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This paper develops a conceptual framework to explain how alignment around circular economy
goals is challenged and negotiated within a business ecosystem in which an Al orchestrator and
decentralized yet interdependent actors co-create Al-based value. We argue that circularity in this
context is not merely a technical or structural coordination problem but also an interpretive
challenge. This challenge is shaped by the heterogeneity of interests among actors as well as the
polysemous nature of Al technologies, which results in variation in how AI implications and
circularity objectives are understood and prioritized. Building on ecosystem theory and framing
research, we identify three interrelated tensions related to purpose, strategy, and governance.
These tensions reflect underlying conflicts in meaning, responsibility, and control. We then
theorize how contrasting frames interact and reinforce each other, and how reconciliatory
framings emerge through new entrants and peripheral actors, as well as orchestrators who adjust
or stabilize their own framing. This perspective advances understanding of circularity as a con-
tested process and contributes to research on ecosystem governance and alignment. We show how
framing processes shape coordination in the absence of hierarchical control.

“Al will ... deliver astounding triumphs, including breakthroughs that can help fix the climate.”

“The environmental impact of these models ... has devastating environmental costs, especially when these models cost
millions of dollars to train, emitting tons of greenhouse gases into a world already in the throes of climate catastrophe.”

1. Introduction

Artificial Intelligence (AI) increasingly drives economic activity across sectors through prediction, personalization, and automation
(Krakowski et al., 2023). Yet alongside promises of performance improvements, Al also raises concerns and opportunities regarding

This article is part of a special issue entitled: Sustainable Ecosystems published in Long Range Planning.

* Corresponding author.

E-mail addresses: s.khanagha@vu.nl (S. Khanagha), s.ansari@jbs.cam.ac.uk (S. Ansari), s.ahmadi@uva.nl (S. Ahmadi).

https://doi.org/10.1016/j.1rp.2025.102601

Received 22 July 2025; Received in revised form 1 December 2025; Accepted 7 December 2025

Available online 8 December 2025

0024-6301/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0003-4765-0425
https://orcid.org/0000-0003-4765-0425
https://orcid.org/0000-0002-0074-3838
https://orcid.org/0000-0002-0074-3838
mailto:s.khanagha@vu.nl
mailto:s.ansari@jbs.cam.ac.uk
mailto:s.ahmadi@uva.nl
www.sciencedirect.com/science/journal/00246301
https://www.elsevier.com/locate/lrp
https://doi.org/10.1016/j.lrp.2025.102601
https://doi.org/10.1016/j.lrp.2025.102601
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lrp.2025.102601&domain=pdf
http://creativecommons.org/licenses/by/4.0/

S. Khanagha et al. Long Range Planning 59 (2026) 102601

circularity, including how its development, use, and disposal align with circularity objectives (Luo, 2024; Wilson & Van Der Velden,
2022). Scholars increasingly view a focal orchestrator’s business ecosystem that coordinates and aligns interdependent actors to
co-create value as the appropriate level of analysis for system-wide circularity issues (Huikkola et al., 2025; Luo, 2024). This is because
developing and deploying Al depends not on isolated firms but on complex inter-organizational arrangements that are often shaped by
a small number of dominant actors (Hillebrand et al., 2025; Jacobides et al., 2021). Orchestrators align value creation in line with their
own interests, while also ensuring sufficient alignment with the collective and individual interests of other ecosystem members to
remain legitimate (Khanagha et al., 2025; Thomas et al., 2022). From this perspective, how the business ecosystem of an Al
orchestrator is designed, such as the configuration of roles, capabilities, and boundaries (Kortus et al., 2025), and its governance
choices (Aivazidou et al., 2025; Kocoglu and Mithani, 2025), are both critical for pursuing circularity objectives.

Circularity refers to the organizing principle that enables regenerative and restorative flows of resources within and across eco-
systems (Morseletto, 2020). It involves maintaining the value of resources, products, and knowledge by extending their useful life
through reuse, redistribution, and regeneration, thereby replacing the linear “take-make-dispose” logic with sustained value cycles
(Aarikka-Stenroos et al., 2021). Despite the broad recognition of circularity as a strategic priority, conflicting interests and expecta-
tions among ecosystem actors complicate alignment around circularity principles within the business ecosystem of an Al firm
(hereafter, AI ecosystem for brevity). While such heterogeneity is common in ecosystems (Adner, 2017; Thomas and Ritala, 2022), the
polysemous nature of AI, meaning that it supports multiple and often conflicting interpretations (Glikson and Woolley, 2020; Xu et al.,
2024), complicates the achievement of circularity objectives. This creates a need for framing, that is, using communication to build
shared understanding and mobilize support (Cornelissen and Werner, 2014). Framing is used by different actors to influence how Al is
interpreted and what it implies for circularity (Af Malmborg and Trondal, 2023).

Orchestrating actors often frame technologies in line with their own interests (Thomas and Snihur, 2025), which gives rise to the
view of Al as a tool for optimizing resource use and improving operational efficiency that in effect solves circularity problems (Sjodin
et al., 2023). Other actors, more concerned with collective and societal interests, frame AI as inherently extractive and
energy-intensive, highlighting concerns about algorithmic waste, model obsolescence, and the environmental cost of large-scale data
infrastructure (Xu et al., 2024). These diverging framings reflect not only technological uncertainty but also the inherent polysemy of
Al as a general-purpose technology that triggers disagreements over the meaning and scope of its implications, including circularity
consequences. This polysemy makes collective alignment more contested and politically charged, for example through questions about
who defines circularity and who bears the burden of action (Hermann, 2022; Toth et al., 2022).

Given the persistent ambiguities surrounding the circularity of Al interpretive tensions are both foreseeable and consequential.
These tensions can potentially stall progress in the business ecosystem on both Al deployment and economic circularity agendas. As a
result, achieving circularity becomes a contested interpretive and strategic process, in which orchestrators and other ecosystem actors
frame and reframe the meaning, scope, and locus of responsibility. Framing research underscores the difficulty of achieving alignment
across stakeholders when interpretive divergence prevails and emphasizes framing processes as a means of addressing such challenges
(Fraser and Ansari, 2021; Grimm and Reinecke, 2024; McAdam et al., 1996). We investigate how interpretive tensions around Al
circularity unfold and influence framing processes that guide the interpretations and actions of various actors. We ask: What are the key
AlI circularity framing tensions and interactions that shape how circular economy goals are defined and pursued in an Al ecosystem?

