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1. Introduction

Bioenergy with carbon capture and storage (BECE 8)dreasingly seen as a key, but contested,
technology in mitigating climate change (IEA, 20R&geljet al, 2018). In theory, BECCS

could help enable a carbon sink from the atmospifezar et al, 2010; Haszeldinet al, 2018).
Negative carbon dioxide (GPemissions can arise when the amount of carbdrnigltaptured

by the system is higher than the amount that eassd, and as such certain technologies can be
framed as net negative. However, assuming large-soplementation of BECCS has been
heavily criticized, in part because there has mbtogen any large-scale demonstration of the
entire chain of technologies, i.e. capture, trartsion and storage (e.g. Beck and Mahony,
2018; Livingston, 2018). As a result, BECCS ancdeotiossible negative emission technologies
(NETs) have been argued to give false hope fofutuge and contribute further to the fossil
carbon lock-in (Anderson and Peters, 2016). Fumbee, the amount of BECCS needed in some
of the global scenarios developed using integrasgsgssment models (IAMs) has raised concern
on the availability of biomass, and the potentiatie-offs with food security and biodiversity

that would come with it (Fusst al, 2018; Smitret al, 2015). Conversely, these concerns are
not explicit for BECCS in a European context (Daetlal, 2019). Yet, while emissions

continue to rise, these concerns seem to takelkséaicas the public debate on BECCS has
moved towards a reluctant acceptance of this tdogggHaikolaet al, 2019). Consequently,
many researchers continue to see BECCS and othsibNETs as necessary to balance the

carbon budget (Nemet al, 2018; van Vuureet al, 2017).

Finland and Sweden have potential to implement B&E@0e to a high share of biogenic £O

emissions at large point sources such as pulpapédr mills and district heating plants
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(Onarheimet al, 2017b; Rydéret al, 2017). According to the European Pollutant Redesaxd
Transfer Register (E-PRTR), in 2017, Finland an@&&n reported 51% and 64% biogenic
emissions, respectively, in facilities emitting mahan 100 kt of C® In comparison, the 31
European states in the register (including Finland Sweden) together reported 6% biogenic
CO, emissions (EEA, 2019). As such, there is an oppdst for Finland and Sweden to create
net negative emissions, which could contributeutanability efforts in both countries. The
total CQ emissions in Finland and Sweden in 2018 were ¥B.&8nd 41.8 Mt respectively
(Official Statistics of Finland, 2018; Official Sistics of Sweden, 2019). Furthermore, other
GHG that are evaluated in Gequivalents, such as methane (Zlamounted to 10.5 Mt in
Finland and 10.0 Mt in Sweden. In comparison, Gadattir et al.(2018) has estimated the
potential for capturing biogenic emissions from teéeovery boiler of selected Swedish pulp and
paper mills (>0.5 Mt C@yr™) to 13.6 Mt CQ yr'; some of the companies with large point
sources of emissions operate in both Finland ared®w. These companies are committed to
sustainability and contributing to the Sustainddéxelopment Goals through their sustainability
strategies, including climate action; responsilllesumption and production; affordable and
clean energy; and industry, innovation and infuagtire. In addition, both countries have

ambitious climate goals of achieving net zero gneeise gas (GHG) emissions by 2035 and

! The data cover total emissions in 2018, excluding use, land use change and forestry (LULUCRyelbas
biogenic CQ emissions from fuels. LULUCF act as a big sinkath countries.
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2045 respectivefy(UN, 2017; UN, 2019). These trends, overlap in &etprs, proximity, and
similar conditions, mean that Finland and Swedarccpotentially share knowledge as well as
CO, transportation infrastructure, such as to,G@rage facilities in neighbouring Norway.
Within this regional context, the energy utilitymapany Stockholm Exergi launched a pilot
BECCS project in 2019, and the energy company EgumNorway has an ongoing

investigation into new storage facilities for impeat CQ (SOU, 2020:4).

The research on the potential for BECCS, howewasigtently takes a top-down approach
(Hanssoret al, 2020). BECCS is context dependent, and tensiotigei debate include concerns
about feasibility, costs, risks, responsibilitiesl drade-offs (Coxt al, 2018; Fus®t al, 2018).
Surprisingly few studies have approached the ibstt®m-up, i.e. by exploring the perspectives
of key actors that could potentially implement @arlcapture (Braunreiter and Bennett, 2017).
This corresponds to a gap in the current knowlesigee asking key companies about their
views on BECCS is important to realise or assesstigal strategies to reach national climate
goals (Geden and Schenuit, 2019). Companies’ vieeukl add knowledge in discussions
regarding multiple dimensions on BECCS from appigcaof carbon capture technology to
policy preferences that could contribute to clegreduction. In addition, company
stakeholders’ views on BECCS could contribute thiedogue among key actors to understand

contextual factors and to build trust (Nisbet, 2019

2 Note that what can be accounted for to fulfil tive goals differ between the countries, which caoges
comparisons of target years without understandieginderpinning metrics.
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Within a Swedish and Finnish context, companielaly recently started to discuss and
consider BECCS which is not implemented on a laagde. It is too early to conduct a
technoeconomic analysis since reliable quantitatata is largely unavailable for this region. As
such, this study considers bottom-up perspectngs fndustries, and by doing that, it is the first
gualitative study of its kind which seeks to highli company actors’ perspectives on BECCS
within a Nordic regional context and to exploreitiperspectives on emerging tensions in the
energy transition. Through interviews with largedscemitters of biogenic C@ Finland and
Sweden, this study addresses the following resegqrektions: What are the barriers and driving
forces to realise BECCS according to company reptesives, including their views on policy
and technical aspects? What do these stakeholoteset as their company’s role in
contributing to national climate goals, and howsIB&ECCS fit into climate change measures in

company strategies?
2. Background

CCS is a powerful climate change mitigation toaoi ib is difficult to find company strategies
about carbon capture (Wennersegral, 2015). This could be because taking decisionstabo
carbon management, such as investing in carbonreagt industrial facilities, is a multifaceted
challenge for companies requiring a structuredsiecimaking approach (Campbell-Aniti

al., 2019) Decision-making processes regarding invests) such as in BECCS, could approach
energy management on both operational and stradtagits (Rasmussen, 2020) This means that
investing in BECCS includes considering industpiacesses and how it factors into a
company'’s broader strategy. Furthermore, througgrvrews with companies involved in the

upstream extraction and the downstream handlirigssil fuels, Braunreiter and Bennett (2017)

4
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show that incorporating carbon capture and sto@@xS) into processes within those industries

would require business strategy changes.

