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ABSTRACT

The smartphone industry faces sustainability challenges from greenhouse gas emissions and resource depletion to growing e-
waste volumes. Circular business models have been proposed as a pathway to address these issues, yet their adoption remains
limited, lacking integrative assessment frameworks that connect environmental performance with business viability. This study
develops and applies such a framework combining life cycle assessment, monetisation of externalities via the eco-cost method
and a structured value alignment score. Using primary data from Fairphone 5 as a case study, four scenarios with increasing
levels of circularity are analysed: (S0) a linear business-as-usual baseline, (S1) extended use with moderate user-led repairs, (S2)
long-life use with intensified user-led repairs and (S3) a product-as-a-service model based on manufacturer-led refurbishment.
The results demonstrate that all circular business models outperform the linear baseline in terms of both environmental impacts
and monetised externalities. Incremental models that extend product lifespans through user-led repair (S1, S2) yield significant
reductions in greenhouse gas emissions (up to —46%) and eco-costs (—36%). However, their strategic alignment is constrained by
weakened consumer value propositions and original equipment manufacturing profitability. In contrast, a product-as-a-service
model (S3) achieves superior outcomes by internalising life cycle responsibility and aligning incentives with longevity and ser-
vice quality, reflecting systemic reconfiguration of value logics. The study contributes theoretically by operationalising an in-
tegrated framework that bridges environmental metrics with strategic value dimensions to evaluate circular business models.
Practically, it provides firms a structured tool for evaluating trade-offs and advancing scalable pathways towards a sustainable
circular economy.

1 | Introduction unprecedented digital access. Yet, their life cycle is char-

acterised by globally dispersed supply chains that deplete
The rapid proliferation of mobile phones has transformed finite resources, generate significant emissions and exter-
modern communication, social interaction and facilitated nalise social and environmental costs. This prevailing linear

This study addresses the challenge of designing effective circular business models (CBM) by developing and applying a novel integrated assessment framework to the
smartphone industry. This framework synthesises quantitative life cycle assessment and monetised externalities and a semi-quantitative value alignment score to
comprehensively assess the strategic viability and holistic sustainability performance of distinct CBMs. The findings reveal critical trade-offs between product
longevity and CBM viability, demonstrating that systemic product-as-a-service models, which align environmental stewardship with continuous value delivery, offer a
more robust pathway to a circular economy than simpler repair-focused models. Consequently, this research provides actionable insights for designing and evaluating
CBMs that balance environmental, economic and strategic objectives, contributing to the development of genuinely sustainable business strategy.
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‘take-make—-dispose’ production and consumption model
dominant in the mobile phone industry is emblematic of the
inherent tensions between technological advancement, eco-
nomic growth and environmental sustainability. With over 7.2
billion smartphones in use globally and 1.23 billion units sold
in 2024 alone (Popal and Reith 2024; TechTarget Inc. 2025),
this sector represents both a driver of socio-economic activity
and a significant contributor to environmental degradation.
Manufacturing alone generates approximately 60-65Mt CO e
(Kamiya and Moore 2025), whereas short product lifespans
(Nojgaard et al. 2020) and frequent new releases (Ylid-Mella
et al. 2022) accelerate e-waste generation. In 2022, global e-
waste reached 62Mt, with projections suggesting 82Mt by
2030 (Baldé et al. 2024). Despite containing valuable critical
(e.g., tantalum and cobalt) and precious materials (e.g., gold
and copper), only around 20% of global e-waste is properly re-
cycled (Rizos et al. 2019; Baldé et al. 2024). The remainder is
often discarded, landfilled or exported illegally, leading to se-
vere environmental and social consequences, including haz-
ardous substance leaching (Baldé et al. 2024).

As a response to these concerns, policymakers have introduced
a range of measures such as extended producer responsibility
(EPR), eco-design requirements and data transparency mandates
(e.g., EU's circular economy directive, Ecodesign for Sustainable
Products Regulation [ESPR], Digital Product Passport [DPP] and
right-to-repair [RtR]) (Ren and Albrecht 2023; Cao et al. 2024;
CircuLaw 2024; Jugend et al. 2024). Yet, the smartphone sec-
tor remains constrained by a narrow focus on end-of-life (EoL)
strategies, particularly recycling while overlooking value re-
tention strategies such as reuse, repair and refurbishment (Guo
et al. 2023; Mayers et al. 2023). By adopting these strategies,
circular business models (CBMs) aim to reconfigure the way in
which firms create, deliver and capture value while addressing
environmental, social and economic risks (Sjodin et al. 2020;
Geissdoerfer et al. 2023). In practice, however, CBMs often re-
main abstract and detached from robust performance data,
limiting their diffusion and impact (Santa-Maria et al. 2022;
Geissdoerfer et al. 2023).