To address this question, we develop a conceptual framework grounded in the circularity interpretive tensions and framing that
characterize the business ecosystem of an Al orchestrator. Drawing on ecosystem theory and framing research, we identify three
strategic tensions that an Al orchestrator faces when attempting to shape how circularity is addressed in the Al ecosystem: (1) Purpose,
related to the essential nature of AI’s societal and environmental role, contested between framing Al as a guaranteed future solution for
climate change or as a demonstrable present burden due to its resource intensity; (2) Strategy, related to the appropriate method for
achieving circularity, contested between pursuing incremental optimization of current business and technological processes or
demanding systemic transformation of core hardware architectures and business models; and (3) Governance, related to the question of
who controls AI's development and circularity outcomes, contested between relying on centralized orchestration (internal control by
private tech firms) or requiring distributed sovereignty (external oversight and localized control by public/regional actors). These
tensions reflect competing logics and complicate orchestrator’s coordination efforts in ecosystems lacking hierarchical authority. We
then delineate emergent reconciliatory framings that attempt to synthesize the two opposing logics by incorporating circularity as a
central design constraint, thereby creating pathways for coordination and alignment around circularity.

Our analysis positions circularity not as a technical optimization task but as an ongoing framing struggle that shapes whether
collective alignment becomes possible across interdependent actors. This allows us to contribute to research at the intersection of
ecosystem strategies and circularity by advancing a framing perspective on how circularity is defined, contested, and aligned in the
face of the polysemy of AI solutions. We show how interpretive tensions around purpose, strategy, and governance influence the
pursuit of circular economy goals and how coordination occurs in ecosystems that lack hierarchical control. Recent research on Al
ecosystems has illuminated the architecture and evolutionary dynamics of Al enablement, production, and consumption, underscoring
both the dominance of hyperscalers and the role of complementors in global AI systems. We extend this line of research on Al eco-
systems (Jacobides et al., 2021) by theorizing how, within a business ecosystem, orchestrators and actors in different framing positions
interact to influence the achievement of circularity goals.

2. Al ecosystem and the circularity challenge

A business ecosystem represents a loosely coupled yet interdependent constellation of actors coordinated by an orchestrator and co-
creating value through complementarities and coordinated roles (Adner, 2017; Jacobides et al., 2018; Thomas and Ritala, 2022).
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These arrangements differ from markets and hierarchies in that they lack centralized control, instead relying on orchestrators to align
heterogeneous contributions toward a focal value proposition. In the context of the circular economy, this shifts attention away from
firm-level greening or compliance and toward the collective outcomes of interorganizational configurations, namely ecosystems that
sustain and regenerate resources rather than deplete them over time.

Ecosystem view is a pertinent architecture for describing Al-based value creation, including efforts to pursue circularity objectives.
For example, OpenAlI’s ecosystem connects developers, data providers, and users in a modular and interdependent network through
which the value generated by its models and applications is continuously expanded and recombined. Unlike linear supply chains, an
orchestrator has to deal with heterogeneous and interdependent actors (Thomas and Ritala, 2022), which is also a critical aspect in
analysing circularity challenges (Kortus et al., 2025). Focusing on business ecosystems enables analysing how alignment challenges
unfold across interdependent lifecycles, shared infrastructures, and heterogeneous actors (Aivazidou et al., 2025; Luo, 2024). Such
challenges are particularly relevant for developing standards, metrics, and mechanisms that enable reuse, transparency, and
accountability across organizational and domain boundaries (Kocoglu and Mithani, 2025). These issues revolve around interest
heterogeneity with regard to purpose, strategy, and governance, and are compounded by technological polysemy, which together
complicate the pursuit of system-wide circularity goals.

An orchestrator must align its own objectives with a set of heterogeneous interests across the ecosystem, as actors navigate con-
flicting incentives between ecological responsibility and market competition (Kindylidi and Cabral, 2021). An Al orchestrator typically
pursues ecosystem expansion and infrastructure control. Complementors such as chip manufacturers align with this agenda by
optimizing for speed and cost, while software developers prioritize model accuracy and innovation. At the same time, civil society
groups and regulators stress ethical concerns and environmental impact (Sullivan and Fosso Wamba, 2022). These actors operate
under different institutional logics and time horizons, and as they voice their concerns, they complicate alignment and make coor-
dination on circular economy principles particularly challenging for the orchestrator.

Disagreements over how the ecosystem should be governed add another layer of challenge for the orchestrator and other partic-
ipants, because Al can be viewed either as a technology that requires centralized oversight or as one that supports highly decentralized
coordination. While orchestrators prefer a more centralized governance model to ensure consistency, scalability, and control
(Nambisan and Sawhney, 2011), many other actors favor decentralized governance to preserve sovereignty, security, and contextual
flexibility (Montes and Goertzel, 2019). However, decentralized governance is also imperfect, not only for the orchestrator but also for
actors who depend on clear authority or accountability for initiating and enforcing circular practices in decentralized ecosystems
(Kocoglu and Mithani, 2025). Under an optimization interpretation, governance ambiguity weakens standard-setting and account-
ability mechanisms, making efficiency claims difficult to verify. Under a transformative interpretation, it creates uncertainty over who
holds the authority or legitimacy to lead system-level change.