In business models of CCS projects, the factorgridmning to their success include regulatory
frameworks, infrastructure, permitting processes ublic acceptance (Kapetaki and Scowcroft,
2017, Keffordet al, 2018). This emphasis on the agency of policievident; even though
upstream and downstream oil and gas companies\asting in CCS development, they are not
willing to invest in commercial scale CCS withobétpossibility to receive payback for taking
the financial risk (Braunreiter and Bennett, 201At)the same time, these companies are often
positive to CCS as an economical solution to mairttae status quo without considering other

alternative futures (Gundersenal, 2020).

2.2 Political context for BECCS in Sweden and Finlad

The energy transition in Sweden and Finland has deagen by policy instruments, energy
security and business opportunity (Sovacool, 208 Zarbon tax was introduced in Sweden in
1991 (SEA, 2006), and a landfill tax including anlman combustible waste in landfills began in
2000 (Swedish EPA, 2005). In 2003, a green elettertificate system was put in place in
Sweden, rewarding producers of renewable elegtnaith certificates that could be sold on a
market based on a quota for the electricity suppli8EA, 2020b). Similarly, Finland introduced
a carbon tax in 1990, however, most industries \wweom after exempted from this tax (Gronow
and Yld Anttila, 2019). Moreover, organic waste has beambed from landfills in Finland
since 2016 (EEA, 2013), and municipal waste hasasingly been used for district heating,
with about 1% of waste ending up in landfills anhugOfficial Statistics of Finland, 2018). In

addition to these policy instruments, synergiedbiomass usage have developed in both
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countries between the forestry and district heasegjors (Ericssoet al, 2004), where residue
from the forest industry can be used either asflwrahdustry processes and/or district heating
for nearby municipalities (Werner, 2017). The 19@0<risis has also played a role in the
energy transition. Even though this energy tramsiis supported by policies, culture and
business strategies, there is a gap in how companigritise energy management in their

strategies (Thollander and Ottosson, 2010).

A new climate framework was adopted in Sweden th72@Q.6vin and Wallstrém, 2017).
Subsequently, in January 2020, an inquiry on beadfatie Swedish government published a
pathway to reaching the negative emissions outlinetihe climate framework, including
political suggestions to realise deployment of BEQGOU, 2020:4). In Finland, the
government’s climate change plan emphasizes reg@&ihG emissions while strengthening
carbon sinks and accounting for the full land Used-use change and forestry (LULUCF) sink
to meet its climate target; Finland’s national telgy does not include BECCS (Ministry of the
Environment in Finland, 2017). In contrast, Swedeas not allow this use of natural carbon
sinks to meet its climate targets, so Sweden istiog on BECCS to deliver 1.8 Mt G@r*
negative emissions, starting in 2030 (SOU, 202@djthermore, BECCS is already listed as a
climate change measure in the Declaration on Ndzdidbon Neutrality (Nordic Council of
Ministers, 2019). Meanwhile, Fauet al.(2019) developed four scenarios for Sweden to ¢pmp
with the 1.5°C target in 2050 which did not relyNETSs. Instead, the scenarios required

significant changes in lifestyle and consumptiotigras (Faurét al, 2019).

Another relevant regional instrument is the EU Esmiss Trading Scheme (ETS), a cap and

trade system where companies have a decreasinghaofaemissions allowances over time (EC,

6
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2020). But in its current state, the EU ETS dodsnovide incentives for BECCS since the CO
emissions from biomass are not covered (EC, 2@16yenic CQ emissions are not registered
in a way that would encourage the implementatioBBEECS through some of the current policy

instruments in Sweden or Finland.

2.3 Industrial context for BECCS in Sweden and Firdnd

Finland and Sweden have the highest percentagadfdovered with forest in Europe; including
large-scale industries that utilise this naturabrece. In 2018, Finland’s export from the forest
industry was worth €13.0 billion, including furnigu(Finnish Forest Industries, 2020).
Meanwhile, Sweden is the third largest exportguudp, paper and sawn timber in the world,
with an export value of €14.5 billion in 2018 (SustdForest Industries, 2020). In 2018, Finland
produced 38 TWh of district heating, and wood residr forest chips made-up 36% of the fuel
(Official Statistics of Finland, 2019). Similarlyy Sweden, 56.8 TWh of district heating was

produced in 2018, and biomass composed 62% oLl SEA, 2020a).

This tradition of consuming forest resources ajdagmission point sources has renewed interest
in carbon capture in Sweden and Finland. One ofitsiereports on CCS in the Baltic Sea

region was initiated by the Swedish Energy AgergiyA) (2010) together with academic and
industrial actors, finding that CCS infrastructweuld require collaborations and policy
incentives. Since 2010, techno-economic studieS@8 opportunities focus on the pre-
requisites of the Nordic industry (e.g. Onarheital, 2015; Rydéret al, 2017) and the possible
development of a transportation system (e.g. Kadrst al, 2016; Lauriet al, 2014). Similar to

the SEA report (2010), transportation of £10 a suitable storage location is a key question i

the Nordics; the long distances combined with capzely small point emission sources (in
7
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many cases 0.5-1.0 Mt) make ships seem like aldeitption in combination with storage in
Norway. Another alternative to storing €@ to make use of it in a product through carbon
capture and utilisation (CCU). Industrial applioats of CCU include electrofuels, concrete
curing, horticulture production and lignin extractifrom black liquor. However, there is often a
geographical mismatch between where,@available and where it could potentially be

utilized on a large scale (Patricb al, 2017a; Patriciet al, 2017b).

Different capture technology options have also heeestigated. Gardarsdotst al. (2018)

found that the specific cost of G@apture using monoethanolamine (MEA) depended more
an economy of scale than on the flue gas streaceobration of CQ However, other capture
technology alternatives exist where the concewtnati the flue gas stream has a greater effect
on efficiency, e.g. oxyfuel combustion (Gronkwstal, 2006). Moreover, Buet al.(2018)
recently reviewed the development of CCS systerdscamponents. They found that other
alternatives such as polymeric membranes, pre-cetiaouand oxyfuel combustion are
increasing their technology readiness level, noly arfew steps away from becoming
commercially available. In addition, Stockholm Egiesuggested that hot potassium carbonate
(HPC) is a suitable option instead of MEA in condarheat and power (CHP) applications

(Levihnet al, 2019).

