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Summary

This case study demonstrates how biogas communities can enhance regional energy transitions
by integrating biomethane production into broader circular bioeconomy systems. By expanding
the traditional, electricity-focused concept of energy communities, biogas communities enable
new resource flows, strengthen local autonomy, and improve system resilience. Their success
relies on diverse actor participation, shared governance, and effective coordination across
agricultural, energy, and municipal stakeholders. While they offer significant economic,
environmental, and social benefits, key challenges remain, including the need for better
governance models, integrated assessment tools, resilience metrics, and market access
mechanisms. Addressing these gaps will allow biogas communities to contribute more
effectively to national decarbonization goals, regional development, and long-term energy
security.
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1. Introduction

1.1 REGIONAL TRANSITIONS 2.0

The future size and viability of the bioenergy sector, as part of biobased value chains, depends
not only on its adaptability to the dynamic context of the energy transition but also on its role
in securing a reliable and sustainable energy system. In the Regional Transitions 1.0 project,
experts from IEA Bioenergy Task 40 explored possible strategies to develop sustainable
feedstock supply chains in a regional dynamic market context to deliver biomass for different
end-use markets (Hoefnagels et al. 2023) and (Schipfer et al. 2022). The Regional Transitions
2.0 project aims to demonstrate that regionalization and commoditization strategies are not
mutually exclusive to the energy transition. Their common denominator is that the regional
context is important for the sustainability performance of bioenergy supply chains (O’Keeffe et
al. 2016). To this end, the Regional Transitions 2.0 project has evaluated five case studies on
regionalization and commodization strategies in Austria, Germany, Sweden, the US, and the
North Sea region.

e (Case study 1: An evaluation of integrating bioenergy communities for the production of
renewable natural gas in Austria

e (Case study 2: Ecosystem of innovation in the region: Bio-based Innovations from the
region of Zeitz and Central Germany

e (Case study 3: The role of sugar depots in enabling regionalized supply with
commoditized intermediates for commercial-scale biorefineries in the US.

e (Case study 4: Cost-effective supply chain configurations for the production of
bioelectro- and electrofuels in Sweden

e (Case study 5: Hydrogen supply and biofuel production in the North Sea region.

1.2 BACKGROUND OF CASE STUDY 1

Case study 1 is attributed to the conceptualization of biogas communities for the integration
of renewable gases in the energy system. The concept has been elaborated in a national project
funded by the Austrian Research Promotion Agency (FFG#49281534 coordinated by Austrian
Institute of Technology - AIT).

The project assessed quantitatively and qualitatively the potential and business cases of
different types of biogas communities in Austria, with a particular focus on biomethane
injection into the gas grid. Domestic biomethane production is of particular relevance, not only
for the producing regions but also for the Austrian economy, which is suffering from high
dependence on natural gas imports. The Austria-specific results are available on the project
website' and have been published in a scientific journal (Monsberger et al. 2025).

This IEA Bioenergy Task 40 report summarizes the rationale for biogas communities and answers
the Regional Transition questionnaire, providing recommendations for closing Research and
Development (R&D) gaps.

" https://projekte.ffg.at/projekt/4805451
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2 What are biogas communities?

2.1 BACKGROUND AND AIM

In this concept study, we outline the feasibility and assess the potential of energy communities
for the system integration of regionally produced biomethane. Electricity-based energy
communities have already been defined and implemented at the European level, resulting in a
current count of more than 8.000 energy communities (COM/2025/667). Biogas and biomethane
communities are not yet broadly discussed. Since 2017, the number of publications on "energy
communities” in Scopus has grown exponentially from 50 to more than 3,000 scientific
contributions. At the same time, only a total of 30 contributions are listed under compound
terms such as "bioenergy”, or "biogas”, or "biomethane”, or "biorefinery" and "community”. The
low use of these keywords in everyday language and also in the scientific debate indicates the
novelty of the concept of biogas communities.

