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Corporate management faces increasing pressure to achieve both net-zero and circular economy (CE)
goals. As organizations rarely manage this alone, they must develop novel capabilities within them-
selves and across their value chains and ecosystems. To explore capability development for achieveing
net zero via circularity, we adopt a multilevel approach to capabilities theory. We explore an emerging
innovation ecosystem and its two key value chains by interviewing 12 organizations pursuing carbon
circulation in Finland. The findings are conceptualized into a framework that highlights the need for
novel multilevel capabilities to achieve net zero via circularity (i) at organizational level, to improve op-
erations, logistics, and risk management and anticipate policy development; (ii) at value-chain level,
to manage risks, sustainability, synergy exploitation and new business logic; and (iii) at ecosystem
level, for systemic knowledge development, system optimization, institutional co-creation and region-
ality. Managing capability development from organizational to value-chain level involves orchestrated
or dispersed knowledge-sharing and value chain design, while at the ecosystem level, it requires a
hybrid of these approaches involving knowledge-sharing, collaborative sensemaking and institutional
co-creation. The findings advance management science and practice with insights into the diversity, al-
location and foundational role of organizational-level capabilities in developing chain- and ecosystem-
level capabilities.

Introduction

Corporate management across industries is increasingly
concerned with climate change mitigation. There-
fore, companies are looking to develop capabilities to
decrease their carbon dioxide emissions and reach net-
zero goals (European Commission, 2022; Sairanen and
Aarikka-Stenroos, 2024), namely, the point at which
organizational contributions to global warming stop
(Bouckaert et al., 2021; United Nations, 2015). To reach
net zero, up to 45% of global emissions can be tackled
through resource efficiency, waste reduction, material
and energy savings, and circulation (Ellen MacArthur
Foundation, 2019), in other words, by implement-
ing the circular economy (CE) (Hailemariam and
Erdiaw-Kwasie, 2023). However, from corporate man-
agement’s perspective, pursuing the CE often requires

changes in multiple levels of management, ranging
from organizations’ own operations (Kaipainen and
Aarikka-Stenroos, 2022) to the value and supply chains
(Farooque et al., 2019) and the ecosystems to which
they belong (Konietzko, Bocken and Hultink, 2020).
Therefore, our objective is to explore capabilities and
their development not only in individual organizations,
but throughout their value chains and ecosystems, to
reach the systemic sustainability goal of net zero via
circularity.

In management science, capabilities represent the
transformative ability of organizations to combine re-
sources to reach a certain goal (Amit and Schoe-
maker, 1993; Dutta, Narasimhan and Rajiv, 2005),
in our case, achieving net-zero targets via circularity.
Following prior literature on sustainability-related ca-
pabilities (Demirel and Kesidou, 2019; de Arroyabe
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et al., 2021), pursuing net zero assumingly requires the
capabilities to innovate (Arranz et al., 2022; Santa-
Maria, Vermeulen and Baumgartner, 2021), reconfig-
ure internal and external competencies (Ambrosini,
Bowman and Collier, 2009; Easterby-Smith, Lyles and
Peteraf, 2009) and make strategic environmental deci-
sions (Bocken and Geradts, 2020), for example, regard-
ing pollution prevention, sustainable development and
natural resource use (see also the Natural Resource-
Based View; Hart, 1995). However, both the man-
agement literature and practitioners lack insights into
the capabilities that address the systemic sustainabil-
ity goals of net zero via circularity, including how to
manage the development of such capabilities (Easterby-
Smith, Lyles and Peteraf, 2009; Ethiraj et al., 2005; Sal-
vato and Vassolo, 2018).

Reaching sustainability goals such as net zero via
circularity demands systemic changes (Geels, 2018)
through joint efforts and collective action by multiple
organizations (Akinci and Sadler-Smith, 2019; Fehrer
and Wieland, 2021; Patala, Albareda and Halme, 2022).
Therefore, we consider these systemic sustainability
goals. The implication for management is the rise of the
multilevel approach (Dagnino, Levanti and Mocciaro
Li Destri, 2016; Kozlowski and Klein, 2000): organiza-
tions must manage not only their internal processes at
the organizational level but also their collaboration in
circular value chains (Aarikka-Stenroos et al., 2022; Fa-
rooque et al., 2019) and ecosystems (Konietzko, Bocken
and Hultink, 2020). The value-chain level refers to the di-
rect relationships among organizations that contribute
to creating and delivering a product or service (Porter,
1980), which, in our study, leverage various capabilities
to promote circularity and net zero. The ecosystem level
refers to a broader community of hierarchically inde-
pendent, yet interdependent, heterogeneous organiza-
tions, including for example value chain partners, regu-
latory authorities, standard-setting bodies, the judiciary,
and educational and research institutions (Sahasrana-
mam and Soundararajan, 2022) that interact with tech-
nologies and institutions to achieve a systemic goal (Ko-
rhonen, 2001; Thomas and Autio, 2020), such as a circu-
lar or low-carbon value proposition (Aarikka-Stenroos,
Ritala and Thomas, 2021; Stokke et al., 2022), presum-
ably harnessing particular capabilities.

Acknowledging the need to manage systemic sus-
tainability goals across organizational, value-chain and
ecosystem levels, we aim to increase understanding in
the management research of which capabilities can be
leveraged at each level and how they can be developed
across levels. Management research on capabilities has
focused on organizational capabilities (e.g. Ambrosini,
Bowman and Collier, 2009; Easterby-Smith, Lyles and
Peteraf, 2009; McKelvie and Davidsson, 2009) and only
recently acknowledged that entire value chains and
ecosystems may collectively possess capabilities (e.g.
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Aslam et al., 2018; Gupta, Panagiotopoulos and Bowen,
2023). Therefore, the literature falls short of explaining
what capabilities are required at the value-chain and
ecosystem levels or sow they can be developed at these
levels through complex mechanisms (see Gupta, Pana-
giotopoulos and Bowen, 2023; Kozlowski and Klein,
2000). This strikes as surprising, given that the persistent
lack of multilevel collaboration for systemic sustainabil-
ity goals increasingly concerns both management schol-
ars and practitioners (George et al., 2016; Patala, Al-
bareda and Halme, 2022) and top management journals
have long incorporated various corporate sustainability
approaches (Meuer, Koelbel and Hoffmann, 2020; see,
e.g., environmentalism, Shrivastava and Scott, 1992;
and corporate sustainable development, Bansal, 2005).

To address the gaps in understanding the multilevel
capabilities for net zero via circularity, we ask the fol-
lowing research questions: RQ1: ‘What capabilities need
to be managed at the organizational, value-chain and
ecosystem levels to achieve systemic sustainability goals?’
and RQ2: ‘How can the development of such capabilities
be managed from the organizational level to the value-
chain and ecosystem levels?” To answer, we qualitatively
explore an emerging innovation ecosystem that pur-
sues net zero via circularity utilizing carbon circulation,
which captures carbon emissions from industrial pro-
cesses and closes the loop by circulating them into feed-
stock for new products (Chauvy and De Weireld, 2020;
Naims, 2020). The analysed ecosystem circulates carbon
via novel, partly pre-commercial processes for carbon
capture and utilization in distinct value chains within a
national carbon circulation innovation ecosystem.

Hereafter, we provide a theoretical overview of multi-
level capabilities and their development for systemic sus-
tainability goals at the organizational, value-chain and
ecosystem levels. We then explain the case study design
and the collection and analysis of data from an emerg-
ing innovation ecosystem and its two key value chains
by interviewing 12 organizations pursuing carbon cir-
culation in Finland. The findings, representing multi-
level capabilities and how their development is managed
across levels, are conceptualized into a framework and
discussed. In the conclusion, we present our contribu-
tions to management science regarding multilevel ca-
pabilities and their development in ecosystems that ad-
dress systemic sustainability goals. Finally, we discuss
the limitations, future research avenues and implications
for businesses and policymakers.

Theoretical background

Given the scarcity of net-zero capability research, we
next synthesize prior management, sustainability, and
CE studies on (i) capabilities at the organizational,
value-chain and ecosystem levels; and (i) how they
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can be developed across levels to address systemic
sustainability goals such as net zero via circularity.