Established methods like life cycle assessment (LCA) and
true cost accounting (TCA) can evaluate sustainability per-
formance and provide critical data, but they are rarely incor-
porated into business model design or evaluation (de Giacomo
and Bleischwitz 2020). Although these methods suit a product-
focused linear economy, a circular economy (CE) requires LCA
to analyse environmental trade-offs across the entire product
life cycle, linking to value creation and capture dynamics to
enable strategic decision-making (Goffetti et al. 2022). TCA, by
monetising hidden environmental and social costs, makes ex-
ternalities visible but similarly remains disconnected from firm-
level value creation and capture logics (Michalke et al. 2025).
This disconnect highlights a persistent gap—although the CE
concept is conceptually appealing, it lacks integrated, holistic
assessment frameworks that can bridge environmental perfor-
mance, monetised externalities and strategic viability (Tura
et al. 2019; Vermunt et al. 2019). Consequently, there is an urgent
need for integrated assessment frameworks combining environ-
mental, economic and potentially social dimensions, supported
by robust, standardised metrics (Corona et al. 2019; Centobelli
et al. 2020; van Loon et al. 2021; Jerome et al. 2022).

Therefore, the objective of this study is to address this gap by
developing and applying an integrated assessment to system-
atically evaluate the environmental performance, monetised
externalities and strategic viability of different CBMs in the
smartphone sector. This approach integrates LCA and TCA
within the circular business model innovation (CBMI) process
using a multi-criteria scenario analysis that surfaces strategic
trade-offs and guides value reconfiguration. The assessment
framework is applied to the Fairphone 5, a device designed
for circularity (e.g., through longevity and repairability) and
aligned with policy mandates (e.g., the EU's RtR and ESPR). As
the Fairphone 5 overcomes common linear product challenges,
it serves as an ideal case for evaluating CBM potential while
minimising hypothetical assumptions that could skew results
(Hazelwood and Pecht 2021; Jugend et al. 2024). In doing so,
this study makes three key contributions:

1. Firstly, it advances the literature on sustainability and cir-
cularity by integrating LCA and TCA into CBM design,
showing how quantitative environmental and economic
metrics can inform value creation, delivery, proposition
and capture.

2. Secondly, it highlights structural misalignments between
current business practices and sustainability goals, com-
paring four distinct CBM scenarios under harmonised
functional conditions.

3. Finally, it provides empirical evidence on the trade-offs of
circular strategies, demonstrating why systemic, service-
based models outperform user-led initiatives in aligning
environmental performance with long-term value creation.

The paper proceeds as follows. Section 2 reviews relevant lit-
erature on smartphone life cycle impacts, TCA and CBMs.
Section 3 presents the conceptual framework that integrates
these strands. Section 4 applies this framework to scenario-
based analysis using LCA and TCA data for smartphones.
Section 5 discusses strategic implications for CBM design and
acknowledges the study's limitations, and Section 6 concludes
by outlining the main contributions and suggesting directions
for future research.

2 | Literature Review

This section outlines the conceptual foundations of CBMI and
its relevance to the smartphone sector. Section 2.1 examines
LCA as a diagnostic tool for identifying the environmental per-
formance of developed CBMs. Section 2.2 introduces eco-cost
accounting to monetise externalities. Section 2.3 then explores
how CBMI can reconfigure value creation to operationalise cir-
cularity and sustainability.

2.1 | LCA of Smartphones: Environmental
Hotspots and Limitations for Business Model
Innovation