To discuss the potential role of biogas communities in a more integrated future energy system,
an inter- and transdisciplinary Austrian project brings together a variety of perspectives. One
challenge of this approach was that each perspective, be it energy economic, socio-economic,
or socio-political, from municipal employees, biogas plant operators, etc., uses its own glossary
of frequently used keywords with often context-related interpretations. The central
contribution of the project was to define relevant terminology, to empower the bioenergy
community, to discuss opportunities and risks, and to demand the implementation of biogas
communities.

2.2 ON THE NETWORKING CHARACTERISTICS OF THE BIOCONOMY

This case study aims to extend the energy community concept to the community aspects of the
Austrian and European circular bioeconomy. The circular bioeconomy and its central aspects
are defined in Schipfer et al. (2024). Figure 1 illustrates selected aspects in the style of a
biomass value chain network. This network sources raw materials from forests, agriculture, and
aquaculture to process them into commercial goods and use them for the production of food,
building materials, electricity, space and process heat, chemicals, pharmaceutical products,
carbon dioxide capture, etc. The network includes other renewable energy sources such as
wind, solar and hydropower plants and requires the interconnection of different infrastructures
such as the electricity grid, gas grid, oil pipelines, CO, and hydrogen networks, road, rail and
shipping transport, water supply, as well as the Internet, societal and socio-political networks,
corporate and financial networks. Ecosystem services, landscape management, community
aspects, nature experiences and biodiversity also play an important role, for which no
commercial goods or man-made networks are intended.



Figure 1: Illustration of selected relevant aspects of an integrated circular bioeconomy.
Source: own illustration

However, due to the networking characteristics of circular bioeconomy and bioenergy
practices, they often offer significantly more opportunities and benefits beyond mere cost and
emission reductions compared to their alternatives. Effectively addressing the multiple benefits
that emerge from an increasingly integrated system remains a key challenge for researchers,
policy advisors, and practitioners. Neglecting to account for the versatility of bioeconomy
impacts leads to missed investment opportunities, low technological learning rates, and lost
chances to garner support from policymakers and the broader public for developing meaningful,
sustainable, and resilient economic sectors.

2.3 A BROADER DEFINITION FOR SYSTEM INTEGRATION

Thus, firstly and in order to better account for the networking characteristics of the Circular
Bioeconomy, and of the case study of biogas communities, a broader definition for system
integration is proposed:

System integration is the process of combining at least two elements into a whole.

e Note 1: Elements can be actors, infrastructures, technological components, or
processes. We refer to these elements as tangible. Broad (intangible) elements can also
include cultures, individual attitudes and behavior patterns, markets, etc.

e Note 2: Integrated, tangible elements (a) enable an exchange of resources or (b)
improve their efficiency and/or (c) strengthen the system’s collective ability to operate
effectively under uncertainty. The whole is therefore more than the sum of its parts.

e Note 3: The synergies, co-benefits, or shared use, as well as the trade-offs, conflicting
goals, and risks resulting from integration, are rarely described in a structured manner,
let alone quantitatively calculated or estimated.

¢ Note 4: The mathematical integral plays a role in calculating the functional difference
between individual elements and the integrated whole.

e Note 5: In energy research, integration aspects of system integration, sector coupling,
multi-sector coupling, hybrid energy systems, industrial symbiosis, process
intensification, and energy communities play a role.



The formation of energy communities is itself primarily an integration activity. Evaluation
criteria for energy communities can thus be similar to those for sector and multi-sector
coupling, process intensification, system integration, industrial symbiosis, and hybrid energy
systems.