Capabilities for systemic sustainability goals at the
organizational level

Management scholars have traditionally engaged in ca-
pabilities research at the organizational level, spanning
the strategy, business and technology domains of a
single organization (Ambrosini, Bowman and Collier,
2009; Easterby-Smith, Lyles and Peteraf, 2009). Typi-
cally, organizational capabilities have been explored to
explain sources of competitive advantage (Ethiraj et al.,
2005) and enable companies to remain competitive in
rapidly changing markets by adjusting their dynamic ca-
pabilities (McKelvie and Davidsson, 2009; Teece, 2007).
Organizational-level capabilities in this study refer to
the ability of a single organization to combine its re-
sources to address systemic sustainability goals, such as
achieving net zero via circularity. Based on prior litera-
ture, we group them into strategic, market, innovation
and sustainability management capabilities. Strategic
capabilities include an organization’s ability to integrate,
build and reconfigure internal and external competen-
cies to address rapidly changing environments by sens-
ing opportunities and threats, seizing opportunities and
transforming its resource base (known as dynamic ca-
pabilities; Teece, 2007), aligned with sustainability and
CE principles (Bocken and Geradts, 2020; Santa-Maria,
Vermeulen and Baumgartner, 2021). Strategic capabil-
ities also appear in the literature as an organization’s
ability to acquire, assimilate, transform and exploit ex-
ternal knowledge for business opportunities (known as
absorptive capacity; Marrucci et al., 2022). Strategic ca-
pabilities seemingly link with market capabilities, which
here involve understanding and responding to evolving
customer demands for sustainable products in the mar-
kets and aligning product offerings with market trends
favouring circular solutions (Khan, Daddi and Iraldo,
2020; Sairanen, Aarikka-Stenroos and Kaipainen,
2024). Innovation capabilities support the development
of products, services and business models aligned with
circular principles, thus aiming to capture value across
the full product cycle (Saari et al, 2024; Suchek
etal.,2021). Sustainability management capabilities refer
mainly to the evaluation of the socio-environmental im-
pacts of circular business (Scarpellini ez al., 2020) by in-
troducing, for example, production indicators that align
with the CE (Lopes de Sousa Jabbour ef al., 2019).

Capabilities for systemic sustainability goals at the
value-chain level

Circular value and supply chains represent how compa-
nies and their direct up- and downstream organizations
organize themselves to attain a circular flow of pro-

duction and delivery, where materials and products
maintain their value to the maximum extent instead of
wasting them (Aarikka-Stenroos et al., 2022; Farooque
et al., 2019). The value chain concept highlights value
creation through direct organizational relationships
(Porter, 1980), including value-added in traditional
financial terms and the environmental value created
through, for example, waste reduction, resource use
optimization, and decarbonization (Sairanen, Aarikka-
Stenroos and Kaipainen, 2024), compared to supply
chain management that addresses the flow of materials
and information (Harland, 1996).

Value chain capabilities here refer to value chains’
ability to combine resources to address systemic sus-
tainability goals. In management research, value chains
are suggested to possess capabilities such as coordi-
nation, adaptability, agility, collaboration, integration
and flexibility (Alzate et al., 2022; Aslam et al., 2018).
Our literature review suggests that for value chains to
transform into circular flows of resources, they must
develop strategic, innovation, collaboration and re-
silience capabilities. At the value-chain level, strategic
capabilities align with the definition of sustainable
supply chain dynamic capabilities as their ability to deal
with environmental change and internal complex rela-
tionships through value chain design capabilities, also
called supply chain re-conceptualization (Beske, 2012).
Strategic capabilities enable examination of the current
chain configurations and external drivers; envisioning
and innovatively exploring alternative configurations;
navigating the implementation of the most effective
configurations with the maximum number of stake-
holders, and stabilizing the new circular configurations
in the long term (Nacchiero, Massari and Giannoccaro,
2024). Collaboration and innovation capabilities enable
the value chain to engage closely with new suppliers,
customers and even competitors to co-develop and
implement innovative circular solutions (Kohler, S6n-
nichsen and Beske-Jansen, 2022). Closely linked to the
more general value-chain capabilities of agility, flexi-
bility, efficiency and collaboration (e.g. Alzate et al.,
2022), the shift towards the CE requires also resiliency
capabilities for value chains to proactively respond to
market uncertainties, changing customer requirements
and disruptive events (Chari et al., 2022).

Capabilities for systemic sustainability goals at the
ecosystem level

Reaching systemic sustainability goals often requires an
understanding of value creation that goes beyond sin-
gle companies and value chains to multi-organizational
collaboration (Oskam, Bossink and de Man, 2021).
The ecosystem-level view encompasses multiple inter-
connected value chains and industries in a heteroge-
neous multi-organizational setting of independent yet
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interdependent organizations, technologies and insti-
tutions pursuing a systemic goal (Korhonen, 2001;
Thomas and Autio, 2020). We adopt the innovation
ecosystem approach (see other conceptualizations, e.g.,
Aarikka-Stenroos and Ritala, 2017), which emphasizes
innovation as the system level goal, and highlights
related collaboration, interdependencies, co-evolution
and the flow of value, materials, energy and informa-
tion among organizations in the ecosystem (Aarikka-
Stenroos, Ritala and Thomas, 2021; Sahasranamam
and Soundararajan, 2022).

Ecosystem-level capabilities refer to how ecosys-
tems can combine their resources to address sys-
temic sustainability goals. Recent management re-
search has proposed that ecosystems have capabilities
such as resource fluidity and collective commitment
(Sahasranamam and Soundararajan, 2022). However,
CE studies have only implicitly addressed two major
types of ecosystem-level capabilities: ecosystem collab-
oration and scalability. Capabilities related to ecosystem
collaboration involve engaging with a broad spectrum
of organizations—including companies, governments,
NGOs and academia—to implement circular practices,
for example, through industrial symbiosis (Fehrer and
Wieland, 2021; Kaipainen et al., 2023; Uusikartano,
Saha and Aarikka-Stenroos, 2022). We also posit that
scalability—an ecosystem’s ability to scale up and build
necessary resources, structures and capabilities—is also
important in reaching systemic circular (Sgambaro,
Kaipainen and Chiaroni, 2025) and net-zero goals (see
Shaw et al., 2018).

Managing capability development for systemic
sustainability goals: A multilevel approach

Specifying how phenomena at different levels are linked
in the multilevel management approach (Dagnino, Lev-
anti and Mocciaro Li Destri, 2016; Kozlowski and
Klein, 2000), we investigate multilevel capability devel-
opment: how the level-specific capabilities are developed
from one level to the next. According to Autio et al.
(2018), organizations can jointly coordinate, induce, and
steer actions, interactions and co-evolution to reach sys-
temic goals, and we assume the same applies to manag-
ing collective capability development.

A central mechanism to coordinate and integrate in-
dividual organizational capabilities in value chains and
ecosystems is orchestration, led by a central organiza-
tion that facilitates inter-organizational collaboration
(Linde et al., 2021; Parida et al., 2019; Sahasranamam
and Soundararajan, 2022). Orchestration is particularly
useful in ecosystem emergence, although the focus of
managing multilevel capability development may shift
from one central organization to multiple organiza-
tions as the ecosystem develops (Gupta, Panagiotopou-
los and Bowen, 2023). Such multi-organizational joint

J. Kaipainen et al.

management towards systemic sustainability goals can
unfold in a more dispersed manner through coordina-
tion by multiple organizations when the interests of par-
ticipating organizations diverge (Kaipainen et al., 2023).

Whether through orchestration or more dispersed
management, capabilities can be developed through col-
laboration and strategic partnerships to leverage com-
plementary capabilities between organizations across
the value chain and into the ecosystem (Aarikka-
Stenroos et al, 2022). Collaboration also enables
knowledge-sharing for collaborative learning (Kohler,
Sonnichsen and Beske-Jansen, 2022) to develop an
ecosystem that addresses sustainability goals (Aarikka-
Stenroos, Ritala and Thomas, 2021; Oskam, Bossink
and de Man, 2021). Furthermore, collaboration facili-
tates the exchange of best practices, technological ad-
vancements and process improvements of individual
organizations, driving the development of capabilities
from individual organizations to the value-chain or
ecosystem levels (Kaipainen et al., 2023).

Insights into capabilities and their development from
organizational to value-chain and ecosystem levels
(Gupta, Panagiotopoulos and Bowen, 2023) are lim-
ited, and our understanding of capability development
in practice is lacking: empirical evidence generated from
applying the multilevel management approach to ca-
pabilities and their development towards systemic sus-
tainability goals is narrow. With selected key references,
Figure 1 summarizes our theoretical framework of the
organizational, value-chain and ecosystem-level capa-
bilities for achieving systemic sustainability goals as the
three levels of a triangle (RQ1) and the development of
these capabilities as the arrow growing from the organi-
zational to the value-chain and ecosystem levels (RQ2).

