1).

At the time of the interviews, the respondents foresaw
a static volume cap, which could cause the type of
efficiency losses illustrated in Fig. 1. A potential solution
to this problem could be derived from the Australian
Carbon Credit Units Scheme. The auctioneer of this
scheme is granted the flexibility to select winners based
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on the shape of the marginal abatement cost curve.
Rather than a static demand expressed in CO, for a
specific auction, the auctioneer is granted an overall
budget allocated to an auction programme that includes
an undefined number of consecutive auctions aiming to
maximise the effect of the budget appropriation.

A BECCS auctioneer would benefit from a similar
mandate to allocate contracts relatively freely to winners,
potentially over several consecutive auctions. Rather
than clearly communicating a target volume for specific
auctions, the state could announce a large and long-
term budgetary framework for the auction scheme, and
could also announce that auctions will be arranged until
the budget is depleted. By refraining from specifying
the number and frequency of auctions as well as the
volume or budget cap of each auction round, the public
administrators can increase their degree of freedom to
select winning bids according to their competitiveness,
rather than on the basis of satisfying predefined demand
by filling up a set volume quota, such as accepting bids by
bidders A and B in Fig. 1.

Risk sharing
The third prominent theme in our responses concerns
risk sharing. According to Engel [19], this theme involves
issues such as the length of contracts and design of
compliance mechanisms. Short-term contracts involving
technologies with high capital costs result in short
depreciation periods and therefore higher contracted
costs per unit of delivered goods. Longer contracts
can, however, increase uncertainties, for example
regarding price development for input goods. Longer
contracts therefore require larger safety margins for
bidders. A bid for a BECCS contract could realistically
be based on a district heating or combined heat and
power facility sourcing externally, or using internally
produced electricity at an expected price, to operate a
hot potassium carbonate capture unit from which heat
is recovered and sold via the district heating networks,
a BECCS facility-type depicted by Levihn et al. [7]. If
the cost of electricity is higher and the revenue from
the heat market is lower than expected, this kind of bid
may become unprofitable. Almost all respondents note
that uncertainty increases with the length of the time
horizon—longer contract terms require higher safety
margins and thus would also result in higher costs per
unit of stored CO,. Some respondents also note that
if a combined heat and power plant sources electricity
from its own production, the calculation involves an
opportunity cost in terms of a lost opportunity to sell
electricity.

To deal with such eventualities, the auctioneer could
allow bids to be based on a system in which the level of
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compensation fluctuates with the price of important
inputs for carbon capture and compression. Almost all
respondents, however, see such a system as unnecessary.
The risks, they argue, can be managed through granting
flexibility in delivery, for example regarding the annual
delivery of stored CO,, while maintaining a fixed subsidy
per unit of stored biogenic CO,. Flexibility also allows
for operating BECCS facilities for maximum utility and
economic efficiency. This would allow operators of
biomass-based facilities to turn the CCS component on
and off depending on market signals, e.g. the price of
fuels, electricity or heat, and public needs. Public needs
could be electricity supply at peak loads, contributions
to grid stability or satisfying CDR demand [62]. As a
compromise, the responses converge around a contract
length of about 15 years to balance various aspects of
uncertainty, technical lifetime, and depreciation periods.

There are multiple forms of possible flexibilities that
can alleviate the risk of unexpected price developments
[63]—for example, allowing temporary deficits to
be offset by banked surpluses. Another example of
flexibility-based approaches is constituted by Australia’s
CDR auctions, in which the contracting parties are
rewarded for flexibility through trade in certified carbon
credits, allowing them to compensate for inability to
deliver on contractual obligations by buying surplus
from other contractors [64, 65]. Further examples of
similar flexibility are Chile’s renewable energy auctions,
in which contractors can use the electricity market for
compliance [56], as well as the UK’s renewable electricity
auctions that allow installed capacity to deviate from
contracted capacity [66]. A specific issue that here
emerges as potentially problematic for BECCS auctions
is to match delivery of CDR to specific target years. If a
BECCS auction is designed as an instrument to deliver
removal units to achieve a climate policy objective by a
given target year, then flexibility may compromise the
possibility of the auction to achieve this objective. Again,
whether this constitutes a problem or not depends on
how the objective(s) of BECCS auctions are defined. If,
for example, the objective is to demonstrate technology,
flexibility may help rather than impede achieving this