2.4 ENERGY COMMUNITIES, CITIZEN ENERGY COMMUNITIES, ETC.

Second, common definitions of “energy communities” must be acknowledged. At the European
level and in the legal texts of the individual member states, there are different interpretations
of community generation plants, energy communities and citizen energy communities. The
Energy Communities Repository (2024a) lists the difficulties in developing and monitoring a
clear and consistent legal definition for energy communities as a key barrier. This difficulty lies
in the multi-interpretative nature of the underlying principles (Energy Communities Repository,
2024b), which are interpreted differently in different Member States. These include, for
example:

e the types of legal forms and under which conditions they may be used as an energy
community

e which activities in which sectors an energy community can carry out, including the
production and exchange of electricity, gas and heat

e the spatial proximity in relation to the local context and the technologies used by the
community. Here, some countries rely on administrative units, catchment radii, locally
specific definitions, or grid topologies (relevant for example in Austria).

e effective control and the suitability requirements under which members may exercise
control over the community

e autonomy and related, relevant and context-related standards

e the social, economic, and environmental benefits and what it means to have a primary
purpose other than making a profit

e and minimum participation requirements for a community, how many natural persons
are necessary for an energy community, from two in Austria to 50 in Germany.

Deliberately opening the space for interpretation allows for the exploration of expansion
possibilities for the electricity-focused model to gas-based communities.

2.5 INTRODUCING BIOGAS COMMUNITIES TO FOSTER ENERGY SYSTEM
INTEGRATION

Comparing the principles of electricity-focused energy communities with a broader
definition of system integration reveals new opportunities for bioenergy practitioners to
highlight their contributions to community building.

While the European framework encourages Member States to define energy communities in
ways that reflect national contexts, many definitions remain narrowly focused on electricity
from photovoltaics and wind. This presents a missed opportunity—especially in countries with
high shares of bioenergy—to expand legal definitions, support schemes, and policy instruments
to include electricity, heat, transport fuels, and other bioeconomy products derived from
biogas and related carriers.



While Member State-specific definitions would clearly articulate their preferences regarding
locality, community, and governance, this concept study identifies three core motivations
for establishing biogas and energy communities, which can serve as guiding principles for
shaping these definitions:

1. Enabling resource flows that would not be feasible without community structures. For
example, in electricity communities, cooperation among small producers is often what
enables access to grid infrastructure and market participation in the first place.

2. Increasing efficiency through local exchange of resources, which reduces transaction
costs and logistical burdens between regional actors, which in return can provide
combined resources more efficiently to the international community.

3. Enhancing resilience by fostering communication, trust, and shared responsibility.
This allows for both rapid operational responses to disruptions and long-term strategic
planning to address uncertainty, variability, and extreme events.

The societal value of biogas and energy communities should be assessed based on how well
they fulfil these three motivations. However, a significant R&D gap remains in how to define,
measure, and operationalize these aspects of system integration. This includes understanding
and quantifying:

e Synergies and co-benefits across sectors and actors, including multi-resource
efficiency gains, resilience, reliability, and stability

e Shared use of infrastructure and resources, risk sharing of resource flows
e Trade-offs and conflicting objectives among stakeholders,

¢ And integration risks that may arise from increased system complexity.

The subsequent assessment of research and development needs for introducing and
implementing biogas communities draws on the comprehensive analysis conducted
through the Task 40 Regional Transitions questionnaire, the full results of which are
provided in the Annex.



3 Research and development gaps for biogas communities

3.1 SYSTEM INTEGRATION AND GOVERNANCE

Biogas communities operate at the intersection of regional autonomy and national market
integration. However, there is a lack of robust methodologies to quantify the benefits of system
integration across scales. Research is needed to develop metrics that capture the added value
of local autonomy within broader energy and climate frameworks.

Current governance models are often too rigid or fragmented to support the complexity of
multi-actor, multi-level bioenergy communities. There is a pressing need for adaptive
governance frameworks that can respond to evolving regulatory, environmental, and market
conditions. This includes hybrid models that combine cooperative principles with market-based
mechanisms.

Additionally, the social and cultural dimensions of regional identity are often overlooked in
commoditized energy markets. Research should explore how to preserve local values and
knowledge while enabling participation in competitive markets.

3.2 VIABILITY ASSESSMENT AND PLANNING TOOLS

The economic and ecological viability of biogas communities depends on a wide range of region-
specific factors. However, there is a lack of integrated assessment tools that combine
ecological, economic, and social indicators. Multi-criteria decision-making frameworks tailored
to community-scale systems are needed to support planning and investment decisions.