Methodology

Research design and case description

A qualitative case research strategy was selected due to
the novelty and complexity of the studied phenomenon
and the limited coverage of real-life business cases
related to net zero in the management literature (see,
e.g., Naims, 2020). As our case, we selected a developing
innovation ecosystem for carbon circulation in Finland
that revolves around organizations, technologies and
institutions developing and promoting the capture and
utilization of carbon dioxide emissions from industries
that cannot avoid emissions. In alignment with CE
principles, carbon circulation enables industries with
high commercial potential to close the loop and con-
vert carbon dioxide emissions—that would otherwise
be released—into a valuable feedstock (Naims, 2020;
Sairanen and Aarikka-Stenroos, 2024). As carbon
circulation practices remain largely pre-commercial
(Chauvy and De Weireld, 2020; Kujanpéa et al., 2023),
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Capability

Ecosystem-
level capabilities

- Multistakeholder collaborations
(Kaipainen et al., 2023; Uusikartano et al., 2022)

- Scalability (Sgambaro et al., 2025)

Systemic
sustainability goals

development
Orchestration or
coordination by multiple

organizations (Kaipainen et
al., 2023; Gupta et al., 2023)

to drive

Value chain-level capabilities
- Strategic capabilities (Nacchiero et al., 2024)
- Innovation (Kéhler et al., 2022)

- Collaboration (Kéhler et al., 2022)

- Resiliency (Chari etal., 2022)

- Collaboration and

strategic partnerships
(Aarikka-Stenroos et al., 2022)
- Knowledge

sharing and learning
(Kéhler et al., 2022)

Organizational-level capabilities

- Strategic (Bocken & Geradts, 2020; Santa-Maria et al., 2022)
- Market (Khan et al., 2020; Sairanen et al., 2024)

- Innovation (Suchek et al., 2021; Saari ct al., 2024)

- Sustainability management (Scarpellini et al., 2020; Lopes de Souza Jabbour et al., 2019)

Figure 1. Theoretical framework: multilevel capabilities and their development from the organizational to the value-chain and ecosystem levels to reach

systemic sustainability goals

we consider this an innovation ecosystem. The case
ecosystem was selected based on the following key
criteria: it (i) enables exploring capabilities for net zero
via circularity at (ii) organizational, value-chain and
ecosystem levels with (iii) sufficient data access in (iv)
environmentally burdensome sectors, such as energy
and forestry (which include some of the biggest carbon
dioxide-emitting companies nationwide, encouraging
proactive steps towards building a business case from
carbon circulation). Moreover, the (v) institutional
context needed to support capability development for
net zero via circularity. Accordingly, a Finnish case was
chosen due to Finland’s national policies on climate
change mitigation aligned with the EU Net-Zero In-
dustry Act (NZIA, 2024), industrial focus on catalysing
carbon circulation business (Kujanpad et al, 2023),
and highest position in the EU Eco-Innovation Index
(which aims to assess EU countries’ innovation perfor-
mance to reduce environmental impacts; EEA, 2024)
that supports carbon circulation as an eco-innovation
initiative with high environmental impact.

To ensure insights into the capabilities explored at
the three studied levels, we focused on two value chains
embedded in the innovation ecosystem developing new
solutions for carbon circulation (see Figure 2). Value
chain 1 pursues the capture of carbon dioxide from
waste incineration in the energy and waste management
sector and its reuse to produce sustainable plastics
with co-developed technologies. Value chain 2 aims
to capture carbon dioxide from pulp mill emissions in
the forestry sector and reutilize it to produce various
fuels or chemicals. The case highlights the uncertainties

in the value creation and capture of novel and pre-
commercial technologies in an innovation ecosystem
(Aarikka-Stenroos and Ritala, 2017). Being in the emer-
gent stage of the value chains, many collaborations are
still in the planning phase; hence, companies face high
technology development and investment costs and must
find customers willing to pay a premium for captured
carbon as a raw material to justify final investment
decisions. Thus, mutual reliance in a broader ecosystem
encompassing organizations beyond the value chains
is vital to facilitate material and economic flows and
ensure knowledge and expertise exchange. The case
ecosystem therefore also includes organizations not
directly involved in the two value chains.

Data collection and analysis

The empirical data presented in Table 1 were collected
from interviews and supporting secondary sources be-
tween December 2022 and May 2024. Our primary data
comprise semi-structured interviews from 11 companies
and 1 non-profit organization. The sampling was based
on the organizations’ significant roles in the emerging
innovation ecosystem studied (see Table 2), shown by
their meeting at least one of the following criteria: (i)
participation in a national carbon circulation research
project; (i) initiated activities, strategic planning or
project management of carbon circulation; and (iii)
having the capability to develop carbon circulation
technologies and supportive infrastructure; while being
ready to share related information with this study.
The selected organizations (see Table 2) within the
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INNOVATION ECOSYSTEM FOR CARBON CIRCULATION

10 3
Value chain Value chain 12
facilitator facilitator Industry
association
VALUE CHAIN 1 VALUE CHAIN 2
Waste-to-plastics Bio-based emissions to fuels
4 9 7
CARBON Carbon Carbon Carbon
CAPTURE producer producer producer
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Carbon
MARKETS utilizer
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N

Table 1. Data sources

Figure 2. Studied innovation ecosystem for carbon circulation

Data type
Primary data

Data: amount and description

Specification

Role in analysis

Interviews with
ecosystem
organizations

Memos

Secondary data
Media data

Publicly available
reports and directives

Interviewed organizations:
n=12

Total number of interviews:
n=14

Total number of interview
participants: n = 15

Workshops, seminars or webinar
presentations
(n="9)

Eleven companies and one
organization (n = 12):
company/organization websites,
marketing outlet documents

Reports and directives
(n=4)

the interview guide. One person per eight companies

and one organization were interviewed. Several

managers participated simultaneously in the interview

with companies 4, 5, and 10 (see reference number and

company description in Table 2). Two rounds of
interviews were conducted with managers of
companies 1 and 4.

Research and knowledge exchange events related to

carbon circulation were attended from August 2022 to

April 2024, and they involved diverse participants
fromcompanies and academia.

Eleven companies and one employer federation (see

Table 2 for details).

Kujanpia et al. (2023)
European Commission (2020). Climate strategies and

targets.

European Commission (2021). Sustainable carbon cycles.
European Commission (2022). European Green Deal.

Semi-structured interviews were conducted according to Interviews with individual organizations indicated

their roles, responsibilities, and
interconnections with others in the carbon
circulation ecosystem. The interviews were
conducted with (i) key organizations
implementing/aiming to implement carbon
circulation innovations and (ii) supportive
organizations who can facilitate the ecosystem.
The variety of interviewees allows extending a
research perspective from the individual and
value-chain levels to the ecosystem level.

Notetaking at the research seminars increased the
trustworthiness of this study by validating
evidence of the companies’ activities regarding
carbon circulation, interdisciplinary scientific
funding, regulations, sustainability impact,
innovations and business perspectives on
carbon circulation.

Using additional data from the companies, such
as promotion materials, enabled validating
insights to how they implemented carbon
circulation, their strategic plans, and changes,
facilitating the exploration of capabilities
development.

Referring to the publicly available reports and EU
regulations helped to complete the picture of
the current and future perspectives on carbon
circulation management, showing opportunities
and challenges as the market for captured
carbon and its derivatives develops.

case ecosystem represented five organizational roles:
carbon producers (large incumbents generating car-
bon emissions), carbon utilizers (incumbents or new
entrants processing and converting carbon dioxide
into new products), technology providers, value-chain

facilitators (companies focused on, e.g., innovation
services) and one industry association. They shared a
strategic interest in sustainability and the development
of environmentally sound technologies. The study cap-
tures most of the organizations meeting the sampling

© 2025 The Author(s). British Journal of Management published by John Wiley & Sons Ltd on behalf of British Academy of

Management.
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Managing Capabilities to Achieve Net-zero via a Circular Economy 9

criteria in this still-nascent case innovation ecosystem in
Finland.

The interviews, targeting experts and managers re-
sponsible for the carbon circulation management and
processes in their organizations, lasted from 45 to
110 min and were recorded and transcribed. Between
one and three interviewees participated in a single in-
terview. Two companies directly involved in the energy
and forestry sectors, being the most central to the two
studied value chains, were interviewed twice to deepen
understanding of their intentions and approaches. As
studies on carbon circulation as a business activity are
lacking, the interview guide (see Table 3) enabled an in-
ductive exploration of themes corresponding to the re-
search questions.