3. Method

An inductive and exploratory approach has been tsewestigate Swedish and Finnish
companies’ perspectives on BECCS, including a tmprdmapping and bottom-up interviews

with company representatives. The interview quesidgdre is provided in supplementary
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material “Appendix A”. The material collected thgiuthese interviews has been analysed using

a qualitative approach.
3.1 Identifying the largest emitters of biogenic cdoon dioxide

The European Environmental Agency (EEA) has pupbelailable country- and facility-level
data on GHG emissions via the European PollutalgaRe and Transfer Register (E-PRTR),
version 16 (EEA, 2019). The share of biogenic,@Jeported voluntarily to E-PRTR, but
Sweden and Finland’s reported biogenic emissiomgansistent with national GHG inventories
(Fridahl and Bellamy, 2018). In 2017, Swedish amohish biogenic C@emissions at point
sources larger than 0.3 Mt, added up to approximd@eMt (EEA, 2019). A three-year average
of this data (2014—-2016) was used to identify t#wlities emitting more than 0.3 Mt G@r *
(EEA, 2019)® Fifty-one pulp mills or district heating plants 3weden and Finland fit the
criterion of 0.3 Mt biogenic COyr *including 18 facilities with over 1.0 Mt GQr . The

largest facility emits approximately 2.0 Mt bioget@Q, yr ™.

A map was created in ArcGfSand these 51 facilities are in turn operated by@panies. To
maintain confidentiality, each company is refertetby the main business sector of these
facilities, either “F” for forest or “E” for energgnd assigned a unique number (for example,

“E1"), which is used to reference each companyeresults (section 4). Note that these

% The IPCC Special Report on CCS defines largeostaty emission points as above 0.1 Mt,GO* (IPCC, 2005).
At lower emission levels, the cost for transport®@, would increase (Kjarstaet al, 2016), and even at points
around 0.5 Mt C@yr ™%, it might be necessary to cluster emissions tremse cost-efficiency (Kjarstad al, 2016;
SEA, 2010).

* ArcGIS® software by Esri. ArcGIS® is the intelleatyproperty of Esri and used herein under license.
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unnamed company references are merely to show dagmpd are not intended as a conclusive
list of companies that give voice to a specifiowidhe companies in this study range from
district heating plants operated by municipalitesternational companies that manage forests
and production operations in several countries.@rbeucts produced by the companies include
pulp, paper, packaging, heat and energy. Althougbainpanies were invited to participate in

research interviews, a subset of 20 companiesgadkin this study as listed in Table 1.

10
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Table 1. The 24 Swedish and Finnish companies with fagligmitting on average >0.3 Mt
biogenic CQ yr ! in the period 2014 to 20186, listed alphabetically.

NO of Interview No. of Main
Company facilities >0_13 date |.nter- Country sector
Mt CO, yr viewees

Ahlstromr-Munksj¢ 1 No interview Swedel Energ)
Alholmens Kraf 1 29/11/201 1 Finlanc Energ)
BillerudKorsna 5 04/03/202 1 Swedel Fores
Domgjo adity 1 No interview Swedel Fores
ll\E/I?I:_(gstuna Energi oc 1 12/05/2020 1 Sweden Energy
E.Or 1 18/10/201 1 Swedel Energ)
Holmen 1 22/08/201 1 Swedel Fores
Metsa Grou 5 24/02/202 2 Sweder& Finlanc  Fores
Mondi Dyna: 1 30/10/201 1 Swedel Fores
Malarenerc 1 19/08/201! 1 Swedel Energ)
Nordic Pape 1 No interview Swedel Fores
Pohjolan Voima Oy 2 04/05/202 1 Finlanc Energ)
Renovi 1 No interview Swedel Energ)
Rottnero 1 04/09/201 1 Swedel Fores
SCA 4 30/09/201 1 Swedel Fores
Smurfit Kappi 1 21/08/201 1 Swedel Fores
Stockholm Exergi 3 121/2?1%?210913”' 2 Sweden Energy
Stora Ensao 10 11/10/201 1 Sweder& Finlanc  Fores
Sysa 1 14/05/202i 2 Swedel Energ)
Sdoderenert 1 12/09/201 1 Swedel Energ)
Sodre 3 26/09/201" 2 Swedel Fores
Tekniska Verke 1 10/01/202i 4 Swedel Energ)
Umead Ener 1 04/11/201 1 Swede! Energ)
UPM 3 17/02/202! 1 Finlanc Fores

11



Rodriguez word count 9202

3.2 Semi-structured interviews

The 24 companies listed in Table 1 were contacigg@ione and email and invited to participate
in the study. Companies were asked to select agptepepresentatives for this study based on
the interview subject of BECCS, so the compani@ktha discretion to choose representatives.
Interviews were conducted during the period Au@std to May 2020, with representatives
from companies, including employees working at campheadquarters, national offices or
facility-level. Each interview was recorded andéas40 to 75 minutes. One or two researchers
participated in each interview together with onéadiar representatives from each company,
including sustainability directors, energy engise@and R&D managers. A total of 27 company

representatives participated in interviews as shiowirable 1.

The interviews followed a semi-structured intervigavipt (see Appendix A), allowing for
flexibility regarding the order and number of quess; not all scripted questions were included
in each interview (Kvale and Brinkmann, 2009). Hagure of the interviews also enabled the
inclusion of company-specific questions and folloprguestions. The interviews centred around
dialogue which is a collective activity where tlesearcher and respondent co-create knowledge
through interaction (Kvale and Brinkmann, 2009)eThalogue is a tool to understand different
viewpoints, such as from industry actors regardingate change solutions (Nisbet, 2019).
Interviews were conducted in Swedish or English tad place via video conference, telephone
or face-to-face. Afterwards, the interview audioai@ings were transcribed word-for-word. The
guotations in the results (section 4) from theriitavs conducted in Swedish have been

translated.

12
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The interviews were structured around the followtoyjcs: national climate goals, NETs and
BECCS, the company'’s sustainability goals, andr@eth aspects related to energy use and

sustainable production.

3.3 Analytical framework

The analysis process was based on an inductiveagpmwhere the empirical data collected
from interviews formed the foundation of the anays identify themes and patterns. Inductive
coding was used to cluster the qualitative datdeatify patterns and themes (Saldafia, 2013)
Four recurring tensions were identified to struettite analysis. First, reliable long-term policies
and regulations necessary for an energy transatiercurrently lacking to implement climate
measures such as BECCS. Second, companies doentbeseselves as part of the root cause of
climate change but as contributors to the solutypmerely sustaining their conventional
sustainability efforts. Third, the timing of investnts and technical factors, such as process
integration, that are necessary to implement BEGC e facility level include trade-offs
between site-specific factors at facilities andustdy-specific factors. And fourth, customer
preferences and demands for net negative carbassems, which have not yet surfaced, have a
role in influencing companies’ decisions regardmgestments and sustainability priorities. A
summary table has been created to highlight the nesiults and most frequently occurring

patterns in this study based on thematic analydiseointerview transcripts.