Dynamic modeling tools are also underdeveloped. Current models often fail to capture the
temporal and spatial variability of biomass availability and energy demand. Advanced
simulation tools could support more adaptive and resilient planning under uncertainty.

Furthermore, the social performance of communities—such as trust, participation, and equity—
remains difficult to quantify. Developing social metrics is essential for evaluating long-term
viability and community cohesion.

3.3 RESILIENCE AND RISK MANAGEMENT

Resilience is a core objective of biogas communities, yet standardized indicators to assess
resilience to external shocks are lacking. Research should focus on developing tools that
capture the social, technical, and economic dimensions of resilience.

Comparative studies are also needed to evaluate the long-term regional impacts of different
symbiotic models—industrial, municipal, and agricultural—particularly in terms of job creation,
emissions reduction, and social cohesion.

Power asymmetries within diverse actor networks can undermine governance and equity. More
research is required to understand how these dynamics affect long-term collaboration and
system stability.



3.4 MARKET INTEGRATION AND COMPETITIVENESS

Biogas communities face significant barriers in accessing national and international markets.
There is a need for market integration models tailored to small-scale, distributed producers.
These models should address scale disadvantages, regulatory complexity, and pricing volatility.

Contractual frameworks must also evolve to balance community autonomy with market
competitiveness. This includes developing flexible, long-term contracts that support planning
and investment.

Digital platforms for peer-to-peer energy trading, cooperative accounting, and real-time
coordination are still underdeveloped. These tools are essential for enabling efficient and
transparent market participation.

3.5 INDUSTRY AND POLICY DEVELOPMENT NEEDS

From a development perspective, several practical gaps hinder the deployment of biogas
communities. There is a need for standardized, interoperable monitoring and control systems
that are affordable and scalable for small communities.

Modular infrastructure solutions—such as biogas and CHP units—should be designed for
flexibility and adaptability across diverse regional contexts. Industry must also invest in
replicable business models and turnkey solutions to lower entry barriers for small-scale,
modular, and potentially mobile biomass pretreatment and conversion.

Capacity building remains a critical bottleneck. Development programs should focus on
training, toolkits, and peer-to-peer learning platforms to empower local actors.

On the policy side, support schemes must evolve to reward not only efficiency but also
contributions to system resilience, diversity, and regional autonomy. This includes the creation
of market access tools (e.g., aggregators, cooperatives) and contractual innovations that
enable small producers to compete effectively.



4 Conclusions

Biogas communities represent a transformative and underutilized model for advancing the
energy transition and regional circular bioeconomies. While energy communities are often
associated with renewable electricity, particularly from solar and wind, the concept is equally—
if not more—applicable to biogas and biomethane systems. These communities offer a broader,
more integrated approach to sustainable energy and resource management.

Key takeaways include:

System Integration Beyond Electricity: Biogas communities exemplify multi-vector
integration—linking electricity, heat, transport fuels, hydrogen, CO: utilization, and
fertilizer production. This positions them as central nodes in circular bioeconomy
networks.

Resilience and Autonomy in a Volatile World: In a global context increasingly shaped
by uncertainty—whether geopolitical, environmental, or economic—biogas
communities offer a flexible, cooperative, and resilient model for sustainable energy
systems. They enable local actors to collaborate effectively while remaining embedded
in broader national and international markets, enhancing resilience to external shocks
and market volatility.

Community-Centric Innovation: The success of biogas communities hinges on inclusive
governance, actor diversity, and shared responsibility. These social dimensions are
as critical as technical and economic factors in ensuring long-term viability.

Bridging Local and Global Goals: Biogas communities can bridge the gap between local
circular economy practices and national decarbonization goals, while
fostering inclusive participation and regional value creation. Their modular and
networked nature makes them adaptable to diverse regional contexts and scalable
across borders.

Urgent R&D Needs: Unlocking the full potential of biogas communities requires
targeted research and development in areas such as:

o Integrated assessment tools for ecological, economic, and social viability.

o Adaptive governance frameworks that balance cooperation and
competitiveness.

o Market mechanisms that value resilience, diversity, and regional autonomy.

o Modular, interoperable technologies and digital platforms for community-scale
deployment.