Technological polysemy of Al i.e., its capacity to be interpreted in multiple, often conflicting ways (Tuertscher et al., 2014), both
generally and in relation to economic circularity, compounds the alignment challenge. Technical ambiguity (Chen and Yang, 2025)
emerges as stakeholders diverge in their understanding of the purpose (Markman et al., 2025) of the orchestrator and its Al solutions,
as well as the consequences of the strategies pursued. While orchestrators frame Al as a means to achieve circularity objectives by
optimizing existing processes, others view it as a transformative force capable of redefining the entire ecosystem and its mechanisms of
value creation and value capture. These differing interpretations complicate the orchestrator’s efforts to frame the environmental
impact of Al For instance, while gains in model efficiency (e.g., through pruning or activation control) may reduce per-task energy
consumption, overall impact may rise due to increased overall energy demand or rebound effects (Luo, 2024). Conversely, if Al
adoption results in the replacement of carbon-intensive systems with cleaner alternatives, its environmental footprint may shift
substantially.

These alignment challenges compound the difficulty of mobilizing collective action (Ansari et al., 2013). The result is framing
tensions, as actors seated at metaphorically “different tables” struggle to co-create a shared narrative and infrastructure for circularity
(Grimm and Reinecke, 2024; McAdam et al., 1996). Hence, framing becomes a contested process shaped by how actors frame the
purpose, responsibility, and coordination of efforts related to circularity.

3. Framing tensions in an Al ecosystem

Building on framing theory (Benford and Snow, 2000; Entman, 1993; McAdam et al., 1996), we conceptualize framing processes
and related contestations around circularity within Al business ecosystems. Following research on complex, multi-stakeholder framing
(Gray et al., 2015; Reinecke and Ansari, 2021), we analyze the process through which an AI orchestrator and other actors construct
meaning around Al circularity, selectively emphasizing certain aspects while downplaying others in order to influence interpretation
and mobilize support.

Framing research has increasingly turned attention to the challenge of constructing shared meaning across diverse stakeholder
groups (Fraser and Ansari, 2021), especially in contexts marked by ambiguity, contested values, and institutional complexity (Grimm
and Reinecke, 2024). Rather than assuming a unified audience, recent studies emphasize the difficulty of aligning multiple interpretive
communities whose divergent interests and identities shape how frames are received, contested, or appropriated (Klitsie et al., 2018;
Putra et al., 2025). In these settings, strategic alignment cannot be imposed but must be co-created through shared language, inter-
pretive compatibility, and legitimacy across diverse participants (Khanagha et al., 2022).

A key insight from this literature is the distinction between strategic and emergent framing processes. Strategic framing (Fiss and
Zajac, 2006; Glaser et al., 2011) involves deliberate efforts by various actors, including orchestrators, policymakers, and entrepreneurs
to shape interpretations. In contrast, emergent framing (Klein and Amis, 2021; Reinecke and Ansari, 2021; Thomas and Ritala, 2022)
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arises from interaction among diverse actors, often reflecting spontaneous, negotiated, and sometimes contested meaning-making that
no single actor controls. The dynamic interplay between these two processes is especially salient in the context of circularity, where
what circularity means and how it is achieved are neither interpreted similarly nor can be accomplished by a single actor. Circularity in
ecosystems in the context of Al involves orchestrators dealing with conflicting goals and objectives evaluated through divergent
criteria (Kashanizadeh et al., 2024), an issue only scantily addressed in prior research (Haack and Rasche, 2021). Differences in in-
centives and institutional affiliations give rise to pluralistic understandings of what economic circularity entails and who should lead it
(Sullivan and Fosso Wamba, 2022).

To illustrate how these dynamics unfold, we draw on publicly available statements, interviews, policy documents, and industry
reports issued by ecosystem actors between 2023 and 2025. These materials, sourced from executive communications, regulatory
hearings, environmental organizations, and emerging Al firms, serve as representative articulations of the divergent framings that
animate circularity debates. We treat these sources as interpretive examples rather than empirical data, using them to highlight how
actors construct and contest the meaning of circularity in the context of Al Table 1 organizes these illustrative materials into framing
positions, themes, and representative quotations to clarify how contrasting interpretations manifest across purpose, strategy, and
governance tensions. This enables us to identify three interrelated tensions that jointly structure the contested meanings, priorities,
and governance models associated with circularity.

These tensions entail two opposing sides, represented by techno-solutionist and techno-skepticist framings of Al, and an emergent
reconciliatory framing that is achieved either through the orchestrator’s adaptation of its original framing or through new entrants and
peripheral actors who attempt to reconcile otherwise divergent perspectives. These framings shape interpretations of purpose, i.e.,
what Al means for circularity objectives; strategies, i.e., how those objectives are achieved (what strategies are appropriate); and
governance, i.e., who should be responsible for securing circularity objectives. By unpacking these tensions, we reveal how alignment
around circularity is continually negotiated rather than assumed.

4. Purpose tension: AI’s environmental implications

The Al ecosystem orchestrators, adopting what we refer to as a “techno-solutionist” framing, position Al as a means for achieving
circularity. They claim their AI solutions to be remedies for climate and circularity problems. In OpenAl CEO Sam Altman’s words, Al
will “fix the climate,” enable establishing a space colony, potentially changing the circularity landscape altogether. For this to happen,
technical progress of Al needs to be prioritized, which necessitates driving down costs and ensuring widespread access. As Altman
states:

“If we want to put Al into the hands of as many people as possible, we need to drive down the cost of compute and make it
abundant (which requires lots of energy and chips). If we don’t build enough infrastructure, AI will be a very limited resource
that wars get fought over and that becomes mostly a tool for rich people.” [Altman, OpenAl CEO, 2024]

This technological optimism is widely shared across the AI leadership landscape. Demis Hassabis, CEO of Google DeepMind,
similarly states:

“The models that we’re going to build for things like climate modelling but also material design, this technology in Al is going to
[be] one of the main drivers of solutions to fight the climate crisis.” [Hassabis, CEO of Google DeepMind (2023)]

This framing emphasizes AI’s core capabilities: the relationship between Al and climate change is becoming increasingly vital. Al
has the capability to process massive datasets, simulate future scenarios, optimize energy usage, and predict environmental trends.
These attributes make it an essential tool in understanding and combating global warming. This ambition is further reinforced by
companies like DeepSeek, whose mission statement explicitly ties Al to sustainability and considers Al as a direct tool for climate
action:

“DeepSeek’s mission is rooted in using Al to address real-world problems, with climate change being at the top of the list. Their
goal is to build Al-powered ecosystems that enable governments, industries, and environmental agencies to take informed
action based on data rather than assumptions.” [DeepSeek Al statement, 2024]

This framing positions relentless innovation in Al not as a problem, but a solution to climate and circularity issues. Hence,
circularity concerns are subsequent to Al developments if they fully materialize.