objective.
In addition, experience from payments for ecosystem
services shows that weak sanctions undermine

compliance [67], and experience from renewable energy
auctions shows that high penalties increase compliance
[55]. However, although compliance rules can determine
how effective an auction is once contracts have been
awarded, penalties which are perceived as too demanding
may also limit participation in the auction. Most
respondents from business are in favour of quite high
flexibility and low penalties, arguing that BECCS is a new
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technology system that involves many steps in a complex
technology chain, introducing great uncertainties and
thus increasing investment risks. Respondents in the
national administration echo this conclusion, arguing
that the state needs to be mindful of the challenges that
businesses face in these auctions, and that it ultimately
needs to be proved that BECCS can be delivered.

Penalties have been treated differently in different
auctions. In Polish wind power auctions, for example,
a fairly large deviation from defined project delivery is
allowed, combined with high monetary penalties [68].
In the Netherlands, penalties have instead been imposed
in the form of exclusion from future auctions [69]. In
French solar power auctions, penalties have been handed
out in the form of reduced contract periods [70], and in
Danish wind power auctions as a percentage reduction of
the compensation [71].

For BECCS reverse auctions, however, the respondents
note that high penalties may even result in higher costs
for the auctioneer. Since a penalty involves a risk for the
bidder, this would normally lead to a bid with a higher
safety margin. All of the above indicates that sanctions
intended to maximise the effect of an auction need to
be carefully balanced against the aim to maximise the
number of participants and keep the total cost down.
Trade-offs between effects and cost-efficiency appear
to be immanent—if one objective gains the upper hand,
this may in the worst case lead to an unfeasible auction
design.

Business models and credit ownership

In addition to the three themes that resonate with the
scientific literature on reverse auctions, close to all
respondents addressed a fourth theme specific to BECCS
reverse auctions: concerns over the relationship between
state-financed auctions and emerging voluntary markets
for carbon removal credits (CRCs). Transaction volumes
on voluntary carbon markets (VCM) have reached record
levels in 2021 and 2022—followed by a steep downturn
(accompanied by an average price increase) in 2023,
largely driven by a demand for carbon credits from non-
state actors increasingly formulating their climate goals
in terms of carbon neutrality and net-zero emissions
[72]. Demand for credits is predicted to continue
growing [73, 74]. The concepts of carbon neutrality and
net-zero are still evolving, and the related goals and
achievements remain heterogeneous [75]. Many climate
targets explicitly refer to offsetting, i.e., the use of carbon
credits emanating from mitigation outcomes (emission
reductions or CDR) achieved outside of an actor’s value
chain or relevant system boundaries to counterbalance
the climate impact of specific emissions.
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Markets for carbon credits, created through baseline
and credit mechanisms, emerged during the initial years
after the adoption of the Kyoto Protocol. The Kyoto Pro-
tocol introduced two project-based mechanisms that
enabled the international transfer of mitigation outcomes
to promote flexibility and cost-efficiency of compliance
[76]. The Kyoto Protocol included provisions for main-
taining environmental integrity of international transfers
on compliance markets, i.e., provisions that a decision to
meet part of a commitment through international trans-
fer should not lead to a global increase of emissions [77].
Environmental integrity provisions included the demon-
stration of additionality, i.e., that the mitigation outcome
to be credited under a project-based mechanism would
not occur without project registration, and that any
international transfers of credits between two countries
with emission caps under the Kyoto Protocol was based
on issuing credits by converting assigned amount units,
thereby avoiding double counting of the same mitiga-
tion outcomes towards both the host and buyer country’s
Kyoto targets [76].