LCAs provide a granular breakdown of the environmental per-
formance of products and services, particularly in resource-
intensive sectors such as consumer electronics. Its strength lies
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in systematically accounting for impacts across the entire life
cycle stages and highlighting environmental hotspots in re-
source extraction, component manufacturing, assembly, trans-
port, use phase and EoL (Goffetti et al. 2022). In the case of
smartphones, numerous studies identify upstream processes,
particularly the extraction of raw materials and the energy-
intensive manufacturing of components, to dominate the over-
all product footprint (Clément et al. 2020; Cordella et al. 2021).
These studies also highlight the significant energy consump-
tion, resource depletion (particularly critical raw materials
like cobalt, tantalum, lithium and rare earth elements) (Gomez
et al. 2023) and water use associated with component produc-
tion and assembly (Madaka et al. 2022). The use phase, pri-
marily driven by electricity consumption for charging and data
usage, constitutes a secondary but substantial impact, heavily
influenced by the local energy grid mix. Finally, although EoL
management is crucial for resource recovery and for mitigating
hazardous emissions such as landfill leachate (Forti et al. 2020),
it generally contributes only a relatively small proportion to the
total life cycle impact compared to the manufacturing stage (He
et al. 2020; Bruno et al. 2022).

LCA studies further highlight the influence of product lifes-
pan in determining cumulative environmental burdens.
In the smartphone market, the prevailing trend of short
lifespans, driven by rapid technological obsolescence, per-
ceived obsolescence and limited repairability (Welfens
et al. 2016; Proske and Jaeger-Erben 2019), substantially in-
creases the per-unit footprint when impacts are amortised
over time. Furthermore, studies also reveal the limitations
of a narrow focus on recycling efficiency alone (Makov and
Fitzpatrick 2021; Proske 2022). Although improving recy-
cling rates is necessary, studies demonstrate that prolonging
the active use phase through strategies like reuse, repair and
refurbishment can deliver greater environmental benefits by
avoiding the carbon- and resource-intensive manufacturing of
new devices (Pamminger et al. 2021).

However, the application and interpretation of LCA in the elec-
tronics sector also reveal important methodological challenges
and uncertainties. Data sources remain fragmented, with fore-
ground data (e.g., bill of materials and energy use) sourced from
OEMs, whereas background data for complex supply chains rely
on generic databases, which may lack temporal or geographi-
cal representativeness (Elias Mota et al. 2020). Inconsistent sys-
tem boundaries further complicate cross-study comparisons,
as some LCAs focus solely on production and use phases and
others include EoL or infrastructure impacts (Prado et al. 2017).
Choices in life cycle impact assessment (LCIA) methods, such
as regional versus global datasets, and reliance on industry av-
erage life cycle inventory (LCI) data can introduce uncertainty,
with studies demonstrating that different LCA software and
databases can yield significant disparities in results (Bicalho
et al. 2017; Elias Mota et al. 2020). Furthermore, the complex-
ity, time and cost of conducting LCAs, as well as difficulties in
interpreting and communicating the multifaceted results, limit
their integration in corporate sustainability reporting, often
reducing the scope to simplified metrics like carbon footprint
(Stewart et al. 2018). Most critically, for business strategy, con-
ventional LCA is not well suited to assess business models,
as it neglects economic and socio-technical factors, such as

monetary flows and value-chain dynamics, essential to corpo-
rate strategy (Goffetti et al. 2022). These limitations underscore
the need for standardised methodologies, enhanced data quality
and expanded frameworks to improve LCA's strategic utility in
the electronics sector.

Despite LCA's robustness in revealing environmental hotspots,
its integration into business model innovation (BMI) is limited,
especially in the fast-paced smartphone sector where innovation
cycles and profit motives impede the adoption and implemen-
tation of circular strategies (Rittershaus et al. 2025). Although
some manufacturers have begun to explore product life exten-
sion (PLE)-oriented interventions such as refurbishing schemes
or take-back programmes, such efforts often remain inadequate,
failing to enable true value retention through modularity, reuse
and prolonged lifespan (Schischke et al. 2019; Kim et al. 2022).

This integration gap stems partly from LCA's product-system
focus, which abstracts away from the actor-specific dynamics
of value creation, delivery and capture that characterise CBMs
(Bocken et al. 2014). Although LCAs quantify the merits of strat-
egies extending the product's life cycle (Proske 2022), they offer
little guidance on operational restructuring, such as shifting
from product sales to service models or redistributing revenues
and risks in product-as-a-service (PaaS) setups. Complementary
methods in the literature address this by incorporating eco-
nomic and social dimensions. This disconnect has spurred the
development of integrated assessment frameworks. The most
prominent one, Life Cycle Sustainability Assessment (LCSA),
aims to integrate the environmental, social and economic
dimensions to evaluate triple-bottom-line impacts (Stewart
et al. 2018). However, the practical application of such com-
prehensive frameworks for guiding BMI faces its own hurdles,
including exceptional complexity, data intensity and disaggre-
gated results that are difficult for managers to transfer into stra-
tegic decisions (Elias Mota et al. 2020). This is because these
broader frameworks still inherit the limitations of a conven-
tional, product-focused LCA, failing to bridge the gap to the stra-
tegic and socio-economic drivers of a business model (Bockin
et al. 2022; Goffetti et al. 2022).