This techno-solutionist framing faces sharp skepticism by Techno-skeptics, a coalition including former Al company insiders, policy
experts, academics, environmental activists, and civic society actors. They frame Al as a burden for sustainability and climate ob-
jectives, emphasizing that Al development is already exacerbating the climate crisis. According to this framing, the claim that AI will
fix climate change fundamentally misunderstands the problem. As James Temple of MIT Technology Review states:

“Altman’s argument that AI will ‘fix the climate’ fundamentally misunderstands the nature of the problem. It casually waves
away growing concerns about a technology that is already accelerating proposals for natural-gas plants and diverting major tech
companies from their climate targets.” [Temple, MIT Technology Review, 2024]

This immediate, verifiable damage is supported by concrete data: Molly Baker notes that Google’s own reports “revealed that its
greenhouse-gas emissions had risen 48 percent since 2019, directly due to the energy demand from Al centers.” [Baker, Design Council
commentary, 2024] Furthermore, activists are unwilling to trade present environmental harm for an unproven future fix:
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Table 1
Core circularity framing tensions within an Al ecosystem.

Aggregate Dimension: Al Purpose Framing Tensions

Framing Positions

Illustrative Themes

Representative Quotations

Orchestrator’s Techno-
Solutionist Framing

Techno-Skepticist Framing

Green Al Reconciliatory
Framing

Future Solution/Ultimate Fix

Essential Tool/Justify R&D

Quantifiable Current Benefit

Widespread Optimization

Benefits

Present Harm/Fundamental

Misunderstanding

Aggravating Current Problems

Verifiable Resource Burden

Fuse Innovation with Constraint

Mandate Sustainability in Core

Mission

“Although it will happen incrementally, astounding triumphs—fixing the climate,
establishing a space colony, and the discovery of all of physics—will eventually become
commonplace.” [Altman, OpenAl CEO]

“The models that we’re going to build for things like climate modelling ... This technology in
Al is going to [be] one of the main drivers of solutions to fight the climate crisis.” [Hassabis,
Google DeepMind CEO]

“Al is already helping address emissions in key sectors like transportation and energy. In 2024
alone, five of Google’s products ... enabled others to collectively reduce an estimated 26
million metric tons of greenhouse gas emissions.” [Google Al Sustainability Page, 2024]
“At Google, we’re seeking to make Al helpful for everyone — including the planet. Some of
the most exciting innovations are happening in places you might never notice, such as
optimizing traffic signals, routing for fuel efficiency, and forecasting floods.” [Google
Corporate Communications, 2024]

“Altman’s argument that AT will ‘fix the climate’ fundamentally misunderstands the nature of
the problem. It casually waves away growing concerns about a technology that is already
accelerating proposals for natural-gas plants ...” [Temple, MIT Tech Review]

“As it is, the one thing we can state confidently about generative Al is that it’s making the
hardest problem we’ve ever had to solve that much harder to solve.” [Temple, MIT Tech
Review]

“The 2024 Google environmental report revealed that its greenhouse-gas emissions had risen
48 percent since 2019, directly due to the energy demand from AI centers. If designers care
about the future of the planet, they can’t ignore what Al is doing to the environment.” [Baker,
Design Council commentary, 2024]

Hugging Face promotes “Green Al,” highlighting energy efficiency, transparency, and
environmental responsibility. [Hugging Face, Al Energy Score Initiative, 2025]

Ericsson’s vision is driven by its commitment to enabling Communication Service Providers
(CSPs) to “break the energy curve” (reducing energy use despite data growth). [Ericsson, Al-
driven sustainability in telecom, 2025]

Aggregate Dimension: Al Circularity Strategy Framing Tensions

Framing Positions

Illustrative Themes

Representative Quotations

Orchestrator’s
Optimization Framing

Transformation Framing

Integrative Circularity
Framing

Incremental Component
Efficiency

Software/Algorithmic
Optimization

External Economy
Optimization

Data Justifying Radical
Change

Unbounded Scaling Risk

Transformative Tools for
Optimization

Algorithmic Constraint/
Efficiency First

“Accelerated computing is sustainable computing ... delivering up to a 100 x speedup while only
increasing power consumption by a factor of three. This is how we continue improving
performance and efficiency at scale.” [Huang, NVIDIA CEO, 2023]

“Optimizing models to be faster and more efficient is central to our approach. Techniques like
quantization have boosted LLM training efficiency by 39 % on TPU v5e ... “ [Google Al,
Operational Efficiency Claim, 2024]

“Fuel-efficient routing enabled over 2.7 million metric tons of COe reductions in 2024, equivalent
to taking 630,000 cars off the road for a year.” [Google Al Climate Solutions, 2024]

“GPUs were never built for Al they were adapted for it ... We need fundamentally new hardware
architectures to support the next era of AL.” [Feldman, Cerebras CEO, 2024]

“ChatGPT already uses nearly 40 million kilowatt-hours of electricity per day ... These figures do
not include other LLMs, meaning the true environmental impact is significantly higher.” [Study,
UC Riverside/Wash Post, 2023]

“Theoretically, at some point, a significant fraction of the power on Earth should be spent running
Al compute — and maybe we’re going to get there.” [Altman, OpenAl CEO, 2024]

Ericsson employs Intelligent RAN Power Saving to dynamically deactivate network components,
achieving up to 20 % daily power savings in trials. [Ericsson, Al-driven sustainability in telecom,
2025]

Hugging Face advocates for efficiency techniques like quantization and pruning to create smaller,
context-specific models (“SmolLMs™). [Hugging Face, Green AI Manifesto]