In parallel with the compliance market under the Kyoto
Protocol, the voluntary use of carbon credits developed
on the basis of Kyoto credits and private carbon crediting
programmes. The voluntary use of carbon credits
lacked international oversight, but the principles of
additionality and prevention of double counting that
applied to compliance markets were largely adopted also
on the VCMs [78]. The practice that developed for what
makes a legitimate offsetting claim on the compliance
market meant that if a company opted to use carbon
credits to offset their emissions in a country that had a
Kyoto target, this should lead to an increased global
mitigation ambition. This is clear if we consider that (i)
the mitigation outcome would not be counted towards
the mitigation commitment of a country and (ii) the
mitigation outcome underlying the carbon credits
was additional and, when emanating from projects in
countries with Kyoto commitments, associated with the
surrender of assigned amount units for carbon credits.
In other words, the country in which a company used
credits to offset emissions would not have to do less to
comply with its Kyoto commitment and, at the same
time, mitigation outcomes beyond business-as-usual or
any existing national mitigation commitments would be
achieved elsewhere.

The practice for voluntary use of carbon credits for
offsetting is relevant for the concerns expressed by
respondents in this study regarding the relationship
between state-financed auctions and emerging VCM:s for
CRCs. Those concerns have to do with the right to claim
the underlying mitigation outcome and perceptions
concerning double counting, and are part of a wider
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ongoing international debate about the role of VCM
within the architecture of the Paris Agreement. Kreibich
and Hermwille [78] have analysed the debate and
identified a number of different approaches for dealing
with the issue of double claiming of the mitigation
outcome underlying carbon credits between project host
country national mitigation targets and a purchasing
entity’s use of an outcome towards achieving mitigation
targets (e.g., carbon neutrality or net-zero target). Three
of the identified approaches are relevant for Swedish
BECCS auctions where the mitigation outcome falls
within the scope of the national greenhouse gas inventory
and potentially contributes to achieving Sweden’s share
of the EU’s nationally determined contribution (NDC),
provided that BECCS will be integrated into EU climate
policy [4]:

1. NDC support units are defined as projects that
contribute to the achievement of a host country’s
NDC but cannot be used for offsetting purposes.
The scope of support units could be extended to the
achievement of national targets beyond an NDC.

2. Non-compliance credits are units that can be used for
offsetting claims (e.g., to support neutrality claims)
and are at the same time counted towards the host
country mitigation target. Kreibich and Hermwille
[78] argue that such credits face serious legitimacy
concerns and lead to double claiming, entailing
reputational risks of companies buying those credits,
and distort perceptions of global collective action.

3. NDC crediting takes place with corresponding
adjustments, which Kreibich and Hermwille
[78] regard as the only solution that safeguards
environmental integrity, as well as strengthening
and protecting the legitimacy of using carbon credits
for offsetting. A corresponding adjustment means
that the host country does not count credit-related
mitigation outcomes towards its NDC or national
mitigation target beyond the NDC target.

The analysis by Kreibich and Hermwille [78] is useful as
a conceptual background for the views of the respondents
in this study and the current Swedish debate concerning
the relationship between state-financed auctions and
emerging VCMs for CRCs, where the main point of
contention is whether and why double claiming should
be avoided when carbon credits are used as the basis for
companies’ offsetting claims.

Several business respondents interviewed in this
study argue that BECCS mitigation outcomes could
be awarded results-based payments from the Swedish
state, and could be counted towards the Swedish
national mitigation target. At the same time, these same
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mitigation outcomes would make the basis for issuance
of carbon credits that could be sold on the VCM to be
used by purchasing entities towards offsetting claims (i.e.,
approach two above). This view has also been reported
in the literature [79] and is repeated in official company
positions, e.g., by Stockholm Exergi [80], and through
the business association Swedenergy [81]. It is clear
that this approach would mean a departure from the
widely adopted practice on VCM, namely that credible
voluntary offsetting claims should be based on carbon
credits that represent mitigation that goes beyond
existing national mitigation targets—i.e.,, mitigation
action that is additional, incentivised by the opportunity
to sell carbon credits. Such an alternative approach could
therefore be considered to lower the bar with regard to
what a carbon credit should represent to be eligible for
making offsetting claims.