To fully realize these benefits, policy frameworks must evolve—expanding legal definitions of
energy communities, incentivizing multi-sector integration, and recognizing cooperation as a
strategic asset. Biogas communities are not just a technical solution; they are a social
innovation capable of reshaping how we produce, share, and govern energy in a sustainable
and inclusive way.
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Annex Regional Transitions Questionnaire

Q1 IS IT A REGIONALIZATION OR COMMODITIZATION STRATEGY? HOW DOES IT
CONTRIBUTE TO THE ENERGY TRANSITION/PATH TOWARDS A CIRCULAR
(CARBON) ECONOMY?

System integration—particularly in the context of bioenergy communities—offers a unique opportunity
to reconcile regionalization and commoditization strategies. Rather than striving for complete self-
sufficiency (autarky), these communities emphasize autonomy, enabling local actors to collaborate
effectively while remaining embedded in broader national and European markets.

Drawing on Elinor Ostrom’s core design principles? for managing common-pool resources, bioenergy
communities highlight the importance of inclusive, equitable cooperation, group autonomy, and
appropriate inter-group relations. These principles are especially relevant in the energy sector, where
distributed governance and the management of biomass resources, infrastructure, and consumption raise
complex socio-political challenges—often discussed under the concept of multi-level governance.

Q2 WHAT ARE THE MOST IMPORTANT REGION-SPECIFIC FACTORS DETERMINING THE
ECONOMIC AND ECOLOGICAL VIABILITY OF THE SUPPLY CHAIN(S) CONSIDERED?

A comprehensive understanding of region-specific factors is essential for assessing the viability of
bioenergy community supply chains. These factors can be systematically categorized using the PESTEL
framework, which captures the political, economic, social, technological, environmental, and legal
dimensions of regional contexts.

Table 1: Contextualization of region-specific factors after the PESTEL assessment methodology. Source: own
elaboration originally based on (Aguilar, F. 1967)

Categories Examples

Society Societal benefits, participation, acceptance, meaningful work,
equity, diversity, inclusion, social networks, governance
networks

Environment Environmental risks and benefits, ecosystem services and

services to ecosystems

Technosphere Technologies, infrastructure (technical networks), automation

Economy Synergies between industries, waste management, water
treatment

Law Regulations, safety, definition of energy communities

Policy Framework conditions, support, purpose

2 https: / /www.researchgate.net/figure/Core-Design-Principles-for-the-Cooperation-of-Groups-Adapted-
from-Atkins-Wilson-Hayes_fig1 339484235 accessed 5/20/2025
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Extending the scope of energy communities from an electricity-only perspective to include bioenergy
communities, several resource flows can be enabled or significantly improved, including but not limited
to:

¢ Organic waste and residual materials, which are valorized through anaerobic digestion or
combustion processes.

e Electricity and heat, generated locally in combined heat and power (CHP) systems.

e Process heat for industry, and transport fuels for aviation and maritime transport.

e Biogas and biomethane, which can be injected into local grids or used on-site.

o Fertilizers, derived from digestate, closing nutrient loops.

¢ Recycling of packaging and biomass-related by-products, contributing to circular material flows.
¢ Low-hanging fruits for the integration of hydrogen and CO: utilization.

The resilience of these flows is enhanced by an increased coordination capacity, and basically through
increasing and diversifying their control points. The following factors are relevant for resilient community
projects:

¢ A high number of engaged actors who support the community’s objectives, including farmers,
local businesses, municipalities, and households. More actors create more control points that can
signal when parameters move outside safe operating ranges.

o Diverse participation, which can be measured both qualitatively and quantitatively. For instance,
the Simpson’s Diversity Index can be applied to assess the heterogeneity of stakeholder
involvement, reflecting the balance between dominant and minor actors, within the group, and on
a national and international level. Varied interests and ongoing negotiation among actors help
maintain controlled and coordinated operations.