3.4 Methodological limitations

This study includes the perspectives of compansesgmtatives from industries with the largest

point source emissions of biogenic £€0® Sweden and Finland. A methodological concern is

13
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that responses may be biased based on the pantgigaowledge and their individual
perspectives, which may not be representativeeottimpany itself. In addition, this could limit
the generalizability of the conclusions. Althougfiedtent viewpoints could have arisen from
selecting a set of other interviewees, the aggeelgasponse patterns seem robust. Furthermore,
respondents were informed that the Swedish Eneggngy is funding this study, which may
have influenced how companies responded, sincentiagyhave an interest in portraying certain
views. The analytical framework focuses on tensibas emerged during interviews, but
different interpretations could be derived froneinview transcripts using other analytical
framings. Finally, the example of views of comparisted in the results section, including the
results table, provide examples, but due to théitqtise nature of the interviews, these
examples may be incomplete. Additional companieg share these viewpoints even though
they did not express it during the interview. THere, the results table is not exhaustive, bug it i

a tool to highlight the most prevalent patternsrfritnis study.
4. Results

The facilities with the largest amount of bioge@i©, emissions in Sweden and Finland are
chemical pulp mills in addition to CHP plants fastdct heating. Figure 1 shows a map of the

51 facilities in Sweden and Finland that emit mitvan 0.3 Mt biogenic COyr ™ (EEA, 2019).

14
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Bi Oge nic carbon dioxide emissions [M‘t yr- 1] Copyright EuroGeographics for the administrative boundaries

e

-0.35
-0.70
-1.30

Figure 1. Map of the facilities emitting on average more ti@e® Mt biogenic C@yr* during
the period 2014-2016, E-PRTR version 17 (EEA, 204@inistrative boundaries from

EuroGraphics (Eurostat, 2019).

Although the results of this study are qualitafiv@ature, a quantification of company
perspectives is provided in Table 2 and Table J.dble 2, two relevant factors concerning the
possible development of BECCS: “Knowledge aboubearcapture technology” and “Potential
time frame for BECCS going forward”, are preserttagkther with companies’ perspectives.
More than half of the companies state that thekaeping up with the news around BECCS,
however, about half of the companies are also iigiorg other technologies. Notably, more
energy utilities than forest companies expressatittiey are considering BECCS in the future,
while at the same time, more forest companiesdthi they have conducted their own pre-
study about BECCS (ranging from informal reportptojects that have received funding from

15
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the Swedish Energy Agency). In contrast, a fewhefdompanies discussed CCU as alternative
starting points, often talking about the increagegfitability of having a product to sell in that
case. Only three companies are not currently erpagé the subject. While there is a

difference in level of knowledge compared to thenpanies that are keeping up with the news, it
should be noted that companies not currently erdhagih BECCS still had some basic

understanding of the technology.

Table 2. Summary of the companies’ perspectives considénodactors, knowledge about
carbon capture technology and potential time frdoreBECCS going forward.

Main sector Knowledge about carbon capture tectyyolo

Not currently Keepingup to  In-house carbon  Working on a

engaged date with news capture pre-study pilot/demo plant
Energy 1 7 1 1
Forest 2 5 3 0

Potential time frame for BECCS going forward

Prioritize technologies Considers CCU a more Considers investing in

other than BECCS realistic starting point BECCS
Energy 4 2 4
Forest 6 2 1

The companies also expressed many specific pergpeduring the interviews which are
described in the remainder of the results secliable 3 presents an overview of the 10 most
prevalent perspectives expressed by the compdroegxample, a large share of the energy and
forest companies expressed that they have a latgrjiof focusing on increasing both
efficiency and productivity. Furthermore, many loé tompanies pointed towards the cost

16
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barrier when talking about a potential investmarBECCS. This is linked with the perspective

that BECCS necessitates a suitable and profitadenbss case.

17
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Table 3. Top 10 most prevalent perspectives on BECCS astdirability expressed during
interviews, listing the viewpoints presented byléngest number of companies.

Perspective

Forest

companies companies

[Fn]

Section where this
perspective is detailed

Have had a long focus on increasingl, 2, 3, 5, 6,
energy efficiency and productivity

The cost barrier for implementing

BECCS is significant

BECCS necessitates a suitable and 2, 3, 4, 7, 8,

profitable business case

Switching from fossil fuels to

renewables

Trade associations as key to
collaborate with other companies and

government actors

Carbon capture does not pose any 1, 5, 6, 7, 8,
specific technoeconomic risk to other

parts of the facility

Influence of the EU on the potential 2, 3, 4, &8
for BECCS (EU ETS and other

initiatives)

The forestry sector already has net

negative GHG emissions

Norway is a potential starting point 2, 4, 6, 7, 8,

for CO, storage

Unwilling to be first movers on

BECCS

1! 3! 5’ 61 71

3,4,5,6,7,
9,&10

1,4,5,9 &
10

1,4,5,6,7,
&8

3,5,6,&8

3,5,7,8,9,
& 10

1,5,&6

1,5,7,&9

2,5,6,7,8,
9,&10

9

3,4,5 &9

4.3 Technical trade-offs
of carbon capture

4.1 Absence of reliable
long-term policies for
BECCS

4.1 Absence of reliable
long-term policies for
BECCS

4.2 Limits to companies’
climate change
responsibility

4.1 Absence of reliable
long-term policies for
BECCS

4.3 Technical trade-offs
of carbon capture

4.1 Absence of reliable
long-term policies for
BECCS

4.2 Limits to companies’
climate change
responsibility

4.3 Technical trade-offs
of carbon capture

4.3 Technical trade-offs
of carbon capture

18
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4.1 Absence of reliable long-term policies for BECS

The cost barrier of implementing BECCS was broughby both the energy utility sector and
the forest industry [E1, E3, E5, E6, E7, E8, E9Q, 4, F5, F9, F10]. For example, one company
stated that there is a need for government supgodemonstration plants in order to gain more
experience with BECCS [E1]. Furthermore, in additio a lack of reliable long-term policies
and current BECCS projects, there is no large-soalket for CQ as a product (see section
2.2). A recurring tension according to the compeepresentatives is that investments in novel

technologies are weighed against other investméstene respondent noted:

We are investing X per year. We are not going tldsaly increase that to Y per year.
This is the investment rate we have, and othersinvents would not take plagewe
were to invest in BECCS]../ There is a problem with making carbon captantdicially
very profitable, since then the forest industry ldatertainly do it, but it would be at the
expense of increased productivity which could reavequal or even larger climate

benefit.[F5]

EU-level and national policies influence industrigsility to act on climate change. While
carbon capture technology is “not rocket sciené&s]][ a major question is how the regulatory
system should be designed [F1]. Another responadentioned that regulatory systems govern
what companies can and cannot do, impacting thigrifees [E6]. Respondents agree that a
suitable and profitable business case would bessacg for BECCS [E2, E3, E4, E7, ES, E9,

F1, F4, F5, F6, F7, F8].