Aggregate Dimension: Al Circularity Governance Framing Tensions

Framing Positions

lustrative Themes

Representative Quotations

Centralized Internal Self-Governance “We will continue to pilot and refine concrete governance practices specifically tailored to highly
Orchestration capable foundation models like the ones we produce, ensuring safety, transparency, and alignment.”
[OpenAI Governance Statement]
“Our goal is to create models that are useful, safe, and aligned ... This includes adhering to a clear chain
of responsibility in governance.” [OpenAl Mission Framing (“Model Spec")]
Top-Down Accountability “GAIA-X must ensure that European businesses have access to a full range of cloud solutions at global
Chain scale and embrace state-of-the-art native cloud architectures.” [Microsoft Azure (Casper Klynge)]
Necessary Global Scale/ “We are committed to building Al responsibly by advancing safety research ... so that innovation and
Architecture governance progress together.” [General Corporate Framing of Governance (OpenAl & Google)]
Distributed Innovation-Led Governance “We believe that self-governance cannot reliably withstand the pressure of profit incentives ...
Sovereignty Governments must play an active role.” [Toner & McCauley, Former OpenAl Board Members, 2024]

(continued on next page)
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Table 1 (continued)

Aggregate Dimension: Al Circularity Governance Framing Tensions

Framing Positions Illustrative Themes Representative Quotations
Mandatory External “Over the past years, safety culture and processes have taken a backseat to shiny products at OpenAl.”
Oversight [Jan Leike, Former Head of Superalignment, OpenAl]
Failure of Private Governance ~ “Gaia-X is a cornerstone for Europe’s digital future ... ensuring that Europe’s data remains under
European governance ...” [Gaia-X Leadership Statement, 2023]
Regional Data Sovereignty “What is likely to prove the most important technological innovation of our lifetime is currently overseen
by corporate governance — rules mostly of private creation.” [Tallarita, Harvard Law School, 2024]
Hybrid Governance Critique of Private Law “The objective is to set global standards for Al safety and risk (centralized), while simultaneously
Control delegating enforcement and fundamental rights assessments to the local level (distributed).” [EU Al
Leadership, 2024]
Centralized Standards/Local “The core of Sovereign Al is open standards and open source, which allows actors to collaborate globally
Delegation on foundational technology while retaining full control and customization authority locally.” [Sovereign

Al Foundation, 2024]

“This is a moment for us to push back on that and question whether we’re willing to take that environmental risk, the damage
that it’s doing now in exchange for a utopia later. I personally don’t think that we should.” [Environmental Campaigner, Friends
of the Earth, 2024]

This shared view leads critics like Temple to conclude: “As it is, the one thing we can state confidently about generative Al is that it’s
making the hardest problem we’ve ever had to solve that much harder to solve.” [Temple, MIT Technology Review, 2024].

Amid these divergent framings, an alternative frame emerges that focuses on reconciling the two extremes. New actors emerge in
this landscape. Hugging Face introduces a distinctive value proposition that challenges the incumbent’s scale-driven logic
(Ransbotham, 2025). Instead of emphasizing ever-larger models, Hugging Face promotes “Green Al highlighting energy efficiency,
transparency, and environmental responsibility. The company has conducted studies assessing the carbon footprints of large language
models and advocates for transparent reporting of energy use and emissions [Hugging Face, Al Energy Score Initiative, 2025]. Other
actors like Ericsson help Communication Service Providers (CSPs) “break the energy curve,” meaning they can handle the exponential
growth in data traffic (especially with 5G/6G) while simultaneously reducing network energy use and CO2 emissions. [Ericsson,
Al-driven sustainability in telecom, 2025] By offering tools to measure and communicate the environmental impact of Al models,
Hugging Face alters the dominant assumptions that bigger is inherently better, positioning circularity as a key source of differentiation
and value creation.

4.1. Strategy tension: Optimization versus transformation

An orchestrator and close allies often embrace an optimization framing that views circularity as achievable through available Al
solutions and subsequent improvements in value-creating processes. This includes enhancing energy efficiency, reducing emissions,
and extending product lifespans without fundamentally altering existing business models or operational structures. This dominant
framing is exemplified by hardware leaders who prioritize incremental technical gains. NVIDIA CEO Jensen Huang supports this view,
asserting that efficiency is achieved through component-level acceleration:

“Accelerated computing is sustainable computing ... delivering up to a 100 x speedup while only increasing power con-
sumption by a factor of three. This is how we continue improving performance and efficiency at scale.” [Huang, NVIDIA CEO,
2023]

This optimization effort is reflected in operational claims, such as Google Al stating that their internal: “Optimizing models to be
faster and more efficient is central to our approach. Techniques like quantization have boosted LLM training efficiency by 39 % on TPU
v5e — enabling models that are higher quality and less compute-intensive to serve.” [Google Al, Operational Efficiency Claim, 2024]
This framing argues that the substantial benefits derived from Al, such as “Fuel-efficient routing enabled over 2.7 million metric tons of
COqe reductions in 2024, equivalent to taking 630,000 cars off the road for a year,” [Google AI, Climate Solutions Report, 2024]
ultimately justify the focus on optimizing current infrastructure.

In contrast, the transformation framing, often championed by deep tech start-ups, sustainability organizations, and critics, argues
that realizing real circularity demands systemic change. This involves reimagining business models and adopting fundamentally new
architectures to decouple growth from environmental degradation. This perspective is often driven by the clear inefficiencies of scaling
current hardware. Cerebras CEO Andrew Feldman articulates the need for a systemic overhaul:

“GPUs were never built for Al; they were adapted for it. The more Al scales, the clearer the inefficiencies become. We need
fundamentally new hardware architectures to support the next era of AL.” [Feldman, Cerebras CEO, 2024]

This transformation framing is underscored by stark data on the technology’s immediate resource burden. Critics highlight that the
technology’s exponential scaling is unsustainable, noting that: “ChatGPT already uses nearly 40 million kilowatt-hours of electricity
per day, enough to power the Empire State Building for 18 months. These figures do not include other LLMs, meaning the true
environmental impact is significantly higher.” [Study, UC Riverside/Washington Post, 2023] The tension is thus crystallized between
the belief in incremental optimization versus the necessity of systemic change to manage a technology whose resource demands are
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potentially limitless, as Sam Altman famously speculated: “Theoretically, at some point, a significant fraction of the power on Earth
should be spent running Al compute — and maybe we’re going to get there.” [Altman, OpenAl CEO, 2024].