Addressing this gap requires the development of integrated
assessment frameworks that can align environmental insights
from LCA with the strategic and organisational insights of BMI,
particularly in sectors where sustainability transitions hinge on
both technical redesign and operational reconfiguration.

2.2 | Eco-Costs Assessment of Smartphones:
Internalising Externalities

Although LCA effectively identifies environmental burdens,
it does not translate these into monetary terms. TCA offers a
complementary perspective by translating environmental and
social externalities into monetary terms, thereby revealing the
hidden costs of production and consumption systems (Michalke
et al. 2025). Rooted in ecological economics, TCA quantifies the
economic costs of greenhouse gas emissions, ecosystem degra-
dation, resource depletion, pollution or adverse social impacts
that are typically excluded from traditional economic assess-
ment and accounting practices (Bithas 2011).
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Various TCA methodologies exist, ranging from damage cost
approaches (estimating repair costs for environmental dam-
ages) to abatement cost approaches (estimating the cost of pre-
venting environmental damage) (Arendt et al. 2020). Among
abatement cost methods, the eco-cost-to-value ratio (EVR)
has gained traction (Vogtldnder et al. 2019). The strength of
the EVR metrics in strategic decision-making lies in its ability
to benchmark the economic value generated by a product (re-
flected in its market price) against the eco-costs embedded in
its production and use. A lower EVR signifies a more sustain-
able product that delivers high economic value with relatively
lower hidden environmental liabilities. Eco-costs quantify
the prevention expenditure required to keep total pressures
within planetary boundaries, aggregating climate change, re-
source scarcity, toxicity, biodiversity loss and other midpoint
indicators into a single monetary metric. This prevention-
oriented logic aligns well with the CE principles, empha-
sising proactive harm avoidance over reactive remediation.
Moreover, eco-costs' reliance on publicly available character-
isation factors makes the method readily comparable across
products (Vogtlinder 2025).

The EU and affiliated organisations have operationalised this
concept by developing shadow prices for major environmental
impacts such as the social cost of carbon (€/tonne CO,) and
health damages from air pollution (€/DALY). For instance, CE
Delft (de Vries et al. 2025) and the European Commission re-
ports provide monetisation guidelines for a wide range of impact
categories, which can be aligned with LCA results to produce
composite eco-cost profiles for products like smartphones.

Despite increasing attention to sustainable production and con-
sumption, the integration of environmental and eco-cost as-
sessments remains underdeveloped in the smartphone sector.
Most existing studies adopt either an environmental perspec-
tive quantifying impacts through LCA or a market-oriented ap-
proach focused on direct financial costs and revenues. Rarely
are these combined to reveal the full spectrum (from raw mate-
rial extraction to e-waste generation) of externalised costs and
potential value opportunities embedded in smartphone life cy-
cles (Nguyen et al. 2016). Consequently, the strategic trade-offs
involved in CBMs, where a reduction in environmental exter-
nalities is weighed against implementation costs or changes in
revenue models, are seldom quantified in an integrated manner.
This omission has two implications—firstly, it obscures the
true socio-environmental burden of smartphones; secondly, it
prevents firms from recognising opportunities for cost savings,
resource efficiency and new revenue streams. Life cycle-extend-
ing strategies such as repair, refurbishment, leasing or compo-
nent harvesting can partially offset declining sales by generating
after-sales revenues while simultaneously lowering manufac-
turing expenditures through reduced demand for new units and
components (Geissdoerfer et al. 2020). When assessed alongside
the avoided external costs revealed by TCA, these internal gains
offer a more comprehensive perspective on the total value prop-
osition of CBMs.