19
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Several companies mentioned the influence of theithe potential for BECCS, including the
EU ETS and other initiatives [E2, E3, E4, E8, F3, F7, F9]. According to one respondent,
incorporating BECCS in existing systems such a£tlETS is important, in addition to finding
markets for C@such as in the food industry [E3]. Another compegpresentative stated that
there could be opportunity to pursue BECCS viaBbeinnovation Fund [E4]. Two companies
named Best Available Techniques (BAWhich is included in the EU’s Industrial Emissions
Directive (EP, 2010), as a driver for sustainapiittions within companies [E2, F3]. One
respondent stressed the importance of designiggtars for emissions trading without
loopholes [F5]. For example, a system could begtesl, as proposed by one company, where
producers that use fossil fuels in their produotstigbute to a fund that supports CCS [E9].
Another company representative was critical ofEkeRenewable Energy Directive (EP, 2009)
but suggested a resource directive as an alteensition, which could enable a more holistic
approach to resource flows, such as the carboe cydtead of only point source emissions

[E3].

Taxes influence companies’ strategies and prigtitdd@d consequently also the willingness to
consider BECCS. According to one company, a markpblicy hybrid, possibly including a
certificate system could be a solution for BECC8][Hhere is currently no tax to incentivize
negative emissions, but an idea put forward by sengegy utility companies is that there could

be a negative CQax or a credit against a G@x, so that an emitter of G&ould get paid as

® BAT refers to environmental protections that guiiitustries regarding emissions, water, energy, avast
associated monitoring (EC, 2020).
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much for capturing C@as they would pay to emit it [E2, E3, E4, E6, EEXjother company
representative’s idea is to impose a tax on thieipod industries, for example a “global cement

tax,” to pay for the costs associated with consitngoCCS infrastructure [F5].

Related to political support, nearly all compariiethis study referred to trade associatidns.
Companies described trade associations as a keglesédr collaborating with other companies
and government actors [E4, E5, ES8, F3, F5, F7TFB8F10]. One company described a
coordinated response among trade associationsedé&wand Finland to educate the EU
Commission on integrated pulp mills [F10]. In aduht there have been BECCS policy

discussions in at least one of the association [E7
4.2 Limits to companies’ climate change responsiliy

According to the company representatives in thidtthere is a tension between who and what
have caused GHG emissions, and who are leadingsforeduce GHG emissions. The
companies in this study do not see themselvesrasfoie root cause of climate change but as
contributing towards the solution, as well as céggaroduction, merely by maintaining their
business-as-usual. However, they name other indsstnd sectors (e.g. cement, steel, transport
and agriculture) that have more net GHG emissigds F5, F8, F9, F10]. Due to this presumed

responsibility based on the ‘root cause’ of thebpem, some companies would not want to

® Interview respondents mentioned both internatiamal national trade associations including Swedsnerg
Swedish Forest Industries Federation, Finnish Bndfimnish Forests Association, and the Confedemati
European Paper Industries.
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implement measures such as BECCS so that otherseath fossil emissions can continue

their operations [E4, F5, F8, F9].

While companies try to balance contributing to aargy transition while ensuring that other
sectors also undertake responsibility, making charigwards an energy transition is not new to
the forestry and energy utility sectors in Sweded Binland. The respondents emphasized a
history of switching from fossil fuels to renewalaléernatives [E3, E4, E6, E7, E8, E9, E10, F3,
F5, F6, F8]. In both Sweden and Finland, the congsanill continue to remove residual fossil
fuels in transportation, industrial processes anldfistics [E1, E6, E7, E9, F6, F8]. One
company is investigating alternatives to carborsdegueat in its boilers, in addition to biomass-
based substitutes for start-up oil and gas su@yrdysis oil [E1]. According to this respondent,

peat is necessary for corrosion resistance anediace deposit formation in the boilers.

Evidently, even though climate change is not pesgtas caused by the companies in this study,
they want to be part of the solution and contrilboteational climate goals, in the words of one

respondent:

Change is good but slow and with a clear strategy direction, which is fine now with

these climate goals /.../. For it is clear what istone [E3]

The energy utility companies in this study see thalires as enablers for others to reach their
climate goals — providing electricity, heat, anbestproducts such as biogas — and focus on
climate change measures other than BECCS [E3, E&#. One respondent discussed
handling valuable raw materials like wood in a giac economy and only burning materials that

cannot be used in other ways [E1]. This respondisotfeels it could be more acceptable to burn
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biomass if carbon capture is implemented [E1]. ©Otoenpany representatives said that taking
care of waste streams, for example through en@gyvery, increases the circular economy and
integration of material flows in society [E3]. Aading to the energy companies in this study,
this is especially true in the service providedhs handling and treating of municipal solid
waste, which includes taking care of toxic mater[&2, E3, E7, E8, E9]. Several companies
talked about circular economy and industrial symisi@s means to increase resource efficiency
and to reduce waste, including efforts to reuserangcle products from the waste streams [E1,

E5, E6, E9].

Burning waste has been under debate since it alstaios a lot of fossil plastic materials, and a
new tax was recently approved by the Swedish Pael (2019) on each ton of burnt waste.
Energy utilities discussed reducing plastic mateveste through improved recycling practices,
thereby reducing fossil Gmissions [E3, E4, E8, E9]. Another energy compapyesentative
projects that circular economy will be a focushe future, beyond thinking about sustainability
[E6]. This company representative also mentionedrtiportance of maintaining a systems
perspective and considering differences in thenii@eof CHP and heat pumps to reach net zero

emissions in the future; heat pumps cannot impleB&CCS [E6].

Correspondingly, the forestry sector companiesimstudy also focus on environmental aspects
other than BECCS. One example of this is the graMithe forest and how this essentially
means that forestry is already net-negative (itJbUCF perspective is included in the balance)
[F2, F5, F6, F7, F8, F9, F10]. Another examplenithie calculation of substitution effects, i.e. in
the replacement of fossil products such as cemmehtassil plastic packaging with green

products such as wood and paper packaging. Alththege substitution effects are hard to
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evaluate, some companies are positive towardsawelaoment of calculation methods and tools
in this area [F2, F5, F6, F8, F9, F10]. In additithre idea of substitution effects synchronizes
well with the forestry companies’ ambitions to nmakie the output from their feedstock [F2, F3,

F5, F6, F7, F9).