In the midst of this fundamental conflict, a reconciliatory approach emerges from peripheral actors who aim to leverage the
transformative potential of Al while strictly managing its ecological burden. This “Green AI” framing challenges the incumbent’s scale-
driven logic by prioritizing efficiency. For example, Hugging Face promotes community-driven model transparency and efficiency,
advocating for smaller models and assessing the carbon footprint of models [Hugging Face, Al Energy Score Initiative, 2025]. They
bridge the gap by integrating the sceptic’s demand for governance and transparency into the orchestrator’s drive for innovation and
accessibility. Similarly, Ericsson demonstrates the practical application of this dual mandate by optimizing large-scale network op-
erations through specific technical solutions. Focusing on the Radio Access Network (RAN), which accounts for over 80 % of mobile
network energy usage, Ericsson employs Intelligent RAN Power Saving to dynamically deactivate network components, achieving up
to 20 % daily power savings in trials. Furthermore, they advance Sustainable Al techniques like neuromorphic Al for model simpli-
fication and quantization to reduce the AI's own computational footprint [Ericsson, Al-driven sustainability in telecom, 2025].
Ericsson bridges the gap by showing that immense climate benefits (solution) are achievable only by adhering to systemic efficiency
constraints on the technology itself (burden management). This approach seeks alignment by making sustainability a core source of
differentiation and value creation rather than a subsequent trade-off.

4.2. Governance tensions: Centralized vs distributed sovereign circularity

When it comes to governance, orchestrators typically advocate a centralized framework that posits achieving circularity requires
top-down control. This includes setting standardized economic circularity metrics, enforcing compliance across supply chains, and
leveraging economies of scale to implement environmental initiatives efficiently. This approach is epitomized by global technology
orchestrators leveraging their infrastructure for environmental control, backed by a philosophy of internal, expert-driven governance.
OpenAl exemplifies this framing:

“Our goal is to create models that are useful, safe, and aligned with the needs of users and developers, while advancing our
mission to ensure that AGI benefits all of humanity. This includes adhering to a clear chain of responsibility in governance.”
[OpenAl, Model Spec, 2024]

This framework is translated into actionable strategies, such as Microsoft’s commitment to becoming carbon negative by 2030,
implementing centralized procurement of renewable energy, and setting standardized supplier requirements for carbon-free electricity
across its global Al and cloud infrastructure.

On the other hand, the distributed sovereign circularity framing, espoused by smaller firms, open-source communities, and regional
coalitions, emphasizes bottom-up innovation and local ownership. This perspective advocates for context-specific economic circularity
efforts, encouraging each actor within the ecosystem to develop solutions tailored to their unique circumstances, thereby fostering
adaptability and resilience. The fundamental divergence lies in governance approaches: centralization offers uniformity and scale but
may overlook local nuances, while distributed models promote inclusivity and innovation but risk fragmentation and inconsistency.

Critiques of the centralized model are sharp, rooted in the potential conflict of interest between profit and public good. Former
OpenAl Board members Helen Toner and Tasha McCauley directly challenge the orchestrator’s claim to self-control:

“We believe that self-governance cannot reliably withstand the pressure of profit incentives. Society must not let the roll-out of
Al be controlled solely by private tech companies. Governments must play an active role.” [Toner & McCauley, Former OpenAl
Board, 2024]

This demand for external oversight is reinforced by legal scholars, such as Roberto Tallarita, who note the structural problem:
“What is likely to prove the most important technological innovation of our lifetime is currently overseen by corporate governance —
rules mostly of private creation ... The corporate structures of OpenAl and Anthropic cannot easily hold their officers accountable
based on their underlying designs.” [Tallarita, Harvard Law School, 2024] The European Gaia-X project embodies the constructive
alternative, promoting a decentralized data infrastructure:

“Gaia-X is a cornerstone for Europe’s digital future ... ensuring that Europe’s data remains under European governance,
fostering innovation while maintaining the highest standards of security and compliance.” [Gaia-X Leadership Statement, 2023]

In the face of this governance tension, a hybrid governance framework emerges to reconcile the need for global scale with the
demand for local sovereignty. This reconciliatory approach recognizes the necessity of centralized orchestration for establishing
baseline performance metrics and market infrastructure, while simultaneously enabling distributed authority over implementation,
design, and data ownership. This is achieved through decentralized technologies that operate within a shared, high-level governance
standard.

The EU AI Act, for instance, embodies this regulatory hybridity: “The objective is to set global standards for Al safety and risk
(centralized), while simultaneously delegating enforcement and fundamental rights assessments to the local level (distributed).” [EU
Al Leadership, 2024] This model advocates that central bodies provide standardized frameworks (e.g., common LCA methods, data
interoperability protocols) and global targets (Net Zero), but it delegates the actual decision-making power and the implementation of
Al-driven circular solutions to the local and regional nodes within the ecosystem. Technologically, this duality is captured by initiatives
such as Sovereign AlL: “The core of Sovereign Al is open standards and open source, which allows actors to collaborate globally on
foundational technology while retaining full control and customization authority locally.” [Sovereign Al Foundation, 2024] This
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approach seeks to secure the efficiency and rapid response capability of local actors, while mitigating the risks of fragmentation
through mutually agreed-upon foundational governance structures.
These tensions and the related framing efforts and outcomes are illustrated in Fig. 1.