However, eco-cost assessment is not a substitute for conven-
tional financial analysis. Rather, it serves as a normative and
strategic lens. While acknowledging the inherent ethical and
methodological debates surrounding the monetisation of

natural resources, its primary purpose is not to reflect firm-level
profitability but to reveal distortions in market prices that sys-
tematically undervalue environmental degradation and social
harm (Centemeri 2009). Making these hidden costs explicit
is particularly important for CBMs, which aim to reconfigure
value creation and capture around the minimisation or avoid-
ance of systemic harms (Bocken et al. 2022). Their integration
within sustainability research reflects a growing recognition
that assessing environmental impacts without accounting for
their broader socio-economic consequences is both analytically
incomplete and ethically inadequate. By making external costs
visible, eco-cost assessment provides a comprehensive basis for
designing CBMs that create value by actively designing out envi-
ronmental liabilities, turning sustainability from a compliance
issue into a strategic value driver of innovation.

2.3 | CBMs: Reconfiguring Value Dimensions
for Circularity and Sustainability

CE seeks to enhance resource productivity by narrowing (en-
hancing efficiency), slowing them (extending use) and clos-
ing them (reclaiming resources) material and energy loops
(Kirchherr et al. 2017; Konietzko et al. 2020). However, inter-
connected barriers spanning financial, market, operational,
organisational, policy, technological and intrinsic domains
pose substantial systemic inertia, impeding CE implementation
(Tura et al. 2019; Vermunt et al. 2019; Rizos and Bryhn 2022).
Emerging from a technical perspective (Ferasso et al. 2020;
Ahmad et al. 2023), challenges such as cost and profit uncer-
tainty (Junge 2024), inadequate reverse logistics infrastructure
(Evans and Vermeulen 2021; Thapa et al. 2023), organisational
resistance to change (Makov and Fitzpatrick 2021; Yld-Mella
et al. 2022) and consumer reluctance towards non-linear con-
sumption (Tunn et al. 2020; van der Velden et al. 2023) demand
a more fundamental redesign of prevailing business models'
underlying value framework rather than incremental adjust-
ments (Tabas et al. 2025). Instead, they necessitate a funda-
mental redesign of the underlying business logic (Méndez-Le6n
et al. 2022), aligning with Schumpeter's concept of ‘creative
destruction’, where disruptive innovation supplants entrenched
paradigms.

CBMI serves as a critical strategic lever for this transforma-
tion, reconfiguring value creation, delivery and capture to
align with CE principles (Geissdoerfer et al. 2023). To sharpen
the analytical focus, this section adopts a structured typol-
ogy of value dimensions drawn from business model litera-
ture and adapted for sustainability contexts (Osterwalder
and Pigneur 2010; Geissdoerfer et al. 2017). We conceptual-
ise value multidimensionally, encompassing economic (e.g.,
profitability and revenue streams), environmental (e.g., re-
duced externalities and resource efficiency) and social (e.g.,
stakeholder equity) aspects (Attanasio et al. 2022). These are
systematically unpacked through four core business model
dimensions, that is, value proposition, creation, delivery and
capture, thereby illustrating how CBMI reshapes them to pro-
mote circularity.

A CBM's value proposition redefines: “What value is provided
and to whom?’ (Islam et al. 2024). Unlike linear models, a
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circular value proposition is built on solutions that often shift
away from ownership-based sales to durable, service-oriented
solutions that extend product life cycles (PLC). For smartphones,
this might involve modular designs enabling upgrades, paired
with take-back programmes, thereby addressing environmental
burdens (e.g., e-waste reduction) while creating economic value
through recurring service revenues, efficiency gains and mod-
est social benefits. Hence, developing a successful value prop-
osition requires a deep understanding of consumer behaviour
and stakeholder needs to ensure the offer is attractive (Kunz
et al. 2018; Cao et al. 2024).

In this regard, value creation is the continuous process of gen-
erating this value across the entire PLC, far beyond the ini-
tial sale (Chesbrough et al. 2018; Sjodin et al. 2020). It relies
on a collaborative approach where providers and customers
jointly create value based on a product's ongoing value-in-use
rather than its one-time value-in-exchange (Da Fernandes
et al. 2020; Hunger et al. 2024). This process is driven by inter-
nal factors like enhanced managerial practices and external
factors like ecosystem orchestration to facilitate value co-
creation. This dimension enhances environmental outcomes
(e.g., slowing loops via repairability) and social equity (e.g.,
inclusive innovation) while economically leveraging shared
knowledge for cost efficiencies.

Value delivery involves the mechanisms and systems that
transmit and maintain this value to the user throughout
the PLC (Shevchenko et al. 2019). This is achieved through
consistent, value-added services such as maintenance and
repairs that adapt to evolving customer needs (Jaeger-Erben
et al. 2021; Makov and Fitzpatrick 2021). Its success is criti-
cally dependent on factors such as durable product design, ro-
bust reverse logistics and effective PLE strategies (Achterberg
et al. 2017).