¢ Shared governance structures that ensure distributed decision-making and reduce dependency on
single points of failure. Shared responsibility and agency motivate actors to maintain resource
flows.

Actor diversity plays a crucial role:

¢ Goal diversity: In terms of objectives, actors may prioritize energy security, economic returns,
environmental protection, or social cohesion—this diversity, and especially the multi-objective
consensus can lead to more robust and adaptable strategies.

¢ Risk diversification: In terms of risk exposure, stakeholders bear different types of risks
(financial, reputational, operational), which can be balanced through cooperative models and
shared responsibilities.

Operational control points include:
e Monitoring systems for energy production, storage, and distribution.
o Community oversight bodies or cooperatives that ensure transparency and accountability.

e The number of “eyes” on continuity—i.e., how many individuals or institutions are actively

13



monitoring and maintaining system performance—can be a qualitative indicator of system
robustness.

During the planning and implementation phases, the number of actors interested in successful outcomes
is often high, especially when the project is rooted in local needs and co-designed with stakeholders. This
broad base of support increases the likelihood of long-term success and adaptability to changing
conditions.

Q3 WHAT ARE THE (POTENTIAL) REGIONAL IMPACTS? HOW COULD IT CONTRIBUTE TO
REGIONAL DEVELOPMENT/COMMUNITY BUILDING?

The establishment of biogas communities can generate significant regional economic, ecological, and
social impacts, particularly by enabling and improving the efficiency and resilience of resource flows.
While economic and environmental benefits are relatively measurable, the resilience-enhancing effects
of community structures are more difficult to assess and remain an important area for further research
and development.

A key feature of biogas communities is their ability to foster relative autonomy—not full self-sufficiency,
but the capacity to operate independently and flexibly in the face of external uncertainties such as
market volatility, geopolitical disruptions, or climate-related events. According to the I1SO 31000 standard,
risks are defined as the effects of uncertainty on objectives. For energy communities, the primary
objective is the continuity and stability of resource flows.

For example, fluctuating electricity prices may benefit producers while harming consumers. Within an
energy community, these risks can be shared and balanced, enhancing both energy and cost security.
Similarly, biomethane communities can integrate diverse resource flows—biomass, energy, financial
resources—to buffer against shocks and variability.

The degree of autonomy varies across communities, from near self-sufficiency to active market
participation. There is no universally optimal level; rather, the strength of biogas communities lies in their
modularity and networked structure, as emphasized in systems engineering and network theory.

Biogas communities also contribute to regional development and community building by:

e Strengthening participation and local ownership, which increases project acceptance. Social
acceptance is more costly without participation.

o Fostering collaboration across sectors—agriculture, industry, municipalities—through shared
infrastructure and goals.

¢ Creating meaningful work and supporting local economies through bioeconomy value chains,
skilled jobs in the region, and healthy, nature-focused occupations.

However, realizing this potential requires addressing several challenges, including:
¢ Organizing participation rights and responsibilities,
e Managing diverse actor interests,

¢ Aligning technical and social strategies for long-term success.

Q4 HOW IS IT EMBEDDED IN THE REGION AND MARKET, AND HOW COULD IT CREATE
DEPLOYMENT OPPORTUNITIES?

To identify deployment opportunities for the biogas community concept, it is essential to understand how
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such systems are embedded in both regional ecosystems and national markets. A typical biomethane-
producing biogas plant involves a wide range of stakeholders, categorized by their roles in the supply
chain:

Stakeholder Overview

¢ Input-relevant stakeholders:
Biobased industries, households (waste), farmers and livestock managers, feedstock logisticians, waste
managers.

e Output-relevant stakeholders:
Energy companies, gas network operators, biomethane users, fertilizer users, water managers.

e Biogas-producing stakeholders:
Shareholders, plant operators, replacement part suppliers, research institutions, municipalities.

e Other stakeholders:
NGOs, legislators, tax authorities, funders, insurance providers.

An energy community typically consists of several natural persons from one or more of these categories.
Community members must contribute to the community’s resource flows, share a legal structure, and
maintain spatial proximity. Depending on national regulations, even two stakeholders may be sufficient to
establish a biogas community (e.g., in Austria).