The collected textual data were analysed through
qualitative thematic analysis (Boyatzis, 1998). Fol-
lowing a data-driven approach, we first developed an
overview of the organizations and visually mapped the
innovation ecosystem to showcase the case boundaries
of the carbon circulation processes driven by shared
systemic goals, the emerging value chains inside the
ecosystem, and the interactions and roles of the in-
volved organizations, as recommended by Phillips and
Ritala (2019; see Figure 2). Once we were familiar with
the case ecosystem and data, we examined the emergent
capabilities through thematic coding of the data, using
the analysis software Atlas.ti, following the data struc-
ture outlined by Gioia, Corley, and Hamilton (2013).
First-order codes were assigned to the expressions and
aspects potentially related to multilevel capabilities
and their management, such as organizational com-
mitment to decarbonization or joint carbon circulation

Table 3. Key interview themes

research activities. These were subsequently grouped
into second-level themes representing the detected ca-
pability types and the activities bringing the capabilities
together for value chains and the ecosystem. Capability
types were accepted into our framework only if they
were backed by first-order evidence from at least two
organizations. Lastly, the capability types were grouped
into aggregate dimensions representing capabilities at
the organizational, value-chain, and ecosystem levels
and the identified characteristics of capability devel-
opment. Figure 3 illustrates a selection of codes and
second-order themes to give an overview of the data
structure (details in Tables 4-6).

During data collection and analysis, multiple mea-
sures were taken to enhance research quality. The empir-
ical data were triangulated from primary and secondary
sources to increase internal validity (Merriam and Tis-
dell, 2015). Each interview was analysed by multiple re-
searchers, and the key codes identified were compared
to ensure researcher triangulation. Furthermore, to con-
firm the novelty of empirically driven insights as they
unfolded, we returned abductively to the theory to re-
vise our theoretical background and analysis framework
(Dubois and Gadde, 2002).

Findings

Capabilities at the organizational, value-chain, and
ecosystem levels in an innovation ecosystem for carbon
circulation

At the organizational level, our analysis revealed seven
interconnected key types of capabilities to achieve net

Key interview themes
addressing RQs

Interview sub-themes and their rationale

Carbon circulation and e Motivation for net-zero targets: reasons for investment in carbon circulation innovations and their

net-zero targets (RQ1) implementation;

o Economic value creation: potential of developing economic value from carbon circulation activities;

Organizational-, value-chain, e
and ecosystem-level
capabilities (RQ1) .

Value-chain and ecosystem e
management (RQ?2)

Regulatory and market .
landscape influencing
capability development .
(RQ2)

Carbon circulation technologies: insights on enabling technologies to reach net zero and circularity targets and
the business opportunities they can create

Multilevel capabilities: assessment of existing organizational, value-chain, and ecosystem capabilities supporting
companies’ carbon circulation implementation;

Required capabilities: missing or needed capabilities potentially hampering carbon circulation implementation
and management;

Carbon circulation technologies’ impact on business models: status of technological advancement and
description of the intended business models to develop the needed multilevel capabilities

Organizational capability management: organization’s management and communication activities supporting
capability development;

Multi-organizational interaction: organization’s role and interaction with others in the value chains and
ecosystem, facilitating carbon circulation and related innovation activities;

Interaction facilitation: specifics of organizations’ collaboration in value chains and ecosystems

Market forces and regulations: market and regulatory effects on carbon circulation value chains and ecosystem
emergence and management;

Regional specifics: characteristics of country location and political context influencing capabilities development
and management

© 2025 The Author(s). British Journal of Management published by John Wiley & Sons Ltd on behalf of British Academy of

Management.

85UB017 SUOLILLIOD BAINRID 3ot [dde 8y} Aq peupAob a2 S9fole YO 8sN J0 S9IN1 10} Akeiq1 8UIIUO A8]IA UO (SUONIPUOD-PUE-SWLBIALIY"AB| 1M Aleq 1 put|uo//:Sdny) SUORIPUOD pue Swie | 841 89S *[520Z/0T/0T] Uo ARiq18uljuo A(IM ' 0]1041esed Bd PEPSIBAIUN - BLEN-BIUES Sewo | Aq 2T00L TSS8-29vT/TTTT 0T/I0p/W00 A8 1M ARiq1jpul|uo//sdny woly pepeojumoqd ‘0 ‘TSS8.9rT



10

Selection of 1% order concepts

Selection of 214 order themes

J. Kaipainen et al.

Aggregate dimensions

. Commitment to decarbonization

. Strategic positioning within the value chain

. R&D activities to gain competitive advantage

. Adaptable and customizable technologies

. Addressing specific challenges of the markets
for products made of recycled carbon

. Understanding new customer segments

Strategic capabilities

Innovation capabilities

Market & customer-
oriented capabilities

Organizational
capabilities

. Sector coupling activities

. Matching of carbon flow volumes between
value chain actors

. Division of responsibilities in the value chain

Synergy exploitation
capabilities

Value chain design

Value chain

. Dispersed capability development actions in

. Fitting interests of value chain partners capabilifiss eapabiliies
. Collaborative renewal of business models and New value chain business
development of new offerings logic capabilities
o . . . Ecosystem collaboration
. Facilitating collaboration and information capabilities
exchange
. Joint R&D&I programs or activities > System optimization Ecosystem
. Finding and addressing system-level bottlenecks capabilities capabilities
. Scaling of emergent technologies
*  Influencing policymaking through joint efforts Institutional co-creation
capabilities
. Proactive knowledge exchange
*  Value chain structuring activities Mechanisms for capability
L Technology development partnerships development
. Orchestrating capability development through > Capability development
strategic positioning and significant investments Management approaches

for capability development

systems without a central actor

Figure 3. Data structure

zero via a CE, summarized in Table 4 with illustrative
examples from the data.

Firstly, organizations need strategic capabilities to
create viable carbon circulation value chains from
scratch, position themselves wisely and justify signifi-
cant investments in the new value chains and technolo-
gies. These capabilities are particularly important for
the organizational roles of carbon producers and car-
bon utilizers, who make the largest investments and can
often choose to vertically integrate the carbon circula-
tion business. Secondly, market- and customer-oriented
capabilities are crucial to commercialize novel products
based on circulated carbon that compete with existing
fossil-based alternatives in an emergent market. To suc-
ceed, carbon processors and other companies must un-
derstand the factors that steer market development and
customers’ value perceptions. Third, innovation capabil-
ities are necessary for technology providers and carbon
processors to remain on the front foot in the race to net
zero with their R&D. Agile innovation processes and
versatile technologies help companies secure a foothold
in the rapidly developing markets of novel low-carbon
products.

Fourthly, risk management capabilities emerged
from the data as a dynamic shift to net zero requires
companies to balance multiple significant risks re-
lated to unexpected changes in, for example, tech-

nologies, policy development and market demand.
This capability type was found to be crucial across all
organizational roles within the case ecosystem. The fifth
type is sustainability management capabilities. Expertise
in assessing sustainability effects is valuable to prof-
itability calculations, regulatory compliance and opti-
mizing branding benefits. Sustainability management
capabilities were found critical for emitters, but impor-
tant for all organizational roles. Sixthly, policy-related
capabilities were found to be vital for organizations to
profoundly understand the current and possible future
business environment of carbon circulation and analyse
value creation potential accordingly. Since the market
and technology development for many circularity-based
solutions for net-zero are heavily steered by differ-
ent policy instruments, these capabilities are needed
throughout the ecosystem. However, value chain facili-
tators and industry associations can play crucial roles in
collecting, synthesizing and distributing policy-related
information. Finally, operational and logistical capabil-
ities are important to optimize new material and energy
flows and process integration. Carbon producers and
utilizers need these capabilities to build feasible business
cases around novel carbon circulation businesses.

At the value-chain level, we identified five types of key
capabilities (Table 5). Value chain capabilities are rooted
in organizational capabilities, which must be built on or

© 2025 The Author(s). British Journal of Management published by John Wiley & Sons Ltd on behalf of British Academy of

Management.
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Table 5. Key types of value chain capabilities to achieve net zero via a CE

J. Kaipainen et al.

Capability type Key capabilities

Relevance for reaching net zero via
circularity

Data example

Value chain Ensure holistic

sustainability environmental
management sustainability of the
capabilities value chain

Value chain risk
management
capabilities

Manage multilevel
uncertainty where,
inter alia, policy
developments can
change the market and
consequently affect
technology choices

Assess which
decarbonization
pathway will be used

Find opportunities for
sector coupling and
industrial symbiosis

Synergy exploitation
capabilities

Value chain design Match the offer and
capabilities demand of resources
throughout the chain

(e.g. volumes of
carbon dioxide)
Understand and ensure a
fair division of
benefits and
additional costs

Have the flexibility to
produce different
products

Reaching systemic net-zero goals
should not compromise other
environmental sustainability
goals at the value-chain level

A carbon circulation value chain
must be aware of multiple
simultaneous risks and use
robust reasoning to choose and
lock into a technology or
decarbonization pathway.

When industries first seek optimal
decarbonization pathways (such
as carbon capturing or materials
innovation), it is key for value
chains to correctly recognize
development trends and make
business decisions.

To attain competitive advantage,
novel circular value chains for
net zero must exploit new
cross-sectoral material and
energy synergies.

For carbon circulation value chains
to function, no company should
end up with excessive under- or
overcapacity.