Finally, value capture refers to the mechanisms a company uses
to secure a return from the value it creates while redistributing
CE benefits. It is the capacity of an entity to claim a share of
the value generated at different points in the PLC (Chesbrough
et al. 2018). This necessitates designing effective governance
structures and long-term agreements to ensure the value created
exceeds the cost of its delivery (Da Fernandes et al. 2020; Rizos
and Bryhn 2022). Given that the roles of consumers and provid-
ers can shift, value capture strategies must also determine how
the benefits of CE practices are distributed to encourage more
sustainable consumption (Lopes de Sousa Jabbour et al. 2019).
In CE contexts, this involves novel streams like leasing or re-
sale royalties, balancing economic viability with environmental
mitigation.

CBMI thus links product-level innovations (e.g., recyclability for
closing loops) with organisational and ecosystem transforma-
tions, enabling systemic impact where linear models fall short
(Boons and Liideke-Freund 2013; Geissdoerfer et al. 2020).
To guide the transition, literature offers a wide array of CBM
frameworks and typologies, often categorised into three inter-
connected streams: frameworks focused on CBMI, on CBM
adoption and implementation and on circular supply chains
(Islam et al. 2024). Whereas some innovations like enhanced
recyclability (closing loops) or material efficiency (narrowing

loops) might offer partial benefits within linear structures,
key leverage points for slowing consumption (e.g., modular-
ity, repairability and traceability) cannot achieve systemic
impact without corresponding innovations in the underlying
value framework itself (Magnier and Mugge 2022; Yli-Mella
et al. 2022).

To guide the transition towards a CE, a wide array of con-
ceptual frameworks has emerged, which can be clustered
into three main streams of research (Islam et al. 2024). The
CBMI stream, focusing on the design and conceptualisation
of new models, is the most developed. Its contributions range
from foundational models, such as CBM archetypes and clas-
sifications, to practical applications, including a variety of
adaptations of established tools like the business model can-
vas (Woldeyes et al. 2025). It also includes process-oriented
tools offering barrier mitigation strategies, developing digi-
talisation and technology pathways and creating circularity
assessment metrics. Furthermore, scholars have focused on
categorising the distinct strategic pathways of innovation,
with sector-specific variants for start-ups versus incumbent
firms (OECD 2019).

In contrast, CBM adoption and implementation research
investigates the organisational capabilities and ecosystem
conditions required to operationalise CBMs, emphasising
managerial processes, product-service transitions and eco-
system coordination (Rizos and Bryhn 2022). Specifically, it
explores organisational enablers, such as capability-building
for PSS (Tukker 2015) and ecosystem transitions, addressing
practical hurdles like PLC management and strategic shifts
towards servitisation.

Finally, circular supply chains stream, though emerging,
highlights the critical inter-firm coordination and infra-
structure required for circularity (Brown and Bajada 2018).
It underscores the need for new forms of cooperation along
the value chain, the establishment of effective reverse logis-
tics systems and policies and the use of information technol-
ogy to ensure traceability. As a result, it often functions as a
supporting measure for both the major branches (Govindan
et al. 2015; Islam et al. 2024).

Despite these advances on CBMs, research remains frag-
mented, with CBMI and implementation often being treated
as distinct and isolated domains, and a significant research
gap with two critical characteristics manifests. On one hand,
innovation frameworks frequently assume environmental
benefits based on circularity principles yet rarely subject
these assumptions to quantitative validation through methods
such as LCA or TCA. On the other hand, adoption-focused
studies highlight contextual enablers of CBMs but offer lim-
ited analytical tools for evaluating the trade-offs that arise
across economic, environmental and social value dimensions.
Meanwhile, research on supply chain contributions tends to
emphasise infrastructural coordination, often in isolation
from broader questions of both strategic and ecological viabil-
ity. This fragmentation has left the field with few integrative
frameworks capable of simultaneously addressing environ-
mental performance, monetised externalities and strategic
value reconfiguration.
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The framework developed in this study addresses this gap by
proposing an integrated assessment that synthesises three
often-siloed domains: quantitative environmental performance,
monetised externalities and strategic value alignment. By bridg-
ing the divide between conceptual CBM innovation and data-
driven analysis, this approach offers a rigorous tool to evaluate
the real-world viability of different circular strategies in smart-
phones, accounting for both their environmental impacts and
their strategic coherence.