Moreover, with an ongoing incremental developmerittrease production and efforts to keep
up with regulation, companies are currently atetéht stages of development. While some are
focused on improving the cleaning systems for pgeeeater [F3, F4], others are increasing
efficiency and production [F3, F7, F9, F10] andaking better care of residual side streams [F4,
F5, F7, F10]. In the larger forest industry companthese synergies to take care of side streams

take place through a company’s existing businegsisats [F8].

Although the industry respondents are willing totribute to addressing reduced net GHG
emissions, they reiterate that it is not their ogsbility to financially prioritize BECCS-related
investments which could compete with their otherremmental priorities. Nevertheless, several
companies suggest that decreasing theiy €@issions to the atmosphere would benefit society,

so they are willing to contribute [E6, E7, E8, F9].
4.3 Technical trade-offs of carbon capture

In the conversation around technical trade-offhwérbon capture technology, the main
tensions outlined by respondents were reduced gsafficiency and potential loss of sellable
products (e.g. electricity, heat, biofuels, puld @aper). The companies in this study have been
focused on increasing energy efficiency and pradigtfor a long time [E1, E2, E3, E5, E6, E7,

E8, E9, F3, F4, F5, F6, F7, F9, F10]. Conversemlplementing BECCS would lead to a
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decrease in efficiency since the capture procegsnes energy [E9]. Hence, process integration
is an important factor [E1, E4, E5, E9, F10], dsgher level of integration could increase
efficiency [E4]. Moreover, forest companies haver@asingly made use of their by-products and
side streams, either within the company or in catations; for example, in the production of
biofuels from black liquor (e.g. tall oil) [F1, FB5, F6, F7, F10], lignin separation [F6, F7, F9,
F10] or district heating synergies with municipabt[F1, F2, F6, F10]. In contrast, incorporating
a CQ capture process could re-direct some of that bssmigage, and as such there is a trade-off
to consider — which also includes the energy congsahat use forestry residues as fuel [E1, E5,

E6, E7, F5, F10].

Apart from the process integration and trade-othvefficiency and production, site specific
factors that were discussed by respondents indaudkerequirements [E4, E7, F6] and legal
barriers [E3, E4, E6, F9]. However, companies dofor@see that carbon capture technology
would pose any specific technoeconomic risk todter parts of the facility [E1, E5, E6, E7,
E8, E9, F1, F5, F6]. Furthermore, as noted by redguts, it is easier to capture £fm the
streams where the concentration is the highest f&B]example, as one respondent of a paper
company pointed out, carbon capture from the liftredould be more efficient due to the
specific conditions of that flue gas stream [F5pwever, according to one respondent, it should

not be a big problem to collect all the flue gasains into one stack [E7].

Lock-in effects and timing of investment are impaittfactors. Company representatives see the
capture process as technically mature [E4, ESEE6E9] and possible to implement [ES, F8].
However, according to another respondent, all remhriology entails some uncertainties [F7].

Correspondingly, company representatives discugsestions concerning the energy required
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[E5, E9, F3], the handling of the gas [E5, E8] tirev technical risks that have yet to become
apparent [F2]. On some level, all these parametariibute to the financial risk of investing in
carbon capture technology within the industry, sirespondents noted that large investments
that are comparable to an investment in carborucapechnology (e.g. a new recovery boiler)
are usually made on a 20 to 30-year time frame [E52 E10, F5]. According to one respondent,
if there was an instance where the new technoladyypat work properly and affected the main
process, leading to a stop in production, thendbatd be a “huge” loss [F10]. Another
company representative confirms that big investsehthat type make companies less flexible

for rapid changes [E10].

Several respondents point to a need for a E&hsportation infrastructure [E5, E8, F5, F7,,F9]
discussing possible collaborations with the govesmninto realise this large-scale infrastructure
investment [E8, E10, F9]. Another respondent stdtaticompanies would have to work
together to coordinate transport of £@cluding shared ships and pumping stations [EB].
addition, Norway was discussed by several respdadena potential starting point for storage
[E2, E4, E6, E7, E8, E9, F9], however, others dchigencerns around the safety of the storage
site [F3, F5]. Moreover, there could also be posthdr domestic storage, but this would have to
be investigated [E4, E6] and would likely need taqpéoy competence from other storage
projects, e.g. in Norway [F7]. Another respondented that a lack of domestic G6torage

locations available is a bigger barrier to BECCé&htthe technical carbon capture process [E1].

In response to these transportation and storageneders, CCU options were discussed as

alternative starting points on the way towardsizeéed BECCS [E3, F5, F7]. According to some
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company representatives, the important aspectifi¢ghat in CCU applications, there is a product

to sell, in contrast to CCS and BECCS [F7, F9, F10]

At some point of course, we would need carbon cas well. But we need to also have
use for it, and there is not. Then again, we atkitg about having an integration where
you would have all kinds of industries that wouse wr that would need the G&nd

they are not that many. That's the kind of issue tieat you would then need to find

ways of using the CO[F10]

CCU applications might therefore be more feasibleding to some respondents, since it does
not require transportation and storage oL (E2, E3, F5, F7]. In fact, some applications oftlCC
are already ongoing in form of production of préeifed calcium carbonate, which is used as
filler for paper [F9]. Another company investigatad idea to capture G@rom the lime kiln

and to produce methanol together with hydrogen feteuntrolysers. However, the electricity

price was not low enough at the point of the ingasgion [F5].

In contrast, according to some companies, it cbeldn advantage to be a first mover on
BECCS, especially since environmental concernsgnareasing and sustainability targets can be
rewarding to pursue [E4, F2]. That view motivatesie companies to initiate R&D related to
BECCS [E3, E4, E9, F2, F8, F9]. Meanwhile, otheesstill unwilling to be first movers [EZ2,

E6, E10, F3, F4, F5, F9]. Paradoxically, one ofdbmpanies does not want to be a first mover

but is conducting R&D [F9].