Ambiguity often exists regarding
which party in the carbon
circulation value chain in
practice gets the environmental
benefit, perceives added value,
and can bear a possible
additional cost of the product.

A carbon circulation value chain is
more competitive if it can react
to changing resources or market
situations by having various
options for the final product and
division of responsibilities.

“The sustainability is discussed, whatever we do, starting
from the forestry, our raw materials, and then ending
up with what happens to our products. [...] So, in the
whole value chain, sustainability is the focus’. (4)

‘If we were to produce methanol, that is then a
completely different value chain. [...] We indirectly
use quite a lot of methanol in our products and are
looking to have products with a lot better
sustainability profile’. (8)

Organization 2 argues that the main risk for carbon
capture-based value chains is the rapid development
of alternative solutions, such as hydrogen reduction
in the steel industry or alternative energy carriers in
the airline industry.

Organization | decided to build a value chain to convert
captured carbon dioxide into plastics because it
believes that demand for fossil-free plastic will surge
in the future.

Organization 2 presented various novel sector-coupling
opportunities with clear business benefits, including
using side product oxygen from hydrogen electrolysis
for oxy-fuel carbon capture processes.

“Typically, there are some chemical plants next to the
[pulp] mills, because there are synergies. We have
chemical producers next to us [that buy] one of the
side streams from the pulp mill process, but we also
get pitch oil from them that we burn, that is biogenic
fuel for us, and we have replaced heavy fuel oil with
that. So, it’s a good synergy. The same thing with
carbon dioxide’. (4)

Organization 8 discussed the difficulties of finding a
suitable value chain due to the rather small scale of
the operations planned for carbon dioxide
conversion, which does not match well with the
capture scale of big carbon producers.

Organization 6 highlighted that the value perceptions of
different parties are difficult to grasp for different
products. For example, methanol can be used as a
base to produce a multitude of materials that are later
used in multiple industries, and companies in all these
steps could perceive a variety of benefits. These
hard-to-attribute benefits, in turn, affect the
willingness of different parties to pay a premium or
invest and thus the feasibility of the whole value
chain.

‘If we think about capturing the carbon dioxide and
then combining that with hydrogen, then you will be
able to produce hydrocarbons, so basically the
building blocks, whether it’s then materials or
chemicals. You can use different conversion
technologies to create different types of chemicals or
plastics. [...] So we are evaluating different options
together with different partners’. (1)

‘Methanol can be used to produce plastics, solvents,
makeups, many different things. Ammonia can be
mainly used as a fuel or then in the fertiliser industry’.

©
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Table 5. ( Continued)

Relevance for reaching net zero via

Capability type Key capabilities

circularity

Data example

New value-chain
business logic
capabilities

Develop the economic
feasibility of carbon
circulation in a novel

value products.

Value chains for carbon circulation
may require the renewal of old
business models or development

way of new ones, such as selling

carbon, buying carbon
circulation services, or
transforming carbon into market

‘Our business model is based on the idea that we are
going to install and operate the carbon capture plant
as well as the hydrogen production plant and the
synthetic material production plant, and then
basically sell the end products to the customers. But it
depends on the willingness of the carbon dioxide
emitter to participate in this value chain. The targeted
business model for the carbon capture may also be
different, and the interfaces between the different
partners within the value chain can be as well’. (6)

‘We are the one that buys the [carbon circulation]
service, because we have the gas but not the expertise
or the process’. (7)

scaled into an interorganizational setting. The following
subsection discusses what capabilities can be developed
from the organization to the value-chain level according
to the empirical evidence.

Firstly, sustainability management capabilities are
also required at the value-chain level to guarantee that
holistic sustainability needs are met by the chain, and
no sustainability goals are compromised in the pursuit
of net zero. Secondly, value-chain risk management ca-
pabilities are needed to scale up from the organizational
to the value-chain level because many of the most im-
pactful decisions to manage risks related to dynamic
externalities (e.g. regulation, market demand or tech-
nological innovation) are taken at the value-chain level
and concern value-chain configuration. Thirdly, value
chains need synergy exploitation capabilities, which par-
tially build on operational capabilities drawn from the
organizational level. This refers to the abilities of the
value chain to exploit, in particular, sector coupling and
industrial symbiosis to increase efficiency and minimize
waste from material and energy flows within the novel
intra- and cross-industrial collaborations embedded
in carbon circulation value chains. Synergy exploita-
tion capabilities can considerably increase the techni-
cal and economic feasibility of carbon circulation value
chains.

The fourth type, value-chain design capabilities, is
closely related to the third and not only fosters a value
chain’s competitiveness but, importantly, guarantees its
ability to deliver balanced benefits and respond to the
needs of all its participants. Value-chain design capabil-
ities are needed because the benefits of decarbonization
are often defined by ever-developing rules and frame-
works, such as emission accounting, which can create
ambiguity regarding the true beneficiaries within a car-
bon circulation value chain. Finally, new value-chain
business logic capabilities build on particular strategic
and customer-oriented capabilities at the organizational
level and refer to the ability of a value chain to adopt a

combination of new business models based on, for ex-
ample, selling and refining captured carbon or prevent-
ing emissions. We found that at the value-chain level,
novel business logics need to be co-developed among the
value chain organizations to attain true competitiveness
and profitability.

In conclusion, many capability types share similarities
at the organizational and value-chain levels. However,
as value chain capabilities are collective in nature,
they often have broader impact potential than their
counterparts at the organizational level. For example,
sustainability capabilities can address broader systemic
sustainability impacts when applied collectively by the
entire value chain. On the other hand, some orga-
nizational capabilities are necessary prerequisites for
building up value chain-level capabilities. For example,
effective synergy exploitation through sector coupling
in the value chain can hardly be achieved without
strong operational and strategic capabilities among the
individual organizations.

Finally, at the ecosystem level, we identified five key
capability types that reflect the abilities of the entire in-
novation ecosystem to combine their resources for sys-
temic sustainability goals. They are presented in detail
in Table 6.

Firstly, the ecosystem collaboration capabilities
identified in our case refer to an ecosystem’s ability to
facilitate collaboration to accelerate innovation and
scale up business towards net zero. They build on,
for example, value-chain design and new value-chain
business logic capabilities at the value-chain level.
Secondly, systemic knowledge development capabil-
ities allow an ecosystem to inform participants not
only about global and regional development trends but
also about explicit and hidden systemic limitations (e.g.
the availability of biogenic carbon dioxide) that compa-
nies must consider when engaging in carbon circulation
businesses. Relatedly, an ecosystem also needs system
optimization capabilities to identify and address sys-
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Table 6. Key types of ecosystem capabilities to achieve net zero via a CE

J. Kaipainen et al.

Relevance to reaching net zero via

Capability type Key capabilities circularity Data example

Ecosystem Produce joint R&D and Development of technologies for Organization 2 had entered into a partnership
collaboration innovation programmes carbon circulation can be accelerated with another company to develop and pilot a
capabilities through systemic collaboration. new type of hot potassium-based carbon

Facilitate formal and
informal communication

Systemic knowledge
development
capabilities

Generate and spread
understanding of systemic
development trends

Generate and spread
understanding of systemic
limitations

System optimization  Scale up technologies and

capabilities increase their efficiency,
lowering costs
Eliminate systemic
bottlenecks
Institutional Influence policymaking
co-creation
capabilities

Align with regulatory
development

Channels for information exchange and
cooperation are essential to catalyse
systemic changes towards net zero.

To make informed decisions on carbon
circulation, companies need guidance
and access to the latest information
from the ecosystem.

Ecosystems should provide their
organizations with the necessary
awareness of limitations, such as
types of carbon available or
legislation that sets indirect
limitations to carbon circulation.

In emerging carbon circulation
ecosystems, broad collaboration (and
development funding) is typically
needed to achieve rapid,
cost-effective development.

When new carbon circulation systems
emerge, a great deal of infrastructure
and technology must be developed
simultaneously, which underlines the
importance of identifying and
eliminating bottlenecks in the system

In a dynamically developing and
complex regulatory environment
concerning carbon circulation,
ecosystems can create crucial benefits
for their organizations by influencing
policy and regulatory development.

Ecosystems should create awareness of
current and potential future
regulations to help organizations
exploit opportunities and mitigate
policy risks.

capture technology; the project had recently
acquired EU research funding.

‘I think cooperation is the most important,
cooperation capability’. (10)

“We are collaborating [on carbon circulation]
with different universities and different
small-sized companies both in Finland and in
Europe’. (1)

Organization 12 was increasingly focusing on
distributing the latest decarbonization-related
information throughout the ecosystem,
putting together and providing tailored
resources.

Organization 1 emphasized that it wants to
promote its carbon circulation business to
raise awareness so the industry can adopt
carbon capture and utilization technologies on
a larger scale.