For the case of Swedish BECCS, making corresponding
adjustments could in theory enable the issuance of carbon
credits under Article 6 of the Paris Agreement that would
represent mitigation beyond national mitigation targets
(i.e., approach three above). Such carbon credits would
then be aligned with requirements for using carbon
credits towards credible offsetting claims as proposed by,
e.g., the Greenhouse Gas Protocol [82] and others [83—
85]. However, the current EU legislation does not enable
member states to make corresponding adjustments
in their greenhouse gas accounting [86]. The Swedish
Energy Agency, as appointed auctioneer, has issued a
memorandum stipulating that projects receiving support
from auctions also can issue carbon credits to be sold on
VCMs, but expresses two caveats: (1) the Agency clarifies
that the NDC support unit approach should be applied
(i.e., approach one above), which means that users of
the carbon credits should not make offsetting claims,
and (2) revenues from credit sales will be deducted from
government support.

The Swedish Energy Agency’s suggested that revenue
deduction is in line with how reverse auctions are
often applied, which is to procure commodities for
which primary markets already exists, e.g., electricity.
Such auctions typically award contracts for differences
between market prices and agreed auction prices [66].
According to the respondents in this study, the most
obvious potential revenue stream for BECCS involves
selling CRCs. However, the incentive for businesses to sell
CRCs on carbon markets under a contract for difference
schemes is weak. There is therefore a high likelihood that
the approach suggested by the Swedish Energy Agency
will fail to generate income from VCMs, a likelihood that
increases further with the limitations put on offsetting
claims. An approach with contracts for difference could,

Page 15 0of 19

in theory, save the Swedish state expenses for CDR that
could be used to procure more BECCS or other actions
towards achieving the Swedish national mitigation target.
However, some respondents claim, as is also argued by
Kreibich and Hermwille [78], that the demand for units
which cannot be used for offsetting claims is uncertain.

If it were possible for EU member states to make
corresponding adjustments, attribution principles [87]
could be applied to allocate the mitigation outcomes from
BECCS between government support and revenues from
selling carbon credits. Only the portion of mitigation
outcomes allocated to government support would be
accounted towards the Swedish national target. With an
attribution approach, carbon finance could contribute
to mitigation beyond the Swedish national target and
thus also towards the realisation of more of the Swedish
BECCS potential sooner. This leads us to conclude that
exploring changes and updates to legislation on the
national level in Sweden, and more generally on the EU
level, should be prioritised both in the short and long
term to enable corresponding adjustments.

Conclusions

This article has explored potential goal conflicts and
dilemmas that may emerge from designing reverse auc-
tion for BECCS. We have gauged under which circum-
stances prospective BECCS operators would be willing to
place auction bids, and how these circumstances compare
with preferences among actors that represent the auc-
tioneer. The analysis concludes that policymakers need
to consider at least four dilemmas that are pronounced
when designing reverse auctions for BECCS, compared
to reverse auctions for renewable electricity or ecosystem
services.