3 | Methodological Framework

This study develops and applies an integrated assessment frame-
work that systematically links environmental LCA, monetised
externalities and CBM evaluation within a coherent analytical
structure. The framework (depicted in Figure 1) is applied to
four distinct smartphone business model scenarios. An over-
view of these scenarios is provided in Section 3.1.3.

The assessment framework unfolds through three cumulative
and analytically interlinked layers. Layer 1 (environmental im-
pact assessment) entails a conventional LCA based on primary
data provided by the original equipment manufacturer (OEM)
Fairphone B.V. This foundational stage generates detailed en-
vironmental performance metrics (greenhouse gas emissions,

Data collection

Enviornmental impact assessment
| Eco-Cost-Index
I

1_Scenario design

resource depletion, water use, etc.) and identifies critical im-
pacts and hotspots across the PLC. Layer 2 (monetised exter-
nalities) builds upon these LCA results by translating midpoint
impact indicators into monetised external costs using the eco-
costs method, thus yielding a scenario-specific Eco Cost Index
(ECI). Layer 3 (strategic value reconfiguration) qualitatively
evaluates the extent to which each business model scenario re-
configures its underlying value framework's logic in response
to environmental and economic externalities. This results in a
value alignment score (VAS), which reflects the model's degree
of alignment with CE principles and societal value retention.
VAS incorporates multidimensional considerations, including
economic feasibility (e.g., revenue streams), environmental mit-
igation (e.g., loop slowing/closing) and social equity (e.g., inclu-
sive access). See Table S1-S4 for the scoring rubric.

Together, the ECI and VAS constitute a two-dimensional per-
formance space that informs the comparative assessment of
the four business model scenarios. This integrated approach
provides the necessary structure to move beyond description to-
wards empirically grounded, actionable guidance for fostering
genuinely sustainable consumption patterns in the smartphone
industry (Corona et al. 2019; Centobelli et al. 2020). The subse-
quent sections detail the specific implementation of each stage
within this framework, beginning with the description of the
case study design.

|
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3.1 | Case Study Design
3.1.1 | Case Selection

This study employs an in-depth single-case analysis to move be-
yond theoretical propositions and provide robust empirical evi-
dence on the performance of CBMs. We intentionally selected the
Fairphone 5 as an exemplary case because it embeds circular prin-
ciples throughout its life cycle. The company actively fosters cir-
cularity from ethical material sourcing and modular production
to the end-of-use reclamation. Crucially, the device is designed
for a long life and easy repair, and the company provides the com-
plete underlying infrastructure, including spare parts, manuals
and repair services. This ecosystem not only enables circular
value flows (creation, delivery and capture) but also empowers di-
verse stakeholders, from users to recyclers, to participate actively.

This case thus provides a benchmark for what is possible under
optimal conditions, enabling focused analysis of CBMs without
the confounding effects of product design limitations or hypo-
thetical assumptions. The primary goal of this approach is to offer
a clear, evidence-based case study that can inform and inspire
other stakeholders to adopt and pursue similar circular efforts.

3.1.2 | Scope, Assumptions and Data Sources

To provide a robust quantitative basis for the analysis, an
LCA was conducted in accordance with ISO 14040 and 14044

TABLE1 | Data sources for the integrated assessment.

standards. The following sections detail the methodological de-
sign choices, assumptions and data sources used.

The goal of the LCA is a cradle-to-grave comparison of four
business model scenarios for the Fairphone 5. The system
boundary encompasses all relevant life cycle stages, from
raw material extraction and component manufacturing to
device assembly, distribution, use and EoL management. Key
exclusions from the system boundary include peripheral ac-
cessories (e.g., chargers, screen protectors and cases) and sup-
porting digital infrastructure (e.g., mobile networks). This is
justified on the basis that these are assumed to be consistently
used across all scenarios, thereby not affecting the compara-
tive outcome.

Primary data are drawn from Fairphone B.V.s enterprise
resource planning (ERP) system, supplemented by second-
ary sources like ecoinvent v3.10 for upstream processes.
Assumptions on energy use, transport modes and EoL recovery
rates are conservatively parameterised based on Fairphone's
operational data and EU averages. Table 1 summarises all data
sources and the life LCI is elaborated in the SI ‘Life cycle inven-
tory (LCI) data.

3.1.3 | Scenarios Under Investigation

The scenarios inv