‘I just realised that, for example, the energy
efficiency directive is connected to carbon
capture and utilization because it’s basically
capping the energy consumption in the EU.
So, if you are not allowed to use more energy,
how are you going to invest in carbon
circulation or hydrogen or anything like that?
That’s a good example of legislation that
shouldn’t be related to carbon circulation, but
it is, indirectly’. (12)

‘These [carbon capturing] technologies need to
scale. [...] When you have the scale to do
something, then the cost goes down’. (2)

‘I think many of the technologies are there, but
what is really needed are these kinds of
complete, big-scale projects that are somehow
showing the way. [...] I think that something
that would be needed are these kinds of
demonstration projects that then others can
follow’. (8)

Organization 2 pointed out that availability for
carbon storage locations is a systemic
bottleneck that ecosystems must address to
avoid delays in market development.

“We are trying to have, some call it lobbying, but
you could also call it information-sharing.
Basically, we are the bridge between our
member companies and politicians. So, we can
help our member companies in that way’. (12)

Organization 12 stressed the importance of
closely following and assessing political
discussions in the EU, particularly after the
2024 elections.

Organization 6 described the complex policy and
regulatory landscape (including, e.g., sectors
under the emission trading system and
renewable energy directive) that dynamically
steers market demand and has complex
implications for the innovation ecosystem.
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Tuable 6. ( Continued)

Relevance to reaching net zero via

Capability type Key capabilities circularity Data example
Regionality Exploit competitive regional ~ Ecosystems can embrace the unique Organization 9 emphasized that carbon
capabilities advantages opportunities that different countries circulation is a huge opportunity for the

and geographical areas present for
the carbon circulation business.

Effectively utilize (and
develop) regional physical
and market infrastructure

Ecosystems should take advantage of
existing infrastructure that can enable
carbon circulation and fix potential
technical issues.

Nordic countries due to the big point sources
of bio-based carbon dioxide and abundant
renewable energy.

Organization 6 highlighted that there are social
sustainability as well as environmental benefits
from relocating fuel production from the
Middle East to Finland and similar countries,
where the regulatory and business
environment is better known.

Organization 9 pointed out that Finland
possesses the basic requirements to facilitate
carbon circulation and the decarbonization of
energy, as it has a strong national electricity
grid and an open electricity market.

temic bottlenecks, such as locations for carbon storage,
and enable cost-efficient technology diffusion. These
capabilities link with operational capabilities at the
organizational level and value-chain design capabilities
at the value-chain level.

Fourthly, policy-related capabilities at the organiza-
tional level can accumulate and translate into institu-
tional co-creation capabilities at the ecosystem level,
which are essential in net-zero settings. Since policy
and regulation on circularity and decarbonization are
developing dynamically, an ecosystem capable of co-
ordinated advocacy can steer policy development in
favourable directions, such as promoting carbon dioxide
as a resource rather than waste. Lastly, regionality ca-
pabilities refer to the ecosystem’s ability to leverage and
develop the surrounding national or geographical envi-
ronments. For example, Finland’s strong national elec-
tricity grid provides a competitive advantage to carbon
circulation ecosystems while requiring determined and
continuous further development.

To summarize, some ecosystem-level capabilities for
achieving net zero via circularity, such as institutional
co-creation capabilities, build on organization- and
value-chain-level capabilities that can generate broader
impacts when aggregated into a capability of the entire
ecosystem. Others, such as regionality capabilities, are
grounded in the characteristics and positioning of each
ecosystem. Ecosystem-level capabilities require partic-
ipants to transcend value chains and industry sectors
to transform the overarching business environment in
favour of circularity and net-zero goals.

Managing capability development in an innovation
ecosystem for carbon circulation

Apart from the specific capabilities identified at the three
levels, we explored capability development from (i) the

organizational to the value-chain levels and (i1) from the
organizational and value-chain to the ecosystem levels.

Regarding the first, we identified two mechanisms in
value chains 1 and 2. The first is knowledge-sharing,
namely, proactive communication between organiza-
tions to generate a better understanding of the (po-
tential) organizational capabilities, such as operational
competences related to material flows, enabling the de-
velopment of value chain-level capabilities, such as in-
dustrial symbiosis activities. The second is value-chain
design. Value-chain design activities, such as seeking
suitable partners and organizing them into a chain that
suits all participants’ needs, are not only a standalone
value-chain capability type but also directly contribute
to the emergence of a variety of value chain-level capa-
bilities grounded on the joint understanding of organi-
zational capabilities.

Furthermore, we identified two approaches to man-
aging capability development from the organizational
to the value-chain levels. Here, a significant differ-
ence between the two value chains of the innovation
ecosystem emerged (see Figure 2). Value chain 1 (waste
to plastics) managed capability development through
orchestration, with organization 1 playing a central
role for multiple value-chain functions, including the
capture of carbon dioxide and its conversion into
products. This is because one incumbent (energy and
waste management company, see Table 2) possessed
most of the key capabilities for managing the different
functions of the value chain, including the capability to
coordinate the chain development in the direction that
suits its own strategic intents. Here, the incumbent can
relatively easily identify and seek the capabilities still
needed from other organizations to complete the value
chain. This may explain why we found value chain 1
at a more advanced stage of taking carbon circulation
innovations to the market than value chain 2. Relat-

© 2025 The Author(s). British Journal of Management published by John Wiley & Sons Ltd on behalf of British Academy of

Management.

85UB017 SUOLILLIOD BAINRID 3ot [dde 8y} Aq peupAob a2 S9fole YO 8sN J0 S9IN1 10} Akeiq1 8UIIUO A8]IA UO (SUONIPUOD-PUE-SWLBIALIY"AB| 1M Aleq 1 put|uo//:Sdny) SUORIPUOD pue Swie | 841 89S *[520Z/0T/0T] Uo ARiq18uljuo A(IM ' 0]1041esed Bd PEPSIBAIUN - BLEN-BIUES Sewo | Aq 2T00L TSS8-29vT/TTTT 0T/I0p/W00 A8 1M ARiq1jpul|uo//sdny woly pepeojumoqd ‘0 ‘TSS8.9rT



18

edly, value chain 2 enabled us to observe dispersed
capability development. In contrast to value chain 1,
the incumbent (forestry company A) producing carbon
did not have the capabilities for carbon utilization and
commercialization. Hence, more diverse organizations
with different interests and capabilities were involved
and attempted to find common touchpoints through re-
search projects. Notably, no organization was taking the
lead to pursue potential first-mover advantages in the
emerging markets. Even the largest incumbents, which
were not restricted by resources, were concerned about
the technology development and financial investment
risks.

Regarding capability development from the organi-
zational and value-chain levels to the ecosystem level,
the innovation ecosystem for carbon circulation mani-
fested three mechanisms. Knowledge-sharing was again
identified as important, but to develop capabilities at
the ecosystem level, it was accompanied by collabora-
tive sensemaking: a joint effort to develop a shared and
actionable systemic vision of the situation and needs of
the innovation ecosystem. These two mechanisms par-
ticularly manifested in diverse cross-sectoral and cross-
chain meetings and events. Such occasions allowed dif-
ferent value chains and organization types to initiate
new formal cross-chain collaborations and establish a
joint understanding of systemic trends, development
needs, and competition among different decarboniza-
tion pathways. Furthermore, institutional co-creation—
itself posited as a key capability for the ecosystem—
was identified as a mechanism that diverse organizations
leveraged to pursue the systemic goal of net zero. Here,
organizations across the ecosystem collectively deliver
joint efforts to shape the regulatory and policy develop-
ment as well as the norms for institutionalized carbon
circulation.

In contrast to the value-chain level, the ecosystem
level manifested a dynamic hybrid of orchestrated and
dispersed capability development. For example, to de-
velop ecosystem collaboration capabilities, dispersed
communication facilitation was used to create links in
the case innovation ecosystem beyond distinct value
chains, after which organization 10 could take a central
orchestrating role to initiate a joint research programme.
Ultimately, the orchestrated and dispersed communica-
tion actions mutually reinforced one another to build up
collaboration capabilities.

Discussion

Our analysis of a carbon circulation innovation ecosys-
tem enabled the identification and structuring of mul-
tilevel capabilities and their development in addressing
the systemic sustainability goals of net zero via circular-

J. Kaipainen et al.

ity. The findings from the empirics are conceptualized in
Figure 4 and discussed in the next subsections.