4.3. Framing interactions for navigating circularity tensions in the ecosystem

As illustrated in Fig. 1, the framing efforts undertaken by orchestrators and other actors with divergent interests are not discrete
trade-offs to be resolved but persistent interpretive contradictions that ecosystem actors must navigate. We argue that such navigation
is not merely a matter of technical governance or structural alignment; rather, it is fundamentally discursive, as actors engage in sense-
making regarding what Al means for circularity and how circularity objectives should be achieved. In the polysemous and highly
ambiguous setting that Al creates, orchestrators attempt to manage meaning and secure their narrative, but they must consistently
respond to critics and new entrants who challenge their claims and offer alternatives. Mediating these competing frames and facili-
tating the emergence of shared understanding across a fragmented field thus becomes an essential part of orchestration, requiring the
orchestrator to adapt its own framing and make strategic concessions to maintain legitimacy and secure ecosystem alignment. To
theorize this shift, we introduce distinct forms of framing: framing by orchestrators, framing by their critics, and emergent framings
that arise between these two contrasting positions.

Strategic Framing of Circularity by the AI Orchestrator refers to the deliberate, orchestrator-led efforts to align the interpretations
of actors with their own interests. Orchestrators engage in framing strategies such as multiplexed communication, temporal
sequencing, and the projection of hybrid logics, which enable them to appeal to diverse stakeholders while maintaining coherence and
authority. In this capacity, orchestrators function as sense-giving agents (Fiss and Zajac, 2006), using framing to preserve ecosystem
legitimacy and steer strategic direction under conditions of technological and normative ambiguity. This framing is countered by
critics who often problematize the orchestrator’s strategies in order to mobilize resistance, although they do not necessarily offer
solutions of their own. These two framings reinforce each other as each party attempts to assert interpretive dominance, prompting
ongoing contestation over what circularity should mean and how it should guide action.

The other form, Emergent Framing of Circularity by Ecosystem Actors, refers to the framing processes through which interpretive
consensus gradually emerges in the absence of centralized control. Here, alignment is achieved through reconciliatory framings that
attempt to find common ground and integrate otherwise divergent interpretations. These framings offer a pathway for shared meaning
to develop through interaction, negotiation, and iterative adjustment, while enabling new entrants to position themselves in an
environmentally concerned niche or, alternatively, prompting adjustments in the orchestrator’s framing. Table 2 offers a summary of
alternative framings related to circularity in an Al ecosystem.

Together, these two sets of framing efforts constitute the processes through which circularity is framed, interpreted, and pursued by
various actors. A likely outcome is ecosystem-wide alignment around emergent reconciliatory frames often advocated by new entrants
or peripheral actors who aim to position themselves between the two contrasting perspectives on Al. For example, Ericsson and
Hugging Face exemplify this by fusing climate goals with the efficiency ambitions of the technology (Green AI). These views are likely
to be adopted by orchestrators as well in order to remain competitive. For instance, when a leading cloud provider like Google frames
its circularity strategy in terms of both carbon neutrality and innovation efficiency, this resonates with partners who already view

Ecosystem-Level Circularity Alignment

A
Reconciliatory
Framing Green Al

Orchestrator’s
Framing

Environmental . ; Distributed

Framing Purpose (What Strategy (How?) Governance
and Why?) (Who?)

Al CIRCULARITY FRAMING TENSIONS

POLYSEMOUS NATURE OF
Al CIRCULARITY

Fig. 1. Framing circularity: Tensions, interactions, and outcomes within an AI ecosystem.
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Table 2
Comparative overview of framing types in the Al ecosystem.

Strategic Framing by Orchestrator Critical Framing by Ecosystem Critics Reconciliatory Framing by New Entrants or
Adjusting Orchestrators

Key Objective Align circularity interpretations with Expose climate risks, burdens, and Integrate divergent views and enable
orchestrator interests and maintain shortcomings of dominant techno- shared, constraint-aware circularity
ecosystem legitimacy solutionist framings narratives

Nature of the Deliberate, top-down framing aimed at Normative and problematizing framing that ~ Emergent, adaptive, and integrative

Framing guiding interpretation challenges orchestrator’s assumptions framing arising from interactions among
diverse actors

Mechanisms of Sensegiving, narrative control, ecosystem Public critique, moral reframing, external Resonance through transparency, efficiency

Influence centrality pressure benchmarks, and niche solutions

energy-efficient Al as both a moral and strategic goal, facilitating alignment and coordinated investment.

In other cases, misalignment may persist, as orchestrators continue to maintain a focus on their techno-solutionist approach,
creating space for variation in framing by other actors. This does not necessarily lead to direct competition and tension, as actors can
tailor circularity strategies to their own capabilities, roles, and intended positions. They may follow a mutualistic approach (Khanagha
et al., 2022), complementing the orchestrator’s efforts by either serving an eco-conscious niche or enhancing the ecosystem’s overall
ability to achieve circularity objectives without competing directly with the orchestrator.

Yet the interaction can also become frictional. The orchestrator’s techno-solutionist, optimization-oriented, and strategic framing
are likely to result in continued critical framing that inspires backlash from groups concerned with the normative commitments of
actors advocating for deeper ecological accountability. Such conflicts can erode trust, limiting the progress of Al, including the po-
tential positive circularity advantages.

Given these varied outcomes, framing interactions shape whether circularity efforts result in tangible progress or drift into symbolic
action. When circularity arguments overlook the practical benefits Al can offer for environmental improvement, they invite pushback
and slow adoption in areas where AI could contribute meaningfully. When orchestrators rely on circularity framing without imple-
menting substantive changes, alignment becomes superficial and accountability weakens. In such cases, the ecosystem may appear
coordinated while delivering limited tangible environmental impact.

An orchestrator plays a central role in managing framing tensions within an Al ecosystem, yet other actors also deploy deliberate
framing strategies that influence how circularity is interpreted and pursued. In what follows, we outline how orchestrators, new
entrants, and advocacy organizations navigate these tensions through distinct framing approaches and alignment strategies.