Embedding in Region and Market: A Multi-Layered Perspective
Biogas communities are inherently embedded in both local resource systems and broader market
structures. Their strength lies in bridging regional circular economy practices with national
decarbonization goals. However, unlocking their full deployment potential requires addressing several
research and development gaps.
1. Regional Embedding: Socio-technical Integration
Biogas communities are deeply rooted in local contexts through:
¢ Input-side integration with regional agriculture, waste management, and logistics.
e Output-side integration with local energy users, grid operators, and fertilizer markets.
¢ Institutional embedding via municipalities, NGOs, and local governance structures.
2. Market Embedding: Enabling Access and Competitiveness
Biogas communities can participate in national markets through:
e Biomethane injection into gas grids,
e Electricity and heat sales,
e Fertilizer and CO2 by-product distribution.
However, they face challenges such as:

e Scale disadvantages compared to large utilities,

¢ Regulatory complexity in certification and grid access,
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e Volatile pricing and lack of long-term contracts.
3. Deployment Opportunities: Leveraging Community Structures
Deployment is facilitated when communities:
¢ Include diverse stakeholders (e.g., farmers, municipalities, SMEs).
e Share common goals and benefit from joint planning and control.

e Operate under robust governance models that ensure transparency and resilience.

Q5 WHAT ARE THE THREATS FROM THE INTERPLAY WITH
COMMODITIZED/INTERNATIONAL MARKETS?

Market competition is a powerful driver of cost reduction and innovation in the production, trade, and
consumption of commodities. It pushes supply chains to become more efficient—economically,
environmentally, and socially. These efficiency gains are essential to:

1. Ensure affordability and meet the needs of a growing global population,
2. Reduce emissions and land use impacts, and
3. Improve labor efficiency, enabling more meaningful, inclusive, and healthy employment.

While classical economic models emphasize perfect competition and individual utility maximization, real-
world markets rely heavily on cooperation—even at the international level. In many cases, only through
collaboration can actors achieve the scale, efficiency, or innovation needed to compete effectively.

However, current market structures and policy frameworks often undervalue the role of cooperation in
ensuring security, resilience, and reliability—especially in regional and global contexts. This creates a
tension between short-term efficiency and long-term system stability.

The Role of Biogas Communities in Competitive Markets

Autonomous, regional biogas communities—built on cooperation within and between stakeholder
groups—can:

o Enable market access for small and medium actors,

¢ Improve internal efficiency through shared infrastructure and knowledge,
e Buffer external shocks through risk-sharing mechanisms,

e Learn and adapt through inter-community exchange.

Rather than being isolated from global markets, these communities can enhance regional competitiveness
while contributing to national and international energy security.

Key Threats from Commoditized Market Dynamics

1. Undervaluation of Resilience and Security:
Market mechanisms often prioritize short-term cost efficiency over long-term resilience. This
disadvantages regional production systems that cannot fully exploit economies of scale but offer
critical benefits in terms of stability and sovereignty.
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2. Misguided Policy Responses:
A narrow focus on either efficiency or autarky can lead to suboptimal outcomes. Overemphasis on
efficiency may exclude regional actors, while overemphasis on self-sufficiency may isolate regions
from beneficial international cooperation.

3. Volatility and Market Dependency:
Exposure to global commodity markets can introduce price volatility and supply chain disruptions,
especially for communities lacking hedging mechanisms or long-term contracts.

The main barrier for biogas communities and for broadening the Bioeconomy feedstock base with
heterogenous and regional supply strategies lies in the widespread undervaluation of long-term energy
security, reliability, and resilience. On the one hand, the sole focus on efficiency criteria excludes regional
production which cannot sufficiently leverage economies of scale. On the other hand, the pronounced focus
on security misguides decision makers to withdraw from international markets and to bet on resource
autarky. In contrast, biogas communities can provide competitiveness for regional production on
international markets while improving the resilience and souvereignity of the producing region.
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