4.4 Lack of customer demands for negative emissions
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For the companies in this study, responding toacust preferences and demands while also
managing their finances and sustainable businesgglsioan be a challenge. For many
companies, sustainability is a well-established pathe marketing framework. The marketing

of forestry products includes a focus on sociatatigbutions and mirrors a sustainable and
active forestry sector [F1, F2, F5, F7, F8, F9]ilevhesource efficiency and energy recovery are
highlighted by energy utilities [E3, E4, E5, E6,,EEB]. One company mentioned the importance
of psychology in marketing, stating that impactindividuals’ behaviours when sorting waste
and recyclables plays a key role in reducing eminss[E6]. In this example, changing a waste
bin’s label from “combustibles” to “not sortabldgd to a 20% decrease in waste volume and an
increase in recycled materials. Marketing psychyloguld also be relevant for reducing
emissions through BECCS. Even though there carebefits to marketing sustainability
aspects, there can be trade-offs between envircwireend financial targets according to some
energy utility companies [E2, E3]. Sustainabilineg hand in hand with other company

priorities, as one respondent said:

We call it ‘triple baseline’, meaning that at thettom of our financial accounts it should
say that we have been good for the society, enwviem and economy. This is so that we

may endure in the future and continue to do gfied]

When it comes to BECCS, most companies have naéeogilated on negative emissions’
impact on the marketing of products, and while stmogight it could be advantageous for
marketing purposes [E2, E4, E6, E9, F1, F4, Félerst questioned the added benefit of
marketing negative emissions [E7, F5, F9, F10].tAaprespondent stated that CCS could have

a stronger marketing advantage in other sectoesciment or steel [F9].
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Nevertheless, pressure from customers impacts ausgactions on climate change [E3, E7,
F3, F4, F9], which is relevant in the context of BES as a possible mitigation measure. One
company emphasized partnerships with customersguaifding trust [E6]. Collaboration across
the supply chain is seen as key to communicateaddcess customers’ demands [F2]. Although
customers do place demands on climate and envimiahrelated issues according to a
company representative, these demands includé d§s emissions, water emissions, and
ecological certifications [F3]. A demand for BEC&8m customers is absent. At the same time,
another respondent made a reference to marketsegnmeh by claiming that 15% of customers
are willing to pay more for an ecological produdtile the other 85% are not, suggesting that the
same could apply for customers’ willingness to fuyproducts with BECCS [F9]. The
companies’ views on customers’ requests for neganissions could impact the type of

climate responsibility they decide to shoulder [F20].

In addition to company sustainability prioritieBete are sustainability certifications that could
contribute to marketing advantages and highligtirapany’s commitment to a sustainable
society. One such certification is by the Foresin@trdship Council (FSC) mentioned in
interviews [E4, E7, F5, F7]. The FSC is an inteioral organisation that certifies sustainable
forest management, and it has established cri@riamanaging forests and associated supply
chains (FSC, 2020). Customers’ sustainability camcand certification preferences, such as

FSC, impact how companies’ market their productsdasign their strategies.

5. Discussion
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The analysis of the interview material has shovat the most important conditions highlighted
by the companies, when considering the potentraB#&CCS, focus around four main tensions.
First, there is a lack of policies around negaéwgssions and BECCS, both internationally and
nationally, so there is no incentive to invest BACS (see section 2.2 for background on the
political context). Second, focusing on their snsalare of fossil emissions, companies do not
feel that they should be expected to go beyond therent sustainability efforts, even

though point sources of biogenic emissions haveriat for BECCS. Third, BECCS could lead
to technical trade-offs by reducing efficiency gmrdduction, in addition to impacting

the industry investment cycle (see section 2.2&mkground on the industrial context). And
fourth, a lack of customer demands for negativessimns could make it hard for companies to

prioritize investments in carbon capture technolggheir sustainability strategies.

Even though BECCS is considered to be an economiisitactive climate change mitigation
option according to top down modelling studies .(Azaret al, 2006; Mandovat al, 2019;
Rogeljet al, 2018), BECCS is not seen as an economical optioong interviewed companies,
unless there are enabling policies. Financial meishas in policies, on the national or EU-level,
could enable BECCS, although there are currentlydelicies that support its development and
implementation (Fridahl and Lehtveer, 2018). Whistuissing barriers to BECCS, the
companies in this study focused very little on @rajes like social acceptance and ethics which
are often highlighted as a key barrier, such asotegion and safety of carbon storage sites (Cox
et al, 2018). The main location for storage mentioneddaypanies is offshore in deep saline
aquifers in Norway to which the G@vould be transported by ships, but respondents als

mentioned that offshore sites near Gotland, Swetkenhave potential for future storage.
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According to a public perception study, this offshetorage is more favourable than onshore
CO; storage including pipelines (Dutschéeal, 2016). The main barrier discussed by
companies in this study remains the high costsE£8S, which is similar to the findings by
Karimi and Komendantova (2015) that in Norway anddnd, where there is moderate
opposition to BECCS, concerns focus on investmsht ©One difference between Finland and
Sweden is that the Finnish companies discussedraibks which was not brought up by any
of the Swedish companies in this study. This catdain from politics — Finland emphasizes
strengthening LULUCF sinks to meet its carbon redgoal (Ministry of the Environment in

Finland, 2017) while Sweden’s net-zero target duggely on these sinks (SOU, 2020:4).

This concern about financing BECCS depends onyistesn boundaries, such as which part of
the system would companies be responsible forywdrate would other actors contribute, which
leads to the second tension about responsibilitgnEhough the Swedish and Finnish
governments have identified large point sourcdsi@jenic emissions as having potential for
BECCS (‘Finland’s 7th National Communication untter UNFCCC,’ 2017; SOU, 2020:4), the
companies operating these facilities do not fegboasible for climate change based on the
interviews in this study. The energy utilities atehe end of the supply chain addressing the
problem of waste, while the forest industry compardo not consider themselves as large net
GHG emitters, since they often also are in therobof the forests which provide the feedstock
to their processes. When factoring in LULUCF andssions avoided through substitution
effects in their products, forestry could alreadydarbon negative (Holmgren and Kolar, 2019).
Forestry companies in both Sweden and Finland ioreedi a need for more scientific research to

evaluate the impact of substitution effects on atienchange. This knowledge gap about
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understanding linkages between forest managemertlmnate mitigation is being explored

(e.g. Lundmarlet al, 2014).

In addition, the companies in this study alreadyeha clear focus on reducing climate impact
with conventional mitigation measures other tharCBIS. Contributing to a circular economy is
a growing interest area mentioned by many energypamies in this study, and the forestry
sector’s discussions about efficient use of ressiend utilising side-streams aligns with
circular economy discussions in Finland (Nayha @ 0Eurthermore, a focus on cleaner
production by decreasing the amount of plasticifessirces in waste incineration plants is a

main priority among energy utilities in this study.