Multilevel capabilities for systemic sustainability goals

The framework depicts (i) the key capability types that
play a fundamental role in approaching net-zero goals
via circularity at the organizational, value-chain, and
ecosystem levels and (ii) the main capability develop-
ment mechanisms across the three levels. Highlighted in
italics are the capabilities that sugappeared to be novel
to the literature. Although these capabilities partly over-
lap across the levels, they manifested differently at each
level. For example, strategic and market-oriented capa-
bilities at the organizational level that largely deal with
goal-setting by single organizations were developed into
value-chain design capabilities at the value-chain level,
focused on organizing and structuring. In contrast,
sensing-oriented policy-related capabilities at the or-
ganizational level translated into more transformative
institutional co-creation capabilities at the ecosystem
level.

At the organizational level, prior research has dis-
cussed strategic, market, innovation and sustainability
management capabilities via circularity (see Figure 1).
Our findings bring forward three important types of
organizational capabilities not usually presented: opera-
tional and logistic, risk management and policy-related
capabilities. Firstly, operational and logistical capabil-
ities are often positioned in the management literature
as the foundation of capabilities with a strategic nature,
such as dynamic capabilities (Ambrosini, Bowman and
Collier, 2009; McKelvie and Davidsson, 2009). How-
ever, the CE literature has addressed them more implic-
itly, for example, when discussing operational efficiency
to reduce waste and improve resource use (Kaipainen
and Aarikka-Stenroos, 2022; Konietzko, Bocken and
Hultink, 2020). Given that dynamic capabilities are
gaining traction in the CE literature (Bocken and Ger-
adts, 2020; Santa-Maria, Vermeulen and Baumgartner,
2021), it is important to highlight that operational and
logistical capabilities serve as the underlying foundation
enabling more strategic sensing, seizing and transform-
ing capabilities in a CE. Secondly, developing novel
businesses around the CE required the studied case or-
ganizations to develop novel risk management capabil-
ities as an emergent finding from the data, for example,
for environmental permit processing, to ensure long-
term business feasibility. Thirdly, the awareness and
anticipation of the policy and regulatory environments,
such as the development of emission trading systems
or carbon taxation, play a key role for organizations to
sense how their business environments are evolving due
to systemic sustainability goals. Although regulations
and policies are often recognized as important for
circularity (Kaipainen et al., 2023), the capabilities
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Figure 4. Framework for managing multilevel capabilities and their development to meet systemic sustainability goals

needed to address them are more rarely considered as
an issue for individual organizations. Furthermore, we
found that strategic capabilities to some extent span
other capability types at the organizational level due
to the strategic nature of the organization’s decisions
when engaging in novel carbon circulation business.
For example, the market-oriented capabilities and in-
novation capabilities that organization 6 leveraged to
craft its market positioning and technological edge in
a very emergent market were grounded on strategic
capabilities, that is, choices regarding, for example,
value-chain positioning, carbon sources and carbon
utilization pathways.

At the value-chain level, we find that value chains that
pursue net zero via circularity require novel capabilities
for value-chain sustainability and risk management,
synergy exploitation and new value-chain business
logics. This adds a broader spectrum of chain-level ca-
pabilities to prior CE research, which mainly addresses
collaborative innovation and value chain design (see
Kohler, Sonnichsen and Beske-Jansen, 2022; Nacchiero,
Massari and Giannoccaro, 2024). The complexity of
systemic sustainability challenges requires several

organizational-level capabilities, such as risk manage-
ment and sustainability management, to be scaled from
the organizational level for the entire value chain to
be highly effective. Value-chain design capabilities, in
particular, such as supply chain re-conceptualization
(Beske, 2012), promote efficient resource use (e.g. by
matching volumes of captured and converted carbon
dioxide) while maintaining the flexibility to deal with
potential policy changes or market disturbances (e.g. by
developing capacity to simultaneously produce several
products from recycled carbon). Interestingly, new busi-
ness logics stand out at the value-chain level as a specific,
novel type of strategic capability (see Nacchiero, Mas-
sari and Giannoccaro, 2024), as a result of organizations
reconfiguring their business models and operations to fit
the systemic goal of achieving net zero. For example, if
a producer of biogenic carbon dioxide aims to monetize
carbon emissions by capturing and selling them for uti-
lization, this producer must partner with organizations
that value specific carbon dioxide sources. Our findings
emphasize that capabilities for synergy exploitation
through coordination and adaptability within value
chains are particularly important when addressing

© 2025 The Author(s). British Journal of Management published by John Wiley & Sons Ltd on behalf of British Academy of

Management.

85UB017 SUOLILLIOD BAINRID 3ot [dde 8y} Aq peupAob a2 S9fole YO 8sN J0 S9IN1 10} Akeiq1 8UIIUO A8]IA UO (SUONIPUOD-PUE-SWLBIALIY"AB| 1M Aleq 1 put|uo//:Sdny) SUORIPUOD pue Swie | 841 89S *[520Z/0T/0T] Uo ARiq18uljuo A(IM ' 0]1041esed Bd PEPSIBAIUN - BLEN-BIUES Sewo | Aq 2T00L TSS8-29vT/TTTT 0T/I0p/W00 A8 1M ARiq1jpul|uo//sdny woly pepeojumoqd ‘0 ‘TSS8.9rT



20

systemic sustainability goals (see Alzate et al., 2022).
Moreover, the risk management capabilities identified
in our study expand the understanding of resiliency
capabilities for value chains (Chari et al., 2022).

At the ecosystem level, contrary to our expectations,
the carbon circulation ecosystem did not showcase
a large degree of the strategic agility and sensitivity
as found in previous research (Sahasranamam and
Soundararajan, 2022), possibly because the commer-
cialization of carbon circulation technologies is recent
and partly ongoing in the case ecosystem (Kujanpida
et al., 2023). Instead, our findings emphasized the need
for an ecosystem to have novel capabilities for systemic
knowledge development, system optimization, insti-
tutional co-creation and regionality. While knowledge
development and collaboration are typical characteris-
tics in the ecosystem literature (Aarikka-Stenroos and
Ritala, 2017; Thomas and Autio, 2020), they have rarely
been proposed as specific capabilities that an ecosystem
could collectively possess. When addressing systemic
sustainability goals, we also see that institutional work
towards systemic goals (Fehrer and Wieland, 2021),
often through collective action (Thomas and Ritala,
2022), requires the entire ecosystem to develop capabili-
ties in shaping policies and regulation as well as attitudes
and norms to enhance the legitimacy of the innovations
enabling carbon circulation, which we call institu-
tional co-creation capabilities. Meanwhile, regionality
capabilities—as conceptualized in this study—resonate
with prior understanding of a CE, in which organi-
zations are searching for local synergies through, for
example, industrial symbiosis (Uusikartano, Saha and
Aarikka-Stenroos, 2022). In the case of carbon circu-
lation, spatial proximity of operations was also found
to be a strong driver for the ecosystem to emerge due to
complex logistics and material flow management.

Multilevel capability development to achieve systemic
sustainability goals

Instead of being distinct and hierarchical, as originally
proposed in Figure 1, we find that capabilities partially
overlap across the levels and build on each other, as il-
lustrated in the onion-structured framework (Figure 4).
As such, we find the lower-level capabilities to function
as resources for capability development in the higher
levels, as has been proposed for microfoundational
organizational resources to build organizational-level
capabilities (Amit and Schoemaker, 1993; Teece, 2017).
Thus, we claim that organizational-level capabili-
ties serve as microfoundational resources for value
chain and ecosystem capabilities, thereby providing a
novel approach to microfoundations (Teece, 2007) on a
broader scale of the multilevel paradigm in management
science (Gupta, Panagiotopoulos and Bowen, 2023).

J. Kaipainen et al.

For capability development (illustrated with arrows
on the left in Figure 4), we posit diversity, density
and distribution of capabilities within an ecosystem
and its value chains as key characteristics that lead to
management implications (Aarikka-Stenroos, Ritala
and Thomas, 2021). These implications vary from
how to manage more dispersed collective action for
distributed capabilities (Thomas and Ritala, 2022) to
orchestration for more condensed capability distribu-
tion (Parida et al., 2019) or a hybrid of the two, which
is underexplored in the literature. Firstly, to develop
capabilities from the organizational to the value-chain
level, our findings highlighted knowledge sharing and
value-chain design through orchestrated and dispersed
capability development (see arrows in Figure 4). The
findings show that orchestration (manifested in value
chain 1) appears efficient when the value chain is created
around an organization that both vertically integrates
value-chain functions and readily possesses a large
number of the needed capabilities, such as strategic,
risk management and sustainability capabilities. For
example, the capabilities of organization 1 to devise
a value chain with partners helped to align the whole
chain’s sustainability and risk management profiles with
those of organization 1. In contrast, when the needed
capabilities are spread among value chain organizations
more evenly, capabilities must be developed in a dis-
persed manner (manifested in value chain 2), requiring
organizations to come together around value chains
and across the conventional industry boundaries to
address systemic sustainability goals (see, e.g., Oskam,
Bossink and de Man, 2021). Secondly, we identified
that knowledge-sharing, collaborative sensemaking
and institutional co-creation develop ecosystem-level
capabilities through a synergetic hybrid of orchestrated
and dispersed capability development in the emergent
carbon circulation innovation ecosystem. This is an in-
teresting contribution to the literature that suggests that
orchestration is typical of emerging innovation ecosys-
tems (Gupta, Panagiotopoulos and Bowen, 2023).