First, attracting enough bidders to reverse auctions so
as to cater to a competitive bid procedure is crucial for
achieving cost-efficiency in the allocation of auction con-
tracts. However, our interview data indicate an imma-
nent risk that competition is undermined by factors that
restrain actors from placing bids in auctions. The pool
of potential bidders is restrained by the relatively few
facilities with technical potential for BECCS. Moreover,
fear of the winner’s curse, i.e., of placing a bid that is too
low and does not finance the cost of compliance, leads
many of the prospective BECCS operators to adhere to
a wait-and-see strategy with opportunities to gain from
knowledge spillovers by learning from first movers. A
wait-and-see strategy seems sensible from many bidders’
perspective, given the high political risks and technologi-
cal uncertainties, but from the perspective of the state,
it is also likely to undermine the cost-efficiency of auc-
tions. The interviews indicate that public subsidies for
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conducting feasibility studies may increase confidence
among prospective BECCS operators to place bids in
auctions by creating greater certainty around techni-
cal potential and costs. We therefore recommend poli-
cymakers to combine announcements of future BECCS
reverse auctions with generous public subsidies for feasi-
bility studies, which may prove to be effective in attract-
ing a higher number of bidders to the auction, which in
turn may pay off by improving the cost-efficiency of the
auction.

Second, our analysis further indicates that allocating
contracts in reverse BECCS auctions may be more chal-
lenging than in more common reverse auctions, e.g., for
renewable energy or ecosystem services. Given the signifi-
cant benefits of scale involved in BECCS, governing auc-
tions under a strict volume cap likely leads to efficiency
losses. If, for example, the auctioneer demands 1 million
tonnes annually around a specific target year, bidders
with larger facilities would need to bid below their tech-
nical capacity, which would increase the cost per unit
of captured CO,. Benefits of scale also means that bids
that exceeds the demand cannot easily be scaled down
linearly without increasing the cost per unit of captured
CO,. While our interviews indicate an interest among
representatives of the auctioneer—the Swedish state—to
govern the auction cap based on a predefined demand
for negative emissions resulting from the national climate
target structure, efficiency is most likely improved if the
administer of the auction is mandated to award contracts
flexibly, based on the marginal cost curve profile rather
than a predefined strict volume cap.

Third, the auctioneer is faced with a dilemma regard-
ing the design of compliance mechanisms. Soft compli-
ance rules have been shown to undermine the effect of
reverse auctions for renewable energy. On the other hand,
a rigid enforcement branch of the instrument’s compli-
ance mechanism may further impede prospective BECCS
operators from placing bids, i.e., aggravate problems asso-
ciated with attracting enough bidders to reverse auctions
so as to cater to a competitive bid procedure. Consider-
ing the untested nature of the complete BECCS chain, it
carries significant risks and uncertainties, further increas-
ing the risk of insufficient auction participation. Thus, we
believe that it is prudent to see these auctions as a means
to foster flexible public—private partnerships, and rec-
ommend policymakers to emphasizing facilitation over
enforcement when designing the compliance mechanism.

Fourth, finally, the interviews indicate a clear interest
among many prospective BECCS operators in translat-
ing negative emissions into financial assets. Many busi-
ness representatives foresee revenue streams from selling
certified carbon dioxide removal credits on international
voluntary carbon markets. While it may be tempting,
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from the auctioneer’s perspective, to allow co-finance
from market revenues, it comes with risks of undermin-
ing the climate benefit of the auctions. If the auctioneer
intends to use the auction to procure negative emissions
to be accounted towards a specific climate target, we
highly recommend that carbon credits, if issued, should
only be authorized for making claims that the buyer has
contributed to achieving the auctioneer’s climate targets,
and thus not underpin credit buyer’s offset claims. This
policy recommendation is aligned with research on good
governance of carbon removal credit trading.

The analysis points towards several trade-offs that are
hard to resolve and require attention form policymak-
ers, implying that they need to be balanced rather than
overcome when designing the auction. Future research
on solutions to dilemmas arising from designing
reverse BECCS auction may explore issues such as the
use of supplementary or overlapping policy to improve
auctions, including grant schemes to feasibility studies
and research facilities in industry.

As this study is limited by lack of practical experience
from reverse auctions for BECCS, future research could
also evaluate the efficacy of the upcoming Swedish
BECCS auctions, and compare it to alternative support
instruments for BECCS, if and when experience from
such incentives is available for evaluation.
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