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The transition towards a circular bioeconomy requires business models that enable cascading biomass use,
local valorisation, and resilient low-carbon energy provision. In this context, energy communities offer a suitable
organisational setting by supporting collective action, mobilising local investment, and capturing value from
biomass residues and bioenergy co-products. This paper synthesises peer-reviewed evidence and develops a
morphological typology structured around four dimensions: technological orientation, governance structures,
actor configurations, and market orientation. The findings suggest that biomass-centred models can enhance
circular bioeconomy outcomes by linking waste-to-resource loops with local energy autonomy. However, their
effectiveness depends on adaptive governance, cross-sector collaboration, and enabling policy frameworks to
address investment, coordination, and market risks. The main contribution is a replicable typology that supports
both strategic design and comparative assessment across diverse regulatory and territorial contexts.

1. Introduction

Decarbonisation pathways require place-based governance mechanisms capable of coordinating diverse
assets, stakeholders, and value flows within energy systems. In this setting, energy communities have emerged
as decentralised socio-technical configurations that support collective action, mobilise local investment, and
enable new forms of energy exchange, including collective self-consumption and peer-to-peer (P2P) trading.
These initiatives have been widely recognised for their potential to enhance local resilience, democratise energy
systems, and promote more inclusive energy transitions. In parallel, the circular bioeconomy has emerged as a
key framework to maximise the value of biological resources through cascading use, waste valorisation, and
the substitution of fossil-based inputs. Achieving these objectives requires not only technological innovation but
also business models capable of integrating multiple value streams, coordinating actors across sectors, and
ensuring economic viability under uncertain regulatory and market conditions (Salvador et al., 2021). Despite
the growing literature in both domains, research at the intersection of energy communities and the circular
bioeconomy remains fragmented. Studies on energy community business models tend to focus on governance
structures, market arrangements, and digital platforms, often overlooking biomass-specific value mechanisms
and circularity principles. In contrast, research on circular bioeconomy business models emphasises industrial
processes, resource efficiency, and value chain configurations, with limited attention to decentralised and
community-based energy systems (Salvador et al., 2023). This fragmentation points to a critical gap: the
absence of an integrated framework linking circular bioeconomy principles with the design of business models
for biomass-based energy communities. While prior studies have proposed typologies and design options for
energy communities, they rarely account for the specificities of biomass valorisation, cascading use, and multi-
product value capture (Pieroni et al., 2019) (Centobelli et al., 2020). As a result, there is limited guidance on
structuring business models that simultaneously address local energy autonomy and circular bioeconomy
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objectives. To support this gap, a structured literature screening across major academic databases revealed a
growing but thematically dispersed body of research, with a strong focus on technological and regulatory
aspects and comparatively limited attention to integrated business model design (Centobelli et al., 2020). This
pattern highlights the need for a more cohesive analytical approach. To address this, the study builds on a
Systematic Literature Review (SLR), following a review-of-reviews approach to synthesise existing knowledge
on business models for biomass-based energy communities and develop an integrative typological framework.
The analysis is structured around four dimensions: technological orientation, governance structures, actor
configurations, and market orientation. Organising dispersed knowledge into a typology, the study supports the
design, comparison, and replication of business models aligned with circular bioeconomy principles (Pieroni
et al., 2019). This work makes two main contributions. First, it advances the theoretical integration between
energy community research and circular bioeconomy studies by linking biomass-specific value mechanisms
with business model design. Second, it provides a replicable framework to inform decision-making across
different territorial and regulatory contexts, supporting the development of more resilient and sustainable energy
systems.