While it is technically possible to implement BECQlsere are both site and industry specific
factors to consider that can lead to technicaletraffis. In addition to reduced efficiency of the
power plant or paper mill, the possibility to intatg the carbon capture process within the
facility could contribute to the success or failofehe technology. This is because more heavily
integrated designs for carbon capture could leadrtmre efficient process. At the same time, it
is important that not so heavily integrated postibastion carbon capture applications can be
retrofitted to an existing plant and are easy szalnect. This relates to the fear of locking gto
technology that is not successful and, as sucb¢isfthe willingness of being first movers.
Another factor is that while starting small miglaivie benefits pertaining to the efficiency of the
capture process, not taking a holistic approachimgtease the specific cost of transportation
and storage (Kjarstaet al, 2016). In contrast, taking a holistic approackchpgturing large
amounts of CQ even though it is more cost-efficient, will inase the investment cost

(Onarheimet al, 2017a). As such, when considering the need fanfaastructure to then
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transport and store the G@ is no surprise that the companies involved is gtudy mentioned
other alternatives, e.g. CCU. Several studies emptiential of CCU in a Nordic context also
point towards this development pathway of using @®raw material (Karjunegt al, 2017,

Kuparinenet al, 2019; Patriciet al, 2017a; Patriciet al, 2017b).

Finally, there is a constant balancing for compsteecommunicate with customers and
shareholders while keeping up with national andrimdtional climate goals. Customer and
authorities’ demands influence company strategigsiwis shown by Haraldsson and Johansson
(2019) where customers can drive energy efficiemgrovements. Similar to the findings by
Nayha (2019), the companies in this study haveoousts that are on a spectrum of
environmental consciousness. Even though custoemeandd is too subtle to motivate the entire
industry, some of the companies in this study aresiclering BECCS. The companies’

marketing strategies exclude BECCS but rather lgghbkustainability, reducing fossil GO
emissions, improving energy efficiency, and prowglalternatives to fossil products by utilising

paper.

This mismatch to fit BECCS into the existing susility framework is perhaps most
noticeable within the forest industry, and carbaptare is currently not included in most
companies’ formal sustainability documents or wigssiEven though, it is a climate change
measure that many companies are discussing iner@ad one hand, customers have the
capability of impacting company investments andhges, so their engagement could be
relevant in the context of BECCS (Hiet&aal, 2019). On the other hand, a lack of demand
from customers and shareholders for negative eomssiould delay BECCS from becoming a

strategic investment priority. Customers have fedusn the value of certifications such as FSC
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in this study and in a study by Nayha (2019) indid. As such, maybe negative emissions
certifications could become desirable by custoraastherefore advantageous for companies in
the future. It remains a question about what vathe first to spark interest in carbon capture:

pressure from customers, the government, or evédninngompanies themselves.

6. Conclusions

This qualitative study set out to explore the pecsipes of key companies within the forestry
and energy utility sectors in Finland and Swedemynderstand their views on BECCS and
emerging tensions in the energy transition, arfdltihhe gap of a lack of bottom-up studies on
BECCS. This study includes perspectives from 2thef24 companies operating the facilities
with the largest point sources of biogenic &@issions in the two countries. Companies
perceive BECCS as one option among several cliokf@rge mitigation measures in the

political landscape.

Finland and Sweden have large point sources oEbiogmissions, mainly chemical pulp mills
and district heating plants, where BECCS couldniy@emented. However, there are challenges
beyond technology development according to thevieeed companies. From a company
perspective, the most significant barrier to impdemng BECCS is the lack of economic
incentive: either through national or internatiopalicies, political support is seen as necessary
if BECCS is to be realised. This means that redyoet GHG emissions through BECCS would
require government intervention. Other barriers driing forces from companies” perspective
include sense of responsibility, technological éradfs, and consumer and shareholder

preferences. Companies perceive that they alre@dgral will continue to contribute to national
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climate goals, and their climate change stratefgiesleaner production include energy
efficiency measures; substitution of fossil fuelfmbiomass for energy and consumer products;
and sustainable forestry management. In contraste £ompanies have sought financial support
to conduct studies or pilot carbon capture methimtéiding Stora Enso and Stockholm Exergi
(SEA, 2020c). However, most of the companies ia shidy do not see BECCS as a realistic
solution for at least another decade. This imples BECCS is perceived as an expensive and
futuristic solution, and most companies are unagilio compromise other sustainability
priorities to focus on reducing biogenic €émissions. This could lead to delays in achieving
national and international climate goals, butsoaineans that there are fundamental barriers to
reducing net C@emissions and to implementing BECCS. Overcomimglshrrier would

require imminent collaborations between governmedtstry actors and their customers to

develop and implement pathways to reduce net €fissions in sustainable ways.

Further research could seek to understand howettmical integration of carbon capture
technology at industrial facilities could work atedstudy how the political landscape influences
how carbon capture technology could contribute to®a net-negative emissions future. In
addition, research could investigate companiesgestives on different solutions to decrease
GHG emissions since there could be innovative dppdres to integrate industrial sectors to
promote more sustainable industries in the future.
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Highlights

» BECCSdiscussions are on the horizon, but few companies are first movers.

» Large-scale deployment of BECCS would require political and financia support.
»  Swedish and Finnish companies lack customer demand for negative emissions.

* There are trade-offs between energy efficiency and carbon capture.

» Companies consider BECCS as one of many climate change mitigation measures.



Abstract

Sweden and Finland have national goals to reacheggtive greenhouse gas emissions before
mid-century. Achieving these ambitious goals caritploy negative emission technologies,
such as bioenergy with carbon capture and stokadet is unclear how this technology could be
realized in an energy transition. Sweden and Fehitand out for having a large share of
substantial point source emissions of biogenicaaxbioxide, in the production of pulp, heat and
power. In the European Pollutant Release and TeaRsgister, Sweden and Finland reported
64% and 51% biogenic emissions, respectively, éilifis emitting over 100 kt of carbon
dioxide in 2017, while the corresponding collectiigire for all European states in the database
is 6%. This qualitative study highlights companyjoas’ perspectives on bioenergy with carbon
capture and storage within a Nordic regional canéexi explores their perspective on emerging
tensions in the energy transition. Semi-structuiméerviews were conducted with 20 of the 24
companies with largest point sources of biogenissions. The results are framed around four
emerging tensions regarding bioenergy with carlapiuwe and storage from companies’
perspectives in this study: (1) absence of relifdng-term policies; (2) limits to companies’
climate change responsibility; (3) technical tradfs-of carbon capture; and (4) lack of customer
demands for negative emissions. According to mbgteocompanies, it is technically feasible to
capture carbon dioxide, but it could be a challetoggetermine who is responsible to create a
financially viable business case, to enact suppgolicies, and to build transport and storage
infrastructure. Company representatives arguetitiegtalready contribute to a sustainable
society, and as such, that bioenergy with carbptuca and storage is not their priority without
government collaboration. However, they are willingontribute more and could have an

increasing role towards an energy transition iméernational context.



Keywords: Bioenergy with carbon capture and storage; nega&ission technologies; energy
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