Finally, we observed that the flow of capability
development had reciprocal qualities; for example,
systemic knowledge development capabilities at the
ecosystem level trickle down as increased risk manage-
ment, market-oriented, and innovation capabilities in
organizations. Thus, the capabilities possessed by the
chains and ecosystem generally support the engaged
organizations in developing their capabilities across
organizational and sectoral boundaries.

Conclusion

Our findings outline—particularly for systemic sus-
tainability goals such as net zero via circularity—the
emerging need for novel capabilities for operations
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and logistics, policy and risk management (at the or-
ganizational level), sustainability management, risk
management, synergy exploitation and new business
logic (at the value-chain level), and system optimiza-
tion, systemic knowledge development, institutional
co-creation and regionality (at the ecosystem level),
answering RQ1. Although they occasionally overlap,
these capabilities manifest differently at the three levels
and together contribute to addressing systemic sustain-
ability goals with possible reciprocal effects. Answering
RQ2, we found that managing capability development
involves either orchestrated or dispersed knowledge-
sharing and value-chain design (organizational to
value-chain level), and a hybrid of orchestrated and dis-
persed knowledge-sharing, collaborative sensemaking
and institutional co-creation (organizational and value-
chain to ecosystem levels). These insights have several
implications for the theory and practice of management
science and its intersection with sustainability.

Theoretical implications

Our first contribution is to capabilities theory in
management research. The traditional management
literature often focuses on the organizational level of
capabilities (Ambrosini, Bowman and Collier, 2009;
Easterby-Smith, Lyles and Peteraf, 2009; McKelvie and
Davidsson, 2009; Teece, 2007), ignoring the need to un-
derstand the ability of entire value chains or ecosystems
to combine resources to achieve systemic goals (see
Thomas and Autio, 2020; Thomas and Ritala, 2022).
We contribute by identifying a broad set of capabilities
at the organizational, value-chain and ecosystem levels
(Tables 4-6), expanding from the current interest of dy-
namic capabilities to capabilities more broadly (Teece,
2017). Moreover, by proposing that organizational-level
capabilities can be conceptualized as microfoundational
resources for building chain and ecosystem-level ca-
pabilities within the multilevel capability approach,
we integrate the multilevel paradigm of management
research (Dagnino, Levanti and Mocciaro Li Destri,
2016; Kozlowski and Klein, 2000) to capabilities theory
with novel multilevel insights distinguishing the levels
to which each of the potentially overlapping capabilities
belongs and the purpose they serve.

The second contribution is that, apart from identi-
fying the capability types at each level, we examined
how management can bring these capabilities together
for multilevel capability development. We highlighted
that capability development is contingent on the di-
versity, density and allocation of capabilities within
value chains and the ecosystem, leading to the need
for the orchestrated, dispersed or hybrid management
of capability development. Our findings also illustrate
that these capability development approaches may har-
moniously co-exist in one ecosystem at different levels.

These insights contribute to the multilevel paradigm
in management science and its neglected bottom-up
processes (Kozlowski and Klein, 2000) and offer a
fruitful starting point to theorizing how capabilities
emerge among ecosystem organizations through com-
plex interactions (Salvato and Vassolo, 2018) and
across sectoral boundaries (Oskam, Bossink and de
Man, 2021). This adds to the limited understanding of
how capabilities are developed (Easterby-Smith, Lyles
and Peteraf, 2009; Ethiraj et al., 2005): where they dy-
namically emerge from and how they are integrated and
coordinated through interactions among multiple or-
ganizations with different management efforts (Ethiraj
et al., 2005; Gupta, Panagiotopoulos and Bowen, 2023).
Meanwhile, these findings from multilevel capability
development provided insights into managing and scal-
ing emerging innovation ecosystems (Aarikka-Stenroos
and Ritala, 2017; Korhonen, 2001; Thomas and Au-
tio, 2020) and the roles of capabilities therein (Linde
et al., 2021) by emphasizing the role of value chains
as a bridge that manages how key organizational-level
capabilities from different sectors are brought together
at the innovation ecosystem level.

Thirdly, we are among the first to put forward an
extensive set of capabilities for achieving net zero via
circularity and show how to manage their develop-
ment across organizational, value-chain and ecosystem
levels. Therefore, we contribute to the intersection of
management and sustainability science by empirically
exploring how organizations particularly in industries
that cannot avoid carbon emissions may address the
dual challenge of achieving net zero and co-creating
a CE (Hailemariam and Erdiaw-Kwasie, 2023). While
expanding our knowledge of capabilities to meet par-
ticular sustainability challenges (Arranz et al., 2022;
Demirel and Kesidou, 2019; de Arroyabe et al., 2021),
these insights contribute to our understanding of
managing multiple organizations towards systemic sus-
tainability goals in an emerging innovation ecosystem
(see e.g., Aarikka-Stenroos, Ritala and Thomas, 2021;
Kaipainen et al., 2023; Patala, Albareda and Halme,
2022) in a scalable way (Sgambaro, Kaipainen and
Chiaroni, 2025). Moreover, applying a management
and business approach specifically to carbon circula-
tion expands the understanding of its economic value
creation and its local business and innovation contexts
in multi-organizational settings (Naims, 2020; Naims
and Eppinger, 2022).

Implications for managers and policymakers

We provide a broad list of capabilities for managers to
consider at the organizational level (see Figure 4) and
encourage them to acknowledge the systemic nature
of sustainability challenges and their role in develop-
ing capabilities for value chains and ecosystems that
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address sustainability goals. Piloting innovations for
sustainability requires close interaction and efficient
communication among emerging value chains to ensure
that all capabilities are present and leveraged. Value
creation in these value chains and ecosystems requires
management of knowledge-sharing, value-chain design,
collaborative sensemaking and institutional co-creation
(see Figure 4), enabling the development of the capa-
bilities needed to meet regulatory changes and leverage
optimal technologies to satisfy dynamically developing
demand for novel circular, low-carbon products. The
orchestrated capability development at the value-chain
level appears efficient, judging by the fact that value
chain 1 made faster progress in designing the chain
compared to value chain 2. We encourage organizations
that can successfully bring products to customers to
drive the value chain design to meet net-zero innova-
tions, even when the markets are only emerging and
there are inherent risks involved. Overall, the findings
and framework improve our understanding of the
practical challenges and opportunities of developing
capabilities for joint sustainability challenges, thereby
helping organizations and policymakers to navigate the
transition to net zero via circularity.

Adopting a capabilities lens provides critical insights
and advice for policymakers on shaping public policy
to support economic development (Teece, 2017). The
findings on the need for capabilities related to policy-
anticipation indicate that work remains to standardize
the rules for carbon circulation practices and products,
and incentives are needed to change the existing indus-
trial infrastructure to support net zero through funding
and taxation measures. Hence, policymakers should ac-
tively invest in carbon circulation innovations and in-
frastructure beyond country boundaries to enable the
development of ecosystems for carbon circulation and
other net-zero approaches.

Limitations and future research

Despite the research focus on carbon circulation, we as-
sume our findings are largely generalizable to multiple
types of sustainability challenges and systemic goals.
This study is limited to the national context of Finland,
underscoring the need for future research in different in-
stitutional and geographical contexts related to building
capabilities for net zero via circularity. However, as re-
ducing carbon dioxide emissions is a global necessity,
we expect a degree of generalizability beyond the spe-
cific geographical context.

Future research avenues involve continued investi-
gation of multilevel capabilities, potentially longitudi-
nally to understand the development of capabilities for
sustainability goals over time as ecosystems develop.
Here, theoretical lenses such as dynamic capabilities and
natural resource-based view could be useful to examine

J. Kaipainen et al.

the environmental management practices related to ca-
pabilities and their development. It would be particu-
larly interesting to examine the identified reciprocal in-
teraction among capabilities at different levels. While
we dealt with the development of capabilities from or-
ganizational to value-chain and ecosystem levels, fu-
ture research could investigate how value-chain and
ecosystem-level capabilities feed into the development
of organizational capabilities. Scholars could also ex-
amine how organizations must manage the (re)defining
of their roles in the value chain and innovation ecosys-
tem as a result of developing new capabilities. Finally,
the impacts of policy developments on carbon circula-
tion, net-zero solutions and market development require
more interdisciplinary research.
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