2. Materials and methods

This work adopts a SLR using a review-of-reviews approach to identify and analyse research on business
models for biomass-based energy communities within the circular bioeconomy. Instead of focusing on individual
empirical studies, the analysis prioritises literature reviews and meta-analyses, allowing for a higher level of
abstraction and a more integrated understanding of existing knowledge. This approach enhances robustness
by capturing broader patterns and reducing fragmentation in the interpretation of findings. The SLR approach
was selected for its ability to ensure transparency, replicability, and methodological rigour in the identification
and evaluation of scientific evidence, as widely recognised in sustainability and management research. The
review followed established guidelines, including the definition of the research scope and search strategy,
systematic screening and selection of relevant studies, and the qualitative synthesis of findings. The literature
search was conducted using two major academic databases, Scopus and Web of Science (WoS), selected for
their broad coverage of peer-reviewed research in energy systems, circular economy, and sustainability. To
capture the intersection of energy communities, business models, and the circular bioeconomy, a structured
query was designed around three domains: (i) energy communities and decentralised energy systems, (ii)
business model design and value creation, and (iii) bioeconomy, biomass, and circular economy. The search
included combinations of keywords such as “energy communities”, “P2P energy”, “business models”,
“bioeconomy”, “biomass”, and “circular economy”, and was limited to peer-reviewed articles in English published
between 2010 and 2025. The initial search yielded 165 records (Scopus: 102; WoS: 63), reflecting growing
academic interest in the topic. After removing duplicates, 120 unique articles remained. A first screening based
on titles and abstracts assessed their relevance to the research scope. Studies were excluded if they focused
solely on technical aspects without addressing business model implications, examined centralised energy
systems without community-based configurations, or were not related to circular economy or biomass contexts.
This stage reduced the sample to 42 articles. A full-text assessment was then conducted to ensure alignment
with the study objectives. The analysis focused on studies addressing business model components—such as
value creation, delivery, and capture—and their relation to decentralised energy systems or bio-based
processes. In line with the review-of-reviews approach, only literature reviews and meta-analyses were retained.
After this filtering, 26 articles were selected for qualitative analysis. The selected studies were analysed through
qualitative content analysis. A morphological framework structured the findings across four dimensions:
technological orientation, governance structures, actor configurations, and market orientation. This approach
allows for the comparison of heterogeneous business model configurations and the identification of emerging
archetypes, consistent with prior research on business model innovation and classification. A descriptive
analysis of the literature was also carried out to support the identification of the research gap. This included
examining the temporal distribution of publications, thematic concentration, and types of contributions. The
results indicate a growing but uneven body of work, with a strong focus on technological and regulatory aspects
and comparatively limited attention to integrated business model design. This pattern further supports the gap
identified in the introduction.

3. Results and discussion

3.1 Evidence base and conceptual anchors

Research on energy community business models provides a solid foundation for typology development. A key
contribution is the typology proposed by (Kubli & Puranik, 2023), which maps current and emerging design
options through morphological analysis. Complementary reviews synthesise evidence on business model
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patterns in local energy markets—such as P2P exchange, community self-consumption, and transactive models
(Schwidtal, et al., 2023), as well as broader trends shaping energy community business models (Reis,
Gongalves, & Lopes, 2021). Together, these studies highlight how governance structures, market
arrangements, and actor roles influence value capture and risk allocation. Research on circular bioeconomy
business models complements this perspective by incorporating circularity-specific value mechanisms relevant
to biomass-based communities. Overarching archetypes show that implementation depends on linking
environmental strategies with economic feasibility and business collaboration, while offering actionable business
model options (Salvador, et al., 2023). These include resource efficiency, biorefineries, waste valorisation,
resource exchange, bio-based innovation, local economy valorisation, and service- or result-oriented models.
These archetypes provide a circularity perspective for biomass-based energy communities by outlining typical
value propositions (e.g., waste-to-energy with co-product valorisation), delivery mechanisms (e.g., resource
exchange networks), and value capture routes (e.g., service revenues or avoided externality premiums)
(Salvador, et al., 2023). In addition, research on circular business model innovation highlights that structured
approaches help clarify analytical boundaries and representation styles, reinforcing the relevance of
morphological structuring for circular business model design (Pieroni, McAloone, & Pigosso, 2019).