An orchestrator faces the dual challenge of pursuing commercial and circularity objectives while accommodating corresponding
stakeholder expectations. A viable approach involves engaging in multiplexed framing (Fraser and Ansari, 2021), strategically layering
performance and circularity narratives to appeal across the ecosystem. Such framing can be sequenced over time, initially emphasizing
optimization to build momentum and gradually incorporating transformative elements as alignment increases. Alternatively, the
orchestrator can switch its framing, oscillating between optimization and circularity emphases over time. Such oscillation aligns with
prior research that emphasizes the dynamic nature of orchestrators’ framing and legitimation strategies (Kashanizadeh et al., 2024),
including the strategic and even deceptive use of framing and other signals to buy time and maintain alignment (Khanagha et al.,
2025).

New entrants, whether de novo (Ansari et al., 2016) or de alio (Reischauer et al., 2025), have opportunities to influence the framing
process. Startups and entrepreneurial firms, including hybrid and social ventures, can advance normative commitments that diverge
from dominant ecosystem narratives. By offering contrasting frames that problematize the status quo and the trajectory envisioned by
the orchestrator (Snihur et al., 2018), they can trigger other actors to rally behind a vision that foregrounds circularity and planetary
concerns rather than accepting techno-solutionist framings. Examples such as Hugging Face and Cerebras Systems show how smaller
firms introduce framing counterpoints around circularity transparency or hardware transformation that challenge the prevailing logic.
Large actors, such as Ericsson, have different opportunities to enter Al ecosystems, either by developing a mutualistic niche that only
partly overlaps with the orchestrator’s position or by gradually attempting to disrupt the orchestrator through competing solutions.

5. Contributions

This paper contributes to research at the intersection of ecosystem strategies, especially the studies focused on social and cognitive
aspects of ecosystems (Snihur et al., 2022), and circular economy (Pramar et al., 2023; Sharma, 2022) by theorizing how achieving
alignment around Al circularity is influenced by the multiplicity of stakeholders, the ambiguity of Al technologies, and the variation in
how circularity is interpreted across actors. We build on the polysemous nature of Al to highlight how different actors, ranging from an
orchestrator and infrastructure provider to startups, civil society organizations, and regulators, attribute conflicting meanings to what
circularity entails, how it should be achieved, and who should hold responsibility and authority. These divergent interpretations give
rise to persistent tensions, which hinder coordination and stall progress toward shared circularity goals. This study departs from prior
research, which often treats circularity as a shared strategic objective or technical pathway, underplaying the socio-cognitive and
political frictions that emerge in multi-actor ecosystems (Garud et al., 2022).

Second, we contribute to the literature on framing in multi-stakeholder environments (Grimm and Reinecke, 2024; Klitsie et al.,
2018), including the context of circularity. Our analysis examines the interaction between strategic framing led by orchestrators,
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critical framing advanced by environmentally concerned stakeholders, and the reconciliatory framing introduced by new entrants who
aim to position themselves within ecosystems dominated by orchestrators. We theorize how these framings unfold in parallel and
influence one another through interactions that determine which narratives of circularity gain traction, which become marginalised,
and how legitimacy around an emerging frame is constructed. In doing so, we underscore the often neglected processual and inter-
active nature of framing in multi-stakeholder settings (Snihur et al., 2022) and offer an account of how circularity narratives are
co-constructed under conditions of ambiguity and institutional complexity.

For managers, our framework underscores the importance of dual framing: positioning innovation and circularity not as trade-offs
but as interdependent imperatives. This calls for a more fine-grained understanding and articulation of purpose, new key performance
indicators (e.g., energy efficiency per Al model), hybrid governance mechanisms, and strategic communication efforts that resonate
with both technical and normative audiences. Orchestrators should not only coordinate resources but also act as narrative brokers,
fostering discursive alignment among ecosystem partners, enabling transparency around trade-offs, and cultivating shared frames that
bridge organizational divides. Framing orchestration thus becomes a critical capability for aligning divergent interests while main-
taining innovation momentum.

For policymakers, the findings highlight the need for enabling infrastructures that support coordination without stifling innovation.
Regulators can catalyze alignment by setting minimum thresholds for circularity performance, fostering transparency through
reporting standards, and convening multi-stakeholder forums for dialogue. As an AI ecosystem spans national boundaries, global
coordination and collaboration on circularity frameworks will be essential. Future studies can also examine the legal and moral
challenges arising from the rapid growth of ecosystems that focal firms build around AI. For example, we have observed a series of
litigation battles around the content on which AI models are trained and whether Al firms have violated copyright and other intel-
lectual property rights in developing and training these models. These contestations may become more pronounced as people confront
threats to their professional expertise being undermined by Al firms without their permission or consent.

Our analysis was focused on framing interactions beyond firm boundaries, but what circularity means in connection with Al is a
ground for internal contestations (Kaplan, 2008) and misalignment (Ahmadi et al., 2025), especially as it is likely to have far-reaching
implications, such as for firm identity (Garud and Karunakaran, 2018). Future research can look into framing interactions within
organizations. Moreover, as organizational capabilities and routines are essential for adoption and implementation of Al and other
emerging technologies (Stelmaszak et al., 2025; van Doren et al., 2022), framings pertaining to the nature of such routines and ca-
pabilities for Al circularity become relevant. Furthermore, future research should investigate how ecosystems institutionalize circu-
larity over time and explore the broader implications of AI's polysemy for ethics and corporate social responsibility. Our framework
provides a lens to analyze these developments as they unfold across digital and technological domains.

6. Conclusion

Al technologies introduce new forms of ambiguity, stakeholder multiplicity and divergence, and interpretive tensions into business
ecosystems, reshaping how alignment can be achieved through framing. Under these conditions, circularity becomes a site of
contestation rather than a straightforward technical goal. By unpacking three core tensions related to purpose, strategy, and gover-
nance, we show that circularity transitions in an Al ecosystem are not solely technical or structural shifts but fundamentally discursive,
relying on framing efforts and interactions by orchestrators and other actors. Framing interactions reflect evolving yet persistent
technical and political ambiguities surrounding Al and express divergent understandings of value, responsibility, and control. Our
analysis positions circularity not as an external constraint but as an endogenous force whose meaning is continually shaped through
framing contests within the ecosystem. We demonstrate how framing dynamics operate as mechanisms of both constraint and ena-
blement, influencing the emergence of new roles and value propositions.
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