3.2 Morphological typology for biomass-based energy communities

The morphological typology presented in Table 1 is derived from the qualitative synthesis of selected review
and meta-analysis studies. Rather than proposing normative dimensions, the framework systematises recurring
patterns and structural components identified across the literature. Each dimension and indicator reflects
elements widely discussed in prior research on circular bioeconomy and business model design, ensuring
analytical relevance and empirical grounding (Centobelli et al., 2020; Pieroni et al., 2019; Salvador et al., 2021).
This approach aligns with prior research on business model classification and morphological analysis, which
emphasises the identification of common design elements across heterogeneous configurations. By structuring
these elements into a coherent framework, the typology supports systematic comparison of business model
configurations in biomass-based energy communities.

Table 1: Morphological typology of circular bioeconomy business models in biomass-based energy
communities

Dimension Code Design option (description)

Technological A1 Biogas (anaerobic digestion) for electricity and/or heat; digestate valorisation pathways

orientation A2 Bioheat (solid biomass boilers, district heating, CHP); ash and residue management

(conversion A3 Bioelectricity (direct combustion or gasification-based power); grid services potential

pathway and A4 Hybrid renewable systems (biomass integrated with solar PV, wind, storage) to

system increase reliability and flexibility

integration) A5 Biorefinery-linked systems (energy co-produced with bio-based materials/chemicals)
where community participates in feedstock supply and energy off-take

Governance B1 Cooperative / community-owned entity with democratic control

structures B2 Municipal or public-led governance (utility-linked or public agency stewardship)

(ownership, B3 Public-private partnership (PPP) with contractual risk-sharing

decision rights, B4 SME-led consortium with community participation mechanisms

accountability) B5 Platform-mediated governance for local trading (rules embedded in market platform
and contracts)

Actor C1 Prosumers (households/farms) as feedstock providers and energy users

configurations C2 SMEs and local industry as anchor off-takers and/or co-investors

(roles, C3 Agricultural cooperatives and biomass suppliers as upstream coordinators

capabilities, and C4 Municipal services and public institutions as stable demand and legitimacy anchors

participation C5 Multi-actor networks (research institutes, NGOs, financiers) supporting innovation,

patterns) monitoring, and social acceptance

Market D1 Collective self-consumption (local use; internal allocation rules)

orientation (value D2 P2P bioenergy trading (local bilateral/multilateral exchange)
exchange and D3 Participation in local flexibility or transactive energy arrangements (where permitted)
revenue logic) D4 Bioenergy-as-a-service (heat supply contracts, energy service performance, service-
based pricing)
D5 Local bioproduct markets (co-products and circular outputs: digestate-based fertilizers,
biochar, biomass pellets) integrated with energy revenues
D6 Waste treatment and valorisation services (gate fees, waste management contracts
linked to energy generation)
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The technological orientation captures the core configurations underlying the business models. It includes
indicators such as biomass conversion pathways, resource inputs, energy outputs, and levels of system
integration. These elements have been widely analysed in bioeconomy and circular systems research,
particularly in relation to resource valorisation, cascading use, and multi-output energy systems. Prior studies
emphasise the importance of aligning technological choices with resource availability and system efficiency,
especially in biomass-based contexts (Salvador et al., 2021).

The governance structure refers to the organisational and institutional arrangements that shape decision-making
and ownership. It includes indicators such as ownership models, decision-making mechanisms, and the
involvement of institutional actors. These elements are central to energy community analysis, where
participatory governance and collective ownership play a key role in fostering local engagement and long-term
sustainability. Prior studies emphasise the importance of governance design in shaping both operational
performance and social acceptance in decentralised energy systems (Salvador et al., 2023).

The actor configuration addresses the composition and interaction of stakeholders involved in the business
model. It considers the diversity of actors, role distribution, and the presence of intermediaries or facilitating
entities. This dimension reflects the growing complexity of multi-actor systems, where value creation results
from coordinated efforts among prosumers, firms, public institutions, and other stakeholders. Prior research on
sustainable and circular business models highlights the importance of stakeholder integration and role definition
in enabling effective value co-creation and system coordination (Pieroni et al., 2019).

The market orientation focuses on how value is created, delivered, and captured within the business model. It
includes indicators such as value creation logic, revenue streams, capture mechanisms, and market interaction
modes. These elements are central to business model research and have been widely explored in circular
economy and sustainability contexts. Empirical studies emphasise the need for diversified revenue models and
adaptive strategies, particularly in emerging energy systems characterised by regulatory uncertainty and
evolving market structures (Reim et al., 2019).

The proposed typology enables structured comparison of business model configurations and helps identify
archetypal patterns across contexts. It should be understood as an analytical, not prescriptive, framework based
on a synthesis of the literature. This distinction is especially relevant in the review-of-reviews approach used
here, where each element reflects aggregated insights from multiple studies rather than individual cases.

3.3 Circular bioeconomy value mechanisms as cross-cutting design logic

Morphological dimensions capture the structural choices of a business model, but a circular bioeconomy
orientation also requires cross-cutting design logic that connects resource loops with value capture. Three
recurring mechanisms emerge across circular bioeconomy archetypes and are particularly relevant for biomass-
based energy communities.

Cascading valorisation design. Biomass energy pathways are rarely single-output systems; value increases
when business models intentionally integrate co-products and sequential uses. This aligns with the circular
bioeconomy emphasis on cascaded systems that maximise resource value (Salvador, et al., 2023). In business
model terms, this requires a value proposition that includes both energy and circular outputs (e.g., fertilisers,
soil amendments, waste treatment), alongside value capture mechanisms that account for multiple revenue
streams and avoided costs.

Resource exchange and industrial symbiosis. Biomass-based energy communities often rely on stable
feedstock supply and efficient residue logistics. Resource exchange archetypes emphasise activities,
resources, and partnerships that enable the trade and processing of waste streams, as well as the coordination
of inbound and outbound flows (Salvador, et al., 2023). In practice, this supports actor configurations involving
agricultural cooperatives, SMEs, and municipal services that help stabilise supply and demand while reducing
transaction costs.

Local economy valorisation and legitimacy. Circular bioeconomy archetypes emphasise local economic
value as a core business model orientation, reinforcing community-level governance for long-term participation
and distributional fairness (Salvador, et al., 2023). Energy communities can institutionalise benefit-sharing,
reinvestment rules, and local procurement, strengthening social acceptance and the resilience of biomass
projects compared to purely investor-led models.

3.4 Configuration archetypes for biomass-based energy community business models

Combining the morphological dimensions yields a structured configuration space. Several recurrent archetypes
emerge as coherent bundles aligned with circular bioeconomy value mechanisms and energy community market
forms.

Archetype 1. Cooperative biogas loop for collective self-consumption and fertiliser valorisation: This
configuration combines A1 (biogas) with B1 (cooperative governance), C1/C3 (prosumers and agricultural
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cooperatives), and D1/D5 (collective self-consumption and local bioproduct markets). Circularity is achieved by
closing nutrient loops through digestate valorisation and reducing external fertiliser demand, consistent with
value recovery and local economy logics (Salvador, et al., 2023). The cooperative structure supports equitable
distribution and reinvestment, while anchor demand reduces revenue volatility.

Archetype 2. Municipal bioheat service for public facilities and district applications: This configuration
combines A2 (bioheat), B2 (municipal governance), C4 (public institutions), C2 (SMEs for O&M), and D4/D6
(service contracts and waste valorisation). Circularity is strengthened through the use of municipal green waste
or regional residues and service-based pricing that stabilises cash flows. Municipal leadership reduces
permitting barriers and improves coordination of supply contracts, addressing common financial and
coordination constraints in circular bioeconomy transitions (Lizcano-Gonzalez et al., 2025).

Archetype 3. PPP hybrid biomass-renewable microgrid with P2P exchange: This configuration combines
A4 (hybrid renewable systems), B3 (PPP), C2/C5 (SMEs and multi-actor networks), and D2/D3 (P2P trading
and flexibility services where regulation allows). This archetype extends conventional energy community models
by integrating biomass as a dispatchable complement to variable renewables, improving reliability and enabling
additional flexibility value capture. The PPP structure allocates risk across partners while preserving community
participation through governance safeguards.

Archetype 4. Biorefinery-linked community with energy and bio-based co-product portfolios: This
configuration combines A5 (biorefinery-linked systems), B4 or B3 (SME consortium or PPP), C2/C3 (SMEs and
biomass suppliers), and D5 (local bioproduct markets) with D4 (service-based energy provision). Circularity is
driven by integrated production portfolios and cascading uses, consistent with biorefinery-based circular
bioeconomy models (Salvador, et al., 2023). The community role focuses on feedstock mobilisation, local
energy off-take, and benefit-sharing mechanisms.

These archetypes are not exhaustive but illustrate how the typology generates coherent business model bundles
for strategic design. Importantly, the typology enables comparison across contexts by clarifying how dimensional
configurations shape value capture, risk exposure, and circularity outcomes.

3.5 Enabling factors and constraints

Across the evidence base, enabling conditions cluster around governance adaptability, partnership capacity,
and policy support. Circular bioeconomy implementation depends on aligning environmental strategies with
economic feasibility and effective collaboration, meaning governance and partnership structures should be
treated as core business model elements rather than secondary implementation details (Salvador, etal., 2023).
Regional studies further show that financial constraints and weak competitiveness with linear alternatives are
key barriers, while public support and waste recovery opportunities act as main drivers (Salvador, et al., 2022).
For biomass-based energy communities, this implies that stable contracting (service-based revenues, gate
fees), diversified value streams (energy plus circular outputs), and institutional anchors (municipal demand,
SME off-takers) can mitigate exposure to price volatility and investment risk.

From an energy community perspective, market orientation and governance strongly shape feasible value
capture mechanisms. P2P and transactive energy models add platform, regulatory, and settlement complexity,
which can raise transaction costs without enabling regulation and robust digital infrastructure (Schwidtal, et al.,
2023). Collective self-consumption models are typically simpler to implement but may limit revenue potential
when surplus valorisation channels are constrained (Reis, Gongalves, & Lopes, 2021). Biomass-based systems
also require feedstock security, sustainability controls, and logistics integration, best addressed through actor
configurations that include upstream coordinators and resource exchange mechanisms.

Finally, business model innovation literature emphasises the need for structured approaches that clarify
abstraction levels and representation formats to avoid fragmentation and improve implementation readiness
(Pieroni, McAloone, & Pigosso, 2019). The proposed morphological typology addresses this by providing a
structured design vocabulary to develop, benchmark, and refine biomass-based energy community business
models.

4. Conclusions

This study addresses the need for a more integrated understanding of business models for biomass-based
energy communities within the circular bioeconomy. Using a systematic review-of-reviews approach, it
synthesises existing knowledge and identifies recurring patterns in a fragmented literature base. The main
contribution is a morphological typology that structures key dimensions—technological, governance, actor-
related, and market-oriented—grounded in prior research. This framework enables structured comparison of
business model configurations and supports the identification of emerging archetypes in decentralised energy
systems. The findings show that effective business models require alignment between biomass valorisation
pathways, governance structures, and market mechanisms to ensure both economic viability and systemic
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sustainability. In this sense, the study bridges circular bioeconomy and energy community research through a
unified analytical perspective. Practically, the typology provides a replicable tool to support decision-making and
business model design across territorial contexts. However, its reliance on review-based literature highlights the
need for future empirical validation in real-world settings. Overall, this work offers a literature-grounded
framework that advances the understanding and design of sustainable business models in circular bioeconomy-
oriented energy